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ARTICLE INFO ABSTRACT

Keywords: Accidents caused by scorpions are considered a neglected condition and represent a major health problem in
Public health most tropical countries, especially for children and elderly people. In Brazil, scorpionism is recurrent in the
Sp?ﬁme,mporal southeast region, mainly in the state of Sao Paulo, due to the progressive increase in scorpions found in urban
irc’:lj;:: logy habitats. Thus, our study aimed to provide better insights into the geographic and epidemiological characteristics
Scorpion of scorpion envenomation in Sao Paulo state and identify the environmental factors that are associated with these

Tityus serrulatus accidents. This is an ecological and retrospective study with secondary data on scorpion accidents in the state of
Sting Sao Paulo from 2008 to 2018 obtained from the Notifiable Disease Information System. The SatScan software
was used to identify the higher- and lower-risk spatiotemporal clusters. A total of 145,464 scorpion sting cases
were recorded in the state of Sao Paulo, between 2008 and 2018; there was a four-fold increase in the incidence
rate. Accidents occurred more frequently in the spring season, wherein higher-risk clusters were in the north and
northwest regions of the state. High temperatures, low precipitation, and poor natural vegetation are associated
with higher risk areas. Our study mapped vulnerable areas for scorpion accidents that can aid in the design of

efficient public health policies, which should be intensified during the spring season.

1. Introduction

Scorpionism - a generic name given to accidents due to scorpions -
occurs commonly in tropical and subtropical regions (Abroug et al.,
2015), and represents a serious public health problem because of its high
incidence and clinical relevance. It is estimated that in 2019, there were
approximately 1.2 million accidents and 3500 annual deaths worldwide
(SBMT, 2019). Scorpionism in Brazil has increased significantly in the
last decade, leading the ranking of accidents caused by venomous ani-
mals in the country (Santos et al., 2016). Between 2007 and 2018,
approximately 927,000 accidents due to scorpions have been reported,
resulting in 972 deaths (MS, 2019; Furtado et al., 2020).

In Brazil, there are approximately 160 species of scorpions, but stings
of medical importance are caused by only one genus, the Tityus. The
species Tityus serrulatus (MS, 2019; Torrez et al., 2019) is responsible for
the most severe cases and deaths (Cupo, 2015; Torrez et al., 2019). Its
origin is not certain, but older records indicate the Brazilian state of

Minas Gerais. However, it was found in 19 of the 27 Brazilian states
(Torrez et al., 2019). The evolutionary process allowed a wide adapta-
tion of several scorpion species, such as T. serrulatus, allowing greater
dissemination that led them to occupy regions ranging from deserts to
urbanized centers (Dabo et al., 2011; Santos et al., 2021).

In Brazil, scorpionism is recurrent in the southeast region, mainly in
the state of Sao Paulo (SP), due to the progressive increase in scorpions
found in urban habitats. Control measures and population management
are based on the removal/collection of scorpions and modification of the
environment in order to make it unfavorable to their occurrence, such as
removing debris and garbage. Chemical control is not indicated, as
scorpions can remain for long periods in natural or artificial shelters that
prevent contact with the venom. In addition, they have the ability to
remain with their pulmonary stigmas closed for a long period of time
(MS, 2019). Spatial epidemiology allows identification of the frequency
and distribution of higher-risk areas for scorpionism (Almeida et al.,
2020), and these findings are essential for the prevention and
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surveillance of possible accidents (Aratjo et al., 2016; Amado et al.,
2021). Thus, the present study aimed to identify spatial, temporal, and
space-time clusters with higher incidence rates of scorpionism in SP
between 2008 and 2018, and investigate the environmental factors
involved in the occurrence of these accidents.

2. Methods

This is an ecological and descriptive study using secondary data on
scorpion accidents in 645 municipalities of SP reported between 2008
and 2018. These municipalities are aggregated in 17 regional health
departments (RHDs) (Supplementary Material 1). The data on
confirmed cases of scorpion accidents correspond to the notification
forms of the Notifiable Diseases Information System of each munici-
pality, available by the Center for Epidemiological Surveillance of SP.
Demographic information and percentage of urbanization per munici-
pality were acquired from the Brazilian Institute of Geography and
Statistics (IBGE). Environmental information was obtained for each
municipality: percentage of natural vegetation (Souza et al., 2022);
average day temperature ( °C); average night temperature ( °C); thermal
amplitude (difference between day and night temperature) ( °C); and
average precipitation (mm) (TRMM, 2011).

We obtained the incidence rates of scorpionism for the 17 RHDs of
the state of Sao Paulo for each year of the study period. These incidences
rates were standardized by age and sex using the population of the state
of year of 2013. The purely spatial, space-time, purely temporal, sea-
sonal, and spatial variations in the temporal trend clusters were deter-
mined using the scan statistics and SaTScan v10.0 program (Kulldorff,
2021). The purely spatial and space-time analyses identify the higher-
and lower-risk clusters in space and time, respectively. The temporal and
seasonal analyses identify the clusters of higher and lower risk only in
time. The spatial variation in the temporal trends identifies the clusters
with growth rates (or decreases) in and out of these clusters, and eval-
uates whether the difference between them is statistically significant.
For the space-time and spatial variations in the temporal trend analysis,
scorpion accidents were aggregated by year, whereas for temporal and
seasonal analyses, the data were aggregated by month.

The maximum population size for the spatial scanning window was
5%, which was determined using the Gini index option in the SaTScan
for the purely spatial analysis (Han et al., 2016). The maximum tem-
poral length of the temporal scanning window is 50%. The p-value of the
clusters was obtained through the Monte Carlo hypothesis test with 999
replications (Kulldorff, 2021). The level of significance was set at 5%.
For the production of spatial, space-time, and spatial variation in the
temporal trend clusters, the municipality of SP was ignored or dis-
regarded from the cluster analysis due to its exacerbated population
number, which would hamper the application of this method in partic-
ular; this, however, in no way invalidates the quality of the data pre-
sented in this study.

After identifying the higher- and lower-risk clusters for scorpionism
in the purely spatial analysis, we statistically compared the values of
demographic and environmental variables of the group of municipalities
belonging to the higher-risk clusters with those of the lower-risk group.
We created a spreadsheet in an Excel file for each one of these variables
to insert their values, so that in the first and second columns we had,
respectively, the values corresponding to the group of municipalities of
higher-risk and lower-risk clusters. Then, we compared, for each de-
mographic and environmental variable, the registered values in these
two columns using the t-test for comparing means between two groups,
assuming equivalent variances. The null hypothesis was that the means
for the same variable were equal, with significance level equal to 5%
(Oliveira, 2008).

Maps with significant clusters and respective relative risks (spatial
and space-time scanning analyses) as well as the internal and external
temporal trends (spatial variation in temporal trends analysis) were
elaborated in the QGIS v3.16 program (QGIS Development Team, 2021).
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3. Results

In 645 municipalities of SP, a total of 145,464 cases of scorpion ac-
cidents were confirmed between 2008 and 2018. In 2008, 5788 cases
were reported, with an increase of 425% until 2018, with 30,394
confirmed cases. Since 2008, the incidence of scorpionism has gradually
increased, starting with 14 cases per 100,000 inhabitant-years and
reaching approximately 70 cases per 100,000 inhabitant-years in 2018,
corresponding to an increase of 378.5% in the period (see Supplemen-
tary Material 2). This advance in the incidence rates corresponded, in
different levels, to the increase in the incidences in almost all RHDs of
the state of Sao Paulo (Supplementary Material 2). The main species
found in Sao Paulo/Brazil was Tityus serrulatus.

In the purely temporal aspect (Fig. 1A), a higher-risk cluster was
identified in the period from September 2015 to December 2018 (rela-
tive risk [RR] = 2.48), while a lower-risk cluster was present in the
initial period, from January 2008 to July s (RR = 0.42). The higher-risk
months identified in the seasonal analysis for scorpion accidents were
from September to December (spring season), with an RR of 1.38
(Fig. 1B). A lower-risk period from March to August (RR = 0.73) was
also identified (Fig. 1B).

Regarding the purely spatial analysis of the total accidents, four and
eight statistically significant higher- and lower-risk spatial clusters were
identified, respectively. Throughout the analyzed period, the two
highest-risk areas were concentrated in the northwestern and north re-
gions of the state, with RR of 6.06 and 4.80, respectively, and localized
mainly on the Aracgatuba, Barretos, and Sao José do Rio Preto RHDs
(Fig. 2A and Supplementary Material 1). The other two secondary
clusters of higher risk were located in the northeast and central east of
the state. All lower-risk clusters were located in the eastern part of the
state (Fig. 2A).

The statistical comparison of demographic and environmental vari-
ables of municipalities included in the higher-risk purely spatial clusters
with those in the lower-risk clusters showed important differences be-
tween these two groups. All analyses resulted in significant p-values,
with the exception of the variable percentage of urbanization (Table 1).
The higher-risk areas showed higher temperatures, lower precipitation,
and a lower percentage of natural vegetation.

The two significant clusters were identified using the space-time
scanning statistics of the total cases. The higher-risk cluster, with an
RR of 9.18 (Fig. 2B), occurred between 2014 and 2018, was identical to
the purely spatial cluster that occupies the northwest region of the state
and was localized mainly on the Aracatuba and Sao José do Rio Preto
RHDs (Supplementary Material 1). The lower-risk cluster showed the
same pattern presented in the purely spatial analysis; however, with a
smaller size in the coastal region.

In the analysis of spatial variation in the temporal trends, two sig-
nificant clusters were found in the total set of scorpion accidents. The
values of their external and internal temporal trends are presented in
Fig. 2C, highlighting the cluster located in the northwest region, also
occupying the Aracatuba and Sao José do Rio Preto RHDs (Supple-
mentary Material 1). It presented an internal annual increase of 34.3%,
which was greater than the external increase (15.1%), with a high RR
(4.13).

4. Discussion

This study sought to identify the spatial, temporal, and space-time
clusters of scorpion accidents in SP from 2008 to 2018. Few studies
have sought to identify the spatial and spatiotemporal clusters for the
occurrence of accidents due to scorpions. Most studies refer to the
geographical distribution of scorpion species of clinical importance and
their respective incidences (Brites-Neto and Duarte, 2015; Shahi et al.,
2016), failing to observe possible areas or regions that are more specific
and vulnerable to the occurrence of these accidents (Silva et al., 2014,
Barbosa et al., 2012). In this study, the scanning method was used to
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Fig. 1. Distribution of scorpion accidents in the state of Sao Paulo. (A) Purely temporal aspect of incidence rate from 2008 to 2018
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. (B) Seasonal analysis showing the
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Fig. 2. Maps of clusters with high rates of scorpionism, according to the study area, Regional Health Department (RHD), cluster period and relative risk (RR). (A)
Purely spatial analysis, (B) Spatio-time analysis and (C) Spatial variation of the temporal trend.
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Table 1

Comparison of means between high and low risk clusters (t-test, two samples
assuming equivalent variance). The number in parentheses indicates the stan-
dard deviation. *Indicates p value significant (p < 0.0001).

Variable High-risk cluster Low-risk cluster

Urbanization (%)

Natural vegetation (%)

Average day temperature ( °C)
Average night temperature ( °C)
Average precipitation (mm)
Thermal amplitude (C°)

85.38 (10.24)
9.91 (6.26)*
23.85 (1.01)*
17.92 (1.10)*
338.90 (42.09)*
12.71 (1.27)*

87.97 (17.08)
34.14 (22.70)*
21.50 (0.97)*
15.63 (1.13)*
421.74 (183.26)*
10.48 (1.82)*

target the identification of more vulnerable areas and time periods of the
greatest risk to scorpionism. Our results showed that there was a great
increase in the incidence of accidents (almost four times between 2008
and 2018), which was more pronounced between September 2015 and
December 2018. This increase has been attributed to the improvement
of the notification system and an increase in search for hospital care
(Chippaux, 2015), but also represents the high affinity of scorpion spe-
cies for anthropically altered environments, with consequent increases
in contact with humans (Amado et al., 2021).

Specifically, in SP, the change of the main precursor species
(T. bahiensis) to T. serrulatus throughout the territory may have had a
great impact on scorpionism. The findings of Amado et al. (2021)
confirmed the affinity of T. serrulatus for altered environments, as its
modeled distribution is highly correlated with human population den-
sity in Brazil. Another factor that contributes to the increase in scorpion
species in urban areas is parthenogenetic reproduction. As they are
animals with easy adaptation, when scorpions find favorable conditions,
they reproduce (Candido, 2008; Amado et al., 2021). The main control
measure in Brazil is based on the removal/collection of scorpions. In
addition, other preventive measures can be adopted, such as preserving
the natural enemies of scorpions, especially nocturnal birds, eliminating
food sources for scorpions such as cockroaches and spiders, keeping
yards and gardens clean, not accumulating dry leaves and household
waste (MS, 2019).

In relation to seasonality, we note that the most important period for
scorpion accidents in SP was the spring season. Being a tropical region,
the four seasons of the year are not well defined; however, spring marks
the arrival of high temperatures, and rainfall becomes more intense and
more frequent. Similar results were found in other Brazilian areas
(Barbosa et al., 2012; Albuquerque et al., 2013) and other countries
(Bahloul et al., 2010; Nejati et al., 2018; Firoozfar et al., 2019; Fir-
ooziyan et al., 2020) where scorpion accidents have been reported to be
more frequent in the hotter and rainy periods of the year. On the other
hand, some studies (Carmo et al., 2019) showed a uniformity of scor-
pionism occurrence over the months of the year, which could be
explained by ideal temperatures, humidity, and abundant food
throughout the year (Carmo et al., 2019).

We identified that the higher-risk areas were mainly concentrated in
the northern and northwestern regions of the state throughout the
analyzed period Paula et al. (2020). also showed these regions as hot-
spots of medical concern for scorpionism. All the higher-risk areas were
consistent with higher temperatures, lower precipitation, and a lower
percentage of natural vegetation, indicating a possible association of
these factors with the occurrence of scorpion accidents. The results
corroborate those of Moradiasl et al., 2019, who identified average
temperature, annual humidity, and precipitation as environmental
variables that affected the occurrence of scorpions in Iran. As temper-
atures increased and rainfall decreased, an increase in scorpion acci-
dents was observed, which characterizes these environmental factors as
ideal for more cases of such events. In their recent study in Iran, Rafi-
nejad et al. (2020) considered climatic variations as important factors
for the spread of scorpions in the country, as well as their accelerated
generation and maturation. The description of environments more
conducive for the presence of scorpions makes the localities with higher
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temperature and lower precipitation the ones that need more epidemi-
ological attention due to the ideal conditions for the survival and pro-
liferation of these scorpion species, which will consequently cause more
cases of scorpionism in these areas.

The higher natural vegetation cover within the municipalities
located in the lower-risk areas was a protective factor against scorpion
accidents. Kotvitski and Barbola, (2013) also identified the presence of
scorpion accidents away from the green areas. Natural vegetation is an
important environmental factor because scorpions have predators in
such areas Kotvitski and Barbola, (2013), decreasing the probability of
their contact with humans. Although the percentage of urbanization has
not been shown to be different between the lower-and higher-risk areas,
the areas with less natural vegetation can be inferred to be more ur-
banized. The effects of urbanization on cities and deforestation, such as
the lack of basic sanitation and geographic, social, and economic het-
erogeneity, can influence the appearance and adaptation of scorpions in
urban environments (Zanella et al., 2018; Braga et al., 2021) Mclntyre
(1999). studied scorpions in Phoenix metropolitan area and found that
land use influences the distribution of accidents. It is likely that scor-
pions respond to small-scale variations in land use. Other factors, such as
vegetation type, most likely play crucial roles in scorpion abundance
MclIntyre (1999). also found that land use may interact with other fac-
tors, such as presence of palm trees and woodpiles (which may provide
cover) and irrigation (which may contribute to a greater abundance of
arthropod prey).

The cluster of spatial variation of the temporal trend located in the
northwest region of the state deserves attention having presented an
internal annual increase greater than the external and a high RR. These
results show that this area, even though an important location for the
occurrence of accidents with scorpions, may, in the future, have its
epidemiological importance further increased, if the temporal growth
trend is confirmed (Areias et al., 2015). Although the problem of scor-
pionism is present throughout SP, this area needs to be prioritized in
terms of epidemiological surveillance, scorpion control, and health care.
Lower-risk areas for scorpion accidents have milder temperatures, more
rain and high natural vegetation cover. On the other hand, all
higher-risk areas show a consistent pattern of high temperatures, low
rainfall and low natural vegetation cover. Large-scale disturbances to
the soil result from new construction and development could displace
scorpions from their subterranean burrows, causing them to seek refuge
in nearby homes (McIntyre, 1999). Future studies should address other
factors that may be affecting the distribution of scorpionism, such as
socioeconomic characteristics of each region.

We believe that the spatiotemporal methodological approaches that
deal directly with epidemiological data can be great allies in helping
researches tackle such issues, besides spatial prioritization and docu-
mentation of the reality of epidemiology of scorpionism in SP. It appears
that scorpions will be increasingly adapted to urban environments, and
thus, in addition to climate change scenarios, the number of accidents
will increase. Therefore, the implementation of educational programs
for the prevention and treatment of envenomation by scorpions offered
to community and health agents, can be an effective measure of public
policy to reduce the growing number of cases (Braga et al., 2020).

5. Conclusion

Between 2008 and 2018, there was a four-fold increase in the scor-
pion incidence in SP. Accidents occurred more frequently in spring, and
the higher-risk clusters were found in the northern and northwestern
regions of the state. The Aracatuba and Ribeirao Preto RHDs were
characterized as the regions with the highest vulnerability to scorpion
accidents and represented importance in all spatial applications. High
temperatures, low precipitation, and poor natural vegetation are asso-
ciated with higher risk areas. This study helped reveal priority areas,
both for programmatic actions in the scope of scorpion accidents and to
guide future studies.
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