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ABSTRACT

Keywords

Objective. To identify and prioritize municipalities in 22 countries of Latin America for trachoma surveillance
activities, to measure the absence or prevalence of trachoma, and to support validation and trachoma elimi-
nation efforts in the Region of the Americas.

Methods. A prioritization scale was developed in 2017 to rank each municipality by considering a combination
of three characteristics: (a) its trachoma vulnerability index, derived from three socioeconomic factors known
to be risks for trachoma—Ilack of access to improved sanitation, to clean drinking water, and to adequate
education, according to housing census data from early 2017; (b) its history of trachoma in countries where
the disease was not a known public health problem in 2016; and (c) whether or not it shares a border with a
municipality where trachoma was a known public health problem in 2016. Municipalities in 22 countries were
classified as either very high, high, medium, or low priority for trachoma surveillance. From the Caribbean, only
Trinidad and Tobago met inclusion criteria.

Results. The prioritization scale identified 1 053 municipalities in Brazil, Colombia, and Guatemala as very
high priority for trachoma surveillance. In Ecuador, El Salvador, Guyana, Paraguay, Peru, Suriname, and Vene-
zuela, 183 municipalities were ranked as high priority, and in Argentina, Belize, Bolivia, Chile, Dominican
Republic, Honduras, Nicaragua, Panama, and Uruguay, 677 municipalities were designated a medium priority
for trachoma surveillance.

Conclusions. This prioritization scale will be useful to countries in Latin America that still need to ascertain
their current trachoma situation. The absence or prevalence of trachoma in countries designated as very high
and high priority for trachoma surveillance activities must be studied to determine the extent of the disease in
Latin America.

Trachoma; neglected diseases; surveillance; Latin America.

Trachoma is a neglected tropical disease and the world’s
leading infectious cause of blindness. Caused by certain sero-
types of the Chlamydia trachomatis bacterium, it primarily affects
populations that live in poverty, without access to safe water
and basic sanitation (1). Active trachoma, characterized by the
presence of subepithelial follicles—trachomatous inflammation-

follicular (TF) and/or trachomatous inflammation-intense
(TT)—is usually found in children. Repeated infections can scar
the eyelids, which in some individuals causes the eyelashes
from the upper eyelid to touch the eye (trachomatous trichiasis
[TT]), eventually leading to corneal opacity and blindness (2).
Given that trachoma is a public health problem in 44 countries
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and trichiasis affects about 2.5 million people, a global goal
was set to eliminate trachoma as a public health problem by
2020 (3).

In Latin America, trachoma is known to be a public health
problem in certain parts of four countries: Brazil, Colombia,
Guatemala, and Peru; trachoma elimination was validated
in Mexico in January 2017 (3). However, there are population
groups living in vulnerable conditions in other countries of the
Region and in other parts of Brazil, Colombia, Guatemala, and
Peru. This situation indicates a need to measure the extent of
the trachoma problem.

The objective of this study was to identify and prioritize
municipalities in 22 countries of Latin America for trachoma
surveillance activities, to measure the absence or prevalence of
trachoma, and to support validation and trachoma elimination
efforts in the Region of the Americas.

MATERIALS AND METHODS
Study design

This was an observational, retrospective study carried out
in 2017 to develop a prioritization scale to rank municipalities
of 22 countries of Latin America for trachoma surveillance.
The study considered and combined: data on trachoma risk
factors (lack of access to improved sanitation facilities, to
improved drinking water, and to adequate education) from
housing censuses; historical data on the disease published in
1987 - 2015 for countries where trachoma was not a known
public health problem in 2016; and trachoma data from coun-
tries where it was a public health problem in 2016 (Brazil,
Colombia, and Guatemala), as reported to the Pan American
Health Organization/World Health Organization (PAHO/
WHO). These data would likely locate all municipalities
known to have trachoma and their bordering municipalities,
both within and beyond each country.

Mexico was excluded from the prioritization scale because
trachoma elimination was achieved in 2016 and validated in
2017 by PAHO/WHO. Peru was included as a country “not
known to have trachoma as a public health problem in 2016,”
according to its first baseline survey in 2017.

Prioritization scale

A prioritization scale was constructed to identify munici-
palities in 22 countries of Latin America that need to carry out
trachoma surveillance activities. The prioritization scale consid-
ered three characteristics of each municipality: (a) a trachoma
vulnerability index derived from three socioeconomic factors
known to put individuals at risk for trachoma (4); (b) the hist-
ory of trachoma in countries where it was not a known public
health problem in 2016 (hereafter “countries not known to have
trachoma”); and (c) whether or not the municipality borders a
municipality where trachoma is a known public health prob-
lem. Countries not known to have trachoma were those without
evidence of TF prevalence > 5% in children 1 — 9 years of age
(estimated through population-based surveys) in any munici-
pality in 2016. A municipality known to have trachoma was one
with TF prevalence > 5% in children 1 — 9 years of age or TT
prevalence “unknown to the health system” > 0.2% among those
15 years of age or older (estimated through population-based
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surveys) (5). Finally, municipalities were classified by levels of
priority for trachoma surveillance.
The following describes the methodology in greater detail:

Trachoma Vulnerability Index (TVI). The TVI was constructed
on the basis of three selected risk factors: lack of access to (a)
improved sanitation facilities, (b) improved drinking water,
and (c) adequate education. In the first quarter of 2017, the
available sources of data on the three factors were reviewed
for municipalities (provinces, districts, municipalities, can-
tons, etc., depending on each country’s nomenclature and
structure) in Latin America. Population and housing censuses
were reviewed in 22 countries. In 17 countries, publicly avail-
able census databases were consulted (6 — 22). In the other
five countries (Belize, Guatemala, Guyana, Nicaragua, and
Suriname), databases compiled by a previous study were
used (23). From the Caribbean, only Trinidad and Tobago was
included; the other countries were excluded due to a lack of
publicly available data on the three risk factors at the munici-
pality level.

Data were compiled at the municipality level, and included
all urban and rural areas:

(a) Number and proportion of households with unimproved
sanitation facilities, including pit latrines without a slab/
platform and hanging or bucket latrines. Data were avail-
able for 10 027 municipalities in 21 countries (missing data
for all of Suriname and one municipality in Argentina).

(b) Number and proportion of households with unimproved
drinking water sources, including those with an unpro-
tected dug well, unprotected spring, cart with small tank/
drum, tanker truck, and bottled water. Data were available
for 10 089 municipalities in 22 countries (missing data for
one municipality in Argentina).

(c) Number and proportion of individuals with inadequate
education, defined as being more than 15 years of age and
unable to read and write (no missing data).

The mean of the risk factor proportions was calculated for
each municipality to produce its TVL. Then, the mean of all the
TVIs for all municipalities was calculated, as well as the dis-
tribution by percentiles. The 50th percentile was chosen as the
cut-off for TVI grouping categories. TVI values below the 50th
percentile were considered low; from the 50th to less than the
75th were considered moderate; and 75th and greater were
considered high.

Historical reporting in countries not known to have tra-
choma. Historical information on trachoma occurrence in
Latin American countries not known to have had the disease
in 2016 (not Brazil, Colombia, Guatemala, and Mexico) was
compiled. In all, 200 articles met the criteria for a review of liter-
ature, which was conducted by the Dana Center for Preventive
Ophthalmology, Wilmer Eye Institute, Johns Hopkins Hospital
(data not yet published). Table 1 details criteria for the literature
review (with permission from the authors).

For the purpose of our study, a subset of articles was selected
based on the following criteria:

(a) Time frame: studies conducted in 1987 — 2015. This time
period was chosen primarily because the trachoma grading
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TABLE 1. Criteria for a review of literature on trachoma in the
Americas conducted by the Dana Center for Preventive Oph-
thalmology, 2015

Criteria Details

Databases for electronic search MEDLINE, Embase, LILACS, SCOPUS,
and Web of Science; PAHO/WHO library
databases; and unpublished gray literature
from websites of Ministries of Health, tropical/
infectious diseases institutions, and biomedical

institutions.

Language restrictions None.

Date restrictions Scientific literature published until 13 July
2015.

Search terms For MEDLINE, EMBASE, SCOPUS, LILACS
and Web of Science: trachoma OR scarring
trachoma OR entropion OR trichiasis OR
ocular chlamydia OR corneal opacity OR
blindness survey AND name of the country.
For MEDLINE, exclusion words added for

the United States were NOT sexual NOT
Sexually transmitted disease NOT Neisseria
gonorrhoeae NOT animal. For EMBASE, search
was restricted to humans.

For LILACS, search term Trachoma was added.

(a) Population studied: school children,
clusters within populations, and state/province
or national surveys.

(b) Type of study: historical data (pre-1940),
single case report, clinical case series, risk
factors study, blindness survey, trachoma
prevalence survey, and clinical trials.

(c) Outcomes: cases of trachoma, based on
the WHO trachoma grading system or the
Macallan/modified-Macallan grading system,
or “unknown” if the outcomes were measured
prior to 1930; and/or prevalence of trachoma.

Source: Prepared by the authors with permission from the authors of the (unpublished) original study.

Inclusion criteria

scale currently recommended by WHO was standardized in
1987 (2).

(b) Participants: persons who have been evaluated clinically or
serologically for trachoma in any age group.

(c) Outcomes: cases of trachoma based on the WHO trachoma
grading system (2), or prevalence of trachoma, or the detec-
tion of C. trachomatis antibodies.

(d) Type of study: any. Two reviewers (MIS and AFB) selected
the studies independently and resolved disagreements by
discussion and consensus. Full-text articles were analyzed.
Nine articles met the inclusion criteria (Table 2).

If an article reported data disaggregated from multiple geo-
graphic places, it provided more than one observation for the
analysis; but, if the article reported data from a given country
without identifying where trachoma had occurred, it counted
as only one observation and the data was assumed to be applic-
able to each municipality in the country.

Municipalities bordering municipalities known to have tra-
choma. The trachoma data that countries reported to PAHO/
WHO in 2016 provided the names of the municipalities known
to have trachoma in Brazil, Colombia, and Guatemala. Then,
using the PAHO/WHO atlas of neglected infectious diseases
(24), the municipalities known to have trachoma were located,

Original research

as were the bordering municipalities within and outside the
country.

Prioritization scale for municipalities requiring trachoma
surveillance activities. The 22 countries were divided into two
groups: countries that WHO classified (25) as needing trachoma
interventions in 2016 (Brazil, Colombia, and Guatemala), i.e.,
known to have trachoma; and the rest of the countries, i.e., not
known to have trachoma.

In the countries known to have trachoma, the municipal-
ity prioritization scale was constructed by combining the TVI
category (high, moderate, and low) with whether or not the
municipality bordered a municipality/ies known to have tra-
choma. The prioritization scale resulted in four levels: very
high, high, medium, and low. Although the combination of
criteria for the prioritization scale was done arbitrarily, more
importance was given to sharing a border with a municipality
known to have trachoma. Many such municipalities in Brazil,
Colombia, and Guatemala have semi-nomadic indigenous pop-
ulations with high migration flows between municipalities (26).

Countries not known to have trachoma were separated into
two subgroups: countries with historical data on the presence
of trachoma published in 1987 — 2015, and countries without
any data published in that period. For these two subgroups, the
municipality prioritization scale was constructed by combining
the TVI categories with whether or not a municipality bordered
a municipality in a country known to have trachoma (Brazil,
Colombia, and Guatemala).

The prioritization scale of municipalities in the countries with
trachoma data published in 1987 — 2015 resulted in three levels:
very high, high, and medium. For the group of countries with-
out any data published in that period, the prioritization scale
resulted in three levels: high, medium, and low. The distribu-
tion analysis was done for all municipalities and each priority
level. Figure 1 shows the flow chart of the criteria combined for
the prioritization scale.

Municipality data for the 22 countries was compiled and
organized using Microsoft Excel™ 2010 (Microsoft Corp.,
Redmond, Washington, United States) and included: (a) the
risk factors to calculate the TVI; (b) the history of trachoma in
countries not known to have the disease; (c) the municipalities
bordering municipalities where trachoma was known; and (d)
the prioritization scale of municipalities. Stata® Statistical Soft-
ware Release 13.1 (StataCorp LP, College Station, Texas, United
States) was used for statistical analysis of the municipality pri-
oritization scale. ArcGIS 10.0 (Environmental Systems Research
Institute, Redlands, California, United States) was used to draw
the map on the prioritization scale. The map was created using
the Second Administrative Level Boundaries cartographic digi-
tal database (http://www.ungiwg.org/coreDB).

RESULTS

Each component of the prioritization scale and the classifica-
tion of the 10 090 municipalities by priority level for trachoma
surveillance are described below.

Trachoma vulnerability index. The mean of the TVI for 10 090
municipalities in 22 countries was 15.62% with a standard devi-
ation (SD) of 11.87 and a range of 0.00% — 92.17%. A total of
2522 municipalities had a high TVI (the 75" percentile or greater,
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FIGURE 1. Flow chart of the combination of criteria for the prioritization scale of municipalities requiring

surveillance activities for trachoma in Latin America

Criteria for Categories of Municipality bordering Level of priority to
prioritization of Trachoma municipalities known to have document possible presence
municipalities Vulnerability Index trachoma of trachoma

Yes Very high

Countries known to
have trachoma

Low

High

Yes

Moderate

Countries with
trachoma data
published between
1987-2015

Countries not known

—>
to have trachoma

High

o

Source: Prepared by the authors from the study results.

> 22.73%); 2 523 had a moderate TVI (from the 50th to below
the 75% percentile, > 13.10% and < 22.73%, respectively); and
5 045 had a low TVI (below the 50th percentile, < 13.10%). In
Nicaragua and Peru, more than 50% of municipalities were in
the high TVI category.

Historical reporting in countries not known to have tra-
choma. Published studies were found for seven countries

—
No
—I Moderate

Moderate

| |

Yes

Yes | . Very high
—.| No

Yes

|
H
i

Yes

Yes

]

Yes

High

|

Medium

|
|

Yes

Low

F

(Argentina, El Salvador, Haiti, Honduras, Paraguay, Peru,
and Uruguay). The studies in Argentina, El Salvador, Hon-
duras, Paraguay, Uruguay, and one in Peru were national
rapid assessment surveys on preventable causes of blind-
ness in the adult population, conducted in 2012 — 2015 (27
—32). The study in Haiti was a serological survey in children
under 5 years of age conducted in one community in 2012
(33). A study in Peru, published in 2007, reported cases of
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conjunctivitis in indigenous people 18 — 68 years of age, who
were identified at an ophthalmological institute and tested
for C. trachomatis infection (34). Another study in Peru, pub-
lished in 2016, gave an extensive review on the history of
trachoma from 1895 — 2000 (35) divided into two time per-
iods (1895 — 1960 and 1983 — 2000). For the second period,
the authors described the occurrence of trachoma in 10 of the
country’s 25 departments.

Suspected history of trachoma was found in only three coun-
tries (El Salvador, Haiti, and Peru) where 32 observations were
identified geographically (28, 31, 33 — 35). Data from El Salva-
dor not identifiable at the subnational level were assumed to
be from all of the country’s 262 municipalities (28). Data from
Peru not disaggregated at the subnational level were assumed
to correspond to all 61 municipalities in departments reporting
cases (31, 34).

Municipalities bordering municipalities known to have
trachoma. Within countries known to have trachoma, 4 107
municipalities shared borders with at least one municipality
known to have trachoma: Brazil, 3 887 municipalities; Guate-
mala, 165; and Colombia, 55. In countries not known to have
trachoma, 191 municipalities shared borders with at least one
municipality known to have trachoma in a country known as
endemic: Argentina, 42 municipalities; Bolivia, 28; Ecuador, 27;
Guyana, 4; Paraguay, 40; Peru, 14; Suriname, 6; Uruguay, 5; and
Venezuela, 25.

Original research

Municipalities requiring trachoma surveillance activities.
Brazil, Colombia, and Guatemala have 7 010 municipalities,
of which 147 were known to have trachoma based on country
reports to PAHO/WHO (36). Of the remaining 6 863 municipal-
ities where the trachoma situation is unknown, the prioritization
scale analysis indicated that 1 053 municipalities have a very high
priority for implementing surveillance because of a high TVIand
a border shared with at least one municipality known to have
trachoma: Brazil, 973 municipalities; Guatemala, 69; and Colom-
bia, 11. As shown in Table 3, a total of 1 175 municipalities are
high priorities for surveillance because they have a moderate TVI
and share borders with at least one municipality known to have
trachoma (1 079 in Brazil, 73 in Guatemala, and 23 in Colombia).

The prioritization scale indicated that in the 19 countries
not known to have trachoma, there are 3 080 municipalities of
which 5.94% (183 municipalities) have a high need to imple-
ment trachoma surveillance for one of the following reasons:
they have published data on the occurrence of trachoma in
1987 — 2015; they have a moderate or low TVI, but share a bor-
der with at least one municipality known to have trachoma in
another country; or they did not have published trachoma data
in 1987 — 2015, but have a high TVI and share a border with
at least one municipality known to have trachoma in another
country. Of these 183 municipalities, El Salvador had 96; Peru,
60; Ecuador, 12; Venezuela, 6; Suriname, 5; Guyana, 3; and Para-
guay, 1. Figure 2 shows the municipalities classified by priority
level for trachoma surveillance in the 22 countries under study.

TABLE 3. Municipalities requiring surveillance activities for trachoma in Latin America, by priority level and country, 2017

Number of municipalities by priority level

Medium

Very high
Country
Argentina 0 0.00 0 0.00
Belize 0 0.00 0 0.00
Bolivia 0 0.00 0 0.00
Brazil 973 17.48 1079 19.39
Chile 0 0.00 0 0.00
Colombia 11 0.99 23 2.06
Costa Rica 0 0.00 0 0.00
Dominican Republic 0 0.00 0 0.00
Ecuador 0 0.00 12 5.36
El Salvador 0 0.00 96 36.64
Guatemala 69 20.85 73 22.05
Guyana 0 0.00 3 30.00
Honduras 0 0.00 0 0.00
Jamaica 0 0.00 0 0.00
Nicaragua 0 0.00 0 0.00
Panama 0 0.00 0 0.00
Paraguay 0 0.00 1 0.44
Peru 0 0.00 60 30.77
Suriname 0 0.00 5 8.06
Trinidad and Tobago 0 0.00 0 0.00
Uruguay 0 0.00 0 0.00
Venezuela 0 0.00 6 1.79
TOTAL 1053 10.44 1358 13.46

81 16.37 446 84.63 527
204 78.16 57 21.84 261
34 30.36 78 69.64 112
2615 46.99 898 16.14 5565
1 1.96 50 98.04 51
800 71.81 280 25.13 1114
0 0.00 81 100.00 81
52 33.55 103 66.45 155
131 58.48 81 36.16 224
166 63.36 0 0.00 262
162 48.94 27 8.16 331
2 20.00 5 50.00 10
141 47.32 157 52.68 298
0 0.00 14 100.00 14
140 91.50 13 8.50 153
19 25.00 57 75.00 76
43 18.78 185 80.79 229
116 59.49 19 9.74 195
39 62.90 18 29.03 62
0.00 15 100.00 15

5 26.32 14 73.68 19
66 19.64 264 78.57 336
4817 47.74 2 862 28.36 10 090

Source: Prepared by the authors from the study results.
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FIGURE 2. Classification of municipalities for surveillance of
trachoma by priority level in 22 countries of Latin America, 2017

Levels of priority
®  Very high
High
Medium

Low

Source: Prepared by the authors from the study results.

DISCUSSION

The 1 053 municipalities identified as very high priorities for
trachoma surveillance are in Brazil, Colombia, and Guatemala.
The population of these municipalities ranged from 1 310 —
161 905 residents. Grouping municipalities to form evaluation
units (areas with populations from 100 000 — 250 000 inhabi-
tants) for surveillance activities could be feasible when they
are geographically close (5). In these countries, there were 147
districts that warranted interventions for trachoma elimina-
tion in 2016 (36). However, mapping has not been completed
to confirm that these countries do not have any additional
endemic municipality. It has been recommended that Brazil
perform a reassessment of its trachoma epidemiological situ-
ation (26).

In the other 19 Latin American countries, it is imperative
to collect data that can contribute to validating trachoma
elimination in the Region of the Americas. Our study’s pri-
oritization scale indicates that there are 183 municipalities in
seven countries with a high priority for surveillance activities.
Five of these countries have municipalities in the Amazon
basin (Ecuador, Guyana, Peru, Suriname, and Venezuela); one
has municipalities in the Chaco region (Paraguay); and one is
in Central America bordering Guatemala (El Salvador). The
absence or prevalence of trachoma in these countries must be
documented to determine the extent of the disease in Latin
America. In June 2017, in a Peruvian district in the Amazon
jungle that borders Brazil and Colombia, such an effort identi-
fied another municipality with trachoma. Efforts to implement

Saboya-Diaz et al. ® Trachoma surveillance in Latin America

trachoma surveillance activities should be integrated with
other surveillance conducted in the same communities, e.g.,
soil-transmitted helminth infection, Chagas disease, malaria,
and others.

Serology might be useful to surveillance by collecting immu-
nological information by age group in different epidemiological
settings. Although the cut-offs are not established for the level
of trachoma antibodies that constitutes a public health problem
and there remain issues with specificity (37), additional survey
data could contribute to characterizing the usefulness of the
serological profile for trachoma.

Our study identified nine other countries not known to have
trachoma, but where 677 municipalities were designated as hav-
ing a medium priority for surveillance (Argentina, Belize, Bolivia,
Chile, Dominican Republic, Honduras, Nicaragua, Panama, and
Uruguay). Trachoma rapid assessment could be a first step in
documenting any occurrence of trachoma in these countries (38).

The possible occurrence of trachoma in Haiti needs to be
investigated. Although our study excluded Haiti for its lack
of data to determine TVI at the municipal level, the country’s
social and economic conditions—together with deficient access
to basic services and the serological findings from a study of
C. trachomatis antibodies (33)—make it logical to propose a
population-based survey of trachoma. Note that serological
findings are not necessarily indicative of trachoma when there
is a high rate of exposure to urogenital C. trachomatis at sexual
debut (37).

Limitations

The study had some limitations to consider. There was
insufficient published information on countries known to
have trachoma, particularly Colombia and Guatemala. This
shortcoming was partially addressed with reports from the
Regional trachoma meetings and country reports to PAHO/
WHO. Even less published information was available for areas
beyond the three countries known to have trachoma in 2016.
The information available came primarily from rapid assess-
ments of causes of blindness (including the identification of
TT cases and corneal opacity). These are not necessarily indic-
ative of current trachoma presence because only individuals
50 years of age or older were examined—a group likely to
have suffered repeated, active infections as children, but not
necessarily in the same geographic area captured by the sur-
vey. This might have caused an overestimation of the number
of municipalities prioritized for trachoma surveillance. For El
Salvador we likely overestimated the municipalities requir-
ing trachoma detection because, based on a national survey
reporting corneal opacity caused by trachoma, we classified
the entire country as having historical information published
in 1987 — 2015. Several of the studies published in 1987 —2015
focus on a series of cases; these are not robust studies on tra-
choma as a public health problem. This reinforces the view of
trachoma as a neglected infectious disease in Latin America.
In addition, data from the population and housing censuses of
some countries are more than 15 years old, which affects the
analysis of risk factors because social and economic conditions
may have changed significantly. We also did not exclude urban
areas from TVI analysis, which might have overestimated the
number of municipalities given priority for trachoma surveil-
lance. Lastly, most of the Caribbean countries lacked data on
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trachoma-related risk factors at the municipal level and could
not be included, which produced an incomplete picture of tra-
choma in the Region of the Americas.

Conclusions

The prioritization scale identified 1 053 municipalities in Bra-
zil, Colombia, and Guatemala as very high priority for trachoma
surveillance, and another 183 municipalities in Ecuador, El Sal-
vador, Guyana, Paraguay, Peru, Suriname, and Venezuela as
high priority. This study was a first attempt at assessing the need
for trachoma surveillance in countries with little data available.
This prioritization scale could be useful to many countries in
Latin America that need to understand their current trachoma
situation, but where the cost and complexity of carrying out
baseline surveys would impede or slow their efforts.

We recommend that (a) countries designated as very high
and high priority for trachoma surveillance include surveil-
lance activities in their public health agendas to determine
the absence or prevalence of trachoma; (b) public health and
research groups connect with researchers interested in survey
methodologies (i.e., serology as a trachoma surveillance tool,
the use of image capture modalities, integrating surveys for
several diseases) and predictive statistical models to ensure
cost-effective surveys and to provide further evidence of where
trachoma continues to be a public health problem; and (c) that
the prioritization scale be tested by comparing its results to
those of surveillance activities in order to validate its usefulness
as a tool for identifying communities at risk of trachoma.

Author contributions. MISD and AFB conceived and
designed the study. MISD performed the study. MISD and

Original research

AFB organized and analyzed data. MISD led the writing pro-
cess. All authors contributed to interpretation of results and
edited the paper. All authors reviewed and approved the final
version.

Acknowledgments. We thank René Santos Luna (Medical and
Systems Geography, Research, Evaluation, and Survey Center,
Mexican National Public Health Institute) for his support in
preparing the map for the study.

We thank Andrea I. Zambrano (Dana Center for Preventive
Ophthalmology, Wilmer Eye Institute, Johns Hopkins Hospi-
tal), Layze A. Vieira Oliveira (Federal University of Vales do
Jequitinhonha and Mucuri, Diamantina, Brazil), and Miguel
H. Pereira de Paiva (Faculdade Integral Diferencial-Devry
University, Teresina, Brazil) for their support with the liter-
ature review conducted in 2015, from which we identified
several relevant papers on the history of trachoma in Latin
America.

Funding. The authors received no specific funding for this
work. This work was conducted by PAHO/WHO through the
biennial working plan of the Regional Program of Neglected
Infectious Diseases. The funders had no role in the study
design, data collection or analysis, decision to publish, or prep-
aration of the manuscript.

Conflicts of interest. None declared.
Disclaimer. Authors hold sole responsibility for the views

expressed in the manuscript, which may not necessarily reflect
the opinion or policy of the RPSP/PAJPH and/or PAHO.

REFERENCES

—_

. Flaxman SR, Bourne RRA, Resnikoff S, Ackland P, Braithwaite T,
Cicinelli M V, et al. Global causes of blindness and distance vision
impairment 1990 — 2020: a systematic review and meta-analysis.
Lancet Glob Heal. 2017;5(12):1221-34.

2. Thylefors B, Dawson CR, Jones BR, West SK, Taylor HR. A simple
system for the assessment of trachoma and its complications. Bull
World Health Organ. 1987;65(4):477-83.

3. World Health Organization. WHO Alliance for the Global Elimina-
tion of Trachoma by 2020: progress report on elimination of trachoma,
2018. Wkly Epidemiol Rec. 2019;29(94):317-28. Available from:
https:/ /apps.who.int/iris/bitstream /handle/10665/325910/
WER9429-en-fr.pdf?ua=1 Accessed 6 September 2016.

4. Stocks ME, Ogden S, Haddad D, Addiss DG, McGuire C, Freeman
MC. Effect of water, sanitation, and hygiene on the prevention
of trachoma: a systematic review and meta-analysis. PLoS Med.
2014;11(2):e1001605.

5.World Health Organization. Validation of the elimination of
trachoma as a public health problem. Geneva: WHO; 2016.
Pp. 15. Available from: https://apps.who.int/iris/bitstream/
handle/10665/208901/WHO-HTM-NTD-2016.8-eng.pdf;jsession-
id=D0B1865B0SAAAC21FCBC977904E2C930?sequence=1Accessed
8 October 2019.

6. National Institute of Statistics and Census of Argentina. National

Population, Household and Housing Census 2010. Available from:

https:/ /redatam.indec.gob.ar/argbin/RpWebEngine.exe /Portal

Action?BASE=CPV2010A Accessed 24 October 2019.

7. Brazilian Mapping Institute. Demographic census 2010. Available
from: https:/ /ww2.ibge.gov.br/home/estatistica/populacao/
cens02010/default.shtm Accessed 8 October 2019.

8. General Bureau of Statistics and Census of Paraguay. National Pop-
ulation and Housing Census 2002. Available from: http://www.
dgeec.gov.py/#nogo Accessed 8 October 2019.

9. National Statistics Institute of Peru. National Census 2007: XI Pop-
ulation XI and VI Housing. Available from: http://censos.inei.gob.
pe/Censos2007 /redatam /# Accessed 8 October 2019.

10. National Statistics Office of the Dominican Republic. National
population and housing census 2010. Available from: http://
redatam.one.gob.do/cgibin/RpWebEngine.exe/PortalAction?
BASE=CPV2010 Accessed 24 October 2019.

11. Central statistical office of Trinidad and Tobago. 2011 Housing
and Population Census. Available from: http:/ /cso.gov.tt/census/
2011-census-data/ Accessed 8 October 2019.

12. National Statistics Institute of Uruguay. Population Census 2011.
Available from: http://www.ine.gub.uy/censos-2011 Accessed
18 November 2017.

13. National Statistics Institute of Venezuela. Population and Hous-
ing Census 2011. Available from: http://www.ine.gov.ve/index.
php?option=com_content&view=category&id=95&Itemid=9
Accessed 18 November 2017.

14. National Institute of Statistics of Bolivia. Census of Population and
Housing. Available from: http:/ /censosbolivia.ine.gob.bo/webine /
Accessed 18 November 2017.

Rev Panam Salud Publica 43, 2019 | www.paho.org/journal | https://doi.org/10.26633/RPSP.2019.93 9


http://www.paho.org/journal
https://doi.org/10.26633/RPSP.2019.93
https://apps.who.int/iris/bitstream/handle/10665/325910/WER9429-en-fr.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/325910/WER9429-en-fr.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/208901/WHO-HTM-NTD-2016.8-eng.pdf;jsessionid=D0B1865B08AAAC21FCBC977904E2C930?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/208901/WHO-HTM-NTD-2016.8-eng.pdf;jsessionid=D0B1865B08AAAC21FCBC977904E2C930?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/208901/WHO-HTM-NTD-2016.8-eng.pdf;jsessionid=D0B1865B08AAAC21FCBC977904E2C930?sequence=1
https://redatam.indec.gob.ar/argbin/RpWebEngine.exe/PortalAction?BASE=CPV2010A
https://redatam.indec.gob.ar/argbin/RpWebEngine.exe/PortalAction?BASE=CPV2010A
https://ww2.ibge.gov.br/home/estatistica/populacao/censo2010/default.shtm
https://ww2.ibge.gov.br/home/estatistica/populacao/censo2010/default.shtm
http://www.dgeec.gov.py/#nogo
http://www.dgeec.gov.py/#nogo
http://censos.inei.gob.pe/Censos2007/redatam/#
http://censos.inei.gob.pe/Censos2007/redatam/#
http://redatam.one.gob.do/cgibin/RpWebEngine.exe/PortalAction?BASE=CPV2010
http://redatam.one.gob.do/cgibin/RpWebEngine.exe/PortalAction?BASE=CPV2010
http://redatam.one.gob.do/cgibin/RpWebEngine.exe/PortalAction?BASE=CPV2010
http://cso.gov.tt/census/2011-census-data
http://cso.gov.tt/census/2011-census-data
http://www.ine.gub.uy/censos-2011
http://www.ine.gov.ve/index.php?option=com_content&view=category&id=95&Itemid=9
http://www.ine.gov.ve/index.php?option=com_content&view=category&id=95&Itemid=9
http://censosbolivia.ine.gob.bo/webine/

Original research

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

10

National Institute of Statistics of Chile. Censos de Poblacién y Vivi-
enda. Available from: http://www.ine.cl/estadisticas/censos/
censos-de-poblacion-y-vivienda Accessed 18 November 2017.
National Statistics Administration of Colombia. Demography
and Population: General Census 2005. Available from: http://
systemab9.dane.gov.co/cgibin/RpWebEngine.exe/Portal Action?
BASE=CG2005AMPLIADO Accessed 24 October 2019.

National Statistics Census Institute of Costa Rica. Census 2011.
Available  from:  http://www.inec.go.cr/censos/censos-2011
Accessed 18 November 2017.

National Statistics and Census Institute of Ecuador. Census 2010.
Available from: http://www.ecuadorencifras.gob.ec/censo-de-
poblacion-y-vivienda/ Accessed 18 November 2017.

General Bureau of Statistics and Census of El Salvador. Population
and Housing Census 2007. Available from: http:/ /www.digestyc.
gob.sv/index.php/temas/des/poblacion-y-estadisticas-de-
mograficas/censo-de-poblacion-y-vivienda/hogares-censos.html
Accessed 18 November 2017.

National Statistics Institute of Honduras. Population and Housing
Census 2013. Available from: http://www.ine.gob.hn/ Accessed
18 November 2017.

. Statistical Institute of Jamaica. Query Population and Housing

Census 2011. Available from: http://statinja.govjm/Census/Pop
Census/PopcensusRedatam.aspx Accessed 18 November 2017.
National Statistics and Census Institute of Panama. Popu-
lation and Housing Census 2010. Available from: http://
estadisticas.contraloria.gob.pa/inec/cgi-bin/RpWebEngine.
exe/Portal?&BASE=LP2010&MAIN=WebServerMain_censos.inl
Accessed 18 November 2017.

Colston ], Saboya M. Soil-transmitted helminthiasis in Latin Amer-
ica and the Caribbean: Modelling the determinants, prevalence,
population at risk and costs of control at sub-national level. Geospat
Health. 2013;7(2):321-40.

Pan American Health Organization. Atlas of Neglected Infectious
Diseases in the Region of the Americas. Available from: http://
www.paho.org/hq/images/ATLAS_CD/NID_Subnational/atlas.
html Accessed 16 December 2017.

World Health Organization. Trachoma. Global Health Observatory
Data Repository, 2018. Available from: http://apps.who.int/gho/
data/node.main.Al644?lang=en Accessed 6 September 2019.

Pan American Health Organization. Fourth Regional Meeting
of Elimination of Trachoma in the Americas. Washington, DC:
PAHO; 2017. Pp. 56. Available from: http://iris.paho.org/xmlui/
bitstream/handle/123456789 /34336 / PAHOCHA17015_eng.
pdf?sequence=1&isAllowed=y Accessed 5 February 2018.
Barrenechea R, de la Fuente I, Plaza RG, Flores N, Segovia L, Vil-
lagomez Z, et al. National survey of blindness and avoidable

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Saboya-Diaz et al. ® Trachoma surveillance in Latin America

visual impairment in Argentina, 2013. Rev Panam Salud Publica.
2015;37(1):7-12.

Rius A, Guisasola L, Sabido M, Leasher JL, Morina D, Villalobos
A, et al. Prevalence of visual impairment in El Salvador: inequali-
ties in educational level and occupational status. Rev Panam Salud
Publica. 2014;36(5):290-9.

Alvarado D, Rivera B, Lagos L, Ochoa M, Starkman I, Castillo M, et
al. National survey of blindness and avoidable visual impairment in
Honduras. Rev Panam Salud Publica. 2014;36(5):300-5.

Duerksen R, Limburg H, Lansingh VC, Silva JC. Review of blind-
ness and visual impairment in Paraguay: changes between 1999 and
2011. Ophthalmic Epidemiol. 2013;20(5):301-7.

Campos B, Cerrate A, Montjoy E, Dulanto Gomero V, Gonzales
C, Tecse A, et al. National survey on the prevalence and causes of
blindness in Peru. Rev Panam Salud Publica. 2014;36(5):283-9.
Gallarreta M, Furtado JM, Lansingh VC, Silva JC, Limburg H. Rapid
assessment of avoidable blindness in Uruguay: results of a nation-
wide survey. Rev Panam Salud Publica. 2014;36(4):219-24.
Goodhew EB, Priest JW, Moss DM, Zhong G, Munoz B, Mkocha H,
et al. CT694 and pgp3 as serological tools for monitoring trachoma
programs. PLoS Negl Trop Dis. 2012;6(11):e1873.

Muioz Z ME, Caballero NP, Ayllon AC, Medina AS. Conjuntivitis
folicular por Chlamydia trachomatis: frecuencia y pruebas diag-
noésticas. Rev Peru Med Exp Salud Publica. 2007;24(3):286-9.

Maco V, Encalada M, Wong C, Marcos LA. Historical aspects
of endemic trachoma in Peru: 1895-2000. PLoS Negl Trop Dis.
2016;10(1):e0004116.

International Trachoma Initiative. Zithromax® Management guide.
Decatur: ITI; 2019. Pp. 100. Available from: https:/ /trachoma.org/
sites/default/files/documents/2019-10/itizithromaxmanagers
guide092019finalonline.pdf Accessed 24 October 2019.

Pinsent A, Solomon AW, Bailey RL, Bid R, Cama A, Dean D, et
al. The utility of serology for elimination surveillance of tra-
choma. Nat Commun. 2018;9(1):5444. https://doi.org/10.1038/
541467-018-07852-0

World Health Organization. Guidelines for rapid assessment for
blinding trachoma. Geneva: WHO; 2001. Pp. 82. Available from:
http:/ /www.who.int/blindness/ TRA-ENGLISH.pdf Accessed 26
November 2017.

Manuscript received on 12 May 2019. Revised version accepted for publication
on 23 September 2019.

Rev Panam Salud Publica 43, 2019 | www.paho.org/journal | https://doi.org/10.26633/RPSP.2019.93


http://www.paho.org/journal
https://doi.org/10.26633/RPSP.2019.93
http://www.ine.cl/estadisticas/censos/censos-de-poblacion-y-vivienda
http://www.ine.cl/estadisticas/censos/censos-de-poblacion-y-vivienda
http://systema59.dane.gov.co/cgibin/RpWebEngine.exe/PortalAction?BASE=CG2005AMPLIADO
http://systema59.dane.gov.co/cgibin/RpWebEngine.exe/PortalAction?BASE=CG2005AMPLIADO
http://systema59.dane.gov.co/cgibin/RpWebEngine.exe/PortalAction?BASE=CG2005AMPLIADO
http://www.inec.go.cr/censos/censos-2011
http://www.ecuadorencifras.gob.ec/censo-de-poblacion-y-vivienda
http://www.ecuadorencifras.gob.ec/censo-de-poblacion-y-vivienda
http://www.digestyc.gob.sv/index.php/temas/des/poblacion-y-estadisticas-demograficas/censo-de-poblacion-y-vivienda/hogares-censos.html
http://www.digestyc.gob.sv/index.php/temas/des/poblacion-y-estadisticas-demograficas/censo-de-poblacion-y-vivienda/hogares-censos.html
http://www.digestyc.gob.sv/index.php/temas/des/poblacion-y-estadisticas-demograficas/censo-de-poblacion-y-vivienda/hogares-censos.html
http://www.ine.gob.hn/
http://statinja.gov.jm/Census/PopCensus/PopcensusRedatam.aspx
http://statinja.gov.jm/Census/PopCensus/PopcensusRedatam.aspx
http://estadisticas.contraloria.gob.pa/inec/cgi-bin/RpWebEngine.exe/Portal?&BASE=LP2010&MAIN=WebServerMain_censos.inl
http://estadisticas.contraloria.gob.pa/inec/cgi-bin/RpWebEngine.exe/Portal?&BASE=LP2010&MAIN=WebServerMain_censos.inl
http://estadisticas.contraloria.gob.pa/inec/cgi-bin/RpWebEngine.exe/Portal?&BASE=LP2010&MAIN=WebServerMain_censos.inl
http://www.paho.org/hq/images/ATLAS_CD/NID_Subnational/atlas.html
http://www.paho.org/hq/images/ATLAS_CD/NID_Subnational/atlas.html
http://www.paho.org/hq/images/ATLAS_CD/NID_Subnational/atlas.html
http://apps.who.int/gho/data/node.main.A1644?lang=en
http://apps.who.int/gho/data/node.main.A1644?lang=en
http://iris.paho.org/xmlui/bitstream/handle/123456789/34336/PAHOCHA17015_eng.pdf?sequence=1&isAllowed=y
http://iris.paho.org/xmlui/bitstream/handle/123456789/34336/PAHOCHA17015_eng.pdf?sequence=1&isAllowed=y
http://iris.paho.org/xmlui/bitstream/handle/123456789/34336/PAHOCHA17015_eng.pdf?sequence=1&isAllowed=y
https://trachoma.org/sites/default/files/documents/2019-10/itizithromaxmanagersguide092019finalonline.pdf
https://trachoma.org/sites/default/files/documents/2019-10/itizithromaxmanagersguide092019finalonline.pdf
https://trachoma.org/sites/default/files/documents/2019-10/itizithromaxmanagersguide092019finalonline.pdf
https://doi.org/10.1038/s41467-018-07852-0
https://doi.org/10.1038/s41467-018-07852-0
http://www.who.int/blindness/TRA-ENGLISH.pdf

Saboya-Diaz et al. ® Trachoma surveillance in Latin America Original research

Eliminacion del tracoma en América Latina: priorizacién de municipios para
las actividades de vigilancia

RESUMEN Obijetivo. Establecer y priorizar los municipios en 22 paises de América Latina para desempefiar actividades
de vigilancia del tracoma, medir la ausencia o la prevalencia del tracoma, y brindar apoyo a la validaciéon y las
iniciativas de eliminacion del tracoma en la Regién de las Américas.

Métodos. En el 2017, se cred una escala de asignacion de prioridades con el fin de clasificar cada municipio
teniendo presente una combinacion de tres caracteristicas: a) el indice de vulnerabilidad al tracoma, derivado
de los tres factores socioeconémicos conocidos por ser factores de riesgos para el tracoma (falta de acceso
del municipio a mejores instalaciones sanitarias, agua potable limpia y educacién adecuada), segun los datos
del censo de vivienda de principios del 2017; b) los antecedentes de tracoma en los paises en que la enfer-
medad no se conocia como problema de salud publica en el afio 2016, y ¢) si el municipio comparte frontera
con otro donde el tracoma supuso un problema de salud publica en el 2016. Se clasificaron municipios de
22 paises segun un criterio de prioridad muy alta, alta, media o baja de vigilancia del tracoma. En el Caribe,
unicamente Trinidad y Tabago cumplieron los criterios de inclusion.

Resultados. Mediante la escala de asignacion de prioridades se establecieron 1 053 municipios en Brasil,
Colombia y Guatemala con prioridad muy alta de vigilancia del tracoma. En Ecuador, El Salvador, Guyana,
Paraguay, Peru, Suriname y Venezuela, 183 municipios se clasificaron con prioridad alta y en Argentina,
Belice, Bolivia, Chile, Republica Dominicana, Honduras, Nicaragua, Panama y Uruguay, se asigné a 677
municipios una prioridad media de vigilancia del tracoma.

Conclusiones. Esta escala de asignacion de prioridades seréa una herramienta Util para los paises en América
Latina que todavia necesitan evaluar su actual situacion de tracoma. Debe estudiarse la ausencia o prevalen-
cia del tracoma en los paises designados con prioridades muy alta y alta para las actividades de vigilancia
de tracoma con el fin de determinar la magnitud de la enfermedad en América Latina.
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Eliminacao do tracoma na América Latina: priorizacao de municipios para
atividades de vigilancia

RESUMO Obijetivo. Identificar e priorizar os municipios em 22 paises da América Latina para realizar atividades de
vigilancia epidemiolégica do tracoma, determinar a auséncia ou a prevaléncia do tracoma e dar apoio a vali-
dagéo e aos esforgos de eliminagcédo da doenca na Regido das Américas.

Métodos. Uma escala de priorizagéo foi elaborada em 2017 para classificar cada municipio segundo trés
critérios combinados: (a) indice de vulnerabilidade ao tracoma, estimado com base em trés fatores socioeco-
némicos conhecidos como riscos a doenca — falta de acesso a um melhor saneamento basico, a agua para
consumo e a uma educacgado adequada, segundo dados do censo habitacional realizado no inicio de 2017;
(b) antecedentes do tracoma nos paises onde a doenca néo era um problema conhecido de saude publica
em 2016 e (c) fazer divisa ou ndo com um municipio onde o tracoma era um problema conhecido de saude
publica em 2016. Os municipios de 22 paises foram classificados como de prioridade muito alta, alta, média
ou baixa para a vigilancia do tracoma. No Caribe, apenas Trinidad e Tobago satisfez os critérios de incluséo.
Resultados. De acordo com a escala de priorizagdo, 1.053 municipios no Brasil, Coldbmbia e Guatemala
foram classificados como de prioridade muito alta; 183 municipios no Equador, El Salvador, Guiana, Paraguai,
Peru, Suriname e Venezuela como de prioridade alta, e 677 municipios na Argentina, Belize, Bolivia, Chile,
Republica Dominicana, Honduras, Nicaragua, Panama e Uruguai foram qualificados como de prioridade
média para a vigilancia do tracoma.

Conclusées. A escala de priorizacdo sera um instrumento Util aos paises na América Latina que ainda pre-
cisam determinar sua situacdo atual em relagdo ao tracoma. A auséncia ou a prevaléncia da doenca deve
ser pesquisada nos paises classificados como de prioridade muito alta e alta para as atividades de vigilancia
para que se possa conhecer a extensao do tracoma na América Latina.

Palavras-chave Tracoma; doencas negligenciadas; vigilancia; América Latina.
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