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Mapping and modelling neglected tropical diseases and poverty
in Latin America and the Caribbean
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Abstract. The prospects and opportunities for application of risk mapping and modelling of the neglected tropical diseases
(NTDs) in Latin America are examined with the aim to broaden the interest in geospatial research there. Special reference
is made to the potential use of geospatial tools in health planning and implementation of national disease control pro-

grammes.
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Geospatial technologies and neglected tropical dis-
eases (NTDs)

The wider use of geographical information systems
(GIS) and remote sensing became possible by the con-
vergence of computer technology, Earth sciences and
spatial statistics. The new vision was symbolized by
the first Landsat satellite launched in 1972; its near 1
km?2 resolution being a tantalizing harbinger of great
things to come. Although access to these pictures was
originally limited by high cost, one young student real-
ized the possibilities on offer. Dr Barnett Cline pub-
lished his idea over 40 years ago (Cline, 1970), fol-
lowed later by an invited retrospect for the first issue
of Geospatial Health (Cline, 2006). However, papers
relying on satellite-based datasets did not begin to pick
up until the 1980s when health-related research papers
started to appear more regularly, partly explained by
the reduced cost of remote sensing datasets. Today,
however, GIS, remote sensing and global positioning
systems (GPS) are well-known tools of the trade and
few scientists working in the epidemiological field can
manage without them.

Geospatial Health was first published six years ago
as a forum for articles on health based on GIS and
data capture from Earth-observing satellites. However,
the intention was to also become a source of vital
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information on the availability and use of the above-
mentioned technologies in medical and veterinary
medicine, to promote geospatial monitoring tech-
niques, to encourage studies of the potential impact of
climate change, and to reveal the spatial and climatic
parameters which determine the distribution limits of
communicable diseases at various scales. These goals
have largely been achieved (Utzinger at al., 2011) and
we are now engaged in promoting novel ideas such as
presentations in the form of mashups of video and
text, introduced this year as a section of the journal
under the banner of “vHealth” (visual health)
(Bergquist and Tanner, 2012). This format is available
in the online version of the journal (Krieger et al.,
2012; Maire et al., 2012; Winkler et al., 2012).
Translational research, made possible by the expand-
ing availability of medical mapping and modelling
tools from the geospatial sciences, has now evolved
from approaches requiring specialists in GIS and
remote sensing technology to a level where it has
become a normal part of health planning and imple-
mentation of national disease control programmes.
Malaria and schistosomiasis, for example, are both
environmentally sensitive, vector-borne diseases,
which provide striking examples of the steady progress
and increasing sophistication in the geospatial health
arena (Cross et al., 1984; Bavia et al., 1999; Craig et
al., 1999; Clements et al., 2006; Hay et al., 2009;
Thomson et al., 2010; Zhou et al., 2010). In 1995, the
NASA Ames Center for Health Applications of
Aerospace Related Technologies (CHAART) was
established by Byron Wood and Louisa Beck, who set
about promoting applications in health by way of in-
house research, a small-grants programme and widely
publicizing the medical potential of the new technolo-
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gies through symposia and workshops (Beck et al.,
2000; Wood et al., 2000). Promising results had
already been published on Rift Valley fever in Kenya
by Linthicum et al. (1990) and the relationship of try-
panosomiasis and its tsetse fly vectors to satellite
imagery by Rodgers and Randolph (1991). Under the
umbrella concept of “landscape epidemiology” initiat-
ed by Pavlovsky (1966), these early efforts were soon
joined by other researchers (Galuzo, 1975; Kitron,
1998; Koch et al., 2007; Estrada-Pena, 2009;
Anaruma Filho et al., 2010; Delgado-Petrocelli et al.,
2011).

Our own organisation, the Global Network for
Geospatial Health (www.gnosisGIS.org), was founded
12 years ago by a group of 10 scientists at a team res-
idency at the Rockefeller Foundation Study and
Conference Center in Bellagio, Italy. The proceedings
were published in a special issue of Acta Tropica
(Malone et al., 2001). The aim was to provide a vision
and a forum for use of GIS, satellite-derived data and
nationally funded digital databases on the environ-
ment produced by national and international agencies.
Many of the methods and tools advocated were just
emerging from the military sphere at the time and had
been promptly applied in studies on agriculture, geog-
raphy, Earth sciences and the environmental, but not
yet widely adopted in the health field.

In 2002, the U.S. National Academy of Sciences
published a report on the U.S. State Department’s con-
tribution to the Johannesburg World Summit on
Sustainable Development, “Down to Earth -
Geographic Information for Sustainable Development
in Africa” (NRC, 2002). It discussed early health -
related applications based on GIS and remote sensing,
including malaria and schistosomiasis in East Africa
and Egypt in the mid-1990s (Beck et al., 1994; Malone
et al., 1994, Kitron et al., 1996). In the Americas, the
Oswaldo Cruz Foundation (FIOCRUZ), the U.S. State
Department and the Inter-American Institute for
Global Change Research (www.iai.int) sponsored a
workshop in 2003 in Rio de Janeiro, Brazil
(Confaloneri and Marinho, 2005) that brought
together representatives from Ministries of Health,
academic researchers and remote sensing specialists to
review progress on infectious disease control with
emphasis on diseases endemic in the Americas and
build a consensus on developing geospatial health
capacity. Following this early work, rapid progress in
the geospatial sciences provided medical scientists
with better and less costly software, more widely
available access to open-access mapping and model-
ling data, new GIS training opportunities and

advanced spatial geostatistics. It is now commonplace
to hear research reports and symposia at national and
international meetings of medical societies referring to
effective use of these tools. Thus, geospatial method-
ologies have become an integral part of epidemiology.

This special issue of Geospatial Health focuses on
prospects and opportunities for application of geospa-
tial health tools to the neglected tropical diseases
(NTDs) in Latin America. The group of diseases con-
stitutes a set of not uniquely defined infectious dis-
eases. For example, the World Health Organization
(WHO) lists 17 diseases from Buruli ulcer to yaws
(http://www.who.int/neglected_diseases/diseases/en/),
while the Global Network for Neglected Tropical
Diseases highlights seven of the major infections of
90% of the world’s poorest billion people and Hotez
et al. (2009) mention 13 core NTDs in their seminal
viewpoint article in the Lancet. These “diseases of
poverty” afflict the world’s most vulnerable popula-
tions and together they have a greater impact on glob-
al health than malaria or HIV/AIDS (Hotez, 2011).
The NTDs dominate amongst poor people. Chagas,
hookworm and other soil-transmitted helminth (STH)
infections are the most important NTDs in the region
but cysticercosis, leishmaniasis, lymphatic filariasis
(LF), schistosomiasis and leprosy also play important
roles in the public health area. With the exception of
dengue, leprosy and leishmaniasis, the cause of these
infections are all helminths and most of them require
intermediate hosts or vectors to complete their life
cycles. Although there is no vaccine or available
chemotherapy for dengue fever and no safe and effec-
tive treatment against leishmaniasis, all other NTDs
can be prevented and eliminated through the adminis-
tration of inexpensive or donated medicines.

Various complexes of the NTDs exist in the differ-
ent sub-regions of Latin America and the Caribbean,
each with their own environmental ecology. The idea
behind the current special issue of Geospatial Health
is to broaden the interest in geospatial research per-
taining to these diseases in Latin America and the
Caribbean. We have previously published articles from
Brazil and a few other countries in this region, but this
time the geographical spectrum includes countries
from Argentina in the south to Mexico in the north.

Invited articles authored by Ault and Colston pro-
vide insight into the perspectives of the Pan American
Health Organization (PAHO) (Ault et al., 2012) and
the Inter-American Development Bank (Colston,
2012) on NTDs in the Americas. Foley et al. (2012)
and del Corral et al. (2012) add another perspective by
addressing the use of essential open-access databases
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via the Internet. Following these are specific articles
reporting on current studies on geospatial-related
health issues in Latin America. Most contributions are
based on oral presentations at the September 27-30,
2011 meeting of the Federation of Latin American
Parasitologists in Bogota and the following 3t
International Symposium on Geospatial Health, spon-
sored by GnosisGIS from September 30 to October 2,
2011 in Cartagena, Colombia. Several articles report-
ed here result from a recent study on modelling NTDs
and poverty in three countries in Latin America;
Brazil, Colombia and Bolivia that was funded by the
PAHO.

As pointed out by Mas-Coma et al. (1999), the epi-
demiological picture of fascioliasis has changed, and
human infections caused by Fasciola can no longer be
considered merely a secondary zoonotic aberration
but must be considered an important human parasitic
disease. Interestingly, a large number of papers in the
presentations at the meetings mentioned above were
focused on this disease, which is also reflected in this
special issue (Martins et al., 2012; Rinaldi et al., 2012;
Valencia-Lopez et al., 2012). In addition, Fasciola
infections figure prominently with regard to the role of
landscape ecology in the acceleration of environmental
and climate changes (Valencia-Lopez et al., 2012),
something also discussed with respect to malaria inci-
dence in Venezuela by Delgado-Petrocelli et al. (2012),
Chagas in Colombia (Mischler et al., 2012) and hook-
worm in Brazil (Mudenda et al., 2012).

In altogether different approach, a Mexican study
published in this special issue concludes that the
extrapolation of the metabolic syndrome (MetS)
prevalence based on the body mass index (BMI) in a
sample of the Mexican population reveals insights of
general interest (Murgia-Romero et al., 2012). These
authors show that 2.5% of all Mexicans suffer from
MetS, that the syndrome is particularly pronounced in
young people and that its geographical distribution is
concentrated in the south (Yucatan) and in the north
(Sonora State).

Schistosomiasis mansoni remains an important par-
asitic disease of man, endemic in large parts of sub-
Saharan Africa, the Middle East, South America and
the Caribbean. Two papers deal with this disease with
emphasis on the snail intermediate host in Brazil. Both
confirm that the presence of the snail is correlated to
the disease (Barboza et al., 2012; Scholte et al., 2012).
Of particular interest for the Brazilian distribution of
the disease is the presence of two compatible species:
Biomphalaria glabrata and B. straminea and that the
competitive selection makes B. glabrata dominate in

irrigation systems, while B. straminea is more com-
mon in natural water sources (Barboza et al., 2012).

In spite of the recent progress towards elimination of
leprosy as a public health threat (http://
www.who.int/lep/) the disease remains a public health
problem in many countries. In Brazil, the detection
rate of new cases is 18.2 per 100,000 inhabitants and
leprosy control is considered a priority in in many
states. A significant association of males with the
multi-bacillary form and neurological disability was
observed in the state of Sergipe, Brazil, a predisposi-
tion that may be due to a delay in diagnosis and treat-
ment (Teles de Olveira et al., 2012).

We have arrived at a threshold where integrated
continental scale disease surveillance and health man-
agement systems are beginning to be implemented for
diseases that are notorious for their low regard for
national boundaries. There will be a special role for
the geospatial health approach in control of these
trans-boundary diseases as the same systems can be
used for guiding the elimination of several “diseases of
poverty”. The article by Porcasi et al. (2012) in this
special issue describes a comprehensive system for
dengue control, currently implemented in Argentina,
that may serve as a model for adoption on a wider
scale. Mapping and modelling systems based on sound
climate and environmental data that can be accessed in
near-real-time to predict seasonal and inter-annual
variations within the defined “normal” distribution
range of a given disease agent. In the longer term, cli-
mate change models can be used to anticipate the
widely held view that climate change may challenge
control in the future. Particularly disturbing is the pre-
diction that such change may not be gradual, but more
precipitous and resistant to mitigation if recent con-
cepts of “tipping points” in climate change becomes a
reality (Lenton et al., 2008).

The membership of the Global Network for
Geospatial Health intends to be counted among the
advocates of the “landscape epidemiology” approach
to controlling NTDs and other diseases. We propose
that a mechanism is needed for guiding trans-bound-
ary research groups, training programmes and imple-
mentation teams for NTDs within the hemisphere. By
this special issue of Geospatial Health, we propose
to add a voice to earlier calls to action advocated at
the 2003 Rio de Janeiro conference of the Inter-
American Institute for Global Change Research and
now promoted by current PAHO policy. Much
progress has been made in research aimed at apply-
ing geospatial health solutions to disease problems
in the Western Hemisphere, but progress is not yet
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comprehensive as translational research is only
beginning to be applied in a practical way. Brazil’s
national information system for notifiable diseases
(SINAN) is a notable example of an open-source
national reportable disease surveillance system that
may be integrated with compatible systems in this
region to create trans-boundary disease surveillance
systems that can be used with census block data to
integrate socioeconomic drivers within dynamical

NTD models.
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