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Background. Current guidelines recommend community-wide mass azithromycin for trachoma, but a targeted treatment 
strategy could reduce the volume of antibiotics required.

Methods. In total, 48 Ethiopian communities were randomized to mass, targeted, or delayed azithromycin distributions. In the tar-
geted arm, only children aged 6 months to 5 years with evidence of ocular chlamydia received azithromycin, distributed thrice over the 
following year. The primary outcome was ocular chlamydia at months 12 and 24, comparing the targeted and delayed arms (0–5 year-olds, 
superiority analysis) and the targeted and mass azithromycin arms (8–12 year-olds, noninferiority analysis, 10% noninferiority margin).

Results. At baseline, the mean prevalence of ocular chlamydia in the 3 arms ranged from 7% to 9% among 0–5 year-olds and 
from 3% to 9% among 8–12 year-olds. Averaged across months 12–24, the mean prevalence of ocular chlamydia among 0–5 year-
olds was 16.7% (95% confidence interval [CI]: 9.0%–24.4%) in the targeted arm and 22.3% (95% CI: 11.1%–33.6%) in the delayed 
arm (P = .61). The final mean prevalence of ocular chlamydia among 8–12 year-olds was 13.5% (95% CI: 7.9%–19.1%) in the tar-
geted arm and 5.5% (95% CI: 0.3%–10.7%) in the mass treatment arm (adjusted risk difference 8.5 percentage points [pp] higher in 
the targeted arm, 95% CI: 0.9 pp–16.1 pp higher).

Conclusions. Antibiotic treatments targeted to infected preschool children did not result in significantly less ocular chlamydia 
infections compared with untreated communities and did not meet noninferiority criteria relative to mass azithromycin distribu-
tions. Targeted approaches may require treatment of a broader segment of the population in areas with hyperendemic trachoma.
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The World Health Organization (WHO) includes annual 
community-wide antibiotic distributions in its trachoma elimi-
nation strategy in order to clear the ocular strains of chlamydia 
that cause the disease [1]. However, treatment is most impor-
tant for preschool children, because this age group has more 
prevalent trachoma, higher infectious loads, and a longer dura-
tion of infections [2–6]. These children likely form a core group 
responsible for most transmission [7, 8]. Targeting antibiotic 
treatments to preschool children could remove this source of 
community transmission while having the ancillary benefit of 
limiting selection of antimicrobial resistance and reducing cost 
[8–13].

We conducted a cluster-randomized trial to assess the ef-
fectiveness of a targeted antibiotic strategy for trachoma. The 
study was set in Ethiopia, which continues to have persistently 
high trachoma despite years of repeated mass azithromycin 

distributions. Cluster-randomization was important because 
we were interested both in the direct and indirect effects of 
community-wide antibiotic distributions [14]. We hypothe-
sized that antibiotic treatments targeted to infected preschool 
children would be superior to absence of treatment in terms of 
reducing ocular chlamydia and noninferior to community-wide 
antibiotics.

METHODS

Study Design

The Targeted Antibiotic Intervention for Trachoma in Under-
Fives (TAITU) trial was a parallel-group, multiple-arm, cluster-
randomized trial set in WagHemra Zone, Amhara Region, 
Ethiopia, whose field activities ranged from 9 November 2015 
until 18 March 2018. Eligible clusters were randomized to 
1 of 3 arms: (A) annual mass drug administration (MDA) of 
azithromycin to the entire community, (B) targeted triannual 
azithromycin treatments directed to 0–5  year-old children 
with ocular chlamydia, and (C) delayed treatment. The pri-
mary outcome was ocular chlamydia infection, assessed 12 and 
24 months after baseline in 2 study populations: children aged 
0–5 years of age (ie, those most likely to transmit ocular chla-
mydia) and children 8–12 years of age (ie, children who should 
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never have received a targeted treatment earlier in the study but 
should still have a relatively high burden of ocular chlamydia 
and thus provide adequate statistical power). Mass antibiotic 
treatments convey a direct effect for the person receiving the 
drug and also an indirect effect for other community mem-
bers by preventing transmission that could have occurred. 

The direct and indirect effects hypothesized in this trial are 
shown in Figure 1 [15]. Ethical approval was obtained from 
the University of California, San Francisco, Emory University, 
the Ethiopian Food and Drug Authority, and the Ethiopian 
Ministry of Innovation and Technology. Verbal consent was 
obtained from guardians given high illiteracy in the study area. 
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Figure 1. Schematic showing potential direct and indirect effects in the 3 treatment arms. Each box represents a community in one of the three treatment arms, stratified by 
age group (0–5 y on top, 8–12 y on bottom) and infection status at baseline (infected on bottom, not infected on top). Circles represent uninfected children and stars represent 
infected children. Red symbols receive antibiotic treatment and blue symbols do not. Arrows represent potential indirect effects of treatment through reduced transmission. 
Children in the mass drug administration (MDA) communities experienced both the direct and indirect effects of antibiotics. In the targeted communities, the infected children 
experienced both direct and indirect effects of antibiotics, but the uninfected children could only benefit from indirect effects. The delayed-treatment communities received 
no antibiotics at all. Primary analysis 1 assessed whether the overall effect (ie, the direct and indirect effects at the community level) of targeted treatments was superior 
to no treatment; secondary analyses (SA) 1A and 1B assessed whether the indirect effects of targeted treatment were superior to no treatment. Primary analysis 2 and SA 
2 assessed whether the indirect effects of targeted treatments were noninferior to the overall effect (ie, community-level direct and indirect effects) of mass azithromycin.
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The manual of procedures and statistical analysis plan are avail-
able online (https://osf.io/bu8qs/ and https://osf.io/zq3md/, 
respectively).

Eligibility

The unit of randomization was the “gott,” an Ethiopian demo-
graphic unit termed a village for this report. The study popula-
tion consisted of 48 villages situated in 3 contiguous districts (ie, 
Sekota Zuria, Sekota Ketema, and Gazgibella) that had not been 
selected for a concurrent randomized trial in the same study 
area [16]. The largest population center of each district was ex-
cluded because trachoma is less common in urban areas, and 
villages further than a 3-hour walk from the nearest gravel road 
were not included due to the logistical complexities of reaching 
such communities [17]. All consenting community members 
were enrolled in the study and offered treatment according to 
the assigned treatment arm. Annual monitoring for trachoma 
was offered in each village to all children aged 0–5 years and 
to a random sample of 30 children aged 8–12 years. A separate 
random sample of 8–12  year-olds was drawn for each moni-
toring visit based on an annual census performed 2–4 weeks 
earlier, so any given child might or might not have been selected 
for multiple monitoring visits.

Setting

The study area had received mass azithromycin distributions 
annually from May 2009 to June 2015, with a supplemental 
treatment in October 2014. Trachoma impact surveys done in 
2012 and 2014 found trachomatous inflammation, follicular 
(TF) in 59% of 1–9 year-old children, the highest in the region 
[18, 19].

Randomization

Once the baseline census and monitoring visits were complete, 
the trial biostatistician performed simple random sampling to 
allocate villages in a 1:1:1 ratio to annual mass azithromycin 
distributions, targeted azithromycin, or delayed treatment 
using the statistical program R (R for Statistical Computing, 
Vienna, Austria). The study coordinator assigned the allocated 
intervention. Allocation was concealed by performing the ran-
domization after all communities had been enrolled. Study 
participants were not masked due to the nature of the inter-
vention. Laboratory staff were masked to treatment allocation, 
implemented by using only a 5-digit random number to label 
specimens.

Monitoring

Monitoring visits were performed approximately 1 month fol-
lowing the annual census, at baseline, month 12, and month 24. 
All children aged 0–5 years and a random sample of 30 chil-
dren 8–12 years of age were offered conjunctival swabbing of 
the everted right upper eyelid with a Dacron swab. Swabs were 

stored on ice in the field, then at −20ºC for up to 4 weeks, then 
transported on ice to Bahir Dar, Ethiopia, where they were 
stored in a −20ºC freezer until processed. Swabs from the same 
village and age group were pooled in groups of 5, then pro-
cessed for the presence of Chlamydia trachomatis DNA with 
the Abbott RealTime assay on the m2000 platform. Swabs from 
positive pools of 0–5 year-olds were subsequently tested indi-
vidually and the results used to determine which children to 
treat in the targeted treatment arm. Village-level prevalence 
measures in the older age group were determined using max-
imum likelihood estimation based on pooled results. Although 
chlamydial results were used for treatment decisions only in the 
targeted azithromycin arm, testing was done identically for all 
treatment arms in a masked fashion, with a processing time goal 
of <2 months.

Intervention

In villages randomized to annual distributions, all commu-
nity members 6  months or older on the most recent census 
were offered a single dose of oral azithromycin (20 mg/kg for 
children using height-based approximation, 1  g for adults). 
Children under 6 months of age, pregnant women, and those 
allergic to macrolide antibiotics were offered 2 tubes of top-
ical tetracycline, to be used twice daily for 6 weeks. The mass 
treatment coverage was ≥80% per village, as per WHO guide-
lines [1]. In villages randomized to targeted treatment, children 
aged 0–5  years at baseline who tested positive for chlamydia 
were offered 3 20 mg/kg doses of azithromycin approximately 
every 4 months over the first year of the trial (ie, triannual treat-
ment), and children aged 0–5 years at the month 12 census who 
tested positive were offered the same treatment schedule over 
the second year of the trial. No antibiotics were distributed 
in the delayed treatment arm until the conclusion of the trial. 
Treatment visits in the annual and targeted treatment arms oc-
curred over the same 2-week period after the ocular chlamydia 
testing was complete; this was approximately 3 months after the 
preceding monitoring visit.

Statistical Considerations

Two primary analyses were prespecified, performed in 
an intention-to-treat fashion without adjustment for 
postrandomization covariates. Statistical significance was de-
termined by Monte Carlo permutation (10 000 permutations). 
Because the 2 main analyses compared outcomes from a dif-
ferent age group and in a different pair of arms, the trial’s Data 
and Safety Monitoring Committee afforded a 2-sided alpha of 
0.05 for each analysis.

Targeted vs Delayed Treatment
The aim of the first primary analysis was to determine 
whether the overall effect of the targeted treatment arm (ie, 
both the direct and indirect effects of antibiotic treatments) 
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was superior to no treatment in terms of reducing ocular chla-
mydia infection. Specifically, the vector of individual-level 
dichotomous chlamydia results in the 0–5 year-old age group 
from months 12 and 24 was modeled in a mixed effects lo-
gistic regression model, using baseline chlamydia results and 
treatment assignment as covariates and a random intercept 
for village. Two secondary analyses specifically assessed for 
an indirect effect of targeted antibiotics: (i) a Poisson regres-
sion modeling counts of incident cases of ocular chlamydia 
among those negative at baseline and thus untreated in the 
targeted arm, using time from the baseline monitoring visit 
as the offset, and (ii) a village-level analysis for the 8–12 year-
old age group (Figure 1).

Targeted vs Mass Treatment
The aim of the second primary analysis was to determine 
whether the indirect effect for untreated community members 
in the targeted-treatment arm could approach the overall effect 
(ie, both direct and indirect effect) had they actually received 
antibiotic treatment. In a noninferiority analysis, the village-
level prevalence of ocular chlamydia among individuals aged 
8–12  years was compared between the targeted azithromycin 
arm and the mass azithromycin arm. Specifically, the final 
24-month prevalence values for each village were modeled in a 
linear regression, with baseline prevalence values and treatment 
assignment as covariates. A noninferiority test was conducted 
using a prespecified noninferiority margin of 10%, based on 
a 2-sided 95% confidence interval (CI) for the difference in 
8–12  year-old prevalence between groups. A  secondary anal-
ysis was performed among children aged 0–5 years who were 
not infected at baseline using a Poisson regression model as 
specified above but comparing the targeted and mass treat-
ment arms (Figure 1). Square root transformation of prevalence 
outcomes improved normality of model residuals but did not 
change conclusions; we report untransformed outcomes to ease 
interpretation.

Sample Size

Assuming 30 children per community, a loss to follow-up of 
15%, a community-level intraclass correlation coefficient (ICC) 
of 0.01 for ocular chlamydia infection, a final chlamydia prev-
alence of 15% in the control arm, a correlation of 0.5 between 
individual-level baseline and final chlamydia status, and an 
alpha of 0.05, then 16 communities per arm would provide 
>80% power to detect an absolute effect size of 7.5% between 
the targeted and delayed arms. This same sample size would 
provide at least 80% power to test a noninferiority margin of 
a 10% difference between the study arms, assuming a standard 
deviation of 0.10, a correlation of 0.50 between the baseline and 
final prevalence, and an alpha of 0.05. Correlation parameters 
were based on our own previous published and unpublished 
studies in Ethiopia [20].

RESULTS

The trial flow is shown in Figure 2. Baseline demographic char-
acteristics for the 3 treatment arms are shown in Table 1. The 
baseline prevalence of ocular chlamydia was similar in the 
3 arms, with a mean prevalence ranging from 7.8% to 9.3% 
among 0–5 year-olds and from 3.0% to 8.6% among 8–12 year-
olds (Supplementary Table 1). All communities received their 
allocated study intervention, with high antibiotic coverage to 
those eligible for treatment (Table 2). All communities in the 
MDA arm achieved at least 80% coverage during both years 
of the study. In the targeted treatment arm, all 37 (100%) chil-
dren testing positive for ocular chlamydia at the baseline visit 
received all 3 azithromycin treatments, as did 114 of 118 (97%) 
testing positive at month 12, including 6 children who were 
positive at both time points. The 4 children eligible for targeted 
treatment who did not receive the full 3 doses moved out of the 
study area before all doses could be administered. No commu-
nities in the delayed treatment arm mistakenly received treat-
ment. No communities were lost to follow-up.

Targeted vs Delayed Treatment

Village-level prevalence among children 0–5  years old in-
creased in all arms over the two monitoring visits (Figure 3 
and Supplementary Table 1). Averaged over the month 12 and 
24 follow-up visits, the mean prevalence of ocular chlamydia 
among children aged 0–5 years was 22.3% (11.1%–33.6%) in the 
delayed treatment arm and 16.7% (9.0%–24.4%) in the targeted 
treatment arm. Compared with the delayed treatment arm, the 
targeted treatment arm had fewer ocular chlamydia infections 
detected among 0–5 year-olds over the two monitoring visits of 
the study—although the difference was not statistically signifi-
cant: adjusted odds ratio (OR) 0.75 (95% CI: .25–2.26; P = .61; 
primary analysis 1). The prevalence of ocular chlamydia among 
0–5 year-olds decreased markedly in the targeted arm during 
the second year of the study (Figure 3), but a sensitivity anal-
ysis of the month 24 village-level prevalence showed no signif-
icant difference between arms (mean prevalence 12.9 pp lower 
in targeted arm, 95% CI: 27.7 points lower to 2.4 points higher; 
P = .11; population-weighted analysis, adjusted for baseline 
prevalence). No evidence for an indirect effect of antibiotics was 
found in a secondary analysis assessing the incidence of new 
chlamydia infections among 0–5 year-olds over the 24-month 
study (mean incidence 19.1 [95% CI: 9.8 to 28.5] new infec-
tions per 100 person years in targeted villages versus 15.1 [95% 
CI: 6.7 to 23.5] per 100 person years in delayed villages; ad-
justed risk difference [RD] 2.9 percentage points [pp] (95% CI: 
−13.6 pp to 19.4 pp; P = .74; secondary analysis 1a; Figure 4). 
Prevalence figures for the 8–12 year-old age group are shown 
for each study village in Figure 3 and Supplementary Table 1; 
chlamydial infection among this older age group did not differ 
between the 2 arms at 24 months, providing no evidence of an 
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Figure 2. Trial flow. Abbreviation: SD, standard deviation.

Table 1. Baseline Characteristics Per Community by Study Arm, as Assessed From a Population Census

Mean (95% CI)

Characteristic Delayed (N = 16) MDA (N = 16) Targeted (N = 16)

Households, no. 40 (30–49) 54 (37–70) 42 (29–56)

Persons, no. 173 (128–217) 244 (174–315) 195 (128–262)

Age fraction, %       

 0–5 years 18% (16–20%) 20% (19–21%) 18% (17–20%)

 6–7 years 7% (6–8%) 6% (6–7%) 6% (6–7%)

 8–12 years 14% (12–15%) 15% (14–15%) 15% (14–17%)

 ≥13 years 62% (59–64%) 59% (58–61%) 60% (57–63%)

Sex fraction, % 49% (47–52%) 50% (49–51%) 50% (48–53%)

Elevation, m 2140 (2019–2260) 2052 (1939–2164) 2117 (2005–2228)

Distance from main town, km 19.1 (14.1–24.1) 17.6 (12.1–23.1) 19.4 (14.4–24.5)

Abbreviations: CI, confidence interval; MDA, mass drug administration.
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indirect antibiotic effect (mean prevalence 2.5 pp higher in the 
targeted treatment arm, 95% CI: 5.8 pp lower to 10.8 pp higher; 
secondary analysis 1b; P = .53).

Targeted vs Mass Treatment

At month 24, the mean prevalence of ocular chlamydia among 
8–12 year-olds was 5.5% (95% CI: .3%–10.7%) in the MDA arm 
and 13.5% (95% CI: 7.9%–19.1%) in the targeted azithromycin 
arm. The prevalence of ocular chlamydia at month 24 was on 

average 8.5 pp higher in the targeted azithromycin arm than the 
MDA arm after adjusting for baseline prevalence, with a 95% 
CI of 0.9 pp to 16.1 pp higher (ie, not meeting the prespecified 
criteria for noninferiority, which would have required the upper 
bound to be lower than 10%; primary analysis 2). We per-
formed an analogous comparison of the 0–5 year-old age group 
by comparing new chlamydial infections among children with 
a negative chlamydia test at baseline (who were thus not eligible 
for treatment in the targeted arm); this analysis found a mean 
24-month incidence of 19.1 new infections per 100 person-
years in the targeted arm compared with 9.2 per 100 person-
years in the MDA arm (adjusted RD 10.6 pp, 95% CI: −2.6 pp to 
23.8 pp; P = .13; secondary analysis 2; Figure 4). Other pairwise 
village-level comparisons are shown in Supplementary Table 2.

DISCUSSION

This cluster-randomized trial showed no significant differences 
in ocular chlamydia between communities assigned to mass 
antibiotic distributions, targeted antibiotic treatments, or de-
layed treatment over a 2-year study period. Analyses designed 
to assess whether targeted antibiotic treatments had an indirect 
effect for untreated community members failed to show any sta-
tistically significant differences.

In the present study, the putative core group was identi-
fied from the population of preschool children based on the 
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Table 2. Treatment Coverage of Eligible Populations per Study Community, as Assessed from a Population Census

Mean (95% CI)

 MDA (N = 16) Targeted (N = 16)

Characteristic First Year Second Year First Year Second Year

All ages

 Total, no. 244 (174–315) 252 (166–338) 195 (128–262) 228 (155–300)

 Eligible for treatment, no. 244 (174–315) 252 (166–338) 2 (1–4) 10 (4–15)

 Received treatment, no.a 216 (156–275) 216 (145–286) 2 (1–4) 9 (4–14)

 Coverage (eligible), % 89% (87–91%) 86% (84–89%) 100% (>99–100%) 98% (96–100%)

 Coverage (total), % 89% (87–91%) 86% (84–89%) 1% (>0–2%) 3% (2–5%)

0–5 years         

 Total, no. 49 (33–66) 49 (28–70) 38 (22–53) 40 (27–52)

 Eligible for treatment, no. 49 (33–66) 49 (28–70) 2 (1–4) 10 (4–15)

 Received treatment, no.a 45 (30–61) 44 (26–62) 2 (1–4) 9 (4–14)

 Coverage (eligible), % 92% (89–96%) 91% (87–95%) 100% (>99–100%) 98% (96–100%)

 Coverage (total), % 92% (89–96%) 91% (87–95%) 7% (2–12%) 17% (7–27%)

8–12 years         

 Total, no. 36 (26–46) 38 (25–50) 30 (20–40) 34 (23–46)

 Eligible for treatment, no. 36 (26–46) 38 (25–50) 0 (0–0) 0 (0–0)

 Received treatment, no.a 33 (24–43) 33 (22–44) 0 (0–0) 0 (0–0)

 Coverage (eligible), % 93% (90–96%) 88% (83–92%) 0% (0–0%) 0% (0–0%)

 Coverage (total), % 93% (90–96%) 88% (83–92%) 0% (0–0%) 0% (0–0%)

No one in the 16 delayed treatment villages was eligible for or received treatment during the study. The mean total population in the delayed treatment arm was 173 (95% CI: 128–217) for 
the first year and 186 (95% CI: 141–231) for the second year; the mean population of 0–5 year-olds was 31 (95% CI: 22–40) for the first year and 34 (95% CI: 25–43) for the second year; 
the mean population of 8–12 year-olds was 24 (95% CI: 17–31) for the first year and 25 (95% CI: 18–32) for the second year.

Abbreviations: CI, confidence interval; MDA, mass drug administration.
a Indicates a single dose of azithromycin for the MDA group and all 3 treatments for the targeted group.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciab193#supplementary-data
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presence of C. trachomatis from a conjunctival swab, because 
hyper-transmitters would be expected to be more frequently 
infected with ocular chlamydia at any given time. Preschool 
children were purposefully chosen because chlamydia infec-
tions were likely to be most frequent and of highest load in 
this age group, thus offering the chance to catch many or even 
most of the infections while limiting the number of children 
requiring testing. In hindsight, the testing approach was likely 
too restrictive in this hyperendemic setting, because the prev-
alence of infection was not much lower among 8–12 year-olds, 
suggesting that some among this age stratum were also likely 
hyper-transmitters. It is possible that the effect of our targeting 
strategy would be different in areas with less trachoma. 
Future efforts at targeting antibiotic treatments in trachoma-
hyperendemic settings might choose to widen the target pop-
ulation or alternatively to treat all household members of an 
infected child, because the entire household would be at in-
creased risk of infection and hence transmission.

The results of the present study underscore the challenges 
facing antibiotic programs to eliminate trachoma from the 
most hyperendemic regions. The study area had received re-
peated rounds of mass azithromycin for the 7 years before the 

study, and yet the prevalence of ocular infection was still high 
at baseline. Infection tended to increase over the duration of the 
study in both monitored age groups. Even the arm continuing 
to receive annual mass azithromycin experienced an increase 
in infection from month 12 to month 24, indicating a force 
of infection stronger than has been observed in prior studies 
in Amhara [21, 22]. The lack of efficacy of continued mass 
azithromycin may not be generalizable outside this region of 
Ethiopia, which has some of the most hyperendemic trachoma 
in the world. Moreover, some of the surrounding communities 
enrolled in a separate trial did not receive antibiotics during the 
study period, so it is possible that infections originating outside 
the study communities eventually overwhelmed the specific 
study interventions, leading to an increase in transmission (ie, 
contamination). Nonetheless, this study provides more evidence 
that annual treatments alone are unlikely to eliminate trachoma 
in places with extremely hyperendemic disease [22]. New strat-
egies are needed for these areas, perhaps incorporating addi-
tional antibiotic treatments or supplementing antibiotics with 
programs to improve water, sanitation, and hygiene.

This trial had several limitations. As mentioned above, 
cluster-randomized trials are at risk of contamination from 
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nearby clusters receiving a different treatment, and in this 
case, it is possible infections were introduced by neighboring 
communities receiving less antibiotics. Moreover, the targeted 
treatment arm experienced a delay between swabbing and treat-
ment, during which time infected children may have spread oc-
ular chlamydia to other children. The relatively small number of 
clusters and small size of some clusters may have reduced statis-
tical power, although sensitivity analyses taking village size into 
account did not change the conclusions. The targeted treatment 
strategy appeared to be more effective during the second year 
of the trial, perhaps because more infected children were iden-
tified and treated at the 12-month visit. It is unclear whether a 
targeted treatment strategy would be more effective in areas that 
had not previously received many years of mass azithromycin, 
or in areas with less prevalent trachoma.

In summary, a cluster-randomized trial conducted in the 
Amhara region of Ethiopia with hyperendemic trachoma failed 
to find evidence that antibiotic treatments targeted to infected 
pre-school children would provide a community-wide benefit. 
An intervention more intensive than the status quo of annual 
mass azithromycin distributions is likely to be necessary for 
controlling trachoma in areas with a high prevalence of disease.
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