PLOS NEGLECTED TROPICAL DISEASES

Check for
updates

G OPEN ACCESS

Citation: Guerra-Duarte C, Saavedra-Langer R,
Matavel A, Oliveira-Mendes BBR, Chavez-Olortegui
C, Paiva ALB (2023) Scorpion envenomation in
Brazil: Current scenario and perspectives for
containing an increasing health problem. PLoS
Negl Trop Dis 17(2): €0011069. https://doi.org/
10.1371/journal.pntd.0011069

Editor: Philippe Billiald, Muséum National
d’Histoire Naturelle, FRANCE

Published: February 9, 2023

Copyright: © 2023 Guerra-Duarte et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Publicly available
datasets were analyzed in this study. This data can
be found here: http://tabnet.datasus.gov.br/cgi/
tabcgi.exe?sinannet/cnv/animaisbr.def.

Funding: This research was funded by Conselho
Nacional de Desenvolvimento Cientifico e
Tecnolégico, Brazil (CNPq) (Grant: 406163/2018-
9), Coordenagcao de Aperfeicoamento de Pessoal
de Nivel Su-perior (CAPES), Brazil - (Program
COFECUB Grant: 88881.191812/2018-01),
Fundag&o de Amparo a Pesquisa do Estado de
Minas Gerais, Brazil (FAPEMIG) (Grant: RED-
00207-22 and APQ-01663-22) and by 021-2019-

REVIEW

Scorpion envenomation in Brazil: Current
scenario and perspectives for containing an
increasing health problem

Clara Guerra-Duarte’, Rafael Saavedra-Langerz, Alessandra Matavel', Barbara B.
R. Oliveira-Mendes?®, Carlos Chavez-Olortegui?, Ana Luiza Bittencourt Paiva® ' *

1 Diretoria de Pesquisa e Desenvolvimento, Fundagéo Ezequiel Dias, Belo Horizonte, Minas Gerais, Brazil,
2 Departamento de Bioquimica e Imunologia, ICB, Universidade Federal de Minas Gerais, Belo Horizonte,
Minas Gerais, Brazil, 3 I'Institut du Thorax, Inserm UMR 1087/CNRS UMR 6291, Nantes, France

* analubpaiva @gmail.com

Abstract

Opportunistic scorpion species can colonize urban environments, establishing high-density
communities that enhance the chances of human accidents. This scenario has been taking
place in Brazil, in which some Tityus species have taken city centers, causing an explosion
in the number of scorpion envenoming cases. The characteristics of this scorpionism epi-
demic in Brazil is discussed in the present work. The number of Brazilian scorpion stings
has surpassed 120,000 cases in 2017, and has been maintained above this number ever
since, representing a more than 3-fold increase in 10 years, which was higher than the num-
ber of cases for most of the neglected tropical diseases in the country. The escalation in
scorpionism cases is even higher in some regions of Brazil. Fortunately, the proportion of
mild cases has also increased in the analyzed period, as well as the number of victims seek-
ing for medical attention within the first hour after the accident. The species Tityus serrula-
tus, Tityus stigmurus, Tityus bahiensis, and Tityus obscurus are traditionally accountable for
most of the scorpion accidents in different regions of Brazil, but other species deserve to be
closely watched. Despite scorpionism being a notable health problem in Brazil, accident pre-
vention and pest control regarding this venomous animal have not been properly addressed
by the scientific community nor by policy makers. Therefore, this review also aims to point
possible fields of research that could help to contain the aggravation of the current scorpion-
ism landscape in Brazil.

Author summary

The presence of scorpions in Brazilian urban centers has been increasing over the last
decade and has led to an important augmentation in the number of human accidents in
this country. This review aimed to better understand this scorpionism epidemic in Brazil,
analyzing the evolution and dynamics of the accidents per region, the victim’s profile, and
the outcomes of the resulting reported cases. The main scorpion species related to these
accidents were reviewed, but emerging threatening species are also pointed and discussed.
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Considering this current medical emergency, it would be expected to have more preven-
tive measures being proposed by the political and scientific community, but this has not
been observed. Therefore, this work also suggests different fields that could be important
points of action to reduce and contain problems related to scorpionism. These recom-
mendations ranges from improvements in housing and education in all levels to chemical,
biological, and genetic forms of control of scorpion populations. The effort made in this
review intended to call attention to the scorpion problem in Brazil and to be part of the
solution.

1. Introduction

Scorpions are a very ancient group that originated as terrestrial animals approximately 300
million years ago and have persisted ever since [1]. They are widespread around the globe,
present in all continents apart from Antarctica, and are adapted to a variety of environments,
including high altitudes, deserts, rainforests, and caves [2]. Some scorpion species are endemic
and dependent of their original habitats’ natural conditions, living in small populations with
restrict mobility [3].

On the other hand, there are opportunistic scorpion species, capable of adapting and colo-
nizing disturbed environments, living in high-density communities. This group can reproduce
quickly [4] and can survive without food for long periods [5], which warrants them to thrive
even amid unnatural conditions, like urban centers [6]. This life strategy causes the substitu-
tion of endemic species by opportunistic ones in disrupted or anthropized environments and
can lead to increased chances of human encounters, resulting in harmful accidents [4,7-9].
This phenomenon occurs in several places in the world that are afflicted by scorpionism, such
as North-Saharan Africa, Middle East, India, Mexico, and South America [10].

Brazil is comprised within these scorpionism’ hot spots. Casualties with these arachnids
have been described in the country since 1915 [11], the same period in which antivenom ther-
apy for scorpion stings was also developed locally [12]. Notwithstanding, scorpionism is likely
to be occurring in the area long before that. It has been hypothesized that colonizing incur-
sions in the country’s interior have disturbed the original habitat of some scorpion species,
and the foundation of new towns created new exploring possibilities for these animals [6].

Despite the accumulated knowledge, along more than a century, on several aspects of scor-
pions, ranging from venom composition to ecology, scorpionism is not a solved issue in Brazil.
A substantial annual increase in the number of reported incidents, surpassing the mark of
100,000 cases per year since 2017, has been occurring. No effective measures to contain this
epidemic have been put in place, and, as a result, the number of accidents and deaths continues
to grow. This constant increase in scorpion stings in Brazil raise concerns and demands a
deeper understanding of the environmental, demographic, and socioeconomic factors associ-
ated, the implications of these incidents, the identification of the scorpion species, and how to
better prevent them. This review aims to gather the available information concerning scor-
pionism in Brazil and proposes future directions to cope with this urban pest.

2. The problem: Scorpion envenomation in Brazil

To access epidemiology data of scorpionism in Brazil, the SINAN (Sistema de Informagédo de
Agravos de Notifica¢io) database from Brazilian Ministry of Health, which compiles health
data of compulsory notification, was consulted. Data on reported scorpion accidents from
2007 to 2019 were evaluated. This time frame was chosen because the database system was
modified in 2007 and the collected information pattern differed from the previous period

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 2/29


https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

(2000 to 2006) [13]. Data from 2020 and 2021 are still under revision. However, considering
that 2020 was an atypical year due to the Coronavirus Disease 2019 (COVID-19) pandemic,
we assumed it would be informative to access preliminary numbers on reported cases and
deaths in this year. After 2020, scorpion accidents reported in Espirito Santo state are no lon-
ger available in SINAN database, as the state is reporting data on their own platform from
thereon, which will compromise future analysis using SINAN data. SINAN was last updated in
January 24, 2022.

Even though SINAN is a very important asset to study the epidemiology of scorpionism
and other medical conditions in Brazil, inconsistencies in the available database concerning
envenoming numbers have been found [14-16]. In addition, there is evident underreporting
of scorpionism cases. Even in urban centers, it is estimated that as much as 10% of scorpion
stings may not be reported to the official surveillance system [17]. Indeed, Tanajura and col-
leagues [18] detected that 4.35% of scorpionism cases that received medical attention in the
state of Bahia were not reported to the national system. Therefore, the data presented in the
following results must be critically analyzed, considering these restrictions.

Fig 1A shows the numbers of scorpion accidents monthly reported in each geographical
region of Brazil, from 2007 to 2020. The number of notifications shows a constant increase
along the years. The absolute number of accidents were substantially higher in the Southeast
and Northeast regions since the beginning of the analyzed time-series, but all regions indicated
a constant augmentation, notably in Midwest. The preliminary number of reported scorpion
accidents in 2020 did not significantly increase but remained above 100,000 cases in this
period. Considering that in 2020, due to the SARS-CoV-2 pandemic, people initially avoided
seeking for hospital emergency care for conditions other than COVID-19, resulting in reduc-
tions of around 50% in emergency hospital attendance in Brazil [19,20], we hypothesize that
the 2020’s accident numbers are likely to be highly underestimated.

Several studies in Brazil and in other countries have reported seasonality of scorpionism
occurrence of [21-31]. According to the data presented in Fig 1 A, scorpion accidents present a
constant variation, tending to be more frequent in the warmer and rainy seasons. This marked
seasonal variation behavior is well observed in the South, Midwest, and Southeast regions, but
is less pronounced in Northeast and North, which may reflect the less evident seasons in these
areas, as also acknowledged before in epidemiological studies concerning these regions [32-
34]. Nevertheless, Monteiro and colleagues [17] observed that the Northern states, which are
impacted by river floods in rainy season, have a positive correlation of this period with scor-
pion stings.

Despite the increase in the number of scorpion accidents, the number of deaths reported
up to 2019 for each region did not present the same constant raising pattern, as seen in Fig 1B.
However, in the year of 2020, when the number of reported scorpion accidents was lower than
in 2019, the number of deaths seems to have skyrocketed. This could be an effect of envenom-
ation complications, since people were avoiding going to emergency rooms due to the
COVID-19 pandemic, and it has already been stated that envenoming outcome depends on
the time in which medical treatment starts. We stress that numbers from 2020 are still under
review, and notification errors could have occurred, as personally communicated by the tech-
nical group on venomous animals of Brazilian Ministry of Health, when consulted by email
about these numbers. Nevertheless, until the date of this article’s submission (November
2022), numbers had not been updated, remaining as reported here. We calculated the death
incidence per 100,000 inhabitants, per region, for the years of 2007 and 2020, using population
numbers estimated by the Brazilian Institute of Geography and Statistics (IBGE—Instituto
Brasileiro de Geografia e Estatistica). The calculated incidence is shown by the numbers at the
beginning and at the end of each curve in the graph (Fig 1B). If the real numbers are indeed
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Fig 1. Reported scorpion accidents and related deaths in Brazil from 2007-2020*. (A) Number of reported scorpion accidents per
month for each region. (B) Number of reported deaths related to scorpionism per year for each region. Death incidence per 100,000
inhabitants’ values for the years of 2007 and 2020 are written at the curves’ extremities. (C) Brazilian map showing scorpion incidence
per federal unit in the year of 2019. Color intensities correspond to incidence rates, according to the legend. (D) Increase of incidence of
scorpion accidents between the years of 2007 and 2019 per state. (E) Increase of incidence of neglected tropical diseases of compulsory
notification between the years of 2007 and 2019 in Brazil. Graphs were produced using GraphPad Prism 9.0 software, and the map figure
was produced using QGis software. The Brazilian map’s shapefile was downloaded from the Instituto Brasileiro de Geografia e
Estatistica—-IBGE website (https://portaldemapas.ibge.gov.br/). Scorpion accidents and other neglected diseases numbers were recovered
from the SINAN Database and Brazilian population numbers and estimatives, used for the incidence calculus, and were recovered from
Brazilian Institute of Geography and Statistics (IBGE—Instituto Brasileiro de Geografia e Estatistica).

https://doi.org/10.1371/journal.pntd.0011069.9001

within the reported range, death incidence per 100,000 habitants may have more than doubled
for the regions with the highest number of cases and showed a 6-fold increase in the Midwest.

Fig 1C shows the Brazilian political map colored according to the scorpionism incidence
per 100,000 inhabitants in 2019 for each Brazilian state, demonstrating high variability along
the territory. Incidence ranged from approximately 4 cases/100,000 inhabitants in the state of
Rio de Janeiro (R]) to 300 cases/100,000 inhabitants in Alagoas (AL) and seems to be higher in
the eastern part of Brazil. This map also highlights accidents hot spots, represented by the
orange spheres. The sphere size is related to the absolute number of accidents occurring within
a microregion. It is noteworthy that while in Southeastern states scorpion accidents are
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distributed more evenly through their territory, in Northeastern states, accidents are more
concentrated in the state’s capitals, where most of the states” population lives.

In face of this concerning rise in scorpionism, we can speculate on the current factors lead-
ing to it. According to IBGE (Brazilian Institute of Geography and Statistics) data [35], Brazil-
ian population continues to grow every year. Therefore, it would be reasonable to assume that
the increase observed in the number of scorpion stings could be following the population’s
growth, and, therefore, the scorpion accident incidence would not change as much over the
years. To address this possibility, we have calculated the rates of scorpion accidents incidence
increase for each state, comparing the rates reported in 2007 and 2019 (Fig 1D). National aver-
age reveals that the number of reported scorpion accidents/100,000 inhabitants increased in all
states, with a mean increase of 5.75-fold during this 13-year period, suggesting external factors
leading scorpionism increase in the country. The scorpionism incidence in states that are tra-
ditionally inflicted by this condition, like Minas Gerais (MG), Sdo Paulo (SP) (Southeast), and
Bahia (BA) (Northeast), have grown below the national average range. Other states, despite
not having high incidence rates in 2019, deserves attention due to the increase of more than
10-fold in the accident rate, which is the case of Maranhao (MA) and Ceard (CE), in Northeast,
and Mato Grosso do Sul (MS) and the Federal District (DF), in Midwest. Also in this region,
the state of Goias (GO) presented a relevant increase, indicating that Midwest may be
experiencing the effects of Tityus serrulatus colonization, as further discussed in the session
below. The southernmost state of Rio Grande do Sul (RS), where scorpion accident reports
increased more than 8-fold, is also a point of attention.

As reporting of scorpion accidents became mandatory in healthcare facilities only since
2010, the increasing number of reported cases could be simply a result of more notifications
being processed, and not an increase in the number of accidents by itself. However, this reason
alone may not explain the constant rising numbers, especially observed after 2017, as reported
accidents with other venomous animals, such as snakes, did not follow the same pattern, with
numbers fluctuating around 30,000 accidents per year throughout the analyzed period. Indeed,
scorpion accidents is one of the only conditions of compulsory notification that present con-
sistent growth along the years. When compared to other neglected tropical diseases notified to
same national system in Brazil (SINAN), scorpionism is the condition with the highest raising
trend and one with the highest absolute numbers of notifications (Fig 1E).

Since scorpions are affected by the environment, some studies have claimed that climate
factors, such as global warming, could increase scorpion proliferation, maturation, and distri-
bution [36-38], contributing to the observed accidents’ raise. Lacerda and colleagues [39] eval-
uated geographic and epidemiological characteristics of scorpion envenomation in Sao Paulo
state and identified environmental factors that may be associated with these incidents. All the
detected higher-risk areas presented lower precipitation, warmer temperatures, and a lower
percentage of natural vegetation coverage, indicating a possible association of these factors
with the occurrence of scorpion accidents. Interestingly, the percentage of urbanization was
not different between the lower- and higher-risk areas, despite areas with less natural vegeta-
tion can be implied to be more urbanized [40]. More studies evaluating the correlation
between rates of scorpionism, climate, and other environmental factors are important to pre-
dict future trends and to help to cope with the current epidemic [39,40]

Considering the demographic characteristics of envenomed victims, the main profile has
not change much between 2007 and 2019 (Fig 2). The proportion of accidents involving adults
(20 to 64 years) and the elderly (>65 years) raised about 3%, whereas for the young population
(10 to 19 years) and children (0 to 9 years), it has decreased at approximately the same rate
(Fig 2A). These changes may reflect a demographic transition, with an observed aging of Bra-
zilian population due to lower fertility and augmentation of life expectancy [41].
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Fig 2. Demographic characteristics of scorpionism victims from 2007 to 2019 in Brazil. Bar graphs show the proportion of scorpionism
victims along the years according to (A) age groups, (B) sex, and (C) auto-declared race. Numbers next to the first and the last bars represent
the percentage of each analyzed group in the year of 2007 (left) and 2019 (right). Graphs were produced using Microsoft365 Excel software.
Scorpion accidents’ information were recovered from the SINAN Database.

https://doi.org/10.1371/journal.pntd.0011069.9002

Opposed to what is observed for snakebite, scorpion accidents occurred in both sexes propor-
tionally (Fig 2B). Snakebite is often associated with occupational risk, victimizing mostly agricul-
tural workers, which are male in their majority [42]. As scorpion stings are more likely to occur
within households or their surroundings [43], it has affected males and females indistinctively.
However, when considering only the North region (S1 Table), the accident profile resembles
those for snakebite, affecting more men in rural areas, as described previously [44-46]. On the
other hand, women were more frequently stung by scorpions in Rio Grande do Norte (RN), in
the Northeast region, which can be possibly related to scorpion urbanization, leading to incidents
opportunities when performing housework, which is mostly a female activity in the state [32]. The
larger prevalence of scorpion accidents in females was also noted for Bahia [47], Ceara [48], and
Sergipe [49], which are also states from the Northeast region of Brazil. This divergency in scor-
pionism sex prevalence in Brazil demonstrates that assumptions made from combined data must
be made carefully, when considering such a large and heterogenous country like Brazil.

According to the reported 2019’s National Household Sample Survey from the Brazilian
Institute of Geography and Statistics (IBGE), it is estimated that 42.7% of Brazilians declare
their race as White, 46.8% as Mixed (named as “Pardos” locally), 9.4% as Black, and 1.1% as
Indigenous or Asian. The “mixed” population seems to be the most hardly hit by scorpionism,
in a consistent tendency through the years, as it represents the majority (around 60%) of the
scorpionism victims (Fig 2C). This higher incidence among the “mixed” population can be
related to the higher social vulnerability of this group, which results in worst habitational con-
ditions, lower access to water, sanitation, and proper waste management, leading to higher
exposure to vectors, including scorpions [50]. It is important to underline that, even though
the Indigenous population accounts for less than 1% of SINAN reported scorpion accidents, a
study made with an indigenous community in the state of Acre (North) found that 14% of
them had already been stung by scorpions at least once in their lifetime. This indicates that,
although the indigenous group contributes with only a small proportion to the totality of scor-
pion accidents in Brazil, scorpionism is a relevant issue inside this community [51].

To further characterize the profile of scorpion accidents occurring in Brazil between 2007
and 2019, we accessed the time victims took to search for medical attention, as it is a funda-
mental parameter to ensure treatment success and prevent aggravation, and the severity grade
of the accidents (Fig 3). The proportion of scorpionism victims searching for treatment within
the first hour of envenoming has increased over the analyzed period, from 43.7% in 2007 to
59.4% in 2019 (Fig 3A), as already pointed by Chippaux in 2015 [52]. This shift is very positive,
as the efficacy of the antivenom treatment is strongly related to the period in which it begins
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Fig 3. Medical aspects of scorpion accidents from 2007 to 2019. Bar graphs show the proportion of scorpionism victims along the years according to (A) the
time elapsed from the accident until they searched for treatment, (B) the severity grade of envenoming, and (C) the age distribution of scorpionism victims
according to accident severity grade and death. Numbers next to the first and the last bars represent the percentage of each analyzed group in the year of 2007
(left) and 2019 (right). Graphs were produced using Microsoft365 Excel software. Scorpion accidents’ information were recovered from the SINAN Database.
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[53,54]. However, a proportional reduction in mortality due to this faster medical care inter-
vention is not observed, but the proportion of mild cases has also increased.

Indeed, although the absolute numbers of accidents in all severity grades have raised
unquestionably, the proportion of registered mild cases has increased from 83% to almost 90%
of the total cases (Fig 3B). As a result, the percentage of moderate and severe cases were
reduced in 2019 when compared to the first year of this time series. We can hypothesize that
the substantial growth in the total number of registered scorpion envenoming cases may be
due to more people searching for healthcare, even if it turns out to be mild envenoming, as a
result of better information of the population about the conduct after a scorpion sting. On the
other hand, the higher proportion of mild cases can reflect the faster medical care, as already
mentioned. As people would look faster for the treatment, cases would not aggravate.

As it is well known that children are particularly vulnerable to scorpion venom [55], we
analyzed case severity and deaths according to victim’s age (Fig 3C). The data show clearly that
0- to 9-year-olds are the group most vulnerable to aggravating envenoming, as this age group
correspond to only about 10% to 13% of mild cases but represent almost half of severe cases, in
a consistent pattern over the years. Lethality rates are also higher in this group as, although
they account for less than 15% of total scorpionism cases, children under 9 represent more
than a third of all fatal victims of scorpionism. It is relevant to stress that the proportion of
adults in the total number of deaths in 2019, reaching almost half of all fatalities in this year,
reveals that the life risk of scorpion envenoming cannot be disregarded in any age group.

Brazil is a country of continental dimensions and is very heterogenous in terms of climate,
biomes, economic development, etc. Even inside a same state, broad variation in scorpionism
incidence has been reported, as shown in Fig 1D [46,56]. More accurate identification of these
scorpionism hot spots within Brazilian territory may be useful for allocating adequate
resources for preventing and treating accidents, better reflecting the reality of the populations
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at greater risk [57]. Amado and colleagues [58] attempted to determine these vulnerable areas,
considering not only accident incidence but also climatic niche modeling for all medically rele-
vant species, investments in public health, accessibility to adequate treatment (hospital infra-
structure and antivenom availability), and demographic data. This analysis put the North and
Northeast regions as the higher priority for health investments. Nevertheless, the high absolute
numbers of accidents in the Southeast and the elevated incidence growth observed in the Mid-
west and South regions contribute to the worrying picture installed in Brazil as a whole.

3. The culprits: Tityus scorpions

Tityus scorpions are undoubtedly the major responsible for the scorpionism epidemic that has
been taking place in Brazil. It is likely that Tityus serrulatus is still the main culprit of severe
cases, due to its apparent higher toxicity to humans [59]. This species is parthenogenetic and
can colonize disturbed environments. These characteristics makes T. serrulatus scorpions
capable of causing population “explosions,” forming large communities, which are almost
impossible to eliminate [5,9], and it seems to be expanding its distribution. Other Tityus spe-
cies also seem to be extending their geographical distribution as well, and their contribution to
medically relevant cases have been increasingly documented. These facts highlight that, in the
coming years, the scorpionism situation in Brazil can be further aggravated.

About 160 species of scorpions, from nine genera (Tityus, Ananteris, Rhopalurus,
Bothriurus, Thestylus, Ischnotelson, Jaguajir, Troglorhopalurus, and Brotheas), belonging to
four scorpion families (Bothriuridae, Buthidae, Chactidae, and Hemiscorpiidae) have been
described so far in Brazil [60,61]. However, only Buthidae scorpions are considered of medical
relevance and local accidents are caused mainly by scorpions belonging to Tityus genus. Other
scorpion genera like Rhopalurus [62] and Bothriurus [63] can also be potential agents of
human envenoming, but the lack of adequate information on scorpion accidents reports
makes the actual contribution of these other species unknown.

The genus Tityus has over 200 described species widely distributed throughout Central and
South America, as well as in the Caribbean, and comprises the most medically important scor-
pion species across South America [64,65]. In Brazil, there are about 22 species described for
the genus, but only four species are acknowledged as the main responsible for accidents: Tityus
serrulatus, Tityus stigmurus, Tityus bahiensis, and Tityus obscurus [59,60,66-68]. Nevertheless,
many recent reports are pointing to a more extensive contributions of other Tityus species to
medically relevant cases. Fig 4 shows an estimated geographical distribution of the Tityus spe-
cies more related to human envenoming in Brazil [69].

3.1. Tityus serrulatus

Most of the severe scorpion envenoming cases in Brazil are caused by T. serrulatus, popularly
known as “yellow scorpion.” Adult specimens typically measure 5 to 7 cm in length. As sug-
gested by its common name, its coloration consists of pale yellow legs and pedipalps, with a
darker shade of yellowish brown on the body and tip of the tail [70]. They display a serration
along the dorsal face of the distal segments 3 and 4 of the tail, as small teeth, which confer the
name “serrulatus” to the species [71] (Fig 5).

This species’ geographic distribution was previously restricted to Minas Gerais state (South-
east region), but due its easy adaptation to urban environments and its proliferation potential,
T. serrulatus has expanded considerably over the Southeast, Northeast, South, and Central
regions of Brazil, and its occurrence has been recorded in at least 19 of the 27 Brazilian states
[4,72-76]. T. serrulatus has been also spotted in other countries like Ecuador and Argentina
[77], where even a human accident occurred [78].
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Fig 4. Distribution of the medically relevant Tityus scorpion species in Brazilian territory. Species’ distribution information was adapted from [69]. The
map figure was produced using QGis software. The Brazilian map’s shapefile was downloaded from the Instituto Brasileiro de Geografia e Estatistica-IBGE
website (https://portaldemapas.ibge.gov.br/).

https://doi.org/10.1371/journal.pntd.0011069.g004

Its ability to reproduce by parthenogenesis is one of the factors that seems to contribute the
most to T. serrulatus rapid proliferation and wide distribution [79]. A single specimen trans-
ported to a new location, finding the right conditions, can readily reproduce and develop a
new colony [17]. As an example, Brazil’s political capital Brasilia was originally devoid of T.
serrulatus. But in a period of less than 20 years [77], the city has been invaded by this species.
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Fig 5. Main scorpion species of medical importance in Brazil. Image credits: Tityus serrulatus, Tityus stigmurus (Leonardo Noronha), Tityus bahiensis, and
Tityus obscurus (Roberto Murta), provided under a CC BY 4.0 license.

https://doi.org/10.1371/journal.pntd.0011069.g005

The spreading of T. serrulatus could have been supported by the road network, the main trans-
portation system used in Brazil. In fact, some reports describe the introduction of this species
in nonendemic states relating them to agricultural products transported from other states
[70,72,74,80,81].

Pimenta and colleagues [5] reported that T. serrulatus individuals can survive up to 400
days without food, which contributes to the resistance needed to survive extensive displace-
ment, even when resources are limited. Moreover, this study revealed that these scorpions
were able to reproduce even after 209 days of food deprivation. Despite this species being usu-
ally considered an obligate parthenogenetic species, some isolated sexual populations with the
presence of males were detected [82,83]. Nevertheless, nonparthenogenetic populations have a
highly restricted geographic distribution [8,84], and it was observed that parthenogenetic
reproduction in T. serrulatus also occurs in populations that still present sexual reproduction
[85]. Even though parthenogenesis is likely to induce limited genetic diversity, intraspecific
variations have been observed, which can also be a sign of adaptation to different environ-
ments by this species [77,86-88].
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3.2. Tityus stigmurus

Another scorpion species of clinical relevance in Brazil is T. stigmurus, which is distributed
predominantly in the northeastern region of Brazil [68]. They are 4.5 to 6 cm in length and are
either golden-tan or yellowish-brown colored. They present a dark stripe over the mesosoma
with either yellowish or orange pedipalps [68] (Fig 5).

The species have been reported in the states of Alagoas, Ceara, Paraiba, Piaui, Rio Grande
do Norte, Sergipe, Bahia, Pernambuco [34,83], and on the island of Fernando de Noronha,
probably introduced by transportation of goods from the continent [89]. Notably, T. stigmurus
occurrence was already detected in urban areas in the Municipality of Sdo Paulo (southeast
region of Brazil) [90], suggesting this species can also be spreading across the country through
road transportation and establishing new communities.

Like T. serrulatus, T. stigmurus is predominantly parthenogenetic, with few recorded sexual
populations [79,91]. T. stigmurus also present a yellowish body color and may have a superim-
posed occurrence in the Cerrado and Atlantic Forest biomes with T. serrulatus, which makes it
difficult to estimate the real contribution of each species to the epidemic scenario in some
parts of the Northeast region, as both species are synanthropic and well adapted to urban cen-
ters [43,60,92]. Interestingly, it has been observed that T. stigmurus can be a more aggressive
species when associated to others, being more effective in colonizing urban areas [93]. The pre-
dominance of T. stigmurus in the city center of Salvador compared to the presence of T. serru-
latus in areas with reminiscent vegetation within the same region corroborates this
observation and point that T. stigmurus may be indeed the main responsible for scorpion acci-
dents in the Northeast region of Brazil, despite possible expansion of T. serrulatus in this area
as well [92]. Reports of T. stigmurus envenoming point out to a severity alike the ones caused
by T. serrulatus, with the exception of lethality, which seems higher in the later species [34].

In spite of that, confirmed deaths by T. stigmurus are being increasingly reported [22]. The
venom of T. stigmurus can have a lower experimental median lethal dose (LDs,) when com-
pared to T. serrulatus and T. bahiensis, suggesting a higher toxicity of this venom [94]. How-
ever, as individual and populational differences in scorpion species venom composition have
been reported [86-88,95], it is difficult to assess whether the reported difference in LD5, values
directly reflects the venom toxicity of each species. Factors as the time after the last extraction
of the venom, types of prey present in the diet, and different processing techniques can alter
venom composition and toxicity [88,96,97]. Moreover, as the LDs, is estimated using mice,
venom toxicity levels might be different in humans as previously reported for snake venom
[98].

3.3. Tityus bahiensis

Tityus bahiensis, another medically relevant species in Brazil, was the very first Brazilian scor-
pion species to be described [4]. This species usually reaches 6 to 7 cm in length. Its cephalo-
thorax and tergites are dark, with reddish brown at the top. They have light legs with black
spots, pedipalp is usually light brown, being part of the tibia dark brown. Its telson is reddish,
the pincers’ tips and the stinger are brown or black, which is a way of identifying the species
[4,99] (Fig 5).

Interestingly, contrary to what the name “bahiensis” might suggest, the original range of
distribution of this species does not include Bahia state. T. bahiensis geographical distribution
includes Minas Gerais, Goias, Sdo Paulo, parts of Mato Grosso do Sul, and Parana (Southeast,
Midwest, and South regions of Brazil), as well as Argentina and Paraguay [4,73].

Unlike the species mentioned above, T. bahiensis exhibits sexual reproduction and brown
body coloration. In general, accidents involving T. bahiensis are considered less severe than
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the ones caused by T. serrulatus [59,100,101]. T. bahiensis distribution seems to have shrunk
over the years, being consistently substituted by T. serrulatus [7]. Nevertheless, T. bahiensis is
still an opportunistic species capable of colonizing urban zones, with fewer specific ecological
requirements to survive when compared to other Tityus species, but with less plasticity than T.
serrulatus and T. stigmurus [102].

3.4. Tityus obscurus

Tityus obscurus, known as the Amazonian black scorpion, is the one of the main agents of scor-
pionism in Northern Brazil and one of the largest Tityus species, growing up to 6.5 to 10 cm. It
is characterized by its black color, flattened body and legs, and relatively thin claws. Juveniles
have a brown body and appendix, dark stained [99] (Fig 5).

T. obscurus is a senior synonym of Tityus paraensis, Kraepelin, 1896 and Tityus cambridgei,
Pocock, 1897 [103], and the names T. cambridgei and T. obscurus have been used indistinctly
[17]. This species has been reported only in the region of Brazilian Amazon, which comprises
Amazonas, Mato Grosso, Pard, and Amapa states [60,104]. It is well adapted to the high tem-
peratures and humidity typical of the rain forest, which also extends the distribution of T.
obscurus to French Guyana, Suriname, Ecuador, and Venezuela [103]. None of the other
abovementioned congeneric species have been reported in this biome.

This species presents sexual reproduction. The venom of T. obscurus was reported as less
toxic when compared with Brazilian scorpions’ venoms of medical relevance, especially T. ser-
rulatus [94]. Nevertheless, T. obscurus venom can induce similar symptoms and lethality to
mice but at higher dosage and different time frame [105]. Interestingly, T. obscurus seems to
contain at least two morphologically similar but toxinologically distinct subspecies, since dif-
ferent neurological manifestations have been observed in envenomation attributed to T.
obscurus in the western area of Para state, such as symptoms described as “electrical shock,”
which causes body muscular contraction [33,104,106]. Torrez and colleagues [107] reported
neurological disorders and electric shock-like sensations in 97% and 89%, respectively, of
patients stung by T. obscurus. Despite these exuberant symptoms that may be present in T.
obscurus envenoming cases, most of the accidents with this species are reported as mild [33].
Nonetheless, there has been a notable increase of the severity of systemic manifestations in the
cases reported for T. obscurus stings more recently [17].

3.5. Other Tityus species of medical relevance

Although the four above-described species have been historically classified as the main respon-
sible for scorpion accidents in Brazil, the offending species is almost never identified in acci-
dents’ reports, making it impossible to acknowledge the exact contribution of each species to
the epidemiological scenario. Recent scientific publications have described relevant human
accidents with other scorpion species, especially in the Amazon region, which has the highest
Tityus species diversity [17]. Besides T. obscurus, the species Tityus metuendus, Tityus silvestris,
Tityus bastosi, Tityus apiacas, and Tityus strandi seem to be responsible for most envenom-
ation cases in Brazilian Amazonia [106,108].

Monteiro and colleagues [109] published a case report in Manaus (Amazonas) of a T. silves-
tris severe accident in a 39-year-old man that required intensive care. Despite antivenom treat-
ment, the patient still presented muscle spasms for three days after the accident. Confirming
the importance of T. silvestris, Coelho and colleagues [110] reviewed a series of 13 cases of
scorpionism with this species in Para state, in which three patients showed systemic symptoms.
In 2017, Silva and colleagues [111] presented a 4-case series of scorpion envenoming in the
South of Amazonas state, in which the offending species was identified as T. apiacas. The
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symptoms of these patients resembled the ones caused by T. obscurus, with “electric shock sen-
sation” being reported. Gomes and colleagues [45] reviewed 151 scorpionism cases, also in the
Amazonian region, describing T. metuendus as the main causing agent (68% of the cases), but
other 6 species were also involved (T. silvestris, T. raquelae, T. apiacas, T. dinizi, Brotheas ama-
zonicus, and Ananteris dekeyseri). Most of these reported cases were mild, but severe symp-
toms were observed and required ICU admission of five patients (four for T. metuendus and
one for T. silvestris). As deforestation accelerates, these Amazonian Tityus species may have
had their habitats disturbed, being dislocated. Considering this panorama, human encounters
with these scorpions are more likely to occur, even though they have not been described earlier
as opportunistic species [102].

Tityus costatus [112] and Tityus fasciolatus [113] are species present in the Midwest and
Coastal regions in Southeast and South regions of Brazil, more likely to be equilibrium species,
living in less dense communities and stable environments [102]. In spite of this, they also are
capable of causing relevant human accidents. The LDs, of T. fasciolatus venom indicates that it
can be more toxic than T. obscurus [114], and T. costatus has been responsible for recent city
infestations, with multiple individuals being found inside dwellings, as it has been reported in
southern cities of Brazil in the past few years [115]. Interestingly, T. costatus may have been
the agent of the first scorpion accident reported in Brazil [4]. As for the Amazonian species
described above, the actual contribution of T. costatus and T. fasciolatus to the number of acci-
dents in Brazil remains unknown, as their venom composition, envenoming symptoms, and
response to current antivenoms also do. In addition, T. pusillus [116] and T. brazilae [117]
have also been reported as agents of sparce human envenomation in Northeast region. Initially
a species of wide distribution in dry areas but collected only seldom [118], T. confluens has
been spotted more frequently in the past few years, especially in the Midwest, where the num-
ber of accidents is significantly growing in the past few years. As this species has been responsi-
ble for human deaths in Argentina [119] and has been expanding its distribution, penetrating
in urban environments such as the city of Buenos Aires [120], T. confluens must be more
closely surveilled and regarded as a potential threat in Brazil.

4. The possible solution

In Brazil, many Tityus species have now dominated several urban centers, and other opportu-
nistic species may follow this trend. Within cities, scorpions find abundant resources for their
living, such as food and shelter. Due to their efficient life strategies, together with the fast and
unplanned occupation of urban space, climate change, and environmental degradation cur-
rently going on, it may be an unrealistic goal to eliminate scorpions from cities. Nevertheless,
prevention and pest management are essential to stop the continuous increase of scorpion
accidents.

4.1. Accident prevention

Preventive measures recommended by Brazilian Ministry of Health involves maintaining
households and peridomestic areas clean, avoiding pilling up waste; preventing the entry of
scorpions in houses by sealing doors, windows, drains, and walls; inspecting shoes and cloth-
ing prior to dressing; eliminating possible scorpion preys, such as cockroaches; and presenting
natural scorpion predators such as night birds, lizards, and frogs [121]. As scorpions are
unable to climb smooth surfaces, using materials with this characteristic to cover walls and fur-
niture may also help to avoid accidents [122]. However, taking the social economics reality of
Brazil, a significant part of the population may be unable to follow these prevention
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recommendations, as proper living conditions, adequate water supply, sanitation, waste collec-
tion, and housing are not accessible to all.

Housing improvement has been acknowledged as an important tool for vector control in
urban areas. Openings in plumbing, loose-fit doors and windows, and foundation cracks can
favor scorpion’s entering in households; therefore, scorpionism control can benefit from
house construction improvements [123]. Although it is not a simple measure to be taken,
being associated with high costs and long-term interventions, improving dwellings construc-
tion, and providing reliable piped water supply are likely to impact not only the scorpionism
matter but also other several aspects of human health [124].

The preventive measures recommended by the Ministry of Health have been acknowledged
as important since the 1920s [12], when Brazilian Researcher Ezequiel Dias, after who one of
the Brazilian antivenom producer labs was named, reported several strategies to fight scorpi-
ons in the state of Minas Gerais. Given that these recommendations are common sense and of
undeniable importance, the skyrocketing numbers of scorpion accidents in Brazil in the last
years points that they are either not enough for preventing accidents or not correctly followed
by the population. It would be expected that new initiatives to tackle this issue would be pro-
posed by health authorities at some administrative level, but we were unable to identify any of
such measures.

To illustrate, Spirandeli-Cruz and colleagues [125] proposed a very complete program for
scorpion control in the city of Aparecida, in Sdo Paulo state, in the 90s. The authors also
highlighted the importance of having antivenom availability in the city. Nevertheless, after an
initial benefit, the trend in scorpion accidents in this city has risen, as reported to SINAN in
recent years for Sao Paulo state, apparently disregarding the measures proposed in the 90s. In
2019, a 1-year-old girl died in this city after being stung by a scorpion and not receiving
prompt treatment, as antivenom was lacking in the city hospital, indicating the discontinuity
of the proposed measures.

It is noteworthy that there is shortfall of information and education concerning prevention
of envenoming in Brazil. The problem starts at school, where children are not properly taught
how to deal with this common threat. Failure in providing adequate information regarding
venomous animals are commonly found in schoolbooks, and this has been systematically
reported [126]. Informing the population would be a valuable tool to empower citizens to pre-
vent accidents [32]. A study in Rio de Janeiro state showed that ophidic accidents correlated
with illiteracy, indicating that educational level may have contributed to vulnerability to acci-
dents with venomous animals [127]. The educational problem extends beyond the basic level,
and inadequacy of proper training in the formation of health professionals is also evident [15].
The few initiatives in proposing courses in this area suffer from low adherence. This impacts
not only clinical management, leading to antivenom misuse, but also favors underreporting of
cases as diagnosis is not always evident [128]. Notwithstanding, school-based interventions
can be effective in promoting behavioral changes toward adopting preventive measures against
urban pests [129,130]. Communication through popular media channels could also help to
inform the general population in a more massive way [39], and it is remarkable that, in the
period of higher incidence of scorpionism, accidents and related deaths are frequently present
in newspapers and in the television. However, these media channels could be more intensively
used to educate the population about prevention.

As acknowledged by the World Health Organization (WHO), social mobilization and com-
munity engagement are essential for effective vector control strategies [131], commonly
adopted in programs aiming to tackle mosquito-borne diseases [132]. Even though scorpions
and other arachnids were not included in this mentioned WHO initiative, scorpion control
shares many characteristics with mosquito control, as both are urban pests acting directly in

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 14/29


https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

households, and much can be learnt from what has been done in this field. It is a consensus
that engaging communities is challenging and goes beyond simply providing adequate infor-
mation. Involving stakeholders in actions and decisions and knowing the sociopolitical, eco-
nomical, and cultural context of the approached communities to stablish dialogues are
necessary to design successful plans to achieve population participation [133].

Monitoring areas with high incidence of scorpionism can help to shape public policies. How-
ever, having the adequate professional human resources to cover the city’s territory can be a
drawback. In this sense, citizen science, an approach that engages the population in data collec-
tion, can be a potential solution that has already been tested for mosquito control [134,135]. For
this to be successful, scientists and professionals must work closely and horizontally with the
participants and improved access to internet and smartphones must be granted. Yet, a broader
surveilled area with lower costs may be achieved using this strategy, in addition of improving
scientific literacy and engagement of communities toward scorpion control [136].

4.2. Pest control

Control of the urban scorpion population size is essential to reduce human accidents, and it is
regulated by legislations and recommendations by official organs in Brazil [99]. However,
methodologies related to this has not been an issue broadly addressed by the scientific commu-
nity, and no breakthroughs have been observed in this area in recent years. Scorpions can eas-
ily hide from traditional pest control measures, as they can find shelter, food, and water in
drainage systems, making specimen collection, chemical and biological control approaches
more difficult to be adequately employed.

Specimen collection is a common recommended practice to reduce the urban scorpion
population. If well planned, considering scorpion incidence, this simple action can signifi-
cantly reduce infestations. Scorpions bear a condition that favors their visualization, as they
become fluorescent in ultraviolet (UV) light [137], due to components of their exoskeleton
[138,139]. Indeed, Brites-Neto and colleagues [140] reported that nocturnal specimen collec-
tion using UV light increased in 114% the annual mean of collected individuals, when com-
pared to daily collection expeditions in the city of Americana, in Sdo Paulo state. The number
of accidents also decreased after adopting this collection methodology in this city.

Glue traps have been proposed to capture Loxosceles spiders [141], alone or combined with
inseticides [142], and it would be reasonable to presume that a similar approach could be applied
to scorpions, but no reports on this were found in the literature. Traps using pheromone baits
were also proposed successfully as a control measure to tick infestations [143,144]. This kind of
trap coupled with a solar device able to electrocute lured ticks has also been recently reported as a
viable and cost-effective alternative to tackle tick infestation [145]. However, very little is known
about scorpions pherormone communication to make use of this approach. Nevertheless, the
presence of pectens, sophisticated chemotactile organs in scorpions, points that this could be an
important field of study that can be addressed for controlling scorpions’ infestation [146].

The use of chemical control of scorpion population is controversial among the scientific
community. From one side, there are chemicals that seem to efficiently kill scorpions experi-
mentally [147]. On the other hand, many used pesticides seem to irritate the animals and
cause a dislodgement effect, as scorpions can detect pesticides through their pectens, close
their pulmonary stigma, and move away from the irritating source, preventing the substance’s
lethal action. This displacement stimulated by pesticides can contribute to human encounters
in populated areas and, therefore, cause accidents. Considering this, in 1955, Biicherl proposed
that, to be efficient, insecticides must be applied in all intended areas, at the same time, repeat-
ing the treatment for three times a month, for three months [148]. As a public policy, these
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conditions seem difficult to be followed, requiring highly coordinated logistics to be achieved.
The adapted use of nonspecific insecticides, in addition of having low efficacy, are more prone
to cause environmental contaminations, as they tend to be used in larger amounts [122].

It is curious that, considering the medical relevance of scorpions and the common infesta-
tion of this pest, there are not much research around finding more efficient pesticides for scor-
pions in laboratory trials nor addressing a fit strategy to apply it in the field. Ramires and
colleagues wrote a very thorough book chapter on this matter, compiling not only articles but
also conference papers and other communications, to gather information concerning arach-
nids’ chemical control [122]. Among the few published articles, Albuquerque and colleagues
evaluated the effect of the pesticide cyhalothrin in a concentrated preparation sprayed on
premises in Pernambuco by health agents, aiming to reduce T. stigmurus population [149].
The authors monitored 69 premises treated with this compound, seeking to report scorpion
deaths and appearances. After the chemical compound application, scorpions were found in
42% of the locations, and only a minor part of the individuals were found dead. Authors con-
cluded that the used method failed to kill scorpions and may have caused dispersion in the
studied area. This work also applied a questionnaire for the treated houses’ residents, which
revealed that this studied population showed little interest in the preventive measures pre-
sented by the health agents.

The work of Albuquerque only made one application of the tested compound. A field trial,
reported by Ramsey and colleagues, had a more successful outcome when using repeated
applications of different pyrethroid pesticides (cyfluthrin WP, bifenthrin WP, or deltamethrin
SC) in the State of Morelos in Mexico, where a high scorpionism incidence had been reported
[150]. After three applications of the different pyrethroids in a 3-year period, scorpion preva-
lence, house sightings, and envenoming cases were significantly reduced in the sprayed areas.
Moreover, the used formulations did not seem to cause irritation in the animals. This
approach, however, has not been tested in Brazil with Tityus scorpions, to verify if this would
also be successful in the local context.

Santos and Albuquerque also tested a pyrethroid pesticide (Bifenthrin 20% w/v), in a pilot
study also aiming to kill T. stigmurus [151]. The experiment was conducted in experimental
conditions, using plastic recipients containing the individuals, and the effects caused by the
substance were evaluated. The scorpions reacted to the pesticide, apparently sensing its pres-
ence. Some neurotoxic effects could be observed in the scorpions but seemed to be reversible
in adults. For juveniles, the bifenthrin appeared to cause irritation. Therefore, this pyrethroid
did not seem efficient as a pesticide for this scorpion species, and a good candidate to be used
as a chemical control agent to Tityus scorpions is still lacking.

The biological control of the scorpion population is another measure that could be adopted,
with the advantages of avoiding possible environmental contaminations and being mostly
cheap. Several natural scorpion predators have been acknowledged, including other scorpions,
arachnids, frogs, lizards, birds, and bats [152]. It is of popular knowledge in Brazil that chick-
ens are good scorpion predators. This has been traditionally a common adopted strategy in
rural settings, but, with the astonishing increase in the scorpion population in Brazil recently,
citizens associations, urban communities, schools, and even city halls are also building urban
henhouses as a strategy to cope with scorpion infestations. Indeed, Murayama and colleagues
proved that hens are voracious scorpion predators and are also venom-resistant at some extent
[153]. Although hens fit the criteria for being efficient predators to be used in biological con-
trol, it must be considered that their life habits did not match the scorpions’, which are noctur-
nal animals and stay usually hidden, while chickens pack in the open during the day.

The use of specific pathogens, such as viruses, bacteria, fungi, and nematodes, have been
used as a pest management strategy to control insects of medical relevance [154]. Likewise,
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taking advantage of natural scorpion pathogens could also be an alternative to control their
population. It has been reported that the filamentous fungus Fusarium solani can infect scorpi-
ons, resulting in deleterious effects such as movement and feeding reduction, leading ulti-
mately to death [155]. As F. solani can also infect humans, its use may not be a safe approach
for controlling scorpion populations, but understanding the mechanism by which it impairs
scorpion’s movement may give hints for developing new strategies. Exoskeleton infections of
T. serrulatus by Candida sp. and Mucor sp. have also been reported, causing behavioral
changes similar to the ones reported for F. solani [156]. More recently, Brites-Neto and col-
leagues also sought for deleterious effects in T. serrulatus caused by fungi isolates [140]. An iso-
late identified as Paecilomyces sp. CMAA1686 showed interesting results. Two of the fungus’
secondary metabolites could kill scorpions, with lower undesirable repellency than other fungi
and fractions, constituting a possible lead for the development of chemical control strategies.

Recently, many proposed pest management strategies relied on genetically modified individu-
als, or individuals infected with pathogens that impair reproduction or reduces offspring, intro-
duced in hot spots with abundant pest population [157,158]. Through reproduction, these traits
would be transmitted to the next generations, resulting in fewer individuals as offspring. The use
of such approaches to control mosquito-borne diseases has achieved successful outcomes, spe-
cially using Wolbachia-infected Aedes aegypti, already being used in field trials around the world
[159]. Despite their promising efficacy, genetic pest management, using gene drive and Wolbachia
infection, has not been studied for containing scorpion infestations so far. As these techniques
depend on mating between the modified and wild-type individuals, they would not be suitable to
tackle T. serrulatus and T. stigmurus populations, as their reproduction is parthenogenetic.

The use of RNAI to silence essential genes has been considered as a good strategy for insect
pest control, already tested in mites [160,161]. To employ this technique, knowledge of suitable
target genes is paramount, as well as proper delivery systems [162]. As such knowledge con-
cerning scorpions is very limited, this approach also has not been tested for controlling scor-
pion populations.

Several options for urban pest control have emerged in the past few years, mainly focusing
on agents of vector-borne diseases, and are likely to shape the future of their related diseases
[163-165]. Many of them could have been adapted to fight scorpion’s cities infestations, but,
surprisingly, none of them has been even tested to this end. Taking advantage of this accumu-
lated knowledge to adapt solutions for the scorpionism problem constitute a new avenue of
research to tackle the current scorpion infestation in Brazil. However, to adequately pursue
this goal, further studies on scorpion basic science concerning their ecology, biology, physiol-
ogy, and genetics have also to be accomplished. Research in these fields should be encouraged
in countries like Brazil, where scorpions are increasing as a health-concerning issue.

5. Concluding remarks

The scientific knowledge on scorpions regarding their ecology [166-171], venom composition
[172-175], envenomation pathophysiology [176-180], and treatment options [181] has much
advanced in the past years. However, in this same period, the number of scorpion accidents
and the geographical distribution of several noxious species has substantially increased in Bra-
zil. This mismatch between research advances and the reality of scorpionism as a health prob-
lem reveals that the important efforts made by researchers are not being fully translated to
solve this issue. Moreover, research fields important to contain scorpionism, such as accident
prevention and pest control, have been disregarded and with no innovations presented (Fig 6).
As climate change and deforestation are rising and severely impacting Brazilian biomes
[182], which seems to also affect scorpion fauna [37,38,40], we can foresee that scorpionism
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Fig 6. Different fields of measures that could help to contain the current scorpionism epidemic in Brazil. Icons used in this figure
were obtained from and are currently available at the Noun Project (https://thenounproject.com/). Icons creator’s attributions: Sewer-
BomSymbols TH; Surveillance -TozIcon TH; Pesticide Applicator—Luis Prado US; Toad-IconsProducer; Guinea Fowl—Georgiana
TIonescu; Mould—nareerat jaikaew TH; Education and Politics—Nithinan Tatah; TH; Housing-Eucalyp; Research—romli ahmad SG;
Society-vectorsmarket; Garbage recycling—Vectors Point PK.

https://doi.org/10.1371/journal.pntd.0011069.g006

can have an even larger boom in the near future, if nothing is done to contain it. Therefore,
this review aimed to call attention to these topics, expecting that the scientific community can
come together with policy makers and the general population to avoid the situation to become
even more critical than it already is.

6. Methods

This review was based in searches using the PubMed and Google Scholar engines, using as key
words: “scorpionism,” “epidemiology,” “Brazil,” “Tityus,” “accident prevention,” “pest con-
trol,” in different combinations.

» « » « » «
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To assess the epidemiological data on scorpion accidents in Brazil, the SINAN (Sistema de
Informagio de Agravos de Notifica¢io) database and IBGE (Instituto Brasileiro de Geografia e
Estatistica) data were consulted.

Key Learning Points

o Brazil is experiencing an explosion in the number of scorpion accidents in the past few
years.

« Most of these scorpion accidents occur in the Southeast and Northeast region, but it
has been notably expanding to other regions

o Tityus serrulatus is traditionally accountable for most of the scorpion accidents in dif-
ferent regions of Brazil, but other Tityus species deserve to be closely watched.

o Accident prevention and pest control measures can contribute to contain this prob-
lem, but no recent advances in these areas have been observed.

Top Five Papers

1. Lourengo WR. What do we know about some of the most conspicuous scorpion
species of the genus Tityus? A historical approach. ] Venom Anim Toxins Incl
Trop Dis. 2015;21:20. doi: 10.1186/s40409-015-0016-9

2. Pimenta RJG, Brandao-Dias PFP, Leal HG, Carmo AO do, Oliveira-Mendes BBR
de, Chavez-Olortegui C, et al. Selected to survive and kill: Tityus serrulatus, the
Brazilian yellow scorpion. PLoS ONE. 2019;14:€0214075. doi: 10.1371/journal.
pone.0214075

3. Wen FH, Monteiro WM, Moura da Silva AM, Tambourgi DV, Mendonga da Silva
I, Sampaio VS, et al. Snakebites and Scorpion Stings in the Brazilian Amazon:
Identifying Research Priorities for a Largely Neglected Problem. Gutiérrez JM, edi-
tor. PLoS Negl Trop Dis. 2015;9:e0003701. doi: 10.1371/journal.pntd.0003701

4. Amado TF, Moura TA, Riul P, Lira AF de A, Badillo-Montafo R, Martinez PA.
Vulnerable areas to accidents with scorpions in Brazil. Trop Med Int Health.
2021;26:591-601. doi: 10.1111/tmi.13561

5. Monteiro WM, Gomes ], Fé N, Mendonga da Silva I, Lacerda M, Alencar A, et al.
Perspectives and recommendations towards evidence-based health care for scor-
pion sting envenoming in the Brazilian Amazon: A comprehensive review. Toxi-
con. 2019;169:68-80. doi: 10.1016/j.toxicon.2019.09.003

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 19/29


https://doi.org/10.1186/s40409-015-0016-9
https://doi.org/10.1371/journal.pone.0214075
https://doi.org/10.1371/journal.pone.0214075
https://doi.org/10.1371/journal.pntd.0003701
https://doi.org/10.1111/tmi.13561
https://doi.org/10.1016/j.toxicon.2019.09.003
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

Supporting information

S1 Table. Table containing epidemiological data obtained from SINAN (Sistema de Infor-
magio de Agravos de Notificagio) database from Brazilian Ministry of Health. Data related
to the different aspects of reported scorpion accidents in Brazil are analyzed in the different
table’s tabs.

(XLSX)

Acknowledgments

The authors are thankful to Gisele Cota for providing the scorpion species images.

References

1.

10.

11.
12

13.

14.

15.

16.

17.

Howard RJ, Edgecombe GD, Legg DA, Pisani D, Lozano-Fernandez J. Exploring the evolution and
terrestrialization of scorpions (Arachnida: Scorpiones) with rocks and clocks. Org Divers Evol. 2019;
19:71-86. https://doi.org/10.1007/s13127-019-00390-7

Lourengo WR. A historical approach to scorpion studies with special reference to the 20th and 21st
centuries. J Venom Anim Toxins Incl Trop Dis. 2014; 20:8. https://doi.org/10.1186/1678-9199-20-8
PMID: 24618067

Polis GA. The biology of scorpions. Stanford University Press; 1990.

Lourenco WR. What do we know about some of the most conspicuous scorpion species of the genus
Tityus? A historical approach. J Venom Anim Toxins Incl Trop Dis. 2015; 21:20. https://doi.org/10.
1186/s40409-015-0016-9 PMID: 26085830

Pimenta RJG, Branddo-Dias PFP, Leal HG, Carmo AO do, Oliveira-Mendes BBR de, Chavez-Olérte-
gui C, et al. Selected to survive and kill: Tityus serrulatus, the Brazilian yellow scorpion. PLoS ONE.
2019; 14:€0214075. https://doi.org/10.1371/journal.pone.0214075 PMID: 30943232

Lourengo WR. The evolution and distribution of noxious species of scorpions (Arachnida: Scorpiones).
J Venom Anim Toxins Incl Trop Dis. 2018; 24:1-12. https://doi.org/10.1186/s40409-017-0138-3
PMID: 29308066

Eickstedt VRD von, Ribeiro LA, Candido DM, Albuquerque MJ, Jorge MT. Evolution of scorpionism by
Tityus bahiensis (PERTY) and Tityus serrulatus (LUTZ AND MELLO) and geographical distribution of
the two species in the state of Sdo Paulo—Brazil. J Venom Anim Toxins Incl Trop Dis. 1996; 2:92—
105. https://doi.org/10.1590/S0104-79301996000200003

Lourenco WR, Cloudsley-Thompson JL, Cuellar O, Eickstedt VRD von, Barraviera B, Knox MB. The
evolution of scorpionism in Brazil in recent years. J Venom Anim Toxins Incl Trop Dis. 1996; 2:121—
134. https://doi.org/10.1590/S0104-79301996000200005

Lourenco WR. Scorpions and life-history strategies: from evolutionary dynamics toward the scorpion-
ism problem. J Venom Anim Toxins Incl Trop Dis. 2018; 24:19. https://doi.org/10.1186/s40409-018-
0160-0 PMID: 30158956

Chippaux J-P, Goyffon M. Epidemiology of scorpionism: A global appraisal. Acta Trop. 2008; 107:71—
79. https://doi.org/10.1016/j.actatropica.2008.05.021 PMID: 18579104

Maurano HR. O escorpionismo. Faculdade de Medicina; 1915.

Dias E, Libanio S, Lisb6éa M. Lucta contra os Escorpides. Mem Inst Oswaldo Cruz. 1924; 17:5-44.
https://doi.org/10.1590/S0074-02761924000100001

Ministério da Saude S de V em SD de VE. Sistema de Informagao de Agravos de Notificagdo—Sinan:
normas e rotinas. Brasilia: Editora do Ministério da Saude; 2006.

Bochner R. The international view of envenoming in Brazil: myths and realities. J Venom Anim Toxins
Incl Trop Dis. 2013; 19:29. https://doi.org/10.1186/1678-9199-19-29 PMID: 24215797

Barros RM, Pasquino JA, Peixoto LR, Targino ITG, Sousa JA de, Leite R de S. Clinical and epidemio-
logical aspects of scorpion stings in the northeast region of Brazil. Cien Saude Colet. 2014; 19:1275—
1282. https://doi.org/10.1590/1413-81232014194.01602013 PMID: 24820610

Bochner R, Souza CMV de. Divergences between the Brazilian national information systems for
recording deaths from venomous animals. J Venom Anim Toxins Incl Trop Dis. 2019;25. https://doi.
org/10.1590/1678-9199-JVATITD-1430-18 PMID: 31130995

Monteiro WM, Gomes J, Fé N, Mendonga da Silva |, Lacerda M, Alencar A, et al. Perspectives and
recommendations towards evidence-based health care for scorpion sting envenoming in the Brazilian

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 20/29


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0011069.s001
https://doi.org/10.1007/s13127-019-00390-7
https://doi.org/10.1186/1678-9199-20-8
http://www.ncbi.nlm.nih.gov/pubmed/24618067
https://doi.org/10.1186/s40409-015-0016-9
https://doi.org/10.1186/s40409-015-0016-9
http://www.ncbi.nlm.nih.gov/pubmed/26085830
https://doi.org/10.1371/journal.pone.0214075
http://www.ncbi.nlm.nih.gov/pubmed/30943232
https://doi.org/10.1186/s40409-017-0138-3
http://www.ncbi.nlm.nih.gov/pubmed/29308066
https://doi.org/10.1590/S0104-79301996000200003
https://doi.org/10.1590/S0104-79301996000200005
https://doi.org/10.1186/s40409-018-0160-0
https://doi.org/10.1186/s40409-018-0160-0
http://www.ncbi.nlm.nih.gov/pubmed/30158956
https://doi.org/10.1016/j.actatropica.2008.05.021
http://www.ncbi.nlm.nih.gov/pubmed/18579104
https://doi.org/10.1590/S0074-02761924000100001
https://doi.org/10.1186/1678-9199-19-29
http://www.ncbi.nlm.nih.gov/pubmed/24215797
https://doi.org/10.1590/1413-81232014194.01602013
http://www.ncbi.nlm.nih.gov/pubmed/24820610
https://doi.org/10.1590/1678-9199-JVATITD-1430-18
https://doi.org/10.1590/1678-9199-JVATITD-1430-18
http://www.ncbi.nlm.nih.gov/pubmed/31130995
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Amazon: A comprehensive review. Toxicon. 2019; 169:68—80. https://doi.org/10.1016/j.toxicon.2019.
09.003 PMID: 31494205

Tanajura HS, Brazil TK, Teles AMS. Scorpion adcidents in Bahia, Brazil: A restrospective study of
underreportings by SINAN in 2006. Braz J Med Human Health. 2013; 1. https://doi.org/10.17267/
2317-3386bjmhh.v1i2.247

Souza JL de, Teich VD, Dantas ACB, Malheiro DT, Oliveira MA de, Mello ES de, et al. Impact of the
COVID-19 pandemic on emergency department visits: reference center. Einstein (Sdo Paulo). 2021;
19. https://doi.org/10.31744/einstein_journal/2021A06467 PMID: 34431853

Jardim TV, Jardim FV, Jardim LMV, Coragem JT, Castro CF, Firmino GM, et al. Changes in the Profile
of Emergency Room Patients during the COVID-19 Outbreak in a General Hospital Specialized in Car-
diovascular Care in Brazil. Arq Bras Cardiol. 2021; 116:140—143. https://doi.org/10.36660/abc.
20200595 PMID: 33566978

Barbosa AD, Magalh&es DF de, Silva JA da, Silva MX, Cardoso M de FEC, Meneses JNC, et al. Car-
acterizagdo dos acidentes escorpionicos em Belo Horizonte, Minas Gerais, Brasil, 2005 a 2009. Cad
Saude Publica. 2012; 28:1785-1789. https://doi.org/10.1590/S0102-311X2012000900016 PMID:
23033192

Albuquerque CMR de, Santana Neto P de L, Amorim MLP, Pires SCV. Pediatric epidemiological
aspects of scorpionism and report on fatal cases from Tityus stigmurus stings (Scorpiones: Buthidae)
in State of Pernambuco, Brazil. Rev Soc Bras Med Trop. 2013; 46:484—489. https://doi.org/10.1590/
0037-8682-0089-2013 PMID: 23970312

Carmo EA, Nery AA, Nascimento Sobrinho CL, Casotti CA. Clinical and epidemiological aspects of
scorpionism in the interior of the state of Bahia, Brazil: retrospective epidemiological study. Sao Paulo
Med J. 2019; 137:162-168. https://doi.org/10.1590/1516-3180.2018.0388070219 PMID: 31314877

Bahloul M, Chabchoub |, Chaari A, Chtara K, Kallel H, Dammak H, et al. Scorpion Envenomation
Among Children: Clinical Manifestations and Outcome (Analysis of 685 Cases). Am J Trop Med Hyg.
2010; 83:1084—1092. https://doi.org/10.4269/ajtmh.2010.10-0036 PMID: 21036842

Torrez PPQ, Bertolozzi MR, de Siqueira Franga FO. Vulnerabilities and clinical manifestations in scor-
pion envenomations in Santarém, Pard, Brazil: a qualitative study. Rev Esc Enferm USP. 2020; 54.
https://doi.org/10.1590/s1980-220x2018050403579 PMID: 32844964

Firooziyan S, Sadaghianifar A, Rafinejad J, Vatandoost H, Bavani MM. Epidemiological Characteris-
tics of Scorpionism in West Azerbaijan Province, Northwest of Iran. J Arthropod Borne Dis. 2020.
https://doi.org/10.18502/jad.v14i2.3738 PMID: 33365347

Selmane S, Benferhat L, L’Hadj M, Zhu H. Modelling the scorpion stings using surveillance data in El
Bayadh Province, Algeria. Asian Pac J Trop Dis. 2016; 6:961-968. https://doi.org/10.1016/S2222-
1808(16)61165-9

Benmosbah M, Guegueniat P, Mayence C, Egmann G, Narcisse E, Gonon S, et al. Epidemiological
and clinical study on scorpionism in French Guiana. Toxicon. 2013; 73:56—62. https://doi.org/10.1016/
j.toxicon.2013.05.025 PMID: 23791738

Chowell G, Diaz-Duefias P, Bustos-Saldafia R, Mireles AA, Fet V. Epidemiological and clinical charac-
teristics of scorpionism in Colima, Mexico (2000-2001). Toxicon. 2006; 47:753-758. https://doi.org/
10.1016/j.toxicon.2006.02.004 PMID: 16574179

Kassiri H, Kasiri N, Dianat A. Species composition, sex ratio, geographical distribution, seasonal and
monthly activity of scorpions and epidemiological features of scorpionism in Zarrin-dasht County, Fars
Province, Southern Iran. Asian Pac J Trop Dis. 2015; 5:599-S103. https://doi.org/10.1016/S2222-
1808(15)60867-2

Nejati J, Saghafipour A, Rafinejad J, Mozaffari E, Keyhani A, Abolhasani A, et al. Scorpion composi-
tion and scorpionism in a high-risk area, the southwest of Iran. Electron Physician. 2018; 10:7138—
7145. hitps://doi.org/10.19082/7138 PMID: 30128107

Lima ALM, Lima JA de, Souto MCDS, Lopes TF da C, Torres UP da S, Maciel ACC. Spatial distribu-
tion and epidemiological profile of scorpion accidents in Natal/RN. ConScientiae Saude. 2011;
10:627-633. https://doi.org/10.5585/conssaude.v10i4.3063

Pardal Pde O, Castro LC, Jennings E, Pardal JS de O, Monteiro MR de C da C. Aspectos epidemiold-
gicos e clinicos do escorpionismo na regiéo de Santarém, Estado do Par3, Brasil. Rev Soc Bras Med
Trop. 2003; 36:349-353. https://doi.org/10.1590/S0037-86822003000300006 PMID: 12908035

Lira-da-Silva RM, Amorim AM de, Brazil TK. Envenenamento por Tityus stigmurus (Scorpiones; Buthi-
dae) no Estado da Bahia, Brasil. Rev Soc Bras Med Trop. 2000; 33:239-245. https://doi.org/10.1590/
s0037-86822000000300001 PMID: 10967591

IBGE—Instituto Brasileiro de Geografia e Estatistica. Projecdes e estimativas da populagéo do Brasil
e das Unidades da Federacéo. 2022 Jun 22. Available from: https://www.ibge.gov.br/apps/populacao/

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 21/29


https://doi.org/10.1016/j.toxicon.2019.09.003
https://doi.org/10.1016/j.toxicon.2019.09.003
http://www.ncbi.nlm.nih.gov/pubmed/31494205
https://doi.org/10.17267/2317-3386bjmhh.v1i2.247
https://doi.org/10.17267/2317-3386bjmhh.v1i2.247
https://doi.org/10.31744/einstein%5Fjournal/2021AO6467
http://www.ncbi.nlm.nih.gov/pubmed/34431853
https://doi.org/10.36660/abc.20200595
https://doi.org/10.36660/abc.20200595
http://www.ncbi.nlm.nih.gov/pubmed/33566978
https://doi.org/10.1590/S0102-311X2012000900016
http://www.ncbi.nlm.nih.gov/pubmed/23033192
https://doi.org/10.1590/0037-8682-0089-2013
https://doi.org/10.1590/0037-8682-0089-2013
http://www.ncbi.nlm.nih.gov/pubmed/23970312
https://doi.org/10.1590/1516-3180.2018.0388070219
http://www.ncbi.nlm.nih.gov/pubmed/31314877
https://doi.org/10.4269/ajtmh.2010.10-0036
http://www.ncbi.nlm.nih.gov/pubmed/21036842
https://doi.org/10.1590/s1980-220x2018050403579
http://www.ncbi.nlm.nih.gov/pubmed/32844964
https://doi.org/10.18502/jad.v14i2.3738
http://www.ncbi.nlm.nih.gov/pubmed/33365347
https://doi.org/10.1016/S2222-1808%2816%2961165-9
https://doi.org/10.1016/S2222-1808%2816%2961165-9
https://doi.org/10.1016/j.toxicon.2013.05.025
https://doi.org/10.1016/j.toxicon.2013.05.025
http://www.ncbi.nlm.nih.gov/pubmed/23791738
https://doi.org/10.1016/j.toxicon.2006.02.004
https://doi.org/10.1016/j.toxicon.2006.02.004
http://www.ncbi.nlm.nih.gov/pubmed/16574179
https://doi.org/10.1016/S2222-1808%2815%2960867-2
https://doi.org/10.1016/S2222-1808%2815%2960867-2
https://doi.org/10.19082/7138
http://www.ncbi.nlm.nih.gov/pubmed/30128107
https://doi.org/10.5585/conssaude.v10i4.3063
https://doi.org/10.1590/S0037-86822003000300006
http://www.ncbi.nlm.nih.gov/pubmed/12908035
https://doi.org/10.1590/s0037-86822000000300001
https://doi.org/10.1590/s0037-86822000000300001
http://www.ncbi.nlm.nih.gov/pubmed/10967591
https://www.ibge.gov.br/apps/populacao/
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Needleman RK, Neylan IP, Erickson T. Potential Environmental and Ecological Effects of Global Cli-
mate Change on Venomous Terrestrial Species in the Wilderness. Wilderness Environ Med. 2018;
29:226-238. https://doi.org/10.1016/j.wem.2017.11.004 PMID: 29395962

Ureta C, Gonzalez EJ, Ramirez-Barron M, Contreras-Félix GA, Santibafez-Lépez CE. Climate
change will have an important impact on scorpion’s fauna in its most diverse country, Mexico. Perspect
Ecol Conserv. 2020; 18:116—123. https://doi.org/10.1016/j.pecon.2020.04.003

Rafinejad J, Shahi M, Navidpour S, Jahanifard E, Hanafi-Bojd A. Effect of climate change on spatial
distribution of scorpions of significant public health importance in Iran. Asian Pac J Trop Med. 2020;
13:503. https://doi.org/10.4103/1995-7645.295361

Lacerda AB, Lorenz C, de Azevedo TS, Candido DM, Wen FH, Eloy LJ, et al. Scorpion envenomation
in the state of Sao Paulo, Brazil: Spatiotemporal analysis of a growing public health concern. PLoS
ONE. 2022; 17. https://doi.org/10.1371/journal.pone.0266138 PMID: 35395017

Lacerda AB, Lorenz C, Azevedo TS, Candido DM, Wen FH, Eloy LJ, et al. Detection of areas vulnera-
ble to scorpionism and its association with environmental factors in Sao Paulo, Brazil. Acta Trop.
2022;230. https://doi.org/10.1016/j.actatropica.2022.106390 PMID: 35245492

Fonseca Travassos G, Braganca Coelho A, Arends-Kuenning MP. The elderly in Brazil: demographic
transition, profile, and socioeconomic condition. Rev Bras Estud Popul. 2020; 37:1-27. https://doi.org/
10.20947/S0102-3098a0129

Mise YF, Lira-da-Silva RM, Carvalho FM. Fatal Snakebite Envenoming and Agricultural Work in Brazil:
A Case—Control Study. Am J Trop Med Hyg. 2019; 100:150—-154. https://doi.org/10.4269/ajtmh.18-
0579 PMID: 30457094

Amorim AM de Carvalho FM, Lira-da-Silva RM Brazil TK. Scorpion sting in an area of Nordeste de
Amaralina,Salvador, Bahia, Brazil. Rev Soc Bras Med Trop. 2003; 36:51-56. https://doi.org/10.1590/
S0037-86822003000100008

Pardal PP de O, dos Santos PRSG, da Silva Cardoso BDS, Lima RJ da S, Gadelha MA da C. Spatial
distribution of envenomation by scorpions in Para State, Brazil. Revista de Patologia Tropical. 2017;
46:94. https://doi.org/10.5216/rpt.v46i1.46296

Gomes JV, Fé NF, Santos HLR, Jung B, Bisneto PF, Sachett A, et al. Clinical profile of confirmed scor-
pion stings in a referral center in Manaus, Western Brazilian Amazon. Toxicon. 2020; 187:245-254.
https://doi.org/10.1016/j.toxicon.2020.09.012 PMID: 32991937

Queiroz AM, Sampaio VS, Mendonga I, Fé NF, Sachett J, Ferreira LCL, et al. Severity of scorpion
stings in the Western Brazilian Amazon: A case-control study. PLoS ONE. 2015; 10. https://doi.org/
10.1371/journal.pone.0128819 PMID: 26061734

Santos JM dos, Croesy G da S, Marinho LFB. Perfil epidemioldgico dos acidentes escorpidnicos em
criangas no Estado da Bahia, de 2007 a 2010. Revista Enfermagem Contemporanea. 2012; 1:118—
129. Available from: http://www.bahiana.edu.br/revistas

Furtado S da S, Belmino JFB, Diniz AGQ, Leite R de SS. Epidemiology of scorpion envenomation in
the state of Ceara, Northeastern Brazil. Rev Inst Med Trop Sao Paulo. 2016; 58:1-5. https://doi.org/
10.1590/S1678-9946201658015 PMID: 27007558

Mesquita FNB, Nunes MAP, Rocha De Santana V, Neto JM, de Almeida KBS, Lima SO. Scorpion
envenomation in Sergipe, Brazil. Rev Fac Ciénc Méd Sorocaba. 2015; 17:15-20.

Kotviski BM, Barbola | d F. Aspectos espaciais do escorpionismo em Ponta Grossa, Parana, Brasil.
Cad Saude Publica. 2013; 29:1843-1858. https://doi.org/10.1590/0102-311X00043712 PMID:
24068229

Pierini S v Warrell DA, de Paulo A Theakston RDG. High incidence of bites and stings by snakes and
other animals among rubber tappers and Amazonian Indians of the Jurua Valley, Acre State, Brazil.
Toxicon. 1996; 34:225-236.

Chippaux J-P. Epidemiology of envenomations by terrestrial venomous animals in Brazil based on
case reporting: from obvious facts to contingencies. J Venom Anim Toxins Incl Trop Dis. 2015; 21:13.
https://doi.org/10.1186/s40409-015-0011-1 PMID: 26042152

Krifi MN, Savin S, Debray M, Bon C, el Ayeb M, Choumet V. Pharmacokinetic studies of scorpion
venom before and after antivenom immunotherapy. Toxicon. 2005; 45:187—198. https://doi.org/10.
1016/j.toxicon.2004.10.007 PMID: 15626368

Rezende NA, Amaral FS, Freire-Maia L. Immunotherapy for scorpion envenoming in Brazil. Toxicon.
1998; 36:1507—-1513. https://doi.org/10.1016/s0041-0101(98)00141-x PMID: 9792165

Almeida ACC, Carvalho FM, Mise YF. Risk factors for fatal scorpion envenoming among Brazilian chil-
dren: a case—control study. Trans R Soc Trop Med Hyg. 2021; 115:975-983. https://doi.org/10.1093/
trstmh/trab120 PMID: 34352889

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 22/29


https://doi.org/10.1016/j.wem.2017.11.004
http://www.ncbi.nlm.nih.gov/pubmed/29395962
https://doi.org/10.1016/j.pecon.2020.04.003
https://doi.org/10.4103/1995-7645.295361
https://doi.org/10.1371/journal.pone.0266138
http://www.ncbi.nlm.nih.gov/pubmed/35395017
https://doi.org/10.1016/j.actatropica.2022.106390
http://www.ncbi.nlm.nih.gov/pubmed/35245492
https://doi.org/10.20947/S0102-3098a0129
https://doi.org/10.20947/S0102-3098a0129
https://doi.org/10.4269/ajtmh.18-0579
https://doi.org/10.4269/ajtmh.18-0579
http://www.ncbi.nlm.nih.gov/pubmed/30457094
https://doi.org/10.1590/S0037-86822003000100008
https://doi.org/10.1590/S0037-86822003000100008
https://doi.org/10.5216/rpt.v46i1.46296
https://doi.org/10.1016/j.toxicon.2020.09.012
http://www.ncbi.nlm.nih.gov/pubmed/32991937
https://doi.org/10.1371/journal.pone.0128819
https://doi.org/10.1371/journal.pone.0128819
http://www.ncbi.nlm.nih.gov/pubmed/26061734
http://www.bahiana.edu.br/revistas
https://doi.org/10.1590/S1678-9946201658015
https://doi.org/10.1590/S1678-9946201658015
http://www.ncbi.nlm.nih.gov/pubmed/27007558
https://doi.org/10.1590/0102-311X00043712
http://www.ncbi.nlm.nih.gov/pubmed/24068229
https://doi.org/10.1186/s40409-015-0011-1
http://www.ncbi.nlm.nih.gov/pubmed/26042152
https://doi.org/10.1016/j.toxicon.2004.10.007
https://doi.org/10.1016/j.toxicon.2004.10.007
http://www.ncbi.nlm.nih.gov/pubmed/15626368
https://doi.org/10.1016/s0041-0101%2898%2900141-x
http://www.ncbi.nlm.nih.gov/pubmed/9792165
https://doi.org/10.1093/trstmh/trab120
https://doi.org/10.1093/trstmh/trab120
http://www.ncbi.nlm.nih.gov/pubmed/34352889
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

da Silva EP, Monteiro WM, Bernarde PS. Scorpion stings and spider bites in the Upper Jurua, Acre—
Brazil. J Hum Growth Dev. 2018; 28:290-297. https://doi.org/10.7322/jhgd. 152178

Brites-Neto J, Duarte KMR. Modeling of spatial distribution for scorpions of medical importance in the
Sé&o Paulo State, Brazil. Vet World. 2015; 8:823-830. https://doi.org/10.14202/vetworld.2015.823—
830

Amado TF, Moura TA, Riul P, Lira AF de A, Badillo-Montafio R, Martinez PA. Vulnerable areas to acci-
dents with scorpions in Brazil. Trop Med Int Health. 2021; 26:591-601. https://doi.org/10.1111/tmi.
13561 PMID: 33560566

Bucaretchi F, Fernandes LCR, Fernandes CB, Branco MM, Prado CC, Vieira RJ, et al. Clinical conse-
quences of Tityus bahiensis and Tityus serrulatus scorpion stings in the region of Campinas, south-
eastern Brazil. Toxicon. 2014; 89:17-25. https://doi.org/10.1016/j.toxicon.2014.06.022 PMID:
25011046

Brazil TK, Porto TJ. Os escorpides. 1sted. Salvador: EDUFBA; 2010.

Lourenco WR. The scorpion families and their geographical distribution. J Venom Anim Toxins Incl
Trop Dis. 2001; 7:03-23. https://doi.org/10.1590/S0104-79302001000100002

Abreu CB, Bordon KCF, Cerni FA, Oliveira IS, Balenzuela C, Alexandre-Silva GM, et al. Pioneering
Study on Rhopalurus crassicauda Scorpion Venom: Isolation and Characterization of the Major Toxin
and Hyaluronidase. Front Immunol. 2020; 11. https://doi.org/10.3389/fimmu.2020.02011 PMID:
32973807

dos Santos DS, Carvalho EL, de Lima JC, Breda RV, Oliveira RS, de Freitas TC, et al. Bothriurus
bonariensis scorpion venom activates voltage-dependent sodium channels in insect and mammalian
nervous systems. Chem Biol Interact. 2016; 258:1-9. hitps://doi.org/10.1016/j.cbi.2016.08.008 PMID:
27544632

Borges A, Bermingham E, Herrera N, Alfonzo MJ, Sanjur Ol. Molecular systematics of the neotropical
scorpion genus Tityus (Buthidae): The historical biogeography and venom antigenic diversity of toxic
Venezuelan species. Toxicon. 2010; 55:436—454. https://doi.org/10.1016/j.toxicon.2009.09.011
PMID: 19799925

Borges A. Scorpionism and Dangerous Scorpions in Central America and the Caribbean Region. In:
Gopalakrishnakone P, Possani L, F, Schwartz E, Rodriguez de la Vega R, editors. Scorpion Venoms
Toxinology. 1sted. Dordrecht: Springer Netherlands; 2015. https://doi.org/10.1007/978-94-007-
6647-1

Ward MJ, Ellsworth SA, Nystrom GS. A global accounting of medically significant scorpions: Epidemi-
ology, major toxins, and comparative resources in harmless counterparts. Toxicon. 2018; 151:137—
155. https://doi.org/10.1016/j.toxicon.2018.07.007 PMID: 30009779

Nencioni ALA, Neto EB, de Freitas LA, Dorce VAC. Effects of Brazilian scorpion venoms on the central
nervous system. J Venom Anim Toxins Incl Trop Dis. 2018; 24:3. https://doi.org/10.1186/s40409-018-
0139-x PMID: 29410679

Furtado AA, Daniele-Silva A, Silva-Junior AA da, Fernandes-Pedrosa M de F. Biology, venom compo-
sition, and scorpionism induced by brazilian scorpion Tityus stigmurus (Thorell, 1876) (Scorpiones:
Buthidae): A mini-review. Toxicon. 2020; 185:36—45. https://doi.org/10.1016/j.toxicon.2020.06.015
PMID: 32585220

de Almeida RB. Atlas das espécies de Tityus C. L. Koch, 1836 (Scorpiones, Buthidae) do Brasil. Uni-
versidade de Sao Paulo; 2011.

da Rosa CM, Abegg AD, Borges LM, Bitencourt GSS, di Mare RA. New record and occurrence map of
Tityus serrulatus Lutz & Mello, 1922 (Scorpiones, Buthidae) in the state of Rio Grande do Sul, south-
ern Brazil. Check List. 2015; 11:1556. https://doi.org/10.15560/11.1.1556

Cologna CT, Marcussi S, Giglio JR, Soares AM, Arantes EC. Tityus serrulatus Scorpion Venom and
Toxins: An Overview. Protein Pept Lett. 2009; 16:920-932. https://doi.org/10.2174/
092986609788923329 PMID: 19689419

Bortoluzzi LR, Querol MVM, Querol E. Notas sobre a ocorréncia de Tityus serrulatus Lutz & Mello,
1922 (Scorpiones, Buthidae) no oeste do Rio Grande do Sul, Brasil. Biota Neotrop. 2007; 7:357-359.
https://doi.org/10.1590/S1676-06032007000300036

Carvalho LS, Brescovit AD, Souza CAR, Raizer J. Checklist dos escorpides (Arachnida, Scorpiones)
do Mato Grosso do Sul, Brasil. Iheringia Ser Zool. 2017; 107. https://doi.org/10.1590/1678-
47662017108

Costa GG, Serejo L de FM, Coelho J de S, Candido DM, Gadelha MA da C, Pardal PP de O. First
report of scorpionism caused by Tityus serrulatus, described by Lutz and Mello, 1922 (Scorpiones,
Buthidae), a species non-native to the state of Pard, Brazilian Amazon. Rev Soc Bras Med Trop. 2020;
53. https://doi.org/10.1590/0037-8682-0285-2019 PMID: 32187336

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 23/29


https://doi.org/10.7322/jhgd.152178
https://doi.org/10.14202/vetworld.2015.823%26%23x2013%3B830
https://doi.org/10.14202/vetworld.2015.823%26%23x2013%3B830
https://doi.org/10.1111/tmi.13561
https://doi.org/10.1111/tmi.13561
http://www.ncbi.nlm.nih.gov/pubmed/33560566
https://doi.org/10.1016/j.toxicon.2014.06.022
http://www.ncbi.nlm.nih.gov/pubmed/25011046
https://doi.org/10.1590/S0104-79302001000100002
https://doi.org/10.3389/fimmu.2020.02011
http://www.ncbi.nlm.nih.gov/pubmed/32973807
https://doi.org/10.1016/j.cbi.2016.08.008
http://www.ncbi.nlm.nih.gov/pubmed/27544632
https://doi.org/10.1016/j.toxicon.2009.09.011
http://www.ncbi.nlm.nih.gov/pubmed/19799925
https://doi.org/10.1007/978-94-007-6647-1
https://doi.org/10.1007/978-94-007-6647-1
https://doi.org/10.1016/j.toxicon.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/30009779
https://doi.org/10.1186/s40409-018-0139-x
https://doi.org/10.1186/s40409-018-0139-x
http://www.ncbi.nlm.nih.gov/pubmed/29410679
https://doi.org/10.1016/j.toxicon.2020.06.015
http://www.ncbi.nlm.nih.gov/pubmed/32585220
https://doi.org/10.15560/11.1.1556
https://doi.org/10.2174/092986609788923329
https://doi.org/10.2174/092986609788923329
http://www.ncbi.nlm.nih.gov/pubmed/19689419
https://doi.org/10.1590/S1676-06032007000300036
https://doi.org/10.1590/1678-4766e2017108
https://doi.org/10.1590/1678-4766e2017108
https://doi.org/10.1590/0037-8682-0285-2019
http://www.ncbi.nlm.nih.gov/pubmed/32187336
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,

Torrez PPQ, Dourado FS, Bertani R, Cupo P, Fran¢a FO de S. Scorpionism in Brazil: exponential
growth of accidents and deaths from scorpion stings. Rev Soc Bras Med Trop. 2019; 52. https://doi.
org/10.1590/0037-8682-0350-2018 PMID: 31141047

Almeida CA de O, da Silva GM, Souza GTR, Madi RR, Coelho AS, de Melo CM. Spatial temporal
study of scorpion envenomation in the state of Sergipe, Brazil. Biosci J. 2016; 32:1412—-1421.

Lourengo WR. Back to Tityus serrulatus Lutz & Mello, 1922 (Scorpiones: Buthidae): new comments
about an old species. J Venom Anim Toxins Incl Trop Dis. 2022; 28. https://doi.org/10.1590/1678-
9199-JVATITD-2022-0016 PMID: 35910487

Lopez CA, Couto E, Gularte A. Scorpionism and first records of Tityus trivittatus and Tityus serrulatus
in Puerto Iguazu, province of Misiones. Rev Argent Salud Publica. 2019; 10:51-54. Available from:
https://rasp.msal.gov.ar/index.php/rasp/article/view/92

Lourenco WR. Parthenogenesis in scorpions: some history—new data. J Venom Anim Toxins Incl
Trop Dis. 2008; 14:20. https://doi.org/10.1590/S1678-91992008000100003

Lourengo WR, von Eickstedt VRD. Sinopse das espécies de Tityus do Nordeste do Brasil, com a rede-
scricdo da T. neglectus Mello-Leitdo (Scorpiones, Burthidae). Rev Bras Zool. 1988; 5:399—408.
https://doi.org/10.1590/S0101-81751988000300005

Torres JB, Marques M da GB, Martini RK, Borges CVA. An accident involving Tityus serrulatus and its
epidemiological implications in Brazil. Rev Saude Publica. 2002; 36:631-633. Available from: www.
fsp.usp.br/rsp

Lourenco WR, Claudsley-Thompson JL. Discovery of a sexual population of Tityus serrulatus, one of
the moerphs within the complex Tityus stigmuru (SCORPIONES, BUTHIDAE). J Arachnol. 1999;
27:154—158.

dos Santos MD, Porto TJ, Maria Lira da Silva R, Brazil T. Description of the male of Tityus kuryi Lou-
renco, 1997 and notes about males of Tityus stigmurus (Thorell, 1877) and Tityus serrulatus Lutz &
Mello, 1922 (Scorpiones, Buthidae). Zookeys. 2014; 435:49-61. https://doi.org/10.3897/zookeys.435.
6694 PMID: 25152686

Lourenco WR, Cuellar O. Scorpions, scorpionism, life history, strategies and parthenogenesis. J Venom
Anim Toxins Incl Trop Dis. 1995; 1:51-62. https://doi.org/10.1590/S0104-79301995000200002

Braga-Pereira GF, Santos AJ. Asexual reproduction in a sexual population of the Brazilian yellow scor-
pion (Tityus serrulatus, Buthidae) as evidence of facultative parthenogenesis. J Arachnol. 2021;
49:185-190. https://doi.org/10.1636/JoA-S-20-001

Oliveira FN, Mortari MR, Carneiro FP, Guerrero-Vargas JA, Santos DM, Pimenta AMC, et al. Another
record of significant regional variation in toxicity of Tityus serrulatus venom in Brazil: A step towards
understanding the possible role of sodium channel modulators. Toxicon. 2013; 73:33—46. https://doi.
org/10.1016/j.toxicon.2013.06.021 PMID: 23851224

Kalapothakis E, Chavez-Olértegui C. Venom variability among several Tityus serrulatus specimens.
Toxicon. 1997; 35:1523-1529. https://doi.org/10.1016/s0041-0101(97)00017-2 PMID: 9428099

Pimenta AMC, Aimeida FDM, de Lima ME, Martin-Eauclaire MF, Bougis PE. Individual variability in
Tityus serrulatus (Scorpiones, Buthidae) venom elicited by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry. Rapid Commun Mass Spectrom. 2003; 17:413—-418. https://doi.org/
10.1002/rcm.934 PMID: 12590389

Freitas GCC, Vasconcelos SD. Scorpion fauna of the island of Fernando de Noronha, Brazil: first
record of Tityus stigmurus (Thorell 1877) (Arachnida, Buthidae). Biota Neotrop. 2008; 8:235-237.
https://doi.org/10.1590/S1676-06032008000200019

Bertani R, Bonini RK, Toda MM, Isa LS, Figueiredo JVA, dos Santos MR, et al. Alien scorpions in the
Municipality of Sdo Paulo, Brazil-evidence of successful establishment of Tityus stigmurus (Thorell,

1876) and first records of Broteochactas parvulus Pocock, 1897, and Jaguajir rochae (Borelli, 1910).
Bioinvasions Rec. 2018; 7:89-94. https://doi.org/10.3391/bir.2018.7.1.14

Ross LK. Confirmation of parthenogenesis in the medically significant, synanthropic scorpion Tityus
stigmurus (Thorell, 1876) (Scorpiones: Buthidae). Rev Iber Aracnol. 2010; 18:115—121. Available
from: http://gia.sea-entomologia.org

Brazil TK, Lira-Da-Silva RM, Porto TJ, de Amorim AM, da Silva TF. Scorpions of medical importance
in Bahia strate, Brazil. Gazeta Medica da Bahia. 2009; 79:38—42. Available from: www.gmbabhia.ufba.
br

Aranha C de O. Modelagem de Nicho Ecoldgico de Tityus serrulatus LUTZ & MELLO, 1922 e Tityus
stigmurus (THORELL, 1876) (Arachnida: Scorpiones). UFBA. 2015.

Nishikawa AK, Caricati CP, Lima MLSR, dos Santos MC, Kipnis TL, Eickstedt VRD, et al. Antigenic
cross-reactivity among the venoms from several species of Brazilian scorpions. Toxicon. 1994;
32:989-998. https://doi.org/10.1016/0041-0101(94)90377-8 PMID: 7985203

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 24/29


https://doi.org/10.1590/0037-8682-0350-2018
https://doi.org/10.1590/0037-8682-0350-2018
http://www.ncbi.nlm.nih.gov/pubmed/31141047
https://doi.org/10.1590/1678-9199-JVATITD-2022-0016
https://doi.org/10.1590/1678-9199-JVATITD-2022-0016
http://www.ncbi.nlm.nih.gov/pubmed/35910487
https://rasp.msal.gov.ar/index.php/rasp/article/view/92
https://doi.org/10.1590/S1678-91992008000100003
https://doi.org/10.1590/S0101-81751988000300005
http://www.fsp.usp.br/rsp
http://www.fsp.usp.br/rsp
https://doi.org/10.3897/zookeys.435.6694
https://doi.org/10.3897/zookeys.435.6694
http://www.ncbi.nlm.nih.gov/pubmed/25152686
https://doi.org/10.1590/S0104-79301995000200002
https://doi.org/10.1636/JoA-S-20-001
https://doi.org/10.1016/j.toxicon.2013.06.021
https://doi.org/10.1016/j.toxicon.2013.06.021
http://www.ncbi.nlm.nih.gov/pubmed/23851224
https://doi.org/10.1016/s0041-0101%2897%2900017-2
http://www.ncbi.nlm.nih.gov/pubmed/9428099
https://doi.org/10.1002/rcm.934
https://doi.org/10.1002/rcm.934
http://www.ncbi.nlm.nih.gov/pubmed/12590389
https://doi.org/10.1590/S1676-06032008000200019
https://doi.org/10.3391/bir.2018.7.1.14
http://gia.sea-entomologia.org
http://www.gmbahia.ufba.br
http://www.gmbahia.ufba.br
https://doi.org/10.1016/0041-0101%2894%2990377-8
http://www.ncbi.nlm.nih.gov/pubmed/7985203
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Cajado-Carvalho D, Galvao J, Kuniyoshi A, Carneiro P, Paes Leme A, Pauletti B, et al. Tityus serrula-
tus Scorpion Venom: In Vitro Tests and Their Correlation with In Vivo Lethal Dose Assay. Toxins
(Basel). 2017; 9:380. https://doi.org/10.3390/toxins9120380 PMID: 29168766

Dorce VAC, da Rocha MMT, Candido DM, Nencioni ALA, Auada AVV, Barbaro KC, et al. Influence of
different processing techniques on the toxicity and biochemical characteristics of Tityus serrulatus
scorpion venom. Toxicon. 2018; 156:41—47. https://doi.org/10.1016/j.toxicon.2018.11.004 PMID:
30419247

Pucca MB, Amorim FG, Cerni FA, Bordon K de CF, Cardoso IA, Anjolette FAP, et al. Influence of post-
starvation extraction time and prey-specific diet in Tityus serrulatus scorpion venom composition and
hyaluronidase activity. Toxicon. 2014; 90:326—336. https://doi.org/10.1016/j.toxicon.2014.08.064
PMID: 25199494

Maduwage K, Silva A, O’'Leary MA, Hodgson WC, Isbister GK. Efficacy of Indian polyvalent snake
antivenoms against Sri Lankan snake venoms: lethality studies or clinically focussed in vitro studies.
Sci Rep. 2016; 6:26778. hitps://doi.org/10.1038/srep26778 PMID: 27231196

Ministério da Saude do Brasil. Manual de Controle de Escorpides. 2009. Available from: www.saude.
gov.br/svswww.saude.gov.br/bvsdisquesaude:0800.61.1997

Bucaretchi F, Baracat EC, Nogueira RJN, Chaves A, Zambrone FAD, Fonseca MRCC, et al. A com-
parative study of severe scorpion envenomation in children caused by Tityus bahiensis and Tityus ser-
rulatus. Rev Inst Med Trop Sao Paulo. 1995; 37:331-336. https://doi.org/10.1590/s0036-
46651995000400008 PMID: 8599062

Miyamoto JG, Andrade FB, Ferraz CR, Candido DM, Knysak I, Venancio EJ, etal. A comparative
study of pathophysiological alterations in scorpionism induced by Tityus serrulatus and Tityus bahien-
sis venoms. Toxicon. 2018; 141:25-33. https://doi.org/10.1016/j.toxicon.2017.11.005 PMID:
29170053

Lourenco WR. Scorpion incidents, misidentification cases and possible implications for the final inter-
pretation of results. J Venom Anim Toxins Incl Trop Dis. 2016; 22:21. https://doi.org/10.1186/s40409-
016-0075-6 PMID: 27398081

Lourengco WR, Leguin E-A. The true identity of Scorpio (Atreus) obscurus Gervais, 1843 (Scorpiones,
Buthidae). Euscorpius. 2008;1-9. https://doi.org/10.18590/euscorpius.2008.vol2008.iss75.1

Pardal PPO, Ishikawa EAY, Vieira JLF, Coelho JS, Dérea RCC, Abati PAM, et al. Clinical aspects of
envenomation caused by Tityus obscurus (Gervais, 1843) in two distinct regions of Para state, Brazil-
ian Amazon basin: a prospective case series. J Venom Anim Toxins Incl Trop Dis. 2014; 20:1-7.
https://doi.org/10.1186/1678-9199-20-3 PMID: 24517181

Santos-da-Silva A de P, Candido DM, Nencioni ALA, Kimura LF, Prezotto-Neto JP, Barbaro KC, et al.
Some pharmacological effects of Tityus obscurus venom in rats and mice. Toxicon. 2017; 126:51-58.
https://doi.org/10.1016/j.toxicon.2016.12.008 PMID: 28012802

Borges A, Graham MR, Candido DM, Pardal PPO. Amazonian scorpions and scorpionism: integrating
toxinological, clinical, and phylogenetic data to combat a human health crisis in the world’s most
diverse rainfores. J Venom Anim Toxins Incl Trop Dis. 2021; 27:1-20. https://doi.org/10.1590/1678-
9199-JVATITD-2021-0028 PMID: 34887908

Torrez PPQ, Quiroga MMM, Abati PAM, Mascheretti M, Costa WS, Campos LP, et al. Acute cerebellar
dysfunction with neuromuscular manifestations after scorpionism presumably caused by Tityus
obscurus in Santarém, Para / Brazil. Toxicon. 2015; 96:68—73. https://doi.org/10.1016/j.toxicon.2014.
12.012 PMID: 25549940

Martins JG, Santos GC, Procopio RE de L, Arantes EC, Bordon K de CF. Scorpion species of medical
importance in the Brazilian Amazon: a review to identify knowledge gaps. J Venom Anim Toxins Incl
Trop Dis. 2021; 27. https://doi.org/10.1590/1678-9199-JVATITD-2021-0012 PMID: 34589120

Monteiro WM, de Oliveira SS, Pivoto G, Alves EC, de Almeida Gongalves Sachett J, Alexandre CN,
et al. Scorpion envenoming caused by Tityus cf. silvestris evolving with severe muscle spasms in the
Brazilian Amazon. Toxicon. 2016; 119:266—269. https://doi.org/10.1016/j.toxicon.2016.06.015 PMID:
27368713

Coelho JS, Ishikawa EAY, dos Santos PRSG, Pardal PP de O. Scorpionism by Tityus silvestris in
eastern Brazilian Amazon. J Venom Anim Toxins Incl Trop Dis. 2016; 22:24. https://doi.org/10.1186/
s40409-016-0079-2 PMID: 27570532

Silva BAJ da Fé NF, Gomes AA dos S, Souza A da S, Sachett J de AG, Fan HW, et al. Implication of
Tityus apiacas (Lourenco, 2002) in scorpion envenomations in the Southern Amazon border, Brazil.
Rev Soc Bras Med Trop. 2017; 50:427—430. https://doi.org/10.1590/0037-8682-0490-2016 PMID:
28700068

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 25/29


https://doi.org/10.3390/toxins9120380
http://www.ncbi.nlm.nih.gov/pubmed/29168766
https://doi.org/10.1016/j.toxicon.2018.11.004
http://www.ncbi.nlm.nih.gov/pubmed/30419247
https://doi.org/10.1016/j.toxicon.2014.08.064
http://www.ncbi.nlm.nih.gov/pubmed/25199494
https://doi.org/10.1038/srep26778
http://www.ncbi.nlm.nih.gov/pubmed/27231196
http://www.saude.gov.br/svswww.saude.gov.br/bvsdisquesa&uacute;de:0800.61.1997
http://www.saude.gov.br/svswww.saude.gov.br/bvsdisquesa&uacute;de:0800.61.1997
https://doi.org/10.1590/s0036-46651995000400008
https://doi.org/10.1590/s0036-46651995000400008
http://www.ncbi.nlm.nih.gov/pubmed/8599062
https://doi.org/10.1016/j.toxicon.2017.11.005
http://www.ncbi.nlm.nih.gov/pubmed/29170053
https://doi.org/10.1186/s40409-016-0075-6
https://doi.org/10.1186/s40409-016-0075-6
http://www.ncbi.nlm.nih.gov/pubmed/27398081
https://doi.org/10.18590/euscorpius.2008.vol2008.iss75.1
https://doi.org/10.1186/1678-9199-20-3
http://www.ncbi.nlm.nih.gov/pubmed/24517181
https://doi.org/10.1016/j.toxicon.2016.12.008
http://www.ncbi.nlm.nih.gov/pubmed/28012802
https://doi.org/10.1590/1678-9199-JVATITD-2021-0028
https://doi.org/10.1590/1678-9199-JVATITD-2021-0028
http://www.ncbi.nlm.nih.gov/pubmed/34887908
https://doi.org/10.1016/j.toxicon.2014.12.012
https://doi.org/10.1016/j.toxicon.2014.12.012
http://www.ncbi.nlm.nih.gov/pubmed/25549940
https://doi.org/10.1590/1678-9199-JVATITD-2021-0012
http://www.ncbi.nlm.nih.gov/pubmed/34589120
https://doi.org/10.1016/j.toxicon.2016.06.015
http://www.ncbi.nlm.nih.gov/pubmed/27368713
https://doi.org/10.1186/s40409-016-0079-2
https://doi.org/10.1186/s40409-016-0079-2
http://www.ncbi.nlm.nih.gov/pubmed/27570532
https://doi.org/10.1590/0037-8682-0490-2016
http://www.ncbi.nlm.nih.gov/pubmed/28700068
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

112,

113.

114.

115.

116.

117.

118.

119.

120.

121.

122,

123.
124.

125.

126.

127.

128.

129.

130.

Diego-Garcia E, Batista CVF, Garcia-Goémez Bl, Lucas S, Candido DM, Gémez-Lagunas F, et al. The
Brazilian scorpion Tityus costatus Karsch: genes, peptides and function. Toxicon. 2005; 45:273-283.
https://doi.org/10.1016/j.toxicon.2004.10.014 PMID: 15683865

Mendes TM, Guimaraes-Okamoto PTC, Machado-de-Avila RA, Oliveira D, Melo MM, Lobato ZI, et al.
General characterization of Tityus fasciolatus scorpion venom. Molecular identification of toxins and
localization of linear B-cell epitopes. Toxicon. 2015; 99:109-117. https://doi.org/10.1016/j.toxicon.
2015.03.018 PMID: 25817000

Pinto MCL, Borboleta LR, Melo MB, Labarrére CR, Melo MM. Tityus fasciolatus envenomation
induced cardio-respiratory alterations in rats. Toxicon. 2010; 55:1132—1137. https://doi.org/10.1016/j.
toxicon.2010.01.002 PMID: 20060851

Gurski CR, Ubinski CV. Establishment of the level of house infestation of scorpions of the species
Tityus costatus (SCORPIONES: BUTHIDAE), in Sao Pedro neighborhood, Porto Unido-SC. Uniuv em
Revista. 2015; 15:260-264.

Albuquerque CMR, Porto TJ, Amorim MLP, Santana Neto P de L. Scorpionism caused by Tityus pusil-
lus Pocock, 1893 (Scorpiones; Buthidae) in state of Pernambuco. Rev Soc Bras Med Trop. 2009;
42:206-208.

Lira-da-Silva RM, de Amorim AM, Carvalho FM, Brazil TK. Scorpion sting in Salvador City, Bahia, Bra-
zil (1982—-2000). Gazeta Médica da Bahia. 2009; 79:43—49. Available from: www.gmbabhia.ufba.br

Bertani R, Martins R, de Carvalho MA. Notes on Tityus confluens Borelli, 1899 (Scorpiones: Buthidae)
in Brazil. Zootaxa. 2005; 869:1. https://doi.org/10.11646/zootaxa.869.1.1

de Roodt AR, Lago NR, Salomén OD, Laskowicz RD, Neder de Roman LE, Lépez RA, et al. A new
venomous scorpion responsible for severe envenomation in Argentina: Tityus confluens. Toxicon.
2009; 53:1-8. https://doi.org/10.1016/j.toxicon.2008.10.003 PMID: 18983868

Ojanguren-Affilastro A, Bizzoto C, Lanari L, Remes Lenicov M, de Roodt A. The Presence of Tityus
confluens Borelli in Buenos Aires city and the expansion of the distribution of the medically important
species of Tityus (Scorpiones; Buthidae) in Argentina. Revista del Museo Argentino de Ciencias Nat-
urales. 2019; 21:101-112. https://doi.org/10.22179/REVMACN.21.638

Ministério da Saude do Brasil. Available from: https://www.saude.gov.br/saude-de-a-z/acidentes-por-
animais-peconhentos-escorpiao. 2022.

Ramires EN, Navarro-Silva MA, Assis Marques F de. Chemical Control of Spiders and Scorpions in
Urban Areas. Pesticides in the Modern World—Pests Control and Pesticides Exposure and Toxicity
Assessment. InTech; 2011. https://doi.org/10.5772/16562

Natwick ET. Scorpions: Pest Notes for Home and Landscape. 2011 Dec.

Vazquez-Prokopec GM, Lenhart A, Manrique-Saide P. Housing improvement: a novel paradigm for
urban vector-borne disease control? Trans R Soc Trop Med Hyg. 2016; 110:567-569. https://doi.org/
10.1093/trstmh/trw070 PMID: 27864518

Spirandeli-Cruz EF, Yassuda CRW, Jim J, Barraviera B. Programa de controle de surto de escorpido
Tityus serrulatus, Lutz e Mello 1922, no municipio de Aparecida, SP (Scorpiones, Buthidae). Revista
da Sociedade Brasileira de Medicina Tropical. 1995; 28:123—-128. https://doi.org/10.1590/S0037-
86821995000200007 PMID: 7716324

Ferreira A de M, Soares CAAA. Venomous arachnids: an analysis of information in didactic science
textbooks. Ciéncia & Educacéo. 2008; 14:307-314. https://doi.org/10.1590/S1516-
73132008000200009

Bochner R, Struchiner CJ. Aspectos ambientais e sécio-econdmicos relacionados a incidéncia de
acidentes ofidicos no Estado do Rio de Janeiro de 1990 a 1996: uma analise exploratéria. Cad Saude
Publica. 2004; 20:976-985. https://doi.org/10.1590/S0102-311X2004000400012 PMID: 15300290

Wen FH, Monteiro WM, Moura da Silva AM, Tambourgi DV, Mendonca da Silva |, Sampaio VS, et al.
Snakebites and Scorpion Stings in the Brazilian Amazon: Identifying Research Priorities for a Largely
Neglected Problem. Gutiérrez JM, editor. PLoS Negl Trop Dis. 2015; 9:e0003701. https://doi.org/10.

1371/journal.pntd.0003701 PMID: 25996940

Diaz-Gonzalez EE, Danis-Lozano R, Pefialoza G. Schools as centers for health educational initiatives,
health behavior research and risk behavior for dengue infection in school children and community
members: a systematic review. Health Educ Res. 2020; 35:376—395. https://doi.org/10.1093/her/
cyaa019 PMID: 32951047

Santos S, Smania-Marques R, Albino VA, Fernandes ID, Mangueira FFA, Altafim RAP, et al. Preven-
tion and control of mosquito-borne arboviral diseases: lessons learned from a school-based interven-
tion in Brazil (Zikamob). BMC Public Health. 2022; 22:255. https://doi.org/10.1186/s12889-022-
12554-w PMID: 35135522

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 26/29


https://doi.org/10.1016/j.toxicon.2004.10.014
http://www.ncbi.nlm.nih.gov/pubmed/15683865
https://doi.org/10.1016/j.toxicon.2015.03.018
https://doi.org/10.1016/j.toxicon.2015.03.018
http://www.ncbi.nlm.nih.gov/pubmed/25817000
https://doi.org/10.1016/j.toxicon.2010.01.002
https://doi.org/10.1016/j.toxicon.2010.01.002
http://www.ncbi.nlm.nih.gov/pubmed/20060851
http://www.gmbahia.ufba.br
https://doi.org/10.11646/zootaxa.869.1.1
https://doi.org/10.1016/j.toxicon.2008.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18983868
https://doi.org/10.22179/REVMACN.21.638
https://www.saude.gov.br/saude-de-a-z/acidentes-por-animais-peconhentos-escorpiao
https://www.saude.gov.br/saude-de-a-z/acidentes-por-animais-peconhentos-escorpiao
https://doi.org/10.5772/16562
https://doi.org/10.1093/trstmh/trw070
https://doi.org/10.1093/trstmh/trw070
http://www.ncbi.nlm.nih.gov/pubmed/27864518
https://doi.org/10.1590/S0037-86821995000200007
https://doi.org/10.1590/S0037-86821995000200007
http://www.ncbi.nlm.nih.gov/pubmed/7716324
https://doi.org/10.1590/S1516-73132008000200009
https://doi.org/10.1590/S1516-73132008000200009
https://doi.org/10.1590/S0102-311X2004000400012
http://www.ncbi.nlm.nih.gov/pubmed/15300290
https://doi.org/10.1371/journal.pntd.0003701
https://doi.org/10.1371/journal.pntd.0003701
http://www.ncbi.nlm.nih.gov/pubmed/25996940
https://doi.org/10.1093/her/cyaa019
https://doi.org/10.1093/her/cyaa019
http://www.ncbi.nlm.nih.gov/pubmed/32951047
https://doi.org/10.1186/s12889-022-12554-w
https://doi.org/10.1186/s12889-022-12554-w
http://www.ncbi.nlm.nih.gov/pubmed/35135522
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

144.

145.

146.

147.

148.
149.

150.

151.

World Health Organization. Available from: https://www.who.int/publications/i/item/9789241512978.
2022.

Costa GB, Smithyman R, O’Neill SL, Moreira LA. How to engage communities on a large scale? Les-
sons from World Mosquito Program in Rio de Janeiro, Brazil. Gates Open Res. 2021; 4:109. https://
doi.org/10.12688/gatesopenres.13153.2 PMID: 33103066

Carvalho MS, Honorio NA, Garcia LMT, Carvalho LC de S. Aedes agypti control in urban areas: A
systemic approach to a complex dynamic. Reiner RC, editor. PLoS Negl Trop Dis. 2017; 11:e000563.
https://doi.org/10.1371/journal.pntd.0005632 PMID: 28749942

Johnson BJ, Brosch D, Christiansen A, Wells E, Wells M, Bhandoola AF, et al. Neighbors help neigh-
bors control urban mosquitoes. Sci Rep. 2018; 8:15797. https://doi.org/10.1038/s41598-018-34161-9
PMID: 30361483

Braz Sousa L, Fricker SR, Doherty SS, Webb CE, Baldock KL, Williams CR. Citizen science and
smartphone e-entomology enables low-cost upscaling of mosquito surveillance. Sci Total Environ.
2020; 704:135349. https://doi.org/10.1016/j.scitotenv.2019.135349 PMID: 31837870

Roche J, Bell L, Galvéao C, Golumbic YN, Kloetzer L, Knoben N, et al. Citizen Science, Education, and
Learning: Challenges and Opportunities. Front Sociol. 2020; 5. https://doi.org/10.3389/fsoc.2020.
613814 PMID: 33869532

Gaffin DD, Bumm LA, Taylor MS, Popokina N v., Mann S. Scorpion fluorescence and reaction to light.
Anim Behav. 2012; 83:429-436. https://doi.org/10.1016/j.anbehav.2011.11.014

Frost LM, Butler DR, O’Dell B, Fet V. A coumarin as a fluorescent compound in scorpion cuticle. Scor-
pions. 2001:363-368.

Stachell SJ, Stockwell SA, van Vrankenl DL. The fluorescence of scorpions and cataractogenesis.
Chem Biol. 1999; 6:531-539. Available from: https://doi.org/10.1016/S1074-5521(99)80085-4 PMID:
10421760

Brites-Neto J, Maimone NM, Piedade SMDS, Andrino FG, Andrade PAM de, Baroni F de A, et al.
Scorpionicidal activity of secondary metabolites from Paecilomyces sp. CMAA1686 against Tityus ser-
rulatus. J Invertebr Pathol. 2021; 179:107541. https://doi.org/10.1016/}.jip.2021.107541 PMID:
33524339

Parks J, Stoecker W v., Paige RL. Trap design for the brown recluse spider, Loxosceles reclusa. J
Insect Sci. 2013; 13:1-6. https://doi.org/10.1673/031.013.5701 PMID: 23909614

Schwarting HN, Whitworth RJ. Residual Effect of Insecticide Treatment Plus Use of Sticky Traps on
Brown Recluse Spiders (Araneae: Sicariidae) on Two Surfaces. J Kans Entomol Soc. 2015; 88:316—
324. https://doi.org/10.2317/0022-8567-88.3.316

Anish RK, Latha BR, Ramanathan G, Sivagnanam UT, Sreekumar C, Leela V. A novel assembly pher-
omone trap for tick control in dog kennels. Vet Parasitol. 2017; 235:57—63. https://doi.org/10.1016/j.
vetpar.2017.01.005 PMID: 28215869

Gowrishankar S, Latha BR, Sreekumar C, Leela V. Innovative way to dispense pheromones for off-
host control of Rhipicephalus sanguineus sensu lato ticks. Vet Parasitol. 2019; 275:108936. https:/
doi.org/10.1016/j.vetpar.2019.108936 PMID: 31669835

Gowrishankar S, Latha BR, Sreekumar C, Leela V. Solar tick trap with a pheromone lure—A stand-in
approach for off-host control of Rhipicephalus sanguineus sensu lato ticks. Ticks Tick Borne Dis.
2021; 12:101656. https://doi.org/10.1016/j.ttbdis.2021.101656 PMID: 33529987

Gaffin DD, Shakir SF. Synaptic Interactions in Scorpion Peg Sensilla Appear to Maintain Chemosen-
sory Neurons within Dynamic Firing Range. Insects. 2021; 12:904. https://doi.org/10.3390/
insects12100904 PMID: 34680673

Souza C. Urban scorpion populations and public health in Brazil. In: Miller G, Pospischil R, Robinson
WH, editors. Proceedings of the 8th International Conference on Urban Pests. Zurich: Executive
Committee of the International Conference on Urban Pests; 2014. p. 217-221.

Bucherl W. Escorpides e escorpionismo no Brasil. Mem Inst Butantan. 1955; 27:107—-120.

Albuquerque CMR, Barbosa MO, lannuzzi L. Tityus stigmurus (Thorell, 1876) (Scorpiones; Buthidae):
response to chemical control and understanding of scorpionism among the population. Rev Soc Bras
Med Trop. 2009; 42:255-259. https://doi.org/10.1590/s0037-86822009000300004 PMID: 19684971

Ramsey JM, Salgado L, Cruz-Celis A, Lopez R, Alvear AL, Espinosa L. Domestic scorpion control with
pyrethroid insecticides in Mexico. Med Vet Entomol. 2002; 16:356—363. https://doi.org/10.1046/].
1365-2915.2002.00383.x PMID: 12510887

dos Santos AB, de Albuguerque CMR. Behavioural changes in Tityus stigmurus (Thorell, 1876)
(SCORPIONES: BUTHIDAE) exposed to a pyrethroid insecticide. J Ethol. 2020; 38:301-310. https:/
doi.org/10.1007/s10164-020-00651-5

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 27/29


https://www.who.int/publications/i/item/9789241512978
https://doi.org/10.12688/gatesopenres.13153.2
https://doi.org/10.12688/gatesopenres.13153.2
http://www.ncbi.nlm.nih.gov/pubmed/33103066
https://doi.org/10.1371/journal.pntd.0005632
http://www.ncbi.nlm.nih.gov/pubmed/28749942
https://doi.org/10.1038/s41598-018-34161-9
http://www.ncbi.nlm.nih.gov/pubmed/30361483
https://doi.org/10.1016/j.scitotenv.2019.135349
http://www.ncbi.nlm.nih.gov/pubmed/31837870
https://doi.org/10.3389/fsoc.2020.613814
https://doi.org/10.3389/fsoc.2020.613814
http://www.ncbi.nlm.nih.gov/pubmed/33869532
https://doi.org/10.1016/j.anbehav.2011.11.014
https://doi.org/10.1016/S1074-5521%2899%2980085-4
http://www.ncbi.nlm.nih.gov/pubmed/10421760
https://doi.org/10.1016/j.jip.2021.107541
http://www.ncbi.nlm.nih.gov/pubmed/33524339
https://doi.org/10.1673/031.013.5701
http://www.ncbi.nlm.nih.gov/pubmed/23909614
https://doi.org/10.2317/0022-8567-88.3.316
https://doi.org/10.1016/j.vetpar.2017.01.005
https://doi.org/10.1016/j.vetpar.2017.01.005
http://www.ncbi.nlm.nih.gov/pubmed/28215869
https://doi.org/10.1016/j.vetpar.2019.108936
https://doi.org/10.1016/j.vetpar.2019.108936
http://www.ncbi.nlm.nih.gov/pubmed/31669835
https://doi.org/10.1016/j.ttbdis.2021.101656
http://www.ncbi.nlm.nih.gov/pubmed/33529987
https://doi.org/10.3390/insects12100904
https://doi.org/10.3390/insects12100904
http://www.ncbi.nlm.nih.gov/pubmed/34680673
https://doi.org/10.1590/s0037-86822009000300004
http://www.ncbi.nlm.nih.gov/pubmed/19684971
https://doi.org/10.1046/j.1365-2915.2002.00383.x
https://doi.org/10.1046/j.1365-2915.2002.00383.x
http://www.ncbi.nlm.nih.gov/pubmed/12510887
https://doi.org/10.1007/s10164-020-00651-5
https://doi.org/10.1007/s10164-020-00651-5
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Polis GA, Sissom WD, McCormick SJ. Predators of scorpions: field data and a review. J Arid Environ.
1981; 4:309-326. https://doi.org/10.1016/S0140-1963(18)31477-0

Murayama GP, Pagoti GF, Guadanucci JPL, Willemart RH. Voracity, reaction to stings, and survival of
domestic hens when feeding on the yellow scorpion (Tityus serrulatus). J Venom Anim Toxins Incl
Trop Dis. 2022;28. https://doi.org/10.1590/1678-9199-JVATITD-2021-0050 PMID: 35222555

Lacey LA, Grzywacz D, Shapiro-llan DI, Frutos R, Brownbridge M, Goettel MS. Insect pathogens as
biological control agents: Back to the future. J Invertebr Pathol. 2015; 132:1—41. https://doi.org/10.
1016/}.jip.2015.07.009 PMID: 26225455

Santana-Neto PL, Albuquerque CMR, Silva APP, Svedese VM, Lima EALA. Natural occurrence of the
Fusarium solani on Tityus stigmurus (Thorell, 1876) (Scorpiones: Buthidae). Braz J Biol. 2010;
70:151-153. https://doi.org/10.1590/s1519-69842010000100021 PMID: 20231972

Chiariello TM. Veterinary Care of Scorpions. J Exot Pet Med. 2017; 26:114—122. https://doi.org/10.
1053/}.jepm.2017.01.030

Wang GH, Gamez S, Raban RR, Marshall JM, Alphey L, Li M, et al. Combating mosquito-borne dis-
eases using genetic control technologies. Nat Commun. 2021; 12. https://doi.org/10.1038/s41467-
021-24654-z PMID: 34282149

Harvey-Samuel T, Ant T, Alphey L. Towards the genetic control of invasive species. Biol Invasions.
2017; 19:1683-17083. https://doi.org/10.1007/s10530-017-1384-6 PMID: 28620268

Utarini A, Indriani C, Ahmad RA, Tantowijoyo W, Arguni E, Ansari MR, et al. Efficacy of Wolbachia-
Infected Mosquito Deployments for the Control of Dengue. N Engl J Med. 2021; 384:2177-2186.
https://doi.org/10.1056/NEJM0a2030243 PMID: 34107180

Niu J, Shen G, Christiaens O, Smagghe G, He L, Wang J. Beyond insects: current status and achieve-
ments of RNA interference in mite pests and future perspectives. Pest Manag Sci. 2018; 74:2680—
2687. https://doi.org/10.1002/ps.5071 PMID: 29749092

Yoon J-S, Sahoo DK, Maiti IB, Palli SR. Identification of target genes for RNAi-mediated control of the
Twospotted Spider Mite. Sci Rep. 2018; 8:14687. https://doi.org/10.1038/s41598-018-32742-2 PMID:
30279530

Whitten MM. Novel RNAi delivery systems in the control of medical and veterinary pests. Curr Opin
Insect Sci. 2019; 34:1-6. https://doi.org/10.1016/j.cois.2019.02.001 PMID: 31247409

Quintero J, Garcia-Betancourt T, Caprara A, Basso C, Garcia da Rosa E, Manrique-Saide P, et al.
Taking innovative vector control interventions in urban Latin America to scale: lessons learnt from
multi-country implementation research. Pathog Glob Health. 2017; 111:306—316. https://doi.org/10.
1080/20477724.2017.1361563 PMID: 28829235

Pereira Cabral B, da Graga Derengowski Fonseca M, Mota FB. Long term prevention and vector con-
trol of arboviral diseases: What does the future hold? Int J Infect Dis. 2019; 89:169—174. https://doi.
org/10.1016/}.ijid.2019.10.002 PMID: 31606414

Caragata EP, Dong S, Dong Y, Sim&es ML, Tikhe CV, Dimopoulos G. Prospects and Pitfalls: Next-
Generation Tools to Control Mosquito-Transmitted Disease. Annu Rev Microbiol. 2020; 74:455-475.
https://doi.org/10.1146/annurev-micro-011320-025557 PMID: 32905752

Lira AF de A, Badillo-Montafo R, Lira-Noriega A, de Albuquerque CMR. Potential distribution patterns
of scorpions in north-eastern Brazil under scenarios of future climate change. Austral Ecol. 2020;
45:215-228. https://doi.org/10.1111/aec.12849

Lira AFA, Santos AB, Silva NA, Martins RD. Threat level influences the use of venom in a scorpion
species, Tityus stigmurus (Scorpiones, Buthidae). Acta Ethol. 2017; 20:291-295. https://doi.org/10.
1007/s10211-017-0274-3

Lira AFA, Saloméao RP, Albuquerque CMR. Pattern of scorpion diversity across a bioclimatic dry-wet
gradient in Neotropical forests. Acta Oecologica. 2019; 96:10—17. https://doi.org/10.1016/j.actao.
2019.02.004

Lira AF de A, Vieira AGT, Oliveira RF. Seasonal influence on foraging activity of scorpion species (Ara-
chnida: Scorpiones) in a seasonal tropical dry forest remnant in Brazil. Stud Neotrop Fauna Environ.
2020; 55:226-232. https://doi.org/10.1080/01650521.2020.1724497

Lira AFA, Foerster SIA, Salomao RP, Porto TJ, Albuquerque CMR, Moura GJB. Understanding the
effects of human disturbance on scorpion diversity in Brazilian tropical forests. J Insect Conserv. 2021;
25:147-158. https://doi.org/10.1007/s10841-020-00292-6

Lira AFA, Pordeus LM, Saloméao RP, Badillo-Montafio R, Albuquerque CMR. Effects of anthropogenic
land-use on scorpions (Arachnida: Scorpiones) in Neotropical forests. Int J Trop Insect Sci. 2019;
39:211-218. https://doi.org/10.1007/s42690-019-00029-2

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 28/29


https://doi.org/10.1016/S0140-1963%2818%2931477-0
https://doi.org/10.1590/1678-9199-JVATITD-2021-0050
http://www.ncbi.nlm.nih.gov/pubmed/35222555
https://doi.org/10.1016/j.jip.2015.07.009
https://doi.org/10.1016/j.jip.2015.07.009
http://www.ncbi.nlm.nih.gov/pubmed/26225455
https://doi.org/10.1590/s1519-69842010000100021
http://www.ncbi.nlm.nih.gov/pubmed/20231972
https://doi.org/10.1053/j.jepm.2017.01.030
https://doi.org/10.1053/j.jepm.2017.01.030
https://doi.org/10.1038/s41467-021-24654-z
https://doi.org/10.1038/s41467-021-24654-z
http://www.ncbi.nlm.nih.gov/pubmed/34282149
https://doi.org/10.1007/s10530-017-1384-6
http://www.ncbi.nlm.nih.gov/pubmed/28620268
https://doi.org/10.1056/NEJMoa2030243
http://www.ncbi.nlm.nih.gov/pubmed/34107180
https://doi.org/10.1002/ps.5071
http://www.ncbi.nlm.nih.gov/pubmed/29749092
https://doi.org/10.1038/s41598-018-32742-2
http://www.ncbi.nlm.nih.gov/pubmed/30279530
https://doi.org/10.1016/j.cois.2019.02.001
http://www.ncbi.nlm.nih.gov/pubmed/31247409
https://doi.org/10.1080/20477724.2017.1361563
https://doi.org/10.1080/20477724.2017.1361563
http://www.ncbi.nlm.nih.gov/pubmed/28829235
https://doi.org/10.1016/j.ijid.2019.10.002
https://doi.org/10.1016/j.ijid.2019.10.002
http://www.ncbi.nlm.nih.gov/pubmed/31606414
https://doi.org/10.1146/annurev-micro-011320-025557
http://www.ncbi.nlm.nih.gov/pubmed/32905752
https://doi.org/10.1111/aec.12849
https://doi.org/10.1007/s10211-017-0274-3
https://doi.org/10.1007/s10211-017-0274-3
https://doi.org/10.1016/j.actao.2019.02.004
https://doi.org/10.1016/j.actao.2019.02.004
https://doi.org/10.1080/01650521.2020.1724497
https://doi.org/10.1007/s10841-020-00292-6
https://doi.org/10.1007/s42690-019-00029-2
https://doi.org/10.1371/journal.pntd.0011069

PLOS NEGLECTED TROPICAL DISEASES

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Almeida DD, Scortecci KC, Kobashi LS, Agnez-Lima LF, Medeiros SRB, Silva-Junior AA, et al. Profil-
ing the resting venom gland of the scorpion Tityus stigmurus through a transcriptomic survey. BMC
Genomics. 2012; 13. https://doi.org/10.1186/1471-2164-13-362 PMID: 22853446

de Oliveira UC, Nishiyama MY, dos Santos MBV, de Paula Santos-Da-Silva A, de Menezes Chalkidis
H, Souza-Imberg A, et al. Proteomic endorsed transcriptomic profiles of venom glands from Tityus
obscurus and T. serrulatus scorpions. PLoS ONE. 2018; 13. https://doi.org/10.1371/journal.pone.
0193739 PMID: 29561852

de Oliveira UC, Candido DM, Coronado Dorce VA, Junqueira-de-Azevedo | de LM. The transcriptome
recipe for the venom cocktail of Tityus bahiensis scorpion. Toxicon. 2015; 95:52—61. https://doi.org/
10.1016/j.toxicon.2014.12.013 PMID: 25553591

Kalapothakis Y, Miranda K, Pereira AH, Witt ASA, Marani C, Martins AP, et al. Novel components of
Tityus serrulatus venom: A transcriptomic approach. Toxicon. 2021; 189:91—-104. https://doi.org/10.
1016/j.toxicon.2020.11.001 PMID: 33181162

Reis MB, Rodrigues FL, Lautherbach N, Kanashiro A, Sorgi CA, Meirelles AFG, et al. Interleukin-1
receptor-induced PGE2 production controls acetylcholine-mediated cardiac dysfunction and mortality
during scorpion envenomation. Nat Commun. 2020; 11. https://doi.org/10.1038/s41467-020-19232-8
PMID: 33116136

Reis MB, Elias-Oliveira J, Pastori MR, Ramos SG, Gardinassi LG, Faccioli LH. Interleukin-1 receptor-
induced nitric oxide production in the pancreas controls hyperglycemia caused by scorpion envenom-
ation. Toxins (Basel). 2020; 12. https://doi.org/10.3390/toxins 12030163 PMID: 32150895

de Oliveira-Mendes BBR, Miranda SEM, Sales-Medina DF, de Freitas Magalhaes B, Kalapothakis Y,
de Souza RP, et al. Inhibition of Tityus serrulatus venom hyaluronidase affects venom biodistribution.
PLoS Negl Trop Dis. 2019; 13. https://doi.org/10.1371/journal.pntd.0007048 PMID: 31002673

Zoccal KF, Gardinassi LG, Sorgi CA, Meirelles AFG, Bordon KCF, Glezer |, et al. CD36 Shunts Eicos-
anoid Metabolism to Repress CD14 Licensed Interleukin-1B Release and Inflammation. Front Immu-
nol. 2018; 9. https://doi.org/10.3389/fimmu.2018.00890 PMID: 29755470

Zoccal KF, Sorgi CA, Hori JI, Paula-Silva FWG, Arantes EC, Serezani CH, et al. Opposing roles of
LTB4 and PGE2 in regulating the inflammasome-dependent scorpion venom-induced mortality. Nat
Commun. 2016; 7:10760. https://doi.org/10.1038/ncomms10760 PMID: 26907476

Zoccal KF, Gardinassi LG, Bordon KCF, Arantes EC, Marleau S, Ong H, et al. EP80317 Restrains
Inflammation and Mortality Caused by Scorpion Envenomation in Mice. Front Pharmacol. 2019; 10.
https://doi.org/10.3389/fphar.2019.00171 PMID: 30886580

Alves de Oliveira BF, Bottino MJ, Nobre P, Nobre CA. Deforestation and climate change are projected
to increase heat stress risk in the Brazilian Amazon. Commun Earth Environ. 2021; 2:207. https://doi.
org/10.1038/s43247-021-00275-8

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0011069  February 9, 2023 29/29


https://doi.org/10.1186/1471-2164-13-362
http://www.ncbi.nlm.nih.gov/pubmed/22853446
https://doi.org/10.1371/journal.pone.0193739
https://doi.org/10.1371/journal.pone.0193739
http://www.ncbi.nlm.nih.gov/pubmed/29561852
https://doi.org/10.1016/j.toxicon.2014.12.013
https://doi.org/10.1016/j.toxicon.2014.12.013
http://www.ncbi.nlm.nih.gov/pubmed/25553591
https://doi.org/10.1016/j.toxicon.2020.11.001
https://doi.org/10.1016/j.toxicon.2020.11.001
http://www.ncbi.nlm.nih.gov/pubmed/33181162
https://doi.org/10.1038/s41467-020-19232-8
http://www.ncbi.nlm.nih.gov/pubmed/33116136
https://doi.org/10.3390/toxins12030163
http://www.ncbi.nlm.nih.gov/pubmed/32150895
https://doi.org/10.1371/journal.pntd.0007048
http://www.ncbi.nlm.nih.gov/pubmed/31002673
https://doi.org/10.3389/fimmu.2018.00890
http://www.ncbi.nlm.nih.gov/pubmed/29755470
https://doi.org/10.1038/ncomms10760
http://www.ncbi.nlm.nih.gov/pubmed/26907476
https://doi.org/10.3389/fphar.2019.00171
http://www.ncbi.nlm.nih.gov/pubmed/30886580
https://doi.org/10.1038/s43247-021-00275-8
https://doi.org/10.1038/s43247-021-00275-8
https://doi.org/10.1371/journal.pntd.0011069

