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Abstract: Brazil is located between the Equator and Tropic of Capricorn, which allows 
diverse climates, reliefs, and habitats for arthropods, which sting represents a risk to 
human health and a public health issue. This manuscript updates the epidemiological 
data of cases of human envenoming by spiders, scorpions, and insects with medical 
relevance in Brazil from 2010 to 2021. Epidemiological data were taken using the 
Brazilian Notifiable Diseases Information System. Statistics of non-parametric data 
used the Kruskal-Wallis followed by the Nemenyi test. On average, more than 145,000 
envenomation and 145 deaths are recorded annually, and more than 60% of deaths are 
caused by scorpion bites. When the number of deaths was pondered by the number of 
cases with each arthropod, bees kill the most. Most stings cause mild symptoms and 
affect men of working age. The incidence decreases during the colder months, which 
is better noticeable in regions with well-defined seasons. The distribution is distinct 
among the regions: Southeast, Northeast, and South have the highest rate of bites. The 
growing number of cases of envenomation reported annually is a serious public health 
concern, especially involving scorpions, and highlights the importance of studying 
arthropod venom and improving the therapies.
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INTRODUCTION
Arthropoda is the largest phylum in the Animalia 
kingdom, consisting of 116 orders and almost 270 
thousand known species (Roskov et al. 2019). A 
limited number are venomous, such as spiders, 
scorpions, caterpillars, bees, and wasps. Upon 
the bite, the venom penetrates the body and 
causes a series of physiological changes, which 
are influenced by the victim’s health status, 
age, body mass, bite site, inoculation dose, 
among other minor factors. Most of the cases 
of envenomation involving arachnids in Brazil 
are caused by both scorpions (genus Tityus) and 
spiders (frequently Phoneutria and Loxosceles 
genera and unusually by the Latrodectus genus), 

but it is also recorded envenomation with 
insects, as bees and caterpillar (Ministério da 
Saúde do Brasil 2022). 

Spiders of the genus Phoneutria are 
distributed from Central America to southern 
South America. It is the biggest, the most 
aggressive, and dreaded spider involved in 
envenomation in Brazil when it assumes the 
typical attack position. Studies revealed that 
its venom presents a high neurotoxic activity, 
causing a complex scenario of excitatory 
symptoms (Peigneur et al. 2018). Phoneutria 
sting is quite common, and the symptoms 
include intense and radiating pain, restlessness, 
sweating, vomiting, arrhythmia, salivation, 
muscle hypertonia, priapism, shock, and/or 
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pulmonary edema (De Lima et al. 2016, Raposo 
et al. 2016). Although species from different 
geographic regions have been identified in 
Brazil, most stings are attributed to P. nigriventer, 
probably because of its wider geographic 
distribution. Loxosceles genus is also known 
as the brown spider. The sting is painless and 
usually caused by the female. In Brazil, the 
bites by Loxosceles spider occur mainly in the 
South, the coolest region. The envenomation 
often causes slow and progressive cutaneous 
alteration characterized by edematous erythema 
accompanied by burning pain, which develops 
within 2-6 h (Malaque et al. 2016). Subsequently, 
a hemorrhagic vesicle appears often surrounded 
by an edge of venom-induced vasoconstriction 
and can result in a dermonecrotic wound 
within several days (Chaves-Moreira et al. 
2017). Systemic alterations include fever, 
fatigue, headache, vomiting, pruritus and 
rash. Although unusual, complications consist 
of hemoglobinuria, intravascular hemolysis, 
disseminated intravascular coagulation, and 
acute renal failure mainly in children (Robinson 
et al. 2017). The main species found in Brazil are 
L. intermedia, L. gaucho, and L. laeta. Spiders of 
the genus Latrodectus are distributed worldwide 
and envenomation symptoms come in waves 
during 48 to 72 hours, and is rarely fatal (Monte 
2012). Also known as the black widow spider, the 
most common local symptoms are skin irritation, 
erythema, burning pain, edema, muscle spasm, 
and diaphoresis starting at the inoculation 
site and migrating proximally (Caruso et al. 
2021). Erythema and excessive drooling can be 
present in children. Systemic effects include 
nausea, tachycardia, hypertension, restlessness, 
and, rarely, severe abdominal rigidity or chest 
pain, which can be mistaken for peritonitis or 
myocardial infarction (Herness et al. 2022). L. 
curacaviensis is the species that causes the 
majority of the bites of this genus in Brazil. L. 

geometricus has few cases reported (Almeida 
et al. 2009). There are several reports with L. 
mactans in North America, but in Brazil although 
present, there are no official reports to date. 

More than 2000 species of scorpions are 
described worldwide, being scorpions of medical 
importance belonging to the Buthidae family 
(Laustsen et al. 2016). Tityus scorpions are the 
most conspicuous genus of this family, with nearly 
220 species (Lourenço 2015). In Brazil, about 160 
scorpion species were described, however, only 
T. serrulatus, T. bahiensis, T. stigmurus, and T. 
obscurus are considered medically relevant to 
date. The yellow scorpion T. serrulatus is the most 
relevant species in Brazil, due to its capacity for 
parthenogenesis reproduction and adaptability 
in urban environments, it can be found in 
most states of Brazil. The manifestations of T. 
serrulatus poisoning include intense pain at the 
site of the sting, salivation, nausea, vomiting, 
sweating, psychomotor agitation, hyperemia, 
and cardiorespiratory symptoms, including 
cardiac arrhythmias, hypertension, pulmonary 
edema, and circulatory failure, especially among 
children (Campos et al. 1980, Freire-Maia & 
Campos 1989, Parrela et al. 2022).

Estimates suggest that about 5.5 million 
species of insects exist on Earth, making them a 
large and very diverse group of animals. However, 
only two orders have medical interest in Brazil 
and have their venom studied: Hymenoptera 
and Lepidoptera.

Social Hymenoptera is an order of insects 
that includes bees, wasps, and ants. Bioactive 
compounds in bee and wasp venom can 
produce toxic effects on prey and predators. 
Due to their allergenic fraction, bee and wasp 
stings can lead to local and systemic allergic 
reactions and are one of the most common 
causes of anaphylaxis in humans by animals 
(Sahiner & Durham 2019). The severity of the 
stings depends on the personal sensitivity and 
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number of stings. In mild cases, bee and wasp 
sting is followed by skin symptoms such as 
urticarial or angioedema. Moderate cases can 
induce dyspnea, gastrointestinal symptoms, 
or dizziness; and severe symptoms are 
characterized by unconsciousness, anaphylactic 
shock, respiratory or cardiac arrest (Sturm et al. 
2018).

Caterpillars represent the larval stage of 
insects of the order Lepidoptera. The  erucism 
happens with contact with the larva or pupa. 
Although many species can cause envenomation, 
mostly results from skin contact with urticate 
caterpillar bristles and, in general, acute and 
benign evolution, without medical relevance. In 
Brazil, an exception is the caterpillar from the 
genus Lonomia, which the species L. obliqua 
(South) and L. achelous (North) are associated 
with human occurrences. A poison gland is 
connected to spines present in hollow hairs that 
cover their bodies, and inoculate the venom 
when pressed. The common local symptoms 
are pain, edema, urticarial dermatitis, and 
hyperemia (Seldeslachts et al. 2020). Homeostatic 
alterations can be intense and start up to 6 
hours after the bite (Berger et al. 2015). Systemic 
reactions consist of allergy, headache, nausea, 
vomiting, arthralgia, dizziness, and abdominal 
pain. More severe cases include hemorrhagic 
syndrome, associated with coagulopathy, 
intravascular hemolysis, and acute renal failure 
(Caovilla & Barros 2004, Maggi & Faulhaber 
2015). Although the clinical symptoms of both 
Lonomia species are similar, the mechanism 
appears to be different. Studies have shown 
that the L. obliqua venom has procoagulant 
activity, which leads to a consumption 
coagulopathy associated with intravascular 
thrombin generation and secondary fibrinolysis. 
On the other hand, L. achelous venom has both 
procoagulant and anticoagulant activities, being 
the envenomation characterized by an initial 

mild disseminated intravascular coagulation, 
which is masked by overwhelming fibrinolytic 
activity due to their fibrinolytic enzymes (Villas-
Boas et al. 2018). Contact with the bristles of 
the caterpillar Premolis semirufa, found in the 
Amazon rainforest region, cause an intense 
itching sensation, followed by symptoms of 
an acute inflammation, which lasts for three 
to seven days and culminate with chronic 
symptoms similar to rheumatoid arthritis 
(Villas-Boas et al. 2015, Seldeslachts et al. 2020).

In this study, we update the epidemiology 
of human envenomation with arthropods in 
Brazil from 2010 to 2021, which is important for 
public health decision making. These comprise 
spiders from the genus Phoneutria, Loxoceles, 
and Latrodectus, scorpion from genus Tityus 
and insects from the order Hymenoptera, such 
as bees and wasps, and order Lepidoptera, such 
as caterpillars.

MATERIALS AND METHODS
Study area
Brazil is an extended country (8.5 million Km²), 
comprising five regions, mostly located between 
the Equator and the Tropic of Capricorn, in which 
climate includes equatorial (47%), tropical (47%), 
and subtropical (6%). For this reason, several 
habitats are available, allowing quite diverse 
fauna and flora that include many different 
poisonous animals, such as snakes, spiders, 
scorpions, centipede, fish, and insects.

The North (N) region (3.9 million Km²) has 
the largest area and the largest preserved 
forest on the planet, the Amazon rainforest. 
With an equatorial climate, the temperature in 
summer reaches 35°C with high precipitation; 
during winter temperatures drop around 20°C 
at night and rains are lower. It comprises seven 
different states: Amazonas, Pará, Acre, Rondônia, 
Tocantins, Amapá, and Roraima.
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In the Northeast (NE) (1.6 million Km²), 
three different climates are identified: tropical 
(with well-defined dry and wet season), semi-
arid (prolonged drought), and humid equatorial 
(abundant rain). This region is located in the 
intertropical zone of the Earth that receives 
high amounts of solar irradiation and brings 
the temperatures high throughout the year 
(average 20-28°C). It has nine states: Maranhão, 
Piauí, Ceará, Rio Grande do Norte, Paraíba, 
Pernambuco, Alagoas, Sergipe, and Bahia.

The Southeast (SE) (0.9 million Km²) prevails 
in the tropical and subtropical climate, with two 
well-defined seasons: wet summer and dry 
winter. It possesses four states: Minas Gerais, 
São Paulo, Rio de Janeiro, and Espírito Santo. 
A large range of vegetation, temperatures, 
and subclimates are found, depending on 
the altitude, such as high altitude tropical in 
the mountains, semi-arid and humid coast. 
Bordering the ocean there is the Atlantic 
rainforest. Due to the impermeable soils, 
savanna (cerrado) developed inward, consisting 
of small trees, twisted twigs, and undergrowth. 
Caatinga (a Brazilian semi-arid scrub forest) is 
found in northern Minas Gerais (which does not 
exceed 800 mm of annual rainfall). Araucaria 
forest is present in southern São Paulo state.

The Middle West (MW) (1.6 million Km²) of 
Brazil is an ecologically diverse and rich region, 
with a stretch of cerrado and rainforest (Amazon). 
In this region is also found the Pantanal Biome, 
which occupies the lowland, and covers part 
of the states of Mato Grosso and Mato Grosso 
do Sul (together with Goiás and Federal District 
form this region) and extends over the territories 
of Paraguay and Bolivia. It is a large swamp that 
floods during periods of rain; generally in the 
summer when the temperatures are high (it can 
reach 40°C). Winters are dry and temperatures 
drop to up to 15°C in the coldest months.

The South (S) (0.6 million Km²) is the 
smallest and coldest region and comprises 
three states: Paraná, Santa Catarina, and the Rio 
Grande do Sul. With subtropical climate, it has 
well-defined seasons in most of the territory. 
The rains are distributed throughout the year. 
Temperatures can be extremes as 40°C and 
0°C, with an average between 24 to 32°C during 
the summer and 10 to 15°C during the winter 
(depending on the altitude).

Data source
Epidemiological data presented here was 
acquired in January 2022, in the Brazilian 
Notifiable Diseases Information System (SINAM) 
from the Brazilian government data system 
(DATASUS 2019) and refers to the period from 
2010 to 2021. Data and estimation about the 
population were taken from the official Brazilian 
Institute of Geography and Statistics website 
(IBGE 2021).

Envenomation with venomous animals, 
including some species of arthropods, occur 
in all regions. Until 2006, they were not 
notified in Brazil and the data were restricted 
to the hospitals and poisoning centers. Since 
2007, with the establishment of SINAN, these 
notifications are mandatory. As showed in the 
Chippaux (2015) article, the initial data were 
severely underreported and became more 
consistent every year. The period 2010-2021 was 
chosen in this manuscript because it presents 
more solid data. However, in 2020 the state of 
Espírito Santos, in the SE region, decided to 
notify in their system and brought fragility to the 
SINAM data. Once the cases of envenomation 
in Espírito Santo state represent 2.21±0.34% of 
the Brazilian incidents and 6.90±0.32% of the SE 
region, the lack of these data had a larger impact 
on the region data, as expected. Thus, this study 
includes compiled data from 2010-2021 for the 
Brazilian database, and 2010-2019 when regions 
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were analyzed separately. It is also important 
to stress that the data for 2021 is still under 
revision and can present some divergence.

Data analysis
Data were collected by year and the mean ± 
standard error of the mean (SEM) was calculated, 
which is presented in graphs and tables, except 
when annual data are presented. Statistics 
for nonparametric data were performed using 
Kruskal-Wallis (Kruskal & Wallis 1952) followed 
by the Nemenyi test (Nemenyi 1963) for paired 
comparisons between the number of incidents 
between Brazilian regions (N, NE, S, SE, MW ), 
considering all groups of venomous arthropods, 
as well as the number of envenomations of 
each group of venomous arthropods within 
each region. For these analyses, we used the 
PMCMR package (Pohlert 2014). The effect of 
the seasons using the peak of each season 
(summer – January; autumn – April; winter 
– July; and spring – October) was tested by 
performing Generalized Linear Models. For 

this, the quasipoisson family was used for the 
distribution of errors (Hastie & Pregibon 1992). 
The level of statistical significance used in the 
study was 95%. All statistical analyzes were 
performed in the R software (R Core Team 2021).

RESULTS
Annually there are over 140,000 envenomation 
involving arthropods in Brazil, causing on average 
145.3±13.1 deaths, which means that about one 
person dies for every 1,000 stings. There was an 
increase in the arthropod stings (Figure 1a) and 
deaths (Figure 1b) over the last 12 years. Scorpion 
envenomation represent the majority of them 
(67.0± 1.51%), followed by spider (20.6± 1.36%), bee 
(9.4± 0.20%), and caterpillar (2.9± 0.18%) (Table 
I). Figure 1c shows that the proportion of the 
annual number of envenomation with spiders 
have decreased (from 28.4% in 2010 to 14.0% in 
2021), while scorpion bites have increased at an 
average rate of 2% per year. The proportion of 
bee stings varied between 8.4% (2010) to 10.7% 

Figure 1. Panorama of 
arthropods envenomation 
in Brazil from 2010 to 
2021*. (a) Number of the 
cases of total arthropods 
envenomation per year. (b) 
Total number of deaths by 
arthropods envenomation 
per year. (c) Percentage of 
each arthropod sting in 
Brazil per year (from bottom 
to top: black, scorpion; 
red, spider; green, bee; 
yellow, caterpillar). (d) 
The proportion number of 
deaths per year by scorpion 
(circle), bee (square), spider 
(inverted triangle) and 
caterpillar (diamond). *Data 
of 2021 is still under review.
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(2014) annually and caterpillar envenomation 
remained between 2.5 to 3.0% since it decreased 
in 2013.

The amount of deaths fluctuates a lot 
among the years (Figure 1d). Following the 
number of cases, scorpion lead the deaths (49.7 
to 68.0%). Bee stings represent the second in 
the total number of deaths, with proportional 
deaths ranging from 17.8% (2016) to 40.5% (2018) 
and overcoming spider deaths, which comes 
in third in this ranking. Deaths by caterpillars 
represent only 1.65% on average. Analysis 
of the relationship between deaths and the 
total number of envenomation changed the 
whole scenario. It showed in the Table I that 
the bee is indeed the arthropod that kills the 
most (0.31±0.018%), followed by scorpions 
(0.10±0.009%), caterpillar (0.06±0.010%), and 
spiders (0.05±0.001). Considering that deaths 
result from serious cases, bees continue to have 
the highest proportion of deaths, 34.4±1.29% of 
the serious cases evolved to death, followed by 
the caterpillar (16.3±3.96%), spider (10.2±1.95%), 
and scorpion (9.8±0.77%). 

The graphs in Figure 2 show the dependence 
of the season for the arthropod stings. As 
expected, there were a statistically reduced 
number of total stings in the coldest month (July) 
(Figure 2a). It was found a strong relationship 
between the number of stings and the season 
in the regions S and SE, associated with cooler 
climates (Figure 2b-d). During the winter (June to 
August), there is a remarkable reduction in the 

number of envenomation for all arthropods in 
the S (Figure 2b-e), and caterpillars and bees in 
the SE (Figure 2d-e). The scorpion sting increases 
during spring (September to December) in the 
SE, S, and MW (Figure 2c). The other regions 
are warmer throughout the year, and these 
differences are not marked. In the NE, MW, and 
N caterpillar poisoning are slightly increased 
during the rainy season (Figure 2d).

There are relevant differences in arthropods 
stings among the regions. As shown in the Table 
II SE head the amount of arthropods sting 
followed by NE, S, MW, and N. However, these 
regions have very different population densities, 
being the SE the most populated of them. 
When the number of bites is pondered by the 
population NE became the first, followed by S, 
SE, MW, and N.

Comparing the proportion of envenomation 
by each arthropod per region (Figure 3a), it is 
noteworthy that scorpion causes the majority 
of them in all regions of Brazil, ranging between 
68.2±0.61% (N) to 87.8±0.50% (NE), except in the 
S, where the spiders are the main responsible 
(72.5±1.4%). In the N spider causes 16.1±0.35% 
of the stings, followed by bee (11.4±0.74%), and 
caterpillar (4.4±0.29%), mainly the species L. 
achelous and P. semirufa. As mentioned, the 
region NE has the largest amount of scorpion 
incidents (87.8±0.50%). Bee comes in second 
with 8.2±0.50%, followed by spider (3.2±0.09%), 
and caterpillar has the smallest proportion 
(0.85±0.05%). Moving to the southern, the SE 

Table I. Average of envenomation and deaths by each arthropod in Brazil recorded in SINAM between 2010 and 
2021.

Spider Scorpion Caterpillar Bee

Envenomation (%) 20.6±1.4 67.0±1.5 2.9±0.2 9.4±0.2

Deaths (%) 10.1±0.7 60.7±1.8 1.7±0.3 27.6±1.8

Deaths/Envenomation 0.05±0.001 0.10±0.009 0.06±0.010 0.31±0.018

Deaths/Serious Cases 10.2±1.95 9.8±0.77 16.3±3.96 34.4±1.29
Annual average ± SEM (n=12).
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region has 71.4±1.25% of scorpion sting, followed 
by 15.7±0.77% of spider, 9.7±0.38% of bee, and 
3.2±0.24% of the caterpillar. MW has 75.3±0.95% 
of scorpions, and 2.8±0.22% of erucism. Spiders 
and bee sting do not differ statistically in this 
region with 11.9±0.57% and 10.0±0.45% (p>0.05), 
respectively. The S region has a very different 
pattern: spider bites are more abundant 
(72.5±1.35%), followed by bee (11.6±0.60%) that 
does not differs statistically from scorpion 
(9.0±0.99%), and caterpillar (6.9±0.36) caused 
predominantly by L. obliqua.

Even though Figure 3a showed most of 
the stings in the N and MW are with scorpions, 
when compared with all scorpion incidents 
in Brazil, it represents only 4.1±0.21% and 
5.0±0.21%, respectively (Figure 3b), which is 
due to the relatively low abundance of cases 
of envenomation by arthropods in these 

regions (Figure 3a). NE contributes 46.5±0.90% 
of the scorpion stings, SE with 42.1±0.90%, 
and S appears with only 2.4±0.09% of them. 
As expected, 61.4±1.67% of all spider bites are 
in the S region, SE comes next with 28.1±1.10%, 
followed by NE (5.2±0.40%), N (2.9±0.11%) and MW 
(2.3±0.16%). Most of the sting by bees are split 
among SE (39.2±0.91%), NE (29.6±0.60%) and S 
(22.0±1.24%); less than 10% are in N (4.6±0.12%) 
and MW (4.5±0.21%). Erucism form a wave coming 
from the S (41.5±2.59%), passing through SE 
(39.1±1.81%), NE (9.8±0.95%), N (5.6±0.39%), and in 
the MW has the lowest rate (3.9±0.42%).

Considering the evolution of the envenoming 
(Table III), most of the cases are mild. Spiders 
have the highest percentage of moderate cases 
(19.0±0.97%). Serious cases evolve 1% or less of 
the sting people. Analyzing the profile of the 
people stung (Table III), those of working age 

Figure 2. Relationship of 
the season for arthropod 
envenomation in each region 
from 2010 to 2019. (a) The 
national average (±SEM, 
n=10) in the peak of each 
season (summer - January, 
autumn – April, winter – July, 
and spring – October) shows 
the incidents throughout the 
seasons (* p < 0.05 compared 
with January). Envenomation 
by (b) spiders, (c) scorpions, 
(d) caterpillars and (e) 
bees by Brazilian regions 
pondered by the population.
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(20-59 years old) are more involved in incidents 
(spider 62.5%, scorpion 58.8%, caterpillar 52.0%, 
and bee 59.3%). Men are statistically more stung 
by bees and caterpillars, probably because 
they are the major workforce in the rural area 
where they are more exposed (Ministério da 
Saúde do Brasil 2019). Scorpion envenomation 
is more frequent in women, perhaps due to 
the adaptation of the scorpion to urban areas, 
causing the majority of incidents in or near 
homes. 

DISCUSSION
The epidemiological data reported in this article 
show that the number of the sting by arthropods 
is concentrated in the most populous region, 
the SE, and has increased nationwide since 2010. 
It can be due to an increase in the notification, 
a real increase in this envenomation, or both. 
Likely, these data are somehow under-reported, 
once the country is enormous and it is not 
uncommon for the patients not be able to reach 
the medical center on time or even try to treat 

Table II. Cases of arthropods envenomation by region, and pondered by population.

Arthropods Envenomation Population Envenomation/1,000,000

Region % x 1,000,000 %

North (N) 5561±509a 3.9±0.12 17.2±0.3 8.5±0.05 319.9±24.6a

Middle West (MW) 6475±997a 4.3±0.21 15.2±0.3 7.5±0.04 417.7±58.0a

South (S) 25234±1071a,b 18.6±1.24 28.9±0.3 14.3±0.01 872.5±29.7b

Northeast (NE) 50504±6113b 34.6±0.61 55.7±0.5 27.6±0.08 900.5±103.3b

Southeast (SE) 56624±7127b 38.6±0.91 84.8±0.9 42.0±0.03 661.4±77.1a,b

Annual average ± SEM of envenomation cases/population in each Brazilian region between 2010 and 2019. Statistical analysis (a 
and b): equal letter p>0.05; different letter p<0.05 (n=10).

Figure 3. Relationship 
between arthropods 
envenomation and Brazilian 
regions from 2010 to 2019. 
(a) The proportion of 
each arthropod incident 
by Brazilian regions. (b) 
Contribution of each region 
on total poisoning for each 
arthropod.
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the poisoning themselves. On top of that, 
around 10% of the records did not have “type of 
incidents” filled, which means the animal could 
not be identified. It was unexpected that bees are 
the arthropods that kill the most in Brazil when 
we compare the number of incidents. Studies 
estimate that the lethal dose of the bee venom 
in animals averages 3.5 mg/kg (Schumacher et 
al. 1994); however, the lethal dose to humans 
remains unknown. As for all cases involving 
venom injection, age, body weight, number of 
stings, and individual characteristics of the 
victim (immune status, comorbidities, and 
previous sensitization) determine the severity 
of the condition. The high proportions of deaths 
with bee stings are likely due to the anaphylactic 
shock rather than the venom effects. The main 
allergens in bee venom are phospholipase A, 
hyaluronidase, acid phosphatase, and melittin 
(Burzyńska & Piasecka-Kwiatkowska 2021). 

In general, there is a reduction in arthropod 
sting during the winter (June-August), which is 
more evident in the regions with well-defined 
seasons, such as S and SE, especially related 
to bee stings. Perhaps the lesser exposure to 
the outdoors may exacerbate this decrease. This 
relationship is more difficult to determine in 
other regions, maybe due to slight differences 
among the seasons. As expected, caterpillar 
poisoning increase during the rainy season 
and have the lowest rate in the NE, where 
solar radiation is more intense, disfavouring 
their proliferation and/or displacement. The 
parthenogenetic scorpions, such as T. serrulatus, 
reproduce in the spring and coincides with the 
period warmer and rainier, which increases their 
activity and the number of stings (Furtado et al. 
2020).

One would think that most arthropods 
poisoning happen in the Amazon rainforest (N) 
or the Pantanal biome (MW), but these regions 

Table III. Evolution of envenoming and the profile of people stung.

Spider Scorpion Caterpillar Bee

Gravity of the incident (%)

Mild 78.4±1.00 86.9±0.66 89.2±0.45 84.2±0.25

Moderate 19.0±0.97 7.97±0.43 6.78±0.31 9.95±0.19

Serious 0.97±0.04 1.0±0.06 0.45±0.05 0.88±0.02

Age of the people stung (%)

>1 1.3±0.02 1.1±0.1 1.1±0.10 1.1±0.15

1 – 9 8.9±0.13 10.7±0.08 18.5±0.23 15.8±0.45

10 – 19 11.6±0.37 14.8±0.33 14.1±0.60 15.6±0.52

20 – 39 33.0±0.17 32.1±0.32 26.2±0.21 38.8±0.35

40 – 59 29.5±0.13 26.7±0.28 25.8±0.34 20.5±0.48

60 – 69 9.7±0.27 8.6±0.28 8.9±0.34 4.8 ±0.16

<70 6.0±0.20 6.1±0.2 5.4±0.31 3.4±0.10

Gender of the people stung (%)

Female (%) 47.5±0.3 50.7±0.13 44.8±0.45* 36.2±0.26*

Male (%) 52.5±0.32 49.3±0.13 55.1±0.44* 63.8±0.27*
Annual average ± SEM (n=12) of the envenomation cases in Brazil between 2010 and 2021. *Statistically different between the 
gender (p<0.05).
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have the fewest arthropod bites recorded in the 
country. This raises two hypotheses: it can be 
under-reported due to the difficulty of reaching 
the medical center and/or the conserved natural 
habitat keeps arthropods away from towns and 
cities, which have also low demographic density. 

Almost 40% of the total the cases of 
envenomation by arthropods are in the SE of 
Brazil, mainly due to the scorpion sting. Tityus 
scorpions are very well adapted to live in sewers 
and garbage in urbanized areas, where there is 
high availability of food, such as cockroaches, 
larvae, and small spiders (Furtado et al. 2020), 
this can be the reason that women are slightly 
more stung than men, different than the others 
arthropods analysed in this study. However, 
when the population is considered NE and S 
overcome SE, having together more than 55% of 
the cases. Altogether, these 3 most populated 
regions of the country sum up more than 75% of 
scorpion stings.

The identification of the spider genus is 
worrying, as it is difficult to capture the animal 
or keep it entire, as it is a natural reflex to flee 
or crush it. In more than 90% of the reports, this 
information was absent in all regions, except 
in the S, where Loxosceles is endemic and was 
identified in 23.1% of the cases, followed by 
Phoneutria (8.9%). Latrodectus was identified 
in less than 0.01% of the bites, in all regions of 
the country (DATASUS 2019). Other spiders can 
cause local allergic reactions and bring people 
to healthcare facilities, without complications.

Erucism is not very frequent; it affected 
an average of 4,306 ± 370 people annually in 
Brazil, which represents 3.0% of all arthropod 
envenomation reported. This total also includes 
those caterpillars that are not venomous to 
humans and cause local allergic reactions. 
Although the hemorrhagic syndrome observed 
in poisoning with Lonomia caterpillar is quite 
potent, since the Butantan Institute in Brazil 

developed the antivenom in 1994, deaths do 
not exceed 4 per year; which represents less 
than 0.1%. Two different species of Lonomia 
are present in Brazil, L. obliqua (South), and 
L. achelous (North), which explains why these 
two extreme regions of the country share this 
common characteristic.

Poisoning by arthropod sting is recognized 
by the World Health Organization as a 
neglected public health problem (World Health 
Organization 2007) in many parts of the world, 
especially in developing countries. The warm 
climate in Brazil throughout most of the year 
favors the proliferation of arthropods that cause 
stings. Fortunately, Brazil has antivenom for 
poisoning by spiders, scorpions, and caterpillars 
of the genus Lonomia, the only antivenom for 
caterpillars available in the world. The growing 
number of envenomation cases reported 
annually highlights the importance of studying 
arthropod venom and improving therapies. 
Furthermore, epidemiological studies should 
continue to be carried out in the future, to 
drive decision-making on public policies for the 
prevention and treatment of incidents in the 
regions that most need it.

Acknowledgments
GVMP received fellowship from Fundação Ezequiel Dias 
during his under-graduation. PHCC received graduating 
fellowship from Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq).

REFERENCES
ALMEIDA RAMB, FERREIRA JUNIOR RS, CHAVES CR & BARRAVIERA B. 
2009. Envenomation caused by Latrodectus geometricus 
in São Paulo state, Brazil: a case report. J Venom Anim 
Toxins Incl Trop Dis 15: 562-571. 

BERGER M, SANTI L, BEYS-DA-SILVA WO, OLIVEIRA FM, CALIARI MV, 
YATES JR 3RD, VIEIRA MA & GUIMARÃES JA. 2015. Mechanisms 
of acute kidney injury induced by experimental Lonomia 
obliqua envenomation. Arch Toxicol 89(3): 459-483. 



PEDRO HENRIQUE C. CASTRO et al.	 EPIDEMIOLOGY OF ARTHROPODS ENVENOMATION IN BRAZIL

An Acad Bras Cienc (2023) 95(Suppl. 1)  e20220850  11 | 12 

BURZYŃSKA M & PIASECKA-KWIATKOWSKA D. 2021. A review of 
honeybee venom allergens and allergenicity. Int J Mol 
Sci 22(16): 8371. 

CAMPOS JA, SILVA OA, LOPES M & FREIRE-MAIA L. 1980. Signs, 
symptoms and treatment of severe scorpion sting in 
children. In: Natural Toxins, 61-68. Oxford: Pergamon 
Press.

CAOVILLA JJ & BARROS EJ. 2004. Efficacy of two different 
doses of antilonomic serum in the resolution of 
hemorrhagic syndrome resulting from envenoming by 
Lonomia obliqua caterpillars: a randomized controlled 
trial. Toxicon 43(7): 811-818.

CARUSO MB, LAURIA PSS, DE SOUZA CMV, CASAIS-E-SILVA LL 
& ZINGALI RB. 2021. Widow spiders in the New World: a 
review on Latrodectus Walckenaer, 1805 (Theridiidae) 
and latrodectism in the Americas. J Venom Anim Toxins 
Incl Trop Dis 27: e20210011. 

CHAVES-MOREIRA D, SENFF-RIBEIRO A, WILLE ACM, GREMSKI LH, 
CHAIM OM & VEIGA SS. 2017. Highlights in the knowledge 
of brown spider toxins. J Venom Anim Toxins Incl Trop 
Dis 23: 6.

CHIPPAUX J. 2015. Epidemiology of envenomation by 
terrestrial venomous animals in Brazil based on case 
reporting: from obvious facts to contingencies. J Venom 
Anim Toxins Incl Trop Dis 21: 13. 

DATASUS. 2019. http://www2.datasus.gov.br/DATASUS/
index.php?area=02.

DE LIMA ME, FIGUEIREDO SG, MATAVEL A, NUNES KP, DA SILVA 
CN, ALMEIDA FM, DINIZ MRV, CORDEIRO MN, STANKIEWICZ M & 
BEIRAO PS. 2016. Phoneutria nigriventer venom and toxins: 
a review. In: Gopalakrishnakone P, Corzo G, de Lima M & 
Diego-García E (Eds), Spider Venoms, Dordrecht: Springer, 
Dordrecht, Netherlands, p. 71-99. 

FREIRE-MAIA L & CAMPOS JA. 1989. Pathophysiology and 
treatment of scorpion poisoning. In: OWNBY CL & ODELL 
GV. Natural Toxins. Oxford: Pergamon Press, Oxford, UK, 
p. 139-159.

FURTADO AA, DANIELE-SILVA A, SILVA-JÚNIOR AAD & FERNANDES-
PEDROSA MF. 2020. Biology, venom composition, and 
scorpionism induced by Brazilian scorpion Tityus 
stigmurus (Thorell, 1876) (Scorpiones: Buthidae): A mini-
review. Toxicon 185: 36-45. 

HASTIE TJ & PREGIBON D. 1992. Generalized linear models. 
In: Chambers JM & Hastie TJ (Eds), Statistical Models in S, 
Chapter 6, California: Wadsworth & Brooks/Cole, United 
States.  

IBGE – INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA. 
2021. Estimativas da População. Rio de Janeiro, IBGE, 2021. 

Available from: https://www.ibge.gov.br/estatisticas/
sociais/populacao/9103-estimativas-de-populacao.htm
l?edicao=17283&t=downloads.  

KRUSKAL WH & WALLIS WA. 1952. Use of ranks in one-
criterion variance analysis. J Am Stat Assoc 47: 583-621. 

LAUSTSEN AH, SOLÀ M, JAPPE EC, OSCOZ S, LAURIDSEN LP & 
ENGMARK M. 2016. Biotechnological trends in spider and 
scorpion antivenom development. Toxins (Basel) 8(8): 
226. 

LOURENÇO WR. 2015. 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 
21: 20. 

MAGGI S & FAULHABER GA. 2015. Lonomia obliqua Walker 
(Lepidoptera: Saturniidae): hemostasis implications. Rev 
Assoc Med Bras (1992) 61(3): 263-268.

MALAQUE CMS, CHAIM OM, ENTRES M & BARBARO KC. 
2016. Loxosceles and Loxoscelism: biology, venom, 
envenomation, and treatment. In: Gopalakrishnakone 
P, Corzo G, de Lima M & Diego-García E (Eds) Spider 
Venoms. Dordrecht: Springer, Dordrecht, Netherlands, 
p. 419-444.

MINISTÉRIO DA SAÚDE DO BRASIL. 2019. Secretaria 
de Vigilância em Saúde. Acidentes de trabalho 
por animais peçonhentos entre trabalhadores do 
campo, floresta e águas, Brasil 2007 a 2017. Boletim 
Epidemiologico [Internet] 50(11): 1-14. Available from: 
http://boletim-epidemiologico-11-vol-50-mar-2019-
acidentes-de-trabalho-por-animais-peconhentos-
entre-trabalhadores-do-campo-floresta-e-aguas-
brasil-2007-a-2017.pdf.

MINISTÉRIO DA SAÚDE DO BRASIL. 2022. Secretaria de 
Vigilância em Saúde. Acidentes por Animais Peconhentos. 
2022. Available from: https://www.gov.br/saude/pt-br/
assuntos/saude-de-a-a-z/a/animais-peconhentos.

MONTE AA. 2012. Black widow spider (Latrodectus 
mactans) antivenom in clinical practice. Curr Pharm 
Biotechnol 13(10): 1935-1939.

NEMENYI P. 1963. Distribution-free multiple comparisons. 
Ph.D. thesis, Princeton University. (Unpublished).

PARRELA AFB, RODRIGUES RR, CAMPOS GP, GOMES ACM, 
RODRIGUES BSSL, BRAGA MNM, RIBEIRO JR AN & BATISTA RS. 
2022. Scorpion envenomation in Brazil: an update. 
Infectio 26(2): 172-180.

PEIGNEUR S, DE LIMA ME & TYTGAT J. 2018. Phoneutria 
nigriventer venom: A pharmacological treasure. Toxicon 
151: 96-110. 



PEDRO HENRIQUE C. CASTRO et al.	 EPIDEMIOLOGY OF ARTHROPODS ENVENOMATION IN BRAZIL

An Acad Bras Cienc (2023) 95(Suppl. 1)  e20220850  12 | 12 

POHLERT T. 2014. The pairwise multiple comparison of 
mean ranks package (PMCMR). Available from: https://
CRAN.R-project.org/package=PMCMR.

R CORE TEAM. 2021. R: A language and environment for 
statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. Available from: https://
www.R-project.org/.

RAPOSO C, BJORKLUND U, KALAPOTHAKIS E, BIBER B, DA CRUZ-
HOFLING MA & HANSSON E. 2016. Neuropharmacological 
effects of Phoneutria nigriventer venom on astrocytes. 
Neurochem Int 96: 13-23.

ROBINSON JR, KENNEDY VE, DOSS Y, BASTARACHE L, DENNY J 
& WARNER JL. 2017. Defining the complex phenotype of 
severe systemic loxoscelism using a large electronic 
health record cohort. PLoS ONE 12(4): e0174941.

ROSKOV Y ET AL. (Eds). 2019. Species 2000 & ITIS Catalogue 
of Life, 2019 Annual Checklist. Species 2000: Naturalis, 
Leiden, the Netherlands. ISSN 2405-884X. Available 
from: Digital resource at www.catalogueoflife.org/
annual-checklist/2019.

SAHINER UM & DURHAM SR. 2019. Hymenoptera venom 
allergy: how does venom immunotherapy prevent 
anaphylaxis from bee and wasp stings? Front Immunol 
10: 1959. 

SCHUMACHER MJ, TVETEN MS & EGEN NB. 1994. Rate and 
quantity of delivery of venom from honeybee stings. J 
Allergy Clin Immunol 93(5): 831-835. 

SELDESLACHTS A, PEIGNEUR S & TYTGAT J. 2020. Caterpillar 
venom: a health hazard of the 21st century. Biomedicines 
8(6): 143.

STURM GJ ET AL. 2018. EAACI guidelines on allergen 
immunotherapy: Hymenoptera venom allergy. Allergy. 
73(4): 744-764.

VILLAS-BOAS IM, BONFÁ G & TAMBOURGI DV. 2018. Venomous 
caterpillars: from inoculation apparatus to venom 
composition and envenomation. Toxicon 153: 39-52. 

VILLAS-BOAS IM, PIDDE-QUEIROZ G, MAGNOLI FC, GONÇALVES-
DE-ANDRADE RM, VAN DEN BERG CW & TAMBOURGI DV. 2015. 
A serine protease isolated from the bristles of the 
Amazonic caterpillar, Premolis semirufa, is a potent 
complement system activator. PLoS ONE 10(3): e0118615. 

WORLD HEALTH ORGANIZATION. 2007. Rabies and 
Envenomings: A Neglected Public Health Issue: 
Report of a Consultative Meeting, World Health 
Organization, Geneva, 10 January 2007. World Health 
Organization. Available from: https://apps.who.int/iris/
handle/10665/43858.

How to cite
CASTRO PHC, PAIVA ALB, PEIXOTO GVM, OLIVEIRA-MENDES BBR, CALAÇA 
P & MATAVEL A. 2023. Epidemiology of arthropods envenomation in 
Brazil: a public health issue. An Acad Bras Cienc 95: e20220850. DOI 
10.1590/0001-3765202320220850.

Manuscript received on October 5, 2022;
accepted for publication on January 4, 2023

PEDRO HENRIQUE C. CASTRO1

https://orcid.org/0000-0003-0116-3875

ANA LUIZA B. PAIVA1

https://orcid.org/0000-0001-6146-6849

GUSTAVO VINÍCIUS M. PEIXOTO1

https://orcid.org/0000-0002-6789-3291

BÁRBARA BRUNA R. OLIVEIRA-MENDES2

https://orcid.org/0000-0002-2269-5750

PAULA CALAÇA1

https://orcid.org/0000-0002-8760-8929

ALESSANDRA MATAVEL1

https://orcid.org/0000-0001-9061-8661

1Fundação Ezequiel Dias, Diretoria de Pesquisa e 
Desenvolvimento, Rua Conde Pereira Carneiro, 80, 
Gameleira, 30510-010 Belo Horizonte, MG, Brazil
2L‘ Institut du Thorax, INSERM, UMR 1087, 8 
Quai Moncousu Nantes, 44007, France

Correspondence to: Alessandra Matavel 
E-mail: alessandra.matavel@funed.mg.gov.br

Author contributions
Pedro Henrique Cardoso Castro: writing - original draft, writing - 
review & editing. Ana Luiza Bittencourt Paiva: conceptualization, 
validation, writing - original draft, writing - review & editing. 
Gustavo Vinícius Maia Peixoto: methodology, formal analysis, 
investigation, visualization. Bárbara Bruna Ribeiro Oliveira-
Mendes: conceptualization, validation, writing - original draft. 
Paula Calaça: software, formal analysis. Alessandra Matavel: 
conceptualization, validation, formal analysis, writing - original 
draft, writing - review & editing, visualization, supervision, 
project administration.


