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Abstract The relationship between hydrome-
teorological disasters and the health of affected
populations is still hardly discussed in Rio Grande
do Sul (RS), Brazil. Hepatitis A is a disease that
involves health and urban environment issue and
is an avoidable disease. This study aims to an-
alyze the relationship between flood areas and
waterborne diseases, in this case, Hepatitis A. A
database of confirmed cases of Hepatitis A and
flood events in the municipality of Encantado-RS,
Brazil between 2012 and 2014 was structured.
These data were analyzed spatially from the ker-
nel estimator of the occurrence points of Hepatitis
A cases and correlated to the urban perimeter. It
was verified that 44 cases were registered in the
three months following the occurrence of flood, an
increase of almost 300% in the records of Hepati-
tis A. The results identified that all the confirmed
cases are in the urban area located in the flood-
plain. This reaffirms the importance of encourag-
ing the formulation and implementation of pol-
icies to prevent outbreaks of waterborne diseases
post hydrometeorological disaster.
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Introduction

The historical analysis of the national panorama
of the climatic, geographic, and geological condi-
tions of floods shows that these events have been
among the most recurrent natural disasters from
1991 to 2010'. Flash floods and floods are the
types of disasters associated with hydrometeoro-
logical events, which cause more human losses.

Floods are one of the leading environmen-
tal problems in Rio Grande do Sul*’. In the last
decades, this subject has received a significant
increase of research aiming the monitoring,
forecasting, and control of natural disasters and
delimitation of flooding-sensitive areas*®. Such
research has possibly increased as a result of the
high social and material losses resulting from
floods, even in cases where they are fueled by
social actions and outbreaks of waterborne dis-
eases.

Despite the increase, studies addressing the re-
lationship between flooded areas and waterborne
diseases’™ are still very scarce in academia. The
transmission of waterborne diseases is generally
associated with health issues such as inadequate
treatment of water supplied to the population,
and also the occurrence of extreme events such
as overflows, floods, and inundations. In some
cases, these two factors act together, increasing
the damage done to the vulnerable population.
In these cases, an environment conducive to the
manifestation of these diseases is established and
is directly associated with the aqueous medium
necessary for its proliferation. The primary dis-
eases in this group are Leptospirosis, Hepatitis A,
Diarrhea, Ancylostomiasis, Ascariasis, Schistoso-
miasis, and infectious diarrhea.

Hepatitis A is a waterborne disease; its main
infection route is fecal-oral, through inter-human
contact or contaminated water and food. Morais
et al.’? related Hepatitis A outbreaks, occurred in
2010 and 2012, with water quality data and con-
firmed the changes in the quality standard of the
samples. Since it is a public health problem due
to floods, it is essential to study their relationship
with vulnerable populations at sites affected by
such adverse events, so that knowledge about the
dynamics of the disease is increased, resulting in
the control and reduction of the cases through
mitigating actions.

The analysis of flooding-sensitive areas can
contribute to the understanding of the space-time
dynamics of diseases such as Hepatitis A. Carval-
ho and Camara'! affirm that understanding the
spatial distribution of data from phenomena in

space is a great challenge for the elucidation of
central issues in several areas of knowledge such
as health. Research into these dynamics becomes
even more necessary when we have vulnerable
groups within flooding-sensitive areas.

Concerning geoprocessing techniques, the
acquisition of health data remains a significant
challenge to be overcome. This is because the
health-related data are mostly used for situation-
al studies in their programs within health secre-
tariats.

In order to contribute to studies on water-
borne diseases, and considering the high fre-
quency with which the municipality of Encan-
tado-RS, Brazil, is affected by the floods of the
Taquari River, this research investigates the hy-
pothesis that spatial distribution of Hepatitis A
cases in the municipality is concentrated within
the urban perimeter reached by the waters. Thus,
this study aims to analyze cases of Hepatitis A
related to floods in the urban perimeter of the
city of Encantado-RS, using geoprocessing tech-
niques for spatial analysis.

Methods

The study location includes the municipality of
Encantado (Figure 1), which is one of the 36 mu-
nicipalities underpinning the Taquari Valley in
the state of Rio Grande do Sul, with an area of
142.77 km?, 140 km from the state capital, Porto
Alegre. Its seat is 54 m above sea level. It has 70%
masonry properties, with approximately 71% of
the population owning a home'.

Regarding municipal sanitation information,
93% of the households in the municipality of En-
cantado are connected to the general water sup-
ply network, and the rest is supplied with water
from artesian wells or springs. The sewage collec-
tion network serves only 34% of the households,
of which 53% have a septic tank system, and 12%
the more rudimentary cesspits. The districts with
low basic sanitation indicators (without sewage
service, presence of open sewers and garbage ac-
cumulated in the sites) are Vila Amazonas, Vila
Moca, Barra do Jacaré and Navegantes'>.

According to Kurek', 66 floods were record-
ed over 72 years (1941-2012) in Encantado. The
reference level (RL) adopted as a flood parameter
for the Taquari River is 27.77 m. At 38 m, waters
overflow the river channel and cause flooding in
the urban area of the municipality.

In order to fulfill the proposed objective, a
database was structured with: (a) flood record,
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Figure 1. Location of the municipality of Encantado, RS.

provided by the University of Vale do Taquari
(UNIVATES), used to identify the maximum
height of the flood and the dates of occurrence of
these events; (b) Hepatitis A cases acquired from
the Information System for Notifiable Diseases
SINAN (2016) database; (c) municipal base of
IBGE; and (d) a map of sensitive areas to flood-
ing and overflow in the catchment area of the
Taquari-Antas river'.

Regarding the set of methods and procedures,
the study was divided into four stages: a) gener-
ation of a database of notifications of Hepatitis
A cases in the municipality of Encantado, in the
period 2012-2014; b) generation of a database
of flood events in the municipality of Encanta-
do, in the period 2007-2015; ¢) construction of a
map of timely intensity of incidence of Hepatitis
A cases in the municipality; and d) analysis of
space-time dynamics of the cases reported with
the incidence of floods in the municipality.

The first stage comprised the spatialization of
the confirmed Hepatitis A cases. The geocoding
of the cases was performed from the coordinates

generated with the base of addresses available in
the SINAN database, through the GEOCODE
function. This function facilitates a search a set
of addresses at one time on an address server. The
Google Maps server was used from a table in .csv
format containing information such as Country,
State, City, and Address.

All addresses were converted into points from
the coordinates of the survey. No address infor-
mation was disclosed. The cases used did not
contain the name or other information about the
patient, only confirmation of the case. The orig-
inal database contained a total of 368 confirmed
Hepatitis A cases, but only 60.05% (221 cases) of
these cases were geocoded. The other cases did
not have enough information in their records to
carry out the process.

The high spatial resolution orbital images ob-
tained with Google Earth Pro were georeferenced
and recorded in ArcGis. Afterward, IBGE’s urban-
ized areas database was superimposed on the geo-
referenced high-resolution image, receiving some
vectorial adjustments based on the best defini-
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tion of urban structures, which can be identified
through the visual interpretation of the image.

With the bases adjusted, the base of flood-
ing-sensitive areas was superimposed, which
resulted in the map of the urban floodable area.
The map of sensitive areas was obtained from the
work of Oliveira', considering a detailed analysis
of cotagrams and hydrograms in all the histor-
ical series of fluviometric stations of the basin,
to determine the increased level of rivers against
different times of return (TR). The chosen TR
was five years,which characterizes satisfactorily
the areas reached more frequently by the river
Taquari’s waters.

In the last step, the Kernel estimator of the
occurrence points of Hepatitis A cases was exe-
cuted. A point intensity map of the incidence of
Hepatitis A cases for 2013 was elaborated using
the Kernel estimator. A two-dimensional func-
tion was used on the considered events, compos-
ing a surface whose value is proportional to the
intensity of samples per unit area. This function
counts all points within a region of influence,
weighting them by the distance of each one to the
location of interest.

The Kernel Estimator and its basic param-
eters are (i) influence radius (t>0) that defines
the proximity of the point to be interpolated and
controls the smoothing of the generated surface;
(ii) estimation function with smoothing proper-
ties of the event®, resulting in the case concen-
tration map.

The standard ArcGis software model was
used for the mapping of the concentration of
Hepatitis A cases generated from case geocoding.
The calculation of the radius of influence (band-
width) is calculated from the input data set (the
incidence points of cases) using a spatial variant
of the Silverman’s Rule-of-Thumb used for spa-
tial outliers (that is, points distant from the rest
of the points). The output cell size was defined
at 6.92585 meters from the best visualization of
the output matrix data for the visualization scale
adopted on the map.

Results and discussion

As described in the methods, the map of urban
areas of the IBGE, updated in the project scale
based on the satellite images of Google Earth for
the year of study, was used as a basis for delimit-
ing the urban perimeter of the municipality.
Graph 1 shows the number of confirmed cas-
es of Hepatitis A from 2012 to 2014. A total of

241 cases occurred, with 44 of them registered in
October 2013.

Graph 2 shows the time distribution of flood
records between July 2007 and October 2015 in
the municipality of Encantado.

The figure stands out due to the abnormal in-
crease in cases, which is almost 300% above the
mean number of cases recorded monthly in the
municipality. Worth noting is the flood occurred
in October, about a month and a half before the
abnormal increase of cases in the records of Hep-
atitis A.

The records of Hepatitis A cases between
August and November 2013 are consistent with
the record of a flood that occurred on August
25 in the municipality of Encantado. This flood
reached a maximum level of 44 meters, 6 me-
ters above the natural limit of the Taquari river
channel®. Pereira and Gongalves'® state that the
clinical manifestations of the symptomatic icter-
ic form of Hepatitis A appear from two to seven
weeks after infection, with an average incubation
period of 30 days.

The cases recorded in 2013, between August
and November, are the ones with the most con-
siderable detail in their records in the SINAN
database. This may indicate a possible outbreak
of Hepatitis A in the municipality associated with
the flood, and the invasion of water in the urban
area.

According to Kurek”, the analysis of the his-
torical series of floods coupled with the time of
return between 1941 and 2012 shows that most of
the floods that occurred in the last 72 years, ap-
proximately 84%, had a time of return (TR) of
less than five years. This shows an increase of these
floods in the last 30 years, and allows us to con-
sider that urban infrastructures within the flood-
ing-sensitive area below 45 m are directly exposed
to the contagion and even outbreaks of Hepatitis
A in periods of less than 5 years, due to the cycle of
flood events that affect the municipality.

Two maps were elaborated, one containing
the flooded area of the municipality within the
perimeter delimited as urban (Figure 2), and an-
other one with the result of the Kernel function
(Figure 3), made with the geocoded Hepatitis A
data. The flooded area delimited in Figure 2 was
obtained considering a 5-year RT, that is, identi-
fying all the sites that, on average, every five years,
are reached by the waters of the Taquari River,
which borders the municipality of Encantado-RS.

The Kernel map of confirmed cases of En-
cantado Hepatitis A shows that most cases are
recorded mainly in the urban area (Figure 3).
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Graph 1. Confirmed cases of Hepatitis A, from December 2012 to December 2014, municipality of Encantado,
RS.

Note: The baseline level adopted was 11 cases, which corresponds to the mean number of cases registered in the municipality
without taking into account the outbreak of 44 cases.
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Graph 2. Flood records, July 2007 to October 2015, municipality of Encantado, RS.

Note: The basal level adopted is the 38 m height, from which the waters overflow the river’s channel.
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In the period between August and November
of 2013, the cases are within or near the flood-
ing-sensitive area, evidencing an association with
the outbreak. It is noteworthy that, although the
northwestern region of the urban area has a low-
er demographic density than the central area, it
covers most of the cases occurred in 2013 during
the flood period. This may be associated with the
tributaries of the Taquari River, such as the Jac-
aré stream, which in the period of flooding are
dammed by the Taquari-Antas River, flooding
much of the area.

It is challenging to establish disease conta-
gion sites since the patient may have contracted
the disease outside of his residence. However, the
date of the first symptoms, one can attribute the
relation of the high number of cases to floods in
the urban area.

The transmission of waterborne diseases is in
some cases related to health and water treatment
issues, and the occurrence of extreme events such
as floods and overflows. In some cases, these

two factors act together, increasing the damage
caused to the vulnerable population. In these
cases, an environment conducive to the man-
ifestation of certain diseases that have a direct
relationship with the aqueous environment, nec-
essary for its proliferation is established, or indi-
rectly, where water acts only as a catalyst for the
contagion process.

According to Santos et al.!, when monitor-
ing the areas of hydrological risk, based on the
knowledge regarding the presence of the threat
and vulnerability of Leptospirosis, it is possible
to monitor and recognize areas at risk of disease
outbreaks after severe hydrological events. Ad-
vance forecasting can contribute to health ac-
tions and mitigate the impacts of these events on
the sensitive population. The application of this
methodology to Hepatitis A can contribute to the
delimitation of areas with more significant po-
tential for contagion and that need greater pro-
tection by the bodies and health officials.

The analysis of the results shows that part of
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Figure 2. Flood urban area, municipality of Encantado, RS.
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Figure 3. Kernel Concentration of Hepatitis A cases, between August and November 2013, in the municipality of

Encantado, RS.

the urban area of Encantado is sensitive to the
occurrence of floods. Outbreaks of Hepatitis A
cases may occur when these events escalate. Hep-
atitis A is a disease that involves issues of health
and organizational in the urban environment,
and is an avoidable disease, but with a high num-
ber of cases considering the historical series of
the municipality.

In the municipality of Encantado, Hepatitis
A is an urban disease. All the analyzed cases are
located in the urban flooding-sensitive area. The
analysis of areas sensitive to flooding may con-
tribute to the understanding of the space-time
dynamics of the most various diseases besides
Hepatitis A.
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