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Leptospirosis and its spatial and temporal relations with natural disasters
in six municipalities of Santa Catarina State, Brazil from 2000 to 2016
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Abstract

The aim of this study was to identify clusters of relatively
higher risk for leptospirosis occurrence related to flooding and
landslides between 2000 and 2016 in six municipalities in the state
of Santa Catarina, Brazil. A spatiotemporal study was carried out
to evaluate the potential coincidence between the occurrence of
leptospirosis clusters and natural disasters. The cases were
geocoded with the geographic coordinates of patients’ home
addresses, and the analysis performed using SaTScan software.
Temporal and spatiotemporal analysis showed significant clusters
of leptospirosis, particularly in men 15 to 69 years of age, in all
municipalities in 2008, and one in 2011, when natural disasters
occurred after heavy rainfall. In these clusters, most of the infected
individuals lived in urban areas and in areas at risk for natural dis-
asters. The interaction between time (of disaster occurrence) and
space (where natural disasters struck) were the determining fac-
tors affecting leptospirosis cluster formation.
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Introduction

Leptospirosis is an infectious disease caused by Lepstospira
bacteria. The disease has an abrupt onset and can present in a
range of forms from asymptomatic to severe and fatal. According
to the Brazilian Ministry of Health (MoH), it is not uncommon in
Brazil (MoH, 2010). In humans, the infection is the result of direct
or indirect contact with the urine of infected animals, especially
rodents allowing bacteria to penetrate the body through the
mucosa, damaged skin or even intact skin if immersed for long
periods in contaminated water. (MoH, 2017). In general, the num-
ber of cases peaks during the rainy season and may reach epidemic
proportions in the event of flooding because this promotes rodent
mobility, so that they also can invade cities (WHO, 2019).

This bacterial disease is severe and occurs worldwide,
although it is more prevalent in tropical and subtropical regions,
with high incidence rates in urban and economically disadvan-
taged areas (WHO, 2009; Romero-Vivas and Falconar, 2016). It
has become socially and economically important due to its high
incidence and high cost due to hospitalizations, missed working
days and adding to the burden of Disability-Adjusted Life Years
(DALYs) with mortality rates reaching as high as 40% (Souza et
al., 2011; Traxler et al., 2014; MoH, 2017).

Sudden or gradual flooding and landslides are natural disasters
that may favour an increase in the incidence of diseases depending
on vectors, reservoirs and hosts. Leptospirosis belongs to this
group as, according to Freitas et al. (2014), the percentage of indi-
viduals exposed, the morbidity rate and the mortality rate due to
leptospirosis are all more strongly associated with hydrological
events than with other natural disasters. In Brazil, leptospirosis
has occurred in all states and is therefore considered endemic. In
the last 10 years, the country has had over 3,600 confirmed cases
and approximately 375 deaths per year. The incidence is higher in
the Southeast and South (MS, 2017). According to Department of
Informatics of Brazilian Health System (Departamento de
Informatica do SUS, DATASUS), Santa Catarina (SC) was the
state with the third highest incidence of leptospirosis in the coun-
try between 2001 and 2015, and it had also the highest incidence
and the 2nd highest mortality rate of all the states in 2008 (DATA-
SUS, 2019).

Cluster detection would be a way to find the hotspots of lep-
tospirosis transmission. A method of identifying significant clus-
ters of disease cases, including leptospirosis, in Brazil and world-
wide has been employed in scientific studies (Coleman et al.,
2009; Kugeler et al., 2015; Sumanta et al., 2015; Cardim et al.,
2016; Melchior and Chiaravalloti Neto, 2016; Sulistyawati et al.,
2016; Pellini et al., 2017; Bermudi et al., 2018; Farinelli et al.,
2018; Gutiérrez and Martinez-Vega, 2018; Pinto et al., 2018;
Deshmukh et al., 2019). It is a scanning technique developed and
implemented with SaTScan that allows the evaluation of whether
cases of a disease are randomly distributed in space, time and
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space-time. From 1990 to 2010, south-eastern and southern Brazil
experienced a relatively high number of hydrological phenomena.
According to Brazil’s natural disaster records, sudden and gradual
floods occurred throughout all years of this period in the South,
with the most frequent sudden floods occurring between
September and February. From 2003 to 2012, the largest number
of emergency and public calamity decrees for this kind of events
recorded in Brazil occurred in these regions. SC had the largest
number of both decrees (emergency and public calamity by hydro-
logical event) in the country because, among the 12 most affected
municipalities in the country, nine were in this state (Organizacéo
Pan-Americana da Saude, OPAS, 2014). Since these regions also
have the highest concentrations of leptospirosis cases, there might
be an association between leptospirosis transmission and natural
disasters in this part of the country.

To study this an investigation was performed to describe the
occurrence of leptospirosis in space, time and space-time between
2000 and 2016 in the six municipalities of SC that had the highest
incidence of the disease in that period. It was intended to identify
clusters of greatest risk for the occurrence of the disease in those
municipalities, both from spatial and temporal points of view and
to evaluate whether these clusters coincided with areas at risk of
experiencing natural disasters. The more risk factors that are iden-
tified and understood, the more successful the application of inter-
ventions at individual and community level and prevention of the
disease will be (WHO, 2010).

e

Materials and methods

Study design

A descriptive and ecological study was performed in which the
units of analysis were, depending on the scale of the study, the state
of SC, the municipality and the Census tract.

Study area for the identification of areas at risk for
natural disasters

According to the Brazilian Institute of Geography and
Statistics (Instituto Brasileiro de Geografia e Estatistica, IBGE),
the state of SC is divided into 295 municipalities comprising a total
area of 95,730,921 km? (IBGE, 2018). For this study, we selected
the six municipalities with population greater than 50,000 inhabi-
tants and with the highest incidence of leptospirosis in the period
of interest. They were: Camborit, Navegantes, Itajai, Blumenau,
Gaspar and Jaragua do Sul. Municipalities with smaller population
were not selected because in those areas, the incidence coefficients
usually have large fluctuations in space-time due to small varia-
tions in the number of cases of the disease, leading to spurious
associations and conclusions. Figure 1 shows the geographical
location of SC in southern Brazil and its municipalities with these
six municipalities highlighted.

The state is affected by a great diversity of natural adverse
events: droughts, flooding, flash floods, hail, landslides, wind-
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Figure 1. Location of the six study municipalities in Santa Catarina State, Brazil.
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storms, tornadoes and coastal erosion. The municipalities of SC
with a historical risk of natural disasters were mapped to indicate
areas characterized by potential occurrence of such events. Among
the municipalities selected for this study, Camboriu, Navegantes,
Itajai, Gaspar and Jaragua do Sul were mapped in 2011 and 2012
by the Geological Survey of Brazil, also known as Mineral
Resources Research Company (Companhia de Pesquisa de
Recursos Minerais, CPRM), while the Municipal Risk Reduction
Plan (Plano Municipal de Reducao de Risco, PMRR) mapped the
municipality of Blumenau in 2013. These maps were obtained
from the National Center for Monitoring and Alerts for Natural
Disasters (Cemaden). Information about the rivers that cross the
studied municipalities was obtained from the National Water
Agency (Agéncia Nacional de Aguas, ANA, 2020).
(http://www3.ana.gov.br/)

CPpress

Socioeconomic ranking

Human development can be described by two development
indices: The Human Development Index (HDI) and the method-
ological adjustment to the global HDI called MDHI but it is not
possible to make a comparison between the MHDI of a municipal-
ity and the HDI of a country. In the 2010 Census, SC had an HDI
of 0.774, giving the state a third-place rank in Brazil. The six
municipalities selected for this study had values ranging from high
(0.700 to 0.799) to very high (0.800 to 1). Blumenau was the most
developed among them with an MHDI of 0.806 (25th place in
Brazil), followed by Jaragua do Sul at 0.803 (34th place in Brazil),
Itajai at 0.795 (56th place in Brazil), Gaspar at 0.765 (289th place
in Brazil), Navegantes at 0.736 (876th place in Brazil) and
Camboriu at 0.726 (1,133th place in Brazil) (IBGE, 2010).

Resident population information and case information

The DATASUS website was used to obtain the population of
all municipalities in the state of SC from 2000 to 2015, including
the population of the six municipalities included in the study, from
the census conducted in 2010.

Information on confirmed cases of leptospirosis in the six
selected municipalities was provided by the Health Authority of
SC for the period 2000 to 2016 using the Notification Disease
Information System (Sistema de Informacdo de Agravos de
Notificacdo, SINAN) based on Leptospirosis Investigation Forms.
This information included, but was not limited to, age, sex and
home address of each patient. Six datasets were analyzed, one
from each selected municipality. The numbers of cases for the peri-
od 2000 to 2016 analyzed in each municipality were as follows:
513 in Blumenau, 50 in Camborit, 186 in Gaspar, 293 in Itajai,
507 in Jaragua do Sul and 59 in Navegantes.

At least one of the following criteria had to be met to confirm
a case of leptospirosis: clinical-laboratory or clinical-epidemiolog-
ical. The former criterion was based on one or more positive test
results, while the latter took into account whether a suspected
patient with no tests performed, or initially negative test results,
had a suggestive epidemiological history within 30 days prior to
the onset of symptoms, such as exposure to floods, sewage,
garbage, risky occupational activities and presence in a high-risk
leptospirosis area (MoH, 2017).
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Leptospirosis incidence

For each municipality, annual disease incidence rates were cal-
culated per 100,000 inhabitants, standardized by gender and age
group. The direct method was used, taking the population of SC
state in 2010 as standard. Standardization aims to avoid the influ-
ence of variations by gender and age group in the population,
between municipalities.

Geocoding process

Addresses to be geocoded were standardized and the spelling
of street names, especially those containing foreign words which
are very common in the municipalities studied, was verified.
Geocoding was performed based on the EasyMapMaker website
(http://www.easymapmaker.com), which searches for address
location in Google Maps and provides the corresponding geo-
graphic coordinates (latitude and longitude).

To assess the accuracy of this procedure, approximately 10%
of the addresses in each municipality were selected at random for
a total of 170 addresses. Each address was entered into Google
Maps and the coordinates provided by EasyMapMaker were veri-
fied. The overall proportion of correct entries was calculated, and
the geocoding was considered adequate if this ratio was >95%.
Later, the incorrectly located addresses were fixed. After this pro-
cedure, the cases were spatialized with QGIS (https://github.com/
qgis/QGIS).

Scan statistics

To geographically locate clusters of leptospirosis incidence in
space and time in the six selected municipalities, purely spatial,
purely temporal, spatiotemporal and spatial variation of temporal
trends statistics were applied using SaTScan software, version 9.6
(https://www.satscan.org/). Only high incidence rates of the dis-
ease were detected, as that was the information relevant to the
study. Because leptospirosis data were characterized as case
counts, a discrete Poisson model was applied using the case and
population counts of each of the six municipalities by census tract
and their respective geographic coordinates (Kulldorff, 1997;
2015). The census tracts and the year of onset of symptoms were
considered aggregation units. In performing the scan statistics, the
following information was provided to SaTScan: i) Year of occur-
rence, Census tract code, sex and age range of leptospirosis cases
(covariates used for adjustment); ii) Population data stratified by
sex and age group of each census tract obtained from the 2010 cen-
sus; and iii) Geographic coordinates of the centroids of the Census
tracts.

The following yearly age groups were considered: 0-9, 10-19,
20-59 and >60. Studies show that leptospirosis predominantly
affects the most economically active population, which is com-
posed of those between 15 and 59 years old (Paploski, 2013;
Gongalves et al., 2016; Lara et al., 2019). The Monte Carlo test
was performed with 999 replications to ensure robust estimates. To
define the maximum size of the spatial cluster in relation to the
population, the Gini coefficient, available in the purely spatial scan
statistic, was used to determine which non-overlapping spatial
clusters should be reported. The optimal Gini coefficient (i.e. the
highest possible value with P <0.05) suggests which proportion of
the population should be used in the cluster composition (Han et
al., 2016).
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Results

Incidence

Table 1 presents the incidence rates of leptospirosis for male,
female and both (male and female) by age group in SC during the
study period. The disease was more prevalent in men and in ages
15-69 years. Figure 2 shows the standardized incidence rate of lep-
tospirosis over the study period in the six selected municipalities.
Throughout most of the period, the Gaspar and Jaragua do Sul
municipalities had the highest incidence rates. There was a peak of
disease occurrence in 2008, when the incidence ranged from 39 to
78 per 100,000 inhabitants across the municipalities and a second,
somewhat lower peak in 2011.

Geocoding

In the standardization stage, two cases were excluded due to
lack of a complete address. In the first standardized data entry pro-
cedure, four cases were excluded because the addresses were not
found. In the second data entry procedure, 42 more cases were
excluded because the addresses were not located within their
respective municipalities. For 273 cases, the addresses were
incomplete, and geocoding was performed with the name of the
street or neighbourhood only. In 25 cases, the address contained
poorly defined names such as “road”, which made them impossible
to locate, and geocoding was performed with the name of the
neighbourhood only. As a result, 1,608 (97.1%) out of the 1,656
cases of leptospirosis in the six selected municipalities were
geocoded.

In the verification stage, the Camboriu, Gaspar and
Navegantes municipalities did not have any errors in addresses
location (100% correct). Blumenau and Itajai had one error each
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0 —
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(98% and 97% correct, respectively). In Jaragua do Sul, six errors
were found, probably due to the greater number of addresses with
incomplete and poorly filled names in relation to the other munic-
ipalities (88% correct). In total, 95.3% of the sampled addresses
were considered correctly geocoded, a proportion considered ade-
quate. Most cases of geocoded leptospirosis were located within
the areas designated as urban by the 2010 Census by the IBGE in
each of the six municipalities. The distribution of these cases by
municipality can be seen in Figure 3.

Identification of leptospirosis clusters

The purely temporal scan statistic detected significant clusters
in all municipalities. Figure 4 shows a scheme of this result, indi-
cating the years in which significant, high-incidence leptospirosis
clusters were detected. The purely spatial scan statistic, on the
other hand, did not detect significant clusters in any of the six

Table 1. Specific incidence rate of leptospirosis stratified by sex
and age group. Santa Catarina State, Brazil 2001-2015.

ale
0to4 1.2 0.6 0.9
5to9 1.9 0.9 14
10 to 14 7.7 1.9 48
15t0 19 12.9 1.8 75
20to 39 14.6 2.9 8.8
40 to 59 15.7 3.3 9.5
60 to 69 10.3 2.3 6.1
0to79 47 1.1 2.6
80 and more 1.5 0.6 0.9

2008 2009 2010 2011 2012 2013 2014 2015

Itajai =——Jaragua do Sul ——MNavegantes =—=SC

Figure 2. Standardized incidence rate over time by municipality and state in Santa CatarinaState, Brazil in the period 2001-2015.
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municipalities, and it was not possible to use the Gini coefficient
to define the maximum size of spatial clusters in relation to the
population. Therefore, in the other scanning statistics performed
(spatiotemporal and spatial variation of temporal trends), the stan-
dard percentage of a maximum of 50% of the population for all
municipalities was adopted with time expressed in years and no
spatial and temporal overlapping of clusters (Kulldorff, 1997;
2015). As the spatial variation sweep statistic of the temporal

Leptospirosis cases
[ Urban area
[ Blumenau
] Camborit
[ Gaspar
[ Itajai
[ Jaragua do Sul
] Navegantes

0 5 10 15 20km
N

N .
Geographical Projection, Sirgas 2000
Source: IBGE e SINAN

©AEPS, 2019

trends did not detect significant clusters either, there was no evi-
dence of an increasing trend in incidence over the years in any of
the municipalities. The spatiotemporal scan, however, detected
significant clusters in all municipalities in 2008. In Jaragua do Sul,
there were clusters in the periods 2008-2009, 2008-2011 and par-
ticularly in 2011, when the municipality received above normal
amounts of rainfall. This municipality had slightly different clus-
ters, as they were not all located in urban regions, where most

Figure 3. Leptospirosis cases geocoded by residential address in the six municipalities studied between 2000 and 2016 in Santa Catarina

State, Brazil.
| Bumenau |
| Cambord |
| e |
| Navegantes |
| Jaragua do Sul |
| Gaspar |
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 [ .. [2016 ]

Figure 4. Purely temporal clusters detected in the six municipalities studied between 2000 and 2016 in Santa Catarina State, Brazil.
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cases of leptospirosis usually occur. A few cases of leptospirosis
spread over a large area with a small population because of the
rural situation. All these clusters coincided with the purely tempo-
ral clusters.

Figures 4 and 5 show the geographical locations and the peri-
ods in which the clusters occurred, as well as their relative risk val-
uations. In the scanning analysis, the relative risk of a spatial clus-
ter represents how much more common the disease under study is

@‘

in the region and time period detected compared to any other
region throughout the study period, even in the region under study
during any other period of time.

In Blumenau, two clusters were identified in 2008: the first in
229 Census tracts, covering the entire northern half of the munici-
pality and with a relative risk of 7.5, and the second in 184 Census
tracts with a relative risk of 6.6 (Figure 5-A1). This means that the
risk of contracting leptospirosis in 2008 was 6.5 times higher in the

A2

Spatio_temporal cluster ]
High risk y
2 RR = 19,71 (2008)
2 Census tracts

6 2 4 & som {
N — — ) ?
| Geographical Projaction, Sepas 2000 ( == Ly

.\ ‘Source: IBGE, SINAN s \ \ Y e ]

"\ GAEPS, 2019 _ il
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Spatio-temporal cluster
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Blumenau

', 1 Municipality
— Rivers

* = Mass movements

Bl

[ Municipality
Rivers

= Mass movements risk areas

= Hydrological risk are
1 Cluster RR=19,71

J Sourca: [BGE, ANA, CPRM
4 DAEPS, 2019

A) spatiotemporal clusters and B) areas at risk for natural disasters; 1) Blumenau; 2)

Cambority 3) Gaspar.

Figure 5. Spatiotemporal clusters and areas at risk of natural disasters in Blumenau, Camborit and Gaspar between 2000 and 2016 in

Santa Catarina State, Brazil.
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first space-time cluster and 5.6 times higher in the second one than
in areas outside it. These clusters covered approximately 83% of
the municipality’s population including some rural sectors, where
few cases are usually recorded and the population is small.

In 2008, several clusters were identified, one each in the fol-
lowing three municipalities. In Camboriu, one cluster was located
in the middle of its urban area, which is composed of 39 Census
tracts, covering 47% of the population, with a relative risk of 19.7

(Figure 5-A2); in Gaspar, a significant cluster was located in the
Midwest region of the municipality, including 44 Census tracts,
representing 41% of the population, with a relative risk of 8.5
(Figure 5-A3). Only one Census tract of the cluster was rural; the
others urban; and in Itajai another significant cluster was located in
the western part of the municipality, including 140 tracts, corre-
sponding to 52% of the population with a relative risk of 16.1. This
cluster comprised five rural tracts; the others were urban (Figure 6-

A4
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High risk

2 RR = 16,12 (2008)
3 Census tracts

"\ oas, 019

A5 ~]

a 2009)

N

Itajai

A6 Navegantes
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~1 = Hydrological risk areas
s Cluster RR=13,53

5 Municipality
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= Hydrological risk areas

ms Mass movements risk areas /
Cluster RR=16,12 /

6 2 4 & Bm

N E - p.

Y Geographcal Sigas 2000 |

[, Source: IBGE, ANA, CPRM {
| DAEPS, 2019

A) spatiotemporal clusters and B) areas at risk for natural disasters; 4) Itajai; 5) Jaragud do

Sul; 6) Navegantes.

Figure 6. Spatiotemporal clusters and areas at risk of natural disasters in Itajai, Jaragud do Sul and Navegantes between 2000 and 2016

in Santa Catarina State, Brazil.
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A4). In Jaragua do Sul, three clusters were identified. The largest
included 56 Census tracts and had a relative risk of 2.6 for the peri-
od from 2008 to 2011; another with 16 tracts had a relative risk of
6.5 for the year; while the third and smallest contained only one
tract located in the central region of the municipality, with a rela-
tive risk of 39.7 for the period 2008 to 2009. Together, these three
clusters contained 36% of the population and 19% of the rural
Census tracts, most of which located in the South and part of the
largest cluster (Figure 6-AS5). In total, Jaragud do Sul has 215
Census tracts. Like Camboriu, Gaspar and Itajai, Navegantes had a
significant cluster in 2008, including 35 Census tracts, all of which
were urban (covering 46% of the population), with a relative risk
of 13.5 (Figure 6-A6).

Situation with respect to natural disasters

Each of the six municipalities in the study was mapped and
assessed for the risk of natural disasters, which were classified as
either purely hydrological events or mass movement, landslides
being the most common among other movements. The maps are
shown in Figures 5 and 6 (B1 to B6). The areas at risk both for
hydrological events and landslides natural disasters presented in
the maps can be seen to largely coincide with the areas where clus-
ters of high leptospirosis rates were detected in the spatiotemporal
analysis. They are predominantly urban areas that contain the great
majority of the populations of these municipalities and are criss-
crossed by rivers that can overflow during heavy rainfall.

In 2008, the rainfall reached volumes never before recorded,
especially in regions of Greater Florianopolis, Itajai Valley and
Northern Coastal, triggering flashfloods with high water levels
leading to land- and mudslides in several municipalities in the
north-eastern part of the state (Silva Dias, 2009; Zucco et al., 2010;
Xavier et al., 2014a; 2014b; Londe et al., 2015). According to the
official civil defence document Damage Assessment (Avaliagao de
Danos, AVADANS) that recorded the disaster, the municipality of
Blumenau received 112 mm of rainfall in six hours, 500 mm in two
days and reaching 588 mm at the end of five consecutive days
without adequate water outflow conditions. This led to partial
flooding of the central area and several neighbourhoods in addition
to slips and landslides of medium and large proportions. Camboriti
received 262 mm of rain from 21 to 23 November resulting a total
measure for the month of 466 mm, well above the average for the
period. There were also increased river levels due to flashfloods
leading to general flooding with landslides. In Gaspar, heavy rains
between 21 and 24 November amounted to 514 mm causing sud-
den floods and landslides (S21D, 2018).

According to AVADANS, Itajai suffered the impacts of the
high volume of rain that fell in the middle and lower portions of
valley containing the Itajai-A¢u River. Out of 472 mm of rain
recorded in four days, 190 mm came in just one day. This caused
overflow of the rivers Itajai-A¢t and Itajai Mirim. In Jaraguéd do
Sul, above normal rainfall was recorded throughout the month of
November (1,100 mm), with particularly great intensities on days
21, 22 and 23 of the month (600 mm). In Navegantes, the amount
of rainfall reached 325 mm in the period from 21 to 25 November,
and the average for the month was approximately 160 mm. The
heavy rains caused flashfloods and the overflow of the Itajai-Acu
River and some of the municipality streams. Some of these munic-
ipalities also reported damage to the water distribution network,
water and sewage treatment as well as waste collection and treat-
ment in the post-disaster period (S2ID, 2018), all favourable con-
ditions for the transmission of leptospirosis.
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In 2011, Jaragua do Sul was greatly affected by heavy rains (Silva,
2014), particularly in the southern part of the region.

CPress

Discussion

Historically, the highest incidence of leptospirosis was record-
ed in 2008 in five of the six municipalities; Jaragua do Sul being
the exception, which recorded the highest incidence in 2011, fol-
lowed by 2008. Significant increases in incidence have been
reported to occur in periods after flooding, both in 2008 and 2011
(Silva Dias 2009; Silva, 2014). The highest incidence of lep-
tospirosis in SC occurred in men in the economically active age
group confirming previous studies reporting higher incidence, hos-
pitalization and mortality rates due to disease in economically
active men (Souza et al., 2011; Gongalves et al., 2016). Although
there is no scientific evidence of any predisposition that may
favour infection in men or this age group per se, exposure-related
factors are believed to be connected to occupation in commonly
flooded areas, which are likely sites of ongoing transmission of the
disease. With regard to the spatialization of the cases, it was
observed that they were concentrated in urban areas in all six
municipalities. All municipalities detected purely temporal clus-
ters. The municipalities of Camboriti, Gaspar, Itajai and
Navegantes each had a spatiotemporal cluster with a high inci-
dence rate in 2008. Blumenau had two clusters in 2008, and
Jaragua do Sul had three clusters in 2008 and 2011. The periods in
which these clusters occurred coincided with severe natural disas-
ters, especially in 2008, when all the municipalities studied were
affected. This explains why significant clusters were found in the
purely temporal and spatiotemporal scan statistics, but not in the
spatial scan statistics; as interaction between time (time of disaster
occurrence) and space (natural disaster risk areas) was a determin-
ing factor for the formation of clusters. Thus, the population with
the highest incidence of leptospirosis in the six municipalities stud-
ied lived in high-risk areas that experienced natural disasters in
2008 and 2011.

The spatial and spatial variation analyses of temporal trends
did not detect significant clusters in the six municipalities.
However, both the purely temporal and the spatiotemporal method
detected clusters. In this case, the occurrence of high incidence
rates of leptospirosis was not only associated with a specific loca-
tion but also with a certain period of time (occurrence of natural
disasters), since temporal clusters were detected in all municipali-
ties. Therefore, this is an indication that the interaction between
space and time was decisive for the detection of high rates of lep-
tospirosis.

Most cases of spatialized leptospirosis and most detected clus-
ters occurred in urban areas, which contain the majority of the
inhabitants in the municipalities, especially economically disad-
vantaged population. In addition, urban areas often have inade-
quate sanitation and rubbish collection, which can cause infesta-
tions of infected rodents. Pelissari ez al. (2011) observed that there
is a difference with respect to the factors involved in the transmis-
sion of leptospirosis in urban and rural areas. In the former, epi-
demic outbreaks are preceded by increased rainfall that connect the
disease to low socioeconomic levels as well as precarious environ-
mental conditions, while the disease is more commonly associated
with agricultural activities, such as rice planting and irrigation in
the latter. This is echoed by the present study that mostly found
cases of leptospirosis in urban areas and that the population with
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the highest incidence of leptospirosis resides in areas identified as
being at high risk for natural disasters. In all the municipalities
studied, the arcas where the disease clusters were located either
presented some risk of hydrological events or landslides, e.g.,
when bordered by rivers prone to overflow during heavy rainfall.

Most of the detected clusters occurred in 2008, when the
largest natural disaster in SC occurred (Silva Dias, 2009), but
Jaragua do Sul had also clusters of cases in 2011, when the munic-
ipality was greatly affected by heavy rains (Silva, 2014). The dif-
ferent kind of clusters noted in Jaragua do Sul were not all located
in urban regions, where most cases of leptospirosis usually occur.
This may have occurred because incidence rates were higher in the
less populated areas, while there were a few cases of leptospirosis
spread over a large area with a small population resulting in high
rates, which may have favoured the detection of these Census
tracts as part of the cluster.

Although leptospirosis has seasonal trends due to increased
rainfall volume and intensity in summer, the epidemics in SC
occurred mainly after major hydrological disasters (Santos et al.,
2012), which did not necessarily occur during the summer. For
example, the highest incidence in the study period was due to the
event of November 2008. It is not always possible to predict natu-
ral disasters or their intensity, as this depends on the characteristics
of the region and the meteorological event involved (Silva Dias,
2009; 2014). However, after the occurrence of a natural disaster, it
is possible to apply surveillance measures to prevent leptospirosis
epidemics, either by reducing individual and collective exposure
after floods or by preventing natural disasters, which involve social
and environmental aspects.

SaTScan has been used in Brazil and worldwide, leading to the
discovery of important results in the area of public health. With the
techniques of scanning statistics, it was possible to identify areas
and periods of a higher incidence of the disease, enabling the char-
acterization of epidemics and not just a random increase in the
number of cases.

~"

Limitations

The main limitation of the study was the use of secondary lep-
tospirosis data. As a result, it was not possible to verify the quality
of the information or complete the addresses with missing infor-
mation in the SINAN records. However, all data were considered
suitable for this study because they were obtained from public
agencies. Another limitation was in relation to the processing time
of SaTScan, which depends on the analysis unit chosen: the more
disaggregated the data, that is, the smaller the unit of analysis, the
longer the processing time. For discrete scanning statistics used in
this study, the geographic locations where the data are observed
were non-random and determined by the researcher. These loca-
tions may be the actual locations of observations, such as resi-
dences, or it may be a central location that represents a larger area,
such as the geographical centroids of the Census tracts. Due to the
irregular shapes of many Census tracts, the use of the centroid of
the tracts as an aggregation unit must be recognized as another lim-
itation: some cases may be closer to centroids of neighbouring
tracts. Despite that, these limitations were considered not to inval-
idate the study.
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Conclusions

The cluster detection approach used in the present study can
also identify and map endemic risk areas and thus contribute to the
prevention of leptospirosis. As the interaction between time (time
of disaster occurrence) and space (natural disaster risk areas) is a
determining factor in cluster formation, significant clusters coin-
ciding with severe natural disasters were found in purely temporal
and spatiotemporal scan statistics but not in purely spatial
approaches.
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