
Objective: To estimate the temporal trend of the incidence rates 

of accidents with venomous animals in children and adolescents 

in Brazil.

Methods:  An ecological time-series study was carried out between 

2007 and 2019. Data were obtained from the Brazilian Information 

System on Diseases of Compulsory Declaration (Sistema de 

Informação de Agravos de Notificação – SINAN). The time series 

of incidence rates of accidents with venomous animals were 

stratified by age group (children aged 0 to 9 years and adolescents 

aged 10 to 19 years), Brazilian macro-regions (North, Northeast, 

Midwest, Southeast, and South), and type of accident (snake, 

scorpion, spider, and caterpillar). For trend analysis, the Prais-

Winsten model and the Annual Percent Change (APC) were used.

Results: The time series of the incidence rate of accidents with 

venomous animals in children and adolescents from the North, 

Northeast, Midwest, and Southeast macro-regions and in children 

from the South region showed an upward trend. The average 

annual incidence rates were higher in the age group of 10 to 

19 years, except for the South macro-region. Accidents with 

scorpions, snakes, and spiders, in this order, were the most 

frequent; the trends in the time series stratified by type of animal 

varied according to the geographic macro-region.

Conclusions: There was an upward trend in the incidence rate of 

accidents with venomous animals in children and adolescents in Brazil, 

except for adolescents in the South macro-region of the country.

Keywords: Animals, poisonous; Public health surveillance; 

Epidemiological monitoring; Incidence; Accidents.

Objetivo: Estimar a tendência temporal das taxas de incidência de 

acidentes com animais peçonhentos em crianças e adolescentes 

no Brasil. 

Métodos: Foi realizado um estudo ecológico de séries temporais, 

entre 2007 e 2019. Os dados foram obtidos do Sistema de 

Informação de Agravos de Notificação (SINAN). As séries 

temporais das taxas de incidência com animais peçonhentos 

foram estratificadas por faixa etária (crianças de 0 a 9 anos e 

adolescentes de 10 a 19 anos), macrorregiões brasileiras (Norte, 

Nordeste, Centro-Oeste, Sudeste e Sul) e tipo de acidente 

(serpente, escorpião, aranha e lagarta). Para análise de tendência, 

foi utilizado o modelo de Prais-Winsten e calculada a variação 

percentual anual das taxas (Annual Percentage Change — APC). 

Resultados: As séries históricas da taxa de incidência de acidentes 

com animais peçonhentos em crianças e adolescentes das 

macrorregiões Norte, Nordeste, Centro-Oeste e Sudeste e em 

crianças da macrorregião Sul apresentaram tendência ascendente. 

As taxas de incidências anuais médias foram maiores na faixa 

etária de 10 a 19 anos, exceto na macrorregião Sul. Os acidentes 

com escorpiões, serpentes e aranhas, nesta ordem, foram os mais 

frequentes; as tendências das séries históricas estratificadas por 

tipo de animal variaram conforme a macrorregião. 

Conclusões: Houve tendência ascendente na taxa de incidência de 

acidentes com animais peçonhentos em crianças e adolescentes 

no Brasil, exceto nos adolescentes da macrorregião Sul do país. 

Palavras-chave: Animais venenosos; Vigilância em saúde pública; 

Vigilância epidemiológica; Incidência; Acidentes.
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INTRODUCTION
Accidents ​​with venomous animals are those caused by animals 
that produce toxic substances and provide specific mechanisms 
for inoculation. This type of accident is frequent and represents 
a serious public health issue in tropical countries.1 In Brazil, acci-
dents involving venomous animals are compulsory notification 
events since 2010, and those caused by snakes, scorpions, spiders, 
and caterpillars are of priority interest for the epidemiological 
surveillance system.2 Overall, these accidents are more serious in 
children than in adults,3 considering that the amount of injected 
venom is independent of the victim’s age and the unbound frac-
tion concentration in organs is higher in the pediatric population. 

Regarding accidents with snakes, those by snakes from 
the Bothrops genus are the most frequent among snakebites 
in Brazil. The North and Midwest macro-regions, especially 
rural areas, account for the highest incidences.4 Most accidents 
are clinically classified as mild; however, the delay in medical 
assistance and in the beginning of serum therapy can increase 
the fatality rate.5  Conversely, accidents caused by scorpions are 
predominantly urban, and an increase in cases in the states of 
the Northeast and Southeast macro-regions has been observed 
in recent years.4 Most cases present a benign clinical course; 
nevertheless, in the pediatric age group, there is a greater risk 
for severe clinical manifestations, especially when the accident 
is caused by the species T. serrulatus.6

As for spider bites, there are three genera of spiders in 
Brazil that cause severe symptoms: Loxosceles (brown spider), 
Phoneutria (Brazilian wandering spider) and Latrodectus (black 
widow). The occurrence of accidents with each type of spider 
varies according to geography and time of the year.4 In turn, 
accidents with caterpillars, which are more common in the 
South and Southeast macro-regions of the country, occur in 
urban areas, with the exception of lonomic accidents, which 
are more frequent in rural areas. The severity of the accident is 
associated with the amount and intensity of contact with the 
caterpillars, factors that are worthy of attention when dealing 
with pediatric patients.7

In a large and heterogeneous country such as Brazil, regional 
and temporal variations are expected in the occurrence of acci-
dents with venomous animals. The environmental and habitat 
transformations of these animals, which result from irregular 
deforestation, population migration, socioeconomic changes, 
and diverse climate changes, potentially modify the incidence 
rates of these accidents.8 Thus, periodic epidemiological studies 
are necessary to know their temporal characteristics and assist 
in decision-making when developing control and prevention 
strategies aimed at risk areas and groups. Specifically, ecolog-
ical time-series studies are an important tool for formulating 
explanatory hypotheses at the population and regional level, 

and contribute to the improvement and effectiveness of care. 
In this context, the objective of this study was to estimate the 
temporal trend of the incidence rates of accidents with venom-
ous animals in children and adolescents in Brazil.

METHOD
An ecological time-series study on the incidence of accidents with 
venomous animals was carried out in children and adolescents 
residing in Brazilian macro-regions, from 2007 to 2019. All data 
were obtained from official secondary sources of the Brazilian 
Ministry of Health, which can be accessed on publicly available 
websites. Data on reported cases of accidents with venomous 
animals were obtained from the Brazilian Information System 
on Diseases of Compulsory Declaration (Sistema de Informação 
de Agravos de Notificação – SINAN)9, and the population of 
each macro-region, according to age group, was obtained from 
the Brazilian Institute of Geography and Statistics (IBGE).10

For the analysis, time series of the annual incidence of 
accidents with venomous animals were prepared, between the 
years 2007 and 2019, stratified by age group (children aged 0 
to 9 years and adolescents aged 10 to 19 years), Brazilian mac-
ro-regions (North, Northeast, Midwest, Southeast and South) 
and type of accident (snake, scorpion, spider and caterpillar). 
Incidence rates were estimated by dividing the number of cases 
by the number of the population and multiplied by 100 thou-
sand, according to the stratification of interest.

For trend analysis, the Prais-Winsten model was used.11 

The base 10 logarithmic transformation of the incidence was 
considered as the dependent variable (log[y]) and the central-
ized-year, as the independent variable (x). Subsequently, the 
annual percent change (APC) of the incidence and its respective 
95% confidence intervals (95%CI) were estimated. The trend 
was considered statistically significant when zero was not con-
tained in the 95%CI of APC; in this case, the positive APC 
value represented an upward trend, and the negative APC value, 
a downward trend. When zero was contained in the 95%CI 
of APC, the trend was considered stationary. All analyses were 
performed using the R software version 3.6.3.

According to Resolution No. 466 of 2012, of the National 
Health Council of the Brazilian Ministry of Health,12 this study 
did not require evaluation by the Research Ethics Committee, 
as it used secondary, anonymized, and publicly available data.

RESULTS
Between 2007 and 2019, 597,447 cases of accidents with ven-
omous animals were reported in Brazil in children and ado-
lescents. During this period, there was a 122.5% increase in 
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the annual number of records, from 31,926 cases in 2007 to 
71,048 cases in 2019. As for the age group, 55% of the victims 
aged between 10 and 19 years. Regarding the geographic dis-
tribution, 36% of the cases were from the Northeast; 32.5% 
from the Southeast; 16% from the South; 10.4% from the 
North; and 5.1% from the Midwest of the country. 

Of the total number of cases in which the involved animal 
was known (n=580,231; 97.1%), 51% were caused by scorpi-
ons; 16.2% by snakes; 14.4% by spiders; 3.3% by caterpillars; 
and 15% by other animals. Figure 1 shows the percent distri-
bution of cases of accidents with venomous animals according 
to Brazilian macro-regions and involved animals. There was a 
predominance of accidents with scorpions in the Northeast, 
Southeast, and South macro-regions. In the North macro-re-
gion, snakebites accounted for almost 60% of the cases. In the 
South macro-region, spider bite was the accident with the high-
est percentage of occurrence.

The average annual incidence rates of accidents with ven-
omous animals and the trend analysis, according to macro-re-
gion and age group, can be observed in Table 1. The average 
annual incidence rate during the study period was higher in 
the age group of 10 to 19 years, except in the South macro-re-
gion. The units of analysis showed an upward trend, with the 
exception of the South macro-region, in the age group of 10 
to 19 years, whose time series was stationary. 

Tables 2 and 3 show, respectively, the average annual inci-
dence rates of accidents caused by scorpions, snakes, spiders, and 
caterpillars, and the trend analysis according to macro-region 
and age group. The average annual incidence rate of accidents 
with scorpions was higher in the age group of 10 to 19 years 

Table 1 Average annual incidence rate and trend analysis of accidents with venomous animals according to macro-
region and age group. Brazil, 2007 to 2019. 

Macro-region/ 
age group

Average annual 
incidence rate*

APC 95%CI Trend

North

0 to 9 years 48.83 5.87 4.27–7.50 Upward

10 to 19 years 87.08 2.53 1.09–4.00 Upward

Northeast

0 to 9 years 74.26 12.28 10.23–14.37 Upward

10 to 19 years 82.44 8.96 6.80–11.17 Upward

Midwest

0 to 9 years 40.79 11.85 9.28–14.48 Upward

10 to 19 years 48.90 8.67 5.77–11.66 Upward

Southeast

0 to 9 years 52.60 9.77 8.03–11.53 Upward

10 to 19 years 62.04 8.36 6.78–9.97 Upward

South

0 to 9 years 87.46 2.28 0.73–3.85 Upward

10 to 19 years 82.85 0.66 -0.06 to 1.39 Stationary

Source: Brazilian Ministry of Health.9,10

APC: Annual Percent Change; 95%CI: 95% confidence interval; *per 100 thousand inhabitants.
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Figure 1 Percent distribution of cases of accidents with 
venomous animals in children and adolescents according 
to Brazilian macro-regions and involved animals. Brazil, 
2007 to 2019.

Source: Brazilian Ministry of Health.9,10
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Table 2 Average annual incidence rate and trend analysis of accidents with scorpions and snakes according to 
macro-region and age group. Brazil, 2007 to 2019. 

Macro-region/
age group

Scorpions Snakes
Average 
annual 

incidence 
rate*

APC 95%CI Trend

Average 
annual 

incidence 
rate*

APC 95%CI Trend

North

0 to 9 years 11.70 8.02 5.74–10.34 Upward 23.22 1.02 -0.45 to 2.51 Stationary

10 to 19 years 16.85 6.26 4.26–8.31 Upward 57.80 (-0.03) -1.67 to 1.65 Stationary

Northeast

0 to 9 years 55.39 12.74 10.51–15.01 Upward 6.42 1.01 -1.56 to 3.65 Stationary

10 to 19 years 58.31 10.61 8.41–12.86 Upward 12.98 (-0.85) -4.03 to 2.43 Stationary

Midwest

0 to 9 years 17.60 18.31 15.57–21.12 Upward 9.62 0.98 -0.91 to 2.91 Stationary

10 to 19 years 22.73 16.14 13.00–19.36 Upward 15.61 (-2.23) -4.28 to -0.13 Downward

Southeast

0 to 9 years 26.16 11.99 9.38–14.66 Upward 3.45 (-2.08) -4.01 to -0.11 Downward

10 to 19 years 35.02 11.90 9.99–13.84 Upward 6.66 (-3.71) -5.71 to -1.66 Downward

South

0 to 9 years 3.10 15.42 10.79–20.25 Upward 3.94 (-2.55) -4.1 to -0.98 Downward

10 to 19 years 5.31 11.59 8.94–14.31 Upward 7.42 (-5.17) -6.22 to -4.1 Downward

Source: Brazilian Ministry of Health.9,10

APC: Annual Percent Change; 95%CI: 95% confidence interval; *per 100 thousand inhabitants.

Table 3 Average annual incidence rate and trend analysis of accidents with spiders and caterpillars according to 
macro-region and age group. Brazil, 2007 to 2019.

Macro-region/
age group

Spiders Caterpillars

Average 
annual 

incidence 
rate*

APC 95%CI Trend

Average 
annual 

incidence 
rate*

APC 95%CI Trend

North

0 to 9 years 2.59 9.21 6.88–11.6 Upward 2.17 8.32 0.19–17.1 Upward

10 to 19 years 2.99 5.48 2.82–8.21 Upward 1.06 9.74 0.65–19.65 Upward

Northeast

0 to 9 years 1.58 13.41 10.49–16.41 Upward 0.77 15.09 10.65–19.7 Upward

10 to 19 years 1.81 12.92 9.91–16.01 Upward 0.51 10.12 5.89–14.52 Upward

Midwest

0 to 9 years 2.71 12.56 8.87–16.38 Upward 1.78 14.7 5.29–24.96 Upward

10 to 19 years 2.82 10.85 6.73–15.13 Upward 0.78 17.81 8.41–28.02 Upward

Southeast

0 to 9 years 6.00 8.52 6.86–10.2 Upward 2.30 4.92 -0.26 to 10.38 Stationary

10 to 19 years 7.00 6.33 4.58–8.12 Upward 1.60 3.44 -1.17 to 8.26 Stationary

South

0 to 9 years 47.94 1.5 0.03–2.98 Upward 9.15 0.48 -4.89 to 6.16 Stationary

10 to 19 years 46.86 (-0.08) -0.52 to 0.36 Stationary 6.70 (-3.25) -7.26 to 0.94 Stationary

Source: Brazilian Ministry of Health.9,10

APC: Annual Percent Change; 95%CI: 95% confidence interval; *per 100 thousand inhabitants.
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in all Brazilian macro-regions. All analyzed units showed an 
upward trend. The average annual incidence rate was higher 
in the Northeast macro-region (Table 2).

Regarding snakebites, the North macro-region had the 
highest incidence rates in both age groups analyzed. The aver-
age annual incidence rate was higher in the age group of 10 
to 19 years in all Brazilian macro-regions. The time series of 
the North and Northeast were stationary, whereas those of the 
Southeast and South showed a downward trend in the inci-
dence of this type of accident; in the Midwest, a mixed pattern 
was observed (Table 2).

As for accidents with spiders, the average annual incidence 
rate during the study period was higher in the age group of 
10 to 19 years, except in the South macro-region. The units 
of analysis showed an upward trend, with the exception of the 
South macro-region, in the age group of 10 to 19 years, whose 
time series was stationary. The average annual incidence rate 
was significantly higher in the South macro-region (Table 3).

Finally, the average annual incidence rate of accidents with 
caterpillars was higher in the age group of 0 to 9 years in all 
macro-regions. North, Northeast, and Midwest showed an 
upward trend, whereas in the Southeast and South stationary 
time series were observed. The average annual incidence rate was 
higher in the South macro-region for both age groups (Table 3).

DISCUSSION
The present study verified an upward trend in the incidence 
rate of accidents with venomous animals in children and ado-
lescents in Brazil, except for adolescents in the South macro-re-
gion. The average annual incidence rates were higher in the age 
group of 10 to 19 years, except for the South macro-region. 
Accidents with scorpions, snakes, and spiders, in this order, were 
the most frequent in this population; incidence and distribution 
rates varied according to the geographic area of the country. 

In Brazil, there has been a progressive improvement in the 
registration of diseases of compulsory notification in recent 
decades. Thus, the gradual increase in the incidence rate of 
accidents with venomous animals during the analyzed period 
may reflect the increase in notifications by epidemiological 
surveillance services, without necessarily having had a real 
increase in the number of cases in the population of children 
and teenagers. Nevertheless, the environmental imbalance 
with extensive areas of irregular deforestation and the accel-
eration of the urbanization process, which several Brazilian 
cities have undergone in recent decades, are factors that may 
be related to the increase in the number of cases.8 In addi-
tion, stationary time series and those with a downward trend 
were verified, such as those observed in accidents with snakes, 

which reinforces the idea that, in fact, there is an increase in 
the number of accidents with venomous animals, especially 
those caused by scorpions.

A previous study on accidents with venomous animals in 
the Brazilian population, which analyzed the period from 2001 
to 2012, showed that most accidents were caused by scorpions, 
snakes, and spiders, whose occurrence showed great regional 
variations.13 During this period, the constant numerical increase 
in cases caused by all animal species was attributed to several 
factors, including the increase in the human population, the 
gradual improvement of the epidemiological surveillance sys-
tem, and, probably, environmental and socioeconomic factors 
differently affecting the incidence of accidents per each zoo-
logical group and region..13

Regarding snakebites, the estimated trends were stationary 
or downward in children and adolescents residing in Brazilian 
macro-regions. Matos et al.14, by analyzing the period from 
2003 to 2012, had already found a stationary trend in the his-
torical series for the country altogether. 

The highest incidence rates of accidents with caterpillars 
have been traditionally found in the South and Southeast of 
Brazil.15  However, in the present study, this indicator showed 
to be increasing in the North, Northeast, and Midwest mac-
ro-regions, which raises an alert for the possible emerging nature 
of this type of accident, already evidenced in other countries.16

As limitations of this study, the authors highlight the use 
of secondary data, which involves the quality of records and 
is directly associated with the organization of health services 
in each location. About 86% of the reports of snakebites and 
90% of the reports of spider bites presented ignored and/or 
unfilled information in the field concerning the genus of the 
involved animal, considering the age group of 0 to 19 years, 
in the period from 2007 to 2019, which made the analysis 
unfeasible. This is an essential piece of information to sup-
port preventive and health promotion actions, considering 
that there are specificities in the habits of different types of 
animals, in addition to providing indications that help in 
the therapeutic conduct according to the region where the 
accident occurred.

Another point worth reflecting on is the more urban 
nature of most scorpion accidents,17 which may contribute to 
the increase in notifications, at the expense of snakebites, for 
example, which are more common in rural regions and away 
from urban centers and their health services.

It is also worth mentioning that, although ecological stud-
ies are useful to formulate hypotheses, it is necessary to point 
out the main limitation of this study design: the ecological 
bias, which consists of attributing inferences about individ-
uals based on aggregated data from groups. In this study, the 
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authors carefully used smaller units of analysis, stratifying the 
study population according to age group and Brazilian mac-
ro-region. Thus, it is believed that the groups became more 
homogeneous in relation to exposures, contributing to the 
minimization of this type of bias.18 Finally, the stratification 
of the data also allowed the authors to use the crude incidence 
rates of accidents with venomous animals rather than the stan-
dardized incidence rate.

Conversely, unlike other Brazilian studies that analyzed spe-
cific locations,3,8,19 the present study used data from the entire 
national territory, collected over a long period. In view of the 
vast geographic area and population size of Brazil, an ecologi-
cal approach potentially and quickly identifies the existence of 
vulnerable groups, which require priority actions.20

Although there is an upward trend in the incidence of 
accidents by venomous animals in children and adolescents in 
most regions of Brazil, these diseases can be prevented through 
educational actions and health policies aimed at protecting this 
population. Furthermore, the improvement of strategies to 
ensure diagnosis and institution of early treatment is necessary 
to reduce the severity and, consequently, the number of fatal 
outcomes associated with these diseases. Within this context, 
the authors believe that this study contributed with updated 

and substantiated information about accidents by venomous 
animals in children and adolescents in Brazil.
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