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ABSTRACT. Snake envenoming is a major problem both to veterinary and human medicine
in tropical countries due to high incidence, severity, and sequelae. In Brazil, most
envenomings involving animals are caused by Bothrops and Crotalus snakes; these are the
highest risk to animals. This study reports on Bothrops and Crotalus envenomings in dogs,
the main species responsible for epidemiology, pathogenesis, venom action, clinical signs,
sequelae and complications, clinical pathology, necropsy findings, diagnosis, and treatment.
Veterinarians must be capable of identifying the snake not only by observing its

characteristics but also symptom evolution.
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INTRODUCTION

Envenomings are a major public health problem for developing countries due to high
incidence, severity, and sequelae (12,13,48,62,66,69,70,77). This extends to veterinary
medicine due to the great damage mainly to cows (19) and pets, such as dogs (43).

Snakes are reptiles known mainly by their elongated flexible bodies and anatomical

modifications that allow them to feed on large preys, by swallowing them whole (38,45).

Brazilian venomous snakes belong to the Viperidae and Elapidae families; the first includes
the Bothrops (Figure 1), Crotalus (Figure 2), and Lachesis genera; the second the Micrurus
genus (28,33,35,38,70).

In Brazil, most envenomings are caused by Bothrops and Crotalus snakes; these are the
highest risk to animals (19).

The Bothrops genus (Table 1) includes viviparous, aggressive snakes, which show the
following characteristics: mobile fangs, smooth tail, and loreal pit. This genus includes over
30 species showing different color patterns, ranging from green to black. Habits vary
according to species and age; they can be found on trees, hidden near water courses, or humid
areas. They may feed on small amphibians, rodents, and birds. Adult snakes are from 0.4 to
2.0 meters in length, and can be found throughout the country (28,31,33-35,38,52,57,70).

Figure 1. Bothrops jararaca (jararaca).
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Crotalus snakes are viviparous and show a rattle on the tail, mobile fangs, and loreal pit. They
are found in dry and rocky environments of low and open vegetation; they are rarely found in
jungles. Except for the strike, these snakes are slow moving, not very aggressive, and feed on
rodents. In Brazil, there is only one species with six subspecies (Table 1), of about 1.20
meters in length (28,31,33-35,38,52,57,70).

Figure 2. Crotalus durissus terrificus (rattlesnake).

In Brazil, 80% to 90% of the envenomings are caused by Bothrops snakes; 8% to 20% by
Crotalus snakes (9,10,13,15,16,21,25,30,33,36,56,63,68).

In human medicine, epidemiological data are relatively well established. Since 1986, the
Ministry of Health has made snake envenoming notifications mandatory. According to the
Ministry of Health data, approximately 20,000 envenomings are reported every year; about
2,000 of these in S&o Paulo State (6,8-13,23,26,67,69).

In the Botucatu region in central-western Sdo Paulo State, 80% of the envenomings are
caused by B. jararaca, B. alternatus, and B. neuwidii and 20% by Crotalus durissus terrificus
(9-112).

According to Bicudo (19), statistics about domestic envenomings are scarce in veterinary
literature (32).
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In a retrospective study performed at the Hospital Veterinario da Faculdade de Medicina

Veterinaria e Zootecnia of UNESP, Botucatu, Estado de Sdo Paulo, 149 envenoming records

were found, of which 128 had been caused by Bothrops, 11 by Crotalus, and 10 had not been

identified. Of these, 103 were in dogs, 22 in horses, 17 in cows, 4 in goats, 2 in cats, and 1 in

pigs (20). Most envenomings occur in spring and summer (October to March)

(9,13,23,33,54).

Table 1. Zoological classification, common names, and distribution of the main Bothrops and

Crotalus snakes in Brazil.

Species

Common name

Distribution

Bothrops alternatus
Bothrops atrox
Bothrops brazili
Bothrops castelnaudi
Bothrops cotiara
Bothrops erythromelas
Bothrops fonsecai
Bothrops iglesiasi
Bothrops insularis
Bothrops itapetiningue
Bothrops jararaca
Bothrops jararacussu
Bothrops leucurus

Bothrops moojeni

Bothrops neuwidii

Crotalus durissus cascavella
Crotalus durissus collilineatus
Crotalus durissus marajoensis
Crotalus durissus ruruima
Crotalus durissus terrificus

Crotalus durissus trigonicus

Urutu cruzeiro, Cruzeira, Boicotira
Caigaca, Jararaca do norte, Combdia
Jararaca vermelha, Surucucu vermelha
Jararaca cinza

Cotiara

Jararaca da seca, Jararaca

Cotiara, Jararaca

Jararaquinha

Jararaca ilhda, 1lhda

Jararaca do campo, Boipeva, Furta cor
Jararaca, Jararaquinha do rabo branco
Jararacussu

Jararaca, Jararaca baiana

Caicaca, Jararacdo

Jararaca pintada

Cascavel de quatro ventas or Cascavel
Cascavel or Maracaboia

Boicininga, Boicununga, or Maraca
Boicininga, Boicununga, or Maraca
Cascavel or Boiquira

Cascavel

MG, SP, GO, MS, PR, SC, RS
AM, PA, MA, RO

AM, PA, MT

AM, GO, MT

SP, SC, PR, RS

Northeastern Region

SP,RJ, MG

Pl

Ilha da Queimada Grande - SP

SP, MG,GO,PR,MS,SC

From Bahia to Rio Grande do Sul
SP, MG, ES, RJ, MG, PR, SC

BA

PA, MA, GO, MT, MS, MG, SP, PR
Throughout the country except the
Northern Region

AL, CE, MA, MG, PE, PI, RN
GO, MT, MG,MS, SP

Ilha de Marajé

RR,AM, PA, RO

AM, MT, MG, PR, RS, RO, SC, SP, PA
RR




R. S. Ferreira Junior; B. Barraviera. MANAGEMENT OF VENOMOUS SNAKEBITES IN DOGS AND CATS IN
BRAZIL. J. Venom. Anim. Toxins incl. Trop. Dis., 2004, 10, 2, p.116.

According to Hacket et al. (43), who studied 100 dogs bitten by rattlesnakes between 1989
and 1998, most envenomings occurred in spring and summer; there was no preference for

gender, and most dogs had bites to the head in late afternoon.

CHARACTERISTICS OF SNAKE ENVENOMINGS

In relation to time elapsed between envenomings and treatment, those affecting domestic
animals are quite different from humans, especially when involving animals such as bovine,

equine, ovine, caprine, and bubaline raised in extensive breeding system (19).

All mammals are susceptible to snake venoms, but domestic animal’s susceptibility is
different. The most sensitive species in decreasing order are: bovine, equine, ovine, caprine,

canine, and swine; feline being the most resistant (19,24,37,51,54).

In relation to pets, such as cats and dogs, they are generally treated over 1 to 2 hours after the
bite, when the clinical symptoms are evident.

In animal envenoming, the snake is rarely identified or captured (19); when the snake is

brought to the veterinarian, it is usually mutilated, which makes identification difficult (27).
Pathogenesis

Snake venoms consist of simple and complex substances, whose proportion and specific

characteristics vary depending on the different species.

About 90% to 95% of venom dry weight consists of protein, and some protein fractions are
biologically more important than the non-protein ones, with specific chemical and biological
activities (34,42,73).

Bothrops envenoming

Bothrops venom is composed of hyaluronidase, responsible for absorption and dispersal in the
tissues; hematoxin and cytolysin, which cause local inflammation, necrosis, and vascular
epithelium damage; and phospholipase A, and esterase, which alter membrane permeability
releasing histamine and bradykynin (42,58-60,73).

Phospholipase A2 activity is present in all Bothrops venoms, except in that of Bothrops
cotiara (78). Bothrops snakes possess venoms with coagulant, proteolytic, and vasculotoxic

effects.
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Bothrops venom coagulant action is known for its thrombin-like fraction and is also present in
Crotalus venom (51,59). Most Bothrops venoms, isolated or simultaneously, activate the X
factor and prothrombin. They also show a thrombin-like effect, transforming fibrinogen into
fibrin. These produce fibrin and fibrinogen degradation, which may cause blood
incoagulability (9,12,13,29,49,64).

This condition is similar to that of disseminated intravascular coagulation (DIC), forming

microcoagula and compromising several organs (7,9,13,23,33).

The necrotic action, also called proteolytic, results from the direct citotoxic action in tissues
by venom proteolytic fractions, which induce release of vasoactive substances, such as
bradykynin and histamine, causing extensive local reaction including pain, edema,
congestion, hemorrhage, and necrosis (13,32,40,41,65,71,74). These lesions can be

potentialized by secondary infections (9,12,13).

The systemic vasculotoxic action is caused by hemorrhagic factors called hemorrhagins. They
act on blood vessels, first destroying the basal membrane, and then causing its rupture.
Hemorrhage may be local or systemic in the lungs, brain, and kidneys. Edema at the bite site,
which generally occurs minutes after envenoming, results from a toxic injury in the blood
vessel endothelium (9,12,13,29,60,65,78).

Bothrops envenomings may be followed by shock, with or without a defined cause. It presents
hypovolemia due to blood or plasma loss in the edematous limb; thus activation of
hypotensive substances, pulmonary edema, and disseminated intravascular coagulation may
occur (9,12,22,33,34).

Renal failure (1,9,10,12,22) may occur by venom direct action or secondary to complications
where shock is present. Formation of microthrombi by coagulant and vasculotoxic lesions is

believed to be capable of producing renal ischemia due to microcirculation obstruction.
Crotalus envenoming

Composition of Crotalus venom is complex, consisting of enzymes, toxins, and peptides. The
main toxins are: crotamine, crotapotin, phospholipase A2, giroxin, and convulxin (9).

The venom has major effects on skeletal muscles, central nervous system (CNS), kidneys, and

blood; other organs such as the liver may also be affected (6,7,9,15,17).
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The myotoxic action causes lesions in skeletal muscular fibers (rhabdomyolysis) with enzyme
and myoglobin release into blood, which are then excreted through urine (3-5,50).
Experimentally, rhabdomyolysis is due to crotoxin and crotapotin local action (9).

Neurotoxic actions affect both the peripheral and the CNS. They are mainly produced by the
crotoxin fraction, a neurotoxin with pre-synaptic action on nerve endings, inhibiting
acethylcholine release. This inhibition is the main factor responsible for the neuromuscular

block, which causes motor paralysis in animals (6,9,11).

There are hematological and coagulant alterations related to the erythrocytes, lymphocytes,
platelets, and coagulation factors. Leukocytosis occurs, with polymorphonuclear cell
predominance (47,61). In general, there is no reduction in platelet number, and hemorrhagic

manifestations are mild (10).

Renal alterations may be caused by a direct venom action on the cells or an indirect one
caused by myoglobinuria resulting from rhabdomyolysis and other factors such as
dehydration, blood hypertension, metabolic acidosis, and shock. They may be associated with

rhabdomyolysis and contribute to renal lesion (6,10,23,33,50).

Hepatic alterations caused by Crotalus venom were first reported in 1989 by Barraviera et al.
(14). These authors demonstrated experimental hepatic lesions in Wistar rats injected with

Crotalus durissus terrificus venom (9,15).
Clinical Signs

Severity of the envenoming depends on several factors: snake genus and species, bitten
animal species, animal size, time until treatment, volume injected, bite site, and symptom
intensity (18,34).

Local reaction is rapid, intense, and can be seen up until two hours after the envenoming
(34,71).

Edema at bite site (Figure 3) is the most evident symptom of Bothrops envenoming; its

severity is directly proportional to the time elapsed since venom injection (32,41).
Palpation in the bite site area shows major edema pain (32,34).

Most animals show weakness, lack of appetite, and increased heart beat and breathing (19,31).
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Two small hemorrhagic marks can be seen at the bite site, but they are not always identified
(31,34). Bleeding by the nose, mouth, and skin can be seen in the most severe cases (19).

Hemorrhage and the significant increase in coagulation time are indications of envenoming

severity and the large quantity of injected venom.

Figure 3. Dog muzzle bitten by Bothrops snake. Photograph kindly provided by Prof. Dr.

Pedro Luis Bicudo.

In these cases, in addition to external hemorrhage, there may be massive hemorrhage in the
subcutaneous tissue, at the bite site, in the thoracic and abdominal cavities, and sometimes in

the CNS. Anemia in these cases is quite evident.

When the animal is bitten in the head, generally in the muzzle, local reaction can cause severe
edema, which may reach the lower jaw, neck, and thoracic region. In dogs with difficulty in
keeping the mouth closed due to edema, mouth breathing produce snores (19,31,57).

Pain is quite evident, especially at bite site, preventing the animals from moving with great
difficulty (19,31,32).
Envenomings in the mouth and tongue can prevent the animal from eating and drinking,

which causes dehydration (19,31).

When the upper respiratory tract is obstructed, dyspnea and respiratory failure may occur due
to glottis edema, and tracheotomy is the indicated emergency procedure to ensure animal
survival (19,31,44). In Crotalus envenoming fang marks are not always seen. The most
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evident symptoms of Crotalus envenoming are: dark urine (myoglobinuria), blindness,
difficulty walking, and immobility (19,31,43). The animal also shows difficulty in supporting
the head weight, eye paralysis, and decreased or absent eyelid movements (31). As the
symptoms progress, the dogs show total weakness and absence or difficulty responding when
stimulated by the owner.

Sequelae and complications

Bite site contamination may be a major factor for necrosis establishment. Bacteria from
mouth microbiota, venom in snake glands, substances applied on the wound, incisions made

with sharp instruments, and the environment itself can be found at the bite site (33).

Jorge and Ribeiro (46) found that in approximately 9% of human envenoming abscess
formation occur due to the presence of the following microbial agents: Morganela morganii,
Proteus rettgeri, Enterobacter spp, Escherichia coli, Enterococcus spp, and Bacterioides spp.

Mortality by Bothrops envenoming is low, but major sequelae can limit the animal’s physical

capacity if it does not receive appropriate treatment (32).

Muscular necrosis (Figure 4) is a relevant local effect that may lead to permanent tissue loss,
disability, and amputation (19,32).

Figure 4. Tissue necrosis in the left lateral region of a dog twelve days after Bothrops

envenoming.
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In severe Crotalus envenoming, the animal may develop acute renal failure (20). According to
Guidolin et al. (39), another major complication is bite site contamination by Clostridium

tetani, which may cause tetanus.
Clinical Pathology

In humans there is leukocytosis with neutrophilia; lymphopenia; and increased coagulation
time, C-reactive proteins, and mucoproteins. On the first days after envenoming, there is a
decrease of total proteins and albumin (15). According to Barraviera et al. (15), the cytokines
responsible for acute phase reaction are increased on the first days after envenoming.

Takahira (72) injected Bothrops jararaca venom in dogs and observed a significant decrease
in platelet, red blood cell, lymphocyte, eosinophil, and megacariocyte total count. There may
be alterations in globular volume, fibrinogen, hemoglobin, total plasma protein, urea,
creatinine, serum protein, and albumin. There was a significant increase in leucocyte,
polymorphonuclear neutrophil, and monocyte total count; in fibrin degradation product levels;
alanine aminotransferase; alkaline phosphatase; and creatine kinase. This author also reported
that coagulation, thromboplastin, partial activated thromboplastin, protrhombin, and thrombin

times were significantly increased in the dogs.

Bothrops venom can elevate creatine kinase serum activity in rats, demonstrating the venom

harmful activity in muscular tissue (53).
Necropsy Findings

Intense, thick, gelatinous, and yellowish serous hemorrhagic edema with coagulated blood is
seen at the bite site. If the lesion is recent, necrotic tissue and suppurative secretion are
observed (18,19,31).

Manifestations in other organs are generalized pulmonary emphysema, hemorrhagic areas in
the epicardium, miocardium, endocardium, lungs, gastrointestinal tract, bladder, and kidneys
(18).

Histopathological lesions include severe congestion and hemorrhage in most organs, acute
tubular necrosis, and sometimes, acute glomerulonephritis, interstitial nephritis, and renal

cortical necrosis (31,34).
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Diagnosis

Most envenoming diagnoses are difficult because the owner did not see the moment of the
bite nor the offending animal was captured for identification. However, during anmnesis,
important data, such as the presence of snakes in the region, report of other envenomings and
evolution of clinical signs may give a clue about the snake genus and type of treatment.

Clinical confirmation is made by laboratory tests and success of the therapy used.
Treatment

Serotherapy is so far the only effective treatment for snake-bitten animals. Specific antivenom
should always be used according to the offending snake genus (19,33,44). The envenoming
can be identified by the symptoms, direct snake identification, or prevalent distribution of the

snake genera in that region (32).

Antivenoms are produced by inoculating sub-lethal doses of different snake venoms in
equine; Bothrops and Crotalus antivenoms are produced in this manner. Snake antivenom
(antiophidic serum) is a pool of Bothrops and Crotalus antivenoms with the capacity of

neutralizing both above venoms (55,75,77).

When the offending animal identification is doubtful and there is no specific antivenom

available, antiophidic serum should be used; this latter being easily found in the market.

Araujo and Belluomini (2) report that in animals experimentally injected with Crotalus
venom, serotherapy was more effective the shorter the interval between venom injection and

treatment.

Ferreira Janior and Barraviera (32) observed in one case limited efficacy of antivenom
serotherapy in preventing local tissue damage development in Bothrops envenoming. This is
corroborated by other authors (49,59,60).

Hackett et al. (43) studied American rattlesnake-envenomed dogs with high morbidity and

low mortality. They report that antivenom administration to dogs is questionable.

Treatment is based on the quantity of injected venom. In Bothrops envenomings, the quantity
of antivenom should be sufficient to neutralize at least 100 mg of venom. In Crotalus

envenomings, the antivenom should neutralize at least 50 mg (19,31,33).
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Commercial antivenom is standardized so as one milliliter (1 ml) neutralizes two milligrams
(2 mg) of Bothrops venom and one milligram (1 mg) of Crotalus venom. Therefore, the
minimum quantity of antivenom used in Crotalus or Bothrops envenomings is 50 milliliters

regardless of the animal size (19,31,33).

Total antivenom volume should be slowly injected intravenously (IV), if possible diluted in
5% saline or glucose and administered. When it is not possible to administer the antivenom
IV, it should be done intraperitoneally, or as the last resource, intramuscularly and
subcutaneously (19,27,58). In these latter cases, the antivenom cannot be diluted in glucose

solution. Antivenom should never be injected or infiltrated into the bite site (19).

Larger doses of antivenom and the need for repeated treatment should be considered in cases

of symptom remission or after consulting a veterinarian.

Antivenoms with expired validity still have the capacity of neutralizing venoms, and their use

should only be considered when valid antivenom is unavailable or the animal’s life is at risk.

To this end, the following precautions must be taken:

- never inject the antivenom IV, but intramuscularly or subcutaneously;

- the neutralizing capacity of the expired antivenom is reduced to half; therefore, a double
dose should be used,

- antivenom with precipitate in the bottom of the vial should not be used;

- when using expired antivenom, it is of major importance to observe possible anaphylactic

reactions.

Complementary treatments

The envenomed animals should be observed for at least 72 hours, kept in quiet and

comfortable places, without being moved or manipulated (19,34).

Cuts should never be made at the bite site; these not only worsen the animal’s pain but may
also cause severe infection and hemorrhage due to hemorrhagic factors present in the venoms
(31).

The animals unable to drink water should be properly hydrated with electrolytic solutions by
parenteral route. In Crotalus envenomings, parenteral feeding is of major importance to

prevent acute renal failure (19,31).
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Osmotic diuresis can be induced using 20% (0.25 to 0.5 g/kg) mannitol, with repetitions every
4 to 6 hours if necessary (19,31,76).

In case of persisting oliguria, diuretic as furosemide should be administered 1V, 2 to 4 mg/kg

every 8 to 12 hours if necessary (19,31,76).

Anaphylactic reaction symptoms caused by antivenom are rare in animals and should be
treated according to severity with adrenalin-type medications, anti-histamines, and

corticosteroids. Antivenom administration must be temporarily interrupted (19).

According to Bicudo (19), alternative treatments using anti-inflammatories, steroids, or non-

steroids have no influence on the animal’s survival prognosis.
Antibiotics should be used considering lesion extent at bite site (32).

Necrosis areas should be treated as open wounds using anti-septic solutions and ointments to

promote healing (31).

Sequelae almost always result from necrosis complications or secondary infections at the bite
site (41).
As snakebites can inject pathogenic microorganisms, tetanus prophylaxis should be

considered (19,31,39).

Although properly treated, animal complete recovery can take weeks; therefore, they should

move only when necessary.

CONCLUSIONS

Most animal envenomings are caused by Bothrops snakes. Envenomings by Crotalus present

more risk to the animal’s life.

Serotherapy is so far the only treatment for snake-bitten animals. It is used to neutralize the
maximum quantity of venom in the shortest time; its efficacy is higher the shorter the time

elapsed, preventing venom local and systemic effects.

The veterinarian should be prepared to identify the snake by its characteristics, but also by

observing symptom evolution.
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