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Abstract

Objective: To identify spatial patterns in rates of admission for pneumonia among children and relate them
to the number of fires reported in the state of Mato Grosso, Brazil.

Methods: We conducted an ecological and exploratory study of data from the state of Mato Grosso for 2008
and 2009 on hospital admissions of children aged 0 to 4 years due to pneumonia and on fires in the same period.
Admission rates were calculated and choropleth maps were plotted for rates and for fire outbreaks, Moran’s I was
calculated and the kernel estimator used to identify “hotspots.” Data were analyzed using TerraView 3.3.1.

Results: Fifteen thousand six hundred eighty-nine children were hospitalized (range zero to 2,315), and there
were 161,785 fires (range 7 to 6,454). The average rate of admissions per 1,000 inhabitants was 2.89 (standard
deviation [SD] = 5.18) and the number of fires per 1,000 inhabitants was 152.81 (SD = 199.91). Moran’s I for
the overall number of admissions was I = 0.02 (p = 0.26), the index for rate of admission was I = 0.02 (p = 0.21)
and the index for the number of fires was I = 0.31 (p < 0.01). It proved possible to identify four municipalities
with elevated rates of admissions for pneumonia. It was also possible to identify two regions with high admission
densities. A clustering of fires was evident along what is known as the “arc of deforestation.”

Conclusions: This study identified municipalities in the state of Mato Grosso that require interventions to
reduce rates of admission due to pneumonia and the number fires.

J Pediatr (Rio J). 2012,;88(2):177-83: Pneumonia, geographic information system, fires, biomass burning,
ecological studies.

Introduction

Respiratory diseases are responsible for 10.6% of all Sistema Unico de Satde). In 2009, they were ranked second

deaths in Brazil. In 2008, this group of causes of death was
responsible for 5.6% of mortality among children less than
1 year old and 17.0% among 1 to 4-year-olds, occupying
third rank in both age groups.! Acute and chronic respiratory
diseases are also among the principal causes of hospital
admissions on the Brazilian National Health Service (SUS -

in terms of frequency and were responsible for 13.8% of
all admissions on the SUS.!

Environmental pollutants are a risk factor for hospital
admission due to respiratory diseases.2® The issue of
how relevant environmental determinants are to health
promotion and to prevention of morbidity is a discussion
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of fundamental importance in the literature. Exposure
to atmospheric pollution is recognized as an important
risk factor for hospital admissions of children due to
pneumonia.®® Internationally, the effects of atmospheric
pollution caused by forest burning has primarily been
analyzed in North America and in Asia.l0911 The Brazilian
state of Sdo Paulo has conducted studies into the
associations between atmospheric pollution, produced
by mobile sources and by sugar cane burning, and child
admission rates due to respiratory diseases.3:6:12 Both
the stationary sources and the large fleets of vehicles are
primarily located in the Southeast administrative region
of Brazil, whereas the burning of biomass is greatest in
terms both of extension and intensity in the group of states
known collectively as Amazoénia Legal. This region is in the
north of the country and is the site of more than 85% of
the burning that happens in Brazil during the dry season.
Since the start of the 1990s, the state of Mato Grosso has
been the site of the largest number of fire outbreaks and
has the greatest deforested area in Amazonia Legal.13

Health scenarios plotted using georeferencing techniques
combine socioeconomic, environmental and structural
healthcare data with the geographical component of
relationships of neighborhood between locations.

Areas of greater pneumonia risk have been identified
in the city of Goidnia using these techniques.'* Another
study of spatial distributions analyzed admissions due to
pneumonia among children under 12 months and identified
municipalities in the Vale do Paraiba Paulista as priorities
for intervention.1>

Child mortality from pneumonia has reduced over
recent decades, but the disease is still a significant cause
of admissions and deaths in developing countries.16

Information on how disease load varies geographically
provides a foundation for understanding the determinants
of the diseases involved and provides a clearer picture
on which healthcare resource allocation decisions can be
based, leading to better quality of life for the population
as a consequence.!?2 The objective of this study is to
identify spatial patterns in rates of hospital admissions
due to pneumonia in children and to correlate them with
fire outbreaks in the Brazilian state of Mato Grosso.

Methods

This was an exploratory and ecological study based on
data on admissions of children aged 0 to 4 years obtained
from the IT Department of SUS (DATASUS) and data on fire
outbreaks in the state of Mato Grosso for the period from
1st January 2008 to 31st December 2009.17

Data from DATASUS were summed for the whole 2-year
period in the same manner as the fire outbreaks and were
not broken down by season (rainy/dry). Population data
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were also acquired in order to calculate admission rates
per 1,000 inhabitants.

Aspreadsheet was constructed containing the population
data, number of admissions due to pneumonia and fire
outbreak data was imported into the public-access spatial
analysis program TerraView 3.3.1.18

The state of Mato Grosso is in Brazil's Mid-West
administrative region and is made up of 141 municipalities
distributed across an area of approximately 900 thousand
km?2, with a population of a little less than 3 million
inhabitants. It is situated between the 9t and 17t parallels
South and between longitude 50° and 60° West. It has a
population density of 2.6 inhabitants/km2.

The data on pneumonia relate to admissions per
municipality and include the residential addresses and the
diagnosis recorded in the DATASUS database.!?

A digital grid for the municipalities of interest was
obtained from the Brazilian Institute of Geography and
Statistics (IBGE - Instituto Brasileira de Geografia e
Estatistica).2? The unit of analysis was the municipality.
Admission rates per 1,000 inhabitants were calculated and
the overall Moran index (I) was calculated.

Moran’s I is a global measure of spatial autocorrelation
that indicates the degree of spatial correlation in a dataset
on the basis of the relationship between the product and
the mean. It has values within the range (-1; 1). Moran’s
I tests whether neighboring locations are more similar in
terms of the variable being tested than would be expected
from a random distribution: the closer that I approaches to
1, the greater the degree of similarity between neighbors
(positive correlation), and the closer I approaches to -1,
the greater the differences in spatial distribution between
neighbors (negative correlation).2t

The distribution of admission rate densities was
expressed as hot spots generated by the kernel estimator;
the estimator assumes that all cases occur at the center
of each municipality; and, for this analysis, a 200-
column grid was used with a quartic algorithm function,
adaptative radius and density calculation with 10 slices
and a precision of four.

A Moran map was plotted indicating municipalities with
high rates (of admissions and fire outbreaks) surrounded
by other municipalities with high rates (high-high) and
municipalities with low rates (of admissions and fire
outbreaks) surrounded by other municipalities with low
rates (low-low). The Moran map therefore identifies those
municipalities that are high priority for intervention and
also those that are low priority.

Admission rates and the distribution of fire outbreaks
are presented in the form of choropleth maps.

Pearson’s correlation coefficient was calculated for the
following variables: pneumonia cases, admission rates and
fire outbreaks.
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This project was analyzed and approved by the Research
Ethics Committee at the Universidade de Taubaté under
protocol number 314/04.

Results

During the study, 15,689 children were admitted to
hospital in the 141 municipalities that make up the state
of Mato Grosso (the number per municipality ranged from
zeroto 2,315 admissions), and 161,785 fire outbreaks were
recorded, with a range of seven to 6,454 per municipality.
The mean rate of admission per 1,000 inhabitants was
2.89 [standard deviation (SD) = 5.18] and the number of
fires per 1,000 inhabitants was 152.81 (SD = 199.91). The
overall I for number of admissions was 0.02 (p = 0.26),
while for admission rate it was 0.02 (p = 0.21) and for
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number of fire outbreaks it was 0.31 (p < 0.01). These
results indicate that neither admissions nor rates of
admission due to pneumonia exhibit spatial correlations
across the municipalities of Mato Grosso, i.e., the rates
are distributed at random and the municipalities do not
form spatial clusters. In contrast, Moran’s I for burning
was statistically significant, indicating that these events do
cluster, i.e., there are groups of neighboring municipalities
with similar patterns of numbers of fire outbreaks.

The Moran maps indicated municipalities in need of
interventions, both to reduce admission rates and to
prevent burning (Figures la and 1b). There were four
municipalities that required interventions due to high
admission rates: three are in the East, close to the border
with the state of Goids, and have populations of from
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Figure 1 -

High and low-priority municipalities for interventions to impact rates
of admissions due to pneumonia (a) and to prevent burning (b), Mato
Grosso, Brazil, 2008-2009
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5 to 20 thousand inhabitants; another is in the West,
close to the border with the state of Ronddnia, and has
around 20 thousand inhabitants. Ten municipalities had
below-average rates: one in the center of the state, with
around 60 thousand inhabitants; nine in the Southeast,
close to the borders with the states of Goids and Mato
Grosso do Sul.

The municipalities with the highest priority for
interventions to combat burning make up what is known
as the arc of deforestation, and low-priority municipalities
are concentrated in the Southeast, similar to the pattern
for admissions due to pneumonia.
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The kernel estimator identified a hot spot of higher rates
of admission at the border between Mato Grosso and Goias
and another lower intensity hot spot in the Southwest of the
state, in the direction of Ronddnia (Figure 2a). The spatial
distribution of the fires was significant, and the municipalities
with the greatest numbers of events form an arc, which is
known as the arc of deforestation (Figure 2b). The Pearson
correlation coefficients are listed in Table 1.

Discussion

This study attempted to identify municipalities in the
state of Mato Grosso with high rates of child admissions due
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Figure 2 - Choropleths maps for density of rate of admissions due to pneumonia
(a) and for fires (b), Mato Grosso, Brazil, 2008-2009
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Table 1 - Pearson correlation coefficients for the study variables, Mato Grosso, Brazil, 2008-2009

Population Cases Fires Admission rate
Population 1
Cases 0.66"
Fires -0.29 0.07 1
Admission rate -0.15 0.31" 0.05 1
*p<0.01.

to pneumonia and also municipalities with high numbers of
fire outbreaks in 2008 and 2009.

Pneumonia is a disease with a high rate of lethality;
7.7% of all deaths of children in the age range of 0 to 4
years that occurred in Mato Grosso during the study period
had pneumonia recorded as basic cause of death: 150 out
of a total of 1,956 deaths.22 It is important to point out
that the diseases listed in chapters XVI (certain conditions
originating in the perinatal period) and XVII (congenital
malformations, deformities and chromosomal anomalies)
of the ICD make a major contribution to deaths of infants
under 12 months. Notwithstanding, the financial cost to
the state of Mato Grosso of hospital admissions due to
pneumonia in this age group was R$ 10 million (1 US$ =
R$ 1.80), which was 25% of all spending on admissions of
patients in this age group.1®

Fires may be natural events or caused by humans which
is more likely in the Brazilian Mid-West. They release carbon
monoxide and dioxide, methane, particulate material,
nitrogen oxides and ozone (this last atmospheric pollutant
is created by the action of sunlight on nitrogenated
compounds).23 In addition to these pollutants, fires release
aldehydes, hydrocarbons, inorganic acids and polycyclic
aromatic hydrocarbons which provoke serious clinical
manifestations in both adults and children.24

Fires are responsible for more than 70% of Brazil’s
carbon emissions.2> Mato Grosso is one of the states
with the largest number of fire outbreaks. More than 160
thousand fires were reported in the 2 years studied here
(2008 and 2009).

In contrast with a study conducted by Ignotti et al., 13 in
this study municipalities were not selected on the basis of
high rates of admission due to respiratory diseases nor were
only municipalities with more than 25 thousand inhabitants
studied. All 141 municipalities in the state of Mato Grosso
were analyzed for the study.

One advantage of this study is the use of geoprocessing

which allows environmental data to be integrated with health
data, improving the definition and quantification of exposure

and its possible determinants and harmful effects on health.
This methodology attempts to identify plausible associations
with the processes of sickness and death in populations within
their spatial distribution and social relationships. Towns and
cities do not exist in isolation, they are connected to other
larger and smaller urban centers and to rural regions with
which they establish relationships of exchange. The degree
of connectivity and importance of a city generally has an
effect on the processes by which diseases spread, i.e. the
most-connected towns are reached the fastest.26

The spatial distribution of rates of admission did not
exhibit significant autocorrelation. In contrast, the fires did
exhibit a statistically significant spatial distribution; their
geographical distribution follows a path from Northwest to
Northeast along an arc, with the concavity to the North:
the area known as the “arc of deforestation”.

When the admission rates were analyzed using the
kernel estimator, there was a region with greater density
of municipalities with higher rates (a hot spot) in the east
of the state, at the border with state of Goias, and another,
smaller, hot spot in the West, at the border with the state
of Ronddnia; which is similar to the behavior observed for
asthma admissions.25

When the kernel estimator for the fire outbreaks is
analyzed, the arc of deforestation is clearly identifiable. In
this area fire is used to clear land, both to increase the area
under cultivation for agriculture and for grazing livestock
raised for meat. Notwithstanding, the regions with the
highest densities are to the North of the regions with the
highest densities of admissions.

This distribution can be explained by the fact that the
pollutants produced by the fires are transported into the
troposphere (3 to 10 km high) by convection currents
caused by the high temperatures that are created during
the flaming phase of combustion, where the action of wind
can take the smoke and its components a long way from
the fire that created it.23

Piracicaba, SP, is a municipality where sugar cane is
widely cultivated and a study conducted there found that
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the practice of burning sugar cane fields after harvest
increased the risk of diseases of the respiratory system
in children and the elderly.3 Burning sugar cane fields
during the dry season generates three times as much
particulate matter (PM;,) and double the black carbon
(BC) and elements such as aluminum (Al), sulphur (S),
potassium (K) and silicon (Si). There was an increase of
around 25% in admissions due to respiratory problems
in children, which was attributed to the presence of PM,,
and BC released by burning the sugar cane fields.

In the present study, data were not analyzed separately
for the rainy and dry seasons. Many more fires are recorded
during the dry season (May to October), corresponding to
90% of occurrences.?

The Moran map identified six municipalities that merit
interventions on the basis of high admission rates; four
are located in the east, close to the border with the
state of Goids, and have populations ranging from 5
to 20 thousand inhabitants; while another two are in
the west, close to the border with Rond6nia and to the
municipality of Tangara da Serra. This could be an indication
that there is an increased demand in Tangara da Serra,
that does not originate in the municipality itself, but in
neighboring municipalities. One possible reason for this is
that Tangard da Serra is a regional center and has good
healthcare infrastructure. Many residents of neighboring
towns provide fictitious addresses in Tangard da Serra
so they can access its health services.

Those municipalities that are classified as high priority
should set themselves the objective of reducing rates to the
levels observed in their low or medium-priority neighbors.
However, these rates could be linked to the number of
fires set 400 km to the Northwest and to their wind-borne
components.

The spatial approach made it possible to identify 11
municipalities with below-average rates of admission; nine
of them in the Southeast, close to the borders with Goias
and Mato Grosso do Sul. These are municipalities where
the priority for intervention is low. They are located more
than 600 km from the regions where the density of fires is
greatest. On the other hand, one of them is located in the
center of the state, has around 60 thousand inhabitants
and is bisected by the Cuiaba-Santarém highway. It has
a general hospital with 233 beds. These characteristics
possibly reflect better access to health services which
would explain the low admission rates. In a study published
by Ignotti et al.,13 this municipality had a low admission
rate among a sample of municipalities with more than 25
thousand inhabitants.

The other municipality with low rates is in the
metropolitan region of Greater Cuiaba and this geographical
location explains its low rates since there is the possibility
of easy access to health services and the availability of
health professionals.

Pneumonia and fires - Nascimento LF & de Medeiros AP

The city of Rondondpolis is an important regional
center and is in the southeast of the state, bisected by the
BR-364 highway. It is possible that these facts facilitate
better access to health services and the region should have
specialists, which makes it possible to reduce admission
rates. The municipalities located in this region have low
admission rates.

On the other hand, it was to be expected that there
would have been a larger number of admissions in the
arc of deforestation. One possible explanation for the fact
that there were not more admissions could be the difficulty
involved in accessing medical attention, whether due to lack
of health professionals or due to the distances that have to
be traveled between the locations where events occur and
the cities. Another explanation could be under-reporting of
cases that are coded as some other diagnosis.

Another strong point of this study was the identification
of municipalities with high rates of admissions due to
pneumonia, since this allows the number of deaths in
this age group due to the disease to be reduced, which
is a reduction that is also taking place in the Mid-West
administrative region.2?

Ecologocal studies tend to have their limitations.
Among these is the fact that they use secondary data. The
source for the data used in this study, was DATASUS, and
several different studies have been conducted with their
data.6:12:25 The possibility of diagnostic errors should be
considered since the study did not confirm the diagnoses
of pneumonia, as was done by Andrade et al.14 in Goiénia.
Other limitations would include over diagnosis and the
provision of incorrect residential addresses for the children
admitted, increasing admission rates.

The results presented here are a quantitative estimate
of the impact of atmospheric pollution on a population’s
health. It is important to bear in mind that the outcome
studied here - hospital admissions - is just one of the many
effects of air pollution. This study employed secondary data
to calculate coefficients of admissions due to increased
atmospheric pollution.

These data come from stable and highly trustworthy
sources that are widely used for technical and scientific
studies. Itisimportant to point out that the records relate to
admissions on the public healthcare system. Therefore, the
results reflect the effects of air pollution on that subset of
the population that utilizes this service, which equates to the
greater part of the population of Brazil. On the other hand,
the data stored in the SUS Hospital Information System are
compiled for the purposes of auditing rather than strictly
for epidemiological studies and it can be assumed that
there is some degree of inaccuracy. Taking into account the
technological profile of the healthcare system, there may
have been some degree of underestimation of the frequency
of some conditions and also some coding errors. Another
problem inherent to this database is that it is possible to
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count the same patient more than once since there is no
control of repeat admissions.

Another feature is that in an ecological study there
is no information on individual exposure or disease. For
example, it is not possible to state with certainty that those
children who were hospitalized were also more exposed to
the air pollution. Notwithstanding, since the exposure itself
is measured ecologically, it is assumed that a variation in
the average level of pollution on a given day in a given
municipality also reflects a variation in the average exposure
of each person that lives there.

This study identified municipalities with high rates
of admission that are not in the region with the largest
number of fires, but at many kilometers’ distance from it,
suggesting that the products of these fires may be being
transported by the wind, which tends to be from northwest
to southeast, causing health problems in populations a long
way from the events.
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