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Abstract

Objective: Non-fatal injuries sustained
from animal–vehicle collisions are
a globally under-recognised road
safety issue, with limited data on
these crash types. The present
study aimed to quantify the num-
ber and causes of major trauma
events resulting from animal–
vehicle collisions.
Methods: The study was a retrospec-
tive analysis of major trauma cases
occurring in Victoria, Australia,
between 2007 and 2016, using data
from the population-based Victorian
State Trauma Registry. To identify
animal–vehicle collisions, Victorian
State Trauma Registry injury codes
were combined with text-mining of
the text description of the injury
event.
Results: Over the 10 year period,
there were 152 major trauma
patients who were admitted to Victo-
rian trauma-receiving hospitals due
to vehicle collisions with animals.
The crude population-based inci-
dence rate for animal–vehicle colli-
sions increased by 6.7% per year
(incidence rate ratio 1.07; 95% confi-
dence interval 1.01–1.13; P = 0.02).
Conclusion: Development of system-
atic recording methods of animal–
vehicle collisions will improve reporting
of these crash types to assist future
studies in implementing effective
countermeasures.
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Introduction
Injuries sustained from road traffic
collisions are the leading cause of
injury deaths globally, causing 1.35
million deaths each year and affect-
ing between 20 and 50 million peo-
ple who suffer non-fatal injuries.1,2

Although the majority of collisions
occur due to human error, unsafe
road infrastructure or other factors
affecting the driver, animal–vehicle
collisions are under-recognised as a
road safety issue.2 Despite rep-
resenting a small proportion of all
crashes,3 the incidence of fatal
animal–vehicle collisions has dou-
bled in the USA since 19904 and the
annual cost of vehicle damage from
such collisions has been estimated as
$1.1 billion.5 The incidence of
animal–vehicle collisions, and partic-
ularly non-fatal collisions, is not well
quantified due to the lack of system-
atic recording, which has hampered
the development of effective injury
countermeasures.6 Additionally, ani-
mal populations are region-specific,
and therefore countermeasures need
to be targeted to the specific setting.
The present study aimed to address
the current knowledge gap in the lit-
erature through investigation of the
animal–vehicle collisions profile and

quantifying the number and type of
events that occurred in Victoria,
Australia.

Methods
The study was a retrospective
analysis of major trauma resulting
from animal–vehicle collisions that
occurred in Victoria between 2007
and 2016, using data from the Victo-
rian State Trauma Registry (VSTR).
The VSTR is a population-based reg-
istry that collects data on hos-
pitalised major trauma patients from
all 138 trauma-receiving hospitals in
Victoria.7 Major trauma is defined if
any of the following criteria are met:
(i) death due to injury; (ii) an injury
severity score greater than 12 as
determined by the Abbreviated
Injury Scale (2005 Version, 2008
update); (iii) admission to an inten-
sive care unit for more than 24 h
and requiring mechanical ventilation
for at least part of their intensive
care unit stay; or (iv) urgent surgery.
Ethics approval for this study

was obtained from the Monash
University Human Research Ethics
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Key findings
• Animal–vehicle collisions are

under-recognised as a road
safety issue.

• Collisions with kangaroos
and wallabies accounted for
more than half of all animal–
vehicle collisions.

• The population-adjusted inci-
dence of animal–vehicle colli-
sions resulting in major trauma
increased 6.7% each year
between 2007 and 2016.
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Committee (MUHREC). The registry
has ethics approval from the ethics
committees of the Department of
Health and Human Services,
Monash University, and trauma-
receiving health services.

Variables

The variables that were extracted
from the VSTR and analysed in the
present study consisted of patient
demographics (sex, age, Accessibility/
Remoteness Index of Australia) and
event circumstances of the injury
(injury cause, injury activity, injury
place, injury details). Four age cate-
gories were created for data analysis:
0–15 years, 16–34 years, 35–64
years and 65 years and older. The
Accessibility/Remoteness Index of
Australia was derived from the
patient’s residential postcode and
provides a geographical index of
remoteness categorising regions as:
major cities of Australia, inner
regional and outer regional Australia.
Injuries were grouped according to
Abbreviated Injury Scale codes as
head and other injuries, isolated head
injury, chest and abdominal injuries
only, orthopaedic injuries only
(extremity or spine injuries, excluding
spinal cord), spinal cord injury and
multiple trauma/other.

Identification of animal–vehicle
collisions

All on-road traffic collisions were
identified using the VSTR injury
place variable coded as ‘road, street
or highway’. The VSTR ‘injury
cause’ variable was used to identify
the road user type and the analysis
was performed on three categories:
motor vehicle occupant, motorcyclist
and pedal cyclist. To identify
animal–vehicle collisions, text data
mining was performed on the text
descriptor of the injury event to iden-
tify collisions that involved animals.
WordStat Version 8 (Provalis
Research, Montreal, Canada) was
used for qualitative analysis of text
and text-mining. A search of existing
data dictionaries that outlined com-
mon animal types was conducted,
but no results returned. A data

dictionary was then generated on
all major animal types and native
animals in Australia using current
literature (Appendix S1) and impo-
rted into WordStat for analysis.
Additionally, common misspellings
and abbreviations, such as ‘roo’,
‘kangroo’ or ‘karangaroo’ for kan-
garoo, were identified using the
‘Extraction’ feature of WordStat for
misspellings and unknown words
detected in the text descriptors of
the injury events. A random set of
1000 cases were manually reviewed
as an additional quality control
measure to identify any additional
spelling variations or animal types
that were missing from the data dic-
tionary generated. The names of
animals that were not common to
Australia, including moose and
wolf, were excluded.
After the identification of all

animal–vehicle collisions, the event
circumstance for each of these cases
were manually reviewed using the
text descriptor to characterise the
mechanism of injury and animal
type involved. These were further
classified as direct collisions
between the animal and the road
user or indirect collisions caused by
the road user swerving to avoid an
animal, which resulted in a crash
with another road user or road
infrastructure.

Statistical analysis

The data were analysed using Stata
Version 14 (StataCorp, College
Station, TX, USA). Descriptive sta-
tistics were used to describe the
cohort. Population-based incidence
rates and 95% confidence intervals
(CIs) were calculated for each cal-
endar year, based on the Victorian
population for each corresponding
financial year (calculated on 30
June of each year). Crude inci-
dence rates were presented as the
number of cases per 100 000 pop-
ulation. Poisson regression was
used to generate incidence rate
ratios and 95% CIs to determine
whether the incidence rate
increased or decreased over the
study period.

Results
Between 2007 and 2016, there were
10 071 patients admitted to Victorian
trauma-receiving hospitals due to
major trauma caused by on-road traf-
fic collisions, of which 152 (1.5%)
were due to animal-related crashes.
The 35–64 years age group (n = 92,
60.5%) contributed the largest pro-
portion of patients injured in animal–
vehicle collisions, followed by
patients aged 16–34 years (n = 46,
30.3%) (Table 1). Males accounted
for 79.6% of all cases.
Events involved direct collisions

(n = 77, 50.7%) and indirect colli-
sions (n = 75, 49.3%). Indirect colli-
sions commonly occurred due to
swerving to avoid an animal, resulting
in a crash with another road user or
road infrastructure. Among all ani-
mals identified, kangaroos and wal-
labies (n = 83, 54.6%), dogs (n = 18,
11.8%) and wombats (n = 15, 9.9%)
comprised most animal-related
crashes. Other animal types included
birds (such as bush turkeys, emus and
magpies) and livestock animals. The
road user types involved were motor
vehicle occupants (45.4%), motorcy-
cle occupants (36.8%) and pedal
cyclists (17.8%; Table 1). The propor-
tion of collisions with kangaroos or
wallabies was higher in motorcyclists
(70%) relative to motor vehicle occu-
pants (51%) or pedal cyclists (33%).
Multiple trauma/other accounted for
58.6% of all injuries, with a higher
proportion of these injuries for motor-
cyclists and pedal cyclists than for
motor vehicle occupants (Table 2).
The population-adjusted incidence

of animal–vehicle collisions increased
by 6.7% each year (incidence rate
ratio 1.07; 95% CI 1.01–1.13;
P = 0.02) (Fig. 1). The proportion of
animal–vehicle collisions among all
traffic collisions increased from
1.5% in 2007 to 1.9% in 2016.

Discussion
The identification of animal–vehicle
collisions through text data mining
and analysis of all major trauma events
from the VSTR showed an increase in
the population-adjusted incidence of
animal–vehicle collisions by 6.7% each
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year between 2007 and 2016 in Victo-
ria, Australia. These crashes involved
both direct and indirect collisions, with

kangaroos and wallabies accounting
for more than half of all animal–
vehicle crashes.

We observed an increase in the pro-
portion of animal–vehicle collisions
among all road traffic crashes from
1.5% to 1.9%. This followed a similar
trend to a study in the USA by Sulli-
van that reported an increase in fatal
and non-fatal animal–vehicle collisions
in proportion of all crashes between
1990 and 2008.4 Due to the increase in
the incidence of animal–vehicle colli-
sions, our study highlighted the need
to further investigate the specific crash
‘hotspots’ in Victoria, behaviours of
animal species common in the region
and road users involved, as performed
by Ramp and Roger in New South
Wales.6

Consistent with previous studies,
animal–vehicle collisions commonly
involved kangaroos and wallabies,
which are unique to Australia.6,8 The
frequency of kangaroos and wallabies
involved in the events likely reflects
their prevalence in Australia and it has

TABLE 1. Demographic characteristics of animal–vehicle collisions

Demographic characteristics Frequency, n (%)

Age group (years)

0–15 †

16–34 46 (30.3%)

35–64 92 (60.5%)

65 and older 13 (8.6%)

Sex

Female 31 (20.4%)

Male 121 (79.6%)

Region (defined by the Accessibility/Remoteness Index of Australia)

Major cities 58 (39.5%)

Inner regional areas 69 (46.9%)

Outer regional or remote areas 20 (13.6%)

Road user type involved in the collision

Motor vehicle occupant 69 (45.4%)

Motorcycle occupant 56 (36.8%)

Pedal cyclist 27 (17.8%)

Animal involved in the collision

Kangaroo, wallaby 83 (54.6%)

Dog 18 (11.8%)

Wombat 15 (9.9%)

Bird (including bush turkey, emu, magpie) 9 (5.9%)

Livestock 7 (4.6%)

Unspecified 6 (3.9%)

Other 14 (9.2%)

†Denotes counts less than five.

TABLE 2. Injury information for patients hospitalised for animal–vehicle collisions by road user type

Injury group All road users Motor vehicle occupants Motorcyclists Pedal cyclists P-value

Number of cases 152 69 56 27 0.13

Isolated head injury † † † †

Head and other injuries 30 (19.7%) 17 (24.6%) 7 (12.5%) 6 (22.2%)

Spinal cord injury 5 (3.3%) † † †

Orthopaedic injuries only 23 (15.1%) 14 (20.3%) † 5 (18.5%)

Chest/abdominal injuries only † † † †

Multiple trauma/other 89 (58.6%) 33 (47.8%) 41 (73.2%) 15 (55.6%)

†Denotes counts less than five.

Figure 1. Crude population incidence
rate of animal–vehicle collisions
(reported as incidence per 100 000 per-
sons) based on the Victorian population
between 2007 and 2016.
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been suggested that they are slower to
manoeuvre when reacting to incoming
vehicles that are travelling at high
speed.9 There were a higher number
of motorcyclists involved in collisions
with kangaroos and wallabies, which
was also reported by Rowden et al.,8

reflecting the vulnerability of motorcy-
clists to injury.
Due to the increase in the incidence

of animal–vehicle collisions, our study
highlighted the need to further investi-
gate the specific crash ‘hotspots’ in
Victoria, behaviours of animal species
common in the region and road users
involved, as performed by Ramp and
Roger in New South Wales.6 Rowden
et al. suggested that the identification
of ‘hotspots’ could potentially be more
cost-effective than the widespread
implementation of underpasses and
overpasses commonly used interna-
tionally, when accounting for the
extensive network of rural roads
throughout Australia.8 Targeted edu-
cation programmes alerting motorcy-
clists and other road users to the
potential dangers of collisions with
kangaroo and wallaby should be
trialled to assess its impact, especially
in the evenings and in late autumn to
winter when increased length of dark-
ness may impact the visibility of road
users.6 Although countermeasures
such as the Shu Roo ultrasonic tone
device, predator scents, reduced speed
limits, roadside reflectors and bullbars
have been previously trialled in
Australia, they have not shown to be
effective at reducing animal–vehicle
collisions.8 Thus, there is an urge for
specific rigorous studies to be con-
ducted to investigate the nature of
animal–vehicle collisions using a mul-
tifaceted approach to account for fac-
tors such as driver behaviour, road
design and specific animal behaviours.
Although animal–vehicle collisions

have been previously studied in
Australia,6,8,9 this issue is still under-
recognised due to poor reporting. An
example of this is evident in the 10th
Revision of the International Statistical
Classification of Diseases and Related
Health Problems (ICD-10) Diagnosis
Codes for vehicle crashes, where motor
vehicle collisions with pedestrians or ani-
mals are not distinguished (e.g. ‘Car pas-
senger injured in collision with
pedestrian or animal in traffic accident’).

Therefore, adequate reporting standards
should be established for improved data
recording to aid future studies investigat-
ing preventive strategies.

Limitations

The present study was reliant on the
text descriptor of the injury events,
which was dependent on the reliability
of the documenting clinician and the
patient’s recollection of the event. Fur-
thermore, animal–vehicle collisions
resulting in minor injuries that did not
meet VSTR criteria or prehospital
trauma deaths were not accounted for
and therefore the true incidence is
likely underestimated. Finally, the pre-
sent study did not analyse the inci-
dence rates according to each animal
group due to insufficient number for
trend analyses to be performed.

Conclusions
Our results demonstrated that while
the number of animal–vehicle colli-
sions was small, these events are on
the rise. It is evident that improved
reporting methods of animal–vehicle
collisions are required to adequately
quantify these crash types. Further
studies should be conducted to review
the effectiveness of interventions by
using a multifaceted approach to
account for driver behaviour, road
design and specific animal types.
These findings will allow for better
implementation of guidelines and pol-
icies to reduce the incidence of
animal–vehicle collisions.
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