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ABSTRACT

The neglected tropical diseases (NTDs) represent a group of chronic parasitic and related infections that promote poverty because of their 
impact on child development, pregnancy, and worker productivity. The estimated 20 million Mexicans who live below the poverty line suf-
fer disproportionately from a high prevalence of neglected tropical diseases such as amebiasis, Chagas disease, dengue, leishmaniasis, 
soil-transmitted helminth infections, trachoma, and vivax malaria. However, because the NTDs occur predominantly among the poor, new 
industrial and financial models are required to establish innovative technologies to address these conditions in Mexico and elsewhere in 
Latin America. In response, the Slim Initiative for Antipoverty Vaccine Development was established to foster a public/private partnership 
between key academic, government, and industrial institutions in the U.S. and Mexico. Initial emphasis will be placed on developing new 
vaccines for Chagas disease and leishmaniasis, two of the highest burden NTDs in Mexico and Mesoamerica.
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INTRODUCTION

Today in the Latin American and Caribbean region an es-
timated 40% of the population lives in poverty with more 
than 100 million people living on less than US$2 per day.1 
Generally speaking, Latin America’s “bottom one hundred 
million” live as subsistence farmers in rural areas and ur-
ban slums. Almost all of this region’s most impoverished 
people suffer from one or more neglected tropical diseases 
(NTDs), generally defined as chronic parasitic or related 

infectious diseases that promote poverty because of their 
impact on child growth and development, pregnancy, and 
worker productivity.2 Some estimate that in Latin America 
the burden of disease resulting from the NTDs may exceed 
that of HIV/AIDS.1 Simultaneously, the NTDs represent 
important, yet often unrecognized, reasons why the poorest 
people in the Americas cannot escape poverty. 

Mexico and the NTDs
The estimated 112 million people living in Mexico also 
suffer from their share of poverty and NTDs. The na-
tion is ranked 56 in terms of its human development 
index (HDI), an HDI that is roughly equivalent to that of 
Panama, Malaysia, Trinidad, and Tobago.3 However, this 
level of development is highly maldistributed, with 47% 
of Mexico’s population living below the poverty line as 
of 20044 and 3.3% (approximately 3.7 million Mexicans) 
living on wages lower than US$2 per day.5 This bottom 3.7 
million people also disproportionately suffer from NTDs, 
especially in the southern most impoverished Mexican 
states. In Table 1 we show the total cumulative number 
of cases of the major infectious diseases identified in the 
past 10 years (2000-2010) as reported by the Ministry 
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of Health in Mexico. However, with few exceptions, the 
actual number of persons infected with an NTD is greatly 
underestimated. Universally, NTDs are considered forgot-
ten diseases among forgotten people.6

Alternative estimates for the prevalence of several 
NTDs in Mexico (Table 2) indicate that almost 20 mil-
lion people are infected with one or more soil-transmitted 
helminth infections, i.e., trichuriasis (Trichuris trichiura 
whipworm infection), ascariasis (Ascaris lumbricoides 
roundworm infection), or hookworm infection caused pre-
dominantly by Necator americanus,1,7 an important figure 
given that some studies have shown that chronic hook-
worm infection in childhood reduces future wage-earning 
by 40% or more.2,8 In addition, 1.2 million Mexicans are 
infected with Plasmodium vivax malaria9 and, based on 
2% seroprevalence estimates among prospective blood 
donors, at least two million suffer from Chagas disease, 
a disease that can cause serious and debilitating heart 
disease. However, some estimates suggest that as many 
as 6 million or more persons may be infected nationwide, 
whereas in some southern Mexican states more than 10% 
of the population may be infected.10 In addition, dengue 
fever and its dreaded complication, dengue hemorrhagic 
fever, are emerging in Mexico11 especially among people 
who live in poor-quality dwellings with poor sanitary con-

ditions,12 a risk factor common to both dengue and Chagas 
disease. In addition, leishmaniasis remains endemic in 
Mexico, particularly in the south-southeast areas of the 
country and is unfortunately underreported. Other NTDs 
such as trachoma, cysticercosis, and onchocerciasis are 
also concentrated in areas near the states of Chiapas and 
Oaxaca.1

The Mexican population who live below the poverty 
line4,5 have a fundamental right to access not only essen-
tial medicines but innovation as well. However, because 
there is inadequate financial remuneration for new drugs, 
diagnostics, and vaccines for NTDs, most multinational 
companies have shied away from investing in research 
and development for these products.13 Nonetheless, new 
vaccines for the high prevalence NTDs, including hook-
worm infection, dengue, vivax malaria, Chagas disease, 
and leishmaniasis, could become new and important life-
saving technologies. Because of the propensity of NTDs 
to promote poverty, vaccines to combat such NTDs also 
represent important economic development interventions 
and are even sometimes referred to as “antipoverty vac-
cines.”14 However, in the absence of obvious financial 
incentives, almost all of the antipoverty vaccines are being 
developed either in academic laboratories or through new 
non-profit product development partnerships.13,15 Here we 
outline steps for the development of antipoverty vaccines 
for Mexico’s leading NTDs, with initial emphasis on 
Chagas disease and leishmaniasis.

Chagas Disease and Leishmaniasis
Chagas disease is a parasitic infection caused by the pro-
tozoa Trypanosoma cruzi, which is transmitted to humans 

Table 1. Reported cases for major infectious diseases in Mexico 
(2000-2010)

Disease Total cases
(cumulative)

Amebiasis 8,831,400
Ascariasis 2,001,925
Giardia 425,234
Dengue 332,117
Tuberculosis 156,267
Malaria (P. vivax) 37,735
AIDS 36,897
Brucellosis 24,655
Leishmaniasis 9,038
SARS 5,656
Cysticercosis 4,328
Chagas disease 3,551
Leprosy 2,862
Leptospira 1,119
Rabies 21

Data obtained from CENAVECE, Secretaría de Salud. Informes de 
Morbilidad 2010 and include up to epidemiologic week 22 for 2010.49

Table 2. High-prevalence neglected tropical disease burden in 
Mexico 

Disease Estimated number of cases Reference

Trichuriasis 18 million 7
Ascariasis 9 million 7
Amoebiasis >8 million 49
Chagas disease 1-2 million (based on 2% 

seroprevalence); 68,000 new 
cases annually

10

Malaria (P. vivax) 1.2 million 9
Hookworm 1 million 7
Dengue 27.2 cases/100,000 11
Leishmaniasis ND –

ND = not determined.
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by infected triatomine kissing bugs. In the acute stages, 
symptoms include fever, swollen glands, liver and spleen 
and, in acute cases, meningitis and heart enlargement, 
which can lead to death. Between 30 and 40 percent 
of cases develop into a chronic stage of the disease, 
which leads to cardiac complications and dilation of the 
esophagus and the intestine.16 Cardiac manifestations 
from chronic chagasic cardiomyopathy are especially 
debilitating and can lead to sudden death. Chagas disease 
is one of the most common parasitic diseases in Latin 
America occurring in poor rural areas and, increasingly, 
in many new urban and peri-urban areas especially where 
the quality of dwellings is poor and kissing bugs may 
flourish. There are approximately eight to nine million 
existing cases of the disease and approximately 50,000 
new cases annually, an incidence that is between five and 
ten times greater than malaria. Finally, Chagas disease 
causes an estimated 20,000 deaths in the region and its 
economic impact represents a significant percentage of 
the region’s external debt.1

Leishmaniasis is a vector-borne parasitic infection 
caused by the protozoa of the genus Leishmania and 
transmitted to humans by the bite of infected sandflies. 
There are two forms of the disease: cutaneous leish-
maniasis (ulcers at the site of the bite) and visceral 
leishmaniasis (where organs such as liver and spleen 
are affected and symptoms include fever, weight loss, 
grayish skin, swollen glands, anemia and loss of white 
blood cells). The cutaneous facial lesions are especially 
stigmatizing for women,17 whereas the visceral form can 
lead to death. Leishmaniasis is a common disease with 
60,000 new cases reported annually in Latin America, 
although the actual incidence is probably far higher. The 
most important determinants for the emergence of both 
new world zoonotic cutaneous leishmaniasis (ZCL) and 
zoonotic visceral leishmaniasis (ZVL) include poverty, 
urbanization, and human migration.17 In these impover-
ished urban and peri-urban settings, the cracked walls and 
damp earth floors, together with an absence of sanitation 
and inadequate garbage collection, create optimal sandfly 
breeding sites. The disease has become an important 
problem in densely settled slums and favelas where there 
is also close contact with infected canine reservoirs.18 
With the exception of Brazil, surveillance systems in 
Latin America have been limited in their capacity to as-
sess the true burden of ZVL.1

Burden and Distribution of Leishmaniasis and Chagas 
Disease in Mexico
Leishmaniasis and Chagas disease are two of the most 
frequently neglected diseases of poverty (Table 1). In 
the case of Chagas disease, the first cases were identified 
in Mexico in the 1930s19 but, since then, information on 
Chagas disease burden has been scarce and the importance 
of the disease has been largely ignored. Very few cases 
have been reported to the Ministry of Health of Mexico 
during the past 15 years, although there has been a large 
increase of cases reported in recent years (Figure 1A). 
This is mostly due to improvements in epidemiological 
surveillance and the decentralization of diagnostic ac-
tivities to regional laboratories. Nonetheless, Chagas 
disease remains grossly underreported, as evidenced by 
an increasing number of serologic surveys.10,16 Conserva-
tive estimates derived from national surveys indicate that 
about 1-2% of blood donors in the Mexican population are 
seropositive for T. cruzi,20,21 which would correspond to 
at least 1-2 million persons exposed to the parasite in the 
country, with about 70,000 new cases annually.22 However, 
several studies have identified much higher seroprevalence 
levels in specific regions, giving a national average of up 
to 5.9% of seropositivity,10 which would correspond to 
up to nearly 6.5 million infected patients. The southern 
states of Chiapas, Oaxaca, Puebla, Veracruz and Yucatan 
are among the most affected areas (where the prevalence 
may exceed 10%), although cases have been reported 
in most of the country.10,16 In fact, Mexico hosts one of 
the most diverse triatomine populations, with 39 species 
documented in the country, at least 21 of which have been 
found to be infected by T. cruzi, rendering them potential 
vectors of Chagas disease.10,24 The most important Chagas 
vectors belong to the phyllosoma and dimidiata species 
complexes within the Triatome phylum.23-25 Nonetheless, 
no national vector control program has been implemented 
to date for the prevention of Chagas disease in Mexico. 
However, blood donor screening is mandatory and cover-
age has been steadily increasing.21,26

Leishmaniasis was first reported in Mexico in the early 
20th century with Seidelin’s observations of what is referred 
to as the Chiclero’s ulcer on gum workers. For the past 
15 years, leishmaniasis case reporting by the Ministry of 
Health of Mexico has been steady, with an average notifi-
cation of slightly over 900 cases/year (Figure 1B), due to 
somewhat better epidemiological surveillance. However, 
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underreporting of cases is also very likely and there may 
be up to several thousand cases/year. Similar to Chagas dis-
ease, leishmaniasis is mostly present in the southern states 
of Mexico, although it appears to be much more clustered 
around limited foci of infection. The state of Tabasco hosts 
the most active transmission cluster, and other foci have 
been described in Veracruz, Oaxaca, Chiapas, Campeche, 
Quintana Roo, and Nayarit. The entire spectrum of disease 
has been observed in Mexico, ranging from localized cuta-
neous leishmaniasis27 to mucosal and diffuse leishmaniasis28 
as well as visceral leishmaniasis.29 Leishmania (Leishmania) 
mexicana is the most frequent causing cutaneous and diffuse 
cutaneous disease, followed by L. (Viannia) braziliensis, and 
cases of visceral leishmaniasis presumably by L. infantum 
chagasi (L. donovani complex) were also reported.29-32 
Studies of sand flies species in Mexico, particularly species 
responsible for the transmission of leishmaniasis, showed 
that Lutzomyia olmeca olmeca is the principal vector of 
Leishmania mexicana in the southern states of Mexico.33 
More recently, other sand fly species in addition to Lu. ol-
meca have been incriminated as vector for L. mexicana in 
the Yucatan state including Lu. ylephiletor, Lu. shannoni, 
Lu. cruciata, and Lu. panamensis.34 The presence of two 
potential vectors,  Lu. longipalpis and Lu. evansi, for the 
transmission of visceral leishmaniasis in the state of Chiapas 
were reported.35

Figure 1. Reported cases of Chagas disease (A) and leishmaniasis (B) in Mexico (1995-2009). 
Data from CENAVECE, Secretaría de Salud. Informes de Morbilidad 2010.49

Approaches for the Development of New Control Tools 
against Neglected Tropical Diseases
In 2001, the World Health Organization Commission on 
Macroeconomics and Health reported that it is essential 
to invest in health to be able to achieve poverty reduc-
tion and promote economic development in middle- to 
low-income countries.36 Partnerships with high-income 
countries were identified as essential to advance health 
innovations such as the development of new products 
(vaccines, drugs, diagnostics and devices), new processes 
(novel ways to produce or administer health products or 
services) and new health policies and strategies. Since 
then, such efforts have been primarily spearheaded by 
so-called product development partnerships (PDPs). PDPs 
are nonprofit organizations that use industry practices for 
product development, control and quality assurance. The 
model used by these PDPs consists of applying strategies 
to bridge the development and innovation gaps. Through 
the establishment of links between the public and private 
sectors and encouraging the endemic countries to play a 
role, PDPs have achieved the advancement of knowledge 
and learning while improving best practices and reducing 
the costs of advancing a specific technology.37,38 

One PDP in particular called “Sabin Vaccine Develop-
ment” (a major program of the Sabin Vaccine Institute39), 
was established specifically to address the development of 
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vaccines against NTDs such as hookworm, schistosomiasis 
and others.13,15 In the last decade it has built a sustainable 
infrastructure and capacity for research, development, and 
scale-up of vaccine candidates, operating primarily with 
laboratories based in an academic institution.13,15,40 Sabin 
Vaccine Development learned how to cross the so-called 
“valley of death” between initial discovery and pilot 
manufacture and clinical testing, and created processes and 
procedures needed to advance a vaccine target from the 
laboratory scale to mid-scale manufacturing and transfer 
the information to large-scale manufacturing facilities. 
The success of Sabin Vaccine Development has been 
achieved through its strong collaborations and partnerships 
established between academic institutions in the U.S. and 
public entities in innovative development countries such 
as Brazil (i.e., public sector vaccine manufacturers).13,15,40 
Sabin Vaccine Development is now well poised to use 
a similar approach and establish links with public and 
academic entities in Mexico for the development of new 
control tools against Chagas disease and leishmaniasis.

Current Biotechnology and Research and Development 
Capabilities in Mexico
Mexico is one of the top 25 countries in the world ranked 
to have innovative efficiency as measured by the number 
of U.S. patents per GDP/capita (gross domestic product/
capita).38 In addition, a study conducted by the Global 
Forum for Health Research in 2007 noted that in 2005 
Mexico’s 12 National Institutes for Health spent approxi-
mately US $585,981,972 for health research for national 
needs.41 For these reasons, Mexico, together with nations 
such as Brazil, India, and China, belongs to a group of 
designated “innovative developing countries” (IDCs) 
referring to nations that are modest economic perform-
ers but have overachieved in terms of their research and 
development capabilities as evidenced by their number 
of papers in international scientific journals and patents.38 
As noted by the Commission for the Future of Vaccines 
in Latin America (COFVAL),42 we believe that Mexico 
has all of the necessary tools ready for the advancement 
of public-private collaborations in the areas of research, 
development and manufacturing.

Furthermore, Mexico has approximately 98 institutions 
dedicated to various aspects of biotechnological research 
and development (R&D)43,44 and according to the Mexican 
National System of Investigators (SNI), between 1995 and 

2005, the number of researchers registered in the areas of 
1) biology and chemistry, 2) medicine and health sciences 
and 3) biotechnology and agricultural sciences nearly 
doubled.43 Presently there are more that 1,250 investigators 
dedicated to biotechnology R&D alone. Finally, the level 
and quality of publications also have increased notably 
in the last decade in Mexico. Publications in the area of 
microbiology are cited 39% higher than the world average, 
and plant and animal science publications are cited 42% 
higher than average.43,44 These indicators certainly provide 
evidence of the growing scientific and R&D capability 
in Mexico.

Strengthening Vaccine Development Capacity for NTDs 
in Mexico
Governmental scientific centers and universities continue 
to concentrate their efforts on biotechnological research 
and the training and development of a new cadre of young 
investigators.44 Most of the financial support for these 
institutions comes from entities such as the National 
Council for Science and Technology (CONACyT). There 
is, in addition, a small number of private initiatives such 
as the Carlos Slim Health Institute whose main mission 
is to enhance and augment biotechnological production 
in Mexico.

The Carlos Slim Health Institute was created in 2007 
for the development and funding of programs aimed at 
contributing to the solutions for the main public health 
problems in Latin America and the Caribbean, guided by 
a spirit of innovation and with a clear concern for the most 
underserved populations.

Through its programs, the Institute works to meet the 
demand for services by helping National and State Health 
Departments in the creation of primary health care units. 
The Institute also facilitates access to health resources 
via communication technology. Through leading-edge 
educational communication activities it encourages indi-
viduals and populations to participate in maintaining their 
own health. Finally, the Institute provides support to other 
nonprofit organizations that promote the well-being of the 
population by encouraging them to favor their own physi-
cal health and to maintain healthy households as well as 
natural community environments.45

One of the methods implemented by the Carlos Slim 
Health Institute in order to achieve its goals is to establish 
alliances with strategic partners such as academic institu-
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tions and industry, with the aim of sharing economic and 
scientific risks for the development of social patents and 
public goods for the benefit of the wider population. 

Future Perspective 
Guided by its mission together with recommendations 
made by COFVAL, the Carlos Slim Health Institute 
launched “The Slim Initiative for Antipoverty Vaccine 
Development.” This new initiative will promote the 
establishment of a biotechnology consortium, which 
will include several institutions in Mexico such as the 
Carlos Slim Health Institute, the Autonomous University 
of Yucatan and its Regional Research Center “Dr. Hideyo 
Noguchi,” the Center for Research and Advanced Studies 
(CINVESTAV) and Biologics and Reagents Laboratories 
of Mexico (BIRMEX) and in the U.S. including the U.S. 
National Institute of Allergy and Infectious Diseases of 
the National Institutes of Health, the George Washington 
University, and Sabin Vaccine Development. Through the 
establishment of a product development public-private 
partnership, an initial focus will be on accelerating the 
development of new vaccines against Chagas disease and 
leishmaniasis. Ultimately, the goal will be to strengthen 
the capacity to translate scientific research into the 
development, manufacture and future distribution of 
biologics against NTDs through technology transfer 
to the Mexican institutions mentioned above. This will 
allow for the future production of vaccines on a large 
scale, which will benefit impoverished communities of 
Mexico and Latin America.

This new partnership proposes to enhance and 
strengthen capacity for translating bench discovery into 
development by employing an innovative system for 
antigen selection and pre-clinical evaluation. Sabin Vac-
cine Development has developed a scoring system that 
incorporates essential criteria for the rigorous selection 
of vaccine candidate antigens that show promise of being 
highly efficacious.46,47 For instance, the selection of vac-
cine candidates suitable for the development of a human 
hookworm vaccine included evaluation of candidates using 
animal models to determine specific endpoints such as 
blood loss, worm burdens and fecal egg counts. In addition, 
to aid in the analysis of the results obtained from the chal-
lenge animal models, molecules were evaluated based on 
their immunoepidemiological profile and whether targets 
were of known function/structure of protein.46

After targets are ranked and selected, early-stage 
process development will initiate to determine the type 
of vaccine expression systems that would be feasible and 
that ultimately would indicate the type of manufactur-
ing process needed for mid- to large-scale production. 
These could include development of DNA as well as 
recombinant protein-based vaccine. Vaccine candidates 
will be assessed at the 10 liter fermentation scale, purified 
using low-cost resins and materials and then technology 
transferred to biotechnology partners in Mexico with the 
future goal to manufacture a final pilot lot. Ultimately, all 
of these processes would lead into entering the regula-
tory path for GMP manufacture, toxicology testing and 
clinical testing. A schematic of the proposed stages of 
a product development pipeline for the Slim Initiative 
for Antipoverty Vaccine Development is presented in 
Figure 2.

Influencing Vaccine Development Innovation in Mexico 
In order for this new initiative to be successful and to 
establish a sustainable model for the development of 
vaccines for other diseases of poverty in Mexico and 
Central America, a different approach will be neces-
sary (Table 3).

The model to be utilized by the Slim Initiative for 
Antipoverty Vaccine Development will be based on com-
bining the expertise of industry-experienced researchers 
with knowledge of biotechnology and pharmaceutical 
procedures and practices and with traditional scientists 
from the academic and nonprofit sector. Continuous 
communications, transparency and a series of criteria for 
organizational innovation need to be applied among these 
alliances, and the collaborating scientists must embrace 
an attitude of persistence and creativity. 

Furthermore, these collaborations will also focus on 
advancing vaccines specifically needed by the region. This 
will require that the technology and processes developed 
are affordable and easily transferable. This will also create 
incentives for local manufacturers through the partnership 
such as the feasibility of local governmental subsidies, tax 
credits or fast track regulatory processes. For example, we 
envision that if the diseases addressed by the initiative 
meet a significant unmet regional medical need, WHO 
would potentially allow submission of a regulatory file 
to its prequalification system as was done for the vaccine 
against pneumoccocus.48
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Table 3. Critical factors needed to enhance vaccine development innovation in Mexico

Factor Approach Impact

Research and develop-
ment environment

Combine expertise of industry-experienced resear-
chers with traditional scientists from the academic and 
nonprofit sector

Strengthening of workforce and human resources

Entrepreneurship Address diseases with high unmet medical needs in 
the region

Stimulate research and development and increase IP 
and publications

Culture of innovation Ensure constant communications, transparency and 
persistence and creativity by the collaborating scien-
tists.

Strengthening of technology transfer

Figure 2. Stages of a product development pipeline for the Slim Initiative for Antipoverty Vaccine Development.
Adapted from Reference 12.

Finally, many studies have validated the concept of us-
ing vaccines for both protection and therapy against these 
protozoan parasites in a variety of animal models. The 
challenge now will be to translate what has been achieved 
in these models into human vaccines of comparable ef-
ficacy. Also, genome-mining and new antigen discovery 
strategies may provide new tools for a more rational search 
of novel vaccine candidates. 
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