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RESUMO 

 

Introdução: A serpente Bothrops atrox causa a maioria dos acidentes ofídicos na 

Amazônia brasileira. Os acidentes botrópicos caracterizam-se por manifestações 

clínicas locais e sistêmicas, tais como as alterações da coagulação e sangramentos. 

O veneno de B. atrox não faz parte do pool de imunização utilizado na produção do 

antiveneno administrado no tratamento dos acidentes botrópicos. No entanto, a 

variabilidade na composição e atividades biológicas dos venenos de serpentes 

poderia repercutir diretamente na necessidade de antivenenos mais efetivos na 

Amazônia brasileira e na gravidade das manifestações clínicas. Objetivo: Estudar a 

epidemiologia e patogênese dos distúrbios hemostáticos nos acidentes botrópicos. 

Metodologia: 1) Os prontuários de pacientes com diagnóstico clínico-epidemiológico 

de acidente botrópico tratados na Fundação de Medicina Tropical Dr. Heitor Vieira 

Dourado (FMT/HVD), entre agosto/2013 e julho/2016, foram utilizados para coleta de 

variáveis clínico-epidemiológicas e laboratoriais. Para verificar os fatores associados 

com os sangramentos sistêmicos, os pacientes com sangramentos sistêmicos foram 

classificados como casos e aqueles sem sangramentos sistêmicos foram 

considerados controles. 2) Os pacientes com diagnóstico clínico-epidemiológico de 

acidente botrópico tratados na FMT/HVD, nos anos de 2016 e 2017, tiveram o tempo 

de coagulação, níveis de veneno sérico, contagem plaquetária e fatores de 

coagulação determinados durante a admissão hospitalar, 12, 24, 48 horas após a 

administração do antiveneno e na alta hospitalar. Resultados: 1) O sangramento 

sistêmico foi observado em 15,3% dos acidentes botrópicos. A incoagulabilidade 

sanguínea e trombocitopenia foram independentemente associadas com 

sangramento sistêmico. 2) Níveis baixos de fator V, fator II, fibrinogênio, 

plasminogênio e alfa 2- antiplasmina, e níveis elevados de fator tissular, produtos de 

degradação de fibrinogênio/fibrina e D-dímero foram observados em pacientes com 

incoagulabilidade sanguínea. A contagem mediana plaquetária apresentou níveis 

dentro da normalidade. Essas características também foram observadas em pacientes 

com sangramento sistêmico. Os níveis de veneno não foram correlacionados com o 

tempo de coagulação nem com os níveis de fatores de coagulação. Os distúrbios 

hemostáticos observados nos acidentes botrópicos recuperaram até a alta hospitalar. 

Conclusão: A incoagulabilidade sanguínea e trombocitopenia foram fatores 

associados com o risco de desenvolvimento de sangramento sistêmico após um 
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acidente botrópico. As mudanças nos níveis de fatores de coagulação foram similares 

àquelas encontradas em acidentes causados por B. jararaca. Por outro lado, poucos 

casos de trombocitopenia foram observados neste estudo. Os antivenenos produzidos 

no Brasil foram capazes de recuperar os distúrbios hemostáticos nos acidentes 

botrópicos nesta parte da Amazônia brasileira. 

 

Palavras-chave: Bothrops, envenenamento por serpente, hemostasia, antivenenos. 
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ABSTRACT 

 

Introduction: Bothrops atrox snakes are responsible for most snakebites in humans 

in the Brazilian Amazon. Bothrops snakebites present local and systemic clinical 

manifestations, such as coagulation disorders and bleeding. However, B. atrox venom 

is not part of the immunization pool used in the production of antivenom administered 

in the treatment of Bothrops snakebites. Moreover, the variability in the composition 

and biological activities of snake venoms could directly affect the need for more 

effective antivenoms in the Brazilian Amazon and in the severity of the clinical 

manifestations. Objective: To study the epidemiology and pathogenesis of hemostatic 

disorders in Bothrops snakebites. Methods: 1) Patients with clinical-epidemiological 

diagnosis of Bothrops snakebite who were attended to at the Fundação de Medicina 

Tropical Dr. Heitor Vieira Dourado (FMT-HVD) between August, 2013 and July, 2016 

had their records used to collect clinical–epidemiological and laboratorial data. The 

patients’ records were analysed in order to verify the factors associated with systemic 

bleeding. Patients with systemic bleeding were classified as cases and those without 

systemic bleeding were considered as controls. 2) Patients with clinical and 

epidemiological diagnosis of Bothrops snakebite who were attended to at the FMT-

HVD, in 2016 and 2017, had coagulation time, serum venom levels, platelet count and 

coagulation factors determined on admission, and at 12, 24, and 48 hours after 

beggining antivenom therapy and also on discharge. Results: 1) Systemic bleeding 

was observed in 15.3% of Bothrops snakebites. Unclottable blood and 

thrombocytopenia were independently associated with systemic bleeding. 2) Low 

levels of factor V, factor II, fibrinogen, plasminogen and alpha 2- antiplasmin, and 

elevated levels of tissue factor, fibrin/fibrinogen degradation products and D-dimer 

were observed in patients with unclottable blood. The median platelet count presented 

levels within the normal range. These characteristics were also observed in patients 

with systemic bleeding. Venom levels were not correlated with coagulation time nor 

with coagulation factor levels. The hemostatic disorders observed in the Bothrops 

snakebites returned to normal until the discharge. Conclusion: Unclottable blood and 

thrombocytopenia were factors associated with the risk of developing systemic 

bleeding after a Bothrops snakebite. The changes in levels of coagulation factors were 

similar to that of B. jararaca snakebite. On the other hand, a few cases of 
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thrombocytopenia were observed in this study. The antivenoms produced in Brazil 

were able to remedy the hemostatic disorders in this part of the Brazilian Amazon. 

 

Keywords: Bothrops, snake envenomation, hemostasis, antivenoms. 
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RESUMO LEIGO 

 

A jararaca, também conhecida como surucucurana, surucucu, surucucu-do-barranco, 

boca-podre ou comboia, causa a maioria das picadas por serpentes na Amazônia 

brasileira. Uma pessoa picada por essa serpente pode apresentar dor e inchaço no 

local da picada, alterações no sangue e sangramentos. O veneno da jararaca 

encontrada na Amazônia brasileira não é utilizado na produção do soro administrado 

no tratamento dos acidentes causados por jararaca. São utilizados os venenos de 

jararaca da região Sul e Sudeste do Brasil. Os venenos de serpentes podem variar 

dependendo do sexo, fase de crescimento, origem geográfica e habitat do animal. Isso 

poderia influenciar diretamente na necessidade de um soro mais específico para o 

tratamento dos acidentes causados por jararaca na Amazônia brasileira, assim como 

na gravidade dos sinais e sintomas após o acidente por jararaca. Esse trabalho avalia 

as alterações no sangue e os sangramentos após acidente por jararaca em Manaus, 

na Amazônia brasileira, e a recuperação desses com o tratamento soroterápico. Os 

sangramentos foram observados em 15,3% dos acidentes causados por jararaca 

neste estudo. Houve uma relação entre as alterações no sangue e as chances de a 

vítima apresentar sangramentos. O soro utilizado no tratamento dos acidentes 

causados por jararaca foi capaz de recuperar as alterações no sangue e os 

sangramentos observados nesta parte da Amazônia brasileira.  
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t-PA  Ativador do plasminogênio do tipo tecidual 

T0 Na admissão hospitalar e antes do antiveneno 

T12 Doze horas após administração do antiveneno 

T24 Vinte e quatro horas após administração do antiveneno 

T48 Quarenta e oito horas após administração do antiveneno 

Unclot Sangue incoagulável (em inglês: “unclottable blood”) 

u-PA Ativador do plasminogênio do tipo uroquinase 

vs. Versus 

vWF Fator von Willebrand 

WBCT 20 Tempo de coagulação em sangue total em 20 minutos (em inglês: 

“whole blood clotting test”)  

H2O2  Peróxido de hidrogênio 

KCl  Cloreto de potássio  

MgCl2  Cloreto de magnésio  

NaCl  Cloreto de sódio 

NaH2PO4 Fosfato monossódico 

r Coeficiente de correlação 

= Igual 

>  Maior 

≥  Maior ou igual 

<  Menor 

≤  Menor ou igual 

% Porcentagem 

º Graus 

°C Graus Celsius 

bpm Batimentos por minuto 

cm Centímetro 

fL  Fentolitro 

g Força gravitacional 

g/dL Grama por decilitro 

g/L Grama por mililitro 

h Hora 

Km  Quilômetro 
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L Litro 

M Molar 

mg Miligrama 

mg/dL Miligrama por decilitro 

min Minuto 

mL Mililitro 

mm  Milímetro 

mmHg Milímetros de mercúrio 

mM Milimolar 

ng/mL Nanogramas por mililitro 

nm Nanômetro 

pg/mL Picogramas por mililitro 

rpm Respiração por minuto 

v/v  Volume por volume 

µL  Microlitro 

µg/mL Microgramas por mililitro 
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1. INTRODUÇÃO 

 

1.1. Epidemiologia dos Acidentes Ofídicos 
 

Os acidentes ofídicos representam um importante problema de saúde pública, 

sendo atualmente reconhecidos pela Organização Mundial de Saúde (OMS) como 

sendo parte do grupo de Doenças Tropicais Negligenciadas (1). Eles constituem 

importante causa de morbidade e mortalidade, especialmente na Ásia, África 

Subsaariana, América Latina e partes da Oceania. As estimativas globais mostram 

que são registrados anualmente pelo menos 1.8 milhões de acidentes ofídicos e 

81.000 mortes. Na América Latina e Caribe ocorrem anualmente pelo menos 137.000 

acidentes ofídicos e 3.400 mortes (Figura 1) (2). Os países com baixo produto interno 

bruto, baixo índice de desenvolvimento humano e baixos gastos com saúde são os 

mais afetados, observando-se assim uma forte associação entre a mortalidade 

causada por acidente ofídico e a pobreza (3). 

 

 

 

Figura 1. Distribuição geográfica do número de acidentes ofídicos e mortes. Fonte: 

Adaptado de Gutierrez et al. (2). 
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No Brasil, em 2017, os dados do Sistema de Informação de Agravos de 

Notificação (SINAN) reportaram aproximadamente 28.000 acidentes ofídicos, com 

uma letalidade média estimada de 0,4%. Os grupos mais vulneráveis a esses 

acidentes são indivíduos do sexo masculino (77%) e na faixa etária entre 20 e 59 anos, 

demonstrando um perfil de doença ocupacional (4). A Amazônia brasileira reporta a 

maior incidência de acidente ofídico no país, com 52,6 casos por 100.000 habitantes 

(5). No Estado do Amazonas foi estimada uma média de incidência anual de 52,8 

casos por 100.000 habitantes, com uma letalidade de 0,6% (6). Os fatores 

epidemiológicos associados com casos fatais de acidentes ofídicos são a distância de 

ocorrência >300 Km de Manaus, capital do Estado do Amazonas, a idade da vítima 

≥61 anos e a etnicidade indígena, assim como o intervalo de tempo entre o acidente 

e a assistência no serviço de saúde >6 horas (6,7). 

 

 O gênero Bothrops é o principal responsável pelos acidentes ofídicos na 

Amazônia brasileira (87,0%), seguido por Lachesis (7,9%), Crotalus (4,7%) e Micrurus 

(0,4%), diferentemente do observado nas demais regiões do país, em que os gêneros 

Bothrops e Crotalus ocasionam a maioria dos acidentes (4,8). Contudo, muitas vezes 

a identificação do gênero da serpente causadora do acidente não é realizada ou então 

preenchida na ficha de notificação compulsória, o que acaba resultando em um 

elevado número de casos ignorados/branco nos registros (4). Da mesma forma, estes 

valores podem estar subestimados devido à considerável subnotificação desses 

acidentes, principalmente em áreas remotas da Amazônia brasileira (6,9,10). O 

Noroeste do Estado do Amazonas, Norte de Roraima, Norte do Pará, na fronteira com 

o Amapá e parte central do estado do Tocantins apresentam as maiores incidências 

de acidentes botrópicos na Amazônia brasileira (Figura 2). Além disso, esses 

acidentes são mais incidentes em áreas de planícies, com cobertura vegetal original 

preservada, com maior precipitação e maior umidade relativa do ar (8).  
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Figura 2. Distribuição espacial dos acidentes botrópicos na Amazônia brasileira de 

2010 a 2015. O mapa foi criado usando incidência por 100.000 habitantes. Fonte: 

Alcântara et al. (8). 

 

 

 Apesar dos estudos realizados para entendimento e controle dos acidentes 

ofídicos na Amazônia brasileira, observam-se muitas questões não respondidas. Em 

um workshop realizado em Manaus, estado do Amazonas, em 2013, identificou-se 

como prioridades para a pesquisa desses acidentes: o dimensionamento do agravo 

nas populações mais vulneráveis; a pesquisa experimental com venenos e revisão do 

espectro de antivenenos; a determinação das prioridades em pesquisa clínica 

incluindo reações adversas e farmacovigilância; a capacitação de profissionais; e o 

levantamento de fauna e captura de animais para produção de antivenenos (10). 

 

1.2. A Serpente Bothrops atrox e o Acidente Botrópico 

 

Nas áreas de floresta tropical da Amazônia brasileira são encontradas as seguintes 

espécies de serpentes do gênero Bothrops: B. atrox, B. bilineatus, B. brazili, B. 
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marajoensis e B. taeniatus (8,11). A espécie Bothrops atrox é a serpente mais 

encontrada na Amazônia, sendo a principal causadora dos acidentes botrópicos na 

região (Figura 3) (10,12). Esta espécie está distribuída por grande parte da América 

do Sul, exceto no Paraguai, Argentina e Uruguai, ocorrendo predominantemente por 

toda a Amazônia (13). Trata-se de uma espécie generalista, de coloração críptica, 

podendo ultrapassar 1,5 m de comprimento (14). Esta espécie pode ser encontrada 

tanto em área de floresta quanto em áreas de pasto e agricultura, e áreas urbanas. B. 

atrox é uma serpente ativa principalmente durante a noite; o adulto caça 

preferencialmente no chão, enquanto os juvenis são mais encontrados sobre a 

vegetação (14,15). Esta serpente é comumente conhecida como jararaca, 

surucucurana, surucucu, surucucu-do-barranco, boca-podre e comboia (11,16). Isso 

pode ser um fator de confusão para a identificação da serpente causadora do acidente 

pela população local uma vez que B. atrox e Lachesis muta possuem o mesmo nome 

popular “surucucu” em certas áreas da Amazônia brasileira (10,16). 

 

 

 

Figura 3. A serpente Bothrops atrox, principal espécie envolvida nos acidentes na 

Amazônia brasileira. Fonte: http://www.herpetofauna.com.br/FotosSerpentes5.htm 
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 Os acidentes botrópicos caracterizam-se por manifestações clínicas locais, tais 

como edema, equimose e dor, podendo surgir bolhas com conteúdo seroso, 

hemorrágico ou necrótico. As marcas da presa no local da picada geralmente são 

visíveis, assim como o sangramento nos pontos de inoculação das presas. Poucas 

horas após o acidente pode aparecer linfadenomegalia regional com gânglios 

aumentados e dolorosos (Figura 4). As principais manifestações sistêmicas são 

cefaleia, tontura, náuseas, vômitos, alterações da coagulação (tempo de coagulação 

prolongado ou incoagulabilidade sanguínea) e sangramentos (gengivorragia, 

hematúria, hemoptise, epistaxe, sangramento conjuntival, hipermenorragia, 

sangramentos em feridas recentes, equimoses à distância do local da picada, 

hemorragias digestivas, hematêmese e hemorragia intracraniana), podendo aparecer 

choque (Figura 5) (12,17–20). As complicações locais mais frequentes incluem 

infecção secundária (celulite e abscesso), necrose, síndrome compartimental, déficit 

funcional e amputação (11,17,18). Dentre as complicações sistêmicas surgem a 

insuficiência renal aguda e septicemia (18,21). 

 

 

 

 

 

 

 

 

 

Figura 4. Manifestações locais após acidente botrópico A. Equimose, numerosas 

bolhas e edema. B. Eritema e marca da presa no local da picada. Foto: Arquivo do 

Centro de Pesquisa Clínica em Acidentes por Animais (CEPCLAM). 

 

 

 

 

 

 

 

A B 
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Figura 5. Sangramentos sistêmicos após acidente botrópico. A. A picada foi na mão 

direita e aparecem equimoses em ambos os braços. B. Sangramento gengival. Fonte: 

Adaptado de Málaque e Gutiérrez (21). 

 

 Os sangramentos sistêmicos, choque, sepse e insuficiência respiratória aguda 

estão associados com casos fatais de acidentes ofídicos na Amazônia brasileira (7). 

Casos de hemorragia intracraniana associados com hipertensão arterial e atraso na 

assistência médica tem sido relatados na região (22,23). Um caso fatal de hemorragia 

no sistema nervoso central após acidente botrópico relatado em Manaus, estado do 

Amazonas, associado com hipertensão arterial, que levou 1 hora e 30 minutos para 

receber assistência médica, mostrou a presença de veneno botrópico no cérebro da 

vítima (Figuras 6) (24). 

 

A B 
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Figura 6. Hemorragia no sistema nervoso central após caso fatal de acidente 

botrópico em Manaus, Brasil. Fonte: Oliveira et al. (24). 

 

 De acordo com as recomendações do Ministério da Saúde para diagnóstico e 

tratamento do acidentes ofídicos no Brasil, os acidentes botrópicos são classificados 

quanto à gravidade em: i) casos leves, caracterizados por um quadro clínico local 

discreto ou ausente, com ou sem sangramento sistêmico e o tempo de coagulação 

pode estar normal ou alterado; ii) casos moderados, as manifestações locais tornam-

se evidentes, envolvendo três a quatro segmentos do membro picado, acompanhado 

ou não de sangramentos sistêmicos e coagulopatia; iii) casos graves, com edema 

envolvendo todo o membro picado, geralmente apresentam dor intensa, com ou sem 

coagulopatia. Sangramento sistêmico grave, choque e/ou insuficiência renal podem 

estar presentes (20). 

 

 A classificação dos casos quanto à gravidade tem como principal objetivo orientar 

o tratamento específico dos acidentes ofídicos, o qual consiste na administração do 

antiveneno (25). Assim, o antiveneno é administrado no acidente botrópico em uma 

dosagem correspondente a gravidade clínica (Quadro 1) (20). Os antivenenos 

utilizados no Brasil para o tratamento dos acidentes ofídicos consistem em fragmentos 
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F(ab’)2 de imunoglobulinas obtidas pelo fracionamento do plasma de cavalos 

hiperimunizados com uma mistura de antígenos preparada com venenos de serpentes 

(26). Nos acidentes botrópicos é administrado o antiveneno botrópico, botrópico-

laquético ou botrópico-crotálico (10,20). O antígeno botrópico é formado por mistura 

de venenos de B. jararaca (50%), B. alternatus (12,5%), B. moojeni (12,5%), B. 

neuwiedi (12,5%) e B. jararacussu (12,5%) (10). Dessa forma, o veneno de serpentes 

de importância médica na Amazônia brasileira, como o de B. atrox, não está incluso 

no pool de imunização utilizado para a produção dos antivenenos (12,27). 

 

 

 

Quadro 1. Número de frasco-ampolas de antiveneno indicado para acidente botrópico 

de acordo com a gravidade clínica. Um frasco-ampola contém 10 mL de solução 

injetável da fração F(ab)2 de imunoglobulina. Um mililitro neutraliza 5 mg do veneno-

referência de B. jararaca (em camundongos) * TC normal: até 10 min; TC prolongado: 

de 10 a 30 min; TC incoagulável: >30 min. ** Manifestações locais intensas podem ser 

o único critério para classificação de gravidade. *** SAB = Antiveneno botrópico; SABC 

= Antiveneno botrópico-crotálico; SABL = Antiveneno botrópico-laquético. Fonte: 

Brasil - Ministério da Saúde (28). 

 

 Alguns estudos sugerem que o antiveneno botrópico não neutraliza 

efetivamente o veneno de B. atrox (29,30), enquanto outros vêm demonstrando que o 

antiveneno botrópico pode neutralizar o veneno de B. atrox (31–33). Já foi 
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demonstrado em ensaios in vivo e in vitro que o antiveneno botrópico foi capaz de 

neutralizar o veneno de serpentes B. atrox provenientes de diferentes origens 

geográficas e tipos de habitat, requerendo, no entanto, volumes distintos de 

antiveneno para neutralizar dependendo da origem geográfica da serpente e do 

habitat (30,34). Por outro lado, um estudo clínico envolvendo pacientes com sinais 

clínicos de envenenamento botrópico, classificados como casos leves e moderados, 

da região de Belém, estado do Pará, mostrou que os antivenenos Bothrops-Lachesis 

e B. atrox-Lachesis foram igualmente eficazes no tratamento desses acidentes (12). 

 

1.3. Os Venenos de Serpentes e a Hemostasia 

 

1.3.1. Hemostasia 
 

 A hemostasia é um processo fisiológico que mantém o sangue em um estado 

fluido enquanto ele circula pelo sistema vascular e impede o sangramento no local de 

uma lesão através da formação de um tampão hemostático, garantindo a remoção do 

tampão quando a cicatrização é completa (35–37). Este processo depende do balanço 

e inter-relações entre os vasos sanguíneos (endotélio vascular), plaquetas, proteínas 

e inibidores da coagulação, e sistema fibrinolítico. Após a lesão vascular, mecanismos 

locais produzem vasoconstrição transitória e alteração da permeabilidade vascular 

com formação de edema. A lesão vascular expõe as proteínas adesivas do 

subendotélio que estimulam a formação do tampão hemostático através da indução 

da adesão e agregação plaquetária, e ativação da coagulação do sangue (36). 

 

 Com a descontinuidade do endotélio vascular, as plaquetas ligam-se ao colágeno 

subendotelial através de receptores de superfície (adesão plaquetária). O fator von 

Willebrand (vWF) funciona como uma ponte entre os receptores da superfície 

plaquetária glicoproteína Ib (GpIb) e o colágeno exposto. Após a adesão, as plaquetas 

mudam de forma, emitem pseudópodes e aderem-se umas às outras (agregação 

plaquetária). O fibrinogênio permite a agregação das plaquetas através da ligação 

com receptores glicoproteína IIb-IIIa. Juntamente com a mudança da forma ocorre a 

liberação de compostos biologicamente ativos armazenados nos grânulos 

plaquetários que reforçam a agregação plaquetária (35). 
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 Simultaneamente, após uma lesão vascular, o fator tissular (FT), uma proteína de 

membrana expressa em músculo liso, fibroblastos e macrófagos, liga-se ao fator VII 

ativado (FVIIa) formando o complexo FVIIa/FT. O FVIIa já circula no sangue em sua 

forma ativada e representa 1% do total de fator VII (36). O complexo FVIIa/FT ativa 

pequenas quantidades dos fatores IX e X. O fator X ativado (FXa) pode ativar o fator 

V (FV) (38). O FXa associado com seu cofator, o fator V ativado (FVa), forma o 

complexo protrombinase na superfície de uma célula que expressa FT. Esse 

complexo converte pequenas quantidades de fator II (FII) em trombina (FIIa). Essa 

etapa da coagulação é denominada de fase de iniciação (Figura 7) (39,40). 

 

 

 

Figura 7. Fase de iniciação da coagulação. Esta fase da coagulação ocorre sobre 

células que expressam fator tissular. F: fator de coagulação; a: ativado. Fonte: 

Adaptado de Hoffman (37). 

 

 A pequena quantidade de trombina gerada na superfície de células que 

expressam FT se liga aos receptores de superfície plaquetária causando mudança de 

forma das plaquetas, deslocamentos dos fosfolipídeos da membrana para criar uma 

superfície de membrana procoagulante (expõe receptores e sítios de ligação para 

fatores de coagulação ativados) e liberação do conteúdo dos grânulos. Outra função 

da trombina formada durante a fase de iniciação é a ativação de cofatores FV e fator 

VIII (FVIII) na superfície das plaquetas ativadas (41). A trombina também dissocia o 

FvW ligado ao FVIII, permitindo o FvW mediar a adesão e agregação plaquetárias no 
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local da lesão. Além disso, a trombina gerada também ativa fator XI (FXI) em FXIa 

sobre a superfície plaquetária. Essa etapa da coagulação é denominada de fase de 

amplificação (Figura 7) (37). 

 

 

 

Figura 8. Fase de amplificação da coagulação. Esta fase da coagulação ocorre sobre 

a plaqueta quando ela é ativada. a: ativado. Fonte: Adaptado de Hoffman (37). 

 

 Uma vez que algumas plaquetas são ativadas na fase de amplificação, a liberação 

do conteúdo dos grânulos resulta no recrutamento de plaquetas adicionais para o local 

da lesão. A exposição de receptores glicoproteínas na superfície das plaquetas 

permite a agregação plaquetária. Essa nova etapa da coagulação é denominada de 

fase de propagação e ocorre sobre a superfície plaquetária. Assim, o FIXa gerado 

pelo complexo FVIIa/FT durante a fase de iniciação pode se ligar ao FVIIIa na 

superfície das plaquetas formando o complexo tenase. Além disso, quantidades 

adicionais de FIXa podem ser geradas pelo FXIa ativado durante a fase de 

amplificação. O complexo fator VIIIa/IXa ativa fator X que juntamente com o FVa 

formam o complexo protrombinase. O FXa, juntamente com o seu cofator FVa, cliva 

o FII em trombina. A trombina gerada converte o fibrinogênio em fibrina e também 

ativa o fator XIII em fator XIIIa, para formar um coágulo de fibrina estável (Figure 7) 

(37,39,41). O processo de coagulação é regulado por numerosas proteínas inibitórias, 
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que atuam como anticoagulantes naturais, evitando a oclusão trombótica, como: o 

inibidor da via do fator tissular (TFPI), que atua inibindo o complexo FVIIa/FT; a 

proteína C, em combinação com a proteína S, que degradam o FVa e FVIIIa; e a 

antitrombina III, que inibe a trombina, FIXa e FXa (36,37). 

 

 

 

Figura 9. Fase de propagação da coagulação. Esta fase da coagulação ocorre sobre 

a superfície de plaquetas ativadas. F: fator de coagulação; a: ativado. Fonte: Adaptado 

de Hoffman (37). 

 

 A fibrinólise remove a fibrina formada em excesso garantindo a fluidez sanguínea. 

O plasminogênio, uma proteína precursora inativa, é convertido em plasmina, uma 

enzima ativa, por dois ativadores: o ativador do plasminogênio do tipo tecidual (t-PA) 

e o ativador do plasminogênio do tipo uroquinase (u-PA). A plasmina degrada a fibrina, 

quer seja polimerizada ou não, formando os produtos de degradação da fibrina 

(PDFs). Também é capaz de degradar o fibrinogênio, FV e FVIII. A inibição da 

fibrinólise ocorre em nível dos ativadores do plasminogênio mediante ação de 

inibidores específicos (PAIs, “plasminogen activator inhibitors”), cujo principal 

representante é o PAI-1, e diretamente sobre a plasmina, função inibitória exercida 

pela alfa 2-antiplasmina (36). 
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1.3.2. A Ação do Veneno de Bothrops atrox sobre a Hemostasia 
 

 Os venenos de serpentes são complexas misturas de proteínas e peptídeos, os 

quais constituem 90% do peso seco do veneno (42). Eles são usados para imobilizar, 

paralisar, matar e auxiliar na digestão da presa, e como defesa contra os possíveis 

predadores (43). Algumas dessas toxinas possuem diversas atividades enzimáticas 

enquanto outras são proteínas não-enzimáticas (44). O aparecimento de distúrbios 

hemostáticos nos acidentes ofídicos é induzido por uma complexa mistura de 

componentes presentes nos venenos de serpentes como metaloproteases, 

serinoproteases, 5’-nucleotidases, fosfolipases A2, L-aminoácido oxidases, 

disintegrinas, lectinas tipo-C e toxinas “three-finger” (45). Os componentes dos 

venenos podem ser classificados de acordo com as atividades que exercem sobre o 

sistema hemostático em: coagulantes e anticoagulantes (quando atuam na 

coagulação), agregantes e antiagregantes plaquetários (que agem sobre as 

plaquetas) e fatores hemorrágicos (quando causam lesão vascular) (Tabela 1) (46). 

 

 

Tabela 1. Proteínas de venenos de serpentes que atuam sobre o sistema hemostático. 

Família de Proteína Alvo no Sistema Hemostático Efeito 

Serinoproteases Plaquetas Agregação 

 FX, FVII, FV, FII, PC Ativação 

 Plasminogênio Ativação 

 Fibrinogênio Coagulante 

 Fibrina(ogênio) Degradação 

 Serpinas Inativação 

Metaloproteases Células endoteliais, membrana 

basal 

Hemorragia 

 Plaquetas Inibição da agregação 

 FX, FII Ativação 

 Fibrina(ogênio) Degradação 

 Serpinas Inativação 

Fosfolipases A2 FXa, FIIa, FVII/TF Inibição 

 Plaquetas Agregação 

  Inibição da agregação 
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Cont. Tabela 1.   

L-aminoácido oxidases Células endoteliais Hemorragia 

 Plaquetas Agregação 

  Inibição da 

agregação 

Nucleotidases Plaquetas Inibição da agregação 

Desintegrinas Plaquetas Inibição da agregação 

Lectinas tipo-C FIX, FX, trombina Inibição 

 FX, FII Ativação 

 Plaquetas Agregação 

  Inibição da agregação 

Toxinas “three-finger FVIIa Inibição 

 Plaquetas Inibição da agregação 

Abreviações usadas: F: fator de coagulação; PC: proteína C. Fonte: Adaptado de 

Sajevic et al. (45). 

 

 Em geral, o veneno de serpentes do gênero Bothrops possui ação direta sobre o 

fibrinogênio, convertendo-o em fibrina, ativa FX, FII e plaquetas, e causa lesão no 

endotélio vascular (47,48). Os venenos de serpentes com ação coagulante 

geralmente causam incoagulabilidade sanguínea, resultante do consumo de 

fibrinogênio e alguns fatores de coagulação (49). A associação da ação coagulante 

do veneno de Bothrops com sua atividade sobre as plaquetas e endotélio vascular 

poderia levar a uma maior incidência de sangramentos sistêmicos nas vítimas de 

acidentes ofídicos (48).  

 O veneno de B. atrox possui componentes com atividade trombina-símile, que 

hidrolisam diretamente o fibrinogênio em fibrina (50–52), e pró-coagulantes, que 

ativam FII e FX, resultando na formação de trombina endógena (53,54). Outros fatores 

de coagulação ativados por componentes isolados do veneno de B. atrox são FXIII e 

FV (55,56). Além desses, uma metaloprotease da classe PI, denominada batroxase, 

que apresenta atividade fibrino(geno)lítica, trombolítica e induz fraca hemorragia 

através da digestão de componentes da matriz extracelular como laminina, colágeno 

tipo IV e fibronectina, foi isolada do veneno de B. atrox (Figura 8) (57,58). 
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Figura 10. A ação do veneno de serpentes Bothrops atrox sobre a coagulação. FT: 

fator tissular; a: ativado. Fonte: Adaptado de Ferreira et al. (40) 

  

 Componentes que atuam sobre as plaquetas também foram isolados do veneno 

de B. atrox como a trombocitina, uma serinoprotease que causa agregação 

plaquetária e liberação de alguns constituintes das plaquetas (55), a batroxostatina, 

um peptídeo que inibe a agregação plaquetária induzida por adenosina difosfato 

(ADP) (59), a botrocetina, uma proteína com atividade aglutinante plaquetária 

dependente do FvW (60) e a batroxrragina, uma metaloprotease da classe PIII que 

inibe a agregação plaquetária induzida pelo colágeno, induz forte hemorragia e 

hidrolisa fibrina de forma dose dependente (61). Além desses, outros componentes 

que causam lesão vascular induzindo hemorragias foram isoladas do veneno de B. 

atrox como a atroxlysin-Ia, uma metaloprotease da classe PI que induz forte 
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hemorragia, de forma similar a batroxrragina (62), a Batx-I, uma metaloprotease da 

classe PI que induz fraca atividade hemorrágica e leve mionecrose (63), e a HI-5, uma 

metaloprotease da classe PI que também induz fraca atividade hemorrágica (64) 

 

 Em vítimas de acidentes por serpentes B. atrox em Belém, na Amazônia brasileira, 

foram observados distúrbios na coagulação, tais como hipofibrinogenemia, ativação 

do sistema fibrinolítico e geração de trombina intravascular. Aproximadamente 10% 

dos acidentados apresentaram trombocitopenia, ou seja, número de plaquetas abaixo 

de 150x109/L, e 18% desenvolveram sangramentos sistêmicos (12). Por outro lado, 

experimentalmente não foi observado no veneno bruto de B. atrox atividade agregante 

sobre plaquetas lavadas de coelhos (65). 

 

 A variabilidade na composição e atividades biológicas dos venenos de serpentes 

tem sido reportada não somente entre diferentes espécies de serpentes (variação 

interespecífica) como também dentro de uma mesma espécie (variação 

intraespecífica) (66). Contudo, a variabilidade dos venenos de serpente é 

principalmente relacionada ao nível de expressão de cada família de toxinas do que 

com a presença ou ausência das principais famílias de toxinas (31,67). Os estudos 

realizados com o veneno de serpentes B. atrox demonstram variabilidade em sua 

composição e atividades biológicas a depender do estágio ontogenético (68), da 

origem geográfica (30,33,67,69) e do habitat da serpente (34). Diferenças têm sido 

observadas nas atividades coagulante e hemorrágica do veneno de B. atrox de áreas 

distintas da Amazônia brasileira (Presidente Figueiredo, Amazonas; Belterra, Pará; e 

São Bento, Maranhão) (33). O veneno de B. atrox capturada em área de várzea no 

Oeste do Pará induz atividade hemorrágica menor e é mais coagulante do que 

venenos de B. atrox provenientes de áreas degradadas, de floresta e de pasto (34). 

Além disso, a atividade coagulante de veneno de serpentes B. atrox juvenis é maior 

do que de adultas (68). 

 

1.4. Relevância 

 

Um estudo mais detalhado sobre os distúrbios hemostáticos observados em 

vítimas de acidentes botrópicos ocorridos na Amazônia brasileira ajudará a identificar 

os fatores associados ao aparecimento desses distúrbios e entender melhor o 
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mecanismo de ação do veneno sobre a hemostasia, ainda pouco conhecido. Além 

disso, o veneno de B. atrox, principal serpente causadora de acidentes ofídicos na 

Amazônia brasileira, não é utilizado na produção do antiveneno administrado no 

tratamento dos acidentes botrópicos. Dessa forma, a variabilidade na composição e 

atividades biológicas observada entre o veneno de diferentes espécies de serpentes 

e dentro de uma mesma espécie, a depender da origem geográfica, sexo, habitat e 

estágio ontogenético da serpente, poderia repercutir na recuperação dos distúrbios 

hemostáticos presentes nas vítimas de acidentes botrópicos na Amazônia brasileira 

após a administração do antiveneno, assim como na gravidade das manifestações 

clínicas.  
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2. OBJETIVOS 

 

2.1. Geral 

 

Estudar a epidemiologia e patogênese dos distúrbios hemostáticos nos acidentes 

botrópicos. 

 

2.2. Específicos 

 

1. Verificar a frequência de sangramentos sistêmicos e seus fatores 

associados. 

 

2. Investigar as mudanças nos níveis de fatores de coagulação e contagem 

plaquetária após o acidente botrópico. 

 

3. Avaliar a recuperação da incoagulabidade sanguínea, fatores de 

coagulação, trombocitopenia e sangramentos sistêmicos após a 

administração do antiveneno. 
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Abstract: Bothrops snakebites usually present systemic bleeding, and the 

clinicalepidemiological and laboratorial factors associated with the development of this 

manifestation are not well established. In this study, we assessed the prevalence of 

Bothrops snakebites with systemic bleeding reported at the Fundação de Medicina 

Tropical Dr. Heitor Vieira Dourado, in Manaus, Amazonas State, Brazil, and the 

clinical-epidemiological and laboratorial factors associated with systemic bleeding. 

This is an observational, cross-sectional study carried out between August, 2013 and 

July, 2016. Patients who developed systemic bleeding on admission or during 

hospitalization were considered cases and those with non-systemic bleeding were 

included in the control group. Systemic bleeding was observed in 63 (15.3%) of the 

442 Bothrops snakebites evaluated. Bothrops snakebites mostly occurred in males 

(78.2%), in rural areas (89.0%) and in the age group of 11 to 30 years old (40.4%). It 

took most of the patients (59.8%) took less than 3 h to receive medical assistance. 

Unclottable blood [AOR=3.11 (95% CI=1.53 to 6.31; p=0.002)] and thrombocytopenia 

(AOR=4.52 (95% CI=2.03 to 10.09; p<0.001)) on admission were independently 

associated with systemic bleeding during hospitalization. These hemostatic disorders 

on admission increase the chances of systemic bleeding during hospitalization. 

Prospective studies are needed to clarify the pathophysiology of systemic bleeding in 

Bothrops snakebites in the Amazon region. 

 

Keywords: Hemostatic disorders; unclottable blood; thrombocytopenia; Bothrops 

atrox. 

 

Key Contribution: Systemic bleeding observed after Bothrops snakebites in the 

Brazilian Amazon is an important systemic effect of the envenomation. 

Thrombocytopenia and unclottable blood on admission are factors associated with 

systemic bleeding during hospitalization. 
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1. Introduction 

 

Snakebite envenomation is a potentially life-threatening injury and a major public 

health problem in rural areas of tropical and sub-tropical countries of Africa, the Middle-

East, Asia, Oceania and Latin America. Global estimates suggest that at least 400,000 

snakebites occur annually, which result in 20,000 deaths [1]. In Brazil, approximately 

25,000 snakebites of medical importance are reported each year, with an average 

lethality rate of 0.4% [2]. The Amazon region reports the highest incidence of snakebite 

envenomation in Brazil, with 52.6 cases/100,000 inhabitants [3]. In the Amazonas 

State, an incidence rate of 52.8 cases/100,000 inhabitants and a 0.6% lethality rate 

can be observed [4]. Injuries occurring at a distance >300 Km from Manaus, the 

Amazonas State capital, the age of the victim ≥61 years, and indigenous status were 

factors that were independently associated with case fatality from snakebites [5]. The 

Bothrops genus is responsible for the highest frequency of snakebites in the Brazilian 

Amazon, causing 80% to 90% of the cases in the region [6]. Bothrops atrox is the main 

species of snake involved in these snakebites [6,7]. Bothrops snakebite victims usually 

present local symptoms (i.e. pain, swelling, ecchymosis and blistering) and systemic 

manifestations such as bleeding and coagulation disorders [7–9]. Complications such 

as necrosis, secondary bacterial infection, compartment syndrome and acute renal 

failure may also occur [8]. Although cases of death are rare, they are frequently 

associated with renal and respiratory failure, shock, sepsis, and hemorrhage in the 

central nervous system [9]. In fatal cases of Bothrops snakebites in the Amazonas 

State, systemic bleeding, circulatory shock, sepsis and acute respiratory failure were 

usually observed [5]. One case of fatal hemorrhagic stroke after a Bothrops snakebite 

in the Amazonas State, in which the presence of venom in the patient's brain tissue 

was identified after death, has been reported. The victim received Bothrops antivenom 

two and a half hours after the bite [10]. 

 

Clinical manifestations observed in Bothrops snakebites appear as result of the 

action of the snake venom [11]. The components that are most abundant in B. atrox 

venom are snake venom metalloproteinases (SVMPs), snake venom serine 

proteinases (SVSPs), and phospholipases A2 (PLA2) [12]. These components of the 

snake venom can affect hemostasis by activating or inhibiting coagulant factors or 

platelets, or by disrupting endothelium or by causing thrombosis [13,14]. The 
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association of the coagulant action of venom with its activity on platelets and vascular 

endothelium could lead to a higher incidence of systemic bleeding as a result of the 

snakebite [15]. Hemodynamic changes, which may result in cardiovascular shock, may 

occur as a consequence of systemic bleeding [16]. However, the composition and 

biological activities of snake venoms may vary, not only between different species of 

snakes (interspecific variation), but also within the same species (intraspecific 

variation) depending on the geographical origin, ontogenetic stage, habitat, or sex of 

the snake, thus influencing the clinical manifestations of snakebites [17,18]. 

 

It has been observed that between 7% and 53% of Bothrops snakebites develop 

systemic bleeding [7,15,19–21]. It is not clear why some Bothrops snakebites patients 

develop systemic bleeding and others do not. A better understanding of the 

development of systemic bleeding in patients who have suffered Bothrops snakebite 

would lead to improved management and understanding of the pathophysiology of 

envenomation of snakes that have medical importance in the Brazilian Amazon. Thus, 

the aim of this study was to assess the prevalence of Bothrops snakebites in which 

systemic bleeding was reported at a specialist hospital for snakebites in Manaus, 

Amazonas State, and the clinical-epidemiological and laboratorial factors associated 

with systemic bleeding in victims of envenomation by Bothrops snakes. The results 

show that systemic bleeding observed in Bothrops snakebite patients is an important 

systemic effect of the envenoming. Thrombocytopenia and unclottable blood detected 

on admission are factors associated with systemic bleeding during hospitalization. 

Moreover, the effect of other parameters, such as some toxins components of the 

venom, cannot be ruled out. 

 

2. Results 

 

2.1. Study Population 

 

A total of 553 patients with clinical-epidemiological diagnosis of Bothrops 

envenomation were assessed for eligibility over the three year study period. From this 

total, 412 were eligible for inclusion in our study (Figure 1). The majority of Bothrops 

envenomations were in males (78.2%) and in the age group of 11 to 30 years old 

(40.4%). These snakebites mostly occurred in Manaus (57.4%), Amazonas State 
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capital, in rural areas (89.0%) and only 39.8% were related to work. The majority of 

patients (59.8%) took less than 3 hours to reach medical assistance. The most affected 

anatomical site was the foot (72.1%). The Bothrops bite was confirmed by snake 

identification in 32.8% of the included patients' records. All Bothrops snakes were 

identified as being Bothrops atrox (Table 1). 

 

 

Figure 1. Flow chart for the inclusion of patient with clinical-epidemiological diagnosis 

of Bothrops envenomation in our study. 

 

Table 1. Background information of Bothrops snakebite patients obtained on 

admission. 

Characteristics (n; completeness) Number % 

Gender (n=412; 100%)   

Male:female 322:90  

Age group in years (n=412; 100%)   

0-10 41 10.0 

11-20 83 20.2 

21-30 83 20.2 

31-40 60 14.6 

41-50 54 13.1 

51-60 51 12.4 
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>60 40 9.7 

Geographic location of the snakebite incident (n=411; 

99.76%) 
  

Capital (municipality of Manaus) 236 57.4 

Municipalities of the interior of the Amazonas State 171 41.6 

Other States 4 1.0 

Area of occurrence (n=410; 99.52%)   

Rural 365 89.0 

Urban 45 11.0 

Work-related bite (n=332; 80.58%)   

Yes  132 39.8 

Occupation (n=171; 41.51%)   

Rural worker 85 49.7 

Other  86 50.3 

Time-taken to reach to medical assistance (hour) (n=410; 

99.52%) 
  

0-3 245 59.8 

4-6 85 20.7 

>6 80 19.5 

Anatomical location of bite (n=412; 100%)   

Foot 297 72.1 

Lower Leg 59 14.3 

Thigh 4 1.0 

Hand 49 11.9 

Arm 3 0.7 

Pre-hospital treatment   

Tourniquets (n=314; 76.21%) 56 17.8 

Local incisions (n=313; 75.97%) 17 5.4 

Use of topical/oral medicines (n=314; 76.21%) 167 53.2 

Bothrops bite confirmation (n=412; 100.0%)   

Confirmed by snake identification 135 32.8 

Clinical-epidemiological diagnosis 277 67.2 
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Clinical characterization of Bothrops snakebite patients on admission showed that 

the most frequent local manifestations were pain (93.9%) followed by swelling (93.4%). 

Among the systemic alterations related to hemostasis, unclottable blood (58.2%), 

bleeding (12.6%), and thrombocytopenia (8.7%) were observed. Other common 

systemic manifestations were headache (11.4%), nausea (10.7%), and vomiting 

(9.7%). Most cases were moderate (54.2%), followed by mild (27.7%) cases. 

Comorbidities such as arterial hypertension (9.3%) and diabetes (2.6%) were also 

observed. There were no recorded deaths due to a snakebite in this study period 

(Table 2). 

 

Table 2. Clinical characteristics and comorbidities of Bothrops snakebite patients 

obtained on admission. 

Variable  Number % 

Local manifestations (n=412; 100%)   

Pain 385 93.9 

Swelling 382 93.4 

Bleeding from fang punctures 120 29.3 

Redness 120 29.1 

Ecchymosis 36 8.7 

Paresthesia 35 8.5 

Haematoma 8 1.9 

Blistering 7 1.7 

Regional lymphadenopathy 4 1.0 

Systemic alterations related to hemostasis   

Unclottable blood (n=386; 93.69%)  224 58.2 

Bleeding (n=412; 100%) 52 12.6 

Trombocytopenia (n=379; 91.99%) 33 8.7 

Other systemic manifestations (n=412; 100%)   

Headache 47 11.4 

Nausea 44 10.7 

Vomiting 40 9.7 

Blurred vision 14 3.4 

Abdominal pain 7 1.7 
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Diarrhoea 5 1.2 

Clinical severity of envenomation (n=404; 98.06%)   

Mild 112 27.7 

Moderate 219 54.2 

Severe 73 18.1 

Comorbidities (n=313; 75.97%)   

Arterial hypertension 29 9.3 

Diabetes 8 2.6 

Hepatopathy 4 1.3 

Cardiopathy 3 1.0 

HIV/Aids 1 0.3 

Time spent in hospital (days)   

Mean (range) (n=405, 98.30%) 7 (1-41) 

Outcome (n=411; 99.76%)   

Discharged 411 100.0 

 

2.2. Hemostasis parameters 

 

Systemic bleeding was observed during hospitalization in 15.3% of the Bothrops 

snakebite patients. Conjunctival bleeding was the most frequent form of systemic 

bleeding (6.7%), followed by gingival bleeding (6.3%) (Table 3). The majority of the 

Bothrops snakebite patients with systemic bleeding during hospitalization showed a 

platelet count on admission that was higher than 150,000/µL, irrespective of the type 

of systemic bleeding, except for one patient who presented petechiae (<50,000/µL) 

(Table 4). 

 

Table 3. Systemic bleeding of Bothrops snakebite patients during hospitalization. 

Description Number % 

Systemic bleeding (n=412; 100%) 63 15.3 

Conjunctival 27 6.7 

Gingival 26 6.3 

Macrohematuria 18 4.4 

Haematemesis 12 2.9 
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Haemoptysis 10 2.4 

Epistaxis 10 2.4 

Ecchymosis 7 1.7 

Enterorrhage 5 1.2 

Metrorrhagia 3 0.7 

Petechiae 1 0.2 

From recent wound 1 0.2 

 

Table 4. Systemic bleeding of Bothrops snakebite patients during hospitalization 

versus platelet count on admission. 

 Platelet count 

 
<50 x10³/µL 

n (%) 

50-150 x10³/µL 

n (%) 

>150 x10³/µL 

n (%) 

Systemic bleeding (n=55; 100%) 5 (9.1) 8 (14.5) 42 (76.4) 

Conjunctival 0 (0.0) 2 (8.3) 22 (91.7) 

Gingival 2 (8.3) 4 (16.7) 18 (75.0) 

Macrohematuria 1 (6.3) 4 (25.0) 11 (68.7) 

Haematemesis 2 (20.0) 2 (20.0) 6 (60.0) 

Haemoptysis 1 (11.1) 3 (33.3) 5 (55.6) 

Epistaxis 0 (0.0) 1 (11.1) 8 (88.9) 

Ecchymosis 0 (0.0) 0 (0.0) 5 (100.0) 

Enterorrhage 0 (0.0) 1 (25.0) 3 (75.0) 

Metrorrhagia 0 (0.0) 1 (33.3) 2 (66.7) 

Petechiae 1 (100.0) 0 (0.0) 0 (0.0) 

From recent wound 0 (0.0) 0 (0.0) 1 (100.0) 

 

Median platelet count on admission of Bothrops snakebite patients with 

(217,000/µL) and without (239,500/µL) systemic bleeding during hospitalization 

showed significant statistical differences (p=0.035) (Figure 2). Negative (inverse) 

correlation was found between the variables of number of platelets and mean platelet 

volume on admission (r= -0.463; p<0.001) for absolute values during testing (Figure 

3).  
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Figure 2. Platelet counts obtained on admission for Bothrops snakebite patients that 

showed systemic bleeding (SB) or not (Non-SB) during hospitalization. 

 
Figure 3. Platelet counts and mean platelet volume obtained on admission for 

Bothrops snakebite patients. Pearson correlation coeficiente (r) between the variables 

was equivalent to -0.463 (p < 0.001). 

 

The area under the Receiver operating characteristics (ROC) curve showed that 

platelet counts obtained on admission presented a poor ability for discriminating 
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Bothrops snakebite patients with systemic bleeding during hospitalization (AUROC = 

0.6133; 95% CI =0.531 to 0.696; p=0.007) (Figure 4). 

 

 
Figure 4. Receiver operating characteristics (ROC) curve depicting the discriminatory 

performance of the platelet count obtained on admission (AUROC=0.6133; 95% CI= 

0.531 to 0.696; p=0.007) for systemic bleeding during hospitalization in Bothrops 

snakebite patients. AUROC, area under ROC curve; continuous line: Reference.  

 

Systemic bleeding and unclottable blood presented an improvement within 24 

hours in most patients after administration of the specific antivenom, while the 

frequency of thrombocytopenia increased in the first 48 hours after antivenom 

administration, though it did decrease on discharge, and the frequency of abnormal 

mean platelet volume showed a decrease until discharge. (Figure 5). No bleeding 

episode was recorded in patients who returned for clinical reassessment after being 

discharged. 
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Figure 5. Frequency of systemic bleeding (A), unclottable blood (B), thrombocytopenia 

(platelet count <150,000/µL) (C) and abnormal mean platelet volume, low (<7.4fL) and 

high (>10.4 fL) (D) on admission, 24 h and 48 h after administration of the specific 

antivenom and on discharge. MPV: Mean platelet volume. 

 

2.3. Factors associated with systemic bleeding 

 

A total of 63 Bothrops snakebite patients with systemic bleeding during 

hospitalization were included as cases and 349 Bothrops snakebite patients with non-

systemic bleeding were included as controls. Unclottable blood (AOR=3.11 

(95%CI=1.53 to 6.31; p=0.002)) and thrombocytopenia (AOR=4.52 (95%CI=2.03 to 

10.09; p<0.001)) on admission were independently associated with the risk of 

developing systemic bleeding after a Bothrops snakebite during hospitalization (Table 

5). 
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Table 5. Parameters obtained on admission associated with systemic bleeding (SB) of 

Bothrops snakebite patients during hospitalization. 

Description 
SB 

(n) 
% 

Non-

SB 

(n)  

% 
Crude OR 

(IC 95%) 
p 

Adjusted 

OR (IC 

95%) 

p 

Sex         

Female 15 16.7 75 83.3 
0.88 (0.46-

1.65) 
0.682 … … 

Male  48 14.9 274 85.1     

Age group in 

years 
        

0-10 6 14.6 35 85.4 1 … … … 

10-20 14 16.9 69 83.1 
1.18 (0.42-

3.35) 
0.751 … … 

20-30 10 12.1 73 87.9 
0.79 (0.27-

2.37) 
0.687 … … 

30-40 7 11.7 53 88.3 
0.77 (0.24-

2.48) 
0.662 … … 

40-50 12 22.2 42 77.8 
1.66 (0.57-

4.90) 
0.353 … … 

50-60 8 15.7 43 84.3 
1.08 (0.34-

3.42) 
0.889 … … 

>60 6 15.0 34 85.0 
1.03 (0.30-

3.51) 
0.963 … … 

Area of 

occurrence 
        

Urban 3 6.7 42 93.3 
2.75 (0.83-

9.18) 
0.099 

2.28 (0.66-

7.84) 
0.190 

Rural  60 16.4 305 83.6     

Time-taken to 

reach to medical 

assistance (hour) 

        

0-3 30 12.2 215 87.8 1 … 1 … 
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4-6 15 17.6 70 82.4 
1.54 (0.78-

3.02) 
0.214 

0.83 (0.37-

1.85) 
0.644 

>6 18 22.5 62 77.5 
2.08 (1.08-

3.98) 
0.027 

1.83 (0.88-

3.79) 
0.103 

Pre-hospital 

treatment 
        

Yes 33 14.4 197 85.6 
0.92 (0.46-

1.84) 
0.802 … … 

No  13 15.5 71 84.5     

Comorbidities         

Yes 8 17.8 37 82.2 
1.24 (0.51-

3.01) 
0.637 … … 

No 22 14.9 126 85.1     

Unclottable blood         

Yes 48 21.4 176 78.6 
3.72 (1.86-

7.42) 

<0.00

1 

3.11 (1.53-

6.31) 

0.002

* 

No 11 6.8 150 93.2     

Low hemoglobin         

Yes 11 17.7 51 82.3 
1.29 (0.63-

2.67) 
0.486 … … 

No 44 14.3 264 85.7     

Low hematocrit         

Yes 5 11.1 40 88.9 
0.68 (0.26-

1.81) 
0.444 … … 

No 50 15.5 273 84.5     

Thrombocytopenia         

Yes 13 39.4 20 60.6 
4.71 (2.18-

10.15) 

<0.00

1 

4.52 (2.03-

10.09) 

<0.00

1* 

No 42 12.1 304 87.9     

Mean platelet 

volume 
        

Low 5 14.7 29 85.3 1 … 1 … 
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Normal 44 13.5 282 86.5 
0.91 (0.33-

2.46) 
0.845 

0.70 (0.24-

2.00) 
0.503 

High 4 44.4 5 55.6 
4.64 (0.92-

23.48) 
0.064 

3.46 (0.56-

21.55) 
0.182 

*p<0.05 was considered significant. Thrombocytopenia: platelet count <150,000/μL; 

Low hemoglobin: <12.5 g/dL; Low hematocrit: <36%: Low mean platelet volume: <7.4 

fL; High mean platelet volume: >10.4 fL. 

 

3. Discussion 

 

Bothrops snake envenomation usually results in systemic effects such as 

coagulation disorders and systemic bleeding [7,22]. Although systemic bleeding is a 

common clinical manifestation in Bothrops snakebites, the clinical-epidemiological and 

laboratorial factors associated with the development of this effect are not well known 

in relation to the envenomations that occur in the Amazon region. In this study, 

systemic bleeding was present in 15.3% of the Bothrops snakebite patients during 

hospitalization, the most common being conjunctival and gingival, in consonance with 

previous studies from the Brazilian Amazon [7,23,24]. However, this rate was lower 

than that observed in envenomations by other species of Bothrops in Central and 

South America [15,21,25], which suggests that other mechanisms may be involved in 

the development of systemic bleeding. 

 

The majority of Bothrops snakebites occurred in males, between 11 and 30 years 

old, living in rural areas and were mainly unrelated to work. Most of our patients took 

less than 3 hours to reach medical assistance. These characteristics were also 

observed in other studies regarding the Brazilian Amazon and other regions of Brazil 

[4,21,23], as well as in other countries [16,26] However, there was no significant 

association between systemic bleeding and epidemiological aspects of Bothrops 

snakebites in this study, although age and time taken to reach medical assistance were 

independently associated with severity and mortality in other studies of snakebites 

conducted in the Brazilian Amazon [4]. 

 

In this study, thrombocytopenia was an infrequent event. This observation was 

similar to that found in another study carried out in Belém, Pará State, Brazil, where B. 
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atrox also causes most of the snakebites [7]. Contrary the this, B. jararaca snakebites 

showed a higher frequency of thrombocytopenia [15,21,22,27]. Most of the cases of 

systemic bleeding observed in our study showed a normal platelet count on admission, 

irrespective of the type of systemic bleeding, except for one case of petechiae. 

However, although thrombocytopenia is an uncommon finding, in this study 

thrombocytopenia on admission was independently associated with the development 

of systemic bleeding during hospitalization. 

 

Indeed, platelets participate in reactions of hemostasis such as in adhesion to the 

cut end of a blood vessel, spreading of adherent platelets on the exposed 

subendothelial surface, secretion of stored platelet constituents, and formation of 

platelet aggregates [28,29]. In addition, platelets interact with proteins of the 

coagulation through surface receptors and phospholipids [30,31]. Recently, it has been 

observed that platelets also have roles in immune and inflammatory processes [32,33]. 

In snakebites, thrombocytopenia probably results from a multifactorial etiology as 

venom-induced platelet aggregation [34], sequestration to the areas of damage near 

the site of the bite [35] and venom-induced oxidative stress leading to a drop-in platelet 

count by apoptosis [36]. Components isolated from the B. atrox venom as thrombocytin 

[34], batroxostatin [37], botrocetin [38] and batroxrhagin [39] may be acting on platelets 

leading to thrombocytopenia or changes in platelet function. 

 

On the other hand, a negative correlation was found between the number of 

platelets and mean platelet volume on patient admission, which suggests a 

consequence of peripheral platelet destruction in which the mean platelet volume tends 

to increase. Studies show large platelets are more reactive than ordinary size platelets, 

as measured by aggregation and total release of granular content [40]. However, the 

ROC curve showed that only platelet counts on admission are not a good predictor of 

systemic bleeding during hospitalization in this specific envenomation, indicating that 

other parameters are involved in the development of systemic bleeding during 

hospitalization. 

 

In this study, unclottable blood on admission was observed in more than half of 

Bothrops snakebite patients. The coagulation disorders observed in B. atrox 

snakebites patients can be explained by the presence of components of the venom 
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with thrombin-like activity, which directly hydrolyze fibrinogen in fibrin [41–43] and pro-

coagulants, which activate coagulation factors II and X [44,45], which results in the 

intravascular thrombin generation. Other coagulation factors activated by components 

isolated from B. atrox venom are the factors XIII [34] and V [46]. In addition, B. atrox 

venom components that present fibrin(geno)lytic activity can also contribute to 

coagulopathy [47]. Unclottable blood on admission was independently associated with 

the development of systemic bleeding during hospitalization in this study. 

 

We observed a significative association between thrombocytopenia and 

unclottable blood on admission in Bothrops snakebites patients who developed 

systemic bleeding during hospitalization. Nonetheless, the poor results found in the 

discriminative analysis (ROC curve) prompts us to believe that these parameters alone 

are not the only ones involved in the systemic bleeding phenomena shown here. This 

corroborates with findings regarding B. jararaca snakebites patients, which suggest 

that systemic bleeding may occur in patients with coagulable blood and 

thrombocytopenia and that coagulation disorders are not therefore the primary cause 

of systemic bleeding [27]. Similar reports have been described with B. atrox snakebites 

in Colombia [20].  

 

P-III SVMP is the markedly predominant toxin of the B. atrox venom, which comes 

from the snake responsible for the majority of snakebites in the Brazilian Amazon [12]. 

Interestingly, a PIII-SVMP called Batroxrhagin, the major component of B. atrox 

venom, is highly similar to Jarharagin, and is able to inhibit collagen-induced platelet-

aggregation, hydrolyze fibrin, and is highly hemorrhagic [39]. P-III hemorrhagic SVMPs 

induce hemorrhage by their accumulation at the basement membrane by binding to 

collagens [48,49]. P-I SVMPs, such as batroxase [47] and atroxlysin-I [50], that induce 

bleeding through hydrolysis of extracellular matrix components have also been isolated 

from B. atrox venom. In addition, it has been observed in Bothrops snakebites that 

haemorrhagins present in snake venom cause local haemorrhage and systemic 

bleeding by the direct action on components of the basement membrane of capillaries 

[15,51]. Serum haemorraghin levels were significantly higher in patients with clinical 

signs of systemic bleeding than those without in envenomation by B. jararaca snakes. 

Haemorraghin levels were also correlated inversely with platelet count in these patients 

[15]. In our study, high serum haemorraghin levels probably could also contributed to 
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the development of systemic bleeding in Bothrops snakebites in the Brazilian Amazon. 

However, these levels were not determined. Likewise, changes in platelet function 

were not evaluated. 

 

Another aspect to be considered in this study was antivenom therapy of these 

Bothrops snakebites. Bothrops antigen used in Brazil to immunize horses in order to 

produce the antivenom consists of a mixture of venoms of B. jararaca (50%), B. 

alternatus (12.5%), B. moojeni (12.5%), B. neuwiedi (12.5%), and B. jararacussu 

(12.5%) (manufacturer’s data). B. atrox venom is not included in the immunization pool 

used to produce Bothrops antivenom. Nevertheless, the results suggest that venom-

induced systemic bleeding and unclottable blood were able to be ceased in most 

patients after 24 h of antivenom administration. These results were also found in other 

studies on Bothrops snakebites in the Brazilian Amazon [7,19] and other regions of 

Brazil [22]. On the other hand, it has been noted that Bothrops antivenom is less 

effective for neutralizing factor X activation activity of B atrox venom when compared 

to prothrombin activation activity [52]. In contrast, the frequency of thrombocytopenia 

increased in the first 48 h after antivenom administration, though decreased on 

discharge, while the frequency of abnormal mean platelet volume showed a decrease 

on discharge. Studies propose that venom-induced oxidative stress could lead to 

thrombocytopenia by apoptosis [36]. In Bothrops jararaca and B. jararacussu 

snakebites, it was observed that Bothrops envenomation promotes persistent and 

pronounced oxidative stress in the blood of the victims up to 1 month after 

hospitalization [53], which could explain the thrombocytopenia observed in our study 

up to 48 h after antivenom administration. 

 

In conclusion, systemic bleeding observed in Bothrops snakebite patients in this 

part of the Amazon was an important systemic effect of the envenomation. The 

prevalence of systemic bleeding in this study was similar to that of others from the 

same region, but lower than that of other Bothrops spp envenomations. 

Thrombocytopenia and unclottable blood detected on admission were independently 

associated with the risk of developing systemic bleeding during hospitalization, which 

suggests that these hemostatic disorders increase the chances of systemic bleeding. 

Moreover, the effect of other parameters such as some toxins components of the 

venom can be involved in the development of systemic bleeding. Prospective studies 
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are needed to elucidate the pathophysiology of systemic bleeding in Bothrops 

snakebites in the Brazilian Amazon and identify the different factors involved in its 

development as well as on the therapeutic response of hemostatic disorders. 

 

4. Materials and Methods 

 

4.1. Study Design and Data Source 

 

This was an observational, cross-sectional study designed to assess the 

prevalence of and factors associated with systemic bleeding in Bothrops snakebite 

patients. Clinical-epidemiological and laboratorial data were obtained from patients' 

records with clinical-epidemiological diagnosis of Bothrops envenomation who were 

attended to at the Fundação de Medicina Tropical Dr. Heitor Vieira Dourado (FMT-

HVD), a specialist hospital for snakebites in Manaus, capital of the Amazonas State, 

Brazil, between August 2013 and July 2016. Eligible cases were those with clinical 

signs of Bothrops envenomation. Patients that underwent previous antivenom therapy 

in other health service centers were not included in this study. According to the 

Brazilian Ministry of Health Guidelines for Snakebite Diagnosis and Treatment [54], 

envenomation by Bothrops species is classified as follows: a) Mild, characterized by 

pain and mild or absent local edema, mild or absent systemic bleeding, with or without 

change in coagulation time; b) moderate: Characterized by pain and evident edema 

involving three or more segments of the affected limb, accompanied or not by systemic 

bleeding and coagulopathy; c) severe: Characterized by edema involving the entire 

affected limb, usually accompanied by severe pain. Systemic manifestations such as 

hypotension, shock, oliguria/anuria, or severe bleeding are defined as a severe case, 

regardless of the local effect. This study was conducted in accordance with the 

Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the 

FMT-HVD, Manaus, Brazil (approval number: 1.433.431, approval date: 2 March 

2016). Term of commitment of use of data was signed by the researchers. 

 

4.2. Clinical-epidemiological and Laboratorial Parameters 

 

The clinical-epidemiological variables analyzed were gender, age (in years), 

geographical location of the occurrence of the snakebite, type of area where the 
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snakebite occurred (rural or urban), work-related bite, occupation, time taken to reach 

medical assistance (in hours), anatomical region of the bite, pre-hospital treatment 

(use of topical or oral medicines, use of tourniquet and other procedures), Bothrops 

bite confirmation by snake, local and systemic manifestations, clinical severity of 

envenomation (mild, moderate, or severe according to the Brazilian Health Ministry 

guidelines), presence of comorbidities, time spent in hospital (in days) and outcome 

(discharge or death). Analyzed laboratory variables were clotting time (in minutes), 

hemoglobin (mg/dL), hematocrit (%), platelet count (number/μL), and mean platelet 

volume (fL). The snakes were identified by a trained biologist at the FMT-HVD All 

variables were checked by two independent researchers before analysis and further 

investigated for possible association with systemic bleeding as a dependent variable. 

 

Snakebite-induced coagulopathy was evaluated by a modification of the Lee-White 

clotting time (LWCT) [55] which is recommended by the Brazilian Ministry of Health. 

With the use of a plastic unlubricated syringe, 1 mL of venous blood was collected and 

placed into a new glass tube (13 × 75 mm) without any anticoagulants at 37°C. Using 

a stopwatch, the timing started as soon as the blood was drawn into the tube. The 

glass tube was left undisturbed for 5 min, and then checked for clots every following 

minute by gently tilting the tube. Unclottable blood was defined when the blood was 

not clotted until 30 min. The sensitivity of the LWCT performed in routine clinical 

settings for the diagnosis of hypofibrinogenemia is 78% [56]. Thrombocytopenia was 

defined by a platelet count below 150,000/μL. Low hemoglobin was defined when 

values were lower than 12.5 g/dL. Low hematocrit was defined when values were 

below 36%. Low and high mean platelet volume was defined when values were below 

7.4 fL and above 10.4 fL, respectively. In order to identify clinical-epidemiological and 

laboratorial variables collected on admission associated with systemic bleeding, 

patients evolving to systemic bleeding on admission or during hospitalization were 

classified as a case, and one with non-systemic bleeding was included as a control. 

All patients were asked to return to the hospital for clinical reassessment in case of 

complications at any time, or on day 7 after discharge. 

 

4.3. Statistical Analysis 
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A database and descriptive analyses were produced using Microsoft Excel Office 

365 software which was fed information by two independent individuals. Statistical 

analyses were made using the software STATA statistical package version 13 (Stata 

Corp, College Station, TX, USA) and Graphpad Prism version 5 (Graphpad Software, 

Inc., San Diego, CA, USA). The Mann Whitney test was used for comparison of 

medians. Differences in results were considered statistically significant when p<0.05. 

The Pearson correlation coefficient was calculated to measure the degree of 

association between the platelet count and mean platelet volume on admission. The 

performance of platelet counts on admission to predict systemic bleeding during 

hospitalization in Bothrops snakebite patients was assessed using ROC curve. 

 

Proportions of systemic bleeding during hospitalization were compared by Chi-

square test (corrected by Fisher' test if necessary); differences were considered 

statistically significant for p<0.05. The crude Odds Ratio (OR) with its respective 95% 

Confidence Interval (95% CI) was determined considering systemic bleeding during 

hospitalization as the dependent variable. Logistic regression was used for the 

multivariable analyses and the adjusted Odds Ratios with 95% CI were also calculated. 

All variables associated with the outcome at a significance level of p<0.20 in the 

univariate analysis were included in the multivariable analysis. Statistical significance 

was considered if p<0.05 in the Hosmer-Lemeshow goodness-of-fittest.  
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3.2. Manuscrito científico 2 (redigido conforme normas da revista Journal of 

Thrombosis and Haemostasis, à qual será submetido): 

 

Changes on coagulation factors and platelets after Bothrops envenomation in 

the Brazilian Amazon 

 

Sâmella Silva de Oliveiraa,b, Eliane Campos Alvesa,b, Alessandra dos Santos Santosa, 

Elizandra Freitas do Nascimentoa, João Pedro Tavares Pereiraa, Iran Mendonça da 

Silvaa,b, Jacqueline de Almeida Gonçalves Sachetta,b, Hiochelson Najibe dos Santos 

Ibiapinaa,b, Lybia Kássia Santos Sarraffa, Luciana Aparecida Freitas de Sousac, Mônica 

Colombinic, Hedylamar Oliveira Marquesd, Marcus Vinicius Guimarães de Lacerdaa, 

Ana Maria Moura da Silvac, Luiz Carlos de Lima Ferreiraa, Ida Sigueko Sano Martinse,ϕ 

and Wuelton Marcelo Monteiroa,b,ϕ 
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bEscola Superior de Ciências da Saúde, Universidade do Estado do Amazonas, 
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dLaboratório de Hemostasia, Fundação Hospitalar de Hematologia e Hemoterapia do 

Amazonas, Manaus, Brazil; 
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ϕ These authors contributed equally to this work. 

 

Summary. 

 

Background: Unclottable blood is the commonest hemostatic disorder in Bothrops 

snakebite patients in the Brazilian Amazon and is associated with the risk of systemic 

bleeding. Little is known about the alterations of plasma coagulation factors and 

platelets of Bothrops envenomation in this region. Objective: To evaluate the changes 

in clotting factor levels and platelet counts in Bothrops snakebite patients with 

unclottable blood as well as systemic bleeding in the Brazilian Amazon. 

Patients/Methods: This is a prospective study of Bothrops snakebite patients (n=100) 
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seen in Manaus, Brazilian Amazon, between January, 2016 and December, 2017. 

Venom concentration, platelets count, clotting time and factors on admission and 

before antivenom therapy were measured. The presence of systemic bleeding was 

recorded during the follow-up. Results: Unclottable blood was characterized by low 

levels of factor V, fibrinogen, plasminogen and alpha 2-antiplasmin, and high levels of 

tissue factor, fibrin/fibrinogen degradation product and D-dimer; median levels of fator 

VII and X, and platelet counts were within the normal range. These characteristics were 

also observed in patients with systemic bleeding. A few cases of thrombocytopenia 

were observed after envenomation but were more frequent in patients with unclottable 

blood as well as with systemic bleeding. There was no association between venom 

levels and unclottable blood or systemic bleeding. Conclusions: Prospective studies 

are needed to evaluate the effect of other parameters, such as some toxins 

components of the venom and the changes in platelet function. 

 

Keywords: Bothrops atrox, unclottable blood, systemic bleeding, thrombocytopenia. 

 

Introduction 

 

In Latin American and the Caribbean at least 137,000 snakebite envenomation 

and 3,400 deaths occur annually (1). Bothrops atrox, the common lancehead, is the 

most common venomous snake in the Amazon, and it is encountered in both rainforest 

and around human habitations, including in urban areas (2,3). Bothrops snakebites in 

the Brazilian Amazon have an incidence rate of 37.2 cases per 100,000 

inhabitants/year and they are more incident in lowlands, with high preserved original 

vegetation cover, with heaviest rainfall and higher air relative humidity (4). 

 

Unclottable blood is the commonest hemostatic disorder observed in Bothrops 

snakebites patients in the Brazilian Amazon (5–8). B. atrox venom contains factor II 

and factor X activators and thrombin-like components that lead to the consumption of 

fibrinogen, which can result in coagulation disorders [12–16]. Previous study has 

shown that Bothrops envenomation in Pará State, in the Brazilian Amazon, causes 

decreased levels of fibrinogen and alpha 2-antiplasmin, and elevated fibrin/fibrinogen 

degradation product (FDP) and D-dimer concentrations (5). Furthemore, it has been 
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shown that unclottable blood and thrombocytopenia are independently associated with 

the risk of systemic bleeding in the Bothrops envenomation (6,9).  

 

The variability in the composition of snake venoms has been reported according 

to snake ontogeny (10,11), sex (12), geographic distribution (13,14) or habitat type 

(15). As a result, it has also been observed differences in the coagulant activity of 

venom samples from B. atrox snakes from distinct locations (16,17), habitat (15) and 

ontogenetic stage (10), as well as when compared to the venom of other Bothrops 

species (18). However, little information has been reported on the changes in 

hemostasis in Bothrops snakebites patients in the Amazon Brazilian. Similarly, little is 

known about how the other coagulation factors, besides fibrinogen, are affected after 

Bothrops envenomation in this region. Moreover, this knowledge could contribute to 

understand the risk of systemic bleeding in patients. Thus, the aim of this study was to 

evaluate the changes in clotting factor levels and platelet counts in Bothrops snakebite 

patients with unclottable blood as well as systemic bleeding in the Brazilian Amazon. 

 

Methods 

 

Study design 

 

This is a prospective study to evaluate the changes in clotting factor levels and 

platelet counts in Bothrops snakebite patients in the Brazilian Amazon. This study was 

conducted in accordance with the Declaration of Helsinki, and the protocol was 

approved by the Ethics Committee of the Fundação de Medicina Tropical Dr. Heitor 

Vieira Dourado (FMT-HVD), Manaus, Amazonas State, Brazil (approval number: 

1.302.174). All participants and their parents/guardians for minors provided written and 

informed consent. 

 

Participants and data collection 

 

We evaluated 100 patients with clinical–epidemiological diagnosis of Bothrops 

envenomation who were attended to at the Fundação de Medicina Tropical Dr. Heitor 

Vieira Dourado (FMT-HVD) from 2016 to 2017 of a study of therapeutic recovery from 

hemostatic disorders performed during this period. Victims that underwent previous 
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antivenom therapy in other health service centers or had age ≤12 years were not 

included in the study. Patients had serum and citrate plasma samples collected on 

admission and before of the antivenom therapy. All serum and plasma samples were 

immediately centrifuged after the collection, frozen and stored at -80°C. 

 

A standard form was filled with features of patient such as gender, age, area where 

the snakebite occurred (rural or urban), work-related bite, time to reach medical 

assistance, anatomical location of bite, pre-hospital treatment (use of topical or oral 

medicines, use of tourniquet and other procedures), Bothrops bite confirmation by 

snake, presence of systemic bleeding (before or after of the antivenom therapy), 

presence of comorbidities and clinical severity of envenomation (mild, moderate, or 

severe cases according the Brazilian Ministry of Health guidelines (19)). 

 

Laboratorial analysis 

 

Clotting time was determined by the 20 min whole blood clotting test (20–22). 

Assays of coagulation factors were carried out on samples containing sodium citrate 

as anticoagulant and 2% v/v Bothrops-Lachesis antivenom (to neutralize Bothrops 

venom present in the sample). Tissue factor was measured by human EIA kit (Abcam, 

Cambridge, United Kingdom). Factor VII was estimated using deficient plasma with a 

semi-automatic Start4 coagulation analyzer (Diagnostica Stago S.A.S., Asnières sur 

Seine, France). Levels of factors II and X were determined by performing a modified 

prothrombin time test using deficient plasmas with an ACL TOP 300 CTS coagulation 

analyzer (Werfen Instrumentation Laboratory, Barcelona, Spain). Factor V was 

determined using the standardized method of Denson (23,24). Fibrinogen was 

measured based on the Clauss method (25) with an ACL TOP 300 CTS coagulation 

analyzer (Werfen Instrumentation Laboratory, Barcelona, Spain). Fibrin/fibrinogen 

degradation product (FDP) was qualitative and semi-quantitative determined by latex 

agglutination (Diagnostica Stago S.A.S., Asnières sur Seine, France). D-Dimer was 

measured by immunoturbidimetry with an ACL TOP 300 CTS coagulation analyser 

(Werfen Instrumentation Laboratory, Barcelona, Spain). Plasminogen was determined 

by chromogenic assay (American Diagnostica Inc., Greenwich, United Kingdom). 

Alpha 2-antiplasmin was determined by the synthetic chromogenic substrate method 

(Diagnostica Stago S.A.S., Asnières sur Seine, France). All assays were performed 
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according to the manufacturer’s protocol. Platelet counts were carried out on samples 

containing potassium EDTA as anticoagulant and 2% v/v Bothrops-Lachesis 

antivenom, and determined in an automated cell counter (Sysmex Corp., Kobe, 

Japan). 

 

Venom-specific enzyme immune assays (EIA) was used for detection and 

measurement of circulating Bothrops venom in serum samples. Antigens were 

captured with Bothrops-Lachesis antivenoms coated on ELISA plates and the bound 

toxins reacted with a second antibody raised in rabbits against B. atrox venom, 

followed by incubation with anti-rabbit IgG-peroxidase conjugate. Reactions were 

revealed by addition of the enzyme substrates (OPD plus H2O2), and recorded at 492 

nm. Values were calculated using standard curves with known concentrations of B. 

atrox venom. The cut-off level corresponded to the mean plus 2 S.D. values of negative 

samples obtained from 14 volunteer donors with no history of snakebite who were 

accompanying the patients during hospitalization. 

 

Outcomes 

 

The laboratorial outcome was the presence of unclottable blood on admission and 

before antivenom therapy. Unclottable blood was defined when the blood was not 

clotted within 20 min after collecting. The clinical outcome was the presence of 

systemic bleeding on admission and before antivenom therapy, or during 

hospitalization. 

 

Data analysis 

 

A database and descriptive analyses were produced using Microsoft Excel Office 

365 software which was fed information by two independent typists. Statistical 

analyses were made using the software Graphpad Prism version 5 (Graphpad 

Software, Inc., San Diego, USA) and STATA statistical package version 13 (Stata 

Corp, College Station, USA). Mann-Whitney test was used for comparison of medians. 

Differences in results were considered statistically significant when p<0.05.  

 

Results 
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Patients’characterization 

 

A total of 100 patients were included in this study. Fifty-four presented unclottable 

blood on admission and before antivenom therapy, and 20 showed systemic bleeding 

on admission or during hospitalization (Fig 1). Epidemiological and clinical features of 

patients on admission based on status of clotting time and presence of systemic 

bleeding are presented in Table 1. Thirty-six patients brought the snake that caused 

accident. All of them were identified as B. atrox. In 16/36, EIA had detected snake 

venom. Also, EIA detected Bothrops venom in serum samples of 35/100 patients. 

 

 

Figure 1. Flowchart for the inclusion of Bothrops envenomation in our study. 
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Table 1. Epidemiological and clinical features of the Bothrops envenomation on 

admission based on status of clotting time and presence of systemic bleeding.  

 Unclot* Clot*  SB* Non-SB*   Total 

Characteristics n (%) n (%)  n (%) n (%)  n (%) 

Gender        

Male:female 48:6 40:6  18:2 70:10  88:22 

Age (median) years 

(range) 

33 (14-

79) 

49 (14-

76) 

 33 (15-

58) 

44 (14-

79) 

 42 (14-

79) 

Area of occurrence        

Rural:urban 51:3 41:5  20:0 72:8  92:8 

Work-related bite 26 (56.5) 20 (43.5)  10 (21.7) 36 (78.3)  46 (46) 

Time to reach to 

medical assistance 

(hours) 

       

<3 21 (45.6) 25 (54.4)  7 (15.2) 39 (84.8)  46 (46) 

3-6 20 (58.8) 14 (41.2)  5 (14.7) 29 (85.3)  34 (34) 

>6 13 (65.0) 7 (35.0)  8 (40.0) 12 (60.0)  20 (20) 

Anatomical location 

of bite 

       

Foot 45 (61.6) 28 (38.4)  16 (21.9) 57 (78.1)  73 (73) 

Leg 4 (21.1) 15 (78.9)  2 (10.5) 17 (89.5)  19 (19) 

Hand 5 (62.5) 3 (37.5)  2 (25.0) 6 (75.0)  8 (8) 

Pre-hospital 

treatment 

       

Tourniquets 11 (45.8) 13 (54.2)  5 (20.8) 19 (79.2)  24 (24) 

Local incisions 2 (50.0) 2 (50.0)  1 (25.0) 3 (75.0)  4 (4) 

Suction 0 (0.0) 1 (100.0)  0 (0.0) 1 (100.0)  1 (1) 

Use of topical/oral 

medicines  

34 (61.8) 21 (38.2)  14 (25.5) 41 (74.5)  55 (55) 

Comorbidities        

Arterial hypertension 5 (31.2) 11 (68.8)  1 (6.2) 15 (93.8)  16 (16) 

Diabetes 3 (50.0) 3 (50.0)  1 (16.7) 5 (83.3)  6 (6) 

Cardiopathy 0 (0.0) 1 (100.0)  0 (0.0) 1 (100.0)  1 (1) 



54 
 

Clinical severity of 

envenomation 

       

Mild 8 (29.6) 19 (70.4)  1 (3.7) 26 (96.3)  27 (27) 

Moderate 35 (59.3) 24 (40.7)  14 (23.7) 45 (76.3)  59 (59) 

Severe 11 (78.6) 3 (21.4)  5 (35.7) 9 (64.3)  14 (14) 

* Unclot: unclottable blood; clot: clottable blood; SB: systemic bleeding; Non-SB: 

without systemic bleeding. 

 

Laboratorial findings  

 

Unclottable blood on admission and before antivenom therapy in Bothrops 

snakebites patients was associated with low levels of factor V (p<0.001), factor II 

(p<0.001), fibrinogen (p<0.001), plasminogen (p<0.001), and alpha 2-antiplasmin 

(p<0.001), and high levels of tissue factor (p<0.001), FDP (p<0.001), and D-dimer 

(p<0.001). No significant difference was registered in the median amount of factor VII 

(p=0.676), factor X (p=0.091), and platelet count (p=0.098) between patients with 

unclottable or clottable blood (Fig 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 
 

 

Figure 2. Plasma concentration of tissue factor (A), Factor VII (B), Factor X (C), 

Factor V (D), Factor II (E), fibrinogen (F), FDP (G), D-dimer (H), plasminogen (I), 

alpha 2-antiplasmin (J) and platelet counts (K) on admission and before 

antivenom therapy from patients with unclottable (unclot) and clottable blood 

(clot) after envenomation by Amazon Bothrops snakes. Results are expressed as 

medians and interquartile ranges. ***p<0.001 comparing patients with unclottable and 

clottable blood. FDP: fibrin/fibrinogen degradation product. Normal range: tissue factor 

= 0-15.3 pg/mL; FVII = 55-170%; FX = 77-131%; FV = 56-124%; FII = 79-131%; 
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fibrinogen = 2.38-4.98 g/L; FDP < 5µg/mL; D-dimer ≤ 0.5 ng/mL; plasminogen = 80-

120%; alpha 2-antiplasmin = 80-120%; platelet count = 150-450 x109/L. 

 

Systemic bleeding on admission or during hospitalization in Bothrops snakebites 

patients was associated with low levels of factor V (p<0.001), factor II (p<0.01), 

fibrinogen (p<0.01), plasminogen (p<0.001),  and alpha 2-antiplasmin (p<0.01), and 

high levels of tissue factor (p<0.01), FDP (p<0.01), and D-dimer (p<0.01). No 

significant difference was registered in the median amount of factor VII (p=0.529) and 

factor X (p=0.175) between patients with or without systemic bleeding. Although the 

median platelet count are within normal range, significant statistical diferences 

(p<0.01) were observed in both groups (Fig 3).  
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Figure 3. Plasma concentration of tissue factor (A), Factor VII (B), Factor X (C), 

Factor V (D), Factor II (E), fibrinogen (F), FDP (G), D-dimer (H), plasminogen (I), 

alpha 2-antiplasmin (J) and platelet count (K) on admission and before 

antivenom therapy from patients with systemic bleeding (SB) and non-systemic 

bleeding (non-SB) after envenomation by Amazon Bothrops snakes. Results are 

expressed as medians and interquartile ranges. ***p<0.001 and **p<0.01 comparing 

patients with and without systemic bleeding. FDP: fibrin/fibrinogen degradation 

product. Normal range: tissue factor= 0-15.3 pg/mL; FVII = 55-170%; FX = 77-131%; 
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FV = 56-124%; FII = 79-131%; fibrinogen = 2.38-4.98 g/L; FDP < 5µg/mL; D-dimer ≤ 

0.5 ng/mL; plasminogen = 80-120%; alpha 2-antiplasmin = 80-120%; platelet count = 

150-450 x109/L. 

 

Thrombocytopenia (platelet count < 150 x109/µL) was observed in patients with 

unclottable (7/54, 12.96%) and clottable (3/46, 6.52%) blood, and in patients with (4/20, 

20.0%) and without (6/80, 7.50%) systemic bleeding. Unclottable blood was observed 

in 19/20 (95.0%) patients with systemic bleeding and 35/80 (43.75%) patients without 

systemic bleeding. There was no significant difference in the venom level between 

patients with unclottable ((median= 20.25 ng/mL .serum (IQR: 4.84 – 28.81 ng/mL 

serum)) and clottable blood ((median= 7.73 ng/mL serum (IQR: 3.05 – 29.61 ng/mL 

serum)) (p= 0.632) neither between patients with: ((median= 21.08 ng/mL serum (IQR: 

5.05 – 52.38 ng/mL serum)) and without systemic bleeding ((median= 9.69 ng/mL 

serum (IQR: 0.69 – 27.22 ng/mL serum)) (p=0.470). 

 

Discussion 

 

Unclottable blood and systemic bleeding are the commonest hemostatic disorder 

and frequently coexist in victims of Bothrops snakebite (6,9). The variability in the 

composition and biological activities of snake venoms could lead to different 

mechanisms of action in the induction of unclottable blood as well as systemic bleeding 

in Bothrops envenomation (17). There is little information about coagulation factor 

levels and platelet counts after Bothrops envenomation in the Amazon region. Thus, 

we investigated these disorders in Bothrops snakebite patients with unclottable blood 

as well as systemic bleeding. The unclottable blood was characterized by low levels of 

factor V, fator II, fibrinogen, plasminogen and alpha 2-antiplasmin, and high levels of 

tissue factor, FDP and D-dimer. Nevertheless, the median levels of fator VII and X, and 

platelet counts were within the normal range. These characteristics were also observed 

in patients with systemic bleeding. There was no association between venom levels 

and unclottable blood or systemic bleeding. 

 

It has been observed that between 42% and 58% of Bothrops snakebite patients 

in the Brazilian Amazon present unclottable blood (5,6). In our study, unclottable blood 

was observed in 54% of the patients, similarly to the previously observed in this region 
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and in B. jararaca envenomation in São Paulo State, Brazil (9,26). The unclottable 

blood observed in B. atrox envenomation can be explained by presence of components 

with thrombin-like activity, which directly hydrolyze fibrinogen in fibrin (27–29) and pro-

coagulants toxins, which activate factors II and X (30,31) leading to intravascular 

thrombin generation. The intravascular thrombin generation could also result in 

consumption of factors V, VIII, XI, XIII and fibrinogen as well as thrombocytopenia 

(32,33). In addition, components with fibrinogenolytic activity were isolated from B. 

atrox venom (34). The hypofibrinogenemia observed in patients with unclottable blood 

in our study could be a consequence of this joint action. 

 

Indeed, factors V and II activities decreased in the patients with unclottable blood. 

Other explanation for the low levels of factor V could be its activation by B. atrox venom 

(35). Factors X and VII activities in the patients with unclottable blood were within the 

normal range, suggesting that only minute amounts are required to induce 

coagulopathy. Also, other explanation could be the increased hepatic synthesis of 

these factors that may occur in stressful situations (36). High factor VII levels have 

been reported after envenomation with other snakes (37). Interestingly, in individuals 

with deficiencies of factors X and VII have been observed serious clinical bleeding 

syndromes (38,39). All these changes in factors levels in our study were similar to 

those observed in B. jararaca envenomation (40). In addition, plasma tissue factor 

levels in the patients with unclottable blood was elevated, as demonstrated previously 

in envenomed rats with B. jararaca venom (41). High levels of tissue factor could be 

the result of the direct action of Bothrops venom on components of the basement 

membrane of capillaries and by leading the activation of circulanting platelets and 

monocytes (41–43). Thus, high levels of tissue factor could also be contributing to the 

development of unclottable blood in our study. On the other hand, tissue factor pathway 

inhibitor was not measured herein. 

 

B. atrox venom also present fibrinolytic activity in vitro independently of 

plasminogen activation (34,44,45). In addition, B. atrox venom present components 

which activate factor XIII in a manner similar to thrombin (Niewiasski, 1979), which 

could be inducing cross-linking of the fibrin polymer and resulting also in comsumption 

of factor XIII. In our study, unclottable blood was accompanied by increased levels of 

FDP and D-dimer, as well as decreased levels of plasminogen and alpha 2-
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antiplasmin, indicating that a secondary activation of the endogenous fibrinolytic 

system also occured. Thus, plasmin, produced from plasminogen (inactive pro-

enzyme), cleaves cross-linked fibrin by the activated factor XIII resulting in the 

generation of D-dimer. Alpha-2 antiplasmin inhibits plasmin (32). In B. atrox (in Pará 

State, Brazil) and B. jararaca envenomations also were observed high levels of FDP 

and D-dimer, and low levels of alpha 2-antiplasmin (5,26).  

 

In a recent study performed in the Amazon Brazilian it was observed that 

unclottable blood and thrombocytopenia were independently associated with the risk 

of developing systemic bleeding in Bothrops envenomation (6). Indeed, the majority of 

patients with systemic bleeding in our study presented unclottable blood. And, the 

changes in clotting factor levels observed in patients with systemic bleeding were also 

similar to those in patients with unclottable blood. However, median platelet count in 

our study was normal even for patients with unclottable blood, as well as for patients 

with systemic bleeding. A few cases of thrombocytopenia were observed herein, 

although isolated components of the B. atrox venom such as thrombocytin (46), 

botrocetin (47), batroxrhagin (45) and batroxostatin (48), can act on platelets, causing 

thrombocytopenia or changes in platelet function. Indeed, the major toxic component 

of B. atrox venom is the batroxrhagin, a PIII snake venom metaloproteinase that 

inhibits collagen-induced platelet-aggregation, induces bleeding and fibrin lysis (45). 

Also, it was observed that the crude venom of B. atrox has no aggregating activity on 

washed platelets of rabbits (49). On the other hand, changes in platelet function were 

not evaluated in our study. Additionally, thrombocytopenia was more frequent in 

patients with unclottable blood or systemic bleeding that those without in these 

manifestations. In B. jararaca envenomation, thrombocytopenia is observed in about 

50% of patients and is also associated with systemic bleeding and alterations of 

coagulation (9,40,50). 

 

The most abundant toxins found in the B. atrox venoms in the Amazon Brazilian 

are metalloproteinases, c-type lectin-like toxins, phospholipases A2 and 

serineproteinases, and frequently are involved in the hemostatic disorders observed in 

snakebites patients (14,51). In our study, no significant difference in the venom levels 

was observed between patients with and without unclottable blood. In contrast, a 

correlation between venom levels and the severity of the coagulopathy has been 
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observed in envenomations caused by other snake genus (37). Similarly, no significant 

difference in the venom levels was observed between patients with and without 

systemic bleeding. However, higher serum hemorraghin levels, which have direct 

action on components of the basement membrane of capillaries, have been observed 

in patients with systemic bleeding in B. jararaca envenomation (43,52). Serum 

hemorraghin levels were not measured in our study.  

 

In conclusion, the changes on coagulation factors were similar to that of others 

Bothrops envenomations from the same region and of B. jararaca envenomation. 

However, a few cases of thrombocitopenia were observed in our study, contrary to 

what is observed in B. jararaca envenomation. Herein, we also observed for the first 

time that tissue factor could also be involved in the development of hemostatic 

disorders in Bothrops snakebite patients. Prospective studies are needed to elucidate 

the changes in platelet function in Bothrops snakebites in the Brazilian Amazon and to 

measure the effect of other parameters involved in development of systemic bleeding, 

such as the serum hemorraghin levels. 

 

Acknowledgements 

 

We acknowledge all those patients and donors who participated in this study. We 

thank for the help during the research of the medical and nursing staff at Fundação de 

Medicina Tropical Dr. Heitor Vieira Dourado. We also thank Socorro Costa for the 

technical support. 

 

Funding 

 

The study was supported by the Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior (CAPES/PROCAD) Grant number 2992/2014; Conselho Nacional de 

Desenvolvimento Científico e Tecnológico (CNPQ/UNIVERSAL) Grant number 

428525/2016-4; and Fundação de Amparo à Pesquisa do Estado do Amazonas 

(FAPEAM/PPSUS) Grant number 287/2013. Marcus Vinicius Guimarães de Lacerda, 

Ana Maria Moura-da-Silva and Wuelton Marcelo Monteiro are CNPq fellows. 

 

Disclosure of Conflict of Interests 



62 
 

 

The authors state that they have no conflict of interest. 

 

References 

 

1.  Gutiérrez JM, Calvete JJ, Habib AG, Harrison RA, Williams DJ, Warrell DA. 

Snakebite envenoming. Nat Rev Dis Prim. 2017;3:17063.  

2.  Wen FH, Monteiro WM, Moura da Silva AM, Tambourgi D V., Mendonça da Silva 

I, Sampaio VS, et al. Snakebites and Scorpion Stings in the Brazilian Amazon: 

Identifying Research Priorities for a Largely Neglected Problem. PLoS Negl Trop 

Dis. 2015;9(5):e0003701.  

3.  Campbell J, Lamar W. The venomous reptiles of the western hemisphere. New 

York: Ithaca; 2004. 376-80 p.  

4.  Alcântara JA, Bernarde PS, Sachett J, da Silva AM, Valente SF, Peixoto HM, et 

al. Stepping into a dangerous quagmire: Macroecological determinants of 

Bothrops envenomings, Brazilian Amazon. PLoS One [Internet]. 

2018;13(12):e0208532. Available from: 

http://dx.plos.org/10.1371/journal.pone.0208532 

5.  Pardal PPO, Souza SM, Monteiro MRCC, França FOS, Tomy SC, Sano-Martins 

IS, et al. Clinical trial of two antivenoms for the treatment of Bothrops and 

Lachesis bites in the north eastern Amazon region of Brazil. Trans R Soc Trop 

Med Hyg. 2004;98:28–42.  

6.  Oliveira S, Alves E, Santos A, Pereira J, Sarraff L, Nascimento E, et al. Factors 

Associated with Systemic Bleeding in Bothrops Envenomation in a Tertiary 

Hospital in the Brazilian Amazon. Toxins (Basel) [Internet]. 2019;11(1):22. 

Available from: http://www.mdpi.com/2072-6651/11/1/22 

7.  Sachett JAG, da Silva IM, Alves EC, Oliveira SS, Sampaio VS, do Vale FF, et 

al. Poor efficacy of preemptive amoxicillin clavulanate for preventing secondary 

infection from Bothrops snakebites in the Brazilian Amazon: A randomized 

controlled clinical trial. PLoS Negl Trop Dis. 2017;11(7):1–21.  

8.  Mendonça-da-Silva I, Magela Tavares A, Sachett J, Sardinha JF, Zaparolli L, 

Gomes Santos MF, et al. Safety and efficacy of a freeze-dried trivalent 

antivenom for snakebites in the Brazilian Amazon: An open randomized 

controlled phase IIb clinical trial. PLoS Negl Trop Dis. 2017;11(11):1–21.  



63 
 

9.  Kamiguti AS et al. Coagulopathy and Haemorrhage in Human Victims. Toxicon. 

1991;29(8):961–72.  

10.  López-Lozano JL, De Sousa MV, Ricart CAO, Chávez-Olortegui C, Sanchez EF, 

Muniz EG, et al. Ontogenetic variation of metalloproteinases and plasma 

coagulant activity in venoms of wild Bothrops atrox specimens from Amazonian 

rain forest. Toxicon. 2002;40(7):997–1006.  

11.  Antunes TC, Yamashita KM, Barbaro KC, Saiki M, Santoro ML. Comparative 

analysis of newborn and adult Bothrops jararaca snake venoms. Toxicon. 

2010;56(8):1443–58.  

12.  Furtado MFD, Travaglia-Cardoso SR, Rocha MMT. Sexual dimorphism in venom 

of Bothrops jararaca (Serpentes: Viperidae). Toxicon. 2006;48(4):401–10.  

13.  Núñez V, Cid P, Sanz L, De La Torre P, Angulo Y, Lomonte B, et al. Snake 

venomics and antivenomics of Bothrops atrox venoms from Colombia and the 

Amazon regions of Brazil, Perú and Ecuador suggest the occurrence of 

geographic variation of venom phenotype by a trend towards paedomorphism. J 

Proteomics [Internet]. 2009;73(1):57–78. Available from: 

http://dx.doi.org/10.1016/j.jprot.2009.07.013 

14.  Calvete JJ, Sanz L, Pérez A, Borges A, Vargas AM, Lomonte B, et al. Snake 

population venomics and antivenomics of Bothrops atrox: Paedomorphism along 

its transamazonian dispersal and implications of geographic venom variability on 

snakebite management. J Proteomics [Internet]. 2011;74(4):510–27. Available 

from: http://dx.doi.org/10.1016/j.jprot.2011.01.003 

15.  Sousa LF, Portes-Junior JA, Nicolau CA, Bernardoni JL, Nishiyama-Jr MY, 

Amazonas DR, et al. Functional proteomic analyses of Bothrops atrox venom 

reveals phenotypes associated with habitat variation in the Amazon. J 

Proteomics [Internet]. 2017;159:32–46. Available from: 

http://dx.doi.org/10.1016/j.jprot.2017.03.003 

16.  Salazar AM, Rodriguez-Acosta A, Girón ME, Aguilar I, Guerrero B. A 

comparative analysis of the clotting and fibrinolytic activities of the snake venom 

(Bothrops atrox) from different geographical areas in Venezuela. Thromb Res. 

2007;120(1):95–104.  

17.  Sousa LF, Zdenek CN, Dobson JS, Op den Brouw B, Coimbra F, Gillett A, et al. 

Coagulotoxicity of Bothrops (Lancehead Pit-Vipers) Venoms from Brazil: 

Differential Biochemistry and Antivenom Efficacy Resulting from Prey-Driven 



64 
 

Venom Variation. Toxins (Basel). 2018;10(10).  

18.  Sousa LF, Nicolau C a., Peixoto PS, Bernardoni JL, Oliveira SS, Portes-Junior 

JA, et al. Comparison of Phylogeny, Venom Composition and Neutralization by 

Antivenom in Diverse Species of Bothrops Complex. PLoS Negl Trop Dis. 

2013;7(9).  

19.  Brasil. Manual de diagnóstico e tratamento de acidentes por animais 

peçonhentos. Brasília: Ministério da Saúde. Secretaria de Vigilância em Saúde. 

Departamento de Vigilância Epidemiológica; 2001. 120 p.  

20.  Sano-Martins IS, Fan HW, Castro SCB, Tomy SC, Franca FOS, Jorge MT, et al. 

Reliability of the simple 20 minute whole blood clotting test (WBCT20) as an 

indicator of low plasma fibrinogen concentration in patients envenomed by 

Bothrops snakes. Toxicon. 1994;32(9):1045–50.  

21.  Warrell DA, Davidson NM, Greenwood BM, Ormerod LD, Pope HM, Watxins BJ, 

et al. Poisoning by bites of the saw-scaled orcarpetviper (Echis carinates) in 

Nigeria. Q Jl Med. 1977;46:33–62.  

22.  Warrell DA, Looareesuwan S, Theakston RDG, Phillips RE, Chanthavanich P, 

Virivan C, et al. Randomized comparative trial of three monospecific antivenoms 

for bites by the Malayan pitviper (Calloselasma rhodostoma) in southern 

Thailand: clinical and laboratory correlations. Am J trop Med Hyg. 

1986;35:1235–47.  

23.  Denson KWE. Appendix 1. The preparation of general reagentes and 

coagulation factors. In: Biggs R, editor. Human blood Coagulation, haemostasis 

and thrombosis. 2nd ed. Oxford: Blackwell Scientific; 1976. p. 661–2.  

24.  Denson KWE. Appendix 2. The preparation of general reagentes and 

coagulation factors. In: Biggs R, editor. Human Blood Coagulation Haemostadis 

and Thrombosis. 2nd ed. Oxford: Blackwell Scientific; 1976. p. 702–4.  

25.  Clauss A. Gerinnungsphysiologische Schnellmethode zur Bestimmung des 

Fibrinogens. Acta Haematol. 1957;17:237–46.  

26.  Cardoso JLC, Fan HW, França FOS, Jorge MT, Leite RP, Nishioka SA, et al. 

Randomized comparative trial of three antivenomsin the treatment of 

envenoming by lance-headed vipers (Bothrops jararaca) in São Paulo, Brazil. Q 

J Med. 1993;86:315–25.  

27.  Blomback B. Studies on the action of thrombic enzymes on bovine fibrinogen as 

measured by N-terminal analysis. Ark Kemi. 1958;12:321.  



65 
 

28.  Stocker K, Barlow GH. The coagulant enzyme from Bothrops atrox venom 

(Batroxobin). Methods Enzymol. 1976;45:214–23.  

29.  Petretski JH, Kanashiro M, Silva CP, Alves EW, Kipnis TL. Two related thrombin-

like enzymes present in Bothrops atrox venom. Brazilian J Med Biol Res. 

2000;33(11):1293–300.  

30.  Hofmann H, Dumarey C, Bon C. Blood coagulation induced by Bothrops atrox 

venom: identification and properties of a factor X activator. Biochimie. 

1983;65(3):201–10.  

31.  Hofmann H, Bon C. Blood Coagulation Induced by the Venom of Bothrops atrox. 

2. Identification, Purification, and Properties of Two Factor X Activators. 

Biochemistry. 1987;26(3):780–7.  

32.  Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of 

hemostasis. In: Hemostasis an thrombosis: basic principles and clinical practice. 

5.ed. Philadelphia: Lippincott Williams & Wilkins; 2006. p. 1–51.  

33.  Hoffman M. Remodeling the blood coagulation cascade. J Thromb 

Thrombolysis. 2003;16(1–2):17–20.  

34.  Cintra ACO, De Toni LGB, Sartim MA, Franco JJ, Caetano RC, Murakami MT, 

et al. Batroxase, a new metalloproteinase from B. atrox snake venom with strong 

fibrinolytic activity. Toxicon [Internet]. 2012;60(1):70–82. Available from: 

http://dx.doi.org/10.1016/j.toxicon.2012.03.018 

35.  Rosing J, Govers-Riemslag JW, Yukelson L, Tans G. Factor V activation and 

inactivation by venom proteases. Haemostasis. 2002;31(3–6):241–6.  

36.  Jern C, Eriksson E, Tengborn L, Risberg B, Wadenvik H, Jern S. Changes due 

to increased hepatic synthesis of these factors that may occur in stressful 

situations. Thromb Haemost. 1989;62(2):767–71.  

37.  Isbister GK, Maduwage K, Scorgie FE, Shahmy S, Mohamed F, Abeysinghe C, 

et al. Venom Concentrations and Clotting Factor Levels in a Prospective Cohort 

of Russell’s Viper Bites with Coagulopathy. PLoS Negl Trop Dis [Internet]. 

2015;9(8):e0003968. Available from: 

http://dx.plos.org/10.1371/journal.pntd.0003968 

38.  Hoffman M, Monroe III DM. A Cell-based Model of Hemostasis. 2001;(7).  

39.  Acharya SS, Coughlin A, Dimichele DM, Jublirer SJ, Arden D, Anderson V, et al. 

Rare bleeding disorder registry: Deficiencies of factors II, V, VII, X, XIII, 

fibrinogen and dysfibrinogenemias. J Thromb Haemost. 2004;2(2):248–56.  



66 
 

40.  Kamiguti AS, Matsunaga S, Spir M, Sano-Martins IS, Nahas L. Alterations of the 

blood coagulation system after accidental human inoculation by Bothrops 

jararaca venom. Brazilian J Med Biol Res. 1986;19:199–204.  

41.  Yamashita KM, Alves AF, Barbaro KC, Santoro ML. Bothrops jararaca Venom 

Metalloproteinases Are Essential for Coagulopathy and Increase Plasma Tissue 

Factor Levels during Envenomation. PLoS Negl Trop Dis. 2014;8(5).  

42.  Sanchez EF, Schneider FS, Yarleque A, Borges MH, Richardson M, Figueiredo 

SG, et al. The novel metalloproteinase atroxlysin-I from Peruvian Bothrops atrox 

(Jergón) snake venom acts both on blood vessel ECM and platelets. Arch 

Biochem Biophys [Internet]. 2010;496(1):9–20. Available from: 

http://dx.doi.org/10.1016/j.abb.2010.01.010 

43.  Gutiérrez JM, Rucavado A, Escalante T, Díaz C. Hemorrhage induced by snake 

venom metalloproteinases : biochemical and biophysical mechanisms involved 

in microvessel damage. Toxicon. 2005;45:997–1011.  

44.  Moretto Del-Rei TH, Sousa LF, Rocha MMT, Freitas-de-Sousa LA, Travaglia-

Cardoso SR, Grego K, et al. Functional variability of Bothrops atrox venoms from 

three distinct areas across the Brazilian Amazon and consequences for human 

envenomings. Toxicon [Internet]. 2019;164:61–70. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0041010119301138 

45.  Freitas-De-Sousa LA, Amazonas DR, Sousa LF, Sant’Anna SS, Nishiyama MY, 

Serrano SMT, et al. Comparison of venoms from wild and long-term captive 

Bothrops atrox snakes and characterization of Batroxrhagin, the predominant 

class PIII metalloproteinase from the venom of this species. Biochimie. 

2015;118:60–70.  

46.  Niewiarowski S, Kirby EP, Brudzynski TM, Stocker K. Thrombocytin, a serine 

protease from Bothrops atrox venom. 2. Interaction with platelets and plasma-

clotting factors. Biochemistry. 1979;18(16):3570–7.  

47.  Read MS, Shermer RW, Brinkhous KM. Venom coagglutinin: an activator of 

platelet aggregation dependent on von Willebrand factor. Proc Natl Acad Sci U 

S A. 1978;75(9):4514–8.  

48.  Rucinski B, Niewiarowski S, Holt JC, Soszka T, Knudsen K a. Batroxostatin, an 

Arg-Gly-Asp-containing peptide from Bothrops atrox, is a potent inhibitor of 

platelet aggregation and cell interaction with fibronectin. Biochim Biophys Acta. 

1990;1054(3):257–62.  



67 
 

49.  Francischetti IMB, Castro HC, Zingali RB, Carlini CR, Guimarães JA. Bothrops 

sp. snake venoms: Comparison of some biochemical and physicochemical 

properties and interference in platelet functions. Comp Biochem Physiol - C 

Pharmacol Toxicol Endocrinol. 1998;119(1):21–9.  

50.  Santoro ML, Sano-Martins IS, Fan HW, Cardoso JL, Theakston RDG, Warrell 

DA. Haematological evaluation of patients bitten by the Bothrops jararaca, in 

Brazil. Toxicon. 2008;51(8):1440–8.  

51.  Sousa LF, Nicolau C, Peixoto PS, Bernardoni JL, Oliveira SS, Portes-Junior JA, 

et al. Comparison of Phylogeny, Venom Composition and Neutralization by 

Antivenom in Diverse Species of Bothrops Complex. PLoS Negl Trop Dis 

[Internet]. 2013;7(9):e2442. Available from: 

http://dx.plos.org/10.1371/journal.pntd.0002442 

52.  Kamiguti, A.S.; Rugman, F.P.; Theakston, R.D.G.; Franca, F.O.S.; Ishii, H.; Hay 

CB. The role of venom haemorrhagin in spontaneous bleeding in Bothrops 

jararaca envenoming. Thrombosis and Haemostasis. 1992;484–8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 
 

3.3. Manuscrito científico 3 (redigido conforme normas da revista Clinical 

Toxicology, na qual se encontra em revisão): 

 

Bothrops snakebites in the Amazon: Recovery from hemostatic disorders after 

Brazilian antivenom therapy 

 

Sâmella Silva de Oliveiraa,b, Eliane Campos Alvesa,b, Alessandra dos Santos Santosa, 

Elizandra Freitas do Nascimentoa, João Pedro Tavares Pereiraa, Iran Mendonça da 

Silvaa,b, Jacqueline de Almeida Gonçalves Sachetta,b, Hiochelson Najibe dos Santos 

Ibiapinaa,b, Lybia Kássia Santos Sarrafa, Jorge Carlos Contreras Bernala,b, Luciana 

Aparecida Freitas de Sousac, Mônica Colombinic, Hedylamar Oliveira Marquesd, 

Marcus Vinicius Guimarães de Lacerdaa, Ana Maria Moura-da-Silvac, Hui Wen Fane, 

Luiz Carlos de Lima Ferreiraa, Ida Sigueko Sano-Martinsf,ϕ,*and Wuelton Marcelo 

Monteiroa,b,ϕ,* 

 

aInstituto de Pesquisa Clínica Carlos Borborema, Fundação de Medicina Tropical Dr. 

Heitor Vieira Dourado, Manaus, Brazil;b Escola Superior de Ciências da Saúde, 

Universidade do Estado do Amazonas, Manaus, Brazil;c Laboratório de 

Imunopatologia, Instituto Butantan, São Paulo, Brazil;d Laboratório de Hemostasia, 

Fundação Hospitalar de Hematologia e Hemoterapia do Amazonas, Manaus, 

Brazil;eDivisão Bioindustrial, Instituto Butantan, São Paulo, Brazil,  fLaboratório de 

Fisiopatologia, Instituto Butantan, São Paulo, Brazil. 

 

ϕThese authors contributed equally to this work. 

 

*Corresponding authors 

 

Wuelton Marcelo Monteiro, wueltonmm@gmail.com Instituto de Pesquisa Clínica 

Carlos Borborema, Fundação de Medicina Tropical Dr. Heitor Vieira Dourado, Av. 

Pedro Teixeira 25,Manaus 69040-000, Brazil. 

 

Ida Sigueko Sano Martins, ida.sano@butantan.gov.br Laboratório de Fisiopatologia, 

Instituto Butantan, Av. Vital Brasil 1500, São Paulo 05503-900, Brazil 

 

mailto:wueltonmm@gmail.com
mailto:ida.sano@butantan.gov.br


69 
 

Abstract 

 

Introduction: Bothrops atrox snakebites are a major public health problem in the 

Amazon region and also cause hemostatic disorders. In this study, we assessed the 

recovery from hemostatic disorders in Bothrops snakebite patients after being given 

antivenom therapy. Methods: This is a prospective study of Bothrops snakebite 

patients (n=100) treated at the Fundação de Medicina Tropical Dr. Heitor Vieira 

Dourado, Manaus, Brazilian Amazon, between January, 2016 and December, 2017. 

Blood samples were taken for the measurement of venom concentrations, platelets, 

clotting time and factors of patients on admission, 12, 24 and 48 hours after antivenom 

therapy, and taken again on discharge. The presence of systemic bleeding was 

recorded during the follow-up. Results: On admission, systemic bleeding was 

observed in 14% of the patients. Thrombocytopenia was noted in 10% of the patients. 

A total of 54% of the patients presented unclottable blood with low levels of fibrinogen 

and alpha 2-antiplasmin, and high levels of fibrin/fibrinogen degradation product (FDP) 

and D-dimers. Unclottable blood and systemic bleeding were overcome in most 

patients 12 hours after the antivenom therapy. Three patients developed systemic 

bleeding 48 hours after antivenom therapy. Levels of fibrinogen and alpha 2-

antiplasmin, FDP and D-dimer returned to normal around 48 hours after the treatment 

or on discharge. The frequency of thrombocytopenia with high mean platelet volume 

increased in the first 24 hours after antivenom therapy, and decreased on discharge. 

Bothrops venom levels in patients decreased 12 hours after antivenom therapy and 

were not correlated with coagulation and fibrinolytic parameters. There were no 

deaths. Conclusion: Laboratorial parameters of coagulopathy returned to normal 

values within 48 hours after the antivenom therapy until discharge. A few patients still 

presented bleeding signs within 48 hours after beginning antivenom therapy. However, 

the Brazilian antivenom was able to overcome the hemostatic disorders in these cases 

of envenomation. 

 

Keywords: Bothrops atrox; coagulopathy; systemic bleeding; thrombocytopenia; 

antivenom therapy. 

 

Introduction 
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Snakebite envenomation has been classified by the World Health Organization as 

being part of the group of Neglected Tropical Diseases (1). In Brazilian Amazon 

rainforest environments there are Bothrops snakes such as Bothrops atrox, B. 

bilineatus, B. brazili, B. marajoensis and B. taeniatus (2,3). However, B. atrox is 

responsible for 90% of snakebites in this region (4), and these frequently result in local 

effects and systemic manifestations (5,6). Unclottable blood is the most common 

hemostatic disorder in Bothrops envenomations that occur in the Brazilian Amazon, 

followed by systemic bleeding and thrombocytopenia (6–9). Systemic bleeding and 

circulatory shock have been strongly associated with fatal snakebites in this region 

(10). 

 

Antivenom is the only specific treatment available for snakebite envenomation (11) 

and, in Brazil, snakebite antivenom consists of F(ab’)2 fragments of neutralizing 

immunoglobulins obtained by fractionating the plasma of hyperimmunized horses with 

the toxins of snake venoms (12). Bothrops antigen used to immunize animals is 

composed of a pool of venoms from B. jararaca, B. alternatus, B. moojeni, B. neuwiedi, 

and B. jararacussu (4). 

 

Variability of snake venom has been observed between species and within a single 

species (13–18). Immunological cross-neutralization studies and clinical trials have 

been conducted to evaluate the efficacy of the Bothrops antivenom to treat 

envenomation induced by B. atrox, whose venom is not used in the production of 

Bothrops antivenom (6,19,20). The variability of Bothrops venom could affect the 

antivenom’s efficacy, particularly the neutralization of venom toxins acting on blood 

coagulation, as previously shown in in vitro assays (14,20). Furthermore, there is 

limited information on recovery from hemostatic disorders after using antivenom 

therapy on Bothrops snakebite patients in this region (9). The aim of this study was to 

assess patient recovery from hemostatic disorders caused by Bothrops snakebites in 

the Brazilian Amazon after providing antivenom therapy. 

 

Methods 

 

Study design 
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This study was carried out at the Fundação de Medicina Tropical Dr. Heitor Vieira 

Dourado (FMT-HVD), Manaus, Brazilian Amazon, between January, 2016 and 

December, 2017. Patients with clinical–epidemiological diagnosis of Bothrops 

envenomation, no previous antivenom therapy in other health services and age >12 

years were eligible to participate in this study. The snakes responsible by the 

envenomation, which were brought to the FMT-HVD by the patients, were identified by 

a trained biologist. This study was approved by the FMT-HVD Ethical Committee 

(approval number 1.302.174/2015). Written informed consent was obtained from the 

patients, their guardians in the case of minors, and volunteer donors. 

 

Patients received Bothrops or Bothrops-Lachesis antivenom provided by the 

Brazilian Ministry of Health. Venoms used for production of the antivenoms are: 

Bothrops antivenom [(Bothrops jararaca (50.0%), B. alternatus (12.5%), B. jararacussu 

(12.5%), B. moojeni (12.5%) and B. neuweidi (12.5%)]; Bothrops-Lachesis antivenom 

[Bothrops genus (Bothrops jararaca (50.0%), B. alternatus (12.5%), B. jararacussu 

(12.5%), B. moojeni (12.5%) and B. neuweidi (12.5%)], and Lachesis genus [L. muta 

(100.0%)] (manufacturer’s data). Antivenom was given to patients in a dosage 

corresponding to the clinical severity that was classified as follows: a) mild, 

characterized by pain and mild or absent local edema, mild or absent systemic 

bleeding, with or without coagulopathy; b) moderate, characterized by pain and evident 

edema involving three or more segments of the affected limb, accompanied or not by 

systemic bleeding and coagulopathy; c) severe, characterized by edema involving the 

entire affected limb, usually accompanied by severe pain, with or without 

coagulopathy. Cases involving systemic manifestations such as hypotension, shock, 

oliguria/anuria or severe bleeding were defined as severe cases, regardless of the 

local effect (21,22). A standard form was filled in with the clinical and epidemiological 

features of patients on admission and before beginning antivenom therapy (T0), at 12 

(T12), 24 (T24) and 48 (T48) hours after beginning antivenom therapy and on 

discharge.  

 

Laboratorial analysis 

 

Patients’ blood samples were collected at T0, T12, T24, T48 and on discharge. 

Clotting time was determined by the 20 min whole blood clotting test (23–25). Blood 
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was defined as unclottable when no clot was formed within 20 min and clottable when 

a solid or partial clot was formed within 20 min. Platelet counts and mean platelet 

volume (MPV) were carried out on samples containing potassium EDTA as the 

anticoagulant. 2% v/v Bothrops-Lachesis antivenom was added to the samples to 

neutralize Bothrops venom present in the sample, and counts were determined in an 

automated cell counter (Sysmex Corp., Kobe, Japan). Thrombocytopenia was defined 

by a platelet count below 150 x109/L. Low and high MPV were defined when values 

were below 7.4 fL and above 10.4 fL, respectively. 

 

Clotting factor measurements were carried out on samples containing sodium 

citrate as the anticoagulant and 2% v/v Bothrops-Lachesis antivenom. Fibrinogen was 

measured based on the Clauss method (26) with an ACL TOP 300CTS coagulation 

analyzer (Werfen Instrumentation Laboratory, Barcelona, Spain). Fibrin/fibrinogen 

degradation product (FDP) was determined qualitative and semi-quantitative by latex 

agglutination (Diagnostica Stago S.A.S., Asnières sur Seine, France). D-Dimer was 

measured by immunoturbidimetry with an ACL TOP300 CTS coagulation analyser 

(Werfen Instrumentation Laboratory, Barcelona, Spain). Alpha 2-antiplasmin was 

determined by the synthetic chromogenic substrate method (Diagnostica Stago S.A.S., 

Asnières sur Seine, France). All assays were performed according to the 

manufacturer’s protocol. 

 

Venom-specific enzyme immune assay (EIA) was used to identify venom type 

(differentiating Bothrops from Lachesis venoms) and quantify venom and antivenom in 

serum samples according to Pardal et al. (6). Values were calculated using standard 

curves with known concentrations of venom or antivenom. The cut-off level 

corresponded to the mean plus 2 S.D. values of negative samples obtained from 14 

volunteer donors, with no history of snakebite, who were accompanying the patients 

during hospitalization. 

 

Data analysis 

 

Two independent managers performed data entry using Microsoft Excel Office 365 

software. Statistical analyses were made using the software GraphPad Prism version 

5 (Graphpad Software, Inc., San Diego, USA) and STATA statistical package version 
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13 (Stata Corp, College Station, USA). The Mann–Whitney or Wilcoxon matched pairs 

tests were used for comparison of medians. Correlations between venom levels, 

clotting time and factors were tested with non-parametric Spearman correlation 

analysis. Statistical significance in results was considered when p<0.05. 

 

Results 

 

Patients’ characterization 

 

A total of 201 patients were assessed for eligibility, and 100 were included (Figure 

1). Epidemiological and clinical information on admission is presented in Tables 1 and 

2, respectively. Thirty-six patients brought the snake which had bitten them to the 

hospital and all the snakes were identified as B. atrox. On admission, unclottable blood 

was observed in 54 patients, systemic bleeding in 14 and thrombocytopenia in 10 

(Table 2). Gingival bleeding was the most frequent form of systemic bleeding, followed 

by macrohematuria and ecchymosis (Table 3; Figure 2). No deaths were recorded 

(Table 2). 

 

Hemostatic parameters 

 

On admission, the median level of fibrinogen of the patients with clottable blood 

had decreased, although patients with unclottable blood presented significantly lower 

levels (p<0.001). Levels of FDP and D-dimer were normal in patients with clottable 

blood and significantly increased in patients with unclottable blood (p<0.001). Alpha 2-

antiplasmin was also normal in patients with clottable blood and had significantly 

decreased in patients with unclottable blood (p<0.001). Regarding platelet counts on 

admission, there was no significant difference between patients with clottable and 

unclottable blood (p=0.083), both groups presented normal counts. 

Hypofibrinogenemia and high FDP levels recovered within 48 hours post treatment. 

The median level of D-dimer gradually decreased after antivenom therapy until 

moment of discharge. Patients showed low levels of alpha 2-antiplasmin on admission 

and at T24, however these returned to normal range on discharge (Figure 3). 
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Unclottable blood reverted to normal within 12 hours in most patients after 

beginning antivenom therapy. The frequency of thrombocytopenia and high MPV 

increased in the first 24 hours after beginning antivenom therapy, and decreased by 

the time of discharge. Systemic bleeding ceased generally within 12 hours after start 

of antivenom therapy (Figure 4). Three patients with systemic bleeding at T0 continued 

to bleed at, or after, T12 (Patients 27 - gingival bleeding/T12, hematemesis/T24 and 

conjunctival bleeding/T48; 51 and 95 - gingival bleeding/T12). Six patients without 

systemic bleeding at T0 started to bleed after antivenom therapy: two at T12 (Patients 

64 and 66- ecchymosis distant from the bite site), one at T24 (Patient 82 - ecchymosis 

distant from the bite site) and three at T48 (Patients 12 and 100 – ecchymosis distant 

from the bite site; patient 7 - macrohematuria). All these patients presented ecchymosis 

in the proximal region of the bitten limb. Patient 7, suffering from macrohematuria at 

T48, already had 8 red blood cells/field at T24, however this manifestation ceased on 

discharge. All these patients had clottable blood and only three presented mild 

thrombocytopenia after antivenom therapy.  

 

Antivenom and venom detection 

 

Bothrops venom in levels above of the cut off value (18.87 ng/mL) was detected in 

the serum of 35 patients on admission. After antivenom therapy, venom levels in the 

serum of patients decreased at T12 and remained low until discharge (Figure 5A) 

except in 6 patients that presented venom levels slightly above the cut-off values. 

Notwithstanding, these patients did not show hemostatic disorders on discharge. 

Conversely, venom in the serum was not detected in patients with systemic bleeding 

at T48, and indeed there was no correlation between venom levels on admission and 

clotting time (r=-0.119, p= 0.496), fibrinogen (r=-0.103, p=0.556), D-dimer (r=0.001, 

p=0.995), alpha 2-antiplasmin (r=-0.261, p=0.131) and FDP levels (r=-0.081, p=0.644). 

We also observed high level of antivenom in patients at T12 which decreased over 

time, but remained detectable even on discharge as shown in Figure 5B.  

 

Discussion 

 

Our study shows that hemostatic disorders resulting from Bothrops envenomation 

in the Brazilian Amazon can lead to unclottable blood with low levels of fibrinogen and 
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alpha 2-antiplasmin and high levels FDP and D-dimer, systemic bleeding and a few 

cases of thrombocytopenia, which confirms a previous report from the Pará State, 

Brazil (6). B. atrox venom contains components with thrombin-like activity (29–31), and 

factor II (32), factor X (33), factor V (34) and factor XIII (35) activators, as well as 

components that induce fibrin(ogen)olysis (36). In vitro, Bothrops antivenom has 

shown better results in neutralizing prothrombin activation activity than the factor X 

activation activity of B. atrox venom (20). In the majority of our patients, the unclottable 

blood reverted to normal over 12 hours after beginning antivenom therapy, similarly to 

what has been found previously in relation the Amazon region (6) and in B. jararaca 

envenomation (37).  

 

In Bothrops envenomation, hypofibrinogenemia returned to normal within 24 hours 

after beginning antivenom therapy (37). In our study, low fibrinogen and high FDP 

levels were almost totally normal within 24 hours after beginning antivenom therapy 

when compared to reference values. The median concentration of D-dimer on 

admission showed a gradual decrease after antivenom therapy. High D-dimer reported 

on admission suggests that intravascular thrombin formation contributes to the 

coagulation disorders in Bothrops snakebites in this region by converting fibrinogen to 

fibrin and activating factor XIII. Plasmin cleaves cross-linked fibrin by activating factor 

XIII and generates D-dimer (38). Inhibition of the fibrinolytic system at the plasmin level 

is a function exerted by alpha 2-antiplasmin (39). In our study, patients showed low 

levels of alpha 2-antiplasmin within the first 24 hours after antivenom therapy, 

indicating that its intravascular consumption is induced by plasmin formation (38,39). 

These levels returned to normal values on discharge, accompanied by normalization 

of fibrinogen and FDP levels. 

 

Although various components isolated from B. atrox venom have been reported to 

act on platelets leading to thrombocytopenia or changes in platelet function 

(28,35,40,41), few cases of thrombocytopenia were observed in our study. However, 

platelet function was not evaluated. In B. jararaca envenomation, thrombocytopenia 

was observed in about half of the cases, and MPV returns to normal values within 6 

hours of antivenom therapy (42). Interestingly, the frequency of thrombocytopenia and 

high MPV in our study increased in the first 24 hours after antivenom administration, 

though they decreased on discharge. Venom-induced oxidative stress could reduce 
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platelet count by apoptosis, which could explain the thrombocytopenia observed during 

hospitalization in our study (43,44). In a previous study in this region, on patient 

admission, a negative correlation was found between the platelet count and MPV, 

suggesting peripheral platelet destruction or activation in which the MPV tends to 

increase (9). 

 

Systemic bleeding was observed in 20 patients in our study. Gingival bleeding, 

macrohematuria and ecchymosis were the most frequent forms of systemic bleeding. 

One case of central nervous system bleeding was observed. In a fatal case of a 

Bothrops snakebite with stroke, reported in the Brazilian Amazon, Bothrops venom 

was immunolocated in some areas of the patient's brain (45). It has been observed 

that systemic bleeding can occur in Bothrops snakebites patients even with clottable 

blood and normal platelet counts (9,46). In these cases, it is possible that 

metalloproteases may be inducing vascular damage, resulting in systemic bleeding 

(28,36,47). Actually, hemorrhagins from Bothrops venom cause systemic bleeding by 

their direct action on components of the basement membrane of capillaries (48,49). 

Serum hemorraghin levels were significantly higher in patients with systemic bleeding 

compared to those without bleeding in B. jararaca envenomation (48). Hemorraghin 

levels were not measured in our study. 

 

Systemic bleeding in B. jararaca envenomation usually ceases a few hours after 

antivenom therapy (37). Although systemic bleeding was reverted within 12 hours after 

antivenom therapy in most of the patients in our study, bleeding was still observed at 

T48. It is possible that some systemic bleeding could appear clinically hours after 

envenomation, especially ecchymosis (50). Interestingly, all these cases of 

ecchymosis were noted in the proximal region of the bitten limb, which could be related 

to lymphatic drainage of venom, with extravasation into the perilymphatic tissue (51). 

 

EIA detected Bothrops venom in only 35 of 100 clinically envenomed patients, 

probably because of the high cut-off values, meaning high background absorbance 

values obtained from volunteer donors. Therefore, probably, a more accurate specific 

monoclonal assay should be developed. Another explanation could be the retention of 

venom components in the bite site due to the affinity of toxins to tissues (52) or in the 

blister of patients (6). Bothrops venom levels in the serum of patients had decreased 
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in most patients at T12 and remained low until discharge, which demonstrates that the 

dose of antivenom administered was probably adequate. However, some patients 

showed Bothrops venom concentrations on discharges which were slightly above 

absorbance values in those donors without any hemostatic disorders at this time. 

Persistent venom levels after antivenom administration have been reported with other 

snakes, and were not associated with a recurrence of coagulopathy (53). Similarly, in 

our study there was no correlation between serum venom levels and clotting time as 

well as level of coagulation factors on admission or discharge. Thus, antivenom 

therapy produced a satisfactory response when considering the solution of the clinical 

signs of envenomation and hemostatic parameters. In addition, the levels of antivenom 

were detectable in the patient serum until time of discharge are shown here. Similarly, 

in a previous study, a high concentration of Bothrops antivenom was detected for 10 

days after the treatment was given (54). 

 

Conclusion 

 

Unclottable blood and systemic bleeding were reverted in most patients at T12. 

Fibrinogen, alpha 2-antiplasmin, FDP and D-dimer levels returned to normal levels 

within 48 hours after the antivenom until discharge, and a few patients presented 

systemic bleeding at T48, but recovered by the time of discharge. The frequency of 

thrombocytopenia and high MPV increased in the first 24 hours after beginning 

antivenom, and decreased on discharge. Brazilian antivenom was able to overcome 

the hemostatic disorders in the envenomation from this region.  
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Table 1. Background information of Bothrops snakebite patients on admission. 

 

 

 

 

 

 

 

Characteristics Number of patients 

Gender  

Male:female 88:22 

Age (median) years (range) 42 (14 – 79) 

Area of occurrence  

Rural:urban 92:8 

Work-related bite 46 

Rural worker 52 

Time-interval to medical assistance (hours)  

<3 46 

3-6 34 

>6 20 

Anatomical location of bite  

Foot 73 

Leg 19 

Hand 8 

Pre-hospital treatment  

Tourniquets 24 

Local incisions 4 

Suction 1 

Topical/oral medicines  55 

Bothrops bite confirmation   

Snake identification only 20 

Snake identification + EIA 16 

EIA only 19 

Clinical-epidemiological diagnosis only 45 
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Table 2. Clinical features and comorbidities of Bothrops snakebite patients on 

admission. 

Variable Number of patients 

Local manifestations  

Swelling 99 

Pain 97 

Bleeding from fang punctures 45 

Lymphadenopathy 31 

Ecchymosis 20 

Redness 10 

Blistering 4 

Paresthesia 3 

Necrosis 1 

Systemic alterations related to hemostasis  

Unclottable blood  54 

Bleeding 14 

Thrombocytopenia (platelet count <150 x109/L) 10 

Other systemic manifestations  

Headache 37 

Nausea 31 

Vomiting 19 

Dizziness 6 

Blurred vision 3 

Sweating 3 

Abdominal pain 3 

Diarrhoea 2 

Comorbidities  

Arterial hypertension 16 

Diabetes 6 

Cardiopathy 1 

Clinical severity of envenomation  

Mild 27 

Moderate 59 
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Severe 14 

Median dose of antivenom (vials) (range) 8 (3-12) 

Type of antivenom  

Bothrops 97 

Bothrops-Lachesis 3 

Median length of hospital stay (days) (range) 4 (1-24) 

Outcome  

Discharged 100 
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Table 3. Systemic bleeding observed in Bothrops snakebite patients on 

admission and during hospitalization. 

Description Number of patients 

Systemic bleeding  20/100 

Gingival 9 

Macrohematuria 7 

Ecchymosis 6 

Hematemesis 3 

Hemoptysis 2 

Epistaxis 1 

Conjunctival 1 

Central Nervous System 1 
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Figure 1. Flowchart for the inclusion of Bothrops envenomation in our study. 
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Figure 2. Systemic bleeding after Bothrops envenomation in the Brazilian 

Amazon. Gingival bleeding an hour and a half after the snakebite by a juvenile female 

B. atrox which ceased after 12 hours of the antivenom therapy (A) and this same 

patient presented conjunctival bleeding 48 hours after treatment and received 

additional dose of antivenom which ceased bleeding (B); Patient was bitten on left foot 

(arrow); ecchymosis was observed on left leg 12 hours of starting treatment (C). 
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Figure 3. Plasma concentration of fibrinogen (A), FDP (B), D-dimer (C), alpha 2-

antiplasmin (D) and platelet count (E) on admission and before antivenom 

therapy (T0), and at 12 (T12), 24 (T24) and 48 (T48) hours after antivenom therapy 

and on discharge (Dis) in patients with clottable vs. unclottable blood on 

admission. Results are expressed as medians and interquartile ranges. *p<0.001 

compared with results at T0 in patients with unclottable blood. FDP: fibrin/fibrinogen 

degradation product. Reference values: fibrinogen = 2.38-4.98 g/L; FDP < 5µg/mL; D-

dimer ≤ 0.5 ng/mL; alpha 2-antplasmin = 80-120%; platelet count = 150-450 x109/L. 
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Figure 4. Frequency of the unclottable blood (A), thrombocytopenia (platelet 

count <150,000/µL) (B), abnormal mean platelet volume, low (<7.4 fL) and high 

(>10.4 fL) (C) and systemic bleeding (D) on admission and before antivenom 

therapy (T0), and at 12 (T12), 24 (T24) and 48 (T48) hours after antivenom therapy 

and on discharge (Dis). MPV: mean platelet volume. 

 

 

 

 

 

 

 

 

 

 

 



92 
 

 

Figure 5. Bothrops venom (A) and antivenom (B) levels in sera of patients on 

admission and before antivenom therapy (T0), and at 12 (T12), 24 (T24) and 48 

(T48) hours after antivenom therapy and on discharge (Dis). Horizontal line 

corresponds to the cut-off level corresponding to the mean plus 2 S.D. values of 

negative samples for Bothrops venom obtained from volunteer donors. *p<0.001 

compared with results of venom levels from other times. All serum samples of volunteer 

donors showed negative results for antivenom detection. Results for antivenom 

detection are expressed as medians and interquartile ranges. 
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4. LIMITAÇÕES DA PESQUISA E PERSPECTIVAS 

 

É possível que o registro incompleto das variáveis analisadas para identificar os 

fatores associados aos sangramentos sistêmicos após o acidente botrópico nos 

prontuários eletrônicos do sistema iDoctor influencie na qualidade e resultados dos 

dados obtidos. Outro limitante da pesquisa foi que não foram avaliadas as mudanças 

na função plaquetária induzidas pelo veneno botrópico, uma vez que a frequência de 

trombocitopenia nos acidentes botrópicos nesta parte da Amazônia brasileira é baixa, 

nem o estresse oxidativo induzido pelo veneno, o qual poderia explicar o aumento da 

frequência de trombocitopenia após a administração do antiveneno. Além disso, os 

níveis de hemorragina não foram dosados nos pacientes. Esses fatores também 

poderiam estar associados com a presença de sangramentos sistêmicos observados 

nesses acidentes. 

 

As perspectivas futuras para a continuação desta pesquisa são: 

 

i) a realização de estudos sobre a caracterização da atividade do veneno de 

serpentes B. atrox provenientes de Manaus sobre as plaquetas, e a avaliação da 

função plaquetária em vítimas de acidentes botrópicos na Amazônia brasileira. A 

avaliação da função plaquetária em acidentes causados por B. jararaca mostra que 

na maioria dos pacientes há uma diminuição da agregação plaquetária em sangue 

total induzida por ADP e ristocetina, enquanto por colágeno em apenas 35% dos 

pacientes (70);  

 

ii) a avaliação do estresse oxidativo induzido pelo veneno em vítimas de acidentes 

botrópicos na Amazônia brasileira antes e após a administração do antiveneno. O 

estresse oxidativo aumentado induzido pela atividade do veneno poderia estimular a 

apoptose das plaquetas levando a trombocitopenia. Os antivenenos utilizados no 

tratamento dos acidentes ofídicos são inefetivos contra o estresse oxidativo induzido 

pelo veneno (71); 

 

iii) a determinação dos níveis de hemorragina sérico e trombomodulina em vítimas 

de acidentes botrópicos na Amazônia brasileira. Em acidentes causados por B. 

jararaca, os níveis de hemorragina sérico foram elevados em pacientes com 
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sangramentos sistêmicos e inversamente correlacionados com a contagem 

plaquetária nestes pacientes (48); 

 

iv) a avaliação das alterações no tempo de coagulação e níveis de fatores de 

coagulação em vítimas de acidentes causados por serpentes B. atrox jovens e adultas 

nesta parte da Amazônia brasileira. Em ensaios in vitro foram observadas diferenças 

no perfil proteico de B. atrox da região de Manaus de acordo com o estágio 

ontogenético da serpente, e que a atividade coagulante sobre o plasma humano de 

venenos de serpentes B. atrox jovens foi maior do que a de adultas (68). Dessa forma, 

faz-se necessário também a avaliação da recuperação das alterações do tempo de 

coagulação e dos níveis de fatores de coagulação induzidas pelo veneno de serpentes 

B. atrox jovens e adultas após a administração do antiveneno.  
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5. CONCLUSÕES 

 

• A frequência de sangramentos sistêmicos nos acidentes botrópicos nesta parte 

da Amazônia brasileira foi semelhante àquela observada em outras partes da 

Amazônia, mas menor do que a encontrada em acidentes causados por B. 

jararaca; 

 

• A trombocitopenia e a incoagulabilidade sanguínea presentes na admissão dos 

pacientes foram associadas independentemente com o risco de 

desenvolvimento de sangramento sistêmico após o acidente botrópico; 

 

• A incoagulabidade sanguínea nos acidentes botrópicos foi caracterizada por 

baixos níveis de FV, FII, fibrinogênio, plasminogênio e alfa 2- antiplasmina, e 

níveis elevados de fator tissular, PDF e D-dímero; os níveis de FVII e FX e a 

contagem plaquetária encontraram-se dentro dos limites de normalidade. 

Essas características foram também observadas em pacientes com 

sangramentos sistêmicos; 

 

• As mudanças nos níveis de fatores de coagulação foram semelhantes àquelas 

observadas em acidentes botrópicos ocorridos em outras partes da Amazônia 

e em acidentes causados por B. jararaca. No entanto, poucos casos de 

trombocitopenia foram observados, ao contrário do encontrado em acidentes 

por B. jararaca; 

 

• O antiveneno foi capaz de recuperar os distúrbios hemostáticos nos acidentes 

botrópicos nesta parte da Amazônia brasileira. 
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7. ANEXOS E APÊNDICES 

 

7.1. Procedimentos operacionais padrão utilizados na tese 

 

Abaixo seguem os procedimentos operacionais padrão (POPs) para a dosagem 

dos seguintes testes: 

 

a) Tempo de coagulação do sangue total em 20 minutos (WBCT20); 

b) Dosagem de fibrinogênio; 

c) Dosagem de produtos de degradação de fibrinogênio/fibrina (PDF); 

d) Dosagem de D-dímero; 

e) Dosagem de alfa 2-antiplasmina; 

f) Dosagem de fator II (protrombina); 

g) Dosagem de fator X; 

h) Dosagem de fator V; 

i) Dosagem de fator VII; 

j) Dosagem de plasminogênio; 

k) Dosagem de fator tissular (FT). 
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1. OBJETIVOS 
Descrever o método de determinação do tempo de coagulação do sangue total em 20 minutos. 

 

2. DEFINIÇÕES  
Não se aplica. 

 

1. APLICÁVEL A 

• Análise no laboratório de malária das amostras relacionadas à pesquisa do IPCCB. 

 

2. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 

 

3.  POP'S RELACIONADOS  

Não se aplica. 

 

4. PROCEDIMENTOS 

 

a) Por punção venosa com seringa de plástico obter 1 mL de sangue do paciente; 
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b) Adicionar o volume de sangue em um tubo de vidro 13x100 mm de diâmetro, escorrendo pela 

parede do tubo; 

c) Acionar o cronômetro, programando o tempo de 20 minutos;  

d) Manter o tubo de vidro contendo o sangue em repouso e temperatura ambiente; 

e) Após 20 minutos, inclinar o tubo de vidro suavemente a 90 º para observar a formação de 

coágulo de sangue. 

f) Se após 20 minutos nenhum coágulo for observado, o sangue será considerado incoagulável. 

Se algum coágulo for observado, o sangue será coagulável 

 

5. REFERÊNCIAS 
 

• Sano-Martins IS, Fan HW, Castro SCB, Tomy SC, Franca FOS, Jorge MT, et al. Reliability 

of the simple 20 minute whole blood clotting test (WBCT20) as an indicator of low plasma 

fibrinogen concentration in patients envenomed by Bothrops snakes. Toxicon. 

1994;32(9):1045–50. 

 

• Warrell DA, Davidson NM, Greenwood BM, Ormerod LD, Pope HM, Watxins BJ, et al. 

Poisoning by bites of the saw-scaled orcarpetviper (Echis carinates) in Nigeria. Q Jl Med. 

1977;46:33–62. 

 

• Warrell DA, Looareesuwan S, Theakston RDG, Phillips RE, Chanthavanich P, Virivan C, 

et al. Randomized comparative trial of three monospecific antivenoms for bites by the 

Malayan pitviper (Calloselasma rhodostoma) in southern Thailand: clinical and laboratory 

correlations. Am J trop Med Hyg. 1986;35:1235–47. 
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1. OBJETIVOS 
Descrever a determinação quantitativa da concentração de fibrinogênio baseado no método de 

Clauss em plasma humano citratado no sistema ACL TOP 300 (Werfen Instrumentation Laboratory, 

Barcelona, Espanha). 

 

2. DEFINIÇÕES  
Fibrinogênio: é uma glicoproteína com um peso molecular de 340000 dáltons composta de três 

pares de cadeias polipeptídicas chamadas de Aα, Bβ e γ. A trombina concerte o fibrinogênio em fibrina 

insolúvel. 

 

Método de Clauss: Quando um excesso de trombina é adicionado ao plasma diluído para 

converter fibrinogênio em fibrina. O tempo de coagulação é inversamente proporcional à concentração 

de fibrinogênio plasmático. O tempo de coagulação obtido é comparado posteriormente com uma 

preparação de fibrinogênio padronizada. 

 

3. APLICÁVEL A 

• Análise no laboratório de hemostasia da Fundação Hospitalar de Hematologia e Hemoterapia 

do Amazonas de amostras relacionadas à pesquisa. 
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4. RESPONSABILIDADES 

• Equipe do laboratório de hemostasia da Fundação Hospitalar de Hematologia e Hemoterapia 

do Amazonas; 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 

 

5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 

A determinação quantitativa de fibrinogênio deverá ser realizada conforme instruções do fabricante 

(Werfen Instrumentation Laboratory, Barcelona, Espanha). 

Vide bula abaixo: 

 

7. REFERÊNCIAS 

 

• Medved L,Weisel JW. Recommendations for nomenclature on fibrinogen and fibrin. J Thromb 

Haemost. 2009; 7(2): 355–359. doi:10.1111/j.1538-7836.2008.03242.x. 

 

• Clauss A. Gerinnungsphysiologische Schnellmethode zur Bestimmung des Fibrinogens. Acta 

Haematol. 1957; 17: 237–246. 
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1. OBJETIVOS 
Descrever a detecção e determinação semi-quantitativa dos PDF em plasma humano citratado por 

aglutinação de partículas de látex, sensibilizadas por meio de um anticorpo monoclonal.  

 

2. DEFINIÇÕES  
Fibrinogênio: é uma glicoproteína com um peso molecular de 340000 dáltons composta de três 

pares de cadeias polipeptídicas chamadas de Aα, Bβ e γ. 

 

Fibrinólise: A trombina concerte o fibrinogênio em fibrina insolúvel. A fibrinólise pode ser definida 

como a degradação da fibrina, mediada pela plasmina, uma enzima ativa. A plasmina também é capaz 

de degradar o fibrinogênio. O resultado é a geração de produtos de degradação de fibrinogênio/fibrina. 

 

3. APLICÁVEL A 

• Análise no laboratório de malária do IPCCB de amostras relacionadas à pesquisa. 

 

4. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 
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5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 

A detecção e determinação semi-quantitativa do PDF em plasma citratado deverá ser realizada 

conforme instruções do fabricante (Diagnostica Stago S.A.S., Asnières sur Seine, França). Vide bula 

em anexo. 

 

7. REFERÊNCIAS 
 

• Medved L,Weisel JW. Recommendations for nomenclature on fibrinogen and fibrin. J Thromb 

Haemost. 2009; 7(2): 355–359. doi:10.1111/j.1538-7836.2008.03242.x. 

 

• Franco RF. Fisiologia da coagulação, anticoagulação e fibrinólise. Medicina. 2001; 34:229-237. 

 

8. ANEXOS 
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1. OBJETIVOS 
Descrever a determinação quantitativa do D-dímero em plasma humano citratado, utilizando um 

imunoensaio de látex, no sistema ACL TOP 300 (Werfen Instrumentation Laboratory, Barcelona, 

Espanha). 

 

2. DEFINIÇÕES  
D-dímero: O D-dímero é um derivado formado após a degradação da fibrina, com ligações 

cruzadas pelo fator XIIIa, pela plasmina  

 

3. APLICÁVEL A 

• Análise no laboratório de hemostasia da Fundação Hospitalar de Hematologia e Hemoterapia 

do Amazonas de amostras relacionadas à pesquisa. 

 

4. RESPONSABILIDADES 

• Equipe do laboratório de hemostasia da Fundação Hospitalar de Hematologia e 

Hemoterapia do Amazonas; 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 
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5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 

A determinação quantitativa do D-dímero em plasma humano citratado deverá ser realizada 

conforme instruções do fabricante (Werfen Instrumentation Laboratory, Barcelona, Espanha). Vide bula 

em anexo. 

 

7. REFERÊNCIAS 
 

• Medved L,Weisel JW. Recommendations for nomenclature on fibrinogen and fibrin. J Thromb 

Haemost. 2009; 7(2): 355–359. doi:10.1111/j.1538-7836.2008.03242.x. 

 

8. ANEXOS 
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1. OBJETIVOS 
Descrever a determinação quantitativa da concentração de alfa 2- antiplasmina em plasma 

humano citratado pelo método do substrato cromogênico sintético. 

 

2. DEFINIÇÕES  
Alfa 2-antiplasmina: é uma glicoproteína de peso molecular aproximadamente 65000 dáltons, 

que atua diretamente sobre a plasmina inibindo-a. 

 

3. APLICÁVEL A 

• Análise no laboratório de malária do IPCCB de amostras relacionadas à pesquisa; 

 

4. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB; 

 

5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 
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6. PROCEDIMENTOS 

A determinação quantitativa da concentração de alfa 2- antiplasmina em plasma humano citratado 

deverá ser realizada conforme instruções do fabricante (Diagnostica Stago S.A.S., Asnières sur Seine, 

França), utilizando os protocolos alternativos. Vide bula em anexo. 

 

7. REFERÊNCIAS 
 

• Franco RF. Fisiologia da coagulação, anticoagulação e fibrinólise. Medicina. 2001; 34:229-237. 

 

8. ANEXOS 
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1. OBJETIVOS 
Descrever a determinação quantitativa da atividade de fator II em plasma humano citratado 

baseado no tempo de protrombina utilizando plasma humano imunodepletado de fator II no sistema 

ACL TOP 300 (Werfen Instrumentation Laboratory, Barcelona, Espanha). 

 

2. DEFINIÇÕES  
Fator II (protrombina): é uma proteína plasmática vitamina K-dependente que durante a 

coagulação é convertida em fator IIa (trombina) pelo complexo protrombinase (fator Xa e fator Va). 

 

3. APLICÁVEL A 

• Análise no laboratório de hemostasia da Fundação Hospitalar de Hematologia e Hemoterapia 

do Amazonas de amostras relacionadas à pesquisa. 

 

4. RESPONSABILIDADES 

• Equipe do laboratório de hemostasia da Fundação Hospitalar de Hematologia e 

Hemoterapia do Amazonas; 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 
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5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 

A determinação quantitativa da atividade de fator II em plasma humano citratado deverá ser 

realizada conforme instruções do fabricante (Werfen Instrumentation Laboratory, Barcelona, Espanha). 

Vide bula em anexo. 

 

7. REFERÊNCIAS 
 

• Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of hemostasis. In: 

Hemostasis an thrombosis: basic principles and clinical practice. 5.ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. p. 1–51. 

 

8. ANEXOS 
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1. OBJETIVOS 
Descrever a determinação quantitativa da atividade de fator X em plasma humano citratado 

baseado no teste de tempo de protrombina, utilizando plasma imunodepletado de fator X, no sistema 

ACL TOP 300 (Werfen Instrumentation Laboratory, Barcelona, Espanha). 

 

2. DEFINIÇÕES  
Fator X: é uma proteína plasmática vitamina K-dependente que durante a coagulação é convertida 

em sua forma ativa (fator Xa) pelo fator tissular/fator VIIa (FT/FVIIa) ou fator IXa/fator VIIIa 

(FIXa/FVIIIa).  

 

3. APLICÁVEL A 

• Análise no laboratório de hemostasia da Fundação Hospitalar de Hematologia e Hemoterapia 

do Amazonas de amostras relacionadas à pesquisa. 

 

4. RESPONSABILIDADES 

• Equipe do laboratório de hemostasia da Fundação Hospitalar de Hematologia e 

Hemoterapia do Amazonas; 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 
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5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 

A determinação quantitativa da atividade de fator X em plasma humano citratado deverá ser 

realizada conforme instruções do fabricante (Werfen Instrumentation Laboratory, Barcelona, Espanha). 

Vide bula em anexo. 

 

7. REFERÊNCIAS 
 

• Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of hemostasis. In: 

Hemostasis an thrombosis: basic principles and clinical practice. 5.ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. p. 1–51. 

 

8. ANEXOS 
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PROCEDIMENTO OPERACIONAL PADRÃO 

 
INSTITUTO DE PESQUISA CLÍNICA CARLOS BORBOREMA 

 
FUNDAÇÃO DE MEDICINA TROPICAL DOUTOR HEITOR VIEIRA DOURADO 

 

Código POP POP_IPCCB_LB_NNN_v01D_PT 

Título Dosagem de fator V 

Idioma da versão original PT 

Elaborado por: 
Sâmella Silva de 
Oliveira 

Revisado por: 
 

Aprovado por: 
 

 

Data e assinatura Data e assinatura Data e assinatura 
 
 
 
 
 

Data da próxima 
revisão: 

 

Histórico de revisões 

Nome Assinatura Data 
(DD/MMM/AA) 

Alterações realizadas 

    

    

    

 
 

1. OBJETIVOS 
Descrever a determinação quantitativa da atividade de fator V em plasma humano citratado, 

utilizando plasma imunodepletado de fator V. 

 
2. DEFINIÇÕES  
Fator V: é um cofator da coagulação que catalisa a conversão do fator II (protrombina) em fator 

IIa (trombina).  A trombina é capaz de ativar o fator V em fator Va. 

 

3. APLICÁVEL A 

• Análise no laboratório de malária do IPCCB de amostras relacionadas à pesquisa; 

 

4. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 

 

5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 
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• Preparo de plasma humano deficiente em fator V 

 

a) As amostras de sangue de doadores voluntários são adicionadas individualmente em tubo 

de plástico contendo oxalato de sódio 0,1M; 

b) Centrifugar a 2500g, durante 15 minutos; a temperatura ambiente, para obtenção de 

plasma humano oxalatado; 

c) Incubar o plasma humano oxalatado a 37º C por 24 – 36 horas; 

d) Realizar o teste de tempo de protrombina (TP) de tempo em tempo até obter um TP de 

60-70 segundos; 

e) Ao obter esse TP, fazer pool de plasma humano oxalatado. 

 

• Preparo da curva padrão 

 

a) Fazer diluições 1/5, 1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640, 1/1280 e 1/2560 do plasma 

normal humano citratado em tampão tyrode (NaCl 137mM, KCl 2,7 mM, NaH2PO4, MgCl2 

1mM, HEPES 10 mm, albumina bovina 0,35%, dextrose 5,6 mM, apyrase 0,02%, PGE1, 

pH, 7,4). 

 

• Preparo da amostra do paciente e dos controles 

 

a) Fazer diluição 1/10 do plasma citratado humano (amostra a ser analisada) em tampão 

tyrode (pH=7,4). 

 

• Procedimento  

 

Em um tubo de vidro ou de plástico 37º C: 

a) Adicione 100 µL de plasma deficiente em fator V; 

b) Adicione 100 µL da amostra (plasma normal humano -curva, controle ou paciente) diluída; 

c) Incube por 1 minuto a 37ºC; 

d) Adicione 200 µL do extrato de cérebro contendo Cl2Ca (reagente 1 do teste do tempo de 

trombina (Diagnostica Stago S.A.S., Asnières sur Seine, França). 

e) Determinar o tempo de coagulação em segundos. 

 

7. REFERÊNCIAS 
 

• Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of hemostasis. In: 

Hemostasis an thrombosis: basic principles and clinical practice. 5.ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. p. 1–51. 

 



130 
 

  
   

• Denson KWE. Appendix 1. The preparation of general reagentes and coagulation factors. In: 

Biggs R, editor. Human blood Coagulation, haemostasis and thrombosis. 2nd ed. Oxford: 

Blackwell Scientific; 1976. p. 661–2.  

 

• Denson KWE. Appendix 2. The preparation of general reagentes and coagulation factors. In: 

Biggs R, editor. Human Blood Coagulation Haemostasis and Thrombosis. 2nd ed. Oxford: 

Blackwell Scientific; 1976. p. 702–4. 
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PROCEDIMENTO OPERACIONAL PADRÃO 

 
INSTITUTO DE PESQUISA CLÍNICA CARLOS BORBOREMA 

 
FUNDAÇÃO DE MEDICINA TROPICAL DOUTOR HEITOR VIEIRA DOURADO 

 

Código POP POP_IPCCB_LB_NNN_v01D_PT 

Título Dosagem de fator VII 

Idioma da versão original PT 

Elaborado por: 
Sâmella Silva de 
Oliveira 

Revisado por: 
 

Aprovado por: 
 

 

Data e assinatura Data e assinatura Data e assinatura 
 
 
 
 
 

Data da próxima 
revisão: 

 

Histórico de revisões 

Nome Assinatura Data 
(DD/MMM/AA) 

Alterações realizadas 

    

    

    

 
 

1. OBJETIVOS 
Descrever a determinação quantitativa da atividade de fator VII em plasma humano citratado, 

utilizando plasma imunodepletado de fator VII. 

 
2. DEFINIÇÕES  
Fator VII: é uma proteína plasmática vitamina K-dependente que forma com o fator tissular um 

complexo, o qual ativa tanto o fator X como o fator IX. 

 

3. APLICÁVEL A 

• Análise no laboratório de malária do IPCCB de amostras relacionadas à pesquisa; 

 

4. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 

 

5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 
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A determinação quantitativa da atividade de fator VII em plasma humano citratado deverá ser 

realizada conforme instruções do fabricante (Diagnostica Stago S.A.S., Asnières sur Seine, França). 

Vide bula em anexo. O protocolo alternativo segue abaixo: 

 

• Preparo da curva padrão 

 

a) Fazer diluições 1/5, 1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640, 1/1280 e 1/2560 do plasma 

normal humano citratado em tampão tyrode (NaCl 137mM, KCl 2,7 mM, NaH2PO4, MgCl2 

1mM, HEPES 10 mm, albumina bovina 0,35%, dextrose 5,6 mM, apyrase 0,02%, PGE1, 

pH, 7,4). 

 

• Preparo da amostra do paciente e dos controles 

 

a) Fazer diluição 1/10 do plasma citratado humano (amostra a ser analisada) em tampão 

tyrode (pH=7,4). 

 

• Procedimento  

 

Em um tubo de vidro ou de plástico a 37º C: 

a) Adicione 100 µL de plasma deficiente em fator V; 

b) Adicione 100 µL da amostra (plasma normal humano -curva, controle ou paciente) diluída; 

c) Incube por 1 minuto a 37ºC; 

d) Adicione 200 µL do extrato de cérebro contendo Cl2Ca (reagente 1 do teste do tempo de 

trombina (Diagnostica Stago S.A.S., Asnières sur Seine, França). 

e) Determinar o tempo de coagulação em segundos. 

 

7. REFERÊNCIAS 
 

• Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of hemostasis. In: 

Hemostasis an thrombosis: basic principles and clinical practice. 5.ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. p. 1–51. 

 

8. ANEXOS 
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PROCEDIMENTO OPERACIONAL PADRÃO 

 
INSTITUTO DE PESQUISA CLÍNICA CARLOS BORBOREMA 

 
FUNDAÇÃO DE MEDICINA TROPICAL DOUTOR HEITOR VIEIRA DOURADO 

 

Código POP POP_IPCCB_LB_NNN_v01D_PT 

Título Dosagem de plasminogênio 

Idioma da versão original PT 

Elaborado por: 
Sâmella Silva de 
Oliveira 

Revisado por: 
 

Aprovado por: 
 

 

Data e assinatura Data e assinatura Data e assinatura 
 
 
 
 
 

Data da próxima 
revisão: 

 

Histórico de revisões 

Nome Assinatura Data 
(DD/MMM/AA) 

Alterações realizadas 

    

    

    

 
 

1. OBJETIVOS 
Descrever a determinação quantitativa da atividade de plasminogênio em plasma humano 

citratado, em substrato sintético cromógeno por método amidolítico. 

 
2. DEFINIÇÕES  
Plasminogênio: é uma proenzima plasmática inativa que é convertida em plasmina pelos 

ativadores de plaminogênio do tipo tecidual e uroquinase com a função de degradar a fibrina 

 

3. APLICÁVEL A 

• Análise no laboratório de malária do IPCCB de amostras relacionadas à pesquisa; 

 

4. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 

 

5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 

 

6. PROCEDIMENTOS 
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A determinação quantitativa da atividade de plasminogênio em plasma humano citratado deverá 

ser realizada conforme instruções do fabricante (Diagnostica Stago S.A.S., Asnières sur Seine, 

França). Vide bula em anexo. O protocolo alternativo segue abaixo: 

 

• Preparo da curva padrão 

 

a) Fazer diluições 100%, 50%, 25% e 0% do plasma normal humano citratado em tampão 

tyrode (NaCl 137mM, KCl 2,7 mM, NaH2PO4, MgCl2 1mM, HEPES 10 m/m, albumina 

bovina 0,35%, dextrose 5,6 mM, apyrase 0,02%, PGE1, pH, 7,4) como segue: 

 

Padrão de 

plasminogênio 

Plasma normal citratado 

(pool) 

Tampão tyrode 

(pH=7,4) 

100% 100 µL 500 µL 

50% 200 µL do padrão 100% 200 µL 

25% 200 µL do padrão 200% 200 µL 

0% - 200 µL 

 

• Procedimento  

 

Em um tubo de vidro ou de plástico: 

a) Adicione 200 µL da amostra (plasma normal humano -curva, ou paciente); 

b) Incube por 2-4 minutos a 37ºC; 

c) Adicione 200 µL do reagente 1 (estreptoquinase) (Diagnostica Stago S.A.S., Asnières sur 

Seine, França); 

d) Misture e incube por 2 minutos a 37ºC; 

e)  Adicione 200 µL do reagente 2 (substrato cromógeno) (Diagnostica Stago S.A.S., 

Asnières sur Seine, França); 

f) Misture e incube por 1 minuto a 37ºC; 

g) Adicione 200 µL do ácido glacial 50%. 

Faça a leitura da absorbância a 405 nm contra um branco preparado da seguinte maneira: 

a) 200 µL do ácido glacial 50%; 

b) 200 µL da diluição padrão (100%); 

c) Adicione 200 µL do reagente 1 (estreptoquinase) (Diagnostica Stago S.A.S., Asnières sur 

Seine, França); 

d) Adicione 200 µL do reagente 2 (substrato cromógeno) (Diagnostica Stago S.A.S., Asnières 

sur Seine, França). 

 

7. REFERÊNCIAS 
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• Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of hemostasis. In: 

Hemostasis an thrombosis: basic principles and clinical practice. 5.ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. p. 1–51. 

 

• Franco RF. Fisiologia da coagulação, anticoagulação e fibrinólise. Medicina. 2001; 34:229-237. 

 

8. ANEXOS 
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PROCEDIMENTO OPERACIONAL PADRÃO 

 
INSTITUTO DE PESQUISA CLÍNICA CARLOS BORBOREMA 

 
FUNDAÇÃO DE MEDICINA TROPICAL DOUTOR HEITOR VIEIRA DOURADO 

 

Código POP POP_IPCCB_LB_NNN_v01D_PT 

Título Dosagem de fator tissular (FT) 

Idioma da versão original PT 

Elaborado por: 
Sâmella Silva de 
Oliveira 

Revisado por: 
 

Aprovado por: 
 

 

Data e assinatura Data e assinatura Data e assinatura 
 
 
 
 
 

Data da próxima 
revisão: 

 

Histórico de revisões 

Nome Assinatura Data 
(DD/MMM/AA) 

Alterações realizadas 

    

    

    

 
 

1. OBJETIVOS 
Descrever a determinação quantitativa da concentração de FT em plasma humano citratado 

utilizando o teste imunoenzimático ELISA (Enzyme Linked Immuno Sorbent Assay) (Abcam, 

Cambridge, Reino Unido). 

 
2. DEFINIÇÕES  
Fator tissular: é uma proteína transmembrana sintetizada em macrófagos e células endoteliais 

que se liga e ativa o fator VII da coagulação. 

 

3. APLICÁVEL A 

• Análise no laboratório de malária do IPCCB de amostras relacionadas à pesquisa; 

 

4. RESPONSABILIDADES 

• Equipe responsável pela análise das amostras relacionadas à pesquisa do IPCCB. 

 

5. POP'S RELACIONADOS  

POP’s sobre coleta e processamento de amostras de sangue. 
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6. PROCEDIMENTOS 

A determinação quantitativa da concentração de FT em plasma humano citratado deverá ser 

realizada conforme instruções do fabricante (Abcam, Cambridge, Reino Unido). Vide bula em anexo. 

 

7. REFERÊNCIAS 
 

• Colman RW, Clowes AW, Golhaber SZ, Marder VJ, George JN. Overview of hemostasis. In: 

Hemostasis an thrombosis: basic principles and clinical practice. 5.ed. Philadelphia: Lippincott 

Williams & Wilkins; 2006. p. 1–51. 

 

8. ANEXOS 
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7.2. Instrumentos de coleta de dados 

Formulário para Coleta de Dados dos Prontuários do Sistema Idoctor 
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Formulário para Coleta de Dados dos Pacientes 

 

 

 

 

 

 

 

 

 

 

PESQUISADORES RESPONSÁVEIS: Sâmella Silva de Oliveira (92) 98204 5999 

                                      Wuelton Marcelo Monteiro 

 

EQUIPE DE TRABALHO: Iran Mendonça da Silva (92) 99322 3775 

                                 Jacqueline Sachett (92) 98151 8086 

                                     Eliane Campos Alves (92) 98199 7110 

 

 

 

Prontuário: _____________________ 

Nome: ________________________________________________________ 

Código do Estudo: _________________ 

 

 

 

 

 

 

 

 

 

 

 
 

DISTÚRBIOS HEMOSTÁTICOS EM ACIDENTES 
BOTRÓPICOS E LAQUÉTICOS NA REGIÃO DE MANAUS, 

ESTADO DO AMAZONAS 
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CRITÉRIOS DE NÃO INCLUSÃO: 

 

1. Uso de soro antiofídico em outra unidade de saúde:          SIM           NÃO 

2. Falta de vontade ou incapacidade de assinar o consentimento informado (paciente 

e ou pais / responsável legal):                                            SIM            NÃO 

 

1. Dados do Paciente 

Contato telefônico: (     ) _______________ (     ) _______________  

Endereço: _________________________________ nº _____ Bairro: _______________ 

Município: _______________________ 

Sexo:        1-Masculino 2-Feminino          Profissão: ______________________ 

Data de nascimento ____/____/____ Idade: 

 
2. Dados do acidente ofídico  

2.1 Procedência:        1-Manaus 2-Interior. Qual? _______________________________ 

2.2 Data do acidente: ____/____/____ 2.3 Hora Aproximada do Acidente: ____:____ 

2.4 Data da internação na FMT-HVD: ____/___/____ 2.5 Hora da admissão: ____:____ 

2.6 Data da saída na FMT-HVD: ____/____/____ 

2.7 Motivo:        1-Alta 2-Óbito 3-Transferência 

2.8 Zona de Ocorrência:        1-Rural 2-Urbana 3-Periurbana 9-Ignorado 

2.9 Local da picada:     1-Cabeça 2-Braço 3-Perna 4-Tronco 5-Pescoço 6-Mão 7-Coxa 8-

Antebraço 9-Pé 10-Outro (Espec.): ________________ 

2.10 Lado do corpo afetado:      1-Direito 2-Esquerdo 3-Central 

2.11 Andou ou caminhou após acidente:        1-Não 2-Sim. Quanto tempo? ____ min. 

2.12 Acidente relacionado ao trabalho:        1-Não 2-Sim 

2.13. Circunstâncias do acidente: _______________________________________ 

Viu o animal? ________________ Nome atribuído ao animal: ___________________ 

2.14. Houve acidente anterior:        1-Não 2-Sim. Quantos? ______  
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Data do último: ____/_____ (mês/ano) 

3. Soroterapia – Classificação do Acidente ofídico 

3.1 Tipo do acidente:         1-Botrópico 2-Laquético 3-Não identificado 

3.2 Classificação do acidente: 1-Leve 2-Moderado 3-Grave 

Classificação do Acidente e Soroterapia (Ver quadro a seguir): (*antes de iniciar 

soroterapia coletar sangue). 

Botrópico 

Leve: quadro local discreto (edema local de até 2 

segmentos), sangramento em pele ou mucosas; pode 

haver apenas distúrbio na coagulação. 

Antiveneno: botrópico (SAB) 

2 a 4 ampolas 

Moderado: edema (edema local de 3 a 4 segmentos) e 

equimose evidentes, sangramento sem 

comprometimento do estado geral; pode haver distúrbio 

na coagulação. 

Antiveneno: botrópico (SAB) 

5 a 8 ampolas 

Grave: alterações locais intensas (edema local de 5 

segmentos), hemorragia grave, hipotensão, anúria. 

Antiveneno: botrópico (SAB). 

12 ampolas 

 
Laquético 

Moderado: quadro local presente (Idem botrópico), pode 

haver sangramentos, manifestações vagais leves 

(PA>80x40 mmHg e pulso acima de 50 bpm). 

Antiveneno botrópico-

laquético (SABL) 

10 ampolas 

Grave: quadro local intenso (Idem botrópico), hemorragia 

intensa, com manifestações vagais (PA<80x40 mmHg e 

Pulso abaixo de 50 bpm). 

Antiveneno: botrópico-

laquético (SABL) 

20 ampolas 

 
 

3.3 Número de ampolas administradas: _______ Hora da Soroterapia: _____:_____ 

Obs: 

________________________________________________________________________

_ 

3.4 Reação Adversa à Soroterapia (até 24 horas após infusão):        1-Não 2-Sim  

      taquicardia             taquipneia            dispneia            urticária             náuseas  

      vômitos                  hipotensão            prurido              choque             broncoespasmo  

      rouquidão e estridor laríngeo              reação anafilática  

      outra:_____________________________________________________ 

 

3.5 Hora da Reação Adversa: _____:_____ 



170 
 

 

4. Histórico: 

4.1 Houve medicamentos orais/injetáveis anteriores a internação:  

       1-Não 2-Sim (Espec.):_______________________________________________ 

4.2 Houve uso de produtos no local do acidente:  

       1-Não 2-Sim (Espec.): _______________________________________________ 

4.3 Condutas adotadas após o acidente:          1-Não 2-Sim  

       Torniquete/garrote            Sucção Labial        Outro: _________________________ 

 

T0 – ADMISSÃO DO PACIENTE 

5. Dados clínicos do paciente 

5.1 Data da avaliação: ____/____/_____      5.2 Hora: ____:____ 

5.3 Pressão arterial: ______X______ mm Hg      5.4 Pulso ______ por min 

5.5.Temp. ______ºC      5.6 Freq. Resp. ______ rpm 

5.8 Doenças, Tratamentos ou Queixas concomitantes (comorbidades):    1-Não 2-Sim  

        Doenças Hematológicas               Uso de anticoncepcional  

        Uso de anticoagulante           Outro: ______________________________________ 

5.9 Manifestações Locais:        1-Não 2-Sim  

5.9.1 Sangramento 

       Sangramento no local da picada 

       Equimose local evidente  

5.9.2 Edema 

        Leve - edema local de até 2 segmentos  

        Moderado - edema local de 3 a 4 segmentos  

        Grave - edema local de 5 segmentos 

Circunferência da região acometida (cm): 

Lado direito: _______ cm Lado esquerdo: _______ cm região ímpar: ________ cm 

Extensão do edema: _______ cm 

*marcar na figura o edema tanto no sentido distal quanto proximal do local da picada (marcar com P o local da 

picada) 
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5.9.3 Linfonodos:         1-Não 2-Sim  Características: ______________________ 

5.9.4 Dor - classificação numérica na escala de 0 - 10 (Antes do uso de analgésico):       

Valor:        Ausente: 0;        Leve: 1-3;        Moderado: 4-7;        Grave: 8-10  

          Espontânea          Ao toque         Ao movimento 

5.9.5. Tonalidade perilesional: 

         Normal            violácea          vermelhidão          necrótica 

5.9.6 Características da Pele:  1-Não 2-Sim  

        equimose        bolhas        secreção serosa        somente a marca da presa  

5.9.7.Temperatura: área acometida _______ ºC área contralateral _______ºC 

 

5.10 Manifestações Sistêmicas:        1-Não 2-Sim, marcar um X:  

       Anúria               Cefaleia            Choque            Cólicas abdominais          Convulsão  

       Diarreia             Enterorragia (melena e hematoquesia)          Epistaxe  

       Equimose          Gengivorragia          Hematêmese          Hematúria         Petéquias 

       Hemoptise         Hemorragia conjuntival          Hipermenorragia          Náuseas  

       Oligúria              Otorragia           Sudorese           Vômito  

       Outras:_______________________________________________  

 

 
 

5.11. Complicações locais e sistêmicas:         

5.11.1. Infecção Secundária:      1-Não 2-Sim 

Manifestações locais:       Celulite           Abscesso       outro: __________________ 

5.11.2. Síndrome Compartimental:       1-Não 2- Sim 

5.11.3. Insuficiência Renal Aguda:       1-Não 2-Sim 

5.11.4. Outros: ________________________________________________________ 

Tratamento instituído: ________________________________________________ 

 

  
 
 
 



172 
 

 

6. Dados da Serpente 

6.1 Trouxe a serpente:        1-Não 2-Sim  

INFORMAÇÕES ABAIXO SERÃO INFORMADAS PELA GERÊNCIA DE ANIMAIS 

PEÇONHENTOS  

6.2 Serpente envolvida:        1-Bothrops 2-Lachesis 9-Ignorado  

3-Outro (Espec.): _____________  

6.3 Sexo da serpente:        1-Masculino 2-Feminino 

6.4 Estágio ontogenético: _____________  6.5 Tamanho da serpente: _______cm 

 
Tempo de coagulação: ___________________________ 

 
 

Avaliador: _____________________________________________________ 
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T12 – 12 HORAS APÓS O AV 

7. Dados clínicos do paciente 

7.1 Data da avaliação: ____/____/_____      7.2 Hora: ____:____ 

7.3 Pressão arterial: ______X______ mm Hg      7.4 Pulso ______ por min 

7.5Temp. ______ºC      7.6 Freq. Resp. ______ rpm 

QUEIXAS: ______________________________ 

7.7. Manifestações Locais:        1-Não 2-Sim  

7.7.1 Sangramento 

       Sangramento no local da picada 

       Equimose local evidente  

7.7.2 Edema 

        Leve - edema local de até 2 segmentos  

        Moderado - edema local de 3 a 4 segmentos  

        Grave - edema local de 5 segmentos 

Circunferência da região acometida (cm): 

Lado direito: _______ cm Lado esquerdo: _______ cm região ímpar: ________ cm 

Extensão do edema: _______ cm 

*marcar na figura o edema tanto no sentido distal quanto proximal do local da picada (marcar com P o local da 

picada) 

7.7.3 Linfonodos:         1-Não 2-Sim  Características: ______________________ 

7.7.4 Dor - classificação numérica na escala de 0 - 10 (Após o uso de analgésico):       

Valor:        Ausente: 0;        Leve: 1-3;        Moderado: 4-7;        Grave: 8-10 

          Espontânea          Ao toque            Ao movimento 

7.7.5. Tonalidade perilesional: 

         Normal            violácea          vermelhidão          necrótica 

7.7.6 Características da Pele: 1-Não 2-Sim  

        equimose        bolhas        secreção serosa        somente a marca da presa  

7.7.7.Temperatura: área acometida _______ ºC área contralateral _______ºC 
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7.8 Manifestações Sistêmicas:        1-Não 2-Sim, marcar um X:  

       Anúria               Cefaleia            Choque            Cólicas abdominais          Convulsão  

       Diarreia             Enterorragia (melena e hematoquesia)          Epistaxe  

       Equimose          Gengivorragia          Hematêmese          Hematúria         Petéquias 

       Hemoptise         Hemorragia conjuntival          Hipermenorragia          Náuseas  

       Oligúria              Otorragia           Diarreia             Sudorese           Vômito  

       Outras:_______________________________________________  

 

 
 

7.9. Complicações locais e sistêmicas:         

7.9.1. Infecção Secundária:      1-Não 2-Sim 

Manifestações locais:       Celulite           Abscesso       outro: __________________ 

7.9.2. Síndrome Compartimental:       1-Não 2-Sim 

7.9.3. Insuficiência Renal Aguda:       1-Não 2-Sim 

7.9.4. Outros: ________________________________________________________ 

Tratamento instituído: ________________________________________________ 

 

 
Tempo de coagulação: ______________________________ 

 

Avaliador: _____________________________________________________ 
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T24 – 24 HORAS APÓS O AV 

8. Dados clínicos do paciente 

8.1 Data da avaliação: ____/____/_____      8.2 Hora: ____:____ 

8.3 Pressão arterial: ______X______ mm Hg      8.4 Pulso ______ por min 

8.5.Temp. ______ºC      8.6 Freq. Resp. ______ rpm 

QUEIXAS: _________________ 

8.7 Manifestações Locais:        1-Não 2-Sim  

8.7.1 Sangramento 

       Sangramento no local da picada 

       Equimose local evidente  

8.7.2 Edema 

        Leve - edema local de até 2 segmentos  

        Moderado - edema local de 3 a 4 segmentos  

        Grave - edema local de 5 segmentos 

Circunferência da região acometida (cm): 

Lado direito: _______ cm Lado esquerdo: _______ cm região ímpar: ________ cm 

Extensão do edema: _______ cm 

*marcar na figura o edema tanto no sentido distal quanto proximal do local da picada (marcar com P o local da 

picada) 

8.7.3 Linfonodos:         1-Não 2-Sim  Características: ______________________ 

8.7.4 Dor - classificação numérica na escala de 0 - 10 (Após o uso de analgésico):       

Valor:        Ausente: 0;        Leve: 1-3;        Moderado: 4-7;        Grave: 8-10 

          Espontânea          Ao toque          Ao movimento 

8.7.5. Tonalidade perilesional: 

         Normal            violácea          vermelhidão          necrótica 

8.7.6 Características da Pele: 1-Não 2-Sim  

        equimose        bolhas        secreção serosa        somente a marca da presa  

8.7.7.Temperatura: área acometida _______ ºC área contralateral _______ºC 
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8.9 Manifestações Sistêmicas:        1-Não 2-Sim, marcar um X:  

       Anúria               Cefaleia            Choque            Cólicas abdominais          Convulsão  

       Diarreia             Enterorragia (melena e hematoquesia)          Epistaxe  

       Equimose          Gengivorragia          Hematêmese          Hematúria         Petéquias 

       Hemoptise         Hemorragia conjuntival          Hipermenorragia          Náuseas  

       Oligúria              Otorragia           Diarreia             Sudorese           Vômito  

       Outras:_______________________________________________  

 

 
 

8.10 Complicações locais e sistêmicas:         

8.10.1. Infecção Secundária:      1-Sim 2-Não 

Manifestações locais:       Celulite           Abscesso       outro: __________________ 

8.10.2. Síndrome Compartimental:       1-Sim 2-Não 

8.10.3. Insuficiência Renal Aguda:       1-Sim 2-Não 

8.10.4. Outros: ________________________________________________________ 

Tratamento instituído: ________________________________________________ 

 

 
Tempo de coagulação: ____________________________ 

 
Avaliador: _____________________________________________________ 
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T48 – 48 HORAS APÓS O AV 

9. Dados clínicos do paciente 

9.1 Data da avaliação: ____/____/_____      9.2 Hora: ____:____ 

9.3 Pressão arterial: ______X______ mm Hg      9.4 Pulso ______ por min 

9.5.Temp. ______ºC      9.6 Freq. Resp. ______ rpm 

QUEIXAS: __________________________ 

9.7. Manifestações Locais:        1-Não 2-Sim  

9.7.1 Sangramento 

       Sangramento no local da picada 

       Equimose local evidente  

9.7.2 Edema 

        Leve - edema local de até 2 segmentos  

        Moderado - edema local de 3 a 4 segmentos  

        Grave - edema local de 5 segmentos 

Circunferência da região acometida (cm): 

Lado direito: _______ cm Lado esquerdo: _______ cm região ímpar: ________ cm 

Extensão do edema: _______ cm 

*marcar na figura o edema tanto no sentido distal quanto proximal do local da picada (marcar com P o local da 

picada) 

9.7.3 Linfonodos:         1-Não 2-Sim  Características: ______________________ 

9.7.4 Dor - classificação numérica na escala de 0 - 10 (Após o uso de analgésico):       

Valor:        Ausente: 0;        Leve: 1-3;        Moderado: 4-7;        Grave: 8-10 

          Espontânea          Ao toque          Ao movimento 

9.7.5. Tonalidade perilesional: 

         Normal            violácea          vermelhidão          necrótica 

9.7.6 Características da Pele: 1-Não 2-Sim  

        equimose        bolhas        secreção serosa        somente a marca da presa  

9.7.7.Temperatura: área acometida _______ ºC área contralateral _______ºC 
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9.7.8 Manifestações Sistêmicas:        1-Não 2-Sim, marcar um X:  

       Anúria               Cefaleia            Choque            Cólicas abdominais          Convulsão  

       Diarreia             Enterorragia (melena e hematoquesia)          Epistaxe  

       Equimose          Gengivorragia          Hematêmese          Hematúria         Petéquias 

       Hemoptise         Hemorragia conjuntival          Hipermenorragia          Náuseas  

       Oligúria              Otorragia           Diarreia             Sudorese           Vômito  

       Outras:_______________________________________________  

 

 
9.8. Complicações locais e sistêmicas:         

9.8.1. Infecção Secundária:      1-Não 2-Sim 

Manifestações locais:       Celulite           Abscesso       outro: __________________ 

9.8.2. Síndrome Compartimental:       1-Não 2-Sim 

9.8.3. Insuficiência Renal Aguda:       1-Não 2-Sim 

9.8.4. Outros: ________________________________________________________ 

Tratamento instituído: ________________________________________________ 

 
Tempo de coagulação: _________________________ 

 
Avaliador: _____________________________________________________ 
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Talta – Alta do paciente 

10. Dados clínicos do paciente 

10.1 Data da avaliação: ____/____/_____      10.2 Hora: ____:____ 

10.3 Pressão arterial: ______X______ mm Hg      10.4 Pulso ______ por min 

10.5.Temp. ______ºC      10.6 Freq. Resp. ______ rpm 

QUEIXAS: __________________________ 

10.7. Manifestações Locais:        1-Não 2-Sim  

10.7.1 Sangramento 

       Sangramento no local da picada 

       Equimose local evidente  

10.7.2 Edema 

        Leve - edema local de até 2 segmentos  

        Moderado - edema local de 3 a 4 segmentos  

        Grave - edema local de 5 segmentos 

Circunferência da região acometida (cm): 

Lado direito: _______ cm Lado esquerdo: _______ cm região ímpar: ________ cm 

Extensão do edema: _______ cm 

*marcar na figura o edema tanto no sentido distal quanto proximal do local da picada (marcar com P o local da 

picada) 

10.7.3 Linfonodos:         1-Não 2-Sim  Características: ______________________ 

10.7.4 Dor - classificação numérica na escala de 0 - 10 (Após o uso de analgésico):       

Valor:        Ausente: 0;        Leve: 1-3;        Moderado: 4-7;        Grave: 8-10 

          Espontânea          Ao toque          Ao movimento 

10.7.5. Tonalidade perilesional: 

         Normal            violácea          vermelhidão          necrótica 

10.7.6 Características da Pele: 1-Não 2-Sim  

        equimose        bolhas        secreção serosa        somente a marca da presa  

10.7.7.Temperatura: área acometida _______ ºC área contralateral _______ºC 
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10.8 Manifestações Sistêmicas:        1-Não 2-Sim, marcar um X:  

       Anúria               Cefaleia            Choque            Cólicas abdominais          Convulsão  

       Diarreia             Enterorragia (melena e hematoquesia)          Epistaxe  

       Equimose          Gengivorragia          Hematêmese          Hematúria         Petéquias 

       Hemoptise         Hemorragia conjuntival          Hipermenorragia          Náuseas  

       Oligúria              Otorragia           Diarreia             Sudorese           Vômito  

       Outras:_______________________________________________  

 

 

10.9. Complicações locais e sistêmicas:         

10.9.1. Infecção Secundária:      1-Não 2-Sim 

Manifestações locais:       Celulite           Abscesso       outro: __________________ 

10.9.2. Síndrome Compartimental:       1-Não 2-Sim 

10.9.3. Insuficiência Renal Aguda:       1-Não 2-Sim 

10.9.4. Outros: ________________________________________________________ 

Tratamento instituído: ________________________________________________ 
 

Tempo de coagulação: __________________________ 

 

Avaliador: _____________________________________________________ 
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7.3. Parecer ético 
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7.4. Produção Científica em estudos complementares durante o curso de 

doutorado 

 

7.4.1. Artigos completos publicados ou aceitos para publicação 
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