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Abstract: We present a historical review of two neglected tropical diseases (NTD), namely,
onchocerciasis and trachoma, both which were successfully eliminated in Mexico. In addi-
tion, we present a cost-effectiveness assessment (CEA) demonstrating that these were
worthwhile health interventions. Historically, an estimate of $310.68 and $38.92 per person
were spent during the period of time the onchocerciasis and trachoma elimination programs
operated, respectively.
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Introduction
Trachoma and onchocerciasis are historically the leading and second most common
avoidable causes of infectious blindness worldwide. Onchocerciasis is caused by
infection with the parasite Onchocerca volvulus, a filariform nematode that is
transmitted by the bite of black flies. Clinical signs and symptoms of onchocerciasis
are characterized by itching, irritation, skin diseases, onchocercomas (nodules
housing adult worms), adenopathies, and eye lesions, including irreversible
blindness." Trachoma is a keratoconjunctivitis caused by repeated infections with
the bacterium Chlamydia trachomatis.*>

Here, we present a historical review of onchocerciasis and trachoma elimination
programs in Mexico. The Mexican trachoma program operated for over 10 years
whilst the Ministry of Health in conjunction with the Onchocerciasis Elimination
Program in the Americas (OEPA) was operational for over 20 years. This long-
lasting partnership produced positive consequences in economic term, social, and
otherwise as not only were the resources allocated to these programs used effi-
ciently, but also eliminated the possibility of the disease expanding into new
territories.

Methods

The historical review of the two programs relied primarily upon the dossiers provided
to WHO by the Mexican higher health authorities.* The dossier on onchocerciasis was
submitted on November 21th, 2014* and the trachoma dossier was submitted on
April 22th, 2016.° In addition, the Specific Program of Action for Onchocerciasis
2012-2018,° published by the Sub Secretariat of Public Health of the Ministry of
Health of Mexico, was consulted. Research articles on the status of onchocerciasis and
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trachoma were also consulted, and interviews with the bri-
gades that participated in both programs were carried out.
The cost-effectiveness analysis (CEA) used the methodol-
ogy described in the CDC’s published guidelines for eco-
nomic assessments conducted in a public health.”*

The CEA of the Onchocerciasis Program
Although the program of treatment with ivermectin concluded
in 2011 (the post-treatment surveillance program was imple-
mented from 2012 to 2015, and the post-elimination surveil-
lance program from 2016 to present), a budget is still being
provided, especially for advocacy and prevention activities.
For example, brigades continue to monitor and remove “sus-
pected masses of onchocerciasis” and performing parasitolo-
gic examinations. In addition, brigades have supported other
important programs such as deworming and, there are cur-
rently underway, activities against the Covid-19 pandemic.*
The first metric is the number and cost ($1.5) of ivermectin
pills consumed annually (Figure 1) and the second metric is
the total expenditure from 1994 to 2020 (Table 1). In parti-
cular, for the Chiapas onchocerciasis program, the largest
expense was for the payment of brigades (81.31% of the
total budget) as shown in Table 2. OEPA also allocated
resources to support the Mexican onchocerciasis program as
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shown in Table 1.* A projection can be made of what had
been spent since the program began, namely, from 1994 to
2011 (Table 1). From 1994 to 2003, $15,095,770.00 were
provided by the States and $7,359,450.00 by MDP which
made a sub-total of $22,455,220.00. From 2004 to 2012,
$1,006,416.00 was provided by OEPA, $17,680,171.00 by
the States and $9,624,515.00 by MDP which made a sub-
total of $28,311,102.00. From 2013 to 2020, $96,180.00 were
provided by OEPA and $6,648,168.00 by the States which
made a sub-total of $6,744,348.00 (Table 1). Overall, the total
cost of the national
$57,510,669.73 (Table 1).

onchocerciasis ~program  was

The CEA of the Trachoma Program

The annual budget allocated the Chiapas Health Services
from 2004 to 2020 to the trachoma program was, on average,
of $347,404.63 (Table 3). The program was administered by
the Health Jurisdiction II of the municipality of San Cristobal
de las Casas (SJII-SCC); 26, Communities from five munici-
palities (Chanal, Huixtan, Oxchuc, Tenejapa, and San Juan
Cancuc) with a total population of 363,537 inhabitants were
served. As of 2016, the allocated budget was no longer
eliminating trachoma disease, as this goal was achieved
almost by 100% during 2015; the goal shifted to preventing

18,18,500

16,38,000

11,97,000

9,98,843

7,61,500
7,64,000

8,18,000

6,33,000

Year

Figure | Doses of ivermectin provided by the Mectizan donation program to the onchocerciasis elimination program of Mexico from 1994 through 2011. Data were
provided by the Secretariate of Health, Mexico, the ISECH,* and the Chiapas Ministry of Health. In 2006, the |9th anniversary of the Mectizan Donation Program was held,
which reported that by that date, the program would had donated around 1.8 billion tablets worldwide at a cost of approximately $2.7 billion. Using these data, it can be
calculated the cost for each ivermectin pill (ie, $1.5):*¢ From 1994 through 2011, 11,322,643 ivermectin pills had been provided by the MDP to Mexico. From these,
4,906,300 pills were known to had been consumed from 1994 to 2003. Thus, 4,906,300 pills times $1.5 made $7,359,450.00. From 2004 to 2011, 6,416,343 ivermectin pills

were consumed which made $9,624,514.50 (6,416,343 pills x $1.5).
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Table | Budget in USD Allocated by OEPA, OEPM, and MDP to
the Onchocerciasis Program of Mexico from 1994 Through 2020

Table 3 Historical Budget in USD Allocated the Trachoma
Program in the State of Chiapas

Year OEPA OEPM MDP Total Year Budget
1994 1,509,577 150,000 1,659,577 2004 $427,553.99
1995 1,509,577 478,500 1,988,077 2005 $454,502.36
1996 1,509,577 462,150 1,971,727 2006 $446,934.32
1997 1,509,577 454,950 1,964,527 2007 $442,837.77
1998 1,509,577 442,350 1,951,927 2008 $349,339.12
1999 1,509,577 588,000 2,097,577 2009 $369,935.69
2000 1,509,577 1,464,750 2,974,327 2010 $391,520.26
2001 1,509,577 1,227,000 2,736,577 2011 $346,582.50
2002 1,509,577 949,500 2,459,077 2012 $372,790.13
2003 1,509,577 1,142,250 2,651,827 2013 $369,370.03
2004 53,168 1,509,577 1,146,000 2,708,745 2014 $363,172.77
2005 89,097 1,626,878 2,727,750 4,443,725 2015 $316,816.32
2006 166,315 1,716, 049 1,882,364 2016 $258,519.10
2007 127,419 1,749,164 2,457,000 4,333,583 2017 $255,538.28
2008 197,896 1,662,831 1,860,727 2018 $251,145.43
2009 83,479 2,210,546 1,795,500 4,089,525 2019 $250,883.30
2010 110,865 2,319,641 2,430,506 2020 $238,437.32
2011 48,970 2,219,915 1,498,265 3,767,150 Total $5,905,878.70
2012 129,207 2,665,570 2,794,777 Note: Data from PEPCT, Ministry of Health, Mexico,>** and Chiapas Ministry of
2013 96,180 2,590,316 2,686,496 Health.
2014 766,786.41 766,786
2015 642,321.83 642,322
2016 545.825.42 545,825 Table 4 .Percentage of thé Budget Allocated to the Trachoma
2017 539,531.86 539,532 Program in the State of Chiapas
2018 530,257 530,257 Item Budget Percentage per Item
2019 529,703.54 529,704
2020 503.425.67 503.426 Brigades salary $162,785.34 63.68
Total | 1,102,596 | 39,424,108.73 | 16,983,965 | 57,510,670 Brigades viatics $49.791.11 947
Vehicle fuel $43,051.06 16.84
Notes: Data from Ministry of Health, Mexico, ISECH, OEPA, MDP*¢2%32 3nd Total $255,627.52 99.99
Chiapas Ministry of Health.

Table 2 Percentage of the Budget per Item Allocated to the
Onchocerciasis Program in the State of Chiapas

Item Budget Percentage per Item
Administrative materials 1,719.64 0.34

Vehicles parts 11,207.80 2.23

Vehicles fuel 39,427.59 7.83

Vehicles repairs 9,180.65 1.82

Brigades salary and viatics 409,378.08 81.31

Brigades transportation 32,576.51 6.47

Total 503,490.28 100.00

Notes: Data from the Ministry of Health, México, ISECH,* and the Chiapas
Ministry of Health.

further trachoma cases. The total cost, considering the budget
allocated by PAHO ($12,000.00 during 2015) and for the
national trachoma program was $5,905,878.70 (Table 3). The
largest expenditure (63.68%) was for brigade salaries
(Table 4).

Note: Data from PEPCT, Ministry of Health, Mexico,”*® and Chiapas Ministry of
Health.

Results
A Historical Review of Onchocerciasis in

Mexico
In 1935, the Department of Public Health established oncho-
cerciasis as a disease of national interest (“a filariasis consid-
ered in the Federal Health Code as a communicable disease
belongs to the Federal Health Authority, the campaign against
the disease”) and developed the regulations of the campaign
against onchocerciasis. These were published in the Official
Journal of the Federation on April 13th, 1935, which estab-
lished the legal, health, and control measures deemed neces-
sary at the time.” Thus, the onchocerciasis control program was
the oldest public health program in Mexico.

At the start of the program, three onchocerciasis foci in
Mexico were identified. Two were in the state of Chiapas
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(one in the Northern in the Chamula area and the other one in
the Southern in the Soconusco area). The third focus was
located in Oaxaca. The three foci had similar characteristics.
They shared a common vector (Simulium ochraceum s.1.),
that was found between 500 and 1500 meters above sea level,
in areas with a humid-warm climate, abundant seasonal rains,
and lush vegetation. The foci were also in rural areas that
were difficult to access and home to indigenous populations
mainly dedicated to the cultivation of coffee.'®"”

The Mexican effort to eliminate onchocerciasis
received a big boost with the formation of the
Onchocerciasis Elimination Program for the Americas
(OEPA). OEPA was established in 1992. It was initially
coordinated by the River Blindness Foundation (RBF).
The RBF merged with the Carter Center in 1995, and
since then OEPA has been administered by the Carter
Center through the Global Program 2000. In the first
years, OEPA was operating it set no concrete goals, but
in 2008 OEPA declared that its goals would be to elim-
inate new eye morbidity attributable to the onchocerciasis
in all endemic foci by 2012, to halt the transmission of the
13 endemic foci in the region by 2012 (last year of treat-
ment distribution), and to complete the three-year phase of
post-treatment epidemiological surveillance by 2015.!
OEPA proposed to accomplish these goals by implement-
ing safe and locally supported programs for the distribu-
tion of ivermectin every six months (two rounds of
treatment per year) to the eligible population residing in
the 1950 endemic communities of onchocerciasis in the
region. OEPA received technical assistance and funding
from public and private sources, including the Carter
Center, the Lions Club, the US Centers for Disease
Control and Prevention (CDC), WHO/PAHO, the Bill
and Melinda Gates Foundation, the Mectizdn Donation
Program (MDP), and Merck Sharp & Dohme (MSD),
among others. As part of their strategic plan, stakeholders
in OEPA convened international meetings on a periodic
basis to review progress towards elimination in Latin
American countries where onchocerciasis existed.'*"'®

In Mexico, the national program began its path to
elimination by selecting a group of communities in each
of the three foci to serve as sentinels. These were selected
through data collected as part of prior detailed epidemio-
logical assessments in all communities in the three foci.
This procedure was named “in-depth epidemiological
(IdEP).  This

a parasitologic, serologic, ophthalmologic, and entomolo-
d.19723

assessment” procedure  provided

gic evaluation of all communities surveye

Treatment Strategies of the Mexican

Program

In the face of a lack of a safe and effective drug to treat
O. volvulus infection, the first campaigns for the control of
onchocerciasis focused two strategies. The first was vector
control, using insecticides to reduce the abundant vector
populations. The second was reduction of the adult para-
site population by nodulectomy campaigns (removal of the
nodules that house adult worms) which were implemented
to reduce the most severe cases of the disease.”* Between
1947 and 1949, diclerholyceryltricloroethane (DDT) and
diethylcarbamazine (DEC)**** were first used to control
vector populations, and treat all patients affected by the
parasite O. volvulus, respectively.26 In the mid-1980s,
ivermectin was shown to be a safe and highly effective
microfilaricide for the treatment of onchocerciasis. In 1992
following the agreements reached by the XXV Assembly
of Directors of the PAHO and the OEPA, systematic
implementation of ivermectin began.'*-*?

In Mexico, the onchocerciasis program established two
concepts for treatment; namely, “onchocerciasis case” tar-
geting individuals who were at some point positively diag-
nosed for onchocerciasis. The “re-infected case” was
defined as a previously infected person who, having been
discharged and deemed to have been cured, subsequently
had a positive reaction from a Mazzotti (a test that was
performed four times on previously cured individuals to
ensure sure the infection had disappeared).”’ >’

Treatment with ivermectin in the focus of Oaxaca
began in 1989 covering the entire eligible population.
However, this was not the case in the two endemic foci
of Chiapas, where only the onchocerciasis cases were
treated.”” In 1993, the onchocerciasis national program
changed from a control to an elimination strategy, and
community wide treatments began in the two Chiapas
foci. In 1994, mass treatment with ivermectin was imple-
mented only in hyper- and mesoendemic communities; it
was also decided to treat only 25% of the eligible popula-
tion in the hypoendemic communities. In 1995, this was
increased to 40% of the eligible population and in 1998,
the goal of treating the 100% of the eligible population in
all communities was set, regardless of their level of
endemicity. 209!

In the Southern Chiapas focus, progress towards elim-
ination was slow relative to the other two foci, a result of the
size of the at risk population and relative intensity of trans-
mission. Modeling studies suggested that under a scheme of
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twice per year treatments covering a minimum of 85% of the
eligible population, elimination of the disease would be
achieved over a period of between 12 and 14 years. As
a result, OEPA and the national program decided to look at
alternatives that would allow it to speed up the process and
reduce treatment time to achieve the goal of elimination by
2012. It was decided that in this focus, treatments should be
increased to four times per year. In 2003, the program
initiated this special intervention in 37 hyperendemic com-
munities and 12 selected mesoendemic communities; one
more community was added in 2004. In 2009, based on
positive data obtained in the initial communities receiving
four times per year treatment, the program decided to

include 113 more communities in this scheme.*?%?!

The Path to Elimination

Table 5 summarizes the interim data on the elimination
program showing the decrease in entomological and epide-
miological indicators over the course of the elimination

program.’

The smallest of the historically endemic foci,
northern Chiapas, was the first in which the interruption of
transmission of O. volvulus was reported to have been
achieved after exhaustive clinical, epidemiological, and
entomological studies.”**? This occurred in 2007, after 10
years of twice per year treatment with ivermectin of the

communities at risk.?*?**>*? Northern Chiapas was

followed in 2008 by the second largest focus in Mexico,
Oaxaca (after 13 years of twice per year treatment);>%->2
and, finally, by the largest focus, Southern Chiapas, in 2011
(after 17 years of annual and quarterly semi-treatments
aimed at accelerating the halting of transmission).”’ The
date when focal elimination was achieved for each focus,
was 2010, 2011, and 2014, respectively, corresponding to
when the last entomologic survey of the post-treatment
surveillance period was conducted.” In 2015, the WHO

verified the elimination of onchocerciasis from Mexico.

The CEA of the Onchocerciasis

Program

We estimated that from the period from 1994 to 2000 there
was, on average, 185,113 people at risk each year in
Oaxaca and Chiapas. If the $57,510,669.73 spent on the
program (Table 1) were divided into 185,113 people an
expenditure of $310.68 per person was spent throughout
the time (26 years) when the program had been
operating.>

A Historical Review of Trachoma in

Mexico
Upon the arrival of Europeans in the Americas, trachoma
was described as the existence of conjunctival granulations

Table 5 The Epidemiological Situation in the Three Onchocerciasis Endemic Foci in Mexico

Focus/Year of Evaluation No. of “New” No. of Individuals Prevalence of Infective Seasonal Transmission
Clinical Cases* at Risk Flies/ 2,000T Potentiall
Northern Chiapas'/ 1993 13 15,539 ND ND
Northern Chiapas'/ 1999-2001 21,572 0.4 (0.0-0.90) 1.0 (0.0-2.2)
Northern Chiapas'/ 2005 7,092 0 (0.09) 0 (0.05)
Northern Chiapas 2007 0 (0-1.3)
Northern Chiapas™/ 2010 0 7125% 0 (0.3) 0 (44)
Southern Chiapas® 1993-1991 904 190,744 1.8 (0.9-3.3)% 95.2%
Southern Chiapas® 1999-2001 274 219,923 0.4 (0.2-0.90) 1.2 (0.6-2.8)
Southern Chiapas 2008 6 0 (0-1.2)
Southern Chiapas®/ 201 | 9 114,024 0 (0.06) 0 (1.0)
Southern Chiapas®/ 2014 0 117,825% 0 (0.1) 0(1.7)
Oaxaca®/ 1993 3l6 64,426 ND ND
Oaxaca®/ 1999-2001 I 65,447 0.7 (0.4-1.2) 3.2 (1.9-5.8)
Oaxaca’/ 2008 0 44919 0 (0.07) 0(1.9)
Oaxaca® 2011 0 44,919% 0 (0.1) 0(1.2)
Oaxaca®/ 2011 8 0 (0-1.7)

Notes: Reproduced from Rodriguez-Pérez MA, Fernandez-Santos NA, Orozco-Algarra ME, et al. Elimination of onchocerciasis from Mexico. PLoS Negl Trop Dis. 2015;9(7):
€0003922.%° Copyright: © 2015 Rodriguez-Pérez et al. Creative Commons Attribution license (CC BY); https:/creativecommons.org/licenses/by/4.0/legalcode. Permission
to re-use the content was granted by PLOS Neglected Tropical Diseases Editorial Office Ltd. Geographical extension (2000): ' I,172.10 km2; %13,901.3 km?2; 4,250,0 km2.
*New” clinical onchocerciasis cases were defined as those individuals diagnosed positive by Mazzotti reaction, nodules, or skin biopsies (‘snips’) for the first time. The
upper value represents point estimate and the lower value in parentheses represents the 95%-confidence interval. When the point estimate was 0 only the upper limit of
confidence interval is presented. *Las Golondrinas,?' #The study by Rodriguez-Pérez et al,2® and population no longer at risk of infection.
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among Mexico’s population. The prevalence of trachoma
in Mexico was essentially unknown until the late 19th
century. By 1896, the presence of trachoma in Mexico
was discussed at the Second Pan American Medical
Congress when the Hospital of Ophthalmology, reported
having historic records of 42,000 cases of trachoma from
indigenous people of the Toluca Valley and Texcoco since
the hospital’s founding in 1876. In 1906, Lorenzo Chéavez
also noted that overcrowded conditions, lack of hygiene,
and basic sanitation favored the transmission of the
disease.>* ¢ Solorzano Morfin documented the presence
of trachoma among Veracruz military and civilians.*’>® In
addition, Dan M. Vélez et al reported the existence of
trachoma in the civilian, migrant, and indigenous popula-
tions in 1918 and 1923. After the existence of this condi-
tion was demonstrated in Mexico and an increase in
trachoma was related to the presence of Asian immigrants,
trachoma was listed in the Official Journal of the
Federation (DOF) and the Health Code, as an infective-
contagious disease in 1927.>7

From 1944 to 1961, there were no reports concerning
the epidemiology of trachoma, coinciding with the struc-
tural changes that occurred in the health system, specifi-
cally the merger of the Department of Health and the
Secretariate of Social Assistance in 1943. This period
coincided with the construction of the network of hospitals
throughout the Mexican Republic which had been sus-
pended since 1910. This was promoted by Gustavo Baz,
Prime Minister of Health and Assistance in Mexico. The
advent of decentralized medical institutions such as the
Children’s Hospital of Mexico (1943), the National
Institute of Cardiology (1944), and the Hospital of
Nutrition Diseases (1944), among others, resulted in
a paucity of centralized data on trachoma. Thus it was
not until 1962 that Javier Torroella was the first to study
and initiate actions against trachoma in the highlands of
the Chiapas state.>’ >’ This was the only known historic
focus of trachoma as a cause of infectious blindness in
Mexico. Trachoma was found to be endemic in five muni-
cipalities, with communities that in the 1980s showed rates
of over 25% of follicular trachomatous inflammation (TF)
in children under 10 years of age and 100% of scar
trachoma (ie, trachomatous scarring [TS] and trachoma-
tous trichiasis [TT]) in the adult population.5 A0

Evidence of the conditions and goals achieved for the
elimination of trachoma as a public health problem in
Mexico, particularly in the state of Chiapas, has been
documented by the contributions of multi-sectorial work,

under the leadership of the National Health System in that
State. In 1996, the WHO formed the Alliance for the

Global Elimination of Blinding Trachoma,®’=%!

guiding
the implementation of specific and special strategies
against the disease in endemic countries. Even though
trachoma is a preventable disease, is the leading cause of
infectious blindness worldwide. Trachoma affects popula-
tions where conditions of extreme poverty and social,
cultural, and economic marginalization favor transmission,
most often in children under the age of ten.** ™

Several government institutions implemented a strategy
for the prevention and treatment of this disease that for
several years had been afflicting the most vulnerable people
in Chiapas. This approach was successful, with benefits
ranging from the disease prevention and improvements in
the social conditions of the affected population. This was
accomplished at a low cost, as the allocated resources were
used efficiently and responsibly.””*

The Institute of Health of the State of Chiapas imple-
mented the Federal programs for the population through
ten health areas called Health Jurisdictions; each of these
jurisdictions included a variable number of municipalities.
The five historic endemic municipalities for trachoma
were located in the HJII-SCC. The trachoma program
was coordinated at the national level by the National
Center for Preventive Programs and Disease Control
(CENAPRECE) of the Mexican Ministry of Health; in
Chiapas. The State Secretariate of Health and its
Directorate of Public Health, through the Sub-Direction
and the Department of Preventive Programs, led the State
Coordination of the Trachoma Prevention and Control
Program (PEPCT as in Spanish acronym); the PEPCT
was subscribed to the HIII-SCC and it was directly depen-
dent on the trachoma brigade teams. In the five munici-
palities considered endemic, each had their own trachoma
brigade team. These municipal teams were run by
a brigade doctor who coordinated the work of their nursing
technicians, health technicians, and multipurpose teams.
The municipality, therefore, was the operational adminis-
trative unit in Chiapas through which the actions of pre-
vention and control of trachoma were implemented.®”**

Epidemiological studies of trachoma in the endemic
area in Chiapas that were conducted from 1965 to 2017
showed progressive decline in prevalence. The prevention
of trachoma-related pathology was further strengthened
through the sanitation programs conducted by the afore-
mentioned institutions. Particularly in Chiapas, the instal-
lation of the program included a series of strategies and
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measures for the promotion of health (such as correct
washing of the face and hands), in addition to population
health examinations, the dispensing of antibiotics for the
treatment of the disease, and surgeries.**>2

From 2004 to 2020, the Ministry of Health of Chiapas
implemented an institutional trachoma program, with the
allocation of a budget of $347,404.63 per year. The excep-
tion to this was in 2015, when the typical annual appro-
priation was increased by $12,593.67 by a supplemental
allocation. Since the creation of the PEPCT in 2004, the
Health Institute of the State of Chiapas (ISECH as in
Spanish acronym) has overseen the training and mainte-
nance of brigades exclusively focused on trachoma sur-
veillance, prevention, and control activities in known areas
in the State highlands.>*°

The operational strategic approach prior to 2001 con-
sisted of randomly selecting communities from the five
municipalities, searching for active cases of trachoma in
all its phases, sensitizing patients for surgery, administra-
tion of azithromycin, promotion, health education through
video projection, photo exposure, triptychs, and demon-
stration of face washing. In 2007, an agreement was estab-
lished between the different institutions in response to
a call issued by the Mexican Association of Health and
Economy to eliminate trachoma. The participating institu-
tions were the National Autonomous University of
Mexico, the Metropolitan Autonomous University, the
Iberoamerican University, and the Anahuac University, as
well as the Secretariates of Health and Education of the
State, and numerous private companies.’

For active trachoma infections, WHO recommends the
use of tetracycline in 1% ophthalmic ointment and azithro-
mycin 20 mg/kg weight. However, in the historic endemic
area of the Chiapas state, the use of tetracycline was
initially ruled out by a lack of compliance by the popula-
tion, mainly because of the prolonged treatment course (of
six weeks) and the unpleasant side effects reported by
patients. As a result, PEPCT opted for azithromycin,
given in in a single dose, which was well tolerated by
adults as well as children. Treatments were only prescribed
through azithromycin and active phase patient registration.
Children under 6 months of age, were excluded and no
other antibiotics were used.’

In order to interrupt the transmission of C. trachomatis,
the program implemented from the outset activities that
promoted facial hygiene. The promotion of facial hygiene,
the use of latrines, water, and clean patio and household
was effected through educational materials, guides and

posters (some in local languages) aimed at health person-
nel, promoters and municipality committees.

During 2010, the PEPCT brigades re-evaluated facial
hygiene in 43,026 children under the age of 11 in the five
municipalities of the historic endemic area. Of these, 41,896
children met the clean-face criterion, representing 97.37%.
of the population evaluated. This was 1.37% more than that
during 2005; 1130 children exhibited poor facial hygiene,
the most common signs being discharge from the eyes,
nose, dirty with grime, and others (food scraps). The 2011
evaluation found that out of 47,666 children under the age
of 11 examined from these municipalities, 46,995 children
(98,59%) met the clean face criterion, an increase of 1.22%
compared to the previous year.

From 2000 to the present, home-to-home searches have
also been carried out in the five municipalities endemic for
trachoma, to detect cases of trachoma and to offer surgery
when appropriate. From 2002 to 2004, 236 TT cases were
detected, of which 228 (97%) were surgically corrected.
The municipality with the highest number of surgeries was
the municipality of Oxchuc (158 surgeries) followed by
San Juan Cancuc (33 surgeries); behind them were the
municipalities of Tenejapa, Chanal, and Huixtan. By
2005, 249 people were identified and surgically treated.’

PEPCT (2004-2010) detected 153 TT cases requiring
surgical care, which were carried out continuously in
endemic municipalities; however, some of the patients
required more than one surgery, mostly reconstructive.
The follow-up approach for these recurrent patients was
conducted through the health brigades of the trachoma
program, which had the effect of generating acceptance
and awareness for surgical correction with the team of
certified surgeons.’

The trachoma program at Chiapas Health Services has
maintained the nominal census of patients with a history of
trachoma-related surgery since 2004. Each patient has
a dossier, which among many other variables includes
the name, age, gender, date of surgeries, what type of
surgery was performed and the surgeon who performed
the operation. For 2015, a total of 146 patients from the
five endemic municipalities were recoded: Oxchuc (99),
San Juan Cancuc (14), Tenejapa (16), Huixtan (11) and
Chanal (6). Of these, 143 patients accepted some form of
intervention, but three patients were considered reluctant
as they did not agree to move to the closest city to be
treated. From 2004 through 2015, 487 interventions were
carried out in Oxchuc (301), San Juan Cancuc (50),
Tenejapa (56), Huixtan (67), and Chanal (13). Of the 487
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patients involved, 146 had relapsed and those patients are
still under supervision by the PEPCT. The 146 relapsing
patients were distributed by age group as follows: 24
patients 65 years of age or under, 75 patients from 65 to
79 years old, and 47 patients of 80 years old and over. The
most affected sex were females (71%). As for the
increased frequency of interventions in the right or left
eye, no significant difference was found.’

period 2000-2015, the
Directorate-General for Epidemiology recorded a total of
3868 known cases of trachoma, which 99.37% (3,844
cases) were confirmed and corresponded to the historically

During the Mexico’s

endemic focus of the state of Chiapas. The remaining
0.63% (24 suspected cases) reported by other States did
not correspond to trachoma validated by epidemiological
research which resulted in an annual average of 240.5
cases/year. It was concluded that trachoma in all its clin-
ical forms had a clear and sustained decrease in Chiapas
and in Mexico as a whole.’

The former focus has met the trachomatous trichiasis
(TT) prevalence indicator for elimination as a public
health problem, which is less than one “new” TT case
per 1000 inhabitants of total population in the endemic
area. In fact, a TT prevalence of zero “new” TT per 1000
inhabitants has been observed since 2005. From 2005 to
the present, the communities of municipalities known his-
torically to have trachoma have been monitored twice
a year by the certified brigades of the PEPCT. As part of
the monitoring program for known and “new” TT cases,
the only municipality with a TT prevalence of over 1
“new” TT case per 1000 inhabitants is Oxchuc, while all
others maintained a sustained prevalence below 1/1000.”

From 2015 to the present, all municipalities also
recorded a prevalence of less than 1% of follicular tracho-
matous inflammation (TF) per children aged 1 to 9 years.
This finding was the result of direct household visits that
took place, twice per year until 2007 and annually from 2008
to 2014 in the historic endemic municipalities for trachoma.’

The CEA of the Trachoma Program
We estimated that from the period from 2004 to 2020
a total of 151,744 people resided in the five historically
of Chiapas. A total of
$5,905,878.70 was spent on the program (Table 3) repre-

endemic communities

senting an expenditure of $38.92 per person during the
entire 17 year period during which the program was

operational.3 3

Discussion
Mexico started the fight against onchocerciasis and tra-
choma in the 1930s;*%%33% both programs adopted the
strategies developed by the WHO/PAHO and has elimi-
nated both scourges of disease in Mexico as public health
problems.**°¢~62

There are still 3.8 million cases of blindness due to
onchocerciasis worldwide and 5.3 million cases of low
vision, resulting in a potential productivity loss of
$2.9 billion.>® Depending on the level of pre-control ende-
micity, excess mortality accounted for between 29% and
43% of the estimated burden of the disability adjusted life
years (DALY) prior to control. The elimination of oncho-
cerciasis would have generated billions in economic
benefits.>>® During the last 40 years, several onchocer-
ciasis control programs have been implemented.***%%-"
0 OEPA (2002—present) began in 1992 in six countries in
6162 of these,
four countries have successfully verified elimination
(Colombia in 2013, Ecuador in 2014,°” Mexico in
2015, and Guatemala in 2016°%) using a strategy of

the Americas (serving in 13 discrete foci);

supplying ivermectin to endemic countries. Globally,
over 7.8 billion ivermectin pills have been donated for
the treatment of onchocerciasis and lymphatic filariasis.
This unprecedented donation has allowed control of onch-
ocerciasis in endemic areas where vector control was not
feasible or too costly to maintain.?*>">°

As the number onchocerciasis and trachoma cases in
Mexico was zero in 2020 indicating both diseases had
been eliminated, we calculated the CEA. The CEA demon-
strated how the implementation of the guidelines indicated
by the WHO were cost-effective when adopted by govern-
ment institutions. Early prevention, which is relatively
inexpensive, can preclude serious and costly health pro-
blems in the long term.®*¢!

Mexico has made large investments in public health
programs, and these have resulted in a number of suc-
cesses, including the elimination of onchocerciasis, tra-
choma, and rabies; however, few are of these have had
a CEA. Here, we analyzed the cost of the OEPA strategy
for onchocerciasis elimination in Mexico. The cost of the
onchocerciasis elimination program was greatly reduced
by the donation of ivermectin by Merck. Mexico used
11,322,643 doses of ivermectin during its elimination pro-
gram. The donation of the ivermectin was necessary to
treat the eligible population; OEPA was indispensable in
this process as they were responsible for arranging for the

2 4 2 https:
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donation of the drug with Merck & Co. through the
Mectizan Donation Programme. In addition, the Mexican
program guaranteed, through trained personnel (the bri-
gades), that ivermectin reached the inhabitants of the at
risk areas, resulting in a total expenditure of
$57,510,669.73. Treatment persisted quarterly with cov-
erages over 85% of eligible population, and this required
a high awareness of the authorities and the target popula-
tion. Currently, ivermectin has ended, but both programs
continue with post-treatment monitoring and promotion.*?

Trachoma is a public health problem in 42 countries and it
is responsible for the blindness and visual impairment of nearly
1.9 million people. Nearly 182 million people live in endemic
areas. It is hyperendemic in rural, poor, and remote areas of
countries in Africa, Asia, South and Central America,
Australia, and the Middle East,6244 where an estimated
1.3 million people are blinded by the disease and roughly
another 1.8 million suffer from impaired vision.®> Countries
with known or suspected blinding trachoma have 3.8 million
cases of blindness and 5.3 million cases of low vision and
a potential productivity loss of $2.9 billion. Cases of trachoma
induced visual loss have resulted in the los of 39 million
DALYs. > 1t is estimated that eliminating trachoma as
a public health problem would generate an economic gain of
$102 billion.** In 2000, it was predicted that, without addi-
tional interventions, the overall number of blind people would
increase to 76 million in 2020, with trachoma being one of the
main infectious causes of preventable blindness.

In Mexico, the SAFE program strategy was adopted as
its preferred approach to controlling and eliminating
trachoma.®® The four components of this strategy are tri-
chiasis surgery, treatment with antibiotics for infections,
facial cleansing, and environmental improvements to
reduce transmission.®? In the Mexican trachoma elimina-
tion program, Mexican trained personnel (doctors and
nurses) who spoke the mother tongue of the Tzotzil and
Tzeltal were employed. The brigade emphasized the four
components; they visited the entire population at risk
(twice a year), to locate acute cases which were then
treated with azithromycin. If a patient with TT was identi-
fied, it was managed through surgery free of charge. The
brigades also conducted hygiene workshops and collabo-
rated with the local authorities the installation of latrines
and drinking water networks.

To our knowledge the cost and benefit of the SAFE
programs strategy has not been calculated previously.
Using the CEA, we observed that during 17 years, Mexico
spent $5,905,878.70 representing $38.92 per person. This

amount is much less than the cost of high-quality surgery in
the presence of TT cases. The present information will be
useful mainly to the countries of Latin America with evi-
dence of trachoma and blindness caused by trachoma, includ-
ing Brazil, Colombia, and Guatemala where there are an
estimated 5 million people at risk of contracting the
disease.®”-%® For African countries, while conditions are dif-
ferent, the present study can strengthen the need to generate
permanent programs with human and financial resources
typical of government and health institutions.

The achievement of the onchocerciasis and trachoma
programs of Mexico, in addition to being historic, will
serve as a precedent for other public health programs. In
summary, the present study documented the contribu-
tions of multi-sectoral work for the elimination of onch-
ocerciasis and trachoma in Mexico, under the leadership
of the National Health System, where we highlighted
the importance of public health programs. These pro-
grams generated and relied upon reliable, robust data,
and considerable monitoring in the implementation of
measures or strategies. The programs created informa-
tion systems that remained over time, the brigades were
continuously trained and suffered minimal turnover.
There was also a permanent contribution of economic
resource before, during, and after achievement of the
elimination goal, and it was guided by the advice of
experts on the subject and organizations that followed
WHO/PAHO guidelines.
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