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Spatial analysis of hospitalizations for pneumonia
in the Vale do Paraiba region of Brazil*

Analise espacial das internacGes por pneumonia
na regido do Vale do Paraiba (SP)

Adriana de Oliveira Mukai, Katia de Souza Costa Alves,
Luiz Fernando Costa Nascimento

Abstract

Objective: To identify spatial patterns in hospitalizations for pneumonia in infants under one year of age in
the Vale do Paraiba region of Brazil. Methods: This was an ecological exploratory study using a georeferencing
technique based on data from the Information Technology Department of the Brazilian Unified Health Care System
on the number of hospitalizations for pneumonia among infants under one year of age in the Vale do Paraiba
region between 2004 and 2005. Based on the distribution of the rates of hospitalizations for pneumonia per
1,000 live births, thematic maps were created. Moran’s spatial autocorrelation coefficient was estimated, and the
cities with the highest rates were identified using box maps. Results: During the study period, 2,227 infants under
one year of age were hospitalized for pneumonia. Moran’s coefficient was 0.37 (p = 0.02), demonstrating a spatial
autocorrelation for these hospitalizations. Eight cities deserving special attention for future interventions were
identified. Conclusions: The spatial analysis was successful in determining the spatial autocorrelation, as well as in
identifying the cities in which an intervention is necessary regarding the number of hospitalizations for pneumonia
in infants under one year of age.
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Resumo

Objetivo: Identificar padrdes espaciais nas internagdes por pneumonia em menores de um ano de idade e identificar
0s municipios com prioridade para intervencio no Vale do Paraiba (SP). Métodos: Estudo ecoldgico e exploratorio
utilizando-se de técnica de geoprocessamento com dados do Departamento de Informatica do Sistema Unico de
Saude sobre o numero de internacdes por pneumonia em menores de um ano de idade no Vale do Paraiba paulista
nos anos 2004 e 2005. Foram obtidas taxas por 1.000 nascidos vivos e, a partir das distribui¢des dessas, foram
criados mapas tematicos. Estimou-se o coeficiente de autocorrelacdo espacial de Moran e identificaram-se os
municipios com altas taxas através de box map. Resultados: No periodo do estudo, 2.227 criancas com menos de
um ano de idade foram internadas por pneumonia. O coeficiente de Moran foi de 0,37 (p = 0,02), o que demons-
trou a existéncia de uma autocorrelacdo espacial para essas internacdes. Foram identificados oito municipios
que merecem uma atencdo especial para possiveis intervencdes. Conclusdes: A anadlise espacial foi utilizada com
sucesso para determinar a autocorrelagio espacial e para identificar os municipios onde ¢ necessaria uma inter-
vengdo em relacdo ao numero de internagdes por pneumonia em menores de um ano de idade.
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Introduction

Pulmonary infections constitute a major
cause of morbidity and mortality among chil-
dren in developing countries.!” According to the
Departamento de Informatica do Sistema Unico
de Satide (DATASUS, Information Technology
Department of the Brazilian Unified Health Care
System), approximately 130,000 children under
one year of age were hospitalized for pneumonia
in Brazil in 2005, approximately 22,000 of those
hospitalizations occurring in the state of Sio
Paulo.?

Calculated in Brazilian reals (R$), those
hospitalizations cost the Sisterma Unico de Satide
(SUS, Unified Health Care System) R$86 million
in Brazil as a whole and R$16 million in the state
of Sdo Paulo alone.®’ Nationwide and in the state
of Sdo Paulo, respectively, there were 2,357 and
418 deaths due to pneumonia,” translating to
mortality rates of 1.53% and 1.49%, respec-
tively. These numbers do not include children
whose hospitalization was covered by private
health insurance plans or other by other funding
sources.

Among the risk factors for childhood hospi-
talization due to respiratory diseases are the
following: impairment of nutritional status;
lack of breastfeeding; low educational level
of the parents; low birth weight; close living
quarters; smokers in the home; and poor socio-
economic conditions.®>® Air pollution is also
associated with hospitalization of children for
pneumonia.®

In recent years, geographic information
systems have gained space in epidemiological
studies, identifying spatial patterns for different
situations, including those related to health and
epidemiology, violent deaths, infant mortality
and neonatal mortality."*'"? In this context, one
group of authors'¥ identified high-risk areas for
pneumonia in the city of Goidnia, located in the
state of Goias, Brazil, using the point analysis
technique. Technically, spatial analysis can be
made through point analysis, in the case of a city
or neighborhood, or through analysis by area, in
the case of states or regions of the state.

The health care scenarios drawn by the georef-
erencing techniques aggregate the geographic
component of the neighboring relationship
between places to the socioeconomic, environ-
mental and structural health care data. Therefore,
spatial correlation data characterize regional
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scenarios, allowing the planning of intervention
strategies within the same geographic sphere. In
the current political and administrative moment,
geared toward the strengthening of the region-
alization of SUS, the exploration of data through
geographic information systems provides tech-
nical aid for the elaboration of regional policies.
Therefore, these systems can provide geographic
data that allow a regional intervention, which
yields better results when compared with a local
intervention, as well as allowing the results of
the intervention to be judged.

The present study was aimed at using georef-
erencing techniques in order to identify spatial
patterns in hospitalizations for pneumonia in
infants under one year of age, as well as to
determine which cities should be considered
priorities for intervention, in the Vale do Paraiba
region of Brazil.

Methods

This was an ecological exploratory study,
using georeferencing tools, in the Vale do
Paraiba region of Brazil. The data on hospi-
talizations for pneumonia in infants under one
year of age were obtained from the SUS via
the DATASUS site. Data related to the Regional
Health Department (RHD) of Taubaté, with
35 cities and approximately 2 million inhabit-
ants, were obtained (Figure 1).

We studied the years 2004 and 2005. We
chose this option to minimize the chance of
errors in the reporting of diagnosed cases of
pneumonia, which would result in the under-
estimation or overestimation of hospitalization
rates. For our study, hospitalization rates were
calculated per 1,000 live births for the two years
grouped.

The spatial analysis used a digital data-
base generated at the University of Taubaté
Georeferencing Laboratory, and data were
analyzed using the freeware TerraView, version
3.2.0, developed by the Brazilian National
Institute for Space Research. The values for the
hospitalization rate variable were divided into
tertiles; and the rates were classified as low,
medium or high.

The indices used in our study to identify the
spatial correlation were the global Moran’s indi-
cators. The global indicator analyzes whether the
data present spatial correlation, that is, whether
there are clusters of cities with high rates and



Spatial analysis of hospitalizations for pneumonia in the Vale do Paraiba region of Brazil

Cities in the Vale do Paraiba region

Sdo José
dos Campos

Natividade
da Serra

Branca

Paraibuna

Figure 1 - Cities in the Vale do Paraiba region of Brazil.

clusters with low rates. The Moran’s global indi-
cator varies between —1 and +1, and a level of
significance can be attributed to it.

Using the diagram devised by Moran, the
cities were identified by quadrant, the first
quadrant indicating a high priority of interven-
tion due to the high rates of hospitalization
for pneumonia and due to the fact that their
neighboring cities also presented high rates. The
diagram determines the location of each city in
one of the following four quadrants: quadrant
1, high-high, in which the city has a high rate of
hospitalization for pneumonia and is surrounded
by cities with high rates; quadrant 2, low-low,
in which the city has a low rate of hospitali-
zation for pneumonia and is surrounded by
cities with low rates; quadrant 3, high-low, in
which the city has a high rate of hospitaliza-
tion for pneumonia and is surrounded by cities
with low rates; and quadrant 4, low-high, in
which the city has a low rate of hospitalization
for pneumonia and is surrounded by cities with
high rates. Consequently, cities located in quad-
rant 2 are low priorities for intervention. Cities
located in quadrants 3 and 4 represent locali-
ties with medium priority for intervention. This
distribution is shown using a box map. The box
map defines, in the map, the distribution of the
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cities according to the quadrant to which they
belong.

The area of study currently corresponds to
the regions Serrana e Circuito da Fé, Alto Vale
do Paraiba and Vale Historico, which constitute,
along with the North Shore (not analyzed in this
study), the area served by the RHD of Taubaté.
The human development index of the cities that
constitute this region situates the cities at the
two extremes: rich cities, with good social indi-
cators, and poor cities, with precarious social
indicators. Although the region has natural iden-
tifying landmarks, such as the Paraiba River and
the mountain ranges (the Serra da Mantiqueira
and the Serra do Mar), it is the Presidente
Dutra Highway which marks the distinct social
and economic characterization of its cities: the
largest and most dynamic centers are located
along the highway. This differentiation is also
reflected in health care, and the most dynamic
cities (especially Taubaté, where the RHD is
headquartered, and Sio José dos Campos) are
also where the hospitals and specialized clinics
of the region are concentrated. Pediatric hospi-
talizations were concentrated in three circuits,
which are delineated by the cities of Sdo José
dos Campos, Campos do Jorddo, Guaratinguets,
Pindamonhangaba, Taubaté and Cruzeiro.
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Figure 2 - Rates of hospitalization for pneumonia,
per 1,000 live births, in the Vale do Paraiba region of
Brazil, 2004-2005.

Results

In the period studied, 63,766 live births
(range, 92-20,122) were included. According to
data obtained from the DATASUS site, 2,227 chil-
dren under one year of age were hospitalized for
pneumonia (range, 0-573). When hospitaliza-
tion rates per 1,000 live births were estimated,
the mean number of hospitalizations was
35.2/1,000 live births, with a standard deviation
of 26.3 (range, 0.0-132.7).

In the spatial analysis, the Moran’s global
coefficient was 0.37 (p = 0.02), demonstrating
a spatial autocorrelation for the hospitaliza-
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Figure 3 - Distribution of the cities in the Vale do
Paraiba region of Brazil, according to their priority for
intervention, based on the number of hospitalizations
for pneumonia in infants under one year of age.
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tions for pneumonia in infants under one year
of age.

Figure 2 shows the distribution of hospitali-
zation rates per 1,000 live births, in tertiles. The
number of hospitalizations for pneumonia was
<20.6 cases/1,000 live births in the low category,
20.6-40.1 cases/1,000 live births in the medium
category and 40.1-137.2 cases/1,000 live births
in the high category.

Figure 3 shows the cities using the box map.
Eight cities presenting high rates can be identi-
fied, as can their neighboring cities, which also
presented high rates. Those are cities which need
an approach in order to identify the reasons for
those high values and to identify in which cities
intervention is feasible. When analyzed using
Moran’s local coefficient, some cites presented
no statistical significance, and others, with low
rates, presented low values independently of
their neighboring cities.

Discussion

This was the first study using georeferencing
techniques to analyze hospitalizations for pneu-
monia in infants under one year of age in the
state of Sdo Paulo, Brazil. The importance of
studying the distribution of hospitalizations for
pneumonia lies in the fact that this disease is
traditionally related to infant mortality® and
that it is subject to social and environmental
factors, as well as to the structure of the public
health care system, especially the primary care
system.

Using the same methodological approach
(the spatial point analysis technique), the authors
of the study conducted in Goiania were able to
identify areas of greater risk of pneumonia asso-
ciated with low family income.!¥ In that study,
pneumonia was confirmed by a pediatrician and
X-rays were routinely obtained. Children were
hospitalized if warranted based on the severity
of the case.'¥

In the present study, we identified clusters
of cities within the Vale do Paraiba region in
which hospitalization rates were greater than
40 cases/1,000 live births: one consisting of
10 cities and located in the central and north-
east region; and two additional clusters, one
located in the extreme north and one located in
the extremely south. 1t is of note that these cities
are located in two distinct areas. Some of these
cities are in the mountainous area, in the Serra
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da Mantiqueira and Serra do Mar, and others
are along the Presidente Dutra Highway. These
cities seem to be associated with two cities with
better hospital treatment and to which patients
for hospitalization would be referred.

We highlight that, in the health subregion
of the mountainous area, there are two circuits
of cities for which a deeper, aggregated analysis
must be carried out, beyond the administrative
borders of the cities, given the proven spatial
dependence of the events. The first circuit
comprises the cities of Santo Antonio do Pinhal,
Sdo Bento do Sapucai and Campos do Jordao,
the last being the center of pediatric hospi-
talization in this subregion. Among the cities
with hospitalization rates that were considered
medium (20.6-40.1 cases/1,000 live births),
Séo José dos Campos is the largest city in the
region. Probably because it is the largest city in
the Vale do Paraiba region, some residents of
neighboring cities give addresses in Sdo José dos
Campos in order to use its health care facilities,
thereby inflating the number of SUS patients
attributed to the city.

The diagram devised by Moran identified
eight cities in quadrant 1 (cities with high hospi-
talization rates surrounded by others with high
rates). Therefore, it was possible to identify a
microregion where an intervention should take
place in order to identify possible risk factors
and, consequently, decrease these rates. This
possible intervention meets the State Plan/
Health Pact, with the aid of the RHDs and the
College for Regional Management.!'”

One possible limitation of our study is that
the diagnoses of pneumonia were not confirmed
by X-ray, as was done in the study carried out in
Goiania."” However, SUS-sponsored hospitaliza-
tions are authorized a posterioriby auditors who
verify the coherence of the clinical history and
the diagnosis, also using, to that end, eviden-
tial examinations. This might have reduced the
number of diagnostic errors related to hospitali-
zations for acute respiratory disease. 1t is also
of note that hospitalizations covered by private
health insurance plans or by other funding
sources were not included. In addition, we
excluded pneumonia patients who were treated
as outpatients.

Our study shows that, despite being within the
same health region, the subregions are distinctly
characterized as high-risk areas for pneumonia-
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related hospitalization in the first year of life. This
spatial conformation can have environmental
determinants (such as the climate), social deter-
minants (related to economics and education) or
even determinants related to the public health
care system (coverage, the primary care model
and access to procedures of medium complexity,
including appointments with specialists and
access to hospitals).

We identified spatial clusters with high rates
of hospitalization for pneumonia in infants
under one year of age, as well as characterizing
specific circuits influenced by the neighboring
component. These clusters must be evaluated in
more details, in an integrated approach to the
different levels of health care, aiming at a better
understanding of the flow of patients within the
system.

Spatial analysis can provide technical infor-
mation for the discussion of regional strategies
of intervention in the management of the health
care departments in the cities evaluated in the
present study.
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