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AbsTrACT
background Injuries due to encounters with animals 
can be serious, but are often discussed anecdotally or 
only for isolated types of encounters. We sought to 
characterize animal-related injuries presenting to US 
emergency departments (ED) to determine the impact of 
these types of injuries.
Methods All ED encounters with diagnosis codes 
corresponding to animal-related injury were identified 
using ICD-9-CM codes from the 2010 2014 National 
Emergency Department Sample (NEDS). Outcomes 
assessed included inpatient admission, mortality, and 
healthcare cost. Survey methodology was applied to 
univariate and multivariate analyses. Weighted numbers 
are presented.
results There were 6 457 534 ED visits resulting 
from animal-related injuries identified. Bites from 
non-venomous arthropods (n=2 648 880; 41%), dog 
bites (n=1 658 295; 26%) and envenomation from 
hornets, wasps or bees (n=812 357; 13%) constitute 
the majority of encounters. There were 210 516 patients 
(3%) admitted as inpatients. Inpatient admission was 
most common for those suffering from venomous 
snakes or lizard bites (24%, n=10 332). Death was 
infrequent occurring in 1162 patients (0.02% of all ED 
presentations). The greatest number of deaths was due 
to bites from non-venomous arthropods (24% of deaths, 
n=278) whereas rat bites proved the most lethal (6.5 
deaths per 10 000 bites). Among persons aged 85 years 
or greater, odds of hospital admission for any animal-
related injury was 6.42 (95% CI 5.57 to 7.40) and 
the OR for death was 27.71 (95% CI 10.38 to 73.99). 
Female sex was associated with improved survival (OR 
0.55, 95% CI 0.41 to 0.73) and lower rates of hospital 
admission (OR 0.77, 95% CI 0.75 to 0.79). The total 
healthcare cost for these animal encounters during the 
observed time period was $5.96 billion (95% CI $5.43 to 
$6.50 billion).
Conclusion The morbidity, mortality, and healthcare 
cost due to animal encounters in the USA is considerable. 
Often overlooked, this particular mechanism of injury 
warrants further public health prevention efforts.
Level of Evidence Level IV.

bACkground
Injuries due to encounters with animals can be 
serious, but are often discussed anecdotally or only 
for isolated events. Animals can cause injury to 
humans through a variety of mechanisms including 

blunt force trauma through direct contact or 
crushing, as well as through biting, stinging, or 
envenomation. Animals causing injury include wild 
animals, domestic animals, and animals encoun-
tered in the workplace. In spite of recommendations 
from medical, veterinary, and public health bodies, 
injury associated with animal encounters remains 
a considerable public health issue.1–4 Prior studies 
have estimated over a million emergency depart-
ment (ED) visits annually as a result of animal-re-
lated encounters, with direct medical and work 
time lost estimated to be $1 to $2 billion annually.5 6

Much of the epidemiologic data describing 
morbidity and mortality from animal encounters 
have been through evaluation of county-level death 
certificates.7–11 These studies are subject to limita-
tions associated with county-level death certifi-
cate data including misclassification bias and data 
suppression. Other attempts at describing a wider 
epidemiology of patients presenting to EDs with an 
injury after an animal encounter have been limited 
by either small probability samples, or shorter time 
periods.5 12 We sought to describe the broad, modern 
epidemiology of animal-related injury presenting to 
US EDs through an evaluation of animal-related 
morbidity, hospital admission, mortality and health-
care cost documented in the National Emergency 
Department Sample (NEDS).

METhods
We performed a retrospective analysis of data from 
the Agency for Healthcare and Quality, Healthcare 
Cost and Utilization Project’s (HCUP) NEDS from 
2010–2011.13 Whereas data for 2015 are avail-
able, the diagnosis codes are in International Clas-
sification of Diseases (ICD), 10th Revision versus 
ICD 9th Revision (ICD-9). To combine results 
over multiple years and to ensure consistency, we 
included data only until 2014. NEDS is the largest 
all-payer ED database in the USA, capturing both 
ED encounters that result in discharge or transfer 
and ED encounters that result in admission. Publicly 
available, NEDS is constructed using survey meth-
odology from the HCUP State Emergency Depart-
ment Databases and the State Inpatients Databases. 
The stratified unweighted sample includes approxi-
mately 20% of all US ED visits and when weighted 
provides national estimates of all ED visits in the 
USA. We identified all ED encounters with diag-
nosis codes corresponding to an injury incurred 
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as a result of an encounter with an animal (ICD-9-CM (ICD-9, 
Clinical Modification) codes E905.0, E905.1, E905.2, E905.3, 
E905.4, E905.5, E905.6, E905.8, E905.8, E905.9, E906.0, 
E906.1, E906.2, E906.3, E906.4, E906.5, E906.8, E906.9). 
Injuries acquired during an animal being ridden or between 
an animal and motor vehicle, motor cycle, or pedal cycle were 
excluded to focus the analysis on non-transportation-associated 
animal encounters.

The primary outcomes were mortality, inpatient admission, 
and cost. Variables included in the analysis were age, sex, region, 
payer status, income quartile, body region of injury, Injury 
Severity Score (ISS), length of stay, discharge destination, and 
cost of ED encounter or hospitalization. Injury characteristics, 
including ISS, were determined using the validated statistical 
package ‘ICD Programs for Injury Categorization’.14

All statistical analyses used the NEDS sampling strata and 
discharge weights to produce nationally weighted patient-level 
estimates and 95% CIs that account for clustering of patients 
among hospitals. The US population as reported by the US 
Census Bureau was used for national estimates.15 Pearson’s χ2 
was used for comparison of univariate analysis. Multivariate 
logistic regression was performed compensating for survey 
methodology. The Hosmer-Lemeshow test was used to ensure 
multivariate logistic regression model validity when appropriate, 
and the area under the receiver operating characteristic curve 
was used to optimize each model. Stata V.12.0 (StataCorp, 
College Station, TX) was used for all statistical analyses. A p 
value <0.05 was considered significant. Reported values are 
weighted unless otherwise specified. The study was classified as 
exempt after institutional review board review as it contained no 
identifiable data.

rEsuLTs
During the 5-year time period, 6 457 534 ED admissions were 
identified with an animal-related injury (table 1). This corre-
sponded to 1 291 507 (±52 476) persons presenting to EDs with 
animal-related injuries annually. This amounts to 19 animal-re-
lated injuries per 10 000 patient-ED visits and 410 animal-re-
lated injuries per 100 000 population. Bites from non-venomous 
arthropods (n=2 648 880; 41%), dog bites (n=1 658 295; 26%) 
and envenomation from hornets, wasps or bees (n=812 357; 
13%) constitute the majority of encounters. Mean patient age 
was 30.8 years (95% CI 30.4 31.2 years) and 3 365 667 were 
female although the age and sex distribution of patients varied 
considerably based on animal encountered.

More patients presented to EDs located in the South region 
than other regions (n=2 741 223; 42%). Envenomation due to 
scorpions (87%), as well as centipedes and millipedes (83%), 
occurred more commonly in the West region. The primary payer 
source for most patients was either private insurance (n=2 118 
071; 33%) or Medicaid (n=2 070 285; 32%). More patients 
(n=2 180 709; 34%) were in the lowest 25% household income 
for their zip code. Bites from venomous snakes and lizards, 
spiders and other venomous arthropods tended to occur among 
patients with a lower household income. Most (n=6 290 284, 
97%) animal encounters resulted in injuries to multiple body 
regions.

Of those seen in EDs, 210 516 (3%) patients were admitted. 
Bites from non-venomous arthropods accounted for almost 
one-third of these admissions (56 826 admissions, 26%) and 
represented the greatest proportion of admissions for animal-re-
lated injuries. However, when considering the likelihood of 
admission by mechanism, patients were most often admitted 

after a bite from a venomous snake or lizard (24% admission 
rate). Only 1162 deaths were reported (0.02% of all ED presen-
tations) during the 5-year period; 820 (71%) occurred after 
admission. The greatest number of deaths was reported after 
bites from non-venomous arthropods (n=278). However, when 
considering death rates by mechanism, the highest frequency of 
death was noted after a rat bite (6.5 deaths per 10 000 bites 
resulting in presentation), followed by bites from venomous 
snakes or lizards (6.4 deaths per 10 000 bites resulting in presen-
tation) and dog bites (6.1 deaths in 10 000 bites resulting in 
presentation).

Characteristics associated with inpatient admission after 
multivariate logistic regression are shown in table 2. Increasing 
age was associated with greater odds of both hospital admission 
and death. Among persons aged 85 years or greater, odds of 
hospital admission for any animal-related injury was 6.42 (95% 
CI 5.57 to 7.40) and the OR for death was 27.71 (95% CI 10.38 
to 73.99). Female sex was associated with improved survival 
(OR 0.55, 95% CI 0.41 to 0.73) and lower rates of hospital 
admission (OR 0.77, 95% CI 0.75 to 0.79). Whereas higher 
household income was associated with increased odds of admis-
sion (OR 1.14, 95% CI 1.06 to 1.23 for upper middle-income 
quartile, and OR 1.25, 95% CI 1.15 to 1.36 for highest income 
quartile), no income bracket was associated with greater likeli-
hood of mortality.

Injury patterns were also assessed. Isolated abdominal 
injuries were associated with the greatest rates of hospital 
admission (OR 9.51, 95% CI 7.61 to 11.89) and death (OR 
5.15, 95% CI 1.39 to 18.99). ISS >15 was associated with 
higher rates of hospital admission (OR 14.63, 95% CI 11.35 
to 18.87) and death (OR 39.93, 95% CI 12.36 to 87.74). 
All animal encounters had lower odds of hospital admission 
than encounters after encounters with venomous snakes and 
lizards (referent, p<0.001). Dog bites (OR 0.28, 95% CI 0.11 
to 0.70), bites from other animals (OR 0.22, 95% CI 0.08 to 
0.61), bites from non-venomous arthropods (OR 0.27, 95% CI 
0.11 to 0.70), and other unspecified injuries caused by animals 
(OR 0.28, 95% CI 0.09 to 0.83) had significantly lower odds 
of death than after an encounter with a venomous snake or 
lizard (referent).

The total healthcare cost for these animal encounters during 
the observed time period was $5.96 billion (95% CI $5.43 to 
$6.50 billion); this value does not include physician, outpatient, 
or rehabilitation costs. The majority (approximately 60%) of all 
costs were a result of three types of animal encounters: (1) dog 
bites ($1.36 billion, 95% CI $1.31 to $1.40 billion), 23% of all 
costs; (2) bites from non-venomous arthropods ($1.33 billion, 
95% CI $1.29 billion to $1.37 billion), 22% of all costs; and 
(3) venomous snakes and lizards ($898 million, 95% CI $852 
million to $945 million), 15% of all costs.

disCussion
Animal-related injuries are an underappreciated and increasing 
burden to the US healthcare system. Data from National Elec-
tronic Injury Surveillance System-All Injury Program (NEISS-AIP) 
from 2001 to 2010 showed an animal-related injury rate of 340 
injuries per 100 000 people, and an estimate of NEDS data from 
2006 to 2008 reported an animal-related injury frequency of 
358 per 100 000 people.5 6 Our larger, more modern analysis 
estimated 410 injuries per 100 000 population; this increased 
number of injuries may be a consequence of the larger sample 
size of reporting EDs in NEDS, or could represent a true increase 
in the burden of animal-related injuries, or both.5
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Table 2 Multivariate analysis of variables predictive of hospital admission and death after an animal encounter resulting in an emergency 
department visit—USA, 2010–2014

hospital admission* death†

or P values 95% Ci or P values 95% Ci

Age group (years)

  0–17 Referent – – Referent – –

  18–44 1.91 <0.001 1.70 to 2.14 1.31 0.4 0.67 to 2.56

  45–64 3.63 <0.001 3.22 to 4.10 5.60 <0.001 2.91 to 10.77

  65–74 3.48 <0.001 3.04 to 3.97 7.03 <0.001 2.77 to 17.86

  75–84 4.54 <0.001 3.95 to 5.21 11.98 <0.001 4.84 to 29.64

  >85 6.42 <0.001 5.57 to 7.40 27.71 <0.001 10.38 to 73.99

Sex

  Female 0.77 <0.001 0.75 to 0.79 0.55 <0.001 0.41 to 0.73

Hospital region

  Northeast Referent – – – – –

  Mid-west 0.89 0.1 0.77 to 1.04 – – –

  South 1.08 0.2 0.94 to 1.25 – – –

  West 1.07 0.5 0.90 to 1.26 – – –

Payer status

  Medicare Referent – – Referent – –

  Medicaid 0.75 <0.001 0.71 to 0.79 0.73 0.4 0.33 to 1.60

  Private insurance 0.67 <0.001 0.64 to 0.70 0.56 0.06 0.30 to 1.01

  Self-pay 0.55 <0.001 0.52 to 0.58 0.79 0.5 0.40 to 1.56

  No charge 1.69 <0.001 1.38 to 2.07 NA NA NA

  Other 0.69 <0.001 0.63 to 0.75 0.75 0.5 0.36 to 1.59

Household income

  0–25th Referent – – Referent – –

  26th–50th 1.01 0.6 0.96 to 1.07 1.27 0.2 0.90 to 1.78

  51st–75th 1.14 <0.001 1.06 to 1.23 1.11 0.6 0.74 to 1.66

  76th–100th 1.25 <0.001 1.15 to 1.36 1.05 0.8 0.68 to 1.62

Injury location

  Isolated head/neck Referent – – Referent – –

  Isolated face 3.36 <0.001 2.57 to 4.37 1.30 0.8 0.18 to 9.16

  Isolated chest 3.19 <0.001 2.55 to 3.99 0.78 0.7 0.20 to 3.03

  Isolated abdomen 9.51 <0.001 7.61 to 11.89 5.15 0.01 1.39 to 18.99

  Isolated extremity 2.19 <0.001 1.87 to 2.56 0.72 0.5 0.25 to 2.06

  Isolated external 1.77 <0.001 1.48 to 2.12 0.10 0.04 0.01 to 0.85

  Multiple body regions 0.44 <0.001 0.38 to 0.52 0.17 0.001 0.06 to 0.47

  Injury Severity Score >15 14.63 <0.001 11.35 to 18.87 39.93 <0.001 12.36 to 87.74

Type of encounter

  Venomous snakes and lizards Referent – – Referent – –

  Venomous spiders 0.40 <0.001 0.35 to 0.45 0.98 1.0 0.36 to 2.70

  Scorpions 0.04 <0.001 0.03 to 0.06 NA NA NA

  Hornets, wasps, bees 0.04 <0.001 0.03 to 0.04 0.44 0.09 0.17 to 1.13

  Centipede and venomous millipedes 0.06 <0.001 0.04 to 0.10 NA NA NA

  Other venomous arthropods 0.07 <0.001 0.06 to 0.08 0.81 0.7 0.28 to 2.38

  Venomous marine animals and plants 0.05 <0.001 0.04 to 0.07 NA NA NA

  Other sting or bite, specified 0.12 <0.001 0.06 to 0.23 NA NA NA

  Sting or venomous bite not otherwise specified 0.08 <0.001 0.06 to 0.09 0.78 0.7 0.18 to 3.29

  Dog bite 0.09 <0.001 0.08 to 0.11 0.28 0.006 0.11 to 0.70

  Rat bite 0.09 <0.001 0.07 to 0.11 1.38 0.7 0.27 to 7.14

  Bite of non-venomous snake or lizard 0.06 <0.001 0.05 NA NA NA

  Bite of other animals except arthropods 0.26 <0.001 0.23 to 0.30 0.22 0.004 0.08 to 0.61

  Bite of non-venomous arthropods 0.08 <0.001 0.07 to 0.09 0.27 0.007 0.11 to 0.70

Continued
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hospital admission* death†

or P values 95% Ci or P values 95% Ci

  Bite by unspecified animal 0.08 <0.001 0.06 to 0.10 0.40 0.3 0.08 to 2.11

  Other specified injury caused by animal 0.11 <0.001 0.10 to 0.12 0.28 0.02 0.09 to 0.83

  Unspecified injury caused by animal 0.06 <0.001 0.04 to 0.07 0.14 0.08 0.01 to 1.23

NA, not applicable.
*Area under the receiver operating characteristic curve=0.772.
†Area under the receiver operating characteristic curve=0.858.

Table 2 Continued

Table 3 Annual fatality estimates from animal-related encounters—
USA

study Time period
Annual 
deaths

deaths per million 
person-years

Langley and Morrow 8 1979–1990 157 0.657

Langley 9 1991–2001 177 0.655

Forrester et al 10 1999–2007 200 0.688

Forrester et al 11 2008–2015 201 0.641

Forrester, Forrester, 
Tennakoon, Staudenmayer

2010–2014 232 0.738

Despite this increase in the number of animal-related injuries, 
inpatient admission rates after animal-related encounters have 
remained relatively stable during the last two decades. Data 
from NEISS-AIP identified 1.8% of patients were admitted as 
inpatients whereas NEDS data from 2006 to 2008 reported an 
inpatient admission rate of 4.4%.5 6 The 3% hospital admission 
rate observed in our 2010 to 2014 NEDS sample is consistent 
with both of these prior reports.6 The relatively stable inpatient 
admission rate over time indicates that increases in ED presen-
tations from animal encounters may not be due to increased 
severity of animal encounters, but due to greater frequency of 
encounters overall. Unfortunately, ISS was not reported from 
either prior study, so direct comparisons of illness severity 
between the studies are limited.5 6

Despite the stable admission rate for non-lethal injuries, 
mortality rates were higher when controlling for population in 
our study than in prior studies. Previous estimates of mortality 
associated with animal-related encounters have ranged from 157 
to 201 deaths annually corresponding to 0.655 0.688 deaths per 
million persons per year (table 3),8–11 compared with the 232 
annual deaths (0.738 deaths per million persons per year) identi-
fied through NEDS. The slightly greater fatality rate identified in 
our analysis may be a result of increased capture associated with 
the NEDS data set, a true increase in the mortality rate attribut-
able to animal-related injuries, or inaccurate attribution of deaths 
to animal-related injuries. All prior assessments of animal-related 
fatalities have relied on county-level death certificate data rather 
than survey-based healthcare data, and in these data series some 
deaths are suppressed.8–11 Taking into account differences in the 
data used to generate existing mortality estimates, we suspect 
that the observed increase in mortality represents an artifact 
of increased capture with NEDS and variation in methodology 
from prior death certificate-based evaluations, particularly given 
the stable hospital admission rate seen over time.

There are few available estimates of the cost of animal-related 
injuries in the USA, but existing estimates convey a considerable 
economic burden. The Centers for Disease Control and Preven-
tion Web-Based Injury Statistics Query and Reporting System 
(WISQARS) database estimated for 2010 that a total lifetime 

cost of $2.3 billion was spent on hospitalization for combined 
medical and work loss cost attributable to bites and stings, 
with an additional $7.7 billion spent on treatment of persons 
presenting with bites and stings treated in the ED and released.16 
This sample represents approximately 94% of all animal-related 
injuries identified through NEDS. Importantly, the WISQARS 
estimate does not include persons injured through non-bite or 
mechanisms such as blunt force injury, nor deaths attributable 
to animal-related injuries.16 A study evaluating work-related 
injuries from animal-related injuries between 2011 and 2014 
identified economic losses of $222 million from work-related 
animal-related fatalities and $2.8 billion from work-related 
animal-related injuries during that time period.17 That study 
identified 71 682 injuries (222 fatalities and 71 460 non-fatal 
injuries), only 1.4% of the injuries identified through our NEDS 
study during the same time period.17 Our reported total annual 
cost of $1.2 billion estimate similarly does not include physician 
charges, outpatient costs, cost of work lost, or injury rehabil-
itation and therefore likely underestimates the healthcare cost 
associated with animal-related injuries. Extrapolating from these 
prior studies, the estimated cost of animal-related injury should 
be more than $13 billion annually.

Injuries due to mountain lions, bears, alligators, and 
venomous snakes among other wild animals attract considerable 
media attention and are associated with dramatic morbidity and 
mortality.18–22 As available habitat for these animals increasingly 
overlaps with human development and recreational activities, 
it is expected encounters with these animals may increase and 
could result in increased animal-related injuries.21 22 However, 
injuries associated with venomous and non-venomous arthro-
pods are considerably more frequent accounting for two-thirds 
of animal-related injuries in some series.5 6 Concerningly, these 
arthropod encounters are likely to increase based on habitat 
availability and climate change,23–27 and consequently may be 
more likely to result in a greater economic and healthcare burden 
than other more dramatic, but less common, animal encoun-
ters in the future. Given that venomous and non-venomous 
arthropod injuries occurred more frequently among persons in 
the lower income quartile, increases in arthropod-related injury 
may disproportionately affect persons more influenced by cost 
of healthcare and lost wages.

There are several limitations to this study. First, only animal 
encounters in the USA were evaluated, limiting extrapolation to 
other countries. Second, there may be misclassification bias asso-
ciated with using ICD-9 codes; the validity of the codes depends 
on the quality of coders at each participating institution. Third, 
NEDS reports event-level data but does not have unique iden-
tifiers for specific individuals. A person injured by an animal 
several times during the course of a year would be counted as 
multiple people, rather than multiple encounters. This could 
lead to overestimation of the number of animal-related injuries. 
Fifth, with the exception of dog-related injuries, categorization 
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of injury at the species level was not possible given dependence 
on ICD-9 coding. Sixth, ED encounters due to arthropodborne 
diseases such as Lyme disease or West Nile virus were not explic-
itly captured in this analysis, which may lead to underestima-
tion of the disability and mortality associated with arthropods. 
Finally, although NEDS is the most comprehensive survey of 
EDs in the USA, there may be sampling error leading to overesti-
mation or underestimation of animal-related injury.

ConCLusions
Animal-related injuries can be caused by a variety of mecha-
nisms and the healthcare and economic costs of these injuries 
are substantial. Whereas hospital admission and mortality rates 
after injury have remained relatively stable during the last 20 
years, the frequency of persons with animal-related injuries 
presenting to the ED has increased. The healthcare cost of 
persons presenting to the ED with animal-related injuries is 
considerable, approximately $1.2 billion a year not accounting 
for physician fees or subsequent healthcare costs. Understanding 
the burden of animal-related injuries in the USA and developing 
effective public health prevention measures is critical now given 
animal-related injuries are projected to increase.
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