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ABSTRACT

Background and objective: the self-styled population of Marajoara is vulnerable due to
the neglect of basic services governed by the constitution, such as basic sanitation, health
and education. Therefore, the search and mapping of epidemiological data are necessary
in order to have a real dimension of how certain diseases behave in the region. Therefore,
this study aimed to analyze the space-time distribution of neglected tropical diseases and
their relationship with socio-environmental indicators in the Marajé Archipelago, Pard,
Amazon. Methods: this is a descriptive and ecological study, with a time series, with a
quantitative approach, which assessed the incidence rate of neglected tropical diseases in
the 16 municipalities that make up Marajé from 2007 to 2016. Analyzes of socioeconomic
and population data were carried out, extracted from the Federation of the Industries of
the State of Rio de Janeiro (FIRJAN System) and the Brazilian Institute of Geography
and Statistics. Results: according to the survey, American cutaneous leishmaniasis,
dengue and tuberculosis were the most reported diseases in total. All municipalities had
at least one disease in the period. The spatial distribution of the numbers of cases of
tropical diseases in all the municipalities that make up the Archipelago between 2007 and
2016 was carried out. Conclusion: the anthropization of the environment has favored the



proliferation of vector agents and, consequently, the incidence of diseases related to
inadequate basic sanitation, whose configuration is the result of a disorganized
urbanization process and historically exclusive development, with a lack of investment,
making this damage even more dramatic for the population.
Keywords: Neglected Diseases. Basic Sanitation. Dengue.

RESUMO

Justificativa e objetivo: a populagédo autodenominada de marajoara encontra-se em
vulnerabilidade devido as negligéncias de servigos basicos regidos na constituicdo, como
saneamento bésico, salde e educacdo. Logo, a busca e o mapeamento de dados
epidemioldgicos sdo necessarios para que se tenha uma dimensdo real de como se
comportam determinados agravos na regido. Diante disso, 0 estudo objetivou analisar a
distribuicdo espaco-temporal das doencas tropicais negligenciadas e sua relacdo com
indicadores socioambientais no Arquipélago do Marajo, Pard, Amazonia. Métodos: este
estudo € do tipo descritivo e ecoldgico, de série temporal, com abordagem gquantitativa,
que avaliou a taxa de incidéncia das doencas tropicais negligenciadas nos 16 municipios
que compdem o Marajo no periodo de 2007 a 2016. Foram realizadas analises de dados
socioecondmicos e populacionais extraidos da Federacdo das Industrias do Estado do Rio
de Janeiro (Sistema FIRJAN) e do Instituto Brasileiro de Geografia e Estatistica.
Resultados: de acordo com o levantamento, a leishmaniose tegumentar americana, a
dengue e a tuberculose foram os agravos de maior notificacdo no total. Todos os
municipios apresentaram, a0 menos, uma doenca no periodo. Realizou-se a distribui¢do
espacial dos numeros de casos de doencas tropicais em todos 0os municipios que compdem
0 Arquipélago entre 2007 e 2016. Conclusdo: a antropizagdo do ambiente vem
favorecendo a proliferacdo de agentes vetoriais e, consequentemente, a incidéncia de
doencas relacionadas ao saneamento basico inadequado, cuja configuracdo € fruto de um
processo de urbanizacdo desordenado e desenvolvimento historicamente excludente, com
auséncia de investimentos, tornando esse prejuizo ainda mais dramatico para a populag&o.
Descritores: Doencas Negligenciadas. Saneamento Basico. Dengue.

RESUMEN

Justificacion y objetivo: la poblacidon autodenominada marajoara es vulnerable debido a
la desatencion de los servicios basicos regulados en la constitucién, como saneamiento
béasico, salud y educacién. Por lo tanto, la blsqueda y el mapeo de datos epidemiol6gicos
son necesarios para tener una dimension real de codmo se comportan ciertas enfermedades
en la region. Por lo tanto, el estudio tuvo como objetivo analizar la distribucion espacio-
temporal de las enfermedades tropicales desatendidas y su relacion con los indicadores
socioambientales en el Archipiélago de Marajo, en el estado de Para, Amazonas.
Meétodos: se trata de un estudio descriptivo y ecoldgico, con serie temporal, con enfoque
cuantitativo, que evaluo la tasa de incidencia de las enfermedades tropicales desatendidas
en los 16 municipios que componen el Marajo de 2007 a 2016. Se realizaron analisis de
datos socioecondémicos y poblacionales extraidos de la Federacion de Industrias del
Estado de Rio de Janeiro (Sistema FIRJAN) y del Instituto Brasilefio de Geografia y
Estadistica. Resultados: segun la encuesta, la leishmaniasis cutanea americana, el dengue
y la tuberculosis fueron las enfermedades mas notificadas en total. Todos los municipios
presentaron al menos una enfermedad en el periodo. La distribucion espacial de las cifras
de casos de enfermedades tropicales en todos los municipios que conforman el
Archipiélago se realizo entre 2007 y 2016. Conclusion: la antropizacion del medio
ambiente viene favoreciendo la proliferacion de agentes vectores y, consecuentemente, la



incidencia de enfermedades relacionadas con saneamiento basico inadecuado, cuya
configuracién es fruto de un proceso de urbanizacion desordenado y desarrollo
historicamente excluyente, con ausencia de inversiones, lo que hace ain mas dramatica
esta pérdida para la poblacion.

Palabras clave: Enfermedades Desatendidas. Saneamiento Basico. Dengue.

INTRODUCTION

Neglected tropical diseases (NTDs) are morbidities that affect an economically
poor population, lacking basic health services and living in precarious sanitation
conditions.! In Latin America, Brazil represents the highest rates of occurrence of NTDs,
with the Amazon being the Brazilian epicenter of important epidemiological findings for
a variety of pathogenic agents.?

The health and disease situation in the Amazon is conditioned both to changes in
the socioeconomic scenario and to the geographic reality, since the difficult access in
some municipalities becomes a justification for the lack of investments and the absence
of public management policies in the region.® Interest in the Amazon territory comes from
a historical context, and from the 1960s onwards, it became more intense, under the
argument of providing technological advancement for the place, accelerated population
growth, the result of the intense migratory process related to favorable economic
prospects in the Amazon.*

This in turn presents populous urban centers at the same time that there are small
isolated cities with unfavorable living conditions and socioeconomic and health
indicators, such as the Marajo Archipelago.® Due to geopolitical aspects, Marajo is not
included in the state’s large enterprises because it is far from the road axes that cross the
Amazon, making even more economic and infrastructure investments unfeasible.®> For
this, space-time analysis in the peri-urban study in the Amazon is essential to understand
the spatial dynamics, as the region brings together unequal and differentiated spatial
times.®

Formerly called the “Geographical Mesoregion of Marajé”, the Archipelago is a
region formed by sixteen municipalities, with a rate equivalent to about 6% of the
population of Para, with growth similar to the rest of the state, although it has one of the
lowest demographic densities in the country.®

These municipalities are characteristic for presenting precarious socioeconomic

conditions, with Municipal Human Development Indexes (MHDI) lower than the national



average, since in the ranking of the 100 municipalities with the highest degree of social
exclusion, 19 are in the state of Par4, eight of which are in Marajo.’

With regard to public policies, the self-styled population of Marajoara are
vulnerable due to the neglect of basic services governed by the constitution, such as basic
sanitation, health and education.” In the context, the search and mapping of
epidemiological data are necessary in order to have a real dimension of how certain
diseases behave. That said, this study aimed to analyze the space-time distribution of
NTDs and their relationship with socio-environmental indicators in the Marajd

Archipelago, in the state of Pard, Amazon.

METHODS
Study design

This is a descriptive and ecological study, with a time series with a quantitative
approach, which assessed the incidence rate of NTDs in the 16 municipalities that make
up the Marajé Archipelago, Pard, from 2007 to 2016. Evolution analyzes were carried out
on socioeconomic and population data, extracted from the Federation of Industries of the
State of Rio de Janeiro (FIRJAN System - Federacéo das Industrias do Estado do Rio de
Janeiro) and the Brazilian Institute of Geography and Statistics (IBGE - Instituto
Brasileiro de Geografia e Estatistica).

Study area

Marajé is made up of 16 municipalities, such as Afua, Anajas, Bagre, Breves,
Cachoeira do Arari (C. Arari), Chaves, Curralinho, Gurupa, Melgaco, Muana, Ponta de
Pedras (P. Pedras), Portel, Salvaterra, Santa Cruz do Arari (S.C.Arari), Sdo Sebastido da

Boa Vista (S.S.B.V.) and Soure, the capital, as shown in Figure 1.
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Figure 1. Geographic location of the municipalities in the Maraj6 Archipelago, Paré
Source: authors.

Breves is the most populous municipality in the region, with more than 100,000
inhabitants, followed by Portel, which had a population growth of 30% between 2007 and
2016, and Muana, with a population of over 40,000 inhabitants. Santa Cruz do Arari, in

turn, is the municipality with the smallest population (approximately 10,000 inhabitants).®

Study characterization

The NTD mapping data are of a secondary nature and were obtained by consulting
the Reporting Disease Information System (SINAN - Sistema de Informacdes de Agravos
de Notificacdo) database, made available by the Unified Health System Department of
Informatics (DATASUS - Departamento de Informatica do Sistema Unico de Satde) at
the electronic address: http://www.datasus.gov.br. The diseases raised for this study were
visceral leishmaniasis (VL), American cutaneous leishmaniasis (ACL), dengue,
tuberculosis (TB) and Chagas disease (CD).

The FIRJAN Municipal Development Index (IFDM - indice FIRJAN de
Desenvolvimento Municipal) was used to analyze the municipalities’ socioeconomic
evolution in the study area. The IFDM assimilates data on employment, income, health

and education as a metric for municipal development. Its index ranges from 0 to 1, divided



into four development categories: low (from 0 to 0.4); fair (from 0.4 to 0.6); moderate
(from 0.6 to 0.8); and high (from 0.8 to 1).°

All extracted data were used in Excel to create tables and graphs, and to carry out
the mapping, free software QGis 2.18 was used. From the intensity of the colors
presented, it was possible to analyze the spatial distribution of the reported disease with
the number of cases in each municipality. The darker the color, the greater the number of
cases reported in this location.

RESULTS
FIRJAN Municipal Development Index

In Table 1, it is possible to observe that 9 municipalities, such as Afua, Bagre,
Breves, Cachoeira do Arari, Melgaco, Muana, Ponta de Pedras, Santa Cruz do Arari and
Sdo Sebastido da Boa Vista, showed low development until around 2008/2009. From
2009 onwards, they moved to regular development IFDM, just as Chaves, Curralinho,
Gurupa, Portel, Anajas and Salvaterra underwent this transition from 2011. Soure has,
since 2008, presented growth in the IFDM from 0.4 to 0.5, being classified as regular

development.

Table 1. IFDM of Marajé Archipelago municipalities, Para, between 2007 and 2016

Municipali Period (years)
ties

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Afud 035 038 039 041 044 047 049 048 046 045
Anajas * % * 039 046 046 045 044 044 *
Bagre 039 037 043 034 036 038 039 04 042 049
Breves 043 042 044 047 05 051 05 046 047 046

C. Arari 038 036 039 044 044 047 047 046 043 047
Chaves 041 036 042 039 043 044 047 052 048 0.56
Curralinho 039 * 04 042 041 044 ~* 042 041 046
Gurupa 029 039 04 039 042 043 04 039 044 049
Melgaco 028 036 035 042 042 044 043 049 044 049

Muana 033 036 039 04 04 04 042 037 047 048
P. Pedras 034 038 043 042 043 047 046 047 047 05
Portel 041 041 043 041 04 041 037 05 049 052

Salvaterra 04 036 037 038 04 043 047 047 05 051
S.C.Arari 034 * * 036 039 041 045 043 045 054
S.S.B.v. 03 035 039 04 * 042 046 047 051 0.53
Soure 038 041 044 048 049 052 054 051 05 054




*data not available.

Basic sanitation

As for the water supply system, there is great disparity between the study sample,
with emphasis on the capital Soure, which has the greatest hydrographic network
coverage (Table 2). It is also possible to observe that only Afua, Anajas, Breves,
Cachoeira do Arari, Ponta de Pedras, Salvaterra and Soure present complete data for the

period, leaving gaps in the information provided by the competent bodies.

Table 2. Percentage of water supply service provision in the Marajo Archipelago, Para, between 2007 and
2016

Period (years)

Municipalities 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Afua 15.8% 15.7% 15.7% 14.9% 13.1% 12.9% 12.0% 12.6% 12.4% 12.4%
Anajas 53% 51% 59% 6.6% 63% 6.6% 64% 73% 72% 6.5%
Breves 32.6% 31.7% 30.6% 33.5% 26.8% 27.2% 26.7% 26.5% 26.2% 26.0%
C. Arari 18.5% 18.7% 19.4% 18.7% 15.0% 14.2% 12.1% 11.8% 11.6% 11.9%
P. Pedras 35.0% 35.3% 35.6% 36.1% 29.1% 29.8% 31.6% 32.3% 31.7% 31.2%
Portel 73% 72% 75% 34% 26% 3.0% 3.0% 32% 31% 29%
Salvaterra 26.8% 27.2% 29.1% 27.2% 21.0% 21.5% 19.5% 23.5% 24.3% 14.4%
Soure 65.4% 72.0% 80.8% 82.4% 71.0% 74.7% 752% 75.0% 76.3% 77.8%
S. C. Arari 44.70% 45.4% 49.2% 39.5% 73.9% 76.8% * 457% 44.6% 64.5%
Bagre 36.3% 37.9% 48.3% 45.2% 50.0% 30.8% * * * *
Curralinho & * a3 * * 335% 38.2% 41.1% 49.1% *
Melgaco * < * * * * 13.8% 13.8% 15.4% 18.7%
Muana * 58.3% 63.1% 51.0% * * * * * *
Gurupa N * * 36.9% * 31.6% 30.8% * * *
S.S.B. V. * * * 23.7% * * * * * 5.9%
Chaves * * * * * * * 11.3% * *

*data not available.

Regarding Marajé’s sewage services, this presents an even more aggravating
situation when compared to the deficient water supply, since only Santa Cruz do Arari

and Chaves have data available for this service, referring to 2014 and 2015.

Spatial distribution of neglected tropical diseases in the Marajoé Archipelago
According to the survey, ACL, dengue and TB were the most reported diseases in

total. All municipalities had at least one NTD in the period. Figure 2 shows the spatial



distribution of the numbers of cases of tropical diseases in all the municipalities that make

up the Maraj6 Archipelago, between 2007 and 2016.
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Figure 2. Spatial distribution of the number of cases of: a) visceral leishmaniasis; and b) American
cutaneous leishmaniasis in Marajé Archipelago municipalities, Para, between 2007 and 2016

It is noted that, although Salvaterra was the municipality with the highest record
for VL, neighboring municipalities also have a discreet record, with this endemic having
a lower incidence. ACL was the second most reported disease throughout the Marajoara
territory, with records in 13 of the 16 municipalities, with emphasis on Portel and Bagre.
Only Chaves, Ponta de Pedras and Santa Cruz do Arari did not present any cases.

With regard to dengue, TB and CD, illustrated in Figure 3, it is possible to observe
that the municipalities with the highest number of reported dengue cases (Figure 3a) are
not neighboring municipalities, namely Breves, Ponta de Pedras, Portel and Soure. In

total, it was the most reported disease with records in 12 municipalities.
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Figure 3. Spatial distribution of the number of cases: a) dengue; b) tuberculosis; and ¢) Chagas disease in
Marajo Archipelago municipalities, Para, between 2007 and 2016

In Figure 3b, it is possible to observe that TB was present in all locations, in
addition to being third in number of cases, with emphasis on Breves, Portel and Soure.
Chaves and Santa Cruz do Arari were the only municipalities that presented data only for
TB. Despite many confirmed cases of CD, the highest numbers were in Breves and

Gurupa (Figure 3c).

DISCUSSION

It was possible to verify that, throughout the Marajoara territory, ACL was the
second most reported disease, present in 13 of the 16 municipalities, with emphasis on
Portel and Bagre. In total, dengue was the most reported with records in 12 municipalities,
with a high rate in Breves, Ponta de Pedras, Portel and Soure.

Breves is considered an important Marajoara city, whose economic base for a long
time was focused on the extraction of natural resources, such as wood, agai (fruit) and
heart of palm exploitation.'° Currently, the municipality concentrates a consolidated trade
and with service offer in the most diverse areas, in addition to hosting various public
bodies.* The municipality has low population growth due, in part, to the evasion of many
families to other locations, due to the search for alternatives for better living conditions,
a consequence of the closure of many logging companies that impacted the local
dynamics and economy.!!

In Table 1, Anajas is presented as the municipality with the worst socioeconomic
indices, considering that in some years (2007, 2008, 2009 and 2016) data were not
available, making a deeper analysis impossible. Breves and Soure are the municipalities
with the highest IFDM in this region, however, far from ideal. The IFDM was created
with the aim of understanding and monitoring the level of human development of

municipalities in socioeconomic aspects over the vyears.*? In general, Marajo



Archipelago’s IDHM has shown a slight evolution in terms of its classification in most
municipalities.

The low IFDM in Breves is related to the decay of logging activities, although the
activity may be linked to social segregation in the municipality.'® However, the low index
both in Breves and the other municipalities may be associated with the absence of public
policies and investments in infrastructure. *

Despite not presenting data for the entire analyzed period, in Table 2, it is possible
to observe that Santa Cruz do Arari, Bagre, Curralinho and Muanahave hydrographic
network coverage in more than 40% of households; despite having deficit, it is still one
of the largest in the region. Cachoeira do Arari, Melgaco and Chaves do not reach 20%
of homes.

In municipalities such as Anajas, Cachoeira do Arari, Salvaterra and Portel, the
access network is less than 40%, which highlights worrying rates.*® Of these, only the
capital Soure exceeds the coverage of the service by 60%, however below 85%, foreseen
by the country’s basic sanitation companies.

As for the sewage service, it was found that only the municipality of Santa Cruz
do Arari, between 2014 and 2015, and the municipality of Chaves, in 2014, provided data
on coverage. The North region has the worst sanitary percentages in Brazil, as only
14.36% of sewage is treated, with a total service rate of only 7.88%.1

These data affect the IFDM calculation in the Marajoara region, since not even
50% of the population is contemplated with the provision of these services, and priority
must be given to the universalization of sanitation so that IFDM evolution actually occurs.
Basic sanitation services are essential to ensure a better quality of life for the population,
being essential for health care and maintenance*

Non-availability of data warns about a worrying reality for the Marajoaras,
inferring that the population’s basic rights are being neglected not only due to low supply,
but also due to the lack of information or the service itself, an act that violates human
dignity. Investments in health in the Amazon region were deficient, resulting in a
neglected population, especially rural/riverside populations, a situation that has not
improved significantly over time and remains similar in 2019.3

As can be seen in Figures 2 and 3, the spatial distribution of NTDs in the
municipalities of Marajo reveals that, from 2007 to 2016, the number of cases of VL,
ACL, dengue, TB and CD is not consistent with the region’s socioeconomic data. It was

expected that these diseases would present more alarming data, since the region in



question does not have adequate sanitary conditions or IFDM, which opens the door to a
discussion about underreporting or the lack of medical assistance to the resident
population.

Figure 2 a and b shows the distribution of leishmaniasis caused by protozoa of the
genus Leishmania. These are endemic diseases in the Amazon, where anthropic actions
directly compromise environmental spaces.!’” Researching ATL in Marajo, studies
identified that Portel, Anajas and S&o Sebastido da Boa Vista have high rates of the
disease, compatible with those found in the present study. 8

All highlighted diseases are considered serious public health problems compatible
with precarious sanitation conditions and difficult access to health services.! With the
exception of TB, the others are of a vector nature, with a direct correlation to
environmental impacts, especially deforestation and fires, with loss of habitat for species
that until then lived isolated from urban and peri-urban areas.'®

Figure 3a shows the distribution of dengue in Marajoara municipalities. Dengue
is a viral infectious disease transmitted by the Aedes aegypti mosquito that spreads rapidly
worldwide, with morbidity and mortality.'®° The dengue index is higher in municipalities
with low socioeconomic indicators, whose lack of registration in Afua, Cachoeira do
Arari, Curralinho, Gurupa, Melgaco and Santa Cruz do Arari culminated in divergences
with exposed data. 2

TB in Figure 3b was the only disease reported in all Marajoara municipalities. TB
is an infectious and contagious disease of important epidemiology in Amazonian capitals
such as Belém and Manaus, with high coefficients associated with socioeconomic
vulnerability issues, among other factors.?

Despite several municipalities reporting the disease, CD (Figure 3c) had a
relatively low number of cases. CD is an anthropozoonosis caused by the parasite
Trypanosoma cruzi and transmitted by the vector Triatoma brasiliensis, popularly known
as kissing bug. Its contamination can be acquired through blood transfusion, organ
transplantation and orally and vertically.??

The consumption of acai (Euterpa oleracea) in natura is a cultural factor in the
region that is related as a means of contamination for CD, considering that most of the
so-called “acai beaters” do not use the bleaching technique, a practice that prevents
contamination, for pulp production.® Another preponderant factor would be the material
with which many houses are still built in the region, with the use of clay and wood, which

facilitates vector installation in these constructions.?



Breves, Portel and Soure were the municipalities that had the most reports
regarding at least two of the five identified tropical diseases. Breve stood out for dengue,
TB and CD; Portel stood out for ACL, dengue and TB; and Soure stood out for dengue
and TB. Breves and Portel are municipalities that have similar socioeconomic aspects,
since both had logging as their main economic activity, which, for a long time, was the
economic base that led to changes in environmental, socioeconomic and territorial
aspects.t3

This epidemiological reality in the Marajo Archipelago is due, mainly when
talking about the rates of ACL, TB and dengue, to the fact that, historically, the diseases
considered endemic for the Amazon region are linked to conditions and life behavior of
this region.’82%2L The anthropization of the environment resulted in these changes,
favoring the proliferation of vector agents and, consequently, the incidence of diseases
related to inadequate basic sanitation, whose configuration is the result of a disorganized
urbanization process and historically exclusive development.?®

The Marajo Archipelago is geographically positioned in an area where difficult
access to some of its municipalities is used as a justification for the lack of investment,
making this damage even more dramatic for the population.> The socioeconomic
dynamics in the cities of Maraj6 has peculiar characteristics. Studying the cities and the
way this dynamic take place is essential for understanding the spatial distribution of

diseases in the Amazonian context.?
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