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Realistically, global elimination of trachoma could not
have been considered until the maturation of innova-
tion and public will that converged with the formation
of both the Alliance for the Global Elimination of Tra-
choma by the year 2020 (GET2020) in 1997 and the
public-private partnership, the International Trachoma
Initiative (ITI) in 1998. Public-private partnerships are
cross-sector collaborations that bring heterogeneous
capabilities together to work on difficult problems for
which the individual partners share common goals.
The work of the ITI and partners to date demonstrates
that the SAFE strategy reviewed in this article can work,
and that it will revolutionize the control of blinding
trachoma. Programs working to eliminate trachoma
can achieve the GET2020 goals through expanded
partnerships, commitment, and research on program
integration into evolving health systems.

Introduction

Trachoma, recognized before Hippocrates and character-
ized by Galen, is the leading cause of infectious blindness
in the world today [1]. In 1948, the founding of the World
Health Organization (WHO), a United Nations agency
devoted to healthcare, provided the opportunity for coor-
dinated global health assessments and enhancements.
Blinding trachoma, caused by repeated infections of ocu-
lar strains of Chlamydia trachomatis, was identified as
a targeted priority at the time of the founding of WHO.
Global elimination could not realistically be considered
until innovation and public will matured and both con-
verged in 1998 with a public-private partnership (PPP),

the International Trachoma Initiative (ITI) (http//:www.
trachoma.org). The initial 2-year assessment from the first
two ITI-supported countries, Tanzania and Morocco,
was presented in 2001 at the International Chlamydia
Meetings [2]. Since that time, research has further defined
issues relevant to field activities [3]. Speculations that
secular trends may eliminate this disease of poverty are
based on the correlation between improved socioeco-
nomic conditions and the disappearance of the disease in
Europe, the United States, and parts of Asia. However, a
report on several proxies of poverty in a 5-year assessment
of the progress of the Millennium Development Goals
(http://www.unmillenniumproject.org/who/index.htm)
suggested that secular improvements in socioeconomic
conditions may take a long time. On the other hand, an
opportunity exists now for broader alliances and fur-
ther mobilization to eliminate trachoma. The research
performed over the next decade to monitor progress and
study the optimized delivery of services will be vital in
order to achieve the goals of the Alliance for the Global
Elimination of Trachoma by the year 2020 (GET2020).

Research and Institutional Organization
Trachoma is a disease caused by ocular strains of
C. trachomatis [4]. It has been suggested that social orga-
nizations aligned across common interests are needed to
catalyze action and provide global mobilization and coor-
dination to address high-priority issues facing humanity
[5]. PPPs are cross-sector collaborations designed to work
on problems such as neglected diseases [6,7]. For example,
a number of PPPs in health are focusing on developing new
therapies, whereas others attend to the control of specific
diseases [8]. From 1985 to 1998, the Edna McConnell
Clark Foundation supported research on trachoma
including studies on epidemiology and control, as well as
immunologic research toward development of a vaccine.
Pfizer Inc. (New York, NY, USA) has been involved
in treating trachoma since the 1950s, when one of the
company’s antibiotics was used to treat the disease. In the
early 1990s, research demonstrated that Pfizer’s antibiotic
Zithromax (azithromycin) could treat trachoma in a single
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Table 1. The International Trachoma Initiative program metrics for surgery and antibiotic components of the
SAFE strategy for trachoma elimination; programs beginning before August 2006

Country Inception Trichiasis surgeries Zithromax* treatments
Ethiopia 2002 61,908 5,991,390
Ghana 2001 3457 1,735,186
Mali 2000 19,573 8,005,955
Mauritania 2004 872 1,190,316
Morocco 1999 29,647 4,371,614
Nepal 2002 10,722 1,881,359
Niger 2002 24,158 6,286,376
Senegal 2004 1645 245,569
Tanzania 1999 16,852 8,041,237
Vietnam 2001 62,284 1,921,909
Egypt 2001 31 37,000
Sudan 2000 8052 1,359,823
Total 239,201 41,067,734

*Azithromycin, Pfizer Inc., New York, NY, USA.

oral dose [9-11]. Convergence of this pharmacodynamic
innovation with the potential to have a humanitarian
impact on people from some of the most disenfranchised
parts of the world led to cross-sector collaboration. The
challenge was to deliver the drug as part of a comprehen-
sive public health program that combined treatment with
prevention and strengthened the infrastructure necessary
to have a sustained impact.

Confirmatory studies on a larger scale were per-
formed in a PPP with ITI founding partners, Pfizer Inc.
and the Clark Foundation, and with support from the
U.S. National Institute of Allergy and Infectious Dis-
eases. This led to a three-country trial of azithromycin
in communities where trachoma was endemic [12]. The
trial showed that a single dose of azithromycin was as
effective as the standard treatment of 6 weeks of topical
tetracycline ointment, a finding that had the potential to
dramatically reduce trachoma prevalence in the commu-
nity. This strategy was recommended by experts convened
by WHO [13], presenting the Clark Foundation with an
opportunity to move research findings into practice and
offering Pfizer an opportunity to lead a large international
disease elimination effort. In 1998, Pfizer and the McCo-
nnell Clark Foundation founded the ITI with the mission
of advancing the WHO goal of eliminating blinding tra-
choma by the year 2020 [14]. Through the ITI, Pfizer is
donating Zithromax, and along with ITDs other partners,
the company provides technical and financial support to
help eliminate this disease.

ITI-supported programming now covers 12 coun-
tries designated for priority by WHO. Program metrics
on surgery and doses of Zithromax administered are
outlined in Table 1. Trachoma control programs in
Tanzania and Morocco were the first countries to tar-

get elimination with ITT assistance and are described in
detail later in this review. Many other countries are now
involved, each presenting a unique set of circumstances
to address on the path to elimination. Notably, disease
elimination in war-torn Sudan has been attempted by
courageous people working in a partnership with the
Atlanta-based Carter Centre. The results of two years
of work show that clean faces can be improved and
antibiotics can be delivered with a resulting decline in
follicular inflammatory markers of trachoma [15¢].

Implementation

The ITD’s basic approach combines knowledge of tra-
choma control gained over the past 50 years as well as
more recent studies of risk factors for disease, blind-
ness, and the WHO-recommended SAFE strategy [16],
which includes 1) S, the simplified lid surgery for the
in-turned eyelashes that will halt pain and corneal dam-
age [13,17]; 2) A, antibiotics for active infection using
single-dose oral Zithromax; 3) F, clean faces especially
in children through sustained behavior change [18];
4) E, environmental improvement to increase access to
water and sanitation [19].

The International Trachoma Initiative

The ITI is the lead international agency dedicated solely
to the elimination of blinding trachoma. The ITI pro-
motes the whole SAFE strategy and works with country
programs to ensure that surgical services are available
to patients with advanced disease, that face washing is
promoted, and that communities are working to improve
access to water and sanitation. To support national
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Table 2. Trachoma prevalence by age in Tata, Morocco, by clinical examination in 1999 and 2000

Trachoma 0-4 years 5-9 years
TF/TI, 1999 23.3% 26.8%
TF/TI, 2000 7.0% 4.9%
TT, 1999 0.0% 0.0%
TT, 2000 0.0% 0.0%

10 years and older Total
29.2% 28.0%

6.9% 6.5%

3.3% 2.2%

1.5% 1.0%

TF—trachomatous inflammation follicular; Tl—trachomatous inflammation intense; TT—trachomatous trichiasis.

trachoma control efforts, the ITI provides technical assis-
tance and targeted financial support and conducts health
education, communications, and resource development
activities. The ITT also coordinates the appropriate use of
Zithromax for trachoma control. The Zithromax dona-
tion from Pfizer is a central element of the ITI’s support
for the SAFE strategy. The ITI builds on growing inter-
national momentum to support the GET2020 goal of
eliminating this leading cause of preventable blindness by
2020, and maintains the highest scientific and manage-
ment standards in the pursuit of its mission.

Tanzania and Morocco were the first countries to
pilot the ITI elimination effort, because these countries
possessed attributes that lent themselves to successful tra-
choma control programs. These attributes included viable
healthcare systems with the organizational capacity and
leadership necessary to implement the entire SAFE strat-
egy. Tanzania and Morocco have active government and
nongovernment organizations that are able to partner with
the ITI, and their stable political systems and governments
have demonstrated the interest and ability to eliminate tra-
choma using the SAFE strategy. The Ministry of Health in
each ITI-supported country determines the regions to be
targeted for trachoma control and adapts the four compo-
nents of SAFE to its own country’s conditions.

Tanzania

As the first country to join the ITI effort, Tanzania has
proven to be a model nation for employing SAFE in the fight
against trachoma in remote settings. Locally, the acronym
SAFE has been translated to SAFI, the Kiswahili word for
“good,” “clean,” or “nice.” Tanzania has had a number
of dedicated research teams working to assess progress.
During its first phase, the Tanzania program emphasized
the importance of building partnerships among govern-
ment, nongovernment, and multilateral organizations to
help implement SAFE and deliver Zithromax to targeted
regions. The first partner organizations that worked on
the Tanzania effort included the United Nations Chil-
dren’s Fund (UNICEF), Helen Keller International, Sight
Savers International, Christoffel Blindenmission, World
Vision, Tanzanian Christian Refugee Services, the Arusha
Rotary Club, and the Tanzanian affiliate of Water Aid.
Participating government ministries included Educa-
tion and Culture; Water and Public Works; Community

Development, Women, and Children; Natural Resources;
and the National Environmental Council.

Community education strategies undertaken in Tanza-
nia, which reached hundreds of thousands of children and
adults, included an education campaign and pilot school
curriculum. By 2001, more than 20 million people had
heard radio health education messages (developed by the
British Broadcasting Corporation World Service Trust for
the ITI/Tanzania campaign) on facial hygiene and envi-
ronmental improvement. Analysis showed that the health
education campaign resulted in a greater awareness of the
disease, and that knowledge of how to prevent trachoma
had risen more than twofold among residents in the proj-
ect area. Quite an accomplishment, given that most of
the 36 villages across the first six districts for early-phase
implementation are among the most remote in central
Tanzania, and people live there on less than $1 per day.

Based on these first phases of success, the program has
expanded to include SAFE advocacy in the 2006-2007
district health plans of 50 districts. ITI has supported
baseline surveys in 10 additional districts, and senior
leaders from the Tanzanian government, Pfizer, and ITI
expressed support during visits to program sites to com-
memorate important milestones on World Sight Day.

Morocco

The I'TT helped Morocco in its efforts to eliminate blinding
trachoma by reinforcing and expanding trachoma control
efforts already in place. Through its partnership with the
ITI, Morocco completed a Zithromax distribution pro-
gram, boosted surgery rates for trichiasis, and expanded
its efforts to promote better hygiene practices among those
at risk of infection. The ITI/Morocco Ministry of Health
program conducted health education sessions on trachoma
prevention. These sessions, provided from mobile vans
and by video training in waiting rooms of clinics, reached
more than a million people in the five provinces of Erra-
chidia, Figuig, Ouarzazate, Zagora, and Tata. Economic
development and the country’s emphasis on public health
had confined trachoma to these provinces bordering the
desert. As shown in Table 2, rates of follicular and inflam-
matory disease following community treatment in Tata
province declined after treatment, and this decline can
remove the stimulus for inflammatory disease. Indica-
tors of active disease have dropped dramatically after
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Figure 1. Chlamydia trachomatous infection measured by nucleic
amplification tests from three sites in Tanzania, 1999-2005.

community treatment in the other provinces as well [20].
Other organizations working in partnership with the ITI
and Morocco Ministry of Health include the Ministry of
National Education, the National Office for Potable Water,
Helen Keller International, UNICEF, and the Hassan II
Foundation for Ophthalmology. The United States Agency
for International Development (USAID) also provided sup-
port for health education and trachoma control.

In 2005, mass treatment of communities was com-
pleted, the Ministry of Health announced that the
ultimate intervention goals were reached, and a phase of
epidemiologic surveillance began to achieve certification
of elimination. More research and particularly better tools
may be needed to lead to WHO certification of elimina-
tion in countries, and ongoing monitoring will be needed
to prevent reintroduction of infection.

Research Issues: Epidemiology

Programs to control trachoma have made significant
progress over the last 50 years. Severe disease and blind-
ness persist in the developing world where pockets of
poverty, poor hygiene, and poor sanitation persist.
Estimates of infectious causes of blindness have been
updated with a survey of countries reporting to WHO.
The number of people visually impaired due to trachoma
is estimated to be 7.6 million, and an additional 84 mil-
lion have active infections [21].

Since widespread surveys are not performed with
diagnostic microbiology tools, rates of infection are not
corroborated with an actual measure of infection and
instead rely on clinical surrogates. When nucleic antigen
diagnostic tests have been used, pockets of infection have
been reported in previously unrecognized regions (eg,
Guangxi, China) [22e]. Until we have wider-spread use
of new technologies and sampling methodologies capable
of definitively identifying the full burden of disease, we
should accept limitations and uncertainty regarding the

current measures. Comparisons over time of disease bur-
den need to account for different reporting methods from
the respective countries.

Impact and Predictors of Future Blindness

Trachoma causes blindness in the most productive years
of a person’s life and can ruin the economic well-being
of entire families and communities. Women are two
to three times more likely than men to be blinded by
trachoma, largely due to repeated infection from the
children in their care with high chlamydial loads in their
eyes. A woman who becomes visually impaired because
of the disease can no longer perform vital activities
for her household such as bringing water to the home
and cleaning and caring for the children. To fill this
gap, an older daughter may be taken out of school to
assume these responsibilities, forgoing her opportunity
to break the cycle of poverty with a formal education.
If many adults in a village become blind from trachoma,
an entire community may be debilitated. Without inter-
vention, trachoma perpetuates a continuous cycle of
poverty, because overall vulnerability to the disease and
its effects is passed from one generation to another.

It is believed that intensity and frequency of infection
lead to scarring, and genetic polymorphisms may contrib-
ute to the host response to chlamydia [23]. It is not known
to what degree either the community load of infection
or percent of individuals infected in a community must
be reduced to prevent future inflammation and scarring
of individuals. Long-term follow-up is needed in regions
where infection has been lowered incompletely, correlating
rates of inflammation and scarring predictive of trichiasis.

Antibiotic Treatment

Topical sulfonamides were the first antibiotics used to treat
conjunctivitis [24]. Topical tetracyclines were extensively
studied by various investigators in Morocco to evaluate
different dose frequencies and lengths of treatment. Con-
trolled clinical trials in American Indians demonstrated
the value of topical tetracyclines and the longer half life
of oral sulfa preparations [25]. However, severe allergic
reactions to sulfonamides and the difficult compliance of
topical tetracyclines pointed out the need for an innovative
compound with better attributes for treating communities
with trachoma.

Mass treatment of communities is a blunt tool for
the elimination of blinding trachoma; however, in
hyperendemic areas, it is more cost-effective than case
identification and treatment of infected individuals with-
out overt signs of disease [26]. Researchers have performed
a number of studies leading to greater understanding of
the effect of community antibiotic intervention. Figure 1
shows the microbiologic results from studies performed
in different regions of Tanzania: the ACT trial in 1999
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[12]; Rombo trial in 2004 [27¢]; and a trial in Maindi,
Kongwa in 2005 [28¢]. Many baseline characteristics of
the communities were different including the baseline
prevalence of disease, percent coverage of the community
with antibiotic treatment, and the intensity of follow-up
and evaluation for retreatment.

In the short term, infection levels can be reduced sig-
nificantly even without 100% community coverage. In the
absence of the more expensive environmental improve-
ments and aggressive measures to treat infected migrants,
though, it appears that infection rates rise after 6 months.
A single round of treatment in Rombo with nearly 100%
community coverage plus intermittent topical tetracycline
treatment appeared to eliminate infection in one mesoen-
demic village [27¢]. Infection was lowered by two rounds
of mass treatment separated by more than 12 months,
but the intervention was insufficient to sustain long-term
declines in a hyperendemic village [28¢]. The three weekly
doses used in the ACT trial, although better than topical
tetracycline, also do not completely prevent recurrence of
infection at 12 months [12]. More data are required to
establish the optimum frequency and time between treat-
ments needed for communities to maximize resources
when coverage does not approach 100%. Aggressive
treatment of infected migrants is needed, especially in the
setting of slow improvements in overall hygiene and water
access, because infected migrants can lead to reinfection
of a community [29¢e].

Data from Ethiopia are consistent with the data from
Tanzania. A single dose of azithromycin lowered but
did not prevent the return of infection in villages with
treatment coverage below 90% [30]. The overall results
from this trial led the authors to speculate about secular
trends and possible beneficial herd effects on neighboring
untreated villages. Remote populations present special
problems in optimizing the SAFE strategy with high com-
munity antibiotic coverage rates, and full implementation
of the individual components of SAFE may occur at dif-
ferent times. Experts at a meeting convened by WHO
recommended a target of at least 80% community cover-
age [13], but this figure may be too low to prevent return
of infection in hyperendemic regions. Even extraordinary
effort by study teams in difficult-to-access geographic
regions may only allow community coverage rates of
antibiotic treatment approaching 90%. Further study is
needed to evaluate shorter intervals between treatment
(6 months) and programs to integrate trachoma control
into heightened eye care in a district. Ministries of Health
must consider the effect of more intense interventions on
cost and resource use, because competing public health
priorities exist.

It may be difficult to improve initial community cov-
erage rates without revisiting interventions to raise the
baseline treatment coverage. The treatment regimen used
in the ACT study (three doses over a month) would still
require intensive follow-up and intervention after the first

round of treatment, given that infection begins to return
at 12 months. Variations on the ACT intervention may
incorporate new strategies of training regional health per-
sonnel to treat individuals with inflammatory eye disease.
Trachoma control integrated into other health systems
would be a mechanism to allow more frequent targeted
treatment of infection or inflammatory disease upon diag-
nosis. Further study must evaluate optimal integration of
vertical disease elimination programs into health systems
that have many competing priorities with funding focus
on AIDS, tuberculosis, and malaria [31¢]. Communities
must ultimately be taught targeted treatment, because
even in areas thought to be free of trachoma, changes in
migration can lead to a rapid return of infection. A case
study from the Northern Territories of Australia is an
example of a program that could be used as a reference
and adapted in other regions [32].

Resistance to Target and Nontarget Organisms
In communities with access to antibiotics and baseline
pneumococcal resistance, it has been shown that a sin-
gle dose of azithromycin causes eradication of sensitive
organisms, and the remaining pneumococcal organisms
cultured from the nasopharynx have a resistant pheno-
type [33]. When surveillance studies were performed
and correlated with clinical syndromes, short-term ben-
efit in reducing diarrhea and fever was reported [34,35].
The largest surveillance study to date in a hyperendemic
trachoma region with minimal access to antibiotics did
not show an effect of mass community treatment with
azithromycin on the prevalence of antibiotic-resistant
S. pneumoniae [36].

Of greater importance is the effect of mass treat-
ment on the target organism causing trachoma.
Chlamydia trachomatis has not demonstrated a propen-
sity to develop macrolide resistance in trachoma-endemic
areas [37]. The occasional case report of suspected
resistant chlamydia in patients in the developed world,
where there is high antibiotic use per capita, shows
the importance of continued surveillance in areas with
recurrent disease [38].

Surgery and Zithromax Treatment

The S component of the SAFE strategy is designed to
treat the consequences of years of inflammation that
result in scarring and inturned eyelashes, which rub
across the globe of the eye leading ultimately to cor-
neal opacity. Trichiasis surgery is a technically simple
procedure, yet relapse rates remain high, vary widely,
and discourage people with trichiasis from having the
operation. Results of studies evaluating azithromycin
treatment augmenting trichiasis surgery showed a ben-
efit in Ethiopia [39] but none in The Gambia [40]. It is
unclear if this might be related to baseline prevalence
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of chlamydia infection, which is high in Ethiopia and
low in The Gambia. Other factors could include timing
of administration of the antibiotic relative to surgery
and factors related to the skill of the surgical personnel.
Decreasing relapse rates following trichiasis surgery in
the future will depend on enhanced training of surgeons
and field-based studies continuously monitoring recur-
rence rates and offering feedback to surgeons.

Treating Children Younger than 6 Months
Younger children may have higher bacterial loads of
Chlamydia. However, trachoma treatment recommenda-
tions have not included children younger than 6 months
old, because safety and efficacy of azithromycin in this
population has not been established. Academic reports of
treatment success in young children are interesting, but
additional data from studies in trachomatous regions are
needed to help establish safety and efficacy for treatment
of young children, given that these patients may represent
an important reservoir of Chlamydia in a community.

Treating Pregnant Women

Reassuring data from a study in Rakai, Uganda, showed
that when pregnant women were treated for genital ulcer
disease in all trimesters with an azithromycin-containing
regimen, their children had better birth outcomes includ-
ing higher birth weights [41]. Guidelines recommend
treating genital chlamydia disease in pregnant women
with single-dose azithromycin [42], which supports com-
munity trachoma treatment when pregnant women are
likely infected.

Knowledge of Achieved and

Sustainable Elimination

Intense inflammatory signs of disease disappear
soon after community infection rates are reduced
after treatment, whereas the more easily measured
follicular disease declines but does not disappear.
Other organisms and irritants may be promoting
the maintenance of follicles [43]. Rates of follicles in
communities are currently a key indicator for sus-
pecting trachoma and for determining retreatment of
previous hyperendemic regions when the prevalence of
follicles is above 10% in children ages 1 to 9 years old.

A diagnostic test in development provides results in
the field and can supplement clinical exams. This point-
of-care test has a sensitivity of 83.6% and specificity of
99.4%, which is better than the clinical exam in which
presence of follicular trachoma had a 64.1% sensitiv-
ity and 80.2% specificity [44¢]. Algorithms are needed
to evaluate the point-of-care test in conjunction with
clinical exam. A desired outcome would be to allow
local programs to respond in real time to field survey

data, thus focusing their efforts on high-prevalence
areas. Much of the test’s future use will depend on its
availability and affordability. Lot quality assurance is a
methodology that may help optimize and manage limited
resources for surveillance work [45]. A field diagnostic
may facilitate certification of trachoma elimination and
enhance evaluations of suspected importation of infec-
tion. Further studies of field testing, scalability, and
production costs are needed.

Chlamydia Vaccine

The first chlamydia vaccine trial was over 45 years ago
and recent work is limited. An ideal chlamydia vaccine
would prevent infections with both ocular and genital
strains of disease. The natural and herd immunity would
provide the community protection and reduce chlamyd-
ial loads contributing to inflammation, scarring, and
blindness. A recent report has identified a common pan-
neutralizing antigen, polymorphic membrane protein
D, which may provide future leads to advance vaccine
development [46].

Conclusions

PPPs, cross-sector collaborations bringing heterogeneous
capabilities together to align across common goals, can
address an issue that is beyond the scope of an individual
partner. The number of global problems requiring urgent
attention is vast. Bringing diverse organizations together
requires leaders who have skill sets to facilitate col-
laboration and who can operate successfully in an age of
polarized political positions. The political polemic seems
to be a part of the human condition that unfortunately has
not evolved much over the last three centuries [47]. Civil
society creates the opportunity for people and organiza-
tions to speak their viewpoint honestly while respecting
the contributions of parties willing to work on advancing
the human condition.

With respect to efforts to eliminate trachoma, the
work to date demonstrates not only that the SAFE
strategy can work, but also that it will revolutionize the
control of blinding trachoma. I'TI partners are committed
to innovation and improvement of the tools for trachoma
control. Additional research will help refine the systems
and interventions needed to eliminate this disease. Global
economic conditions and poverty impact disease control
even in the developed world [48]; a greater challenge exists
to reduce poverty associated with the many diseases in
the developing world that contribute disproportionately
to morbidity and mortality [49]. Programs working on
global elimination of trachoma cannot wait for improved
socioeconomic conditions and must reach a new scale to
achieve the GET2020 goals. This will require expanded
partnerships, commitment, and research on program inte-
gration into evolving health systems.
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