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Application of spatio-temporal scan statistics for the detec-
tion of areas with increased risk for American visceral
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Abstract. Mirroring the global increase of registered cases of American visceral leishmaniasis (AVL), this infection has
become a growing public health problem in Brazil during the last several years. As the traditional approach to control
employed by the governmental health agencies has failed to reduce the incidence and epidemic outbreaks of this illness,
we propose a re-evaluation of the national strategy of intervention and monitoring. Our thinking is based on a series
of spatio-temporal scan statistics of the west-central region of the state of Bahia covering the 11-year period from 1994
to 2004. By analyzing the situation, spatially and temporally, we show that the disease is a not only a growing focal
threat but that it is also appearing in the form of endemic clusters in the cities. The areas where the disease has been
found have been classified according to the degree of risk of infection for humans and canines. The overall objective of
this study was to identify areas of increased risk of AVL, including its seasonality, and to suggest ways and means to
improve the detection of the disease. The findings presented here should not only be of interest for the efforts to con-
trol AVL in the study area but also be useful for developing control strategies in other endemic regions of Brazil.
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Introduction

Reflected by a significant increase of the number
of cases of American visceral leishmaniasis (AVL)
globally, the threat caused by the Leishmania para-
site is gaining in significance and this group of dis-
eases is now considered by the World Health
Organization (WHO) as one of its priorities. AVL is
endemic in many different regions of the world and
it is estimated that about 200 million individuals are
at risk (WHO, 2002; Gontijo and Melo, 2004). AVL
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and other Leishmania infections are now considered
re-emerging diseases with a serious public health
impact.

The increase of AVL is felt to be mainly due to
environmental influences (Forattini, 1973). Apart
from the more general impact of the El Nifo
(Franke et al., 2002b), it is obvious that human
activities with regard to the environment have
favoured the dispersion of reservoirs and vectors
thereby modifying its clinical character in relation to
the changing landscape and expanded its geograph-
ical distribution (Miranda et al., 1998; Kawa and
Sabroza, 2002). Although the changing environ-
ment has a negative influence with regard to the
spread of the leishmaniases, it has also permitted the
development of new means to identify and define
the risk which can be used to anticipate and control
outbreaks in the future.
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In Brazil, the disease is widely distributed and is
regarded as endemic in more than 70% of the terri-
tories, particularly in the northeast. An average of
3700 new cases of leishmaniasis is registered each
year (Brasil, 2004) and with 914 cases/year on aver-
age and 217 endemic municipalities (SESAB, 2005),
the state of Bahia has both the highest rates of the
disease and the largest number of new cases.
Initially, the problem was concentrated in the center
of the state but in the last few years the disease has
expanded to the west, north, northeast and also
towards the coastal areas (Franke et al., 2002a;
Oliveira and Aradjo, 2003). The municipalities of
the center-east region have been a constant concern
for the control programme for endemic diseases but
the increasing economic importance of the area and
the growing road system have attracted intense
migration leading to a strong increase of prevalence
and incidence of these diseases (SEI, 1997; Oliveira
and Araujo, 2003).

By evaluating the environmental impact on AVL
through directing data searches towards aggrega-
tion of events in particular places, the quality of
the information obtained may be enriched in com-
parison to what can be obtained by purely spatial
analysis. The distribution can be studied in an
individual approach, in which case the event is
represented by a point, or it can be done by using
groups as the units representing the areas under
investigation (neighbourhood, city, sector, etc.)
(Cdmara et al., 2002; Tavares, 2006). In the study
of the geographical distribution of a disease, it is
either possible to carry out an exploratory analy-
sis with the objective to describe and explain how
the disease appears from a purely spatial view-
point or, alternatively, to examine if there exists a
spatial dependence of the standard distribution
(Hills and Alexander, 1989; Marshall, 1991;
Bailey and Gatrell, 1995; Lawson and Kulldorff,
1999; Morais-Neto et al., 2001). This type of pre-
cise information in relation to the casual charac-
teristics of determined events makes it possible for
health agencies to produce better and more selec-
tive policies for intervention and control (Costa et
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al., 2006). By applying this thinking to the AVL
problem, one can identify its spatial distribution
as well as find the delimitation of its risk areas.
However, the analysis of absolute numbers to
indicate such areas can lead to false results and the
use of gross rates in heterogeneous risk areas can
also lead to mistakes. Statistical treatment of data
without an ecological spatio-temporal analysis
suppresses information that can be crucial since
simple spatial distribution of cases does not con-
stitute the complete information necessary to con-
sider the situation properly. It is important to not
only provide the biological data and their coordi-
nates properly, but also to show how this infor-
mation is treated in the analysis (Beato-Filho et
al., 2001). The geographical distribution of avail-
able gross rates makes it possible to easily visual-
ize regions with apparently high concentrations of
events such as, for example, cases of AVL in
humans and canines. According to Beato-Filho et
al. (2001), the ultimate issue is to know whether
or not the apparent aggregation of a high inci-
dence and/or prevalence is random or if an
increased number of observed cases can be attrib-
uted to increased exposure to infection. Accurate
statistics must be applied to verify which of these
two possibilities find significant support to make
it true.

New ways to test for the existence of areas of
particularly high risk have been considered and
published. One of the most promising at the pres-
ent time is the so-called spatial scan statistics
(Kulldorff and Nagarwalla, 1995), which can be
used to investigate if the one-dimensional process-
es of point collection are randomly distributed or
if agglomerations of cases can be identified
(Kulldorff, 1997).

The objective of this work was to show, through
georeferenced maps, the distribution of human
and canine AVL and the detection of agglomerates
in the center-east region of Bahia, Brazil. The find-
ings should contribute to improved control meas-
ures for this disease in the state of Bahia as well as
in other endemic areas of Brazil.
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Materials and methods
Study area

The center-east region of the state of Bahia, which
is situated in the eastern part of Brazil, is composed
of 26 municipalities which, health wise, abide by the
policies of the 2"d Regional Directories of Health
(274 DIRES), an administrative division of the
Secretariat of Health of Bahia (Fig. 1). The munici-
palities make up the economic region of the
Paraguacu (SEIL, 2000) which has a territorial exten-
sion of 14,021 km? and 941,139 inhabitants. The
average population density is 67.1 inhabitants/km?
(IBGE, 2000). The vegetation cover of the region is
dominated by small, thorny trees (caatinga) inter-
spaced with transitory areas of dry forest ecosys-
tems including woodland and savanna (cerrado).
The area is semi-arid, with typical seasonal sub-
humid to dry spells and has a registered minimum
temperature of 23.4°C and a maximum of 31.1°C.
The rainfall varies from a minimum pluviometer
rate of 9.6 mm and a maximum of 1035.5 mm.

Epidemiological data

Information for the period 1994-2004 pertinent
to autochthonous AVL comes from the
Municipalities Health departments (SMS) and the
Secretariat of Health of Bahia State (SESAB, 2005).
It provides the number of human cases, municipali-
ties of occurrence, year and gender with calculation
of incidence (number of new cases of autochthon
AVL in relation to total population) as well as infor-
mation on canine infections by serology (number of
positive animals, municipalities of occurrence and
year) with calculation of the rate of seropositive
canines (number of positive dogs in relation to the
total number of examined dogs).

The demographic data for the same period of
time comes from the Brazilian Institute of
Geography and Statistics (IBGE). It estimates the
canine population as 10% of the human population
(WHO/WSPA, 1992).

The vector of AVL was considered to be present in
all municipalities. The AVL cases were georeferenced
in the field with aid of a global positioning system
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Fig. 1. The geographic region of study which includes the municipalities of the center-east region of Bahia, Brazil.
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(GPS) receiver (model ETREX, Garmin). The coor-
dinates were measured in the System of Projection
UTM, datum SAD69 (South America, 1969).

Tests for the detection of agglomerates

Agglomeration of cases can be appraised as a
group event, geographically limited in concentration
and size and the level of risk accounted for in a way
that excludes randomness. The data in this study
were analyzed with the aim of detecting aggregates
of cases using a purely spatial approach (when the
cases occurred in the same region or area investigat-
ed) and a spatio-temporal approach (when spatial
and temporal proximity between the cases exists
simultaneously) as described by Werneck and
Struchiner (1997) and Lawson and Kulldorff
(1999).

Initially, we used a generic-type statistics
approach for testing the hypothesis of non-existent
risk of agglomeration of AVL in the study area
against the alternative hypothesis of the existence of
some aggregation but without specifying where in
the area it might exist. This was done controlling for
random aggregation as described and used by
Lawson and Kulldorff (1999), Assuncdo (2001) and
Pellegrini (2002).

A number of cases were found in each study area
and their numbers all followed a Poisson distribu-
tion. The number of cases expected in one deter-
mined area is equal 6 times the population at risk.
The constant 6 mentions the per capita rate of
occurrence of events in the area that under the null
hypothesis possesses the same value in all and any
area or sub-region of the map. In the alternative
hypothesis, it can be admitted that some sub-regions
of the map have a value of 0 greater inside than out-
side of it (Beato-Filho et al., 2001).

The statistical tests of the spatial scanning results
were carried out using the SaTScan™ software ver-
sion 7.0, which is available free of charge at the
website www.satscan.org. The approach idealized
by Kulldorff and Nagarwalla (1995), was applied
with the following variables: the population of the
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territorial unit (municipality), coordinates of the
centroids of the cases found (human and canine),
number of cases for each municipality, year of
occurrence, and the gender of the positive human
cases (co-variable). For each municipality, the cen-
ter of centroid mass was calculated, denominated
centroid, through the extension for the ArcView

3.x. Jenness Enterprises (2004), available at

www.jennessent.com/arcview/centermass.htm.

For the analysis of the data the SaTScan™ was
configured to:

(i) carry out both a purely spatial analysis and a
spatio-temporal one;

(i) use the interval of annual time;

(iii) conform to the probability distribution of
Poisson (where the distribution is heteroge-
neous and the events are rare in relation to the
population);

(iv) consider clusters with 10%, 30% and 50% of
the population at risk; and

(v) submit each one of these to replication 999,
9999 and 99,999 times (to generate a number
of random replications of the data set under the
null hypothesis).

Results

On the basis of the parameters configured for
analysis through the SaTScan™, the best result was
obtained by the mathematical model that consid-
ered a maximum of 30% of the population at risk
for leishmaniasis and a 999-time Monte Carlo sim-
ulation. This model detected agglomerates of pri-
mary and secondary risk clusters at a high statistical
level of significance (P <0.001). Using the 10% and
50% levels of population at risk in the model pro-
duced either an excess of secondary clusters and/or
p-values without statistical significance.

During the 1994-2004 period, the estimated total
population in the study area was 944,657 and the
relative risk was 7.3 in 100,000. Analysis based on
purely spatial scanning of this area detected two risk
agglomerates which included 55% of all registered
cases (Fig. 2).
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Fig. 2. Detection of human AVL clusters in the study area in Bahia (Brazil), during the period 1994-2004 through analysis

based on purely spatial scanning.
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Fig. 3. Detection of canine AVL clusters in the study area in Bahia (Brazil), during the period 1994-2004 through analysis based

on purely spatial scanning.
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The agglomerate with the highest probability of
being true was termed the primary. It involved seven
municipalities of the eastern region originating from
Rafael Jambeiro, a community with 180,308 inhab-
itants whose gross rate was 15.8 per 100,000 inhab-
itants and the relative risk 2.978 (Table 1). This
agglomerate included 314 human registered cases of
AVL, while we should have had, under the null
hypothesis, only around 145.3 cases, resulting in a
cluster ratio of 2.161.

The secondary agglomerate was composed of four
municipalities issuing from Santa Birbara with
51,096 inhabitants and a risk rate of 2.644.
Although the number of cases expected for this area
was 43.0, as many as 104 cases had been registered
giving a cluster ratio of 2.419 (Table 1).

The purely spatial analysis for detection of risk
agglomerates for canine AVL for the 1994-2004 peri-
od comprised 26 municipalities with an estimated
canine population of 93,554 animals and an annual
risk rate of 114.6 in 100,000. The analysis of the
canine data detected two aggregates at a highly sta-
tistically significant level (P <0.001) (Fig. 3).

The primary agglomerate was constituted of four
municipalities from Santa Barbara, whose radius at
the time of the study reached an estimated canine
population of 4383 animals with a relative risk of
11.342. In this area, 422 seropositive animals had
been registered, while 55.2 infected canines should
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have been expected under the null hypothesis. The
rate of annual risk was calculated to 875 in 100,000
animals. The secondary agglomerate was centered
over the municipality of Ipecaeta and involved three
municipalities where 6378 dogs lived. The relative
risk was 3.328 and the annual risk rate was calcu-
lated at 326 in 100,000 dogs. However, while 84.9
positive cases were expected, 242 were actually
observed (Table 2).

Secondly, a retrospective statistical analysis of
scanning over a period of time was done with the
aim of detecting disease clusters in humans. The ini-
tial results were identical to the purely spatial analy-
sis but only with reference to population, number of
cases and the annual rate of risk. However, when
individuals affected by the disease were taken into
account, two agglomerates with strong statistical
significance (P <0.001) were formed (Fig. 4).

The primary agglomerate was detected to have
existed between 1996 and 2000 in the same munic-
ipalities covered by the purely spatial analysis. Thus,
the population and covering radius coincided. In
contrast to the approximately 65.3 cases of disease
to be expected under the null hypothesis for the
period investigated, 240 cases had been reported,
i.e. a ratio between observed and expected cases of
3.674 (Table 3). The rate of annual risk was esti-
mated at 26.9 in 100,000 inhabitants and the rela-
tive risk at 4.907.

Table 1. Cluster distribution of human AVL cases for the 1994-2004 period in the municipalities of the study area in Bahia

(Brazil) based on purely spatial analysis.

Cluster Municipality P-value Clusters Clusters  Ratio  Relative Observed Expected  Ratio  Relative
observed expected (obs/exp)  risk cases cases (obs/exp) risk

Primary Rafael Jambeiro <0.001 314 145.3 2.161 2.978 22 17.7 1.243 1.250
Santo Estevao <0.001 314 145.3 2.161 2.978 62 32.7 1.894 1.974
Ipecaeta <0.001 314 145.3 2.161 2.978 73 14.4 5.060 5.492
Ipira <0.001 314 145.3 2.161 2.978 87 50.5 1.722 1.815
Serra Preta <0.001 314 145.3 2.161 2.978 44 13.8 3.193 3.328
Antonio Cardoso <0.001 314 145.3 2.161 2.978 10 9.2 1.090 1.091
Anguera <0.001 314 145.3 2.161 2.978 16 7.0 2.296 2.324

Secondary  Santa Bdrbara <0.001 104 43.0 2.419 2.644 51 21.9 2.326 2.421
Tanquinho <0.001 104 43.0 2.419 2.644 17 6.2 2.748 2.788
Santandpolis <0.001 104 43.0 2.419 2.644 13 6.9 1.899 1.915
Candeal <0.001 104 43.0 2.419 2.644 23 8.0 2.865 2.923




D.D.M.T. Carneiro et al. - Geospatial Health 2(1), 2007, pp. 113-126 119

Table 2. Cluster distribution of canine AVL cases for the 1994-2004 period in the municipalities of the study area in Bahia
(Brazil) based on purely spatial analysis.

Cluster Municipality P-value Clusters Clusters  Ratio  Relative Observed Expected  Ratio  Relative
observed expected (obs/exp)  risk cases cases  (obs/exp) risk
Primary Santa Bérbara <0.001 422 55.2 7.640 11.342 227 22.4 10.121  12.295
Tanquinho <0.001 422 55.2 7.640 11.342 69 9.7 7.151 7.533
Santanépolis <0.001 422 55.2 7.640 11.342 59 10.7 5.527 5.765
Candeal <0.001 422 55.2 7.640 11.342 67 12.5 5.368 5.632
Secondary Ipecaeta <0.001 242 84.9 2.850 3.328 65 22.5 2.883 2.993
Anguera <0.001 242 84.9 2.850 3.328 53 10.9 4.852 5.033
Santo Estevdo <0.001 242 84.9 2.850 3.328 124 51.4 2.410 2.576

Table 3. Cluster distribution of human AVL cases in the municipalities of the study area in Bahia (Brazil) during the period
1994-2004 through analysis of retrospective spatio-temporal scanning.

Cluster Municipality P-value Clusters Clusters  Ratio  Relative Observed Expected  Ratio  Relative
observed expected (obs/exp) risk cases cases (obs/exp) risk
Primary Rafael Jambeiro <0.001 240 65.3 3.674 4.907 14 7.8 1.803 1.818
(1996-2000)  Santo Estevao <0.001 240 65.3 3.674 4.907 58 14.7 3.945 4.189
Ipecaeta <0.001 240 65.3 3.674 4.907 58 6.5 8.893 9.545
Ipira <0.001 240 65.3 3.674 4.907 67 23.1 2.907 3.092
Serra Preta <0.001 240 65.3 3.674 4.907 24 6.0 3.974 4.071
Antodnio Cardoso <0.001 240 65.3 3.674 4.907 06 4.1 1.460 1.464
Anguera <0.001 240 65.3 3.674 4.907 13 3.2 4.128 4.183
Secondary Santa Barbara <0.001 75 12.9 5.799 6.324 11 2.9 3.765 3.806
(1995-1999) Tanquinho <0.001 75 12.9 5.799 6.324 43 6.4 6.696 7.038
Candeal <0.001 75 12.9 5.799 6.324 21 3.6 5.847 5.985

Table 4. Cluster distribution of canine AVL cases in the municipalities of the study area in Bahia (Brazil) during the period
1994-2004 through analysis of retrospective spatio-temporal scanning.

Cluster Municipality P-value Clusters Clusters  Ratio  Relative Observed Expected  Ratio  Relative
observed expected (obs/exp) risk cases cases (obs/exp) risk
Primary Ichu <0.001 452 36.6 12.348  19.403 20 2.7 8.074 8.196
(1999-2001) Candeal <0.001 452 36.6 12.348  19.403 51 3.3 15.275 15921
Tanquinho <0.001 452 36.6 12.348  19.403 49 2.5 20.002  20.826
Santa Bdrbara <0.001 452 36.6 12.348  19.403 182 6.2 29.489  34.689
Riachédo do Jacuipe <0.001 452 36.6 12.348  19.403 37 10.5 3.541 3.623
Santanépolis <0.001 452 36.6 12.348  19.403 48 2.9 16.851 17.524
Serra Preta <0.001 452 36.6 12.348  19.403 12 5.8 2.057 2.068
Anguera <0.001 452 36.6 12.348  19.403 53 3.0 17.455  18.230
Secondary Sdao Gongalo dos <0.001 23 3.1 7.360 7.486 23 3.1 7.360 7.486

(2001) Campos
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Fig. 4. Detection of human AVL clusters in the municipalities of the study area in Bahia (Brazil) during the period 1994-2004
through analysis of retrospective spatio-temporal scanning.
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Fig. 5. Detection of canine AVL clusters in the municipalities of the study area in Bahia (Brazil) during the period 1994-2004
through analysis of retrospective spatio-temporal scanning.
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The second agglomerate was formed between the
years of 1995 and 1999 and included only three
municipalities (Candeal,
Tanquinho) using purely spatial analysis. Although
the expected outcome for the region was 12.9 cases,
75 people with AVL were in fact observed. The
annual rate was 42.4 for 100,000 individuals and
the relative risk 6.324 (Table 3).

By the spatio-temporal analysis of the canine cases,
the same general result in population terms was
observed, i.e. the number of cases and rates of annu-
al risk were detected in the two agglomerates with
strong statistical significance (P <0.001) (Fig. 5).

The primary agglomerate was formed in the
period of 1999 to 2001. The spatio-temporal
approach added four more municipalities (Anguera,
Ichu, Riachdo do Jacuipe and Serra Preta) to the
four provided by purely spatial analysis. Here,
approxmately 36.6 cases were expected, while as
many as 452 canines had been reported as infected.
The risk was calculated to 1414 in 100,000 animals
and the relative risk was 19.403. The secondary
agglomerate, found to exist in 2001, included only
one municipality. Here 23 infected dogs were found,
while only 3.1 were expected. The annual risk rate
was 843 in 100,000 animals with a relative risk of
7.486 (Table 4).

Santa Barbara and

Discussion

The method for detection of risk agglomerates,
discussed by Kulldorf and Nagarwalla (1995), is
based on weighing the probability of how the areas
investigated really are close to the true situation.
According to these authors, agglomerates may be
found by applying statistics to the results of multi-
dimensional scanning for three basic properties:

(i) the geometry of the area scanned;

(i1) the distribution of probability that generates
the cases under the hypothesis of complete spa-
tial randomness; and

(iii) the type (size and form) of the scanning window.

The purely spatial scanning model generates cir-
cular windows of variable size over the geographical
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area to which the model is applied. The size and
localization of the windows indicate candidate areas
where there is a risk for aggregation of cases. For
each such a candidate area, the verisimilitude is cal-
culated based on the observation between the
expected number of cases inside and outside of the
area. Of the various mathematical models, the one
where 30% of the population displayed risk of ill-
ness turned out to be more significant for the study
than the others. On the basis of its maximum
verisimilitude, the purely spatial model generated
two agglomerates constituting risk for human AVL
in the region studied.

The method of detection of spatial clusters, con-
sidered by Kulldorf and Nagarwalla (1995), pro-
vides several advantages, including;:

(i) clearly displays the spatial differences between
various populations at risk;

(ii) prevents pre-selection contamination;

(iii) offers correct solutions for the problem of mul-
tiple comparisons; and

(iv) locates clusters on existing maps.

On the other hand, the method has a tendency to
produce agglomerates which are bigger than they
are in reality. This is due to a function of the search
form used by SaTScan™ which produces circles
rather than other geometric forms (Beato-Filho et
al., 2001). This is evident in the work presented here
as the circular windows (Kulldorff, 1997) integrated
some sub-regions that were, in fact, not part of the
real agglomerate.

The detected primary agglomerate must be con-
sidered to reflect the most likely cluster (since the
value of L, is almost as high as that of L3 which
represents the maximum likelihood) and therefore
constitutes a believable risk for human AVL. The
municipalities included in this agglomerate (Rafael
Jambeiro, Santa Estevdo, Ipecaetd, Ipird, Serra
Preta, Antonio Cardoso and Anguera), despite AVL
being a disease that must be officially registered, in
fact did not report 41% (314/760) of the cases
observed in the study period. It is thus probable that
the official number of cases comprises only those
who only seek care when they become seriously
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compromised plus those who are found as a func-
tion of passive detection (Moreno et al., 2002; Hailu
et al., 2005). In this particular case, the number of
observed patients was double the expected and it
seems credible that the situation is not much differ-
ent in other areas, i.e. the real number of infected
people is generally higher than the official figure.
As seen in Table 1, the people living in these risk
areas have almost a three (2.978) times higher pos-
sibility to acquire the disease than the inhabitants
of the other municipalities composing the cluster.

According to the literature (Lutz and Neiva, 1912;
Forattini, 1973; Rebélo, 1999; Brasil, 2006), and on
the basis of further studies carried out in this
endemic area (unpublished data), the increased risk
for humans can be explained by the climate and the
phyto-geographic environment. Consequently, the
semi-arid, sub-humid to dry area, characterized by
caatinga growth, favors the Lutzomyia longipalpis
vector and the transmission of the etiologic agent to
the human host (Lutz and Neiva, 1912; Forattini,
1973; Rebélo, 1999). Furthermore, the existence of
27% of the registered dogs in this area confirms the
importance of this animal as reservoir (Camargo-
Neves et al., 2001; Lainson et al., 2002).

Amongst the municipalities belonging to this clus-
ter, Ipecaeta represented the highest relative risk for
AVL, i.e. five times more than the average. From
observations i loco, the majority of the georefer-
enced addresses exhibited one or more of the typical
physical and geographical risk factors, i.e. habita-
tion in deforested areas, transition from agricultural
to urban occupancy, precarious life at low socio-
economic levels, animal shelters (pigsties, hen hous-
es, corrals) next to the residences and presence of
dogs. The risk of the evidence cited is supported by
the literature (Alexander et al., 2002; Moreira et al.,
2003; Tavares-Neto et al. 2003; Carneiro et al.,
2004; Dantas-Torres and Brandio-Filho, 2006;
Moraes-Silva et al., 2006).

The data related to the secondary clusters must be
analyzed with prudence once the associated p-value
is conservative which means that they are consider-
ably larger than the real ones (Beato-Filho et al.,
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2001). In our study, these secondary clusters were
considered to represent a lower risk despite the
agglomerates being statistically significant. Indeed,
a greater ratio was observed between the number of
human cases found in these clusters and the expect-
ed outcome in the municipalities of Candeal and
Tanquinho.

Purely spatial analysis found more than half of the
canine infections reported to the health agencies.
The published general rate of seropositive dogs
reached 22.3%. To control this domestic leishmani-
asis reservoir, the Secretariat of Vigilance and
Health of the Ministry of Health called in and sac-
rificed all the dogs in the affected areas (Brasil,
2006). The greatest gross positive rate (21.7%) of
the disease was detected in the primary agglomerate.
According to observations in the area (data not pub-
lished), the municipalities exhibit environments that
favours the vector species and the transmission of
the enzootia in the canine population, i.e. semi-arid,
sub-humid and dry landscapes, sometimes charac-
terized by hills and valleys as in Tanquinho and
Candeal, with a predominance of transition areas
with seasonal caatinga growth and small areas of
cattle agriculture. This is corroborated also by other
authors (Lutz and Neiva, 1912; Rébelo, 1999; Bavia
et al., 2005; Brasil, 2006).

The municipality of Santa Barbara presented the
largest number of canine cases of all the endemic
municipalities and the greatest relative risk of any
cluster, i.e. a dog in this vicinity was 12 times more
likely to be infected than in others. The positive
dogs were georeferenced and a majority of them
were found to habitually roam the agricultural zone
of the municipalities. As observed iz loco, the resi-
dential areas and their immediate neighbourhoods
were characterized by arboreta (firewood, trunks of
trees, roots, rocks, garbage and other materials sub-
ject to organic decomposition) and sheds (hen hous-
es, pigsties, corrals). This scene offers excellent con-
ditions for the phlebotomine vector that depends on
hematophagy (the female) to survive and therefore
perpetuates the cycle and spreads the disease (Lutz
and Neiva, 1912; Forattini, 1973; Rébelo, 1999;
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Camargo-Neves et al., 2001; Alexander et al., 2002;
Moreira et al., 2003; Moraes-Silva et al., 2006).
Amongst the municipalities of the secondary
agglomerate, Anguera, followed by Ipecaetd, pre-
sented the greatest risk for the canine population.

In the comparative analysis between the agglom-
erates of risk detected, it was observed that the
municipalities of the primary agglomerate of human
infections coincided with the secondary agglomerate
of infected canines in only three municipalities
(Anguera, Ipecaeta and Santo Estevdo). While the
secondary human agglomerate (Candeal, Santa
Barbara, Santanépolis and Tanquinho) also consti-
tuted the most likely one with reference to the dogs,
as it had a greater dog/human ratio of infection as
well as a greater canine density (22.7) which was
particularly evident in Santa Barbara. Taking into
account that the mumber of dogs in an endemic area
influences the number of human infections and that
canine enzootia precedes human cases (Bevilacqua
et al., 2001; Carneiro et al., 2004; Bavia et al.,
2005), we infer that the secondary canine agglomer-
ates can constitute a cluster of primary risk for
humans.

The spatio-temporal statistics suggested by
Kulldorff (1997) is analogous to purely spatial scan-
ning and defined for a cylindrical window with a
circular geographic base and corresponding weight
to time. The base is centered in the some centroids
of the study area with a variable radius of constant
form. The retrospective spatio-temporal analysis of
the human data considered all the municipalities
subjected to purely spatial analysis with the excep-
tion of Santandpolis. In total, there were 53.3% reg-
istered cases and 22% deaths. Despite a whole
decade was studied, only two agglomerates of
human AVL were detected. However, even if the
software used is very sensitive and it was expected
that agglomerates would be found for every year
studied, the magnitude of the outbreaks in 1996 and
2001 might have masked other possible agglomer-
ates. This same trend has been observed in other
epidemiological studies as reported, for example, by
Pellegrini (2000) who analyzed spatial-secular lep-
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tospirosis in the municipality of Rio de Janeiro.

The primary agglomerate was detected in the peri-
od of the outbreak (1996-2000) and presented
approximately 31% of the cases notified by SMS for
the whole area. In the municipalities of Ipecaeta,
that showed the greatest risk of illness (9.5), it was
observed that the epidemic was initiated in the same
year (1996). This initiated control activities and sur-
veillance recorded an oscillating prevalence in the
following years and increasing again in 2001.

The secondary cluster was composed of the
municipalities of Candeal, Tanquinho and Santa
Barbara in the 1995-1999 period presenting higher
relative risk in comparison with the primary cluster.
This situation probably occurred as a function of a
lower number of involved municipalities, which
reduced the radius of the cluster and thus raised the
risk. This time of the discovery of the agglomerate
also coincided with the epidemic years in Candeal,
Tanquinho and Santa Barbara.

In the spatio-temporal analysis, it was observed
that clusters of risk for canine infection had been
detected in the period of 1999 to 2001. It is possi-
ble, even probable, that the years when the epidem-
ic took place made it difficult to detect agglomerates
at later times, as supported by the analysis of the
human data. In the primary agglomerate that
involved eight municipalities, the greatest number of
registered cases occurred in 1999 (22%) and 2001
(9%). Santa Barbara had a 35 times greater risk of
canine enzootia and thereby registered the greatest
relative risk of all the municipalities in the study.

The secondary agglomerate was detected only in
2001. This was in the municipality of Sao de
Gongalo dos Campos where the greatest magni-
tude of recorded enzootia (74%) occurred. This
municipality might be considered as an area of sig-
nificant risk for endemic disease: for each human
infected with AVL around eight infected dogs were
found. This high ratio is extreme and, in addition,
since canine enzootia precedes the human cases
(Bevilacqua et al., 2001; Carneiro et al., 2004;
Gurgel et al., 2005) is quite possible that it will
increase further in the future as has indeed been
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reported in other areas (Brasil, 2004; Genaro,
1995).

Conclusions

Spatial scanning analysis using SaTScan™ permits
the identification of AVL clusters and the classifica-
tion of risk for humans and canines which act as the
reservoir for the human infection.

Although Siao Gongalo dos Campos was not in the
primary cluster of humans and dogs, we can infer
that this municipality carries a potential risk for
unaffected municipalities since its extreme rate of
human to dog infection ratio (1:8) can easily expand
the disease well beyond territorial borders and
administrative divisions.

Other potential co-variables, for example socio-
economic and environmental issues, could add use-
ful perspectives to the subject of study and should
be contemplated for future risk analyses using
SaTScan™ and its associated mathematical models.
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