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Animal-Related Fatalities—Part II:
Characteristic Autopsy Findings and Variable
Causes of Death Associated with
Envenomation, Poisoning, Anaphylaxis,
Asphyxiation, and Sepsis

ABSTRACT: In addition to blunt and sharp trauma, animal-related fatalities may result from envenomation, poisoning, anaphylaxis, asphyxia-
tion, and sepsis. Although the majority of envenomation deaths are caused by hornets, bees, and wasps, the mechanism of death is most often ana-
phylaxis. Envenomation resulting from the injection of a poison or toxin into a victim occurs with snakes, spiders, and scorpions on land. Marine
animal envenomation may result from stings and bites from jellyfish, octopus, stonefish, cone fish, stingrays, and sea snakes. At autopsy, the findings
may be extremely subtle, and so a history of exposure is required. Poisoning may also occur from ingesting certain fish, with three main forms of
neurotoxin poisoning involving ciguatera, tetrodotoxin ingestion, and paralytic shellfish poisoning. Asphyxiation may follow upper airway occlusion
or neck ⁄ chest compression by animals, and sepsis may follow bites. Autopsy analysis of cases requires extensive toxinological, toxicological, and
biochemical analyses of body fluids.
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Animal-related deaths involve a wide spectrum of injuries and
lethal mechanisms. In Part I of this series (1), deaths because of
blunt and sharp trauma were reviewed. In the second part, deaths
because of other causes are analyzed. This includes envenomation,
poisoning, anaphylaxis, asphyxiation, and sepsis.

Envenomation

A venom can be defined as a poison or toxin that is injected by
some means into a victim, and envenomation as the injection of
these substances. In Australia, encounters with venomous plants
and animals accounted for 0.1 deaths per 100,000 of the population
between 1998 and 2002 (2). In the United States between 1991
and 2001, a total of 1943 people died after encounters with venom-
ous and nonvenomous animals, representing an average of 177
deaths per year. Of these fatalities, venomous animals caused 39%
of deaths, 70.2% of which were caused by hornets, bees, and wasps
(3). Envenomation is a more significant problem globally, with
between 400,000 and 2 million snake attacks reported per year
resulting in 20,000–100,000 deaths. This may be an underestima-
tion, however, as not all envenomations may be reported, particu-
larly if they occur in remote and rural locations. The highest rates
are in South Asia, Southeast Asia, and sub-Saharan Africa (4,5).
There are only two lizards recognized as being venomous to

humans (the Gila monster and beaded lizard); however, studies
have revealed that other lizards possess venomous glands (6).

A wide range of venomous snakes exist, both on land and in the
sea (7). In Australia, approximately 1000–3000 people are bitten
annually resulting in approximately two deaths (8). In the United
States, there are approximately 8000 people bitten by venomous
snakes with five to six deaths per year (3); with nine of 16 deaths
between 2001 and 2005 being attributed to rattlesnakes (9). Bites
most commonly occur in the spring and summer and involve
young male victims aged from 20 to 30 years, with alcohol intoxi-
cation (blood levels more than 0.1%) (10). Evenomation can
occur after the apparent death of an animal and even following
decapitation (11).

There is a range of toxins in snake venom with differences
between species. Typical effects are the production of a hemor-
rhagic state (through the actions of proteases and ⁄ or endothelial
damage), hypotension, paralysis, renal failure, and muscle necrosis
(12–15). Many variables affect the severity of envenomation. The
clinical response may depend on the type of snake and its age and
size, and also on the age, size, and current health status of the vic-
tim. Symptoms may take a number of hours to develop. This
occurs with venom that is primarily neurotoxic which often results
in only mild pain at the site of the bite (16). The time taken to
administer antivenom may significantly affect the rate of progres-
sion of symptoms and signs (17). The principle underlying the use
of antivenom involves antibodies to venom components that neu-
tralize their actions (18). Although it is the only effective treatment,
it is not without the risk of inducing allergic-type reactions, includ-
ing anaphylaxis (19). Thus, if death occurs following antivenom
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treatment, it may not be possible to determine whether the fatality
was caused by the toxic effects of the venom or to the conse-
quences of therapy (15).

The local effects of snake bite may be minimal with no signs at
autopsy other than puncture wounds (20), which can be easily over-
looked if not suspected at the time of examination. However, local
swelling at the bite site may occur, which is more common is some
species such as the mulga snake (21). Other autopsy findings are
similarly usually unrewarding, with no specific changes (20,22,23).
A high degree of suspicion is, therefore, often required to detect
cases. Snake bite in pregnancy may result in loss of both fetus and
mother. Fetal death may occur with maternal survival, as was the
case of a woman bitten by a viper at 33 weeks gestation (24). Over-
all fetal mortality rates of 43–58% have been reported (25). The
outcome for the fetus in cases of envenomation from other animals
during pregnancy is not known (26). If snake bite is suspected, pho-
tography of possible bites with a scale should be undertaken. The
putative bite can be swabbed or excised and stored dry in a refrigera-
tor with draining lymph nodes, serum, and urine for venom testing.

Spider bites also pose a risk to humans, with problems ranging
from neurological disturbances following Black widow spider bites,
to local tissue necrosis following bites from Brown Recluse spiders
(27–29). Black widow spiders inhabit North America with only the
female of the species being able to penetrate mammalian skin.
Certain animal species such as horses, camels, and cats are particu-
larly sensitive to Black widow spider venom. These spiders can
control the amount of venom injected per bite, resulting in 15% of
human bites being nonenvenomating (27). Macroscopically, there
may be little evidence of a bite, although there may have been a his-
tory of severe muscle cramps (27,30). Rarely, Black widow bites
can cause myocarditis, which can be fatal (31). Myocarditis has also
been documented after a Katipo spider bite in New Zealand (32).

Black widow spider toxicity varies geographically, with two
deaths reported in Albania in 2006 (33). In other areas of the
world, deaths may result from different species. For example, in
Australia, 13 deaths have been attributed to funnel-web spider bites,
of which seven were in children. The increased vulnerability of
children most likely relates to the greater venom load per kilogram
body weight (34). Armed spiders in South America may also be
lethal, particularly to children and the elderly (35). Lethality from
spider bites has reduced considerably since the introduction of
antivenom, for example, no fatalities from Redback spider bites
have occurred in Australia since the 1950s, and no deaths from
funnel web bites since the 1980s (36–38).

Scorpion venom contains a complex mixture of neurotoxic pep-
tides and enzymes that may cause autonomic nervous system
hyperactivity, on occasion with fatal respiratory and cardiac failure
(39). Toxicity again varies with geographic locations, with studies
in Australia demonstrating no deaths or major systemic symptoms
following envenomation in that country, in contrast to other parts
of the world (40).

In Australia, envenomation by marine animals poses a more seri-
ous risk. Box jellyfish found off the coast of Northern Queensland
were responsible for the deaths of two children between 2000 and
2003. Stings can rapidly lead to hypotension, respiratory distress,
and hypotension, with death reported within 60 sec (41) because of
the effects of a myocardial toxin that also has neuromuscular block-
ing effects. Stings can also leave large scars should the victim
survive, because of the effects of a dermatonecrotic toxin (42). The
toxin is delivered by stinging cells (nematocysts), which can be
blocked by topical application of acetic acid (vinegar). Despite hav-
ing been termed the world’s most venomous animal, most encoun-
ters do not result in significant harm (43). Contact can, however,

result in Irukandji syndrome, which refers to life-threatening
hypertension with intracranial hemorrhage and supraventricular
tachycardia following stings from a range of tropical jellyfish
(44,45). The mechanism of this syndrome is uncertain (43). The
Portuguese Man-of-War is a jellyfish with long stinging tentacles
that are difficult to see in the water. Stings are acutely painful, with
tentacles that have been washed up on beaches still able to sting
many months after becoming detached. Exposure to a large number
of stings may be fatal (41,44,45).

The blue-ringed octopus native to the Indian and Pacific Oceans
has a potent neurotoxic venom, with an often painless sting. The
animals live in coastal rock pools and can cause a victim to
become rapidly incapacitated with death from flaccid muscle paral-
ysis and respiratory failure (46,47). Stonefish may also be encoun-
tered in shallow waters around Australia and are the only marine
life with venom used purely for defense; however, they are consid-
ered the world’s most dangerous stinging fish and pose a consider-
able risk to anyone stepping on their spines (48,49). Cone shells
are venomous Indo-Pacific marine snails found in shallow tropical
waters that may cause painful stings with reports of approximately
15 deaths (46,48).

As was described in Part I (1), deaths caused by stingrays are
most often the result of penetrating injury, although envenomation
may rarely occur. The venom is contained within a sheath that cov-
ers the tail spine that tears after penetration of the victim’s tissues.
Toxins include serotonin, 5¢-nucleotidase, and phosphodiesterase
with effects including severe local pain, seizures, hypotension,
arrhythmia, and death (50,51). Parts of the sheath sometimes with a
portion of broken barb may remain in the wound causing infection.
However, as many rays have lost or torn this sheath, there may not
be significant amounts of stored venom to present a danger to
humans (52). A rare case of myocardial necrosis was caused by the
venom in a young boy who sustained a wound to the heart (53).

Sea snakes are found in all oceans with a concentration in tropi-
cal and subtropical waters. Although <10% of sea snakes inject
venom, it is estimated that 150 deaths occur per year from enven-
omation, mainly in countries in the Indo-Pacific region (46).

Poisoning

As opposed to envenomation, which is usually an active process
requiring an attack by an animal to inject toxin, poisoning is a pas-
sive process in which the animal produces a poison that is absorbed
by the victim—usually by ingestion. The ingestion of a variety of
animal substances may result in symptoms of poisoning. This is
particularly so for certain varieties of fish with three main forms of
neurotoxin poisoning involving ciguatera, tetrodotoxin ingestion,
and paralytic shellfish poisoning. It is estimated that 1200 cases of
seafood poisoning per 100,000 population occur around the Pacific
each year (54).

Ciguatera is the most common and is rarely fatal. It results from
the ingestion of finfish that contain ciguatoxins, which are neuro-
toxins (55) that have been ingested while feeding on algae or smal-
ler fish. The viscera of the fish are the most toxic parts and
symptoms include vomiting, diarrhea, and abdominal cramps
(56,57). Although it is estimated that there are 10,000–50,000 case
of ciguatera poisoning worldwide annually, fatal cases are very rare
(58,59).

Puffer fish poisoning results from the ingestion of tetrodotoxin
and is the most common lethal marine poisoning. The neurotoxin
interferes with sodium channels, blocking the action potential of
neuronal transmission; it is both water and heat stable. Puffer fish
is a delicacy in countries such as Japan where 100 fugu-related
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deaths per year were reported in the first part of last century. Death
results from rapidly developing paralysis with hypotension and
respiratory failure. There is no antidote and treatment is supportive
(54,60,61).

Paralytic shellfish poisoning is the most common form of shell-
fish poisoning and follows the ingestion of oysters, mussels, or
clams contaminated with toxic marine microalgae dinoflagellates.
Death may result from respiratory failure. Other types of shellfish
poisoning include neurotoxic and encephalopathic forms (54). The
autopsy diagnosis may depend on a clear history of signs and
symptoms of poisoning following ingestion.

Scombroid fish poisoning results from eating fish such as tuna
and mackerel that have elevated levels of histamine because of
storage at high temperatures. The resultant tachycardia, diarrhea,
and headache are usually transitory although fatalities have
occurred, usually in the presence of co-existent disease (62–64).

Anaphylaxis

Anaphylaxis is a potentially fatal type I hypersensitivity
reaction caused by immunoglobulin E (IgE)-mediated sensitivity
to animal venom resulting in the release of chemical mediators
from basophils and tissue mast cells (65). Although anaphylaxis
has been reported without previous exposure to a specific allergen
(66), it is likely that allergic reaction to venoms results from prior
contact, which may occur by inhalation or mucosal contact
(67,68). The majority of deaths caused by ants, bees, and wasps
are attributed to anaphylaxis, as opposed to the direct toxic effects
of venom. Multiple stings are usually required to cause death by
envenomation. Rarely anaphylaxis may follow envenomation by
lizards such as the Gila monster and the Mexican beaded lizard
(69); it can also follow tick bites (70). In addition to anaphylaxis
to venom, reactions may occur following the ingestion of seafood
(71).

At autopsy, the findings may be nonspecific and not particularly
helpful in establishing the diagnosis, although there may be evi-
dence of a sting, cutaneous urticaria and swelling, upper airway
edema, and hyperinflation of the lungs with mucus plugging.
Swelling of the upper airways may be limited to the oropharynx,
nasopharynx, epiglottis, larynx, or upper trachea, or it may be gen-
eralized. There are no specific macroscopic or microscopic post-
mortem features, usually due to the rapidity with which death
associated with anaphylaxis occurs (72–76). Deaths may also be
contributed to by underlying significant disease such as coronary
artery atherosclerosis (77).

The most useful tests to support a diagnosis of lethal anaphylaxis
are measurements of allergen-specific IgE and serum tryptase. A
tryptase level of 10 lg ⁄L or greater has been found to be a sensi-
tive (86%) and specific (88%) marker for individuals suffering
from anaphylaxis, although it has been suggested that postmortem
levels should be higher for the diagnosis to be made. The diagnosis
of fatal anaphylaxis usually relies on a history of a bite or sting
followed by dyspnea and collapse in a sensitized individual (65).

An Australian study from 1980 to 1999 identified six cases of
fatal ant sting (78). Victims are often aware of an allergy to the
venom but have neglected to carry injectable epinephrine with them.
Of the approximately 8800 species of ants worldwide, Australia is
home to 2750; however, most of these are not harmful. The ants
that most commonly cause death are the ‘‘jumper’’ and ‘‘bulldog’’
types (78). Within the United States, fire ants pose a large problem
as they attach to a victim and repeatedly sting. At least 44 deaths in
the last 50 years have been attributed to these types of ants. At
autopsy, anti-fire ant venom IgE may be demonstrated (79).

Bees and wasps pose a significant problem to those with
allergies. Langley found that of 39 insect sting fatalities, 16 were
attributable to bees and eight to wasps; one victim sustained over
300 bee stings (64). Of seven cases of fatal wasp stings, all were
in rural settings involving farmers in four cases (80). Death may
not always be due to anaphylaxis as asphyxia may develop if there
has been a sting involving the upper airway.

Asphyxiation and Suffocation

A variety of animals have caused respiratory compromise owing
to significant narrowing of the upper aerodigestive tract. As noted
above, any sting that causes mucosal edema may reduce the diame-
ter of major airways. An alternate mechanism involves foreign
body inhalation and this has occurred with several types of small
fish. A particular scenario occurs when a fisherman places a fish in
his mouth for holding purposes to free up both hands, and the fish
wriggles free and is inhaled (81–83). In other reports, fish have
accidentally entered the mouth and obstructed the airway, or an
individual has choked while trying to swallow a large fish (84–86).
On occasion, the fish may still be alive when extracted (83).

An alternative form of airway narrowing may occur when leech-
infested water has been drunk. Although initially small, continued
ingestion of blood by the leech will result in considerable distention
with resultant narrowing of the airway. Leeches within the nasal
cavity or mouth may present with epistaxis or with spitting of
blood; however, when lodged within the airway, there may be stri-
dor, respiratory distress, and cyanosis (87–90). Significant anemia
may also result from the continued presence of these parasites (91).

External covering of the mouth and nose by a sleeping cat may
result in smothering in infants (92,93). An unusual variation of caf�
coronary syndrome involved a psychotic 39-year-old woman who
was found dead having consumed her pet cat, with her upper
airway occluded by feline adipose tissue and a kidney (94).

External compression of the chest may occur with crush
asphyxia because of large animals such as elephants. In addition,
lethal asphyxia has been reported from pressure on the neck from
an elephant trunk (95) and from constriction by a pet python in a
21-month-old boy (96). Ligature strangulation with other injuries
has resulted from ropes that were tied to cows accidentally wrap-
ping around the neck and tightening (97,98).

Sepsis

Animal bites and stings may transmit a wide variety of micro-
organisms that may lead to significant local or disseminated sepsis.
Not all animal bites have the same rate of sepsis with some of the
most dangerous bites arising from Komodo dragons and camels
(99). There is always the risk of tetanus in those who have not
been immunized (100). There is a higher rate of infection following
cat bites compared with dogs (101,102), due possibly to the slender
nature of cat teeth leading to a higher proportion of puncture
wounds (103). High-risk individuals are those with diabetes mell-
itus or who are immunocompromised (99). For example, those with
asplenia or hyposplenia are at risk of overwhelming sepsis follow-
ing minor trauma, as was the case of death caused by disseminated
Capnocytophaga canimorsus infection shortly after a minor dog
bite in a man who had undergone previous splenectomy following
a fall (104).

Rabies is a viral infection transmitted by bites from infected
animals such as dogs and bats (105). After the initial bite, there is
a latent period that can last for many months during which time
the person feels well (106). Once the victim becomes unwell, there
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is steady decline over a number of days, terminating in coma and
death (105,106). Negri bodies may be found with a near absence
of inflammation in the brain (107). Rabies inoculation without post-
exposure prophylaxis was thought to be universally fatal; however,
survival may rarely occur (108). Rabies has also been transmitted
in transplant organs, from a donor who was subsequently shown to
have had the disease (109). A range of other diseases are transmit-
ted by insect bites including malaria, plague, and various types of
encephalitis (110). Diseases may also be contracted by eating raw
meat, such as eosinophilic meningitis caused by angiostrongyliasis
following ingestion of live leopard slugs (111).

Consumption of animal (including fish) flesh is not without its
risks. In addition to anaphylaxis (71) as noted earlier, infection
may be acquired resulting in food poisoning (112), hydatid disease
(113), trichinella (114), and spongiform encephalopathy (115,116).
In rare cases, bites from poisonous animals may result in death
from infection rather than envenomation (117).

Conclusion

This review has demonstrated the wide range of situations that
may be identified at autopsy in deaths related to animal activity. In
addition to blunt and sharp trauma, which would be regarded as
more common (reviewed in Part I), deaths may be related to
envenomation, poisoning, anaphylaxis, asphyxiation, and sepsis.
Deaths may not occur immediately after contact with the offending
animal but may be delayed for considerable periods, even months.
At autopsy, the macroscopic findings may be extremely subtle, and
so an adequate history detailing exposure to a particular animal is
required. Pathologists working in a medical examiner system are
required to determine manner of death (accident, homicide, suicide,
or undetermined) (118). There are no guidelines with regard to
deaths related to encounters with animals. The National Association
of Medical Examiners requires death to have occurred at the hands
of another person for the manner to be judged as homicide, and a
self-inflicted act intended to take life for a determination of suicide.
Although a suicide by self-injection of snake venom has been
recorded (119), in most deaths it may be unclear how these should
be classified (e.g., as natural or accidental). Consideration of the
circumstances may be required, possibly necessitating a scene
examination, in addition to full postmortem examination.
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