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Introduction—To review recent (2008–2015) United States mortality data from deaths caused by
nonvenomous and venomous animals and compare with historical data.
Methods—The Centers for Disease Control and Prevention Wide-Ranging Online Data for

Epidemiologic Research database was queried to return all animal-related fatalities between 2008
and 2015. Mortality frequencies for animal-related fatalities were calculated using the estimated 2011
United States population. Inclusion criteria included all mortalities that were a consequence of bite,
contact, attack, or envenomation (International Classification of Diseases 10th revision codes W53–
W59 and X20–X29).
Results—There were 1610 animal-related fatalities, with the majority from nonvenomous animals

(2.8 deaths per 10 million persons). The largest proportion of animal-related fatalities was due to “other
mammals,” largely composed of horses and cattle. Deaths attributable to Hymenoptera (hornets, wasps,
and bees) account for 29.7% of the overall animal-related fatalities and have been steady over the last
20 years. Dog-related fatality frequencies are stable, although the fatality frequency of 4.6 deaths per 10
million persons among children 4 years of age or younger was nearly 4-fold greater than in the other
age groups.
Conclusions—Appropriate education and prevention measures aimed at decreasing injury from

animals should be directed at the high-risk groups of agricultural workers and young children with
dogs. Public policy and treatment pricing should align to ensure adequate available medication for those
at risk of anaphylaxis from stings from Hymenoptera.
Keywords: animal attacks, farm animals, dog bites, Hymenoptera
Introduction

Injuries, maiming, and fatalities from animal encounters
remain an important public health issue in the United
States. Humans can be harmed by animals through bites,
stings, strikes, crushing, or contact. These animal-related
injuries result in considerable morbidity and financial
loss; annually, over 1 million emergency department
visits in the United States and an estimated $2 billion
have been attributed to untoward animal encounters.1,2

This burden could be lessened through application of
prevention methods and sound public policy. The Centers
for Disease Control and Prevention (CDC) maintains the
Wide-Ranging Online Data for Epidemiologic Research
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(WONDER) database.3 WONDER is an online public-
access repository of US epidemiological mortality data,
using the international classification of diseases (ICD)
10th revision to classify cause of death.
This study is an update of our previous retrospective

review of all nonvenomous and venomous animal-
related fatalities in the United States.4
Methods

The CDC WONDER database compiles mortality data
including cause of death and other epidemiological
factors from death certificates at the county level,
exclusive of fetal and nonresident deaths. The WON-
DER database was queried to return all animal-related
fatalities between 2008 and 2015, inclusive. Inclusion
criteria included all mortalities from bite, contact, attack,
or envenomation (ICD 10 codes W53–W59, X20–X29).
The codes for animal attacks resulting in fatalities were
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Figure 1. Number and age-adjusted rate of deaths from animal
encounters by year—United States, 2008–2015. Age-adjusted rate
calculated based on 2011 United States population estimate.
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divided into those resulting from nonvenomous
(W53 [bitten by rat], W54 [bitten or struck by a dog],
W55 [bitten or struck by other mammal], W56 [contact
with marine animal], W57 [bitten or stung by non-
venomous insect or other nonvertebrate], W58 [bitten or
struck by crocodile or alligator], W59 [bitten or crushed
by other reptiles]) and from venomous causes (X20
[contact with venomous snakes and lizards], X21 [con-
tact with venomous spiders], X22 [contact with scor-
pions], X23 [contact with hornets, wasps, and bees], X24
[contact with centipedes and venomous millipedes], X25
[contact with venomous marine animals and plants], X27
[contact with other specified animals], X29 [contact with
unspecified venomous animal or plant]), including those
due to a chemical released by an animal or insect; release
of venom through fangs, hairs, spines, tentacles, and
other venom apparatus; venomous bites and stings; and
exclusion of ingestion of poisonous animals or plants.
Exclusion criteria included animal-related fatalities due
to transportation accidents (ICD 10 codes V80.0–V80.9).
Fatalities were sorted by type of animal, age, race, sex,
and region of the country. Variable definitions have been
reported previously.4

Mortality frequencies were calculated by dividing the
total number of deaths, as given by the CDC WONDER
database, by the 2011 population estimate.5 Note that
some deaths are suppressed, particularly in geographical
location analysis, due to confidentiality constraints and
do not display in the corresponding search. Age-adjusted
mortality frequencies are reported unless otherwise
specified. Fisher exact test was used where appropriate
for comparison between groups and Po0.05 was
considered significant. Microsoft Excel (Microsoft
2013, Redmond, WA) was used for all statistical
analysis. The study was granted exemption from the
Stanford Institutional Review Board because it analyzed
publically available data.
Results

Between 2008 and 2015 inclusive, 1610 people were
killed during animal encounters, with a median of 201
deaths annually (range, 186–216 deaths), corresponding
to an overall mortality frequency of 4.8 deaths per 10
million persons (Figure 1). Nonvenomous animals were
responsible for the bulk of deaths at 924 total, averaging
115 per year (Table 1). Among nonvenomous animals,
encounters with “other mammals” and dogs resulted in
the majority of deaths, with 72 and 34 deaths per year,
respectively. Among venomous animals, encounters with
hornets, wasps, and bees resulted in the majority of
deaths, with 60 per year. Among the remaining
venomous animals, encounters with “other specified
venomous arthropods,” venomous spiders, and
venomous snakes and lizards resulted in 11, 6, and 6
deaths per year, respectively. More males (n¼1,164,
72%) than females died from animal encounters
(Po0.0001). The only category in which more females
than males were killed was deaths caused by centipedes
and venomous millipedes (n¼2, 67%), although the
sample size was small (3 total deaths) (Table 2).
Although 813 (50%) persons between 35 and 64 years

of age comprised the greatest number of fatalities, those
≥65 years of age had the highest mortality frequency
(Table 2). Among the 35- to 64-year age group, 452
(66%) deaths were attributed to venomous animals, with
hornets, wasps, and bees accounting for the majority at
328 deaths. However, the mortality frequency of hornets,
bees, and wasps was greatest in the ≥65-year age group.
The disproportionate number of deaths at the extremes of
the age ranges was most pronounced among persons
dying as a result of nonvenomous animal encounters.
Among persons ≥65 years of age, the mortality
frequency of 7.8 deaths per 10 million persons from
“other mammals” was nearly an order of magnitude
greater than among the other age groups. Similarly,
among children 4 years of age or younger, the fatality
rate of 4.6 deaths per 10 million persons from dog
attacks was nearly 4-fold greater than among the other
age groups.
Racial disparities in animal attack fatalities persisted

from 2008 to 2015, with whites representing 80% of
deaths (n¼1281) but American Indian or Alaska Native
populations experiencing the largest mortality frequency
at 8.5 deaths per 10 million persons (Table 3). The
mortality burden experienced by the American Indian or
Alaska Native population was pronounced among
fatalities from nonvenomous animals, with deaths due
to dogs and “other mammals” being more than 1- to
2-fold greater than among the other racial groups. The

wkeefover
Highlight

wkeefover
Highlight

wkeefover
Highlight

wkeefover
Highlight

wkeefover
Highlight



Table 1. Animals resulting in human death—United States, 2008–2015

Animal
Number of
deaths (%)

Average number of
fatalities per year

Mortality per
10 million personsa

Total 1610 201 4.8
Nonvenomous animals 924 (57) 115 2.8
Other mammals 576 (36) 72 1.7
Dog 272 (17) 34 0.8
Other nonvenomous insect or nonvertebrate 61 (4) 8 0.2
Marine animal 13 (1) 2 o0.1
Other reptiles 1 (0) o1 o0.1
Crocodile or alligator 1 (0) o1 o0.1
Rat 0 (0) 0 0

Venomous animals 686 (43) 86 2.0
Hornets, wasps, and bees 478 (30) 60 1.4
Other specified venomous arthropods 84 (5) 11 0.3
Venomous spiders 49 (3) 6 0.2
Venomous snakes and lizards 48 (3) 6 0.1
Unspecified venous animal or plant 22 (1) 3 0.1
Centipedes and venomous millipedes 3 (0) o1 o0.1
Scorpions 2 (0) o1 o0.1
Venomous marine animals and plants 0 (0) 0 0

a Calculated based on 2011 United States population estimate.

Forrester et al38
South continued to report the majority of the deaths in all
categories from both venomous and nonvenomous
animals (n¼786, 49%) (Table 4). Among deaths due to
venomous animals, the increased mortality frequency in
the South was approximately 3-fold greater than that
reported from the other regions.
Discussion

Animal-related fatalities remain an important and media-
generating public health topic.6–10 Public interest cycli-
cally ebbs and flows; however, the impact on human life
and the economy as a result of these encounters is
substantial. We found a relatively stable frequency of
animal-related fatalities; the age-adjusted mortality fre-
quency in our modern series is comparable to the non–
age-adjusted rates in prior study periods (6.9 deaths per
10 million in 1999–2007; 6.6 deaths per 10 million in
1991–2001).11 Despite stable rates, the amount of
potentially preventable losses are impressive. The
economic burden of animal-related injuries in the
United States is estimated at more than $2 billion
annually.1 Furthermore, options are available to help
alleviate these preventable fatal animal encounters.
Nonvenomous animals accounted for the majority of

animal-related fatalities in our series but, these cases
were slightly less frequent compared with our last report
(115 annual deaths versus 121 annual deaths).4 The most
common nonvenomous fatal encounter was in the “other
mammals” category, which includes cats, horses, cows,
other hoof stock, pigs, raccoons, and other mammals.
Langley11 and Langley and Morrow12 previously
reported that the majority of these “other mammals”
deaths occur on farms, likely as a result of encounters
with farm animals. Previous work has identified that
horse and cattle account for over 90% of farm animal–
related fatalities.13 Our series’ demographics of these
fatalities related to “other mammals” is consistent with
farm operators in those regions: white males in the
working class age range of 35 to 64 years or ≥65
years.14 Agriculture is a potentially hazardous work
environment in the United States. In 2011, the highest
occupational fatality rate in the United States (24.4
deaths per 100,000 full-time workers) was in the
agriculture, forestry and fishing, and hunting sector.15

Severe injuries and fatalities on the farm can result from
these interactions with large animals.
Historically, the South and Midwest are the regions

with the largest percentages of farms,16 which may
explain the greater mortality frequencies in these
regions. Compared with our previous study, we found
a decrease in the proportion of fatalities in the Midwest
(to 22% from 32%) with a concomitant increase in the
West (to 27% from 21%).4 California, one of the largest
states in the West region, has an increasingly productive
dairy and cattle industry, which may increase
opportunity for humans exposure to farm animals.14

Dairy farming, a known dangerous work environment,
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Table 2. Number and rate of deaths from animal encounters by sex and age—United States, 2008–2015

Variable

Age group (years)

0−4 5−9 10−19 20−34 35−64 Z65

Number (%) Ratea Number (%) Ratea Number (%) Ratea Number (%) Ratea Number (%) Ratea Number (%) Ratea Total

Sex
Male 82 (7) 10 29 (2) 3.5 16 (1) 0.9 75 (6) 2.9 601 (52) 12.4 361 (31) 27.1 1,164
Female 45 (10) 5.7 16 (4) 2.0 7 (2) 0.4 26 (6) 1.0 212 (48) 4.2 140 (31) 8.6 446
Total 127 (8) 7.9 45 (3) 2.8 23 (1) 0.7 101 (6) 2.0 813 (50) 8.3 501 (31) 16.9 1,610

Animal
Nonvenomous animals 121 (13) 7.5 53 (6) 3.3 23 (2) 0.7 43 (5) 0.8 361 (39) 3.7 323 (35) 10.9 924
Other mammals 45 (8) 2.8 30 (5) 1.8 18 (3) 0.5 27 (5) 0.5 226 (39) 2.3 230 (40) 7.8 576
Dog 75 (28) 4.6 20 (7) 1.2 3 (1) 0.1 7 (3) 0.1 93 (34) 0.9 74 (27) 2.5 272
Other nonvenomous insect or invertebrate 1 (2) 0.1 2 (3) 0.1 1 (2) o0.1 8 (13) 0.2 33 (54) 0.3 16 (26) 0.5 61
Marine animal 0 (0) 0 1 (8) 0.1 1 (8) o0.1 0 (0) 0 8 (62) 0.1 3 (23) o0.1 13
Other reptiles 0 (0) 0 0 (0) 0 0 (0) 0 1 (100) o0.1 0 (0) 0 0 (0) 0 1
Crocodile or alligator 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 1 (100) o0.1 0 (0) 0 1
Rat 0 0 0 0 0 0 0 0 0 0 0 0 0

Venomous animals 4 (1) 0.3 5 (1) 0.3 9 (1) 0.3 38 (6) 0.7 452 (66) 4.6 178 (26) 6.0 686
Hornets, wasps, and bees 0 (0) 0 2 (o1) 0.1 3 (1) 0.1 21 (4) 0.4 328 (69) 3.3 124 (26) 4.2 478
Other specified venomous arthropods 0 (0) 0 1 (1) 0.1 3 (4) 0.1 5 (6) 0.1 53 (63) 0.5 22 (26) 0.7 84
Venomous spiders 1 (2) 0.1 2 (4) 0.1 1 (2) o0.1 5 (10) 0.1 30 (61) 0.3 10 (20) 0.3 49
Venomous snakes and lizards 2 (4) 0.1 0 (0) 0 2 (4) 0.1 5 (10) 0.1 28 (58) 0.3 11 (23) 0.4 48
Unspecified venous animal or plant 0 (0) 0 0 (0) 0 0 (0) 0 2 (9) o0.1 11 (50) 0.1 9 (41) 0.3 22
Centipedes and venomous millipedes 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 1 (33) o0.1 2 (66) 0.1 3
Scorpions 1 (50) 0.1 0 (0) 0 0 (0) 0 0 (0) 0 1 (50) o0.1 0 (0) 0 2
Venomous marine animals and plants 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0

a Mortality per 10 million persons (calculated based on 2011 United States population estimate).
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Table 3. Number and rate of deaths from animal encounters by race—United States, 2008–2015

Animal

Race

White Black Latino Asian or Pacific Islander American Indian or Alaska Native

Number (%) Ratea Number (%) Ratea Number (%) Ratea Number (%) Ratea Number (%) Ratea Total

Nonvenomous animals 719 (78) 3.6 72 (8) 1.4 99 (11) 2.5 16 (2) 0.2 18 (2) 6.1 924
Other mammals 484 (84) 2.4 20 (3) 0.4 56 (10) 1.1 6 (1) 0.1 10 (2) 3.4 576
Dog 182 (67) 0.9 44 (16) 0.8 33 (12) 0.8 7 (3) 0.1 6 (2) 2.0 272
Other nonvenomous insect or
invertebrate

41 (6) 0.2 7 (1) 0.1 9 (1) 0.2 2 (o0.01) o0.1 2 (o0.01) 0.7 651

Marine animal 10 (77) 0.1 1 (8) o0.1 1 (8) o0.1 1 (8) o0.1 0 (0) 0 13
Other reptiles 1 (100) o0.1 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 1
Crocodile or alligator 1 (100) o0.1 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 1
Rat 0 (0) 0 0 (0) 0 0 (0) 0 0(0) 0 0 (0) 0 0

Venomous animals 562 (82) 2.8 55 (8) 1.0 51 (7) 1.3 11 (2) 0.1 7 (1) 2.4 686
Hornets, wasps, and bees 396 (83) 2.0 32 (7) 0.6 38 (8) 1.0 8 (2) 0.1 4 (1) 1.4 478
Other specified venomous arthropods 67 (80) 0.3 9 (11) 0.2 4 (5) 0.1 1 (1) o0.1 3 (4) 1.0 84
Venomous spiders 32 (65) 0.2 10 (20) 0.2 5 (10) 0.1 2 (4) o0.1 0 (0) 0 49
Venomous snakes and lizards 43 (90) 0.2 1 (2) o0.1 4 (8) 0.1 0 (0) 0 0 (0) 0 48
Unspecified venous animal or plant 19 (86) 0.1 3 (14) 0.1 0 (0) 0 0 (0) 0 0 (0) 0 22
Centipedes and venomous millipedes 3 (100) o0.1 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 3
Scorpions 2 (100) o0.1 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 2
Venomous marine animals and plants 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0

Total 1281 (80) 6.3 127 (8) 2.4 150 (9) 3.8 27 (2) 0.3 25 (2) 8.5 1610

a Mortality per 10 million persons (calculated based on 2011 United States population estimate).
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Table 4. Number and rate of deaths from animal encounters by region—United States, 2008–2015

Animal

Region

Total

South Northeast West Midwest

Number (%) Ratea Number (%) Ratea Number (%) Ratea Number (%) Ratea

Nonvenomous animals 421 (47) 3.8 73 (8) 1.0 227 (25) 3.1 175 (20) 2.5 896
Other mammals 255 (44) 2.3 44 (8) 0.6 153 (27) 2.1 124 (22) 1.7 576
Dog 129 (47) 1.2 29 (11) 0.4 63 (23) 0.9 51 (19) 0.7 272
Other nonvenomous insect or

other invertebrate
37 (77) 0.3 0 (0) 0 11 (23) 0.2 0 (0) 0 48

Marine animal 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0
Other reptiles 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0
Crocodile or alligator 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0
Rat 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0

Venomous animals 365 (58) 3.3 62 (10) 0.9 96 (15) 1.3 107 (17) 1.5 630
Hornets, wasps, and bees 246 (51) 2.2 62 (13) 0.9 79 (17) 1.1 91 (19) 1.3 478
Other specified venomous arthropods 53 (77) 0.5 0 (0) 0 0 (0) 0 16 (23) 0.2 69
Venomous spiders 23 (58) 0.2 0 (0) 0 17 (43) 0.2 0 (0) 0 40
Venomous snakes and lizards 31 (100) 0.3 0 (0) 0 0 (0) 0 0 (0) 0 31
Unspecified venomous animal or plant 12 (100) 0.1 0 (0) 0 0 (0) 0 0 (0) 0 12
Centipedes and venomous millipedes 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0
Scorpions 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0
Venomous marine animals and plants 0 (0) 0 0 (0) 0 0 (0) 0 0 (0) 0 0

Suppressed 9 (11) 0.1 26 (31) 0.4 23 (27) 0.3 26 (31) 0.4 84
Total 786 (49) 7.1 135 (8) 1.9 323 (20) 4.5 282 (18) 4.0 1610

a Mortality per 10 million persons (calculated based on 2011 United States population estimate). Note: some deaths are suppressed, particularly
in geographical location analysis, due to confidentiality constraints and do not display in the corresponding search.

US Animal-Related Deaths (2008–2015) 41
has the second highest risk for injuries among all US
agriculture groups, with the majority occurring with
dairy cattle during milking activities.17–23

Farming, inclusive of ranching, is a potentially dan-
gerous industry, with 10% of farm workers expected to
be affected by injuries.24,25 Preventing potentially fatal
farm animal encounters should be a better promoted and
supported public health initiative. Small retrospective
studies report that injuries are more common in dairy
farmers who do not reside at their dairy operations; do
not provide safety training to their employees; and have
private, individually purchased health insurance.26

Systematic safety training on proper interaction with
these large animals is imperative for decreasing human
morbidity. Likewise, with Latino/a individuals repre-
senting a growing percentage of the agricultural
workforce, occupational safety and health training
designed with a contextually relevant understanding is
imperative to maximize worker engagement and effective-
ness.27 Farming remains an industry with a deficit of work-
related injury reporting, and opportunities exist to improve
safety measures and injury reporting on farms in the United
States.14,15,28

Dog-related fatalities are the second most common
nonvenomous animal cause of human death in 2008 to
2015, with 272 deaths. The average of 34 annual dog-
related deaths continues the trend of 28 annual dog-
related deaths in our previous report and 19 annually
from 1979 to 2005.4,11 Similar to our previous findings,
the demographics of those fatally attacked by dogs are
unchanged. Children under 4 years of age have the
highest dog-related fatality rate, nearly 2-fold higher than
the next most vulnerable group of those aged ≥65 years
and 4-fold higher than in the other age groups.
Dog-related injuries and fatalities remain a substantial

public health concern, with over 4.5 million dog bites
annually in the United States resulting in an estimated
310,000 to 323,000 people treated in US emergency
departments.1,2,29,30 The financial impact is equally
impressive. The average cost of hospital stay due to
dog bite was $18,200 in 2008, approximately 50%
higher than an average injury-related hospital stay.31

Likewise, greater than one third of all US homeowners’
liability claim dollars in 2016 (approximately $600
million) were due to dog bites, increasing 73% in
average cost per claim from 2003 to 2016.32

A multipronged approach to decreasing the incidence
and impact of dog bites is essential. Education programs
targeting those at risk are crucial, and with 48% of US
population owning dogs, it is imperative to also engage
dog owners.33 Small numbers of studies have evaluated
educational programs designed to improve preschool-
aged children’s recognition of dangerous situations;
however, all did not examine whether children had
learned how to interpret dog behavior.34–36 Lakestani
and Donaldson reported improvement in dog behavior
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Forrester et al42
recognition in this at-risk age group, although ongoing
efforts are required to translate recognition into behavior
change.37 Targeting veterinarian professionals to instill a
culture of education and training on family safety
around dogs is important.38 Additional options include
interventions aimed at owners through dog training
exercises and dog behavior recognition training as well
as broader dog ownership regulation and rigorous dog
and child supervision rules.39

Venomous animal–related deaths continue to rise;
there were 86 annual deaths in 2008 to 2015, continuing
the upward trend over the last 60 years (79.5 annual
deaths in 1999–2007, 69 annual deaths in 1991–2001, 60
annual deaths in 1979–1990, and 46 annual deaths in
1950–1959).4,11 Hornets, wasps, and bees were the most
common venomous animals responsible for animal-
related fatalities, with 478 total deaths, averaging 60
deaths per year from 2008 to 2015. Although over a 50-
year historical time period, the percentage of deaths due
to Hymenoptera (stings due to hornets, wasps, and bees)
witnessed an increase to over 70% in the 1980s, the
frequency of fatal encounters has remained stable over
the last decade and half (Table 5). The shift in proportion
of venomous deaths due to Hymenoptera is concurrent
with a respective decrease in overall percentage from
venomous snakes and spiders. With the absolute annual
fatalities from venomous snakes and spiders remaining
relatively constant, we hypothesize the shift in deaths
due to venomous animals could be due to a true increase
in Hymenoptera-related deaths, with concomitant
improved treatment of venomous spider and snake
bites through increased availability and use of
antivenom, when needed.40–42

Although the death rates and demographics of those
affected by Hymenoptera envenomation has remained
fairly constant since our previous study, there has been
an important change in treatment availability. Epinephr-
ine autoinjectors (including EpiPen) are a life-saving
medication for those who develop anaphylaxis from
Hymenoptera envenomation. EpiPen recently underwent
Table 5. Comparison of Hymenoptera deaths as a percentage
1979–2015

Animal
Parrish et al20

(1950−1959)
Langley et al7

(1979−1990)

Hymenoptera 50 73
Snake 30 9
Spider 14 7
Scorpion 12 1
Marine o1 o1
Unknown/Unspecified 4 1
an exponential price increase of approximately 400%.43

With an estimated 220,000 annual visits to the
emergency department2 and nearly 60 deaths per year
due to stings from hornets, wasps, and bees, effective
and affordable treatment for anaphylaxis from
Hymenoptera is critical. Public health practitioners,
policymakers, and the public should encourage
industry to provide proven public health interventions,
like the EpiPen, at a socially responsible price point that
serves the best interest of the US population.
LIMITATIONS

There are several limitations to this study. First, as with
any study relying on death certificate data, the potential
for misclassification of cause of death is possible and is a
known limitation of studies using death certificate data.44

Improving the reporting mechanisms and granularity
of the database (eg, including the specific animal
responsible within the “other mammals” category)
could help generate a more thorough discussion for
improving farm safety. Second, in accordance with the
data use agreements set forth by the CDC, some regional
deaths were suppressed, which could underestimate the
mortality frequency associated with certain regions.3 For
example, all deaths due to marine animals were
suppressed by geographic location. Specifying the
region/state of these deaths due to marine animals
could help in determining whether they occurred in
captivity or in the wild, generating more specific
discussion about prevention. Third, we limited our
study to only direct encounters with animals resulting
in fatalities. It is likely that only a small number of
animal encounters result in fatality, and this study likely
substantially underestimates any health care burden
associated with untoward animal encounters. Addi-
tionally, investigation into and description of trans-
portation collisions with animals, particularly deer in
the United States, should be pursued given growing
public health concern. Fourth, the mortality frequencies
of all venomous animal deaths—United States, 1950–1959,

Langley6

(1991−2001)
Forrester et al4

(1999−2007)
Current study
(2008−2015)

70 71 70
8 8 7
9 10 7
1 1 o1

o1 o1 0
3 1 3
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US Animal-Related Deaths (2008–2015) 43
presented are based on small numbers, particularly when
compared with the larger population at risk, so the
reported frequencies may be unstable and should be
taken in the context of the actual number of cases
reported.

Conclusion

Encounters with animals through bites, strikes, crushing,
or mere contact cause considerable mortality. From 2008
to 2015, there were 1610 animal-related fatalities, with
most resulting from nonvenomous animals. Encounters
with farm animals and dogs and stings from hornets,
wasps, and bees were responsible for the majority of
animal-related fatalities. The epidemiology of animal-
related fatalities is largely similar to our last report from
1999 to 2007, although treatment interventions have not
improved (eg, the current unaffordability of the EpiPen).
Prevention and sound public health policies should
address the morbidity and mortality resulting from
human encounters with animals on the farm, near the
home with dogs, and through anaphylactic reactions
from Hymenoptera stings.

Author Contributions: Study concept and design (JAF, JDF);
acquisition of the data (JDF); analysis of the data (JAF, JDF); drafting
of the manuscript (JAF, JDF, TGW); critical revision of the manuscript
(JAF, JDF, TGW); approval of the final manuscript (JAF, JDF, TGW).

Financial/Material Support: None
Disclosures: None

References

1. Adams A, Sutton J, Elixhauser A. Emergency Department
Visits and Hospitalizations Associated with Animal Inju-
ries, 2009. Rockville, MD: Agency for Healthcare
Research and Quality; 2012.

2. Langley RL, Mack K, Haileyesus T, Proescholdbell S,
Annest JL. National estimates of noncanine bite and sting
injuries treated in US hospital emergency departments,
2001–2010. Wilderness Environ Med. 2014;25(1):14–23.

3. Centers for Disease Control and Prevention. Underlying
Cause of Death, 1999–2015. CDC Wide-ranging Online
Data for Epidemiologic Research. Available at: https://
wonder.cdc.gov/. Accessed April 11, 2017.

4. Forrester JA, Holstege CP, Forrester JD. Fatalities from
venomous and nonvenomous animals in the United States
(1999–2007). Wilderness Environ Med. 2012;23(2):146–52.

5. United States Census Bureau. Annual Estimates of the
Resident Population for the United States, Regions, States,
and Puerto Rico: April 1, 2010 to July 1, 2016. Available
at: https://www.census.gov/data/tables/2016/demo/popest/
nation-total.html. Accessed April 11, 2017.

6. Spring J. The Deadliest Animals in the US. Outside Online.
Available at: https://www.outsideonline.com/1915661/
deadliest-animals-us. Accessed July 18, 2017.
7. Ingraham C. Chart: the animals that are most likely to kill
you this summer. Available at: https://www.washington
post.com/news/wonk/wp/2015/06/16/chart-the-animals-tha
t-are-most-likely-to-kill-you-this-summer/. Accessed July
18, 2017.

8. Howard J. You’re worried about the wrong animal attack.
Available at: http://www.edition.cnn.com/2016/06/17/
health/animal-attacks-statistics/index.html. Accessed July
18, 2017.

9. Speiser M. The animals most likely to kill Americans.
Available at: http://www.businessinsider.com/the-animals-
most-likely-to-kill-americans-2015-6. Accessed July 18,
2017.

10. Chiglinsky K. Dog-Bite Claims Surge 18% as Children
Bear Brunt of Attacks. Available at: https://www.bloom
berg.com/news/articles/2017-04-10/dog-bite-claims-surge-
18-as-children-bear-brunt-of-attacks. Accessed July 18,
2017.

11. Langley RL. Animal-related fatalities in the United States-
an update. Wilderness Environ Med. 2005;16(2):67–74.

12. Langley RL, Morrow WE. Deaths resulting from animal
attacks in the United States. Wilderness Environ Med.
1997;8(1):8–16.

13. Ornehult L, Eriksson A, Björnstig U. Fatalities caused by
nonvenomous animals: a ten-year summary from Sweden.
Accid Anal Prev. 1989;21(4):377–81.

14. United States Department of Agriculture. National Agri-
cultural Statistics Service. 2012 Census of Agriculture.
Vol 1. Geographic Area Series. Part 51. Available at:
https://www.agcensus.usda.gov/Publications/2012/Full_Re
port/Volume_1,_Chapter_1_US/usv1.pdf. Accessed April
20, 2017.

15. Douphrate DI, Stallones L, Lunner Kolstrup C,
Nonnenmann MW, Pinzke S, Hagevoort GR, et al. Work-
related injuries and fatalities on dairy farm operations—a
global perspective. J Agromedicine. 2013;18(3):256–64.

16. United States Department of Agriculture. Economic
Resource Service. USDA Farm Resource Regions. Agri-
cultural Information Bulletin Number 760. September
2000. Available at: https://www.ers.usda.gov/webdocs/pub
lications/42298/32489_aib-760_002.pdf?v=42487.
Accessed April 21, 2017.

17. Boyle D, Gerberich SG, Gibson RW, Maldonado G,
Robinson RA, Martin F, et al. Injury from dairy cattle
activities. Epidemiology. 1997;8(1):37–41.

18. Crawford JM, Wilkins JR, Mitchell GL, Moeschberger
ML, Bean TL, Jones LA. A cross-sectional case control
study of work-related injuries among Ohio farmers. Am J
Ind Med. 1998;34(6):588–99.

19. National Institute for Occupational Safety and Health. Injuries
among Farm Workers in the United States, 1995. Cincinnati,
OH; 2001. Available at: https://www.cdc.gov/niosh/docs/
2001-153/pdfs/intro.pdf. Accessed April 22, 2017.

20. Pratt DS, Marvel LH, Darrow D, Stallones L, May JJ,
Jenkins P. The dangers of dairy farming: the injury
experience of 600 workers followed for two years. Am J
Ind Med. 1992;21(5):637–50.

http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref1
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref1
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref1
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref1
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref2
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref2
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref2
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref2
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref2
https://wonder.cdc.gov/
https://wonder.cdc.gov/
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref3
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref3
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref3
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref3
https://www.census.gov/data/tables/2016/demo/popest/nation-total.html
https://www.census.gov/data/tables/2016/demo/popest/nation-total.html
https://www.outsideonline.com/1915661/deadliest-animals-us
https://www.outsideonline.com/1915661/deadliest-animals-us
https://www.washingtonpost.com/news/wonk/wp/2015/06/16/chart-the-animals-that-are-most-likely-to-kill-you-this-summer/
https://www.washingtonpost.com/news/wonk/wp/2015/06/16/chart-the-animals-that-are-most-likely-to-kill-you-this-summer/
https://www.washingtonpost.com/news/wonk/wp/2015/06/16/chart-the-animals-that-are-most-likely-to-kill-you-this-summer/
http://www.edition.cnn.com/2016/06/17/health/animal-attacks-statistics/index.html
http://www.edition.cnn.com/2016/06/17/health/animal-attacks-statistics/index.html
http://www.businessinsider.com/the-animals-most-likely-to-kill-americans-2015-6
http://www.businessinsider.com/the-animals-most-likely-to-kill-americans-2015-6
https://www.bloomberg.com/news/articles/2017-04-10/dog-bite-claims-surge-18-as-children-bear-brunt-of-attacks
https://www.bloomberg.com/news/articles/2017-04-10/dog-bite-claims-surge-18-as-children-bear-brunt-of-attacks
https://www.bloomberg.com/news/articles/2017-04-10/dog-bite-claims-surge-18-as-children-bear-brunt-of-attacks
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref4
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref4
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref4
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref5
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref5
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref5
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref5
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref6
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref6
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref6
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref6
https://www.agcensus.usda.gov/Publications/2012/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf
https://www.agcensus.usda.gov/Publications/2012/Full_Report/Volume_1,_Chapter_1_US/usv1.pdf
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref7
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref7
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref7
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref7
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref7
https://www.ers.usda.gov/webdocs/publications/42298/32489_aib-760_002.pdf?v=42487
https://www.ers.usda.gov/webdocs/publications/42298/32489_aib-760_002.pdf?v=42487
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref8
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref8
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref8
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref8
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref9
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref9
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref9
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref9
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref9
https://www.cdc.gov/niosh/docs/2001-153/pdfs/intro.pdf
https://www.cdc.gov/niosh/docs/2001-153/pdfs/intro.pdf
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref10
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref10
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref10
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref10
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref10
wkeefover
Highlight



Forrester et al44
21. Waller JA. Injuries to farmers and farm families in a dairy
state. J Occup Med. 1992;34(4):414–21.

22. Centers for Disease Control and Prevention, Fatalities
caused by cattle−four states, 2003–2008. MMWR Morb
Mortal Wkly Rep. 2009;58:800–4.

23. Iowa Fatality Assessment and Control Evaluation, Farmer
Dies from Injuries after Being Attacked by Bull 2012.
Available at: https://www.cdc.gov/niosh/face/pdfs/11ia043.
pdf. Accessed July 18, 2017.

24. Cooper SP, Burau KE, Frankowski R, Shipp EM,
Del Junco DJ, Whitworth RE, et al. A cohort study of
injuries in migrant farm worker families in south Texas.
Ann Epidemiol. 2006;16(4):313–20.

25. Rautiainen R, Reynolds S. Mortality and morbidity in
agriculture in the United States. J Agric Saf Health. 2002;
8(3):259–76.

26. Vanwormer JJ, Barnes KL, Waring SC, Keifer MC. Socio-
environmental risk factors for medically-attended agricultural
injuries in Wisconsin dairy farmers. Injury. 2017;48(7):
1444–50.

27. Menger LM, Rosecrance J, Stallones L, Roman-Muniz IN.
A guide to the design of occupational safety and health
training for immigrant, Latino/a dairy workers. Front
Public Health. 2016;4:282.

28. Myers JR, Layne LA, Marsh SM. Injuries and fatalities to
U.S. farmers and farm workers 55 years and older. Am J
Ind Med. 2009;52(3):185–94.

29. Gilchrist J, Sacks JJ, White D, Kresnow M-J. Dog bites:
still a problem? Inj Prev. 2008;14(5):296–301.

30. Quirk JT. Non-fatal dog bite injuries in the USA, 2005–
2009. Public Health. 2012;126(4):300–2.

31. Holmquist L, Elixhauser A. Emergency Department Visits
and Inpatient Stays Involving Dog Bites, 2008 Rockville,
MD: Agency for Healthcare Research and Quality; 2010.

32. Insurance Information Institute. Dog Bite Homeowners
Liability Claims Nationwide Increased 18 Percent; Cal-
ifornia, Florida And New York Lead Nation In Number of
Claims. Available at: http://www.iii.org/press-release/dog-
bite-homeowners-liability-claims-nationwide-increa
sed-18-percent-california-florida-and-new-york-lead-natio
n-in-number-of-claims-040517. Accessed July 20, 2017.
33. American Pet Products Association. 2017–2018 APPA
National Pet Owners Survey. Available at: http://american
petproducts.org/Uploads/MemServices/GPE2017_NPOS_
Seminar.pdf. Accessed July 20, 2017.

34. Meints K, de Keuster T. Brief report: don’t kiss a sleeping
dog: the first assessment of “the blue dog” bite prevention
program. J Pediatr Psychol. 2009;34(10):1084–90.

35. Schwebel DC, Morrongiello BA, Davis AL, Stewart J,
Bell M, Georges T. The blue dog: evaluation of an
interactive software program to teach young children
how to interact safely with dogs. J Pediatr Psychol.
2012;37(3):272–81.

36. Wilson F, Dwyer F, Bennet P. Prevention of dog bites:
evaluation of a brief educational intervention program for
preschool children. J Community Psychol. 2003;31(1):75–86.

37. Lakestani N, Donaldson ML. Dog bite prevention: effect
of a short educational intervention for preschool children.
PLoS One. 2015;10(8):e0134319.

38. Mannion CJ, Greenberg D. Dog bites–are vets missing an
educational opportunity? Vet Rec. 2016;178(21):535–6.

39. Shen J, Rouse J, Godbole M, Wells HL, Boppana S,
Schwebel DC. Systematic review: interventions to educate
children about dog safety and prevent pediatric dog-bite
injuries: a meta-analytic review. J Pediatr Psychol.
2017;42(7):779–91.

40. Bellman L, Hoffman B, Levick NR, Winkel KD. US
snakebite mortality, 1979–2005. J Med Toxicol. 2008;
4(1):45.

41. Spiller HA, Bosse GM, Ryan ML. Use of antivenom for
snakebites reported to United States poison centers. Am J
Emerg Med. 2010;28(7):780–5.

42. Schulte J, Domanski K, Smith EA, Menendez A,
Kleinschmidt KC, Roth BA. Childhood victims of snake-
bites: 2000–2013. Pediatrics. 2016;138(5):e20160491.

43. Reuters. US lawmakers blast Mylan CEO over “sickening”
EpiPen price hikes. Available at: http://www.reuters.com/
article/us-mylan-nl-epipen-congress-idUSKCN11R2OG.
Accessed April 2017.

44. Brooks EG, Reed KD. Principles and pitfalls: a guide
to death certification. Clin Med Res. 2015;13(2):74–82.
quiz 83-4.

http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref11
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref11
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref11
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref12
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref12
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref12
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref12
https://www.cdc.gov/niosh/face/pdfs/11ia043.pdf
https://www.cdc.gov/niosh/face/pdfs/11ia043.pdf
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref14
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref14
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref14
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref14
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref14
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref15
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref15
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref15
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref15
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref16
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref16
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref16
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref16
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref16
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref17
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref17
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref17
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref17
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref18
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref18
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref18
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref18
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref19
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref19
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref19
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref20
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref20
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref20
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref21
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref21
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref21
http://www.iii.org/press-release/dog-bite-homeowners-liability-claims-nationwide-increased-18-percent-california-florida-and-new-york-lead-nation-in-number-of-claims-040517
http://www.iii.org/press-release/dog-bite-homeowners-liability-claims-nationwide-increased-18-percent-california-florida-and-new-york-lead-nation-in-number-of-claims-040517
http://www.iii.org/press-release/dog-bite-homeowners-liability-claims-nationwide-increased-18-percent-california-florida-and-new-york-lead-nation-in-number-of-claims-040517
http://www.iii.org/press-release/dog-bite-homeowners-liability-claims-nationwide-increased-18-percent-california-florida-and-new-york-lead-nation-in-number-of-claims-040517
http://www.americanpetproducts.org/Uploads/MemServices/GPE2017_NPOS_Seminar.pdf
http://www.americanpetproducts.org/Uploads/MemServices/GPE2017_NPOS_Seminar.pdf
http://www.americanpetproducts.org/Uploads/MemServices/GPE2017_NPOS_Seminar.pdf
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref22
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref22
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref22
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref22
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref23
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref23
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref23
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref23
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref23
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref23
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref24
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref24
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref24
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref24
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref25
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref25
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref25
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref26
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref26
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref26
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref27
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref27
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref27
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref27
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref27
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref27
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref28
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref28
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref28
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref29
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref29
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref29
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref29
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref30
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref30
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref30
http://www.reuters.com/article/us-mylan-nl-epipen-congress-idUSKCN11R2OG
http://www.reuters.com/article/us-mylan-nl-epipen-congress-idUSKCN11R2OG
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref31
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref31
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref31
http://refhub.elsevier.com/S1080-6032(17)30313-7/sbref31

	An Update on Fatalities Due to Venomous and Nonvenomous Animals in the United States (2008–2015)
	Introduction
	Methods
	Results
	Discussion
	Limitations

	Conclusion
	References




