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RESUMO

Introducéo: anualmente no Brasil ocorrem aproximadamente 28.000 envenenamentos por
serpentes, 0 género Bothrops é responsavel por 90% dos envenenamentos notificados, sendo
a espécie Bothrops atrox a principal envolvida nos acidentes. O acidente ofidico representa
um grande problema de salde, sobretudo para as populag¢fes das areas rurais e nas florestas
da Amazonia brasileira. Objetivo: descrever os aspectos clinicos, epidemioldgicos,
laboratoriais e métodos de diagndstico dos envenenamentos botropicos e sua relagdo com o
tamanho das serpentes na regido do Alto Jurud, Oeste da Amazonia Brasileira. Material e
Métodos: foram coletados dados de prontuérios clinicos, identificacdo das serpentes e
entrevistas com vitimas de acidentes ofidicos admitidas no Hospital Regional do Jurua em
Cruzeiro do Sul (Acre). Foram comparadas as variaveis sexo, area de ocorréncia, tipo de
ambiente, periodo do dia, sazonalidade, regido anatdmica da picada, altura da picada,
presenca de duas puncturas, distancia entre as puncturas, antigenemia, sinais, sintomas e
complicacdes locais e sistémicas apresentadas pelo paciente, exames laboratoriais (tempo de
coagulacdo Lee-White, teste de coagulacdo sanguinea em 20 minutos, leucdécitos, plaquetas
e niveis de creatinina), gravidade, nimero de ampolas de soro antiofidico, tempo entre o
acidente e o atendimento e tempo de internacdo com o tamanho das serpentes. Resultados:
nos resultados obtidos foram identificados 92 acidentes causados por Bothrops atrox, 53,3%
dos casos por serpentes pequenas, durante a estacdo chuvosa, a maior parte dos casos foi
classificado como leve (52,2%), causados principalmente por serpentes pequenas e 0S
acidentes graves foram atribuidos a espécimes grandes. A antigenemia positiva e a marca de
duas puncturas na pele foi mais evidente em cobras de grande porte. O método WBCT20 se
mostrou uma importante ferramenta para auxiliar no diagnostico rapido do envenenamento
botropico. Concluséo: a gravidade do envenenamento e a distancia entre as puncturas estao
correlacionados ao tamanho da serpente, essas informacdes sdo imprescindiveis para que o
profissional de saude possa determinar a gravidade do acidente e o prognostico da vitima. O
teste de coagulacdo WBCT20 também se mostrou eficaz e pratico na deteccdo de
coagulopatia e pode ser uma ferramenta promissora no diagnéstico de envenenamentos em
locais isolados.

Palavras-chave: Acidentes ofidicos, Alto Jurua, Serpentes.



ABSTRACT

Introduction: annually in Brazil there are approximately 28,000 poisonings by snakes, the
Bothrops genus is responsible for 90% of the reported poisonings, with the Bothrops atrox
species being the main one involved in accidents. The snakebite accident represents a major
health problem, especially for people in rural areas and in the forests of the Brazilian
Amazon. Obijective: to describe the clinical, epidemiological, laboratory and diagnostic
methods of botropic poisonings and their relationship with the size of the snakes in the Alto
Jurud region, western Brazilian Amazon. Material and Methods: data were collected from
medical records, identification of snakes and interviews with victims of snakebites admitted
to the Regional Hospital of Jurua in Cruzeiro do Sul (Acre). The variables sex, area of
occurrence, type of environment, time of day, seasonality, anatomical region of the bite,
height of the bite, presence of two punctures, distance between the punctures, antigenemia,
signs, symptoms and local and systemic complications were compared. by the patient,
laboratory tests (Lee-White clotting time, 20-minute blood clotting test, leukocytes, platelets
and creatinine levels), severity, number of ampoules of antiophidic serum, time between
accident and service and length of hospital stay with the size of the snakes. Results: in the
results obtained 92 accidents caused by Bothrops atrox were identified, 53.3% of the cases
by small snakes, during the rainy season, most of the cases were classified as mild (52.2%),
caused mainly by small snakes and serious accidents were attributed to large specimens. The
positive antigenemia and the two puncture marks on the skin were more evident in large
snakes. The WBCT20 method proved to be an important tool to assist in the rapid diagnosis
of botropic poisoning. Conclusion: the envenomation severity and the distance between the
punctures are correlated to the size of the snake, this information is essential for the health
professional to determine the severity of the accident and the victim's prognosis. The
WBCT20 coagulation test also proved to be effective and practical in detecting
coagulopathies and can be a promising tool in the diagnosis of poisonings in isolated
locations.

Keywords: Snakebites, Alto Jurua, Snakes.
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1. APRESENTACAO

A dissertacdo apresentada a seguir, intitulada “Envenenamento botropico no Oeste
da Amazonia Brasileira: diagnostico e aspectos clinico-epidemiologicos” esta organizada
nos topicos: Introdugdo, Objetivos, Capitulo I, Capitulo Il, Conclusdo Geral, Referéncias

Bibliogréficas e Anexos.

Os capitulos | € um artigo original intitulado “Relacéo entre o tamanho da serpente
com os aspectos clinicos, epidemiolégicos e laboratoriais dos acidentes por Bothrops atrox

no Oeste da Amazonia Brasileira”; publicado na Revista Toxicon.

O capitulo II, é uma comunicacdo breve que tem por titulo “Eficacia do teste de
coagulacgdo sanguinea em 20 minutos (WBCT20) na confirmacéo de envenenamento ofidico
em um hospital no oeste da Amazoénia Brasileira”, o qual foi submetido a Revista da

Sociedade Brasileira de Medicina Tropical.

Posteriormente, é apresentada uma conclusdo geral sobre a pesquisa abordando os
principais resultados de cada capitulo. Por fim, sdo apresentadas as referéncias utilizadas no

trabalho, seguida dos anexos.
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2. INTRODUCAO

Acidentes ofidicos encontram-se na lista de doenca tropical negligenciada pela
Organizacdo Mundial de Saude, especialmente em paises emergentes (CHIPPAUX, 2017).
Em algumas regides do mundo como a Africa, Asia, Oceania, América Central e América
Latina sdo considerados um grave problema de saude publica por conta da taxa de morbidade
e mortalidade (GUTIERREZ, 2014). Estimativas apontam que entre 1,8 a 2,7 milhdes de
pessoas sao acometidas por envenenamentos por serpentes a cada ano no planeta e destas
81.410 a 137.880 evoluem para o 6bito (GUTIERREZ et al., 2017; WILLIAMS et al., 2019).

Anualmente no Brasil ocorrem aproximadamente 28.000 envenenamentos por
serpentes e em média 125 6bitos (BERNARDE, 2014; MOTA-DA-SILVA et al., 2020). Em
todo o pais sdo conhecidas 406 espécies de serpentes, das quais 67 sdo consideradas
peconhentas, pertencendo as familias Elapidae (géneros Micrurus e Leptomicrurus) e
Viperidae (géneros Bothrocophias, Bothrops, Crotalus e Lachesis) (COSTA; BERNILS
2018; BERNARDE et al., 2018). A regido Amazodnica apresenta a maior incidéncia do pais
com 46,51 casos por 100.000 habitantes (MAGALHAES et al., 2018).

O género Bothrops é responsavel por 90% dos envenenamentos notificados no Brasil
(BERNARDE, 2014; BERTOLOZZI et al., 2015). Dentro do género, a serpente Bothrops
atrox é a principal causadora de acidentes por conta da sua abundancia na Amazonia,
comparada com as demais espécies peconhentas, devido sua caracteristica generalista quanto
a alimentacdo e habitat, sendo facilmente encontrada em diversos ambientes principalmente
0s espécimes pequenos (OLIVEIRA; MARTINS, 2001; PARDAL et al., 2004; TURCI et
al., 2009; BISNETO; KAEFER, 2019).

Os acidentes por serpentes sdo problemas de saude enfrentados principalmente por
moradores de florestas e indigenas e representam riscos ocupacionais para trabalhadores que
atuam nas atividades de caga, pesca e extrativismo (BERNARDE; GOMES, 2012)
especialmente no extrativismo de frutos de palmeiras (MOTA-DA-SILVA et al., 2019a). O
ofidismo é um agravo de satde comum para as populac@es das areas rurais e nas florestas
da Amazonia brasileira, pois muitos casos ocorrem em lugares isolados e distantes (PIERINI
et al., 1996; WALDEZ; VOGT, 2009; MOTA-DA-SILVA et al., 2019b; MOTA-DA-

SILVA etal., 2020). A letalidade dos casos esta diretamente ligada ao atraso no atendimento
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meédico, que é favorecido pela distancia entre as unidades de salde e as areas rurais onde
ocorre predominancia dos acidentes (TAVARES et al., 2017).

A gravidade do acidente ofidico esta diretamente ligada a regido anatdmica atingida,
peso, idade do paciente, o tempo entre o acidente e a soroterapia, a qualidade da assisténcia,
além de fatores relacionados a serpente (comprimento e idade) (FRANCA; MALAQUE,
2009; ROODT et al., 2016). Estudos apontam que 0s espécimes de serpentes maiores Sao
responsaveis por envenenamentos mais graves (CORBIT; HAYES, 2016; HAYES et al.,
2017).

Anteriormente, acreditava-se que serpentes mais jovens fossem mais perigosas, por
ndo dosarem a quantidade de veneno inoculada no momento do acidente (HAYES, 1991),
mas pesquisas com cascavéis (e.g. HAYES et al., 2017) provaram que serpentes maiores
apresentaram envenenamento mais severo e tempo de internacdo prolongado da vitima
(JANES et al., 2010). Em um estudo com Bothrops moojeni, foi observado que serpentes
grandes promovem sintomas locais a nivel tecidual (edema, necrose e infeccdo secundaria),
causando acidentes mais graves, provavelmente por injetarem quantidade de veneno mais
elevadas e com maior atividade proteolitica (KOUYOUMDJIAN; POLIZELLI, 1989).

E importante salientar que a diferenca na dieta pode influenciar na toxicidade do
veneno. Serpentes juvenis de B. jararacucu, tem o habito de alimentar-se
predominantemente de presas ectotérmicas como anfibios, ja espécimes grandes preferem
mamiferos de tamanhos variados (MARTINS et al., 2002). Alguns estudos mostram que B.
atrox, possui uma dieta generalista, consumindo centopeias, anfibios anuros, lagartos e
mamiferos, apresentando uma mudanca ontogenética de presas ectotérmicas para
endotérmicas (MARTINS; OLIVEIRA, 1998; BISNETO; KAEFER, 2019).

Espécimes neonatos e juvenis de B. atrox causam com mais frequéncia coagulopatias
se comparado aos adultos, pois seu veneno possui maior atividade pro-coagulante do veneno
(BERNAL et al., 2019), resultado encontrado também em espécies de B. jararacussu devido

a presenca de metaloproteinases no veneno de juvenis (FREITAS-DE-SOUZA et al., 2020).

Existe uma necessidade de fazer levantamento de dados epidemioldgicos em
comunidades da regido amazonica para diminuir a subnotificacdo dos casos e auxiliar na
criacdo de estratégias para diminuicdo da incidéncia (WALDEZ; VOGT, 2009). A literatura

apresenta uma diversidade de estudos sobre as caracteristicas clinicas e epidemiolégicas dos
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acidentes ofidicos, porém sdo escassos os trabalhos que abordam os aspectos sobre a
serpente responsavel pelo envenenamento (BERNAL et al., 2019). O tamanho da serpente e
outras caracteristicas podem ser informacgfes valiosas na prescricdo médica. Serpentes
adultas apresentam o comprimento do corpo e distancias entre as presas maiores. A presenca
das perfuracdes das presas na pele da vitima pode ser uma informacdo importante para
profissionais de saude, estimarem o tamanho do animal e a gravidade clinica do caso
HAYES et al., 2017).

Além disso, o diagnostico do envenenamento sistémico ainda é um desafio para a
salde publica, em muitos locais. Principalmente localidades rurais, que dificilmente
apresentam estrutura fisica adequada que disponha de laboratorios. Nesses lugares o teste de
coagulacao sanguinea em 20 minutos (WBCT20) poderia ser implantado como um método
simples para auxiliar no diagnéstico do envenenamento sistémico (GAUS et al., 2013).
Apesar de ser recomentado pela Organizacdo Mundial da Satde (WHO, 2010), esse teste
ainda é pouco utilizado como método padrdo nos hospitais para determinar a presenca de
coagulopatia. Porém estudos recentes (GAUS et al., 2013; BENJAMIN et al., 2018;
RAJESWARI; SUNEETHA, 2019; THONGTONYONG; CHINTHAMMITR, 2020)
demonstram que o método possui sensibilidade satisfatéria para detectar a alteragdo da

coagulacao sanguinea em acidentes ofidicos com hemotoxicidade.

Informacdes acerca dos aspectos clinicos e epidemioldgicos dos acidentes ofidicos
sdo imprescindiveis para o desenvolvimento de politicas publicas para redugdo do nimero
de casos, estratégias de promocdo da salde e treinamento dos profissionais de saude.
Conhecer as caracteristicas relacionadas a serpente também € importante para 0 manejo
clinico dos casos. Além de que, 0o uso de um método pratico para diagnostico de

coagulopatias é necessario no atendimento as vitimas em locais isolados.
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4. OBJETIVOS

4.1 OBJETIVO GERAL
o Descrever os aspectos clinicos, epidemioldgicos, laboratoriais e métodos de
diagnostico dos envenenamentos botropicos e sua relagdo com o tamanho das

serpentes na regido do Alto Jurug, Oeste da Amazodnia Brasileira.

4.2 OBJETIVOS ESPECIFICOS
e Comparar 0s aspectos clinicos, epidemioldgicos e laboratoriais dos envenenamentos
com o tamanho das serpentes Bothrops atrox na regido do Alto Jurud, Oeste da

Amazo0nia brasileira.

e Auvaliar a sensibilidade do WBCT20 na confirma¢do do envenenamento ofidico em
um hospital do oeste da Amazoénia Brasileira.
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ARTICLE INFO ABSTRACT
Keywords: In the Brazilian Amazon, snakebites are a significant problem, especially for populations in rural arecas, partic-
Snake bites ularly in forests, where victims are a considerable distance from hospital care. Several factors are associated with
Bothops

the severity of the accident, such as the size and age of the snake. This study aims to compare the clinical,
epidemiological and laboratory aspects of envenomation to the size of Bothrops atrox snakes. Clinical, epide-
miological and laboratory variables were collected from patients bitten by B. afrox and who were admitted to a
hospital in the city of Cruzeiro do Sul (western Brazilian Amazon). When the two punctures of the teeth were
present in the bite sign, the distance between these was measured. When taken to the hospital, the snake was
measured; otherwise, its size was estimated via interviews with patients. In 92 cases, the size of the snake was
estimated, and most of these were caused by small snakes. Bites of small snakes occur mainly on the feet, while
larger specimens reach the legs or higher regions. Small snakes were associated primarily with mild and mod-
erate snakebites, with more presence of hemorrhagic manifestations, while larger snakes were responsible for
severe cases and characterized by local effects (necrosis, edema, flictena, compartment syndrome, and infection)
and patients were treated with a higher amount of antivenom and for a longer period of hospitalization. The
distance of the punctures was related to the size of the snake and the severity of the local envenomation. The
observation of the distance between puncture marks when present, which is correlated with the length of the
specimen, as well as the estimation of the snake size by the patient, may provide more support for the health
professional on the prognosis of envenomation. The use of boots in activities in rural areas and forests could
contribute to a lower rate of cases of snakebites, and health education on preventive measures and first aid for
populations is fundamental.

Envenomation
Brazil

1. Introduction Organization (Chippaux, 2017). In the Brazilian Amazon, ophidism is a
major problem, especially for populations in rural areas, particularly

Snakebites represent a health problem in many regions of the planet, those who work in forests (Pierini et al., 1996; Waldez and Vogt, 2009;
including Latin America (Malaque and Gutiérrez, 2016), are also Mota-da-Silva et al., 2019a). Very often, these populations have to travel
considered a neglected tropical disease by the World Health great distances to reach hospital care, which is usually located in large
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urban centers. In some regions, such as Alto Jurua, a high prevalence of
snakebites was observed in populations of rural areas, such as farmers
and their families and those who work in forests - extractivists, riverine
and indigenous populations (Pierini et al., 1996; Mota-da-Silva et al.,
2019a). Since the state of Amazonas has such a large these conditions, it
also presents one of the largest incidences of snakebite in the world,
which represents a challenge for future investigations, including new
approaches for estimating underreporting, as well as factors related to
severity and disability (Feitosa et al., 2015).

Several aspects are associated with the severity of the snakebite
(France and Malaque, 2009), among which are the factors related to the
snake (length and age), snake species, anatomical region where the bite
occurred, weight and age of the patient, the time elapsed between the
accident and serotherapy, and quality of care (Roodt et al., 2016).
Among individuals of the same species, larger snakes have larger
amounts of venom in their glands (Roodt et al., 2016), therefore there is
a normally a relationship between the size of the snake causing the
envenomation with the severity of the accident (Janes et al., 2010;
Corbitetal., 2016; Hayes et al., 2017). In some species, juveniles present
venom with a different composition from adults, possibly due to onto-
genetic changes in eating habits, competition and predation pressure
(He et al., 2014). This is also the case for some species of Bothrops (e.g.,
B. jararaca, B. jararacussu and B. moojeni) since there differences be-
tween juvenile and adult venoms (Furtado et al., 1991; Andrade et al.,
1996), and is also probably due to ontogenetic changes in diet, which is
characterized by a preference for ectothermic prey (centipedes, am-
phibians and lizards) when young, then later in their development, a
preference for rodents (Sazima, 1992; Oliveira; Martins, 2001). These
differences in venom composition are reflected in the signs and symp-
toms in envenomations, and patients bitten by juveniles more often
present blood incoagulability, and those bitten by adults have a higher
occurrence of necrosis and other complications (Kouyoumdjian and
Polizelli, 1989; Ribeiro and Jorge, 1999; Milini Jr. et al., 1997; Bernal
et al., 2019).

The Bothrops atrox is the most abundant venomous species and main
cause of snakebites in the Amazon (Pardal et al., 2004; Roriz et al., 2018;
Mota-da-Silva et al., 2019a). Several studies show that this snake has a
generalist diet, consuming centipedes, anurans amphibians, lizards and
mammals, presenting an ontogenetic change from ectothermic to
endothermic prey (Martins and Oliveira, 1998; Bisneto and Kaefer,
2019). Ontogenetic changes were also observed in relation to habitat
use, with adults found more frequently on the ground and juveniles on
vegetation at heights up to 1.5 m (Oliveira and Martins, 2001; Turci
et al., 2009), which is probably due to the increased availability of prey
and the pressure of predators.

Differences in venom between juveniles and adults of this species of
snake have already been observed by some authors (Lopez-Lozano et al.,
2002; Saldarriaga et al., 2003; Guercio et al., 2006), notably in snake
populations more to the north in South America (Niinez et al., 2009), but
not so pronounced in the populations of the Brazilian Amazon (Calvete
et al., 2011). These data suggest that envenomations by this species are
also characterized by different symptoms in patients according to the
size of the snake. In fact, patients bitten by the juveniles of B. atrox also
present blood incoagulability more frequently, and those bitten by
adults have a higher occurrence of necrosis and other complications
(Bernal et al., 2019). In Alto Jurua (Acre), the population assigns the
name “jararaca” to juveniles and “surucucu” to adults of this species, and
they are perceived as different species of snakes (Mota-da-Silva et al.,
2019b); they also differentiate the effects of bites between juveniles
(more bleeding) and adults (increased likelihood of necrosis) (Silva
et al., 2020). This study aims to compare the clinical, epidemiological
and laboratory aspects of envenomations to the size of Bothrops atrox
snakes in the region of Alto Jurua, western Brazilian Amazon.
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2. Methods

The data of this study were collected during the period of one year
(July 1st, 2017 to June 30th, 2018) during research conducted by
Mota-da-Silva et al. (2019a; 2020) on epidemiology and clinical aspects
of snakebites at the Jurua Regional Hospital, located in the city of
Cruzeiro do Sul, Acre. The hospital regularly handles cases of snakebites
coming from the Alto Jurua region, which includes municipalities of
Cruzeiro do Sul, Mancio Lima and Rodrigues Alves in the state of Acre
and Guajara in the state of Amazonas (Fig. 1). The region has a total
population of 142,961 inhabitants (IBGE, 2019) and is located in the
western Brazilian Amazon.

The bites that were caused by the snake Bothrops atrox were identi-
fied from clinical diagnosis and epidemiological surveillance of the signs
and symptoms that the patient presented on hospital admission, and
laboratory tests cases were classified as probable cases. When it was
taken to the hospital, or was photographed, the recognition of the same
by either the patient or a companion who has seen the animal, and by
antigenemia, cases were classified as documented cases (see methodol-
ogy for detail on Mota-da-Silva et al., 2019a, 2020).

Immuno-enzymatic assays (ELISA) were used to identify and quan-
tify circulating Bothrops atrox or Lachesis muta venoms in serum samples
according to Pardal et al. (2004) using serum samples from the patients
collected before the antivenom therapy. Venom toxins present in the
samples were collected with Bothrops-Lachesis antivenoms coated on
ELISA plates. Plates were then incubated with a second antibody
generated in rabbits against B. atrox venom or a specific mouse mono-
clonal antibody anti-Lachesis muta venom (Colombini et al., 2001) for
reaction with bound toxins. This step was followed by incubation with
anti-rabbit or anti-mouse 1gG-peroxidase conjugates. Reactions were
revealed by addition of the enzyme substrates (OPD plus H202), and
recorded at 492 nm. Values were calculated using standard curves with
known concentrations of B. atrox or L. muta venoms. The cut-off level
corresponded to the mean plus 2 S.D. values of negative samples ob-
tained from volunteer donors who were accompanying the patients.

The snakes, when taken to the hospital, were identified using the
identification guide by Bernarde et al. (2017) and their size was ob-
tained with the help of a tape measure. When two fang punctures were
present in the bite mark, the distance between them was measured with
the aid of a digital caliper or ruler to verify the correlation with the size
of the snake. The patient’s bite height was measured using a tape
measure. During the interview, the size of the snake was discussed and
was estimated with the use of a tape measure. This methodology has the
limitation that the sizes reported by the interviewees may not reflect the
actual size of the snake, since most of them are based on a posteriori
evaluation rather than actual measurements on each specimen. How-
ever, the sizes of the snakes that were brought to the hospital (small:
60%, medium: 30%, large 10%) was similar to the sizes estimated by the
victims, which creates more confidence in the reliability of the results of
the interviews (Mota-da-Silva et al., 2019a).

The clinical data of the manifestations that the victims presented and
laboratory data (blood count) were obtained from the observation of
patients and medical records. The 20-min blood coagulation test
(WBCT20) and the Lee-White coagulation time (LWCT) were performed
to aid the confirmation of the envenomation. WBCT20 was performed
with blood collected prior to the administration of antivenom. For this
purpose, 2 mL of venous blood was placed in a clean, new and dry glass
test tube, which was left upright and motionless at room temperature for
20 min. The tube was gently tilted to assess the change in blood status:
liquid (not coagulated) or semi-solid (coagulated) (Warrell et al., 1986).
The LWCT was performed by the hospital laboratory by collecting
venous blood, with immediate addition in two tubes of 1 mL, each. The
tubes were placed in a water bath at 37 °C for 5 min. The time was
recorded from the moment when the blood appeared in the syringe.
After 5 min, it was checked to see if there was the formation of the clot
by tilting the tube to 90°. The time of clot formation indicated the time
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Fig. 1. Location of the Alto Jurua region in the western Brazilian Amazon.

of coagulation of whole blood (Lee and White, 1913).

The snakes reported by patients were separated into three groups
according to size: small (up to 50 cm), medium (51 up to 100 cm) and
large (larger than 100 cm), in accordance with Mota-da-Silva et al.
(2019a). Among these three size groups we compared the gender of the
victim, the area of occurrence, type of environment, time of day, sea-
sonality, and anatomical region of the bite, time of bite, the presence of
two punctures, distance between punctures, antigenemia, signs, symp-
toms, and local and systemic complications presented by the patient,
laboratory tests (LWCT, WBCT20, white blood cells, platelets, and
creatinine levels), severity, and length of time between the accident and
the delivery of care, and length of hospital stay. Statistical analysis was
performed using SPSS software version 25.0. First, the
Kolmogorov-Smirnov test was performed (Vieira, 2008) to verify
normality. Pearson’s chi-square test was applied to categorical vari-
ables. Spearman’s correlation was used to evaluate the relationship
between snake size and height of the bite on the body, distance between
punctures and the number of ampoules of antivenom used. Pearson’s
correlation was used to correlate snake size with antigenemia and length
of stay. A significance level of p < 0.05 was adopted for the tests.

This research is part of the project "Venomous snakes and Snakebites
in Cruzeiro do Sul and Region, State of Acre" approved by the Ethics
Committee in Research with Human Beings at the Fundagao de Medicina
Tropical Doutor Heitor Vieira Dourado (Approval N° 2.084.630).

3. Results

In 92 cases of Bothrops atrox snakebite, the patient either saw the
snake or took it to the hospital, and thus made it possible to evaluate the
relationship of size with other variables (Table 1; Figs. 2 and 3). Forty-
nine snakebites (53.3%) were caused by small snakes, 30 (32.6%) by
medium snakes and 13 (14.1%) by large snakes. Only eight specimens of
B. atrox were taken to the hospital. The smallest was 25 cm long and had
6 g of mass, while the largest measured 165 ecm and 1.1 kg.

A total of eighty-seven cases (94.6%) occurred in rural areas and only
five (5.4%) in urban areas. In both areas, most cases were attributed to
small snakes. There was no significant difference between the size of the
snakes and the area of occurrence (Chi-square = 1.715, p = 0.424). In all
types of environments (forests, backyards, swamps, river banks and
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creeks, roads, pasture areas), small snakes predominated.

As for the period of the day, most cases occurred during the daytime
(n = 62, 67.4%) and 30 (32.6%) at night, in both periods there was a
predominance of envenomation by small snakes. There was no signifi-
cant difference between the size of the snake and the period of the day
(Chi-square = 2.696, p = 0.260). Regarding seasonality, 59 (64.1%)
cases occurred in the rainy season (November to April) and 33 (35.9%)
in the dry season (May to October) (Fig. 4). During the rainy period,
there was a greater number of snakebites by smaller snakes, while in the
dry season the medium-sized specimens were mainly involved, pre-
senting a significant difference between the sizes of snakes by the sea-
sons (Chi-square = 6.037, p = 0.049).

Most cases were classified as mild (52.2%), followed by moderate
(35.9%) and severe (12%). The mild and moderate cases were caused
mainly by small snakes and the severe ones were associated with large
snakes. There was a significant difference between the size of the snake
and the severity of the accident (Chi-square = 23.363, p < 0.0001).
Antigenemia was performed in 67 suspected cases and 21 were
confirmed for B. atrox, proportionally the positivity was higher in
envenomations by large snakes (75%). Antigenemia was correlated with
snake size (Spearman = 0.352, p = 0.003). Marks of two punctures were
more evident in snakes of larger sizes (92.3%), while the presence of
only one puncture was greater in small snakes (20.4%). There was a
significant difference between the presence of two puncture marks and
the size of the snakes (Chi-square = 16.118, p = 0.0001). The distance
between punctures was measured in 39 patients and had a positive
correlation with snake size (Pearson = 0.705, p < 0.0001) (Fig. 3).

The anatomical region most affected by small snakes was that of the
feet (85.7%), while large snakes bit more in the legs (84.6%). In relation
to the height of the bites, the snakes of medium and large size reached
higher heights on the body of the victim (X~ = 25.1 cm and X = 24.4
cm, respectively in relation to the small snakes (X~ = 3.5 cm), thus
presenting a significant correlation between the size of the snakes and
the height of the bite (Spearman = 0.369, p = 0.008).

Leukocytosis was present in 44 (59.5%) of the cases and most of
these were observed in envenomations by large snakes (80%). However,
there was no significant difference between the size of the snake and the
presence of leukocytosis (Chi-square = 3.540, p = 0.170). Thrombocy-
topenia was observed in 22 (26.5%) of the victims, most of them with
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Table 1 Table 1 (contimued)
Relationship b‘etween snake size (n = 92) and cl.inicall, epidemiolf)gical' and VARIABLES SMALL MEDIUM LARGE
laboratory variables of Bothrops atrox cnvenomations in the Jurua Regional SNAKES (up  SNAKES SNAKES
Ilospital, in the municipality of Cruzeiro do Sul in the Alto Jurua region. to 50 cm) (51-100 cm) (=100 cm)
VARIABLES SMALL MEDIUM LARGE Hypotension (2) 0 1 (3.3%) 1 (7.7%)
SNAKES (up  SNAKES SNAKES Hypertension (3) 1 (2%) 1 (3.3%) 1 (7.7%)
to 50 cm) (51-100 cm) (=100 cm) Hemorrhagic stroke (1) 1 (2%) 0 0
Number of cases (92) 49 (53.3%) 30 (32.6%) 13 (14.1%) BLOOD COUNT-LEUKOCYTES 38 (77.6%) 26 (86.7%) 10 (76.9%)
Antigenemia (67) - Values ng/ 3BX = 21 (X = 8 (X =664 79 )
il 14.9 ng/nl) 28.3 ng/ml) ng/ml) Leukocytosis - Yes (44) 19 (50%) 17 (65.4%) 8 (80%)
Antigenemia (21) - positive 8 (21.1%) 7 (33.3%) 6 (75%) Leukocytosis - No (30) 19 (50%) 9 (34.6%) 2 (20%)
tests BLOOD COUNT - PLATELETS 45 (91.8%) 27 (90%) 11 (84.6%)
Snake size (92) 49 (20-50 30 (51-100 13 (115-165 (83) ;
X = em: X — 81 . Thrombocytopenia - Yes (22) 11 (24.4%) 5 (18.5%) 6 (54.5%)
355 ) cm,) 13;.7 i) Thrombocytopenia - No (61) 34 (75.6%) 22 (81.5%) 5 (45.5%)
Distance between fang marks 15 (9-30 12 (10-30 12 (20-35 CREATININE (55) 25 (51%) 21 (70%) 9.(69:2%)
(39) s ey AT Creatinine - Normal (49) 22 (88%) 19 (90.5%) 8 (88.9%)
11.8, mm) 20.é mim) 26.9, mm) Creatinine - Abnormal (6) 3 (12%) 2 (9.5%) 1(11.1%)
Presence of two punctures (39) 15 (30.6%) 12 (40%) 12 (92.3%) LNCT(84) 46.05.9%); 27 (90%) 11(84.6%)
Presence of one puncture (19) 10 (20.4%) 8 (26.7%) 1 (7.7%) Normal (15) 9 (19.6%) 6 (22.2%) 0
Ausence of punctures (34) 24 (49%) 10333%) 0 Prolonged (57) 32(69.6%) 17 (63%) 8.(12:7%)
Height of the bite (51) 42(X =35 5(X =251 4(X =244 Unclottable (12) 5 (10.9%) 4 (14.8%) 3 (27.3%)
m) o) ) WBCT20 (74) 41 (83.7%) 24 (80%) 9 (69.2%)
Height of the bite (51) 42 (85.7%) 5 (16.7%) 4(30.8%) Normal (26) 12(29.3%)  11(458%) 3 (33.3%)
AREA OF OCCURRENCE (92) Unclottable (48) 29 (70.7%) 13 (54.2%) 6 (66.7%)
Rural (87) 45 (91.8%) 29 (96.79%) 13 (100%) ANTIVENOM THERAPY (80) 44 (89.8%) 26 (86.7%) 10 (76.9%)
Urban (5) 4(8.2%) 1(3.3%) 0 1-4 ampoules 23 (52.3%) 4 (15.4%) 0
TYPE OF ENVIRONMENT (92) 5-9 ampoules 18 (40.9%) 17 (65.4%) 5 (50%)
River bank/Stream(17) 8 (16.3%) 5 (16.7%) 4 (30.8%) 10 or more ampoules 3 (6.8%) 5 (19.2%) 5(50%)
Weir bank (2) 1(2%) 1(3.3%) 0 TOTAL NUMBER OF 227 (2-14; 187 (3-14; 93 (6-12; X
Flooded forest lake (1) o 1(3.3%) 0 AMPOULES IN ANTIVENOM X = 5.2) X =7.2) =9.3)
Plantation (18) 9 (18.4%) 8 (26.7%) 1.(7.7%) THERARY:
Yard (20) 13 (26.5%) 6 (20%) 1(7.7%) LENGTH OF STAY IN 28 (57.1%) 17 (56.7%) 8 (61.5%)
Grassland (5) 4 (8.2%) 1 (3.3%) 0 HOSPITAL (53)
Home (1) 1(2%) 0 0 Up to 1 day (15) 10 (35.7%) 4 (23.5%) 1 (12.5%)
Highway (6) 5 (10.2%) 1 (3.3%) 0 Up to 1 week (33) 17 (60.7%) 9 (52.9%) 7 (87.5%)
Well (2) 1 (2%) 1 (3.3%) 0 More than 1 week (4) 1 (3.6%) 3 (17.6%) 0
Forest (20) 7 (14.3%) 6 (20%) 7 (53.8%)
PERIOD OF THE YEAR (92) .- v
Rainy season (59) 35 (71.4%) 14 (46.7%) 10 (76.9%) large snakes (54.5%). There was no significant difference between snake
Dry season (33) 14 (28.6%) 16 (53.3%) 3(23.1%) size and thrombocytopenia (Chi-square = 5.422, p = 0.066). Examina-
PERIOD OF THE DAY (92) tion of creatinine level was performed in 55 cases and alteration was
3?;:21?(?0) ;g 8}3&; ;1( ;;%") ;1( 1(244';9;’) observed in only six (10.9%) patients, most involved small snakes
o 2. )
ANATOMICAL REGION (92) (12%). There was no significant difference between snake size and
Foot (62) 42 (85.7%) 19 (63.3%) 1 (7.7%) creatinine level (Chi-square = 0.072, p = 0.964).
Leg (19) 0 8 (26.7%) 11 (84.6%) The LWCT was performed in 84 patients in which 57 (67.9%) were
;';"“':‘ (113 2 - ;(Z';Zf’) ‘]’ - considered prolonged and 12 (14.3%) incoagulable, the latter being
G;I‘\IID}S.R ()92) s ) e more frequent in bites by large snakes (27.3%). There was no significant
Male (76) 41 (83.7%) 24 (80%) 11 (84.6%) difference between snake size and coagulation time change (Chi-square
Female (16) 8 (16.3%) 6 (20%) 2 (15.4%) = 4.161, p = 0.385). Another parameter used was the WBCT20, in this
SEVERITY (92} o N case 74 victims performed the test and in 48 (64.9%) presented
Mild (48) 33 (67.3%) 12 (40%) 3(23.1%) incoagulable blood, showing no significant difference between snake
Moderate (33) 15 (30.6%) 14 (46.7%) 4 (30.8%) . . - .
Serious (11) 1 (2%) 4 (13.3%) 6 (46.2%) size and blood incoagulability (Chi-square = 1.837, p = 0.399).
LOCAL MANIFESTATIONS AND The amount of ampoules used correlated with the size of the snakes
COMPLICATIONS (92) (Spearman = 0.405, p < 0.0001), and the mean number of ampoules
E“‘l(zlz) ding @) '1”(2(8%7) -8%) f"(g”:yz%) :3(7(17‘3;")”’) administered was higher in envenomations with large snakes (X~ = 9.3).
cal bleeding 3.3% 7%, ) » - <
Edema (83) 42 (85.7%) 28 (93.3%) 13 (100%) Although snake size and length of stay in hospital did not correlate
Bruising (6) 4 (8.2%) 2 (6.7%) 0 (Spearman = 0.234, p = 0.092), the mean length of stay was 3.3 days
Blisters (9) 3 (6.1%) 3 (10%) 3(23.1%) and the cases with longer length of stay were attributed to bites by
Erysipelas (1) o 1(3.3%) 0 medium-sized snakes.
Necrosis (2) 0 0 2 (15.4%)
Local infection (9) 2 (4.1%) 4 (13.3%) 3(23.1%) " p
Secondary infection (1) 0 1(3.3%) 0 4. Discussion
Compartment syndrome (1) 0 1 (3.3%) 0
SYSTEMIC MANIFESTATIONS The Bothrops atrox is the most abundant venomous snake in the
AND COMELICATIONS; (32) i o ; Amazon compared to other species, due to its generalist characteristic in
Bleeding (21) 12 (24.5%) 7 (23.3%) 2 (15.4%) I o ) )
Acute Renal Failure (4) 2 (4.1%) 1(3.3%) 1(7.7%) terms of food and habitat (Oliveira and Martins, 2001; Bisneto and
Dyspnea (1) 0 0 1 (7.7%) Kaefer, 2019). This fact is also confirmed for the Alto Jurua region by
Headache (26) 19 (38.8%) 7 (23.3%) 0 Pierini et al. (1996) and Mota-da-Silva et al. (2019a) and other studies
t‘l’“,hy_m“‘(l(;; 0(1“ 5 1;8'3%;) 127'7:”’)) conducted in other regions in this biome (e. g., Pardal et al., 2004;
omitting 6 (12.2% 3(10% 3(23.1% i ; ; ;
Iyiimodononigaly (55 4(8.2%) 1 (3.3%) o Waldez and Vogt, 2009; Roriz et al., 2018). It follows that, due to the

abundance of B. atrox in this biome, there is a higher incidence of
envenomations caused by this species. Small specimens are the main
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Fig. 2. A) Small specimen (29 c¢m) of Bothrops athrox; B) Medium specimen (90 em) of B. atrox; C) large specimen (165 e¢m) of B. atrox; D) Puncture marks (9.9 mm)
caused by small snake (30 em); E) Puncture marks (21.6 mm) caused by medium snake (100 em); F) Puncture marks (29.1 mm) caused by large snake (150 em); G)
Puncture marks (30 mm) caused by large snake (150 em); H) Distance between fangs (10 mm) of a small snake (28 cm); 1) Distance between fangs (30 mm) of a large
snake (165 c¢m); J) Intense edema and puncture marks (3 ecm) in leg of a patient bitten by a large snake (165 ¢m); K) Edema and ecchymosis in patient bitten by a
medium snake (90 em); L) Necrosis in leg of patient bitten by a large snake (150 cm); M) Living small specimen (approximately 30 cm) of B. atrox; N) Living medium
specimen (approximately 70 em) of B. atrox; O) Living large specimen (approximately 120 ¢cm) of B. atrox.

causes of envenomations in the region because they are more abundant
and harder to be seen by people (Mota-da-Silva et al., 2019a). The di-
versity of the environments where the envenomations occurred confirms
the abundance of Bothrops atrox snake, especially small specimens, as
observed by other authors (Oliveira and Martins, 2001; Turci et al.,
2009). According to Silva et al. (2020), the population of Alto Jurua
considers this species as the most feared among those occurring in the
region, due to the high incidence, severity and mortality of cases.

1t is during the rainy period that most of the evenomations occur in
the Amazon (Waldez and Vogt, 2009; Ferreira et al., 2020) and this
follows for the Alto Jurua region (Mota-da-Silva et al., 2019a, 2020). Itis
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associated with factors such as increased activity of snakes and avail-
ability of their prey, period of birth of their offspring and also human
activities in rural areas and forests. During the rainy season the cases
involved mainly small snakes and in the dry season the medium-sized
ones. These data confirm the results of other authors, who indicate
that, in the rainy season, small snakes are more abundant due to the
birth of the offspring, which also coincides with the period of greater
availability of anurans that make up the diet of these animals (Oliveira
and Martins, 2001; Turci et al., 2009; Bisneto and Kaefer, 2019).
Envenomations that are more severe are usually related to larger
snakes (Corbit et al., 2016; Hayes et al., 2017) due mainly to the greater
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ian Amazon).

amount of venom inoculated during the bite. In this study, small snakes
were mainly related to mild and moderate cases, while severe cases were
associated with large snakes. This is due to the lesser amount of venom
present in smaller snakes and, in the case of Bothrops species, the ten-
dency of envenomation when caused by juvenile specimens to cause
more coagulopathy, while adult individuals cause more local effects
(edema, necrosis, flictenas, abscesses) (Kouyoumdjian; Polizelli, 1989;
Ribeiro; Jorge, 1990; Milani et al., 1997; Bernal et al., 2019). Positive
antigenemia was associated mainly with large snakes, probably due to a
greater amount of venom that can be inoculated by larger individuals
(Hayes et al., 2002; Roodt et al., 2016) and thus increases the probability
of detection in the blood. It is because larger snakes inject more venom
that a larger volume of antivenom is required to neutralize it.

The larger snakes were able to leave two, more evidente, puncture
marks compared to those of smaller snakes, probably due to better ef-
ficiency in inflicting the bite (Hayes et al., 2002). As has been previously
observed (Janes et al., 2010; Roodt et al., 2016; Hayes et al., 2017), we
also noted a correlation between the length of the snake and the distance
between the punctures, which can be a predictive factor of the severity
of the accident and help in estimating the size of the snake in small
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(puncture distance between 0.9 and 30 mm; X~ = 1 1.8 mm), medium
(10-30 mm; X~ = 20.8 mm) and large (20-35 mm; X = 26.9 mm). The
presence of punctures can also help the health professional in the
diagnosis of the snakebite, ruling out the possibility of non-venomous
snake bite that usually causes an abrasive injury and thus exempting
the use of antivenom (Nishioka et al., 1995; Mota-da-Silva et al., 2019c).
However, marks of two punctures are not always evident, having been
recorded only in 46% of the cases in the study by Nishioka et al. (1995)
and 42.4% in this study. It should be noted that some non-venomous
snakes may eventually cause puncture marks during the bite (Nishioka
et al., 1995; Mota-da-Silva et al., 2019¢), and it is always necessary for
health professionals to consider clinical and laboratory signs as the
primary form in the diagnosis of a snakebite. Nishioka et al. (1995)
observed only one puncture mark in 36% of cases. In our study, this was
observed in 20.6% of cases, and in this situation it is not possible to
estimate the size of the causative snake.

We observed a significant correlation between the length of the
snake and height of bite, since the snakebites caused by small specimens
occurred mainly to the feet, while the larger snakes, however, mostly to
the legs, the pattern is also seen in the snakebites caused by Bothrops
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jararaca (Ribeiro and Jorge, 1990), and B. moojeni (Kouyoumdjian and
Polizelli, 1989), in the state of Sao Paulo, in the Southeast region of
Brazil. Many victims often do not use personal protective equipment
such as boots when walking or working in the field (Roriz et al., 2018;
Mota-da-Silva et al., 2019a), which increases vulnerability to the
snakebites. The highest height of a bite recorded in this study was 36 cm.
This reinforces the deduction of Waldez and Vogt (2009) that 40 cm high
rubber boots could avoid most of the bites in the lower limbs. Despite
this, specimens of B. atrox larger than 42 cm can pierce the boot and
large individuals (150 cm) can bite above the height of the boot
(Mota-da-Silva et al., 2019a).

In Bothops envenomations, patients bitten by juvenile snakes tend to
develop coagulation changes, while in those bitten by adult specimens,
local effects (necrosis, intense edema and blisters) are more evident
(Kouyoumdjian and Polizelli, 1989; Ribeiro and Jorge, 1990; Milini Jr.
etal., 1997; Bernal et al., 2019). In this study, this trend was confirmed,
and, proportionally, the patients bitten by larger snakes had more pro-
nounced local effects, while hemorrhagic manifestations and ecchy-
mosis were more present in the victims of envenomations by small and
medium snakes. However, there was no significant difference between
the size of snakes and the change in blood clotting time. Although
bleeding is more common in individuals with blood incoagulability on
hospital admission, the occurrence of hemorrhagic phenomena in
Bothrops envenomations even in individuals with normal clotting times
is possible (Oliveira et al., 2018).

The literature presents a large number of studies that characterize
clinical cases of envenomations, however there are few studies that
include the results of laboratory tests (e. g., biochemical parameters of
blood cell count, urea, creatinine) done at the time of admission of the
patient and after antivenom therapy (Roriz et al., 2018), and this study
was limited by the medical decision to perform such exams. Laboratory
tests (leukocytosis, thrombocytopenia and creatinine) showed no sig-
nificant difference between different snake sizes, however, leukocytosis
and thrombocytopenia were more often observed in patients bitten by
large snake specimens. Animal studies have shown evolution of leuko-
cyte flow at the site of envenomations by B. atrox with the gradual in-
crease in the number of leukocytes up to 8 h after the bite (Moreira et al.,
2012). This leukocyte recruitment is related to the endocrine-metabolic
response to trauma (Almeida et al., 2020). The thrombocytopenia
recorded in 26% of patients was higher than that observed in other
studies in the Amazon; in Manaus, Amazonas, it was recorded in 8.7% of
cases (Oliveira et al., 2019) and in Belém, Par4, it was recorded in 12.1%
of the envenomations (Pardal et al., 2004). The creatinine used to
evaluate renal function was detected as being altered in only 10.9% of
the patients, however it is interesting to note that of the 92 victims, only
55 underwent this examination and, as Albuquerque et al. (2019)
explain, acute renal failure may be asymptomatic.

The average length of hospitalization was 3.3 days, higher than that
reported by Moreno et al. (2005) in the Acre state capital, Rio Branco,
which was a maximum of 44.7 h. This data could be used to analyze the
economic impacts of ophidism and its financial burden to the unified
health system (SUS) (Gonzalez-Andrade and Chippaux, 2010). The
hospitalization time of victims of Bothrops envenomations when bitten
by larger snakes is usually longer than for small ones, since manifesta-
tions with abscesses and necrosis usually take longer to treat
(Kouyoumdjian and Polizelli, 1989; Ribeiro and Jorge, 1990). Although
no significant correlation was observed between snake size’s and length
of stay in hospital, the longest time recorded was in the cases of patients
bitten by medium-sized snakes. In Bothrops envenomations, there is a
tendency to use a greater amount of antivenom in patients bitten by
large snakes (Kouyoumdjian and Polizelli, 1989; Ribeiro and Jorge,
1990), which was also observed during this study.

5. Conclusion

Most snakebites by Bothrops atrox are caused by juvenile individuals
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(smaller than 50 cm in length), occur in various types of environments,
and mainly during the rainy season. The bites of small snakes occur
mainly to the feet, while larger specimens reach higher heights such as
the legs, indicating that the use of boots in activities in rural areas could
contribute to lowering incidence of cases of snakebites. Small snakes are
associated mainly with mild and moderate snakebites, with more pres-
ence of hemorrhagic manifestations, while larger snakes are responsible
for severe cases and characterized by local effects (necrosis, edema,
flictena, compartment syndrome and infection). The size of the snake
can be estimated by interviewing the patient and also by observing the
distance between the marks of the punctures when present, which is
correlated with the length of the specimen and thus the health profes-
sional can have more subsidies on the prognosis of envenomation and
the amount of ampoules that will be needed.

Gutieérrez (2014) points out some challenges to reducing mortality
caused by snakebites in Central America that are also faced in Brazil
with regard to the production of sufficient serum and its adequate dis-
tribution according to the areas of greatest vulnerability. It is also
important to improve the knowledge of health professionals in the
identification of distinct symptoms and signs according to the enven-
omation, the proper use of antivenom in terms of type, and quantity of
ampoules. All these aspects can be improved through an annual and
mandatory training policy on the subject in Brazil. Health education on
the use of equipment in certain activities (boots and gloves) and first aid
is also important for the prevention of snakebites and also the reduction
of inappropriate attitudes (e.g., tourniquet, incision, suction).
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Resumo:

Introducdo: Comparou-se a eficacia dos testes de coagulagdo sanguinea total em 20 minutos
(WBCT20) e o de Lee-White (LWCT) no diagndstico do envenenamento ofidico. Métodos:
Avaliou-se 89 casos de ofidismo atendidos no Hospital Regional do Jurud em Cruzeiro do
Sul (Acre). Resultados: O WBCT20 apresentou-se normal em 33.7% e incoagulavel em
66.3% dos pacientes, enquanto que o LWCT foi normal em 23.6% e alterado (prolongado
ou incoagulavel) em 76.4% dos casos, sem diferenca significativa. Conclusées: O WBCT20
é importante no diagnostico rapido do envenenamento ofidico e eficiente e barato para ser
implantado em hospitais de locais isolados da Amazonia.

Keywords: Acidentes ofidicos. Ofidismo. Envenenamento. Envenenamento

botrépico.

Abstract

Introduction: The efficacy of 20-minute whole blood clotting tests (WBCT20) and
Lee-White (LWCT) tests in the diagnosis of snakebite was compared. Methods: We
evaluated 89 cases of snakebite treated at the Hospital Regional do Jurua em Cruzeiro do
Sul, Acre, Brazil. Results: WBCT20 results were normal in 33.7% and unclottable in 66.3%
of cases, while LWCT results were normal in 23.6% and altered (prolonged or unclottable)
in 76.4% of cases, with no significant difference. Conclusions: The WBCT20 is important
in the rapid diagnosis of snakebite, is efficient and inexpensive and can be deployed in

isolated hospitals of the Amazon.

Keywords: Snakebites. Ophidism. Envenomation. Botropic envenomation.

Acidentes ofidicos sdo considerados desafios para o sistema de saude de populagdes
de areas tropicais e subtropicais que apresentam limitagdes relacionadas a falta de recursos
para o manejo clinico dos pacientes®. A Organizagcdo Mundial de Satide e varias instituicoes
indicam o uso do teste de coagulacdo total em 20 minutos (WBCT20) como indicador de
envenenamento sistémico e tratamento precoce do ofidismo®. O aumento do tempo de

coagulacgdo pode confirmar o diagnostico do envenenamento ofidico, pela demonstragédo da
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coagulopatia e consequente efeito sisttmico do envenenamento, e pode avaliar o sucesso da

soroterapia, através do monitoramento do paciente até a reversdo da incoagulabilidade?.

O envenenamento botropico corresponde a maioria dos casos dos acidentes ofidicos
no Brasil e pode promover coagulopatia e causar manifestacdes hemorragicas®#. Essa agéo
decorre da hidroélise do fibrinogénio em fibrina e da atividade pro-coagulante que ativa os

fatores Il e X da coagulacéo, tornando o sangue incoagulavel, respectivamente®.

No Brasil o Ministério da Satde® recomenda o uso do teste de coagulagdo sanguinea
Lee-White (LWCT) para auxilio no diagnostico do envenenamento ofidico e para a
avaliacdo da eficécia do antiveneno. Apesar de ser um teste simples, nem todos 0s hospitais
localizados em regides remotas da Amazonia, apresentam laboratdrios e condicbes para a
realizacdo. Embora o WBCT20 seja indicado no diagnostico do acidente ofidico (e. g. 1), ha
uma necessidade de avaliar sua acuracia comparando com outras alternativas como LWCT?,
Diante disso, este estudo avaliou a sensibilidade do WBCT20 na confirmacdo do

envenenamento ofidico em um hospital do oeste da Amazénia brasileira.

Nesse estudo foram avaliados os casos de acidentes ofidicos atendidos no Hospital
Regional do Jurua (HRJ) no Municipio de Cruzeiro do Sul, Acre, Brasil, no periodo de 1 de
julho de 2017 a 30 de junho de 2018. As informacdes clinicas e epidemioldgicas desse estudo
foram publicadas previamente (ver °). Durante o periodo ocorreram 133 acidentes ofidicos,
sendo que destes, em 99 foram realizados o teste WBCT20 e 113 o de Lee-White (Figura
1). Em 89 pacientes, ambos os testes de coagulacdo sanguinea foram realizados. Todos 0s
acidentes tiveram o envenenamento confirmado a partir do diagndéstico clinico associado a
alteracOes laboratoriais, ELISA para a identificacdo de toxinas botropicas circulantes e/ou
pela identificacdo da serpente quando esta foi levada até o hospital ou fotografada pelo
paciente ou acompanhante (ver detalhes da metodologia em ®7). Este estudo foi aprovado
pelo Comité de Etica em Pesquisa com Seres Humanos da Fundagio de Medicina Tropical

Doutor Heitor Vieira Dourado (nimero do parecer 2.084.630).
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Admissao no hospital

l (133 pacientes)
Trouxe a serpente Diagnostico pelo ELISA Diagnostico
ou fotografia ao (28 pacientes) apenas pelos
hospital sinais e sintomas

(20 pacientes) (113 pacientes)

[ l | I
13 28 105 7 8

Acidentes Nao peconhentas/
botropicos picadas secas
(118 pacientes) B (15 pacientes)
| | l

104 9 87 12
Realizou o LWCT Realizou o WBCT20
(113 pacientes) (99 pacientes)

Realizou os dois testes
(WBCT20 and LWCT)
(89 pacientes)

Figura 1. Fluxograma das etapas de selecdo dos pacientes para o estudo.

Na admissao hospitalar foi realizado o WBCT20, para isso foram coletados dois
mililitros de sangue venoso em um tubo de ensaio de vidro limpo, novo e seco, o qual foi
deixado na vertical e imdvel a temperatura ambiente durante 20 minutos. O teste foi
considerado positivo quando ap6s 0s 20 minutos o sangue estava liquido (ndo coagulado) e
negativo quando estava semi-solido (coagulado)® (Figura 2). O LWCT foi coletado durante
ou apos a soroterapia conforme a rotina do hospital, para este teste foi coletado sangue
venoso e imediatamente adicionado em dois tubos de vidro (13 x 75 mm). Os tubos foram
colocados em banho-maria a 37°C por cinco minutos. O tempo foi cronometrado a partir do
momento da coleta sanguinea. Apds cinco minutos foi verificado se houve a formacédo do
codgulo pelainclinacéo o tubo a 90 graus. O tempo da formacao do codgulo indicou o tempo
de coagulagdo do sangue total®. A analise estatistica foi realizada no software SPSS versio
25.0. Variaveis qualitativas foram submetidas ao teste de Qui-quadrado e a diferenga foi
considerada significativa quando p<0,05.
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Figura 2. A) Resultado de WBCT20 negativo (sangue coagulado); B) Resultado de
WBCT20 positivo (sangue incoagulavel).

Foram analisados os testes de coagulacdo de 89 pacientes vitimas de acidente ofidico,
81 (91%) desses foram acidentes botrdpicos, os demais foram atribuidos a serpentes ndo
venenosas ou picadas secas. O teste de coagulagdo WBCT20 apresentou-se normal em 30
(33.7%) e incoagulavel em 59 (66.3%) pacientes. O LWCT apresentou-se normal em 21
(23.6%) e alterado em 68 (76.4%) casos, dos quais 58 (65.2%) tiveram resultado prolongado
e 10 (11.2%) incoagulédvel (Tabela 1). Os resultados dos testes foram concordantes em 60
(67.4%) pacientes, 11 (12.4%) apresentaram-se normal e 49 (51.1%) alterado em ambos 0s
testes. Nao houve diferenca significativa entre os testes de coagulacdo WBCT20 e LWCT
(Qui-quadrado = 4.311, p = 0.116).

Tabela 1. Relagdo dos acidentes ofidicos de 89 pacientes atendidos no HRJ (Cruzeiro do

Sul, Acre) que realizaram os testes de coagulagdo sanguinea WBCT20 e LWCT.
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WBCT20 LWCT
Variavel Normal Incoagulavel Normal Prolongado Incoagulavel
Tipo de acidente
Botrépico (81) 26 (32.1%) 55 (67.9%) 16 (19.8%) 55 (67.9%) 10 (12.3%)
N&o peconhenta/picada seca (8) 4 (50%) 4 (50%) 5 (62.5) 3 (37.5%) 0
Total (89) 30 (33.7%) 59 (66.3) 21 (23.6%) 58 (65.2%) 10 (11.2%)

O WBCT20 nesse estudo se mostrou um método eficiente para determinar a presenca
de envenenamento sistémico, visto que os resultados foram concordantes com o LWCT em
67.4% dos pacientes. Nosso resultado corrobora com os achados de outros autores (Gaus et
al. 2013; Sano-Martins, et al. 1994)12, no qual o WBCT20 foi preditor para a presenca de
alteraces sistémicas dos envenenamentos e auxiliou na indicagéo para a terapia antiveneno
imediata, evitando que pacientes fossem expostos aos efeitos adversos da antibioticoterapia
e soroterapia desnecessaria. Alguns casos de alteracao do tempo de coagulacdo em pacientes
picados por serpentes ndo peconhentas e de picadas secas, se deve provavelmente ao fato de
que algumas serpentes da familia Dipsadidae (e.g., Helicops angulatus) poderem causar esse

tipo de coagulopatia em suas mordidas (Mota-da-Silva et al. 2019b°).

Entre os 59 (66.3%) pacientes com 0 WBCT20 positivo, 49 (55.1%) deles também
apresentaram o LWCT alterado. Nos 10 (11.2%) pacientes com WBCT20 alterado e o teste
LWCT normal (coletado ap0s a soroterapia), possivelmente houve a reversdo da toxicidade
do veneno pelo efeito do antiveneno administrado. Em 19 (21.3%) casos, 0 WBCT20
apresentou-se normal e o segundo teste apresentou alteracdo da coagulacdo sanguinea,
provavelmente a coagulopatia poderia néo ter se estabelecido ainda no momento da coleta
do sangue, principalmente nos casos em que o teste foi coletado entre 30 a 40 minutos apds

0 envenenamento.

Ratnayake et al (2017)!, aponta que para o WBCT20 apresentar uma boa
sensibilidade € primordial 0 uso de um tubo padréo de 5 mL, com a utilizacdo de apenas um
mililitro de sangue. Neste estudo foram utilizados dois mililitros de sangue para o teste, essa
seria uma possivel explicagdo para os casos falsos negativos. Outra razdo que precisa ser
levada em consideracdo seria a leitura do teste aos 20 e 30 minutos que apesar de em alguns
casos a interpretacao ser diferente, um estudo feito em Benin recomenda que a leitura aos 30
minutos, permite a diminuicéo de resultados falsos negativos'?. Nos locais que se propde a

usar o método, o uso de vidros, limpos e novos sdo imprescindiveis, pois recipientes de
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polipropileno e o polietileno prolongam o tempo de coagulagcdo podendo causar uma

interpretacéo erroneal®.

As diferencas nos resultados de alteragdes no tempo de coagulacdo sanguinea entre
0 LWCT (76.4%) quando comparada ao WBCT20 (66.3%) pode ser explicada por que o TC
Lee White foi coletado geralmente apds a administracdo do antiveneno e a coagulabilidade
poderia estar restaurada. Sousa et al. (2018)? observaram que o LWCT apresentou falsos
negativos em seu estudo e isso pode ocorrer em casos de coagulopatia leve, no qual o LWCT
pode apresentar-se normal, mesmo com baixas concentraces de fibrinogénio, além de

outros fatores relacionados ao método utilizado pelos profissionais do hospital.

A distancia que as vitimas de locais isolados percorrem para receber atendimento
médico hospitalar aumenta o tempo do tratamento inicial afetando no prognéstico do
paciente ®. Em muitos casos, 0s pacientes sio provenientes da zona rural de municipios que
ndo possuem hospitais com infraestrutura para realizar testes de coagulacdo mais
sofisticados. Na Tailandia, Wongkrajang et al (2011)** concluiram que o WBCT20 pode ser
promovido como um teste de coagulacdo padrdo em locais com auséncia de outros métodos.
Entretanto, é ressaltado que para essa implementacao é necessario a padronizacgdo do teste

sobre 0 uso de material adequado e o treinamento dos profissionais.

Benjamin et al (2018)!? levanta uma questio que precisa ser melhor investigada,
sobre a ligacdo entre a presenca de edema local e um possivel retorno do envenenamento
apos o edema ser desfeito, nessa teoria compartimentos com veneno ficariam presos no
edema e ap0s a diminui¢do do mesmo a quantidade de veneno na corrente sanguinea poderia
aumentar novamente. Através dessa hipoOtese seria importante a repeticdo do teste de
coagulacdo apds a reducdo do edema para verificar uma possivel recorréncia do
envenenamento e auxiliar nas medidas terapéuticas. Rajeswari e Suneetha (2019)%°
observaram que o0 WBCT20 foi bastante eficaz para administracdo de doses adicionais de
antiveneno e isso contribuiu para uma melhora da funcéo renal dos pacientes, diminuindo as

chances de hemodialise.

O WBCT20 se mostrou uma importante ferramenta para auxiliar no diagnostico
rapido do envenenamento botropico. A auséncia de coagulopatia ndo descarta a
possibilidade de envenenamento, uma vez que nem todos 0s casos de acidentes botropicos

promovem esse distlirbio hemostatico®#, sendo necesséria em ambas as situacdes a avaliagio
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dos sinais e sintomas caracteristicos para o diagnostico. Assim como sugerido por Sousa et
al (2018)* para o LWCT, sugerimos também o cuidado para evitar demora na soroterapia em
casos de resultados falsos negativos ou para uso desnecessario em pacientes falsos positivos.
E fundamental estudos mais aprofundados (e. g., consumo de fibrinogénio) para avaliar
melhor a eficiéncia sensibilidade do WBCT20 do diagnéstico do envenenamento ofidico e

para monitorar a restauracdo da coagulabilidade sanguinea ap0s a soroterapia.

O teste seria um método eficiente e barato para ser implantado em muitos hospitais
em locais isolados da Amazonia brasileira e poderia contribuir para confirmar o
envenenamento ofidico, especialmente em &reas de zona rural que s&o os locais onde mais
ocorrem esses casos e muitos nao dispde de laboratdrios providos de recursos materiais para
realizar testes de coagulacdo. No entanto, é necessaria a padronizacdo do método e

treinamento adequado dos profissionais a fim de evitar interpretagoes erradas.
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7. CONCLUSAO GERAL

Os acidentes por serpentes do género Bothrops constituem a maior quantidade de
acidentes ofidicos na regido, sendo a maioria dos casos reportados para a espécie B. atrox.
Os individuos juvenis foram responsaveis pelo maior ndmero de casos clinicos,
especialmente na estacdo chuvosa. As picadas das serpentes pequenas acometeram
principalmente nos pés, enquanto individuos maiores atingem alturas mais altas. Constatou-
se que o tamanho do espécime influencia na severidade do envenenamento, no qual os casos
mais graves foram associados a serpentes grandes e 0s casos leves e moderados a espécimes

pequenos.

O uso do WBCT20 como método de diagndstico para envenenamento sistémico,
demonstrou que o teste é eficiente e de baixo custo para determinar a presenca de
coagulopatias. Diante da realidade local, compartilhada em muitos lugares da regido
amazonica, que apresentam unidades de saude na zona rural com estrutura fisica, muitas
vezes inadequada, sem a presenca de laboratdrios, a implantacédo do teste poderia contribuir

para confirmar o envenenamento ofidico, especialmente em locais isolados.

Portanto, além de observar os sinais e sintomas dos casos clinicos, as caracteristicas
fisicas, como o comprimento da serpente servem como base para decidir a gravidade do
envenenamento. Na auséncia da informagdo do tamanho do animal, a distancia entre as
puncturas também pode ser uma informacao primordial para que o profissional de salde
correlacione com o comprimento da serpente e a partir dessas informacdes seja possivel
estimar a gravidade do caso e a quantidade de antiveneno para o tratamento. O método de
diagnéstico WBCT20 também pode auxiliar na classificacdo da severidade do caso. Esses
aspectos podem ser incluidos em treinamentos para os profissionais de satde no pais afim
de melhorar as condutas no atendimento dos casos. Além de que, reforca a necessidade de
que a educacdo em salde para a populagdo deve abordar ndo somente a prevengdo e
primeiros socorros, como também a importéncia de observar as caracteristicas do animal e

guando possivel leva-lo ao hospital para ajudar no diagnéstico e na conduta médica.
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