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Abstract. The WHO recommends improving access to water as part of a comprehensive strategy for elimination of
trachomaasapublic health problem; however, this recommendation is not basedonevidence from randomized trials. In a
region of Ethiopia with hyperendemic trachoma, seven communities were randomized to a hand-dug well (HDW) and
seven communities to no intervention todetermine the impact ofHDWson the community prevalenceof ocular chlamydia
infection (primary prespecified outcome). All communities continued to receive government hygiene and sanitation
services and outreach. Participants were not masked, given the nature of the intervention, but laboratory personnel were
masked to treatment allocation.Hand-dugwellswere successfully built in six of the sevencommunities; fiveof thesewells
were still functional at the conclusion of the trial. At the end of the trial, an average of 74% of households reported
traveling < 30 minutes to collect water in the HDW arm, compared with 45% in the control arm, and the daily volume of
water used for hygiene was similar (e.g., mean of 0.7 L per person in each arm). The pseudo-median prevalence of ocular
chlamydia among 0- to 5-year old children at the 24-month visit was 23% in the HDWgroup and 13% in the control group
(P > 0.99). This small cluster-randomized trial provided no evidence to suggest that simply constructing HDWs, in the
absence of other hygiene promotion activities, is effective for reducing transmission of ocular chlamydia.

INTRODUCTION

The WHO recommends improving access to water as one
component of a broader strategy for elimination of trachoma
as a public health problem. Increasing the number of water
points in a community presumably reduces travel times as-
sociated with water collection and increases the overall vol-
ume of water available to a community, thereby increasing the
availability ofwater for facewashing.Washing faces is thought
to be important for trachoma elimination because the in-
fectiousagent of trachoma,Chlamydia trachomatis, is found in
ocular andnasal secretions.1Numerousobservational studies
have found that individualswith unclean faces, usually defined
as ocular discharge, nasal discharge, or flies on the face, are
more likely to have trachoma than those with clean faces.2

Although the causal directionality of this observation is not
well established (i.e., whether an unclean face causes
trachoma or whether ocular chlamydia infection causes
discharge—and hence, an unclean face), washing children’s
faces is specifically encouraged because the highest preva-
lence of trachoma and ocular chlamydia infection is found
among children.3,4

Although improving access to water has long been a part of
the WHO’s elimination strategy, few interventional studies
have been performed to assess whether building additional
community water points is effective for reducing ocular chla-
mydia or trachoma.5 And whereas few would discourage
construction of new water points, trachoma programs have
limited resources and must decide whether water in-
frastructure has a favorable cost–benefit ratio for the goal of
trachoma control. In this exploratory cluster-randomized trial,
we assess whether construction of community water points
alone, in the absence of any other hygiene promotion

activities, is effective in reducing ocular chlamydia in children.
Cluster randomization was used because a community water
point is inherently a community-level intervention and be-
cause trachoma is an infectious disease with considerable
potential forwithin-village transmission.Wehypothesized that
construction of a hand-dug well (HDW) would increase the
volume of water available for hygiene purposes, leading to an
increase in face-washing and reduction in the transmission of
ocular chlamydia.

METHODS

Ethics.Ethical approval was obtained from theUniversity 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. Informed consent was obtained from community
leaders before randomization and from guardians of children
after randomization. Verbal consent was obtained because of
the high levels of illiteracy in the study area.
Study design. A parallel-group cluster-randomized trial

was conducted from April 2014 to April 2016 in Goncha Siso
Eneseworeda, Amhara region, Ethiopia. Communities that had
been treated with 7 years of community-wide azithromycin
distributions as part of the TANA I and TANA II trials were ran-
domized to either a communityHDWor to no intervention.6 The
primary outcome was the prevalence of ocular chlamydia in-
fection, assessed in a random sample of children aged 0–5
years 2 years after water point construction. The trial was reg-
istered with clinicaltrials.gov (#NCT02373657).
Setting. The study area consisted of agrarian communities.

Themain crop is Eragrostis tef, an important grain for Ethiopia
that grows abundantly in the area. Based on a baseline survey
of 388 randomly selected households from the intervention
communities, 331 (85%) reported access to a HDW and 163
(42%) to an unprotected spring; 39 (10%) had access to sur-
face water only. Of surveyed households, 259 (67%) reported
needing < 30 minutes to collect water, but only 170 (43%)
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reported having adequate water for hygiene purposes. Water
availability was reduced in the study area during a severe
drought in 2015–2016.
Participants.Similar to TANA II, the randomization unit was

the state team, a government-defined demographic unit
consisting of approximately 50 households and termed
community in this report. Communities were drawn from three
arms of the TANA II trial: annual mass azithromycin distribu-
tions, biannual mass azithromycin distributions, and annual
azithromycin distributions targeted to preschool children.
Communities were eligible if £ 1 functional improved water
source (e.g., HDW, borehole, and protected spring) was pre-
sent within the borders of the community and a suitable area
for a HDW could be identified. Remote communities, defined
as those that were so far from the main road that a site visit
could not be made without staying overnight, were excluded.
All willing households in the eligible communities were in-
cluded in the census for the trial.
Randomization and masking. Communities were ran-

domized in a 1:1 ratio to a community HDWor no intervention,
stratified by their randomization arm from the TANA II trial.
Randomization was performed in May 2014 by J. D. K. using
the rand function in Microsoft Excel (Redmond, WA). Alloca-
tion was concealed by enrolling all communities before ran-
domization. Because of the nature of the intervention, study
participants were not masked. The field examination teams
were not informed about the purpose of the study or ran-
domization allocation. Masking of all laboratory staff was
achieved by labeling all specimens with a 6-digit random
number.
Intervention. Local water officials recommended that we

construct HDWs based on their knowledge of the study area
and given the limited budget of the study. A geologic survey
was performed with the assistance of local water officials in
April 2014 in all eligible communities to identify locations
where a HDW would likely provide water. An attempt was
made to find locations for water points that were close to
dwellings and far from existing water points, but in practice,
this was not always possible. A potential site for a HDW was
identified in 14 communities, which were subsequently en-
rolled in the present trial and randomized (Supplemental
Figure 1). Local contractors licensed by the local water office
were hired to build the HDW according to local specifications.
All HDWs were capped, equipped with a hand pump, and
protected by a fence. Local community members and the
woreda water officemembers participated in the construction
and were responsible for the maintenance of the water points
after their construction. All communitymembers could access
thewater point at any time of day, 7 days per week, regardless
of study participation. No water use tariffs were levied. Al-
though no formal assessment was conducted, the trial co-
ordinator received no complaints about poor water taste.
Several other hygiene measures had been planned for the
intervention communities, but these proved difficult to im-
plement given funding constraints, and thus no other sanita-
tion or hygiene activities were implemented as part of the
study. Study communities did not receive mass azithromycin
distributions during the follow-up period. No water interven-
tions were performed in the control communities during or
after the trial. No changes to the intervention or methods oc-
curred during the study period. Recording of adverse events
was performed via a passive system similarly to the TANA II

trial in which community members would inform local health
extension workers, who would then inform the study
coordinator.
Hygiene promotion. Insufficient funding was available for

study-administered hygiene promotion activities. Routine
government-organized hygiene programs continued in both
the intervention and control communities, primarily through
the health extension worker program.7,8 Existing health ex-
tension workers with prior experience working with trachoma
programs provided education about water supply and per-
sonal hygiene in community- and household-based settings.
Outcome assessments. The TANA II 42-month study visit

(April 2014) is considered the baseline visit for the present trial.
That visit was conducted approximately 6 months following a
population census performed for the study. A random sample of
50 children aged 0–9 years per community was drawn from the
census and assessed for clinical signs of trachoma using the
WHO’s simplified grading system.9 Clinically active trachoma
was defined as the presence of trachomatous inflammation-
follicular (TF) and/or trachomatous inflammation-intense (TI),
abbreviated TF ± TI in this manuscript. A conjunctival swab was
then passed three times over the everted superior tarsal con-
junctiva of the right eye. Swabs were placed in tubes without
media and stored on ice for < 8 hours while in the field, then
at −20� for up to 4 weeks, and finally in a −20� freezer at the
AmharaPublicHealth Institute inBahirDar,Ethiopia.Swabswere
pooled in groups of five by community and then processed for
the presence of C. trachomatis DNA with the Abbott RealTime
assay on them2000 platform. If ³ 80%of pools from a particular
community were positive, then swabs from all positive pools
were processed individually. Similar methods were used for the
24-month visit of the present study (April 2016), except that as-
sessments were performed on all 0- to 5-year-old children who
had been identified at a door-to-door census conducted 2–
4 weeks prior. This younger age-group was chosen to enhance
the statistical power because ocular chlamydial infection was
expected to be greater in this age-group.10,11

Process indicators. Although the local government water
office was ultimately responsible for maintenance, the func-
tionality of the water points was tracked remotely by the study
coordinator through telephone calls with water officials. In ad-
dition, the study coordinator visited all water points in person at
the 24-month visit to assess their functionality and ask com-
munity members about their functionality. Estimates of water
availability anduseand face-washingbehaviorswere assessed
in a household survey, conducted in a random sample of ap-
proximately10householdsper community at the timeof the24-
month monitoring visit. Ten households were chosen because
this was a feasible number for our team to complete in a single
day. The household survey was administered to the head of
household or spouse at their residence by a set of specifically
trained workers. No direct observations of face-washing be-
haviors were made as part of this study (e.g., as a structured
observation study might do) because of limited resources.
Statistics. The prespecified primary outcome was the

community-level prevalence of ocular chlamydia in 0- to 5-year-
old children at the 24-month study visit, as estimated from the
pooled swabs using maximum likelihood methods.12 The com-
munity prevalence of clinically active trachoma (i.e., TF ± TI) in the
same age-group at month 24 was a prespecified secondary out-
come.TheprimaryanalysiswasaWilcoxonrank-sumtest,usedto
compare community-level estimates between the two arms in an
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intention-to-treat analysis. Prevalence estimates were summa-
rized as a Lehman–Hodges pseudo-median with bootstrapped
95% CI drawn from 9,999 replications. Linear regression of the
community-level prevalence estimates was performed to provide
an estimate of the magnitude of the association after adjustment
for baseline prevalence. Fourteen communities provided 80%
power todeterminea17%difference inocular chlamydiabetween
the two arms, assuming an SD of 0.10 from the TANA trial and a
two-sidedalphaof0.05.13Aneffectsizeof thismagnitudecouldbe
plausible if, after many years of mass azithromycin distributions,
the intervention reduced transmission enough that the prevalence
of chlamydia stayed low, whereas infection would be expected to
return in the control communities.14

RESULTS

Fourteen communities drawn from the TANA II study were
randomized to either the HDW group or to the control group
(Figure 1). Characteristics were similar in the two groups

before randomization (Table 1). Although children in all com-
munities had been treatedwithmass antibiotic distributions at
least annually for the preceding 7 years, approximately one-
third of children aged 0–9 years had inflammatory signs of
trachoma (i.e., TF and/or TI) before randomization for this trial.
Ocular chlamydia infection was much lower, with a median of
0% (IQR: 0–4%) in the HDW group and 6% (IQR: 1–6%) in the
control group.
A HDW was successfully constructed in six of the seven

intervention communities. Construction was completed in
eachof the six communitieswithin 4months of randomization.
In the seventh community, nowater was found at two different
locations, and local water officials advised against digging at a
third location. Communities continued to receive government
health services for the remainder of the study period, but re-
ceived no programmatic mass azithromycin distributions or
hygiene interventions. Of the six constructed HDWs, three
were functional year-round, two were functional in the wet
season only, and one ceased functioning after 3 months. Of

FIGURE 1. CONSORT flow diagram.
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the three functional water points, water flowwas measured to
be 10, 19, and 21 L per second at the final study visit. Diffi-
cultieswithwater productionwere thought to beat least in part
due to the severe drought affecting Ethiopia during the study
period. No harms or unintended effects were reported in either
study arm during the trial.
A household survey was performed in a random sample of

households from all 14 study communities at the 24-month
monitoring visit, in the dry season (Table 2). This survey found
self-reported travel times for water collection to be slightly
lower in the interventionarm,withapproximately three-quarters
of households reporting traveling less than 30 minutes in the
intervention arm compared with about half of households in
the control arm. Ultimately, however, the survey demonstrated
little difference in water consumption or face-washing behav-
ior between communities in the two treatment arms across
a variety of indicators. Most households in intervention com-
munities continued to use non-study water points.

Community-level estimates of TF ± TI and ocular
C. trachomatis are shown in Table 3. At month 24, chlamydia
infection among 0- to 5-year-olds was not statistically signif-
icantly different between the two groups, with a pseudo-
median of 23% (95% CI: 6–32%) in the HDW group and 13%
(95%CI: 6–19%) in the control group (Wilcoxon rank-sum test
P > 0.99; primary intention-to-treat analysis). The prevalence
of ocular chlamydia was on average 8% higher (95% CI: 5%
lower to 23%higher) in theHDWcommunities after controlling
for baseline chlamydia prevalence. The prevalence of TF ± TI
at month 24 was also not statistically significantly different
between the two groups, with a pseudo-median prevalence of
54% (95% CI: 44–64%) in the HDW group and 43% (IQR:
31–52%) in the control group (Wilcoxon rank-sum test P =
0.16). The prevalence of TF ± TI was on average 12%higher in
theHDWcommunities (95%CI: 2% lower to 27%higher) after
adjusting for baseline TF ± TI prevalence. Estimates of tra-
choma and ocular chlamydia were not demonstrably lower in

TABLE 1
Baseline characteristics of communities

Characteristic

Median (interquartile range)

Hand-dug wells (N = 7) Control (N = 7)

Distance to nearest town (km) 5.4 (4.8–5.6) 6.6 (5.3–9.4)
Altitude (m) 2,624 (2,613–2,644) 2,634 (2,573–2,683)
Population, N 250 (197–304) 239 (199–417)
Children 0–9 years, % 26 (24–28) 24 (22–25)
Trachoma (TF ± TI), %† 30 (19–48) 31 (25–34)*
Chlamydia, %† 0 (0–0) 2 (0–6)*
TF ± TI = follicular trachoma and/or intense trachoma according to the WHO’s simplified grading system.
* Data available from six of seven control communities.
†Assessed in a random sample of children aged 0–9 years

TABLE 2
Household survey results at 24-month study visit

Characteristic

Mean (95% CI)

HDWs (N = 7) Control (N = 7)

Households surveyed per community 12 (11–15) 10 (10–11)
Fraction of households
Using the study water point in past week, % 13% (0–32%) 0% (0–0%)
Using a protected HDW in past week, % 45% (12–77%) 43% (17–71%)
Using an unprotected HDW in past week, % 14% (0–50%) 0% (0–0%)
Using an unprotected spring well in past week, % 40% (9–73%) 44% (12–77%)
Using an open water body in past week, % 0% (0–0%) 13% (0–30%)
Traveling < 30 minutes per day collecting water, past week, % 74% (59–89%) 45% (21–67%)
Reporting enough water for face washing yesterday, % 100% (100–100%) 100% (100–100%)
With latrine observed, % 65% (53–79%) 53% (36–70%)
With soap observed, % 56% (20–90%) 29% (8–50%)

Mean distance from house to potential water point (km) 0.4 (0.3–0.4) 0.5 (0.3–0.7)
Mean total time spent collecting water per day (minute) 53 (38–66) 60 (39–80)
Mean time spent traveling to collect water per day (minute) 21 (14–27) 30 (21–41)
Mean time spent queuing for water per day (minute) 32 (17–47) 30 (13–47)
Mean daily volume of water collected per household (L) 67 (55–78) 70 (62–81)
Mean daily volume of water collected per capita (L) 14 (12–16) 15 (13–18)
Mean daily volume of water used for face washing per capita (L) 0.7 (0.6–0.9) 0.7 (0.5–0.8)
Fraction of households in which a randomly selected
Child aged 0–5 years had their face washed yesterday, %* 99% (96–100%) 99% (95–100%)
Child aged 6–9 years washed their face yesterday, %† 96% (89–100%) 97% (90–100%)
Person ³ 10 years washed their face yesterday, % 99% (96–100%) 100% (100–100%)
Child aged0–5yearshad their facewashedwith soapyesterday,%* 46% (26–65%) 54% (39–66%)
Child aged 6–9 years washed their face with soap yesterday, %† 38% (19–56%) 32% (13–51%)
Person ³ 10 years washed their face with soap yesterday, % 31% (14–49%) 20% (11–30%)
HDW = hand-dug well. Community-level means are shown, with bootstrapped 95% CIs (9,999 replications).
* Of households with a 0- to 5 years-old child; 86 of 87 households from the HDW arm and 69 of 72 households from the control arm contributed data.
†Of households with a 6- to 9 years-old child; 40 of 87 households from the HDW arm and 28 of 72 households from the control arm contributed data.
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the three communities with a functional water point for the
entire year (Table 3).

DISCUSSION

Wewere unable to demonstrate that construction of HDWs,
performed as a sole intervention without other hygiene pro-
motion activities, prevented transmission of ocular chlamydia
in this small cluster-randomized trial.We found no evidence to
suggest that water point construction alone resulted in any
behavioral changeswith regard to face-washing, although this
was assessed only by self-report in a random sample of
households at the conclusion of the trial. Communities in
whichawater point providedwater throughout theyear didnot
appear to fare better than communities with less reliable
HDWs. The use of constructedHDWswas generally low, even
in communities with more reliable HDWs.
The WHO’s SAFE strategy (i.e., surgery, antibiotics, facial

cleanliness, and environmental improvements) promotes envi-
ronmental improvements such as increased access to water to
reduce trachoma transmission. Ocular secretions are thought to
be the chief reservoir of chlamydia for a community, so face-
washing should theoretically remove these secretions and reduce
the source of reinfection. This theory is supported by numerous
observational studies that have found an association between
facial cleanliness and ocular chlamydial infection.15–18

The results of thepresent study are consistentwith previous
randomized trials, none of which have provided strong evi-
dence supporting the efficacy of water point construction for
trachoma. One trial in Niger randomized six communities to a
community HDW plus education and mass azithromycin, and
another six communities to mass azithromycin alone.5 No
difference in ocular chlamydia was observed between the two
groups of communities at the 2-year time point, although little
information about treatment fidelity was provided (e.g., when
water point construction was completed, whether the water
points were functional, whether water was being used by
households, and whether face-washing increased). Other
trials have provided face-washing education but no hard-
ware to increase the volume of available water.19 The most

promising results came from two small cluster-randomized
trials.20,21 One of these trials enrolled three pairs of villages,
randomizing each village of the pair to either face-washing
education or no intervention, and found a lower prevalence
of the secondary outcome of TI in two of the pairs, but not in
the third.20 Another trial randomized four villages to topical
tetracycline, health education, tetracycline plus health edu-
cation, or no intervention, and found a lower incidence of TF ±
TI in the health education villages than in the control village.21

However, neither of these trials accounted for the cluster-
randomized design, and their small sample size limits statis-
tical conclusions andgeneralizability. Other randomized trials
have not suggested a positive effect of hygiene education on
trachoma.22–24

We hypothesized that constructing a community water
point would increase the volume of water available for face-
washing. However, households in the HDWarm did not report
collecting or using a greater volume of water than those in the
intervention communities at the 24-month household survey.
Several limitations of the study could explain this finding. First,
the HDWs did not universally provide more water for the in-
tervention communities. No water was found at one of the
sites, the water dried up after 3 months at another, and water
was available only during the wet season in two others. Al-
though the household survey suggested slightly lower travel
times for the intervention arm, the volume of water collected
was ultimately similar in the two arms. Protected water sour-
ces were present in all communities before the trial, and the
household survey revealed that many families continued to
use non-study water points—even in communities that had a
functional study water point. Second, the sample size of the
trial was small, increasing the likelihood of imbalanced ran-
domization and chance accounting for the findings. Third,
water is a valuable resource with many uses. Even if the vol-
ume of available water were increased, households may have
decided to use the extra water for activities other than face-
washing. Moreover, due to a lack of resources, our interven-
tion did not include any hygiene education component or
household-level hardware that might promote personal hy-
giene (e.g., tippy taps and soap). It is possible that improving

TABLE 3
Estimates of ocular chlamydia infection and clinically active trachoma

Community Functionality

Baseline prevalence, 0–9 years Twenty four-month prevalence, 0–5 years

TF ± TI Chlamydia TF ± TI Chlamydia

Hand-dug well
1 Year-round 29/58 (50%) 0/42 (0%) 21/31 (68%) 2/31 (6%)
2 Year-round 26/56 (46%) 0/56 (0%) 24/37 (65%) 12/37 (32%)
3 Year-round 10/50 (20%) 0/50 (0%) 8/16 (50%) 0/16 (0%)
4 Wet season 11/37 (30%) 0/37 (0%) 8/17 (47%) 0/17 (0%)
5 Wet season 7/37 (19%) 0/37 (0%) 8/16 (50%) 0/16 (0%)
6 First 3 mos 6/36 (17%) 0/36 (0%) 7/18 (39%) 0/18 (0%)
7 Never 32/50 (64%) 2/50 (4%) 11/18 (61%) 5/19 (26%)

Control
8 – 23/53 (43%) 2/53 (4%) 2/10 (20%) 0/10 (0%)
9 – 9/26 (35%) 0/28 (0%) 4/12 (0%) 0/12 (0%)
10 – 15/45 (33%) 4/45 (9%) 20/39 (51%) 7/39 (18%)
11 – 14/49 (29%)* 6/50 (12%)* 19/36 (53%) 7/36 (19%)
12 – 15/53 (28%) 4/53 (8%) 18/32 (56%) 2/32 (6%)
13 – 8/34 (24%) 0/34 (0%) 6/14 (43%) 0/14 (0%)
14 – 6/42 (14%) 0/42 (0%) 5/13 (39%) 1/13 (8%)
TF ± TI = follicular trachoma and/or intense trachoma according to the WHO’s simplified grading system.
*Missingdata at timepoint. Values reflect themost recent studyvisit in the TANA II trial (i.e., last observation carried forward imputation); nomassazithromycin distributionwasadministered in the

intervening time.
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access to water will not have health effects unless accom-
panied by hygiene promotion programs.25 In the case of the
present study, community norms for washing may have been
set by the realities andchallengesofwater collection, because
the vast majority of households thought they had sufficient
water for washing, and the vast majority of respondents re-
ported washing their face yesterday, despite the lack of water
relative to high-income settings. Thus, an intervention with
health messaging specifically targeting personal hygienemay
increase the amount of water used for personal hygiene. Fi-
nally, water use is a complicated practice, and people do not
routinely measure the exact quantities of water used for vari-
ous activities, making it challenging to estimate the volume of
water used for cooking, cleaning, and drinking. We assessed
water use based on self-reported questionnaire, subjecting
these estimates to misclassification. The generalizability of
the results to other areas is not certain, especially to areaswith
a different baseline level of water availability or different en-
demicity of trachoma.
This trial highlights that simply constructing a HDWdoes not

guarantee its functionality, and even a functional water point
does not automatically improve face-washing behavior or in-
crease the volume of water used for hygiene—all of which
would be importantmediators in the causal pathway explaining
an association between water points and trachoma. Thus, this
study cannot confirm whether facial cleanliness itself has a
causal relationshipwith trachoma, but rather can only conclude
that in this particular study area, installation of a water point, in
the absence of any other dedicated hygiene interventions, was
not associated with reductions in ocular chlamydia. It is cer-
tainly possible that water points are an important intervention
for trachoma control, but require concomitant hygiene pro-
motion activities to be effective.
In conclusion, this small cluster-randomized trial set in an

area with hyperendemic trachoma did not find an association
between community HDW construction and reduced ocular
chlamydia; however, it is important to note that the in-
tervention communities did not receive any additional hygiene
promotion activities aside from the water point installation.
The difficulties we encountered in finding water and main-
taining the water points through local committees confirmed
the practical difficulties that trachoma programs face when
trying to increase community water supply. Despite the fi-
nancial burden and logistical challenges associated with wa-
ter, sanitation, and hygiene (WASH) interventions, we believe
that randomized trials are of paramount importance to better
assess the causal relationship between WASH infrastructure
and trachoma, and will be helpful in guiding trachoma pro-
grams toward their ultimate goal of eliminating trachoma as a
public health problem.
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