View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by ResearchOnline@ND

1 The University of Notre Dame Australia
ResearchOnline ND ResearchOnline@ND

Medical Papers and Journal Articles School of Medicine

2016

Relationship between community drug administration strategy and changes in

trachoma prevalence, 2007 to 2013

Bette Liu
Carleigh Cowling
Andrew Hayen
Gabrielle Watts

Donna Mak
University of Notre Dame Australia, donna.mak@nd.edu.au

See next page for additional authors

Follow this and additional works at: http://researchonline.nd.edu.au/med_article

0 Part of the Medicine and Health Sciences Commons

This article was originally published as:

Liu, B., Cowling, C., Hayen, A., Watts, G., Mak, D., Lambert, S., Taylor, H., & Kaldor, J. M. (2016). Relationship between community
drug administration strategy and changes in trachoma prevalence, 2007 to 2013. Plos Neglected Tropical Diseases, 10 (7).
http://doi.org/10.1371/journal pntd.0004810

This article is posted on ResearchOnline@ND at

http://researchonline.nd.edu.au/med_article/735. For more information,

THE UNIVERSITY OF

NOTRE DAME

please contact researchonline@nd.edu.au.
i LA



https://core.ac.uk/display/61305893?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://researchonline.nd.edu.au/?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://researchonline.nd.edu.au/?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://researchonline.nd.edu.au?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://researchonline.nd.edu.au/med_article?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://researchonline.nd.edu.au/med?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://researchonline.nd.edu.au/med_article?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/648?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://doi.org/10.1371/journal.pntd.0004810
http://researchonline.nd.edu.au/med_article/735
mailto:researchonline@nd.edu.au
http://www.nd.edu.au/?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.nd.edu.au/?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages

Authors
Bette Liu, Carleigh Cowling, Andrew Hayen, Gabrielle Watts, Donna Mak, Stephen Lambert, Hugh Taylor,
and John M. Kaldor

This article is available at ResearchOnline@ND: http://researchonline.nd.edu.au/med_article/735


http://researchonline.nd.edu.au/med_article/735?utm_source=researchonline.nd.edu.au%2Fmed_article%2F735&utm_medium=PDF&utm_campaign=PDFCoverPages

This Document is Protected by copyright and was first published by Frontiers. All rights reserved. it is
reproduced with permission.

This article was originally published
at http://journal.frontiersin.org/article/10.3389/fphar.2016.00197/full

de Bruijn W, Ibanez C, Frisk P, Bak Pedersen H, Alkan A, Vella Bonanno P... Godman B. (2016)
Introduction and Utilization of High Priced HCV Medicines across Europe; Implications for the Future.
Front. Pharmacol. 7:197. doi: 10.3389/fphar.2016.00197

No changes have been made to the original article.

This article is an open access article distributed under the terms and conditions of the Creative
Commons by Attribution (CC-BY 4.0) license (http://creativecommons.org/licenses/by/4.0/).

This license allows users to: -
e Copy and redistribute the material in any medium or format
e Adapt, remix, transform, and build upon the material for any purpose

Under the following terms:

e Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.

e No additional restrictions — You may not apply legal terms or technological measures that
legally restrict others from doing anything the license permits.


http://journal.frontiersin.org/article/10.3389/fphar.2016.00197/full
http://creativecommons.org/licenses/by/4.0/

NEGLECTED

©PLOS

TROPICAL DISEASES

CrossMark

click for updates

E OPEN ACCESS

Citation: Liu B, Cowling C, Hayen A, Watt G, Mak
DB, Lambert S, et al. (2016) Relationship between
Community Drug Administration Strategy and
Changes in Trachoma Prevalence, 2007 to 2013.
PLoS Negl Trop Dis 10(7): €0004810. doi:10.1371/
journal.pntd.0004810

Editor: Ricardo J. Soares Magalhaes, University of
Queensland School of Veterinary Science,
AUSTRALIA

Received: December 3, 2015
Accepted: June 7, 2016
Published: July 6, 2016

Copyright: © 2016 Liu et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: The surveillance data
are owned by the Australia government and they are
held by the National Trachoma Surveillance and
Reporting Unit. Researchers can request access from
the chair of the Trachoma Surveillance Control and
Reference Group, Meredeth Taylor (meredeth.
taylor@health.gov.au).

Funding: This work was supported by the Australian
Commonwealth Government. BL and JMK are
supported by Australian National Health and Medical
Research Council fellowships. The funders had no

RESEARCH ARTICLE

Relationship between Community Drug
Administration Strategy and Changes in
Trachoma Prevalence, 2007 to 2013

Bette Liu'*, Carleigh Cowling?, Andrew Hayen', Gabrielle Watt, Donna B. Mak*®,
Stephen Lambert®, Hugh Taylor’, John M. Kaldor?

1 School of Public Health and Community Medicine, UNSW, Sydney, Australia, 2 The Kirby Institute,
UNSW, Sydney, Australia, 3 Centre for Disease Control, Northern Territory Department of Health, Darwin,
Australia, 4 Communicable Disease Control Directorate, Health Department of Western Australia, Perth,
Australia, 5 School of Medicine, University of Notre Dame Australia, Fremantle, Australia, 6 UQ Child Health
Research Centre, The University of Queensland, Brisbane, Australia, 7 Melbourne School of Population and
Global Health, Carlton, Melbourne, Australia

* bette.liu@unsw.edu.au

Abstract

Background

Australia is the only high income country with persisting endemic trachoma. A national con-
trol program involving mass drug administration with oral azithromycin, in place since 2006,
has some characteristics which differ from programs in low income settings, particularly in
regard to the use of a wider range of treatment strategies, and more regular assessments of
community prevalence. We aimed to examine the association between treatment strategies
and trachoma prevalence.

Methods

Through the national surveillance program, annual data from 2007—2013 were collected on
trachoma prevalence and treatment with oral azithromycin in children aged 5-9 years from
three Australian regions with endemic trachoma. Communities were classified for each year
according to one of four trachoma treatment strategies implemented (no treatment, active
cases only, household and community-wide). We estimated the change in trachoma preva-
lence between sequential pairs of years and across multiple years according to treatment
strategy using random-effects meta-analyses.

Findings

Over the study period, 182 unique remote Aboriginal communities had 881 annual records
of both trachoma prevalence and treatment. From the analysis of pairs of years, the greatest
annual fall in trachoma prevalence was in communities implementing community-wide strat-
egies, with yearly absolute reductions ranging from -8% (95%CI -17% to 1%) t0 -31% (-26%
to -37%); these communities also had the highest baseline trachoma prevalence (15.4%-
43.9%). Restricting analyses to communities with moderate trachoma prevalence (5—-19%)
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atinitial measurement, and comparing community trachoma prevalence from the first to the
last year of available data for the community, both community-wide and more targeted treat-
ment strategies were associated with similar absolute reductions (-11% [-8% to -13%)] and
-7% [-5% 10 -10%] respectively). Results were similar stratified by region.

Interpretation

Consistent with previous research, community-wide administration of azithromycin reduces
trachoma prevalence. Our observation that less intensive treatment with a ‘household’ strat-
egy in moderate prevalence communities (5-<20%) is associated with similar reductions in
prevalence over time, will require confirmation in other settings if it is to be used as a basis
for changes in control strategies.

Author Summary

Australia is the only high income country with persisting endemic trachoma and a
national control program has been in place since 2006. The program involves annual
screening of children for trachoma in communities designated to be at high risk of disease
and treatment of those affected with the antibiotic azithromycin. Depending on the level
of trachoma detected in children, antibiotic treatment is also given to households and
other community members. We used data collected annually from 2007 to 2013 to exam-
ine what effect the extent of azithromycin treatment had on subsequent levels of trachoma
in children aged 5-9 years. We found that in communities with high levels of trachoma,
when all community members received azithromycin (community-wide treatment), the
greatest reduction in trachoma level was achieved. However in communities with moder-
ate levels of trachoma, using either community-wide treatment or more targeted (house-
hold) treatment resulted in equivalent reductions in trachoma. This observation needs to
be confirmed in other studies before changes to current recommendations regarding tra-
choma control strategies are considered.

Introduction

Trachoma, caused by serotypes of Chlamydia trachomatis is a major cause of blindness glob-
ally.[1] In 1997 The Alliance for the Global Elimination of Blinding Trachoma by 2020 (GET
2020) initiative was launched. Supported by the World Health Organization (WHO), the alli-
ance promotes its goal of elimination through the SAFE strategy, with its key components of
surgery to correct trichiasis (S), antibiotic treatment (A), facial cleanliness (F) and environmen-
tal improvements (E).[1] Randomised controlled trials have shown that antibiotics, either topi-
cal or oral, are effective for treatment.[2] There is a more limited body of trial evidence that has
been used to support the strategy of mass drug administration (MDA), or whole community
treatment, which is one of the main components of the SAFE strategy in many countries.
There have been few comparisons of alternative community treatment strategies, and relatively
limited follow up studies of long term trends following implementation of prevention pro-
grams.[3,4] Evidence of effective treatment strategies across a range of prevalence settings will
become increasingly important as more countries approach the goal of trachoma elimination.
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Table 1. Comparison of WHO and Australian 2006 guidelines for trachoma management.

WHOI5] 2006 CDNA Guidelines for the public
health management of trachoma in
Australia[9]

Target age group 1-9 years of age Minimum 5-9 years of age. 1-4 and 10-14
screened if resources available. Prevalence
is calculated as % in 1-9 years of age.

=>20% Mass treatment (MDA) for all members of | Clustering of cases in household—cases and
trachoma the district aged 6 months and older for 3 household contacts are treated only
prevalence years. Repeat survey. Continue MDA
10-19% until <5% trachoma prevalence In the absence of clustering—MDA for all
trachoma children aged 6 months to 14 years in the
prevalence community AND all household contacts
treated.

Annual screening
5-<10% At baseline, F & E only for 3 years then Cases and household contacts 6 months—
trachoma repeat SURVEY 14 years
prevalence Annual screening
<5% trachoma Two SURVEYS at 3 yearly intervals Annual screen until <56% for 5 consecutive
prevalence years (treat cases & household contacts

found during the screen)

doi:10.1371/journal.pntd.0004810.t001

Australia is the only high-income country with endemic trachoma.[5] The disease occurs
primarily in remote Aboriginal communities in three Australian jurisdictions, the Northern
Territory (NT), South Australia (SA), and Western Australia (WA), although it has also been
identified in Queensland and New South Wales.[6,7] In 2013 overall prevalence among chil-
dren aged 5-9 years in endemic areas was estimated to be 4% with substantial variation
between communities; an estimated 50% of communities had no clinically detectable trachoma
and 8% had hyperendemic levels (>20%).[8]

Since 2006 the Australian Government has funded control programs based on regular map-
ping of trachoma prevalence in endemic areas. Trachoma management has been based on
guidelines first endorsed in 2006 [9] and revised in 2014.[10] Unlike the WHO guidelines, the
2006 Australian guidelines recommended screening every community considered at risk annu-
ally, regardless of trachoma prevalence, as well as a tiered approach to antibiotic treatment
depending on trachoma prevalence (see Table 1). Australia therefore has an opportunity to
examine the impact of different treatment strategies, in more detail than has been possible in
other trachoma endemic settings, where only MDA has been used, and prevalence is generally
monitored at much longer intervals. We report here an analysis based on routinely collected
trachoma prevalence data over seven years in Australia’s endemic areas. These data have the
potential to inform trachoma control programs both in Australia and internationally.

Methods

Since 2006 when the National Trachoma Management Program was initiated, screening for
trachoma and management has been consistently undertaken in three trachoma-endemic Aus-
tralian jurisdictions, the NT, SA and WA. At program initiation, each jurisdiction identified
Aboriginal communities considered to be at high risk of endemic trachoma from historical
prevalence data and local knowledge, and over time, additional communities have been added
to those considered at risk. In each designated community, regular screening rounds were
undertaken over short time periods (generally several days), involving external teams working
with local health staff. In most communities, 5-9 year olds were the focus of screening, as they
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were mostly in school, although children aged under 5 or 10-14 years were also screened if
present at the time. Between 2010 and 2013 the estimated proportion of children resident in
communities aged 5-9 that were screened for trachoma ranged from 57-71%.[6,8,11] Of those
screened the WHO trachoma grading criteria[12] were used to diagnose and classify trachoma.
Data from each community screened were collected on standardised data collection forms and
included the numbers of children screened (in age groups 1-4, 5-9, 10-14 years), with active
trachoma and with clean faces. The treatment strategy undertaken in the community and,
from 2011, the numbers of household members and other community members treated, were
also recorded. Data from screened communities have been presented in annual reports by the
National Trachoma Surveillance and Reporting Unit and form the basis for analyses reported
here.[6]

Analyses

De-identified community-based data were obtained for each year from 2007, when compre-
hensive data collection began, through to 2013. As the majority of trachoma screening in com-
munities was undertaken through primary school programs targeting 5-9 year olds, we
restricted analyses of prevalence to this age group. The unit for analysis was a single episode of
screening in 5-9 year olds within a single community. Community trachoma prevalence was
estimated by dividing the number of 5-9 year olds with active trachoma during a screening
round by the number screened. The treatment strategy adopted for a community in a given
year was classified into one of four categories according to what was reported in the national
database: no treatment; “active”cases only treated; “household” treatment under which active
cases and their households members were treated; and “community-wide” treatment which
covered both whole-of-community treatment (also known as “mass drug administration”) and
a strategy under which active cases, household members and all children aged <15 years in the
community were treated. For all strategies, the treatment administered for those over 6 months
of age was a single weight-based dose (20mg/kg) of oral azithromycin [9].

Descriptive analyses by calendar year, examining all communities with eligible screening
episodes were conducted. From 2011 onwards treatment coverage in communities for which
household or community-wide treatment strategies were recorded was calculated by summing
the population aged 0-14 years recorded as treated with azithromycin, and dividing by the
total estimated population aged 0-14 years according to both census[13] and local health
worker community population estimates.

To compare treatment strategies, we undertook two analyses. First we identified all commu-
nities for which data on trachoma prevalence in 5-9 year olds were available for pairs of conse-
cutive calendar years. For each such pair of years, we estimated the change between the years in
community prevalence, by simple difference. We then grouped communities by the first year
of the consecutive pair and by the treatment strategy recorded in that year, and calculated a
combined estimate of change for each treatment strategy using a random effects meta-analysis.
[14] Second, for each community with at least two years of screening data, regardless of
whether they were consecutive, we compared the change in prevalence from the first and final
year of available data according to broad categories of treatment strategy (never treated, any
non-community-wide treatment, treated at least once with community-wide), using the same
meta-analytic method. As the treatment strategy used was strongly influenced by trachoma
prevalence,[9] we conducted sensitivity analyses restricting communities to those with moder-
ate prevalence (>5% to <20%) at the start of the interval. We also stratified results by the two
jurisdictions contributing the majority of data (NT and WA), and by community size (<250
versus >250 people) based on 2011 Australian census estimates.[13] Finally we conducted
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post-hoc analyses only including data collected for years 2007 to 2010 with the goal of differen-
tiating secular trends in trachoma prevalence from effects of treatment. We used RevMan 5.5
software to estimate absolute differences in trachoma prevalence and SAS (version 9.3) for esti-
mates of trachoma prevalence (function was unavailable in RevMan). The DerSimonian and
Laird random effects model was used to obtain pooled estimates of risk difference, using the
Mantel-Haenszel method to estimate the variation between studies. We estimated the com-
bined prevalence using an exact likelihood approach.[15]

Administrative approvals for the data collection and analyses reported here were provided
by the health departments of the three jurisdictions involved. Ethical approval was by the Uni-
versity of New South Wales Human Research Ethics Committee (ref 9-14-042).

Results

We identified 914 screening episodes from 215 unique remote Aboriginal communities with
children aged 5-9 years screened at least once between 2007 and 2013. Of the 215 communi-
ties, the majority were in the NT (n = 90; 42%) and WA (n = 99; 46%). There were 33 commu-
nities screened only once, 46 had 2-3 episodes, 59 had 4-5 episodes, and 77 had 6-7. The
communities screened less frequently were more likely to have been screened for the first time
more recently, with the median year of screening for communities with 3 or fewer years of
screening data being 2012 compared to 2010 for those with four or more years of data.

Table 2 shows the number of communities screened each year, the proportion of communi-
ties screened from each of the three jurisdictions, the median number of children screened, the
trachoma prevalence in 5-9 year olds and treatment strategies used. Biannual treatment (a

Table 2. Description of communities screening 5-9 year olds for trachoma between 2007 and 2013, Australia.

Year

2007

2008

2009

2010

2011

2012

2013

Total

Number of

Proportion

communitiesscreened | from NT/

121

114

126

131

156

150

116

914

49.6/6.6/
43.8

36.2/9.7/
54.1

42.1/10.3/
47.6

48.9/0.8/
50.4

43.6/12.2/
44.2

47.1/10.7/
42.7

27.6/12.9/
59.5

Proportion using each treatment

strategyt(%)
Median Proportion of | Proportion of Median None | Active | House- | Community-
number of | communities | communities trachoma hold wide

SA/WA (%) | children 5-9 with no with endemic prevalence
years trachoma (>5%) among 5-9
screened in detected in trachoma in years in (%)

a community | 5-9 years (%) | 5-9 years (%) | communities

(IQR) with trachoma

detected (IQR)

17 (6-32) 39.7 54.6 19.3(9.8-34.8) | 62.8 | 10.7 37.2 9.1
21(11-38) 22.8 67.5 23.1(9.1-43.5) | 25.7 | 15.9 40.7 17.7
20 (11-39) 31.8 58.7 18.8(7.1-33.3) | 36.8 | 20.8 31.2 11.2
22 (11-43) 34.4 53.4 16.7 (5.9-33.3) | 38.2 | 16.8 35.9 9.2

22 (9-37) 47.4 40.4 10.0 (5.7-20.0) | 41.3 1.9 46.5 10.3
22 (11-37) 57.3 28.3 8.9(3.8-14.3) | 454 2.1 39.0 135

17 (9-35) 60.3 27.6 8.9(4.3-14.3) | 56.0 0 33.6 10.3
20(10-38) 42.6 46.3 14.1 (5.9-29.5) | 43.7 9.4 35.4 115

41.9M12.1/
46.1

T See methods for definition of treatment strategies.

doi:10.1371/journal.pntd.0004810.t002
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Table 3. Treatment coverage among 0-14 year olds according to reported treatment strategies, 2011 and 2012.

Treatment strategy

Household
Household
Community-wide
Community-wide

Source of denominator Communities* (N) Population treated/Estimated total population (n/N) Coverage (%)

Census 80 1231/10651 11.6
Community estimate 120 1470/12309 11.9
Census 32 3055/3894 78.4
Community estimate 33 2574/3431 75.0

*Community counts may include some communities twice as episodes combine records from 2011 and 2012.

doi:10.1371/journal.pntd.0004810.t003

second dose of antibiotics administered in the same year) was recorded following 1% of screen-
ing episodes. As biannual treatment was not unique to a particular treatment strategy, and
numbers were small, we did not include this as a separate treatment classification. In general,
the number of communities screened increased until 2013 when the NT adopted the revised
guideline for screening[10] which recommends that screening in communities with high tra-
choma prevalence takes place every 3 years rather than annually. The median number of 5-9
year old children screened per community remained relatively stable over the seven years num-
bering about 20 (IQR 10-38). From 2008 to 2013, the proportion of communities with no tra-
choma detected increased (from 22.8% to 60.3%) while the proportion of communities with
trachoma prevalence above 5% decreased (from 67.5% to 27.6%). In communities with tra-
choma detected, the median prevalence also decreased, from 23.1% to 8.9%. There was an
increase in the proportion of communities not treated from 25.7% in 2008 to 56.0% in 2013,
while from 2009 there was a fall in the number of communities treating ‘active’ cases only.

For 2011 and 2012 (Table 3), using local estimates of the population size, treatment cover-
age among 120 communities that reported having used a “household” treatment strategy was
11.9% (95%CI 11.4-12.5%) while for the 33 communities using a “community-wide” treatment
strategy, treatment coverage was 75.0% (95%CI 73.5-76.4%). The estimates were similar when
Census population estimates[13] were used.

After excluding the 33 communities with only a single year of screening data available, there
remained 881 records from 182 unique communities; 77 (42.3%) were from the NT, 21
(11.5%) from SA and 84 (46.2%) from WA. Of 121 communities that applied a treatment strat-
egy in more than one of the years observed, 89 were recorded as having changed strategies over
the time period, 30 communities used only household treatments, two used only community-
wide treatments, and none applied the “active” case only strategy more than once.

Fig 1 shows the estimated change in trachoma prevalence between pairs of successive years,
according to the treatment strategy used in the initial year of the pair. Communities recorded
as receiving no treatment are separated according to whether they had trachoma detected or
not in the initial year of the pair. In the earlier years of the program (2007-2010) for communi-
ties without trachoma detected and not treated, there was a significant increase in prevalence
between pairs of years (e.g. absolute risk increase of 10% [95%CI 3% to 16%] from 2007 to
2008) but after 2010 there was no substantial change. The number of communities that were
not recorded as having been treated despite trachoma being detected decreased over time. In
these communities, trachoma prevalence between years did not change significantly between
pairs. For all categories of treated communities (active case only, household, or community-
wide) there was a reduction in estimated trachoma prevalence between the pairs of years; in
most years this was not statistically significant. The largest absolute reductions in trachoma
prevalence were in communities that were recorded as having received community-wide treat-
ment, with point estimates ranging from -8% to -31%; the reductions were only statistically sig-
nificant for the years 2007-2011. These communities receiving community-wide treatment

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004810  July 6, 2016 6/13
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No. Combined
communities  estimate trachoma Change in prevalence (95%Cl)
No treat, no prevalence earlier
trachoma year (%)
2007-2008 23 0
2008-2009 14 0
2009-2010 29 0
2010-2011 34 0
2011-2012 41 0
2012-2013 36 0
No treat, trachoma
2007-2008 19 12.6 -
2008-2009 9 17.2 .
2009-2010 7 5.9 e
2010-2011 10 10.2 -
2011-2012 3 5.7 -
2012-2013 0 =
Active cases only
2007-2008 11 18.5 -
2008-2009 16 12.3 -
2009-2010 20 19.5 \ -
2010-2011 22 12.3 =
2011-2012 3 1.5 -
2012-2013 2 25.7 ' -
Household
2007-2008 19 20.9 , -
2008-2009 42 16.3 —
2009-2010 37 14.4 — a1
2010-2011 45 115 ——
2011-2012 59 6.3 HE—
2012-2013 37 3.6 H
Community-wide
2007-2008 8 21.3 ' =
2008-2009 17 35.7 ' o
2009-2010 13 43.9 b -
2010-2011 11 35.4 —_—
2011-2012 13 19.6 L
2012-2013 6 15.4 k =
04 03 0.2 01 (i} 0.1 0.2 03
€——— Decrease in trachoma Increase in trachoma ——>

Fig 1. Combined estimate of change in community trachoma prevalence between years according to treatment strategy, all communities.

doi:10.1371/journal.pntd.0004810.9001

also had the highest prevalence in the earlier of the paired years (range for combined estimates
15.4%-43.9%).

The majority of communities (n = 176) had annual records of trachoma screening that
included at least two years of the eligible period (2007 to 2013), including 68 with data for 7
consecutive years, 47 with 6 years, 25 with 5 years, 12 with 4 and 24 with less than 4. Based on
the treatment strategies used between the first and final year of data recorded, communities

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004810  July 6, 2016 7/13
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Table 4. Distribution of treatment strategies used across all years of available data, in communities by whether communities ever had community-

wide treatment.

Never treated
Treated but never with community-wide strategy
Treated at least once with community-wide strategy

T See methods for definition of treatment strategies.

doi:10.1371/journal.pntd.0004810.t004

No. communities

23
88
65

Treatment strategies usedt (%)

None Active Household Community-wide
100 0 0 0

41.6 13.1 45.3 0

29.1 11.0 32.2 27.6

were grouped into three categories (Table 4): those never treated; those treated but never with
community-wide strategies (i.e. only active case or household treatment); and those treated at
least once using a community-wide strategy.

Fig 2 shows the estimated change in trachoma prevalence between the first and final years
of data, by the three classifications of communities in Table 4. For communities never recorded
as receiving azithromycin for trachoma, the estimate of prevalence in the first year of screening

All

Never treated

Treated but not with community wide
Treated at least once with community wide
Northern Territory

Never treated

Treated but not with community wide
Treated at least once with community wide
Western Australia

Never treated

Treated but not with community wide
Treated at least once with community wide
Trachoma prevalence first year 5-<20%
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Fig 2. Combined estimate of change in community trachoma prevalence from first to last year of data collection, according to treatment
strategy, by jurisdiction, and in subgroup of initial prevalence.

doi:10.1371/journal.pntd.0004810.9002
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Table 5. Combined estimate of change in community trachoma prevalence from first year of data col-
lection until 2010, according to treatment strategy.

No. of communities Change in prevalence (95%Cl)

All

Never treated 26 0.01 (-0.03 to 0.04)
Treated but not with community wide 73 0.00 (-0.03 to 0.03)
Treated at least once with community wide 40 -0.14 (-0.20 to -0.09)
Trachoma prevalence first year 5-<20%

Treated but not with community wide 21 0.02 (-0.05 to 0.09)
Treated at least once with community wide 9 -0.07 (-0.03t0 -0.11)

doi:10.1371/journal.pntd.0004810.t005

was 0.1% and the estimated absolute reduction over time 0% (-3% to 2%). For communities
that received only active case and household strategies, the prevalence in the first year of
screening was 5.8% and the reduction over time -4% (-2% to -6%). Among communities
treated at least once with community-wide strategies, initial prevalence was 23.9%, and the
reduction -21% (-16% to -26%). These patterns were similar when communities from the NT
or WA were considered separately.

When we restricted analyses to communities with moderate trachoma prevalence (5-<20%)
in their first year of screening (Fig 2) we found that there was only a small difference between
those that had received community-wide treatment and those that had not, with reductions of
-11% (-8% to -13%) and -7% (-5% to -10%) respectively, from a similar initial prevalence
(11.5% and 10.1% respectively). Restricting analyses to communities with at least four years of
screening data did not change the findings, and we found no differences in treatment effects
when we compared smaller (N<250 people) to larger sized communities (N>250 people).

Analyses of data restricted to 2007-2010, the period during which there were substantial
increases in trachoma prevalence in previously trachoma-free communities that were
untreated (see Fig 1), are shown in Table 5. In the communities that were never treated, and in
those treated but not with a community wide strategy, there was no significant fall in trachoma
prevalence, while communities with at least one community-wide treatment had a 14% (95%
CI 9 to 20%) decline in trachoma prevalence. When we further restricted analyses to communi-
ties with moderate trachoma prevalence (5-<20%) we found that those with at least one com-
munity-wide treatment had a significant reduction in prevalence but those treated with more
targeted strategies did not.

Discussion

In this investigation of the relationship between different community treatment strategies for
trachoma control and long-term changes in trachoma prevalence, we found that in high preva-
lence communities, community-wide administration of azithromycin, or MDA, was associated
with a substantially reduced trachoma prevalence after one year or more. In settings with mod-
erate trachoma prevalence (5-<20%), more limited strategies were equally effective in the longer
term. As discussed in more detail below, this finding may have particular relevance for countries
moving towards elimination, but with localised areas of moderate prevalence remaining.
Observational studies have shown that a single MDA of azithromycin in communities with
endemic trachoma results in substantial reductions at one year in trachoma prevalence in both
hyperendemic (>20% prevalence)[16,17] and moderately endemic (5-<20% prevalence)[3,18]
communities. Recent trials have compared annual versus biannual mass azithromycin admin-
istration in high prevalence communities, but the trials have not consistently found that larger
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or more sustained reductions can be achieved with more frequent treatment.[19,20] There are
few reports comparing different treatment strategies in moderate prevalence settings. One
study found that targeted (household) treatment may be as effective as mass treatment of all
children but only had follow-up for 6 months.[21] Another suggested a single mass drug
administration may be effective in sustaining a reduction in trachoma prevalence over many
years[3] and another suggested that treatment that was not community-wide led to re-infec-
tions.[22] Our findings regarding ‘community-wide’ treatment (Fig 1) over one year concur
with the observational studies of mass drug administration showing that this approach is effec-
tive in substantially reducing trachoma prevalence in high prevalence settings. Our main analy-
ses also suggest that in more moderate prevalence settings, targeted treatment strategies
(mostly ‘household’ strategies, whereby active cases and all members of their household were
treated with azithromycin), were also associated with reduced trachoma over a year and for
longer periods (Figs 1 and 2).

In the paired-year analyses (Fig 1), among communities that had no trachoma detected at
the start of the observation period, and were consequently not treated, we found that there
were annual increases in prevalence between 2007 and 2010. However from 2011 onwards,
prevalence remained at zero, i.e. no change. Given the mobility of people between Aboriginal
communities,[23] this observation may be evidence that antibiotic treatment programs in com-
munities with trachoma detected can have a “herd” effect, in that transmission to trachoma-
free communities is prevented. It is also possible that this resulted from other components that
are delivered as part of the SAFE strategy, such as promotion of facial cleanliness and environ-
mental improvements.

As the paired-year analysis indicated no overall increase in trachoma prevalence in tra-
choma-free communities from 2010 onwards, we undertook analyses involving multiple years
with the goal of distinguishing effects of treatment from temporal changes in trachoma. In these
sensitivity analyses, only communities receiving community-wide treatment were found to have
a reduction in trachoma prevalence (see Table 5). It is therefore possible that the trachoma
reduction in moderate prevalence settings observed in our primary analyses may in fact have
been a result of overall declines in trachoma burden rather than a result of targeted treatment.

This was an observational study using routinely collected surveillance data.[5] While diag-
nosis was undertaken by specialised teams of health care workers following standard interna-
tional guidelines, there may have been diagnostic error, to an extent that cannot be measured.
Our analysis of impact was also limited by the absence of detailed data for all years on the level
of treatment coverage achieved in each community. However for 2011 and 2012, data were
available for the majority of communities and this indicated that coverage was substantially dif-
ferent between those communities reporting “household” compared to those reporting “com-
munity-wide” treatment. There may also be factors that differed between communities or
changes over time that were not measured but were associated with treatment strategy and
therefore could have affected the summary estimate of difference in trachoma prevalence
observed. For example, we did not include in our analyses other factors that may contribute to
changes in trachoma prevalence.[1] Facial cleanliness, and facial cleanliness promotion (‘F’ in
the SAFE strategy) was reported in the communities screened, but not considered to be suffi-
ciently standardised or validated to use in the analyses presented here.[24] Data on environ-
mental factors (‘E’ in the SAFE strategy) such as improved housing conditions, or the
availability of swimming pools, were limited and inconsistent.[25] Despite the absence of infor-
mation on facial cleanliness and environmental factors, we do not have evidence to suggest
that they linked to treatment status and thus had any potential to bias our results.

The strengths of our study are the use of annual trachoma screening data from all commu-
nities in the three jurisdictions with known endemic trachoma leading to a more
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comprehensive picture of not only the effects of different treatment strategies on single com-
munities, but also programmatic effects on all communities in a real-world setting. We also
had observations for the majority of communities over a significant period of time (at least
four years) and were able to observe the effects of a targeted treatment strategy in a moderate
prevalence setting.

In summary, our study supports current evidence that recommends mass azithromycin
administration to reduce trachoma prevalence in high prevalence settings. We also found that
less intensive treatment with a “household” strategy in moderate prevalence communities (5-
<20%) may be associated with reductions in prevalence similar to mass drug administration.
This finding may have implications for countries that are moving to lower levels of endemic tra-
choma and wish to reduce the amount of azithromycin being used. The strategy does however
have the requirement that individual examination must take place, to determine which house-
holds have affected members. If a targeted approach is to be considered, trials and health eco-
nomic analyses are required to determine which option may be more cost-effective in particular
programmatic and community contexts.[26] Finally our results also suggest that trachoma pro-
gram implementation can reduce trachoma prevalence in communities not specifically targeted
(“herd effects”) and thereby contribute to reducing trachoma transmission.

Supporting Information
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(DOCX)
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