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Abstract

Snakebite envenomation, although prevalent in rural and tropical areas, is often neglected as a public
health issue. Parana records fewer cases compared to other Brazilian regions, yet the epidemiology
and factors affecting these incidents are not fully understood. This study aimed to describe the
epidemiology of snakebite accidents in Parana from 2010 to 2021 and identify factors associated with
clinical outcomes. Data were sourced from the Notifiable Diseases Information System and Venomous
Animals Notification System. Incident trends were analyzed using Joinpoint Regression, and high-
incidence regions were identified through spatial autocorrelation and hotspot analysis. Associations
between factors and outcomes were assessed using logistic regression, Fisher’s exact test, or the Chi-
squared test. Of 9,362 cases, 69.19% involved Bothrops spp., while Thamnodynastes spp., Dipsas
spp., and Philodryas spp. were the main non-venomous snakes. Venomous snakebite incidence
decreased by 7.74% from 2017 to 2021. Death was associated with age >65, illiteracy, delays >6 h,
and local/systemic complications (p<0.001). Non-venomous snakebite accidents rose by 6% since
2010. A case of acute renal failure was reported in an accident involving Pseudablabes patagoniensis.
The study highlights snakebites as a significant public health issue due to their potential for severe
complications. The findings enhance understanding of snakebite epidemiology in Paran4, aiding in
the development of targeted interventions and prevention strategies.
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Resumo

O envenenamento por serpentes, embora prevalente em areas rurais ¢ tropicais, ¢ frequentemente
negligenciado como um problema de saude publica. O Parana registra menos casos em comparagao
com outras regides brasileiras, mas a epidemiologia ¢ os fatores que afetam esses incidentes ndo sdao
totalmente compreendidos. Este estudo teve como objetivo descrever a epidemiologia dos acidentes
ofidicos no Parana de 2010 a 2021 ¢ identificar os fatores associados aos resultados clinicos. Os dados
foram obtidos do Sistema de Informacdo de Agravos de Notificagdo e do Sistema de Notificagdo de
Animais Peconhentos. As tendéncias de incidéncia foram analisadas usando a regressdo Joinpoint,
e as regides de alta incidéncia foram identificadas por meio de autocorrelagdo espacial ¢ analise de
hotspot. As associagdes entre fatores e desfechos foram avaliadas por meio de regressdo logistica,
teste exato de Fisher ou teste de qui-quadrado. Dos 9.362 casos, 69,19% envolviam Bothrops spp.,
enquanto Thamnodynastes spp., Dipsas spp. € Philodryas spp. foram as principais serpentes nao
venenosas. A incidéncia de picadas por serpentes venenosas diminuiu 7,74% de 2017 a 2021. A morte
foi associada a idade >65 anos, ao analfabetismo, a atrasos no atendimento >6 horas e a complica¢des
locais/sistémicas (p<0,001). Os acidentes com serpentes ndo venenosas aumentaram em 6% desde
2010. Um caso de insuficiéncia renal aguda foi relatado em um acidente envolvendo Pseudablabes
patagoniensis. O estudo destaca as picadas de serpentes como um importante problema de satide
publica devido ao seu potencial para complicagdes graves. Os resultados melhoram a compreensao da
epidemiologia do ofidismo no Parana, auxiliando no desenvolvimento de intervengdes direcionadas
e estratégias de prevengao.

Palavras-chave: Picadas de serpentes; Envenenamento; Doengas tropicais negligenciadas; Desafios

para saude publica.

Introduction

Snakebites pose a significant public health
concern and profoundly affect regions where ac-
cess to timely and adequate treatment is limited
or nonexistent. Annually, 1.8-2.7 million cases of
snakebites are estimated to occur worldwide, re-
sulting in up to 138,000 deaths.V A lack of proper
treatment can lead to long-term physical and psy-
chological disabilities among victims;® however,
the impact of snakebites extends beyond individual
health, since treatment of snakebite victims impos-
es substantial costs on healthcare systems as well.®
Recognizing the severity of this issue, the World
Health Organization classified snakebite enveno-
mation as a neglected tropical disease in 2017.®

In Brazil, 29,543 snakebite accidents and 94
deaths were reported in 2022, most of which oc-
curred in the northern region.® In contrast to other
regions, the southern region of Brazil exhibits a
significantly lower incidence of snakebite acci-
dents and fatalities, which is attributed to higher
urbanization rates and well-equipped healthcare

centers close to the affected areas.© In Parana, epi-
demiological surveillance is responsible for iden-
tifying the quantity of antivenom needed for each
municipality. The municipalities are organized
into 22 Health Regions, which are responsible for
sending monthly reports on the antivenom stock.
This process is supported by the Venomous Animal
Information System (SINAP), which monitors oc-
currences by species in each region, allowing for a
more precise allocation of the serums.!”

In 2010, the accidents caused by venomous
and poisonous animals became part of the Compul-
sory Notification List in Brazil, which is provided
by the Notifiable Diseases Information System
(SINAN) database. In the state of Parana, the State
Secretariat for Health maintains the SINAP data-
base integrated to the Animal Taxonomy Laborato-
ry (LabTax) within the Environmental Surveillance
Coordination division. It aims to record the taxo-
nomic identifications of animals using photographs
archived in SINAP or samples sent to LabTax.
The integration of data, which is essential to im-
prove our understanding and responses to accidents
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involving venomous animals, was the motivation
behind conducting this study. This can allow for a
more comprehensive analysis of trends, geographi-
cal distribution, and taxonomy of the species in-
volved. Additionally, the ability to include data
on snakebites caused by species of relatively low
importance to public health is of great relevance,
given the scarcity of studies on this topic.

This study aimed to describe the aspects of
the epidemiology of snakebite accidents in Parana,
including seasonal patterns, geographical distribu-
tions, and incidence rates in different municipali-
ties. The factors associated with unfavorable out-
comes of snakebite accidents, such as mortality,
as well as local and systemic complications, were
also examined. Identifying these factors offers
valuable insights regarding the impact of snakebite
accidents on victims, as well as their association
with other related variables.

Methods
Study area

Parana has an area of 199 299 km?. The
predominant biome is the Atlantic Forest,® which
can be divided into Dense Ombrophilous, Mixed
Ombrophilous (or Araucaria Forest), and Seasonal
Forests.® It has an estimated 11 444 380 inhabit-
ants. Of these, 86% live in urban areas); 3.9% are
illiterate (considering those aged >15 years); and
16.8% are >60 years of age.'”

Study design

This descriptive, observational, cross-sec-
tional study included data on snakebite accidents
in the state of Parana, documented using code 41
of the Brazilian Institute of Geography and Statis-
tics (IBGE), that occurred between 2010 and 2021.
Over this period, 10596 accidents were reported in
Parana and registered in SINAN. Of these, 1228
were excluded: 39 because they occurred outside
the state, 15 because they were duplicates, three
because they were related to the Lachesis (a snake

that is not found in Parand), and 1176 because the
snake was not identified.

Data sources

The clinical data of the snakebite cases were
selected from the following SINAN categories: in-
dividual notification, epidemiological history, clin-
ical data, accident data, treatment, and outcomes.
Snake identification was performed using data from
the SINAP database (http://201.77.19.16/zoonose/
login) that included family, genus, species, and cor-
responding SINAN medical record number. The
estimated population of Parana was imported from
the IBGE population estimate.

Classification of snakes

The snakes responsible for the accidents
were categorized as highly venomous public health
significance (PHS) snakes (Bothrops, Crotalus, and
Micrurus) and non-venomous snakes of low public
health significance (LPHS). Recently, the genera
Thamnodynastes"V and Philodryas'? have under-
gone phylogenetic revisions, changing the taxa of
some species. This study used the old classifica-
tion of genera (Thamnodynastes and Philodryas),
although the new classification was adopted when
species were specified.

Spatial and statistical analysis

Joinpoint Regression software version 4.9.
1.0.99 was used to describe the temporal trends of
snakebites, considering the annual incidence (cas-
es/100 000 inhabitants) as a unit of analysis. The
significance level for the temporal trend was set at
p<0.05.1% Global spatial autocorrelation of Mo-
ran’s analysis was performed to analyze the pres-
ence of clusters of municipalities with higher or
lower snakebite incidences. The significance level
for this aspect was set to p<0.0001. Local spatial
autocorrelation analysis (i.e., hotspot analysis) was
used to identify municipalities with high or low
spatial clustering values. We included all 399 cities
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in Parana as the unit of analysis and adopted a first-
order contiguity matrix. This type of relationship
considers any municipality that shares borders with
neighboring ones.'> All analyses were performed
using ArcGIS 10.2 software,'® and clustering val-
ues are presented as 90, 95, and 99% confidence
intervals (Cls), using choropleth maps.

Fisher’s exact or Chi-squared tests were
performed to independently identify the factors as-
sociated with outcomes such as death, local com-
plications, and systemic complications, by fitting
binary logistic regression models and estimating
odds ratio (OR) values at the 95% CI level. The
basic unit for this analysis was one case. Factors
with a frequency of zero in any of their classifica-
tions were analyzed using Fisher’s exact or Chi-
squared tests. Cases registered as deaths due to
other causes were excluded from the analysis. All
tests were performed using Statistical Package for
the Social Sciences software (SPSS; version 28.0),
with the significance level set at p<0.05.1” Graphs
of the distribution of snakebites by seasonality, oc-
currence area, and snake genus were prepared us-
ing Prism-GraphPad version 9.5.1.(®

Ethics approval

This project meets ethical guidelines and was
approved by the Research Ethics Committees of
the involved institutions under Plataforma Brasil
CAAE 53321921.8.0000.002.

Results

Distributions of accidents by seasons,
area of occurrence, and snake genera

In this study, we analyzed 9362 snakebite ac-
cidents that occurred in Parand between 2010 and
2021. They occurred more frequently in the sum-
mer (43.55%) and spring (28.02%) (Figure 1A).
Rural areas had the highest occurrence of snake-
bites (79.92%; Figure 1B). The accidents were
mainly caused by Bothrops spp. (69.19%) and
Crotalus (14.32%; Figure 1C, left). LPHS snakes
accounted for 15.90% of the accidents, mainly
caused by the genera Thamnodynastes (40.6%),
Dipsas (16.4%), and Philodryas (8.9%; Figure 1C,
right).

Figure 1 - Distribution of snakebite accidents by: (A) months and seasons; (B) area of occurrence;

(C) snake genera.
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Source: the authors.
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The total incidence ranged between 5.7
and 7.9 cases per 100000 individuals. For PHS
snakes, Joinpoint regression showed two points
of change in the line, with statistical significance
occurring between 2017 and 2021, showing a de-
crease of 7.74% (Figure 2A). Guaraquecaba, the
easternmost municipality in the state of Parana,
had the highest incidence (138 cases; Figure 2B).

The identification of clusters in the PHS group was
observed (Moran’s Global Index: 0.32; Z-score:
11.13; p<0.0001), with 32 municipalities identified
as critical points with a CI of 99%, as well as 20
and 12 municipalities with CI of 95% and 90%,
respectively. In the cold spots, nine municipalities
were identified with a 95% CI and 33 with a 90%
CI (Figure 2C).

Figure 2 - Analysis of incidence in PHS snakes and LPHS snakes. (A) Temporal behavior of incidence;
(B) Distribution of municipal incidences; (C) Distribution of hot spots and cold spots of
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For LPHS snakes, there was a trend of a
6% increase in the incidence from 2010 to 2021
(Figure 2A). The municipality of Marquinho had
the highest incidence in this group (14 cases; Fig-
ure 2B). The identification of clusters was also
observed in the LPHS group (Moran’s Global In-
dex: 0.13; Z-score: 4.40; p<0.0001), with 16 mu-
nicipalities as hot spots with 99% CI, as well as 10
and nine municipalities with 95% and 90% Cls,

respectively. In the cold spots, four municipalities
were identified with 95% CI and 11 with 90% CI
(Figure 2C).

Sociodemographic and clinical profiles
of snakebite victims

The frequency of snakebite accidents was
higher among males (76.2%) and people aged 16—
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45 years-old (48.2%; Table 1). The most affected (18.1%). Most of the accidents involved literate
ethnicities were white (76.7%) and mixed-race individuals (96.9%).

Table 1 - Sociodemographic characteristics of snakebite accidents that occurred between 2010 and 2021.

Variables (valid n) Frequency
n (%)
Sex (9362)
Male 7134 (76.2)
Female 2228 (23.8)
Pregnant (2228)
Yes 40 (1.8)
No 2188 (98.2)
Age group (in years; 9343)
0-15 1381 (14.8)
1645 4507 (48.2)
46-65 2782 (29.8)
>65 673 (7.2)
Ethnicity (9036)
White 6927 (76.7)
Black 273 (3.0)
Mixed-race 1639 (18.1)
Indigenous 145 (1.6)
Asian 52 (0.6)
Education (7070)
Illiterate 219 (3.1)
Literate 6851 (96.9)
Occupation (6490)
Rural 3042 (46.9)
Non-rural 3448 (53.1)
Work-related accident (8895)
Yes 2519 (28.3)
No 6376 (71.7)
Formal occupation (2519)
Rural worker 1502 (59.6)
Civil construction 74 (2.9)
Fisherman 17 (0.7)
Others 356 (14.1)
Unknown 570 (22.6)

Source: the authors.
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In general, 1000 cases (10.9%) were classi-
fied as severe, of which 799 were caused by Both-
rops, 177 by Crotalus, 21 by Micrurus spp., and
three were caused by LPHS snakes (Table 2). Most
of the victims recovered (99.6%), although 34
deaths were recorded, all of which were caused by

Bothrops (22 cases, 64.7%; lethality within genus,
0.34%) and Crotalus (12 cases, 35.3%; lethality
within genus, 0.90%). The lower limbs were the
most affected body parts (70.5%). Most victims re-
ceived medical attention within 6 h of being bitten
(91.4%).

Table 2 - Clinical features and treatment of snakebite accidents occurred between 2010 and 2021.

PHS snakes LPHS snakes

Variable Valid n Bothrops Crotalus Micrurus

or n (%) n (%) n (%) n (%) n (%)
Case classification 9136 6327 (69.2) 1296 (14.2) 52 (0.6) 1461 (16.0)
Mild 4941 (54.1) 2869 (45.4) 657 (50.7) 26 (50.0) 1389 (95.1)
Moderate 3195 (35.0) 2659 (42.0) 462 (35.6) 5(9.6) 69 (4.7)
Severe 1000 (10.9) 799 (12.6) 177 (13.7) 21 (40.4) 3(0.2)
Outcome 8718 6007 (68.9) 1227 (14.1) 49 (0.5) 1435 (16.5)
Recovered 8684 (99.6) 5985 (99.6) 1215 (99.0) 49 (100) 1435 (100)
Death 34(0.4) 22 (0.4) 12 (1.0) 0(0) 0(0)
Bite site 9330 6454 (69.2) 1339 (14.3) 52 (0.6) 1485 (15.9)
Upper limbs 2565 (27.5) 1718 (26.6) 367 (27.4) 25 (48.1) 455 (30.6)
Lower limbs 6576 (70.5) 4616 (71.5) 950 (71.0) 24 (46.1) 986 (66.4)
Other sites 189 (2.0) 120 (1.9) 22 (1.6) 3(5.8) 44 (3.0)
Time elapsed until
treatment 9083 6279 (69.1) 1299 (14.3) 53 (0.6) 1452 (16.0)
<6 h 8301 (91.4) 5766 (91.8) 1164 (89.6) 47 (88.7) 1324 (91.2)
>6h 782 (8.6) 513 (8.2) 135 (10.4) 6 (11.3) 128 (8.8)
Local manifestations 8583 6202 (72.3) 1195 (13.9) 40 (0.5) 1146 (13.3)
Pain 8138 (94.8) 5959 (96.1) 1118 (93.4) 34 (85.0) 1027 (89.6)
Edema 6457 (75.2) 5134 (82.8) 795 (66.4) 21 (52.5) 507 (44.2)
Ecchymosis 1650 (19.2) 1477 (23.8) 113 (9.4) 4 (10.0) 56 (4.9)
Necrosis 219 (2.6) 200 (3.2) 12 (0.9) 1(2.5) 6 (0.5)

Continues
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Continuation

Systemic manifestations 1480 869 (58.7) 517 (34.9) 23 (1.6) 71 (4.8)
Neuroparalytic 663 (44.8) 223 (25.7) 409 (79.1) 11 (47.8) 20 (28.2)
Vagal 430 (29.0) 278 (32.0) 118 (22.8) 9(39.1) 25(35.2)
Myolytic 316 (21.3) 169 (19.5) 146 (28.2) 0(0) 1(1.4)
Renal 157 (10.6) 101 (11.6) 53 (10.3) 1(4.3) 2(2.8)
Clotting time 8810 6124 (69.5) 1239 (14.1) 47 (0.5) 1400 (15.9)
Normal 2571 (29.2) 1819 (29.7) 401 (32.4) 16 (34.0) 335(23.9)
Abnormal 1525 (17.3) 1239 (20.2) 246 (19.8) 7 (14.9) 33(2.4)
Not performed 4714 (53.5) 3066 (50.1) 592 (47.8) 24 (51.1) 1032 (73.7)
Local complications 306 270 (88.2) 23 (7.5) 0(0) 13 (4.3)
Secondary infections 172 (56.2) 148 (54.8) 12 (52.2) 0(0) 12 (92.3)
Extensive necrosis 84 (27.4) 80 (29.6) 2(8.7) 0(0) 2(15.4)
Compart. syndrome 12 (3.9) 12 (4.4) 0(0) 0(0) 0(0)
Functional deficit 62 (20.2) 52 (19.3) 9(39.1) 0(0) 1(7.7)
Amputation 8(2.6) 7 (2.6) 1(4.3) 0(0) 0(0)
Systemic complications 142 88 (62.0) 49 (34.5) 2(1.4) 3(2.1)
AKI® 104 (73.2) 59 (67.0) 43 (87.8) 0(0) 2 (66.7)
Respiratory failure 45 (31.6) 26 (29.5) 16 (32.6) 2 (100) 1(33.3)
Septicemia 8(5.6) 5(5.7) 3(6.1) 0(0) 0(0)
Shock 27 (19.0) 21 (23.9) 6(12.2) 0(0) 0(0)
Serotherapy 9146 6341 (69.3) 1290 (14.1) 51 (0.6) 1464 (16.0)
Yes 6656 (72.8) 5568 (87.8) 1024 (79.4)  28(54.9) 36 (2.5)
No 2490 (27.2) 773 (12.2) 266 (20.6) 23 (45.1) 1428 (97.5)
Serums 6481 5487 (84.7) 936 (14,4) 27(0.4) 31 (0.5)
SABr® 5482 (84.6) 5395 (98.3) 56 (6.0) 3(11.1) 28 (90.3)
SACr® 868 (13.4) 47(0.9) 818 (87.4) 1(3.7) 2 (6.5)
SABL®@ 13(0.2) 11 (0.2) 2(0.2) 0(0) 0(0)
SAEla® 29 (0.4) 5(0.1) 1(0.1) 23 (85.2) 0(0)
SABC® 89 (1.4) 29 (0.5) 59 (6.3) 0(0) 1(3.2)

Caption: (a) AKI: Acute Kidney Injury; (b) SABr: Antibotropic Serum; (¢) SACr: Anticrotalic Serum; (d) SABL:
Antibotropic-laquetic Serum; (e) SAEla: Antielapid Serum; (f) SABC: Antibotropic-crotalic Serum. PHS: public
health significance; LPHS: low public health significance.

Source: the authors.
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Accidents involving PHS snakes caused lo-
cal manifestations, including pain (5959; 96.1%)
and edema (5134; 82.8%), which predominantly
occurred in accidents involving Bothrops spp.
Most local complications occurred in victims of
Bothrops spp. accidents and consisted of second-
ary infections (148; 54.8%), extensive necrosis
(80; 29.6%), compartmental syndrome (12; 4.4%),
functional deficits (52; 19.3%), and amputation (7,
2.6%). Neuroparalytic symptoms such as eyelid
drooping and visual disturbances were the most
frequent systemic manifestations, primarily ob-
served in victims of Crotalus bites (409; 79.1%).
Acute kidney injury (AKI; 104; 73.2%) and res-
piratory failure (45; 31.6%) were the predominant
systemic complications. AKI (43; 87.8%) was the
main systemic complication recorded in Crotalus
bites.

In accidents involving Bothrops spp., 98.3%
of the victims were adequately treated with anti-
botropic serum (SABr); however, there were also
cases where anticrotalic serum (SACr; 47; 0.9%)
and antielapid serum (SAEla; 5; 0.1%) antivenoms
were used. For Crotalus envenomation, 87.4% of
the victims received SACr; however, SABr (6.0%),
antibotropic-laquetic serum (SABL; 0.2%), and
SAEla (0.1%) antivenoms were also administered
in some cases. Among Micrurus spp. accidents,
most cases (85.2%) were treated with SAELa, al-
though a small percentage received SABr (11.1%)
or SACr (3.7%).

For LPHS, the most common local mani-
festations were pain and edema, reported in 1027
(89.6%) and 507 (44.2%) cases, respectively (Ta-
ble 2). The most frequent systemic manifesta-
tions included neuroparalytic and vagal symptoms
(vomiting and diarrhea), which were observed in 20
(28.2%) and 25 cases (35.2%), respectively. In 33
accidents (2.4%), coagulation tests revealed abnor-
malities. The most frequent local complication was
secondary infection (12 cases; 92.3%), whereas
systemic complications occurred in only three cases
(2.1%), comprising two cases of AKI (66.7%) and

one case of respiratory failure (33.3%). The SABT,
SACr, or antibotropic-crotalic serum (SABC) an-
tivenoms were used to treat 36 patients (2.5%).

Factors related to clinical outcomes

Age, educational level, time to treatment,
and snake identity were selected for logistic regres-
sion analysis to study the factors associated with
clinical outcomes such as death, local complica-
tions, and systemic complications. Owing to miss-
ing data in some cases, setting the OR was not pos-
sible; however, we performed Fisher’s exact test to
assess significant associations. The results of our
univariate analysis are presented in Table 3.

The odds of death were higher for those aged
>65 years (p<0.001, OR=5.5, 95% CI=2.6-11.5),
were illiterate (p=0.005, OR=5.9, 95% CI=1.7—
20.4), who had access to treatment >6 h (p=0.002,
OR=3.6, 95% CI=1.6-8.0), had local complications
(p<0.001, OR=15.8, 95% CI=7.4-33.2), and had
systemic complications (p<0.001). Access to treat-
ment >6 h also had higher associated odds of be-
ing associated with local complications (p<0.001,
OR=2.4, 95% CI=1.8-3.2). Furthermore, the odds
of developing systemic complications were higher
in those aged >65 years (p<0.026, OR=1.8, 95%
CI=1.1-3.0), who had access to treatment >6 h
(p<0.001, OR=3.0, 95% CI=1.9-4.5), and were bit-
ten by Crotalus snakes (vs Bothrops spp.; p<0.001,
OR=2.8, 95% CI=1.9-3.9). The data are shown in
Table 3, on the next page.
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Table 3 - Factors associated with outcomes of death, local complication, and systemic complication in snakebite accidents occurred in the state of Parana

between 2010 and 2021.
Death Local complications Systemic complications
Variable Yes No Log Reg® OR (95% CI) Yes No Log Reg® OR (95% CI) Yes No Log Reg® OR (95% CI)
n (%) n (%) p-value n (%) n (%) p-value n (%) n (%) p-value
Age® <0.001 5.5(2.6-11.5) 0.843 0.96 (0.61-1.5) 0.026 1.8 (1.1-3.0)
<65 years 24 (0.3)  8,055(99.7) 285 (3.5) 7923 (96.5) 125 (1.5) 8003 (98.5)
>65 years 10 (1.6) 612 (98.4) 21 (3.3) 611(96.7) 17 (2.7) 608 (97.3)
Education® 0.005 5.9 (1.7-20.4) 0.347 1.4 (0.70-2.7) 0.616 0.70 (0.20-2.90)
Tlliterate 3(1.4) 206 (99.6) 9(4.3) 199 (95.7) 2(1.0) 207 (99.0)
Literate 16 (0.3) 6467 (99.7) 207 (3.2) 6348 (96.8) 89 (1.4) 6423 (98.4)
Time elapsed®© 0.002 3.6 (1.6-8.0) <0.001 2.4 (1.8-3.2) <0.001 3.0 (1.9-4.5)
<6h 24 (0.3) 7744 (99.7) 247 (3.1) 7633 (96.9) 104 (1.3) 7711 (98.7)
>6h 8(1.1) 717 (98.9) 53(7.2) 686(92.8) 28 (3.9) 698 (96.1)
Snake*: ® <0.001
Bothrops spp 22 (0.4) 5985 (99.6) 270 (4.4) 5835 (95.6) 88 (1.5) 5952 (98.5)
Crotalus 12(1.0) 1215 (99.0) 23(1.8) 1240 (98.2) 49(3.9) 1197 (96.1)  <0.001 2.8(1.9-3.9)
Micrurus spp 0 (0) 49 (100) 0 (0) 51 (100) 2 (3.3) 50 (96.2) 0.172 2.7 (0.6-11.3)
Non-venomous 1435 (100) 0 (0) 13 (0.9) 1424 (99.1) 3(0.2) 1427(99.8) <0.001 0.14 (0.05-0.5)
Local
T o) <0.001  15.8(7.4-33.2)
Yes 11(3.9) 269 (96.1)
No 21(0.3)  8135(99.7)
Systemic
complications® <0.001
Yes 26 (20.0) 104 (80.0)
No 6(0.1) 8250 (99.9)

Caption: (a) Age: >65 years compared to <65 years; (b) Education: illiterate compared to literate; (c) Time elapsed: >6 hours compared to <6 hours; (d, e) Local and systemic
complications: yes, compared to no; (f) Logistic Regression Model; *Fisher exact test, p<0.05; (g) Snake: compared to genus Bothrops.

Source: the authors.
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Discussion

This study explored the fundamental as-
pects of the epidemiology of snakebites in Parana,
Brazil. Most accidents were caused by Bothrops
snakes, followed by Crotalus and Micrurus, and
were more common among rural workers aged
16-45 years. A correlation between illiteracy and
mortality was also observed. Additionally, a higher
incidence of snakebites caused by LPHS snakes
was found in Parana compared to other Brazilian
regions such as Amazonas, Rio Grande do Norte,
and Mato Grosso do Sul.!"2% The lethality rate of
0.33% observed in this study was similar to that of
previous reports; notably, snakebites accounted for
the second-highest number of deaths and lethality
in Parana compared to other venomous animal ac-
cidents.®) A significant drop in accidents was ob-
served from 2017 onward, which was even more
pronounced between 2020 and 2021. Although the
causes of this decline were not investigated in this
study, it is likely related to the coronavirus disease
2019 (COVID-19) pandemic, during which there
was fewer people circulating.

Delays in treatment (>6 hours) allow ven-
om toxins to intensify local and systemic effects,
thereby compromising antivenom efficacy. De-
lays were identified as an independent risk factor
for poor outcomes in the present analysis, which
is consistent with other studies.???* Similarly, ad-
vanced age (>65 years) increases susceptibility to
venom-related effects. Older individuals can be
more vulnerable to venom-related effects due to
several factors, such as a generally weakened im-
mune system, the presence of comorbidities such
as diabetes or hypertension, and a slower rate of
metabolic detoxification. Additionally, age-related
physiological changes can affect how the body re-
sponds to and recovers from envenomation.®-2"

The identification of accidents caused by
LPHS relies heavily on direct evidence. Along
with laboratory tests, bite marks and abrasions are
crucial for accurate diagnosis, otherwise, they can
be mistaken for venomous snakebites, leading to

improper use of antivenom.® Moreover, the liter-
ature on envenomation and systemic effects caused
by LPHS accidents is limited.®-*% Despite their
known aggression, Philodryas spp. were involved
in relatively few cases in this study, with one case
of AKI in a 10-year-old child. Conversely, acci-
dents with the non-aggressive Dipsas spp. had a
high incidence (16.43%). Helicops, once thought
prominent, accounted for 6.34% of cases. These
discrepancies highlight the need to investigate
ecological changes, behavioral adaptations, and
environmental influences affecting LPHS snake
envenomation incidents.

Among the identified incidence hot spots,
Guaraquecaba had the highest incidence involving
PHS snakes. It is one of the most significant con-
tinuous remnants of the Atlantic rainforest on the
coastal plain near the Serra do Mar, with 98% of its
2,011,357 km? area comprising conservation units
and a population density of 3.69 inhabitants/km?.
LPHS snake accidents occurred most frequently in
Marquinho, which has an area of 503,585 km? and
a population density of 8.95 inhabitants/km?, and is
located on the Third Plateau of Parana with mixed
ombrophilous forests and grasslands.® While this
study successfully highlights critical areas with
a high incidence of snakebites, future research
should aim to elucidate the specific socioeconomic
and environmental determinants that contribute to
these hot spots, such as temperature, rainfall, hu-
midity, vegetation loss, urbanization level, income
per capita, and type of agricultural activity.©® 3133

This study had some noteworthy limita-
tions. Incorrect data entry may occur, including all
the variables analyzed in this work. Furthermore,
SINAN is limited to record the occurrence or ab-
sence of complications and is unable to define their
severity. Despite these limitations, by highlighting
the associations between snake species, character-
istics seen in victims, and clinical manifestations,
our findings contribute to a broader understand-
ing of envenomation patterns. These findings also
provide a basis for further studies that improve the
understanding of the reality of snakebite accidents
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in Parana and can serve as a source of data for tar-
geted preventive measures and improved clinical
management.

Conclusion

In Parana, the majority of snakebite acci-
dents occurred during the warmer seasons. Snakes
of the Bothrops genus were the main cause of ac-
cidents in the state. The Croftalus genus caused a
higher proportion of systemic manifestations, a
higher mortality rate, and a higher risk of devel-
oping systemic complications compared to that by
Bothrops. Among the LPHS snakes, Thamnodyn-
astes was the most significant genus of snake that
caused accidents. One case of a child treated 24 h
after an accident involving Pseudablabes patago-
niensis resulted in AKI. These data reinforce the
notion that LPHS snakebite accidents cannot be
considered a minor problem in the overall context
of snakebites.

This study highlights a critical public health
problem that affects Parana. The State Venomous
and Venomous Animal Surveillance Program can
be expanded and improved through education,
with prevention strategies, highlighting the impor-
tance of using protective equipment, such as boots,
leg protectors and gloves, especially for the most
vulnerable populations, such as those who live
and work in rural areas. Furthermore, the program
could offer this equipment to the population.
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