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Brief Report

Rattlesnake envenomation in 2
Visayan warty pigs

Eileen E. Henderson,1
Javier Asin Ros,

Cynthia K. Stadler, Robert H. Poppenga,
Francisco A. Uzal

Abstract. Rattlesnake envenomation is an important cause of morbidity and mortality in humans and animals in the
southwestern United States and elsewhere. Two Visayan warty pigs (Sus cebifrons) from a regional zoo were submitted for
autopsy after being found dead close to a southern Pacific rattlesnake (Crotalus helleri) in their enclosure. Both pigs had severe
regionally extensive cutaneous, subcutaneous, and muscle hemorrhage and edema with myonecrosis. Additionally, both pigs
had lesions consistent with puncture wounds within the oral cavity, and one pig had a similar wound on a forelimb. The history,
and gross and histologic findings, were consistent with envenomation by rattlesnake bite. There are few documented cases of
snakebite envenomation in pigs, and it had been suggested that pigs may have some degree of resistance to envenomation. Our

results indicate that warty pigs are susceptible to the action of rattlesnake venom.
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Venomous snakes are found throughout the continental
United States.”® The majority of venomous snakes in North
America fall into the family Viperidae (subfamily Crotali-
nae), which includes rattlesnakes (Crotalus and Sistrurus
spp.), copperheads, and water moccasins (Agkistrodon spp.).
In California, there are several species of rattlesnakes,
including western diamondback rattlesnake (Crotalus atrox),
Mojave Desert sidewinder (Crotalus cerastes cerastes), Col-
orado Desert sidewinder (Crotalus cerastes laterorepens),
southwestern speckled rattlesnake (Crotalus pyrrhus), south-
ern Pacific rattlesnake (Crotalus helleri), Great Basin rattle-
snake (Crotalus lutosus), northern Pacific rattlesnake
(Crotalus oreganus), red diamond rattlesnake (Crotalus
ruber), Panamint rattlesnake (Crotalus stephensi), and north-
ern Mojave rattlesnake (Crotalus scutulatus scutulatus).

In the Southwest and other regions of the United States,
snake bites are an important cause of morbidity and mortality
in humans and other animals. An estimated 5,000—8,000 peo-
ple and >150,000 pets are bitten by venomous snakes in the
United States each year, and >50% of those reported enven-
omations are attributed to rattlesnakes.>””'*!'"!? In Califor-
nia, 5,365 snakebites were reported to the California Poison
Control System (CPCS) between September 1, 1997 and
September 20, 2017,'® and annually >300 snakebites are
reported to the CPCS. Morbidity and mortality associated
with snakebites are somewhat variable and appear to be asso-
ciated with several factors including volume of venom
injected, relative toxicity of the venom, hospitalization and/
or treatment, and the location of the bite. Deaths associated
with snakebite envenomation are relatively low and, in one
study, lethality in treated dogs was <5%."*

The vast majority of the literature regarding snakebite
envenomation in veterinary species focuses on clinical man-
agement of dogs and cats. Very little has been published
regarding the pathology of snakebite envenomation in other
animal species. Given the difficulty in visualizing puncture
wounds on most animals, rattlesnake envenomation is rarely
suspected as a cause of morbidity or mortality unless the bite
was witnessed, or a snake was present when the sick or dead
animal was found. Visayan warty pigs (Sus cebifrons) are
wild suids endemic to a few islands in the Philippines and are
classified as critically endangered by the International Union
for Conservation of Nature.'> We report 2 cases of suspected
rattlesnake envenomation in Visayan warty pigs in a south-
ern California zoologic collection.

Between 2019 and 2020, 2 Visayan warty pigs housed in
the same enclosure at a regional zoo were submitted to the
San Bernardino branch of the California Animal Health and
Food Safety Laboratory (CAHFS) for autopsy. In both
cases, the pigs were found dead with a wild rattlesnake
(identified as a southern Pacific rattlesnake) in the enclo-
sure. In case 1, the rattlesnake was found dead; in case 2,
the rattlesnake was still alive.
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Figure 1. Gross lesions associated with rattlesnake
envenomation in 2 Visayan warty pigs A. Two tract-like lesions
within the tongue (arrows; presumed puncture wounds) in case
1. B. Cutaneous, subcutaneous, and muscle hemorrhage of the
right forelimb of case 1. C. Cutaneous, subcutaneous, and muscle
hemorrhage of the head and ventral neck of case 2. The solid arrow
points to the snout. The open arrow indicates the skin reflected
back from the right side of the mandible.

An autopsy was performed on both pigs. On gross exami-
nation, in case 1, 2 puncture wounds were noted on the dorsal
and ventral aspect of the tongue (Fig. 1A), and 2 additional
elongated puncture wounds were also present in the skin on

the lateral aspect of the right forelimb fetlock area. Both ani-
mals had severe regionally extensive cutaneous, subcutane-
ous, and muscle hemorrhage and edema (Fig. 1). Lesions in
the right forelimb extended from the coronary band to the
shoulder (Fig. 1B), and in the neck, face, and mouth. In case
2, the cutaneous, subcutaneous, and muscle hemorrhage and
edema was confined to the head and neck (Fig. 1C). Defects
consistent with puncture wounds were noted on the buccal
aspect of the oral mucosa.

Ancillary tests were performed following CAHFS stan-
dard operating procedures. Briefly, samples from brain,
heart, skeletal muscle, haired skin, oral mucosa, kidney,
spleen, liver, lung, adrenal gland, tongue, esophagus, stom-
ach, small intestine, and large intestine were collected and
fixed by immersion in 10% neutral-buffered formalin (pH
7.2) for a minimum of 24h. These tissues were processed
routinely to obtain 4-um thick H&E-stained sections.
Selected sections were also stained with phosphotungstic
acid—hematoxylin (PTAH) and Masson trichrome. Immuno-
histochemistry was done on selected tissues with antibodies
to smooth muscle actin (mouse anti-SMA, BioGenex
MU128-UC, 1:300, HIER steamer [S2368], 30min, PBS-
Tween, NHS), desmin (1:400; Dako), and pancytokeratin
(mouse anti-pancytokeratin, clone LUS, BioCare CM043C,
1:100, HIER steamer [S1699], 30 min, PBS-Tween, NHS).
These special stains and immunohistochemical markers were
performed to further investigate the vascular lesions noted
microscopically in H&E sections.

Microscopic lesions were similar in both pigs. Sections of
skin and muscle from the grossly affected regions of the fore-
limb or head and neck had cutaneous, subcutaneous, and
muscle hemorrhage and edema with foci of acute myonecro-
sis (Fig. 2A, 2B). In sections of tongue from case 1, a linear
tract was noted extending from the superficial epithelium
into the deep subepithelial stroma (Fig. 2A). This tract was
lined by few neutrophils and fibrin, and the arteries sur-
rounding it exhibited changes similar to those described
above. Special stains (PTAH, Masson trichrome, SMA, des-
min, pancytokeratin) revealed vascular damage centered pre-
dominantly on the muscle fibers present within the tunica
media (Fig. 2C-E).

Because gross lesions were compatible with clostridial
myositis, fluorescent antibody testing (FAT) was performed
to rule out clostridial infection. FAT for Clostridium chau-
voei, Clostridium novyi, Clostridium septicum, and Clostrid-
ium sordellii was performed on subcutaneous and muscle
smears of both pigs; FAT was negative for all clostridia
investigated in both cases.

Several species of dangerously venomous snakes are
indigenous to California, and snake bite envenomation is an
important cause of morbidity and mortality in several regions
of the United States. Although incidents of snake bites are
relatively common in dogs, cats, and other domestic animals,
there are few documented cases of snakebite envenomation
in pigs.' In a paper regarding the tolerance of the Virginia
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Figure 2. Microscopic lesions associated with rattlesnake envenomation in 2 Visayan warty pigs. A. Linear tract-like lesion noted
within the tongue of case 2 (presumed puncture wound). Inset: tract was lined by few neutrophils and fibrin. H&E. B. Hemorrhage and acute
myonecrosis noted in affected sections of skeletal muscle. H&E. C. Vascular changes noted within the affected skeletal muscle. Damage to
the vessel was centered on the tunica media. H&E. D. Phosphotungstic acid—hematoxylin and E. smooth muscle actin highlight the muscular
fragmentation within the vessel wall (affecting the tunica media predominantly).

opossum to snake venom,® brief mention is made of the
alleged immunity of wild and domestic pigs to snakebite
envenomation, which was attributed to “their tough skins
and thick layers of subcutaneous fat which retards systemic
absorption.” Phylogenetic analysis indicates that pigs have
functionally equivalent amino acid changes in their muscular
nicotinic cholinergic receptors similar to other venom-resis-

tant mammals (e.g., honey badgers, hedgehogs).* However,
recent experimental studies suggest that pigs are not immune
to the effects of snake venom.'” Our results confirm that
warty pigs are not immune to the effects of snake venom.
Mortality following snakebite envenomation is variable
among species. Factors such as the volume of venom
injected, toxicity of the venom, location of the bite, age
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and species of the snake, and treatment appear to play a
key role in clinical progression and prognosis.'* In studies
of rattlesnake envenomation in domestic animals, dogs
were often struck on the head or neck, whereas cats were
most often struck on a forelimb.®*! In both of our cases,
the warty pigs had lesions consistent with puncture marks
within the oral cavity and one of the pigs also had puncture
wounds on the right forelimb. The location of these lesions
suggests that these animals were likely investigating or
attacking the snakes rather than avoiding them. A study in
dogs demonstrated that when presented with newspapers
scented with odors from several different animals includ-
ing different types of snakes, mice, and snails, the dogs
chose to sniff the newspaper with odor(s) from rattlesnakes
for a significantly greater time than most other provided
scents.'® The study suggests that dogs display no innate
fear of rattlesnakes, and their interest in investigating this
odor may play a role in why dogs are bitten. No such infor-
mation is available about pigs.

Rattlesnake venom is composed of a variety of enzymes,
peptides, small organic molecules, and inorganic compo-
nents, and the composition of the venom often has direct cor-
relation with the lesions associated with envenomation.*” In
particular, metalloproteinases are a major component of most
snake venoms and contribute significantly to the toxicity of
pit viper venom." Several studies have demonstrated that
there is intra-species—specific variation in venom profiles
with differences between juveniles and adults, males and
females, and individuals from different geographic loca-
tions.”’ Rattlesnake venoms are often broadly characterized
as hemotoxic and/or cytotoxic or neurotoxic, and produce
both localized and systemic effects. Although the venom of
southern Pacific rattlesnakes (C. helleri) is often thought of
as being predominantly hemotoxic and/or cytotoxic, a subset
of southern Pacific rattlesnakes produces venom with pre-
dominantly neurotoxic effects. Hemotoxic effects of pit viper
venom typically target the coagulation cascade, and affected
individuals often have hypofibrinogenemia, elevated pro-
thrombin time, and thrombocytopenia.® In our cases, the
venom was most likely hemotoxic and/or cytotoxic; how-
ever, given that both pigs were found dead, we cannot defin-
itively rule out a neurotoxic effect.

Thromboelastographic evaluation of dogs bitten by rat-
tlesnakes revealed that most envenomated animals had a
clot strength below the 25th percentile (compared to control
dogs), suggestive of a hypocoagulable state.'' Rattlesnake
venom is also reported to damage the endothelium and base-
ment membrane of blood vessels and results in localized
rhabdomyolysis. The gross and histologic findings in our
warty pig cases are consistent with those described for rattle-
snake envenomation in other species. Although renal changes
were not evident in our cases, renal degeneration, tubular
necrosis, and hyaline and granular intratubular casts have
been reported in cases of lancehead pit viper (Bothrops spp.)
envenomation.'” In a case report of a dog with ascending

paralysis following envenomation by a southern Pacific
rattlesnake, postmortem changes were limited to the lungs,
and the constellation of histologic findings was suggestive
of acute respiratory distress syndrome.’ The lack of renal
lesions in the pigs of our study may have been related to the
rapid clinical course of the disease after the bite.

Gross and histologic findings were limited largely to the
skin, subcutis, and skeletal muscle adjacent to the puncture
wounds, and were characterized by regionally extensive
hemorrhage, edema, and myonecrosis associated with dam-
age of the surrounding blood vessels. The findings in these
cases were consistent with those reported for pit viper enven-
omation in other species.
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