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ARTICLE INFO ABSTRACT
Article history: Background: There are 5000-10,000 snake envenomations annually in the United States. Fortunately, few are
Received 5 August 2020 fatal. In this study we review the epidemiology of fatal snakebites.
Received in revised form 22 August 2020 Methods: Native snakebite cases from the American Association of Poison Control Centers (AAPCC) National
Accepted 24 August 2020 Poison Data System from 1989 to 2018 were reviewed. Additional cases that were not reported to the AAPCC
- were identified by reviewing Wikipedia and by searching PubMed and online news outlets using various combi-
i?,:g frﬁ;n nations of relevant keywords.
Crotalus Results: We identified 101 fatal bites from native snakes. Rattlesnakes accounted for 74 (90.2%) of the 82 deaths
Envenomation for which the species was known or which occurred where rattlesnakes are the only native crotalids. There were
Fatality five fatalities attributed to copperheads, two due to cottonmouths, and one caused by an eastern coral snake.
Rattlesnake Males were disproportionately affected. The median age for victims was 40 years old. In cases for which data
Snakebite were available, many of the snake interactions were intentional, e.g. religious services, animal husbandry, and
attempting to kill the snake.
Conclusions: Death following envenomation from a native U.S. snake is unlikely, particularly if medical attention
is sought promptly. Rattlesnake envenomations are more likely to be fatal than bites from other species. Inten-
tionally engaging with a venomous snake raises the risk of incurring a fatal bite, as does concurrent alcohol or
drug use. Age less than 12 years old does not appear to be a risk factor for a fatal outcome, while elderly patients
may have a slightly increased risk of death.
© 2020 Elsevier Inc. All rights reserved.
1. Introduction annual envenomations with a mortality rate of 0.05% [31]. However,

There are 5000-10,000 snake envenomations annually in the United
States (U.S.) [1-30]. Crotalids, also known as pit vipers, are responsible
for >97% of these bites [1-30]. Copperheads (Agkistrodon contortrix
and A. laticinctus) cause 45-50% of bites. Various rattlesnakes from the
genera Crotalus and Sistrurus are implicated in 30-40% of bites, while
cottonmouths (A. piscivorus and A. conanti) comprise 10-15% of bites.
The only native elapids are coral snakes from the genera Micrurus and
Micruroides, and the three U.S. species account for fewer than 3% of ven-
omous bites. Non-native snake species found in zoos and private collec-
tions comprise 1% of envenomations.

Fewer than 8% of snakebite victims experience severe systemic toxic-
ity or limb-threatening effects [1-30]. Death is exceptionally uncommon.
A review of U.S. snakebites from 2001 to 2004 estimated nearly 9900
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this included patients who received treatment at a medical facility. The
untreated lethality rate for copperheads may be <1%, but it is estimated
to be as high as 30-40% for the Mohave rattlesnake, C. scutulatus [32,33].

The few previous studies that have evaluated the epidemiology of
U.S. snakebites have relied on limited datasets and/or did not delve
into the circumstances of the bites, particularly the fatal envenomations
[34-37]. In this report, we discuss the epidemiology of fatal bites from
native U.S. snakes, including demographics, the responsible snake spe-
cies, and the circumstances of the envenomation. Clinical details, includ-
ing whether the victim sought treatment and time from envenomation
to death, are also provided when available.

2. Methods

Native snakebite cases from the American Association of Poison Con-
trol Centers (AAPCC) National Poison Data System (NPDS) from 1989 to
2018 were reviewed. Envenomations from non-native snakes and bites
from non-venomous snakes were excluded. All fatalities attributed to
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native snake species were included. Additional cases that were not re-
ported to the AAPCC were identified by reviewing Wikipedia, a free on-
line encyclopedia, and by searching PubMed and online news outlets
using various combinations of the following keywords: bite, copper-
head, coral snake, cottonmouth, death, died, envenomation, fatal, fatal-
ities, rattlesnake, snake, snakebite, venom, water moccasin, Agkistrodon,
Crotalus, Micrurus, and Sistrurus.

Duplicate cases were identified and consolidated. Demographic infor-
mation, including age, sex, and location of the victim, was recorded when
available. The circumstances of envenomation, including species, the ac-
tivity that led to the snakebite, and the anatomic location of the bite were
documented when the information was available. Species identifications
were made in accordance with naming guidelines from the Society for
the Study of Amphibians and Reptiles [38]. When the species could not
be confirmed, clinical features and geography were considered. Snake-
bites characterized by typical signs of pit viper envenomation, e.g. swell-
ing, bruising, tissue injury, and hematologic abnormalities, were listed as
“unknown crotalid” in regions where multiple types of snakes are en-
demic. In areas where rattlesnakes are the only native crotalids, or if a
rattle was reportedly visualized but the snake was not definitively iden-
tified, the classification of “unknown rattlesnake” was used.

The study was exempted from formal review by the authors' institu-
tional review boards because it is a systematic analysis of aggregated,
published, de-identified data.

Table 1
: Snakebites by year and species

American Journal of Emergency Medicine 45 (2021) 309-316
3. Results

We identified 101 fatal bites from native snakes reported between
1989 and 2018. There were 59 listed in NPDS, including 41 that were
not mentioned in Wikipedia [1-30]. Wikipedia identified 39 deaths, in-
cluding 21 that were not reported by the AAPCC [39]. Every case listed in
Wikipedia was confirmed by one or more additional references [40-
126]. We identified 21 additional snakebite fatalities using PubMed
and online news reports [127-146].

Rattlesnakes accounted for 74 (90.2%) of the 82 deaths for which the
species was known or which occurred where rattlesnakes are the only
native crotalids. The timber rattlesnake, C. horridus, was most often im-
plicated, with 22 deaths. There were five fatalities attributed to copper-
heads, two due to cottonmouths, and one caused by an eastern coral
snake, Micrurus fulvius (Table 1).

Males were disproportionately affected; 83 males and 14 females
incurred fatal snakebites. Sex was not reported in four patients. The
median age for victims of fatal snakebites was 40 years old, with a
range of 23 months to 87 years. Age was not reported in one case
(Fig. 1).

The geographic location of the fatal bites was available for 66 vic-
tims. Twenty-two states reported fatalities. Georgia and Kentucky
each reported seven, and there were six in Texas, Alabama, Arizona,
and Florida. No other state had more than three (Fig. 2).
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CPD - copperhead, Agkistrodon contortrix, A. laticinctus.
CTM - cottonmouth, A. piscivorus, A. conanti.

TIM - timber rattlesnake, Crotalus horridus.

WDB - western diamond-backed rattlesnake, C. atrox.
EDB - eastern diamond-backed rattlesnake, C. adamanteus.
MO - Mohave rattlesnake, C. scutulatus.

SP - southern Pacific rattlesnake, C. helleri.

NP - northern Pacific rattlesnake, C. oreganus.

GB - Great Basin rattlesnake, C. lutosus.

PR - prairie rattlesnake, C. viridis.

UR - unknown rattlesnake species.

UC - unknown crotalid species.

EC - eastern coral snake, Micrurus fulvius.
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Fig. 1. Snakebite fatalities by age and sex.

Fatal envenomations occurred in every month. Data were available
for 61 bites. The three-month period with the most bites was May-
July (Fig. 3).

The circumstances of the bite were known in 64 cases. Unintentional
interaction with the snake led to 31 envenomations. Of the 33 cases in
which the interaction was known to be intentional, only two involved
women. Thirteen fatal bites, including the two in female victims, oc-
curred during religious ceremonies involving snakes. Timber rattle-
snakes were the only snakes identified in the religious service cases,
7/13 (53.8%) of which occurred in Kentucky. Another eight bites were
incurred during animal husbandry. Twelve victims were intentionally
engaging with the snake for other reasons. Four victims were
attempting to kill the snake, and another one was bitten while removing

Unknown 35

the rattle from a snake he mistakenly believed was dead. One male was
bitten by a snake that had recently been decapitated. Six victims were
deliberately “free handling” the snake, including one suicide by Mohave
rattlesnake. The circumstances surrounding the fatal bites from the six
most common species can be seen in Fig. 4.

Ethanol was specifically mentioned as a contributing factor in 10
envenomations. The median blood alcohol level of the eight victims
for whom levels were available was 214 mg/dL.

The anatomic location of the fatal bite was reported in 52 cases.
There were 34 bites to the upper extremity, including 11 to the arm
and 23 to a finger or hand. Sixteen bites were to the lower extremity.
There were six ankle bites, eight to the leg, and two to the thigh. All
but one of the lower extremity bites followed an unintentional snake

Fig. 2. Snakebite fatalities by state.
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Fig. 3. Snakebite fatalities by month.

encounter. One thigh bite occurred during a religious ceremony. One
victim was bitten on the chest, another received a bite to the lips, and
one male was bitten on both the hand and neck.

Atleast 19 victims did not seek medical attention. These include nine
people who were envenomated during a religious ceremony. Two
others were intoxicated. One committed suicide using his pet snake.
One died before he could seek care. It is unknown why six victims did
not seek treatment.

Data quantifying the time from envenomation to death were avail-
able for 49 victims. Nineteen people died within the first six hours.
Four deaths occurred between six and 24 h. Six victims died between
24 and 72 h. Twenty deaths occurred after 72 h, including one on day

# of deaths

N

3
0

C. horridus A. contortrix C. adamanteus

C. atrox

42 following a prolonged intensive care unit admission. Deaths within
the first six hours were due to airway swelling and/or cardiovascular
collapse. Deaths after 72 h were attributed to multiorgan failure.

4. Discussion

Snakebites are rarely fatal in the U.S. The reason for the high survival
rate is likely multifactorial. Although several native snake species, e.g.
the eastern diamond-backed rattlesnake (C. adamanteus) and the
Mohave rattlesnake (C. scutulatus) have untreated lethality rates
>10%, it is estimated to be <1% for copperheads, which are responsible
for the plurality of native snake envenomations [32,33,147]. Bites from

M religious ceremony

m freehandling

m attempting to kill snake
unintentional

M husbandary

M unknown

C. scutulatus C. viridis

Fig. 4. Circumstances of envenomation for the most commonly implicated species.
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most U.S. venomous species are more likely to cause local tissue injury
and hematologic laboratory abnormalities than systemic toxicity such
as respiratory failure or cardiovascular collapse [148-152]. Furthermore,
most snakebite victims seek medical attention. Nearly all U.S. hospitals
can provide critical care, and most hospitals located in areas where
snakebites are common either stock or can easily procure antivenom.

Males accounted for 85.6% of patients for whom sex was reported. In
a study of the epidemiology of all snakebites reported to the North
American Snakebite Registry (NASBR), 69.3% of victims were males
[34]. The discrepancy is likely because males are more likely to inten-
tionally engage with the snakes. In the NASBR article, only 19% of all
bites, and 42.6% of bites to the upper extremity, resulted from inten-
tional interaction [34]. In the current study, 52% of bites were incurred
while handling the snake.

Gerardo et al. previously identified several risk factors for severe
snake envenomation, including a treatment delay of more than six
hours, larger snake size, and age younger than 12 years [153]. Our
data suggest that young age is associated with a lower risk of death.
Children <12 years old account for 20-30% of all U.S. snakebite victims,
but we found that children <12 years old only accounted for 7% of fatal-
ities. Conversely, 6.7% of bites included in the NASBR were in patients
>65 years old [34]. In the current study, 10% of the fatalities involved el-
derly victims.

We do not know the total number of victims in this study who were
intoxicated by ethanol or other substances of abuse. A study of AAPCC
data found that concurrent use of ethanol and/or drugs was observed
in ~1% of all snakebites but in 17% of fatal snake envenomations [154].
The mean blood alcohol level of 214 mg/dL for our study subjects in
whom it was measured was nearly three times the legal threshold for
driving while intoxicated.

We cannot determine from our data which rattlesnake is “most dan-
gerous.” In nearly half of the cases, the species was not identified. Tim-
ber rattlesnakes were responsible for 43% of fatalities in which the snake
was identified. However, C. horridus has a large geographic distribution
and appears to be the preferred species for religious ceremonies, which
are associated with an increased risk of being envenomated and of not
seeking medical attention following snakebite.

Similarly, the greater number of fatalities from copperheads than
from cottonmouths and coral snakes is not proof that copperheads are
more dangerous. Copperheads have a larger geographic distribution
and account for a much greater percentage of all envenomations. Fur-
thermore, many healthcare professionals consider cottonmouths and
coral snakes more dangerous and may be inclined to treat those
envenomations more aggressively than they treat copperhead bites
[155-157].

Because there was only one fatal coral snake envenomation in the
study, few conclusions can be made about native U.S. elapids. Several
studies have suggested that eastern coral snake envenomations can
cause skeletal and respiratory muscle paralysis requiring antivenom
and/or mechanical ventilation [157,158]. A study of Texas coral snake
(Micrurus tener) envenomations found that only 7.3% of bites caused
systemic effects, none of which were life-threatening [159]. In a case se-
ries of envenomations from the Sonoran coral snake, Micruroides
euryxanthus, patients experienced pain, paresthesias, and incoordina-
tion, but respiratory insufficiency was not reported [160].

A limitation of this study is that many of the data are unconfirmed.
Poison center data are typically collected over the phone and may be in-
complete or inaccurate. It is unclear how some snake species were con-
firmed. Many people, including physicians, are often unable to
distinguish a copperhead from a cottonmouth [161]. Fortunately,
there were only seven deaths attributed to Agkistrodon species. Patients
and bystanders may be unwilling or unable to provide reliable informa-
tion. News agencies, to attract readership, often sensationalize stories
[162]. Wikipedia articles rely on these potentially inaccurate stories
and may perpetuate inaccuracies. Fortunately, we were able to confirm
the details of every snakebite fatality reported in Wikipedia with one or
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more additional references. Furthermore, many of the data, e.g. age, sex,
anatomic location, and city/state in which the bite occurred are straight-
forward and less susceptible to sensationalism.

Despite these limitations, the available data do permit some conclu-
sions. Death following envenomation from a native U.S. snake is un-
likely, particularly if medical attention is sought promptly. Rattlesnake
envenomations are more likely to be fatal than bites from other venom-
ous species. Copperhead bites should not be minimized, because death
is possible. Intentionally engaging with a venomous snake raises the
risk of incurring a fatal bite, as does concurrent alcohol or drug use.
Age less than 12 years old does not appear to be a risk factor for a fatal
outcome, while elderly patients may have a slightly increased risk of
death.
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