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Abstract

Introduction

An accurate understanding of the current status of dog-bite injuries in Korea is essential for
establishing preventive strategies. There have been no national reports about dog-bite injuries
in Korea. This study investigated dog-bite injuries in Korea that were registered in the nation-
wide injury surveillance database and analysed the risk factors for significant dog-bite injury.

Methods

A multicentre cross-sectional study was conducted using the emergency department (ED)-
based Injury In-depth Surveillance (EDIIS) registry in Korea between 2011 and 2016. We
defined significant injury as death, admission, surgery, or fracture or amputation. A multivari-
able logistic regression model was used to obtain the adjusted odds ratios (aORs) for the
factors associated with significant dog-bite injuries.

Results

Among 1,537,617 injured patients, 9,966 (6.5 per 1,000 injured patients) presented to the ED
for dog-bite injuries (5.6 in 2011 to 7.6 in 2016, Pfor trend < 0.001), and 489 (4.9%) were sig-
nificant injuries. In the age-specific analysis, there were increasing trends only among teen-
agers (12-18 years) and adults (> 18 years). Being elderly (> 60 years) (aOR: 2.70, 95% CI:
2.15-3.39), having injuries to multiple anatomic sites (aOR: 4.37, 95% CI: 2.96-6.45), being
bitten outdoors (aOR: 2.71, 95% CI: 2.20-3.34), and being bitten by a relative’s dog (aOR:
2.37,95% Cl: 1.09-5.17) were strongly associated with significant dog-bite injury.

Conclusion

Dog-bite injuries are increasing in Korea, especially in teenagers and adults. A relative’s or
neighbour’s dog may be more dangerous than a stranger’s dog. Preventive strategies are
needed to prevent dog-bite injuries in adults and children.
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that were geographically sampled by the Korea
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with the approval of the project manager of the
participating institution. The project manager of our
institution is Ki Jeong Hong, M.D., Ph.D. His e-mail
is emkjhong@gmail.com. If others want to access
these datasets, they should send an e-mail to him
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Introduction

As the proportion of households with companion animals has increased, the number of ani-
mal-bite injuries has also increased. In the United States, animal bites account for 1% of all
emergency department (ED) visits [1]. Dogs are responsible for the vast majority of animal
bites [2]. Dog bites can cause traumatic damage to the tendons and nerves, disability, infec-
tions, such as rabies, psychological and emotional trauma, hospitalization and rarely death [3-
7].

The proportion of families with companion animals in Korea has increased from 17.4% in
2010 to 21.8% in 2015 according to the Ministry of Agriculture, Food, and Rural Affairs [8].
While several dog-bite events have been reported to the media and there has been growing
interest in dog bites in recent years, no nationwide epidemiological report about dog-bite inju-
ries has yet been made in Korea. The lack of systematic data makes it difficult to identify the
associated risk factors and to establish effective preventive strategies against dog-bite injury.

In this study, we investigated dog-bite injuries in Korea that were registered in the nation-
wide injury surveillance database between 2011 and 2016. The present study also analysed the
risk factors for significant dog-bite injury, including fracture, amputation or death, and the
need for surgery or hospitalization.

Materials and methods
Ethics statement

This study was approved by the Institutional Review Board of Seoul National University Hos-
pital (IRB No. 1807-079-958). Informed consent was waived, and patient information was
anonymized prior to analysis.

Study design and patients

This cross-sectional study was conducted using data from the ED-based Injury In-depth Sur-
veillance (EDIIS) registry in Korea. Among all cases registered in the EDIIS registry from Jan-
uary 2011 to December 2016, patients who were bitten by a dog were included in this study as
the study population. Dog bite-related injuries were first identified according to the injury
mechanism (dog bite), and one researcher then reviewed the injury narratives. After reviewing
the injury narratives, if the injuries were caused by bites of animals other than dogs or the inju-
ries were not bites (e.g., dog scratches), they were excluded from the study. If the disposition of
emergency care was “transferred out”, the cases were excluded from the study population
because of the possibility of duplicate registration.

National injury registry

The EDIIS has been established by the Korea Centers for Disease Control and Prevention
(KCDC) with five hospitals since 2006. The EDIIS was developed to collect and investigate in-
depth data on injury mechanisms and causes of injured patients in the ED and to provide
information useful for establishing strategies for injury prevention. Since 2010, the number of
participating hospitals has increased to 20, and data are currently being collected from patients
who have been injured in 23 EDs in Korea. Based on the dataset of the International Classifica-
tion of External Causes of Injuries (ICECI) by the World Health Organization, the EDIIS data-
base has 246 variables, including patient demographics, injury-related data, prehospital
records, clinical findings, diagnosis and medical treatment in the ED, ED disposition, and
patient outcomes after admission. Primary surveillance data were collected by physicians from
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each hospital by checking the box for each variable in the standardized EDIIS registry. Emer-
gency physicians and trained coordinators at each hospital regularly reviewed and revised the
recorded information. The completed data were regularly uploaded into a web-based database
system of the KCDC by trained coordinators. The quality management committee reviewed
the data monthly and provided regular feedback to coordinators for quality improvement [9].

Variables and measurements

We collected information on patient age and gender, the anatomical site of the injury, wound
characteristics, surgery, the place where the accident occurred, reported dog owners, the dates
and times of the ED admission and discharge, disposition after emergency care, the dates and
times of the hospital admission and discharge, the number of days hospitalized and the out-
come of the hospital admission. The patients were divided into the following age groups based
on human development and growth to describe the epidemiological characteristics of each age
group: infant (< 1 year), toddler (1-3 years), preschooler (4-6 years), school-age (7-12 years),
teenager (13-18 years), and adult (> 18 years). The anatomical sites of dog-bite injuries were
categorized as head and neck (including the face), torso (including the thorax, abdomen, back,
pelvis, and genitals), upper extremity (including the shoulders, upper arms, elbows, forearms,
wrists, and hands), lower extremity (hips, thighs, knees, lower legs, ankles and feet) and multi-
ple locations (a combination of one or more of the above anatomic sites) according to the
International Classification of Diseases 10™ Revision (ICD-10) code and the review of the
injury narratives. The wound characteristics were classified as superficial, open, fracture,
amputation and other according to the ICD-10 code. The places where the accident occurred
were classified as follows: home (including home garden, apartment parking area, and play-
ground at the apartment site), road, commercial facilities, countryside/sea/river, public cul-
tural facilities, and other/unknown. The injury locations were also divided into indoor or
outdoor places. The date of ED admission was used to consider monthly variation and 2 pho-
toperiods, namely, long day (April-September) and short day (October-March). Dog owners
were classified as follows: household, relative, neighbour/friend, and stranger.

Main outcomes

The primary outcome of the study was risk factors for significant dog-bite injury. We defined
significant injury as patient death, hospitalization, surgery, or diagnosis of fracture or amputa-
tion. Mortality was defined as death in the ED or during hospitalization and determined at dis-
charge from the ED or hospital. The secondary outcome of this study was epidemiologic
characteristics of dog-bite injury in Korea.

Statistical analysis

All statistical analyses were performed using STATA version 14.2 (StataCorp LP, College Station,
TX, USA). Continuous variables were presented as medians with interquartile ranges, and cate-
gorical variables were presented as frequencies with proportions. To assess significant differences
between the outcome groups, we used the Wilcoxon rank sum test for continuous variables and
the Chi-square test or Fisher’s exact test for categorical variables. The odds ratio (OR) with 95%
confidence interval (CI) was calculated by multivariable logistic regression analysis to evaluate
the associated factors for significant dog-bite injury. The OR was adjusted for the patient’s age
group (0-12 years, 13-18 years, 19-59 years, and > 60 years), anatomical site (head and neck,
torso, upper extremity, lower extremity, multiple, and unknown), injury location (indoor, out-
door, and unknown), and dog owner (household, relative, neighbour/friend, stranger, and
unknown). The level of statistical significance was defined as a P value less than 0.05.
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Results
Characteristics of dog-bite injury in Korea

A total of 1,537,617 injured patients were registered in the EDIIS registry from 2011 to 2016.
Among them, 10,121 patients were categorized as dog-bite injuries according to the injury
mechanism. After a review of the injury narratives, 64 patients were excluded because their
injury mechanisms were incorrectly coded. A total of 9,966 (0.6%) patients were included in
the final analysis, except for 91 patients who were transferred to other hospitals after emer-
gency care (Fig 1).

The annual rate of dog-bite injury per 1,000 injured patients increased throughout the
study period (5.6 (2011), 6.3 (2012), 5.9 (2013), 6.2 (2014), 7.1 (2015), and 7.6 (2016)) (P for
trend < 0.001). In the sex-specific analysis, both males and females showed increases in the
rate of dog-bite injury from 2011 to 2016 (Fig 2). Fig 3 shows trends in the age-specific rates of
dog-bite injuries between 2011 and 2016. An increase in rates was observed for teenagers and
adults (P for trend = 0.001 and < 0.001, respectively), but there were no significant increasing
trends in the rates for the other age groups. The highest prevalence was for school-aged chil-
dren of 7-12 years, and the next highest prevalence was for adults.

Table 1 shows the basic characteristics of dog-bite injury by age group. The rates of dog-
bite injuries per 1,000 injured patients according to age group were as follows: school-age chil-
dren (9.0) > adult (7.2) > teenager (5.9) > preschooler (5.1) > infant (3.1) > toddler (3.0).
The majority of the patients were female (54.6%), especially among adults (58.0%). In children

Total injured (2011-2016)
n=1,537,617

Other mechanism of injury

" n=1,527,496
Mechanism of injury: dog bite
n=10,121
. Not a dog bite
n=64
y
Dog bite injury
n=10,057
. ED disposition: Transferred out
i n=91

Final analysis
n=9,966

Fig 1. Flow diagram of the study population.
https://doi.org/10.1371/journal.pone.0210541.g001
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aged 12 years or younger, however, males were predominant, except for infants. The most
common anatomical site of bites was the upper extremity (33.3%), followed by the head and
neck (21.9%), the lower extremity (15.7%), multiple sites (3.2%), and the torso (0.9%). In chil-
dren, however, the head and neck were the most common anatomical sites of bites. The most
common type of injury was open wound (79.2%), followed by superficial injury (17.4%), frac-
ture (0.7%), and amputation (0.2%). Most of the fractures and amputations occurred in adults
(64/72 (88.9%) and 14/16 (87.5%), respectively). The admission rate was 3.7%, and there were
three fatal outcomes (one in the ED and two during the hospital admission). All patients who
died were elderly individuals older than 70 years of age (93 years in the ED and 73 and 79
years during the admission). Among the hospitalized patients, the median hospital stay was
eight days and was longer in adults than in children. A total of 224 (2.3%) patients underwent
surgery, and the highest rates of surgery were observed in toddlers (2.8%).
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Fig 2. The trends of dog-bite injuries from 2011 to 2016. Both males and females showed increases in the rate of dog-bite injury from 2011 to 2016.
https://doi.org/10.1371/journal.pone.0210541.9g002
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Proportion of dog bite injuries (rates in 1,000 injuries)

P for trend
Infant 0.487
Toddler 0.310
Preschooler  0.464
School-age 0.172
Teenager 0.001
Adult <0.001

2011 2012 2013 2014 2015 2016
Year
—e— Infant (<lyr) - ---Toddler (1-3yrs) —>— Preschooler (4—6yrs)
—a— School-age (7—12yrs) —m— Teenager (13—18yrs) —--— Adult (>18yrs)

Fig 3. Age-specific trends of dog-bite injuries from 2011 to 2016. An increasing trend was observed for teenagers and adults, but
there were no significant increasing trends in rates for any other age groups.

https://doi.org/10.1371/journal.pone.0210541.9003

The majority of dog-bite injuries occurred at home (72.3%) and indoors (60.5%). In most
age groups, dog-bite injuries occurred indoors, but almost half of the preschoolers (48.7%)
were injured outdoors. In the case of dog owners, family members were the most common
(31.6%), and preschoolers (11.9%) and school-age children (10.9%) were more likely than the
other age groups to be bitten by a stranger’s dog. Fig 4 shows the monthly variation in the dog-
bite injury incidence. There were two peak incidences (May and September); particularly in
the adults (19-59 years) and the children (0-12 years), these peaks were prominent. Dog-bite
injuries occurred more during the long-day period (April-September) than during the short-
day period (55.6% and 44.4%, respectively). However, infants and teenagers had more dog-
bite injuries during the short-day period (60.5% and 54.8%, respectively) (Table 1).

Risk factors associated with significant dog-bite injury

Table 2 shows the characteristics of significant dog-bite injury compared to non-significant
injury. Among 9,966 patients, 489 (4.9%) had significant injuries. The results of multivariable
logistic regression analysis are summarized in Table 3. Compared with adults (19-59 years),
elderly people (> 60 years) were 2.7 times more likely to have significant injuries (95% CI:
2.15-3.39). Bite sites were also associated factors for significant injury (adjusted ORs [95% CI]:
2.63 [1.96-3.55] for head and neck, 1.73 [1.32-2.26] for the upper extremity, and 4.37 [2.96-
6.45] for multiple sites). Outdoor injuries were 2.71 times more likely to be significant injuries
than indoor injuries (95% CI: 2.20-3.34]). In the case of dog owners, relatives or neighbours/
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Table 1. Characteristics of dog-bite injuries by age group.

Characteristics Total Age groups of years
Infant (<1) | Toddler (1-3) | Preschooler (4 | Schooler (7 Teenager (13 Adult (> 18)
-6) -12) -18)
N =9,966 N =86 N =598 N =528 N =940 N =573 N =7,241
Age, median (IQR) 32 | (16-51)
Gender (male), No. (%) 4,520 | (45.4) 40 | (46.5) 359 | (60.0) 307 | (58.1) 525 | (55.9) 249 | (43.5) 3,040 | (42.0)
Bite site, No. (%)
Head and Neck 2,184 | (21.9) 37 | (43.0) 230 | (38.5) 154 | (29.2) 236 | (25.1) 202 | (35.3) 1,325 | (18.3)
Torso 85 (0.9) 0 (0.0) 41(0.7) 9 (1.7) 30| (3.2) 4(0.7) 38| (0.5)
Upper extremity 3,314 | (33.3) 23 | (26.7) 205 | (34.3) 143 | (27.1) 220 | (23.4) 155 | (27.1) 2,568 | (35.5)
Lower extremity 1,563 | (15.7) 81(9.3) 47 | (7.9) 120 | (22.7) 182 | (19.4) 46 | (8.0) 1,160 | (16.0)
Multiple® 319 (3.2) 1/(1.2) 18 | (3.0) 17 1 (3.2) 47 | (5.0) 16 | (2.8) 220 | (3.0)
Unknown 2,501 | (25.1) 17 | (19.8) 94 | (15.7) 85 (16.1) 225 | (23.9) 150 | (26.2) 1930 | (26.7)
‘Wound characteristics, No. (%)
Superficial 1,736 | (17.4) 26 | (30.2) 119 | (19.9) 131 | (24.8) 214 | (22.8) 111 | (19.4) 1,135 | (15.7)
Open 7,892 | (79.2) 57 | (66.3) 463 | (77.4) 384 | (72.7) 704 | (74.9) 455 | (79.4) 5,829 | (80.5)
Fracture 72| (0.7) 0 (0.0) 0 (0.0) 11(0.2) 6 (0.6) 11(0.2) 64| (0.9)
Amputation 16 (0.2) 0| (0.0 0 (0.0) 0| (0.0) 0 (0.0) 2] (0.4) 141 (0.2)
Others / Unknown 250 | (2.5) 3 (3.5) 16 | (2.7) 12 | (2.3) 16 | (1.7) 41(0.7) 199 | (2.8)
ED disposition, No. (%)
Discharge 9,587 | (96.2) 86 | (100.0) 576 | (96.3) 511 | (96.8) 908 | (96.6) 557 | (97.2) 6949 | (96.0)
Admission 370 | (3.7) 0 (0.0) 22| (3.7) 17 1 (3.2) 31 (3.3) 16 | (2.8) 284 | (3.9)
Death 1(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0/ (0.0) 1(0.0)
Unknown 8/ (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 1/(0.1) 0/ (0.0) 7| (0.1)
Mortalityb, No. (%) (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0/ (0.0) 3 (0.0)
Hospital stay (days), median (IQR) (5-15) 6| (4-9) 7 | (5-10) (6-10) 6 | (4-10) 9 | (6-16)
Surgery, No. (%) 224 (2.3) 0 (0.0) 17| 2.8) 6 (1.1) 17| (1.8) 9 (1.6) 175 | (2.4)
Place (home/others), No. (%)
Home 7,206 | (72.3) 85 | (98.8) 482 | (80.6) 329 | (62.3) 641 | (68.2) 455 | (79.4) 5214 | (72.0)
Road 908 | (9.1) 0 (0.0) 26 | (4.4) 47 | (8.9) 81| (8.6) 49 | (8.6) 705 | (9.7)
Commercial facilities 610 | (6.1) 0 (0.0) 33| (5.5) 55| (10.4) 59 | (6.3) 211 (3.7) 442 | (6.1)
Countryside / Sea / River 372 | (3.7) 0 (0.0) 19| (3.2) 29 | (5.5) 42| (4.5) 13| (2.3) 269 | (3.7)
Public cultural facilities 261 | (2.6) 0 (0.0) 18 | (3.0) 311 (5.9) 46 | (4.9) 12| (2.1) 154 | (2.1)
Others / Unknown 609 | (6.1) 1((1.2) 20 | (3.3) 37 | (7.0) 71 | (7.6) 23 | (4.0) 457 | (6.3)
Place (indoor/outdoor), No. (%)
Indoor 6,028 | (60.5) 82| (95.4) 445 | (74.4) 261 | (49.4) 535 | (56.9) 412 | (71.9) 4,293 | (59.3)
Outdoor 3,726 | (37.4) 31(3.5) 146 | (24.4) 257 | (48.7) 383 | (40.7) 153 | (26.7) 2,784 | (38.5)
Unknown 212 | (2.1) 1/(1.2) 71(1.2) 10 | (1.9) 22 (2.3) 8/ (1.4) 164 | (2.3)
Photoperiod, No. (%)
Long day (April-September) 5,544 | (55.6) 34 | (39.5) 323 | (54.0) 305 | (57.8) 544 | (57.9) 259 | (45.2) 4,079 | (56.3)
Short day (October-March) 4,422 | (44.4) 52 | (60.5) 275 (46.0) | 223 | (42.2) 396 | (42.1) 314 (54.8) 3,162 | (43.7)
Dog owners, No. (%)
Household 3,144 | (31.6) 48 | (55.8) 253 | (42.3) 112 | (21.2) 244 | (26.0) 212 | (37.0) 2,275 | (31.4)
Relatives 84 (0.8) 0 (0.0) 16 | (2.7) 10 | (1.9) 11| (1.2) 6 (1.1) 41 | (0.6)
Neighbor / Friend 495 | (5.0) 21(2.3) 17 | (2.8) 28 | (5.3) 70 | (7.5) 22 (3.8) 356 | (4.9)
Stranger 851 | (8.5) 1((1.2) 34| (5.7) 63| (11.9) 102 | (10.9) 31| (5.4) 620 | (8.6)
Unknown 5,392 | (54.1) 35 (40.7) 278 | (46.5) 315 (59.7) 513 | (54.6) 302 | (52.7) 3,949 | (54.5)
a Multiple wound was defined as a combination of one or more of the anatomic sites.
b Mortality was defined as death in the ED or during hospitalization.
https://doi.org/10.1371/journal.pone.0210541.t001
PLOS ONE | https://doi.org/10.1371/journal.pone.0210541 February 21,2019 7/13


https://doi.org/10.1371/journal.pone.0210541.t001
https://doi.org/10.1371/journal.pone.0210541

:@o' PLOS ‘ ONE Dog-bite injuries in Korea

1000
800
8
=]
=)
g
o 600 Total
B2 :
u;n = == Children
:; = - -Teenager
§ Adult
S —
400 S Elderly
~ -~
'd ~i . 7/ N
200 7 ~ g N
’—‘55_—’ \_—‘ \\\
~
> -
=
-_— - - - " - - - - ™ ‘J
----- - - " - L.
0
1 2 3 4 o) 6 74 8 9 10 11 12
Month

Fig 4. Monthly variation of dog-bite injuries.
https://doi.org/10.1371/journal.pone.0210541.9004

friends were riskier than owners in the household (adjusted ORs [95% CI]: 2.37 [1.09-5.17]
for relatives and 1.68 [1.13-2.51] for neighbours/friends).

Discussion

As the proportion of households with dogs in Korea is increasing, it is important for healthcare
providers and families to be aware of the frequency and severity of dog-bite injuries. This study
evaluated the trends and characteristics of dog-bite injuries in Korea and analysed the risk fac-
tors associated with significant dog-bite injuries using a nationwide injury surveillance database.
Dog-bite injuries were on the rise in Korea, which accounted for 0.6-0.8% of all injured
patients. Of these patients, 3.7% needed hospitalization, and 2.3% underwent surgery. Among
elderly individuals aged over 60 years, injury to multiple anatomic sites, being bitten outdoors,
and being bitten by a relative’s dog were strongly associated with significant dog-bite injury.

From 2011 to 2016, ED visits for dog-bites were increasing and the proportion of dog-bite
injuries per 1,000 injuries were also increasing. Although there were more participating hospi-
tals since 2015, the number of dog-bite injuries per hospital was also increasing. A previous
study in the United States reported that there was no significant difference in the incidence of
dog-bite in the USA between 1994 and 2003 [10]. We are not able to know the annual inci-
dence of dog-bites in Korea in this study. However, from the results of this study, we can pre-
sume that dog-bite injuries in Korea are growing as a public health problem.

Approximately 4.5 million people are bitten by dogs every year in the United States, and
approximately 1 in 5 people bitten by a dog require some form of medical attention [10]. A pre-
vious report in the United States reported that the dog-bite injury rate was highest for children
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Table 2. Characteristics of dog-bite injury by severity.

Characteristics Severity of dog bite-related injury P-value
Significant® (n = 489) Non-significant (n = 9477)
Age, median (IQR) 46 | (22-62) 32 | (16-50) < 0.001
Gender (male), No. (%) 207 | (42.3) 4,313 | (45.5) 0.169
Bite site, No. (%) < 0.001
Head and Neck 123 | (25.2) 2,061 | (21.8)
Torso 41(0.8) 81 (0.9)
Upper extremity 183 | (37.4) 3,131 | (33.0)
Lower extremity 39| (8.0) 1,524 | (16.1)
Multiple 49 | (10.0) 270 | (2.9)
Unknown 91 | (18.6) 2,410 | (25.4)
Injury place, No. (%) 0.134
Home 344 | (70.4) 662 | (72.4)
Road 46 | (9.4) 862 | (9.1)
Commercial facilities 27 | (5.5) 583 | (6.2)
Countryside / Sea / River 29 | (5.9) 343 | (3.6)
Public cultural facilities 91 (1.8) 252 | (2.7)
Others / Unknown 34| (7.0) 575 (6.1)
Injury place (indoor / outdoor), No. (%) < 0.001
Indoor 188 | (38.5) 5,840 | (61.6)
Outdoor 293 | (59.9) 3,433 | (36.2)
Unknown 81(1.6) 204 | (2.2)
Dog owners, No. (%) 0.001
Household 125 | (25.6) 3,019 | (31.9)
Relatives 81(1.6) 76 | (0.8)
Neighbor / Friend 38 (7.8) 457 | (4.8)
Stranger 39 | (8.0) 812 | (8.6)
Unknown 279 | (57.1) 5,113 | (54.0)

* significant injury was defined as the patient’s death, hospitalization, surgery, or diagnosis of fracture or amputation.

The bold texts indicate P-value less than 0.05.

https://doi.org/10.1371/journal.pone.0210541.t002

aged 5-9 years and decreased with increasing age [11]. In this study, the highest proportion of
dog-bite injuries was reported in school-aged children of 7-12 years, which is similar to the
findings in the US. However, the second highest rates of dog-bite injury occurred in adults over
18 years of age. In addition, dog-bite injuries in teenagers and adults but not children were on
the rise. Although the reasons for this finding are not known, we can speculate that this differ-
ence may be caused by the reduced number of children playing outdoors in the modern era.
Females were more likely to be bitten than males in this study, which is different from previous
studies from the US and UK [11,12]. In the age-specific analysis, females were dominant among
teenagers and adults, and males were dominant among children aged 12 years or younger,
except for infants. A previous study in Italy reported that the distribution of bite incidences
among males and females was significantly different in adults, with 66% being males and 34%
being female [13]. As such, the age- and gender-dependent differences in the incidence of dog-
bite injury may vary from country to country. This finding may be explained by the variety of
cultures in terms of dog ownership and differences in dog breeds among countries.

Similar to other studies [11,12,14-16], the most common site bitten by dogs was the upper
extremity, and head and neck injuries occurred more often in children than adults in our
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Table 3. Odds ratios (ORs) for the risk factors associated with significant dog bite-related injuries.

Characteristics Total, No Significant injury® Unadjusted Adjusted
No. % OR 95% CI OR 95% CI
Age group (years)
Children (0-12) 2,152 88 4.1 1.01 0.79-1.30 0.90 0.70-1.16
Teenager (13-18) 573 22 3.8 0.95 0.61-1.48 0.94 0.60-1.48
Adult (19-59) 5,960 241 4.0 1.00 1.00
Elderly (> 60) 1,281 138 10.8 2.87 2.30-3.57 2.70 2.15-3.39
Bite site
Head and Neck 2,184 123 5.6 1.58 1.20-2.09 2.63 1.96-3.55
Torso 85 4 4.7 1.31 0.47-3.65 1.41 0.50-4.00
Upper extremity 3,314 183 5.5 1.55 1.20-2.00 1.73 1.32-2.26
Lower extremity 1,563 39 2.5 0.68 0.46-0.99 0.58 0.39-0.86
Multiple 319 49 15.4 4.81 3.32-6.95 4.37 2.96-6.45
Unknown 2,501 91 3.6 1.00 1.00
Injury place (indoor / outdoor)
Indoor 6,028 188 3.1 1.00 1.00
Outdoor 3,726 293 7.9 2.65 2.20-3.20 2.71 2.20-3.34
Unknown 212 8 3.8 1.22 0.59-2.51 1.29 0.62-2.67
Dog owners
Household 3,144 125 4.0 1.00 1.00
Relative 84 8 9.5 2.54 1.20-5.38 2.37 1.09-5.17
Neighbor / Friend 495 38 7.7 2.01 1.38-2.93 1.68 1.13-2.51
Stranger 851 39 4.6 1.16 0.80-1.68 0.93 0.63-1.37
Unknown 5,392 279 5.2 1.32 1.06-1.64 1.21 0.96-1.54

*significant injury was defined as the patient’s death, hospitalization, surgery, or diagnosis of fracture or amputation.

The bold texts are statistically significant findings.

https://doi.org/10.1371/journal.pone.0210541.1003

study. After ED treatment, 3.7% of patients needed hospitalization, and 2.3% of patients
underwent surgery. Previous studies in the US reported that the hospitalization rate for dog-
bite injuries was 4% [17] and 1.8% [11]. There were three fatalities during the study period. All
patients were older than 70 years. Older age and complicated comorbid diseases may have con-
tributed to these deaths. More than 70% of victims were bitten at home, but preschoolers were
more likely to be bitten in other places, such as commercial facilities, than at home. In addi-
tion, preschoolers were more likely than the other age groups to be bitten outdoors and by a
stranger’s dog. These results can be explained by the fact that young children, such as pre-
schoolers, have exploratory behaviour and small bodies; therefore, they are especially vulnera-
ble to dog bites outside.

Concordant with the findings of previous studies [17-19], a peak incidence of dog-bite
injuries was reported during the warm season. The monthly distribution of dog-bite injury
showed two peak incidences, May and September. In Korea, May and September have the best
weather for going outside. Therefore, the peak incidence of dog-bite injury during the warm
season may be explained by the fact that children and dogs tend to play outside during warm
months, increasing the chances of encountering each other. In age-specific analysis, this find-
ing was not observed in infants and teenagers. This difference could be because infants are
usually in strollers when they go out, and there are few chances to encounter dogs. Korean
teenagers are also similar because they are usually indoors (e.g., private educational institutes)
for their study during warm months.
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Previous reports in the US showed that the hospitalization rate after dog-bite injuries was
highest for children younger than 5 years old and adults older than 65 years old [1]. In our study,
significant dog-bite injury, including hospitalized cases, was associated with older age, especially
in adults older than 60 years old. Complicating comorbid diseases, such as diabetes mellitus,
could be more frequently observed at older ages, and such patients may have an increased risk of
infection. A previous study reported that injury to the head, upper extremities or multiple ana-
tomic sites is a risk factor for hospitalization after dog-bite injuries [20]. The results of our study
were similar to those results. Compared to a single anatomical site, multiple anatomical sites had
a stronger association with significant dog-bite injury. Multiple anatomical sites may mean that
several dogs were involved or a wilder dog bit the patient, which implies that the patient is more
likely to be more severely injured. Among single anatomical sites, the head, neck and upper
extremity were associated with significant dog-bite injuries. Injuries involving the head and neck
often require reconstructive procedures and can lead to disfiguring scars and long-term treat-
ment. Several studies have shown an increased risk of infection in animal bites to the upper
extremities compared to other anatomic sites [7,21,22]. As with previous studies [11,14,23], most
victims in this study were bitten by a known dog. Brogan TV et al. reported that large dogs famil-
iar to the child are usually involved in severe dog bites [24]. Our study showed that if the dog
owner is a relative, neighbour or friend, the victims are more likely to have a significant injury
than if the dog owner is stranger. Considering the time spent with dogs, people have more chance
to bitten by known dogs than strangers’ dogs, because it is obvious that people usually encounter
strangers’ dogs for a moment while spending more time with known dogs. However, the bites by
known dogs except own dogs were less frequent than the bites by strangers’ dogs. Moreover, inju-
ries by known dogs were more serious than injuries by strangers’” dogs even though they are less
frequent. This finding may be because the victim feels comfortable with the relative’s, neighbour’s
or friend’s dog and is less vigilant, but the dog may not be familiar with the victim.

This study has several limitations. First, the characteristics of the dog-bite injuries were ana-
lysed based only on the pre-registered items in the EDIIS registry because this study is a retro-
spective cross-sectional study. Therefore, other potentially important data, such as dog size,
dog breed, and rabies after dog bites, were not available, and these factors might affect the out-
comes as potential confounders. Second, although EDIIS is a national injury database, not all
EDs in Korea were included in the EDIIS. Based on 2014, the EDIIS had collected information
from 20 EDs compared to the National Emergency Department Information System (NEDIS)
which had collected information from 146 emergency medical centers, including all regional,
specialized, and local emergency medical centers. This EDIIS data represents approximately
10% of injured patients data registered to the NEDIS (156,441 data in EDIIS and 1,522,348
data in NEDIS, respectively) [25]. Additionally, these EDs which participated in the EDIIS
provide a relatively higher level of emergency medical services (level 1 or 2). Because of this
selection bias, the results of this study may have a possibility of overestimation or underestima-
tion. Third, we defined significant injury as fracture, amputation or death and the need for sur-
gery or hospitalization in this study. Tendon or nerve injury and severe wound infection are
also considered significant injuries. However, we could not extract these data from the data-
base because this study is a retrospective study. Therefore, there is a possibility that some
patients classified as having a non-significant injury according to the author’s definition actu-
ally have serious injuries from a clinical viewpoint.

Conclusions

Our findings showed that ED visits for dog-bites in Korea are increasing, especially above
youth age, and that injuries by a relative’s, neighbour’s or friend’s dog may be more dangerous
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than injuries by a stranger’s dog. The epidemiologic characteristics of dog-bite injury may vary
according to cultural and socioeconomic differences. Therefore, each regional or national
study is important for assessing country-specific differences in dog-bite injuries. Further stud-
ies should be performed to establish prevention strategies for reducing the incidence of signifi-
cant dog-bite injuries in Korea. To decrease the incidence of dog-bite injury in Korea,
preventive strategies that target not only children but also adults may be needed.

Author Contributions

Conceptualization: Do Kyun Kim.

Data curation: Joong Wan Park, Do Kyun Kim, Jae Yun Jung.

Formal analysis: Joong Wan Park, Do Kyun Kim.

Methodology: Joong Wan Park.

Supervision: Jae Yun Jung, Se Uk Lee, Ikwan Chang, Young Ho Kwak, Soyun Hwang.
Writing - original draft: Joong Wan Park.

Writing - review & editing: Jae Yun Jung, Se Uk Lee, Ikwan Chang, Young Ho Kwak, Soyun
Hwang.

References

1. Holmaquist L, Elixhauser A. Emergency Department Visits and Inpatient Stays Involving Dog Bites,
2008: Statistical Brief #101. Rockville (MD): Agency for Healthcare Research and Quality (US); 2010.
Available from: https://hcup-us.ahrg.gov/reports/statbriefs/sb101.pdf.

2. Steele MT, Ma OJ, Nakase J, Moran GJ, Mower WR, Ong S, et al. Epidemiology of animal exposures
presenting to emergency departments. Acad Emerg Med. 2007; 14:398—403. https://doi.org/10.1197/j.
aem.2006.12.012 PMID: 17369449

3. Meslin F-X. Rabies as a traveler’s risk, especially in high-endemicity areas. J Travel Med. 2005; 12
Suppl 1:S30—40.

4. PetersV, Sottiaux M, Appelboom J, Kahn A. Posttraumatic stress disorder after dog bites in children. J
Pediatr. 2004; 144:121-122. https://doi.org/10.1016/}.jpeds.2003.10.024 PMID: 14722529

5. Overall KL, Love M. Dog bites to humans—demography, epidemiology, injury, and risk. J Am Vet Med
Assoc. 2001;218:1923—-1934. PMID: 11417736

6. Medeiros |, Saconato H. Antibiotic prophylaxis for mammalian bites. Cochrane Database Syst Rev.
2001; 1:CD001738.

7. Talan DA, Citron DM, Abrahamian FM, Moran GJ, Goldstein EJ. Bacteriologic analysis of infected dog
and cat bites. Emergency Medicine Animal Bite Infection Study Group. N Engl J Med. 1999; 340:85-92.
https://doi.org/10.1056/NEJM199901143400202 PMID: 9887159

8. Ministry of Agriculture, Food, and Rural Affairs. Available from: http://www.mafra.go.kr/mafra/293/
subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJ TJGbWFmcmEIMkY20CUyRjMxMzU4MCUyRmFydG
NsVmlldy5kbyUzRmJicONsU2VxJTNEJTI2aXNWaWV3TWIuZSUzRGZhbHNIJTI2cmdzRW5kZGVT
dHIIMOQIMjZwYWdIJTNEMSUyNmJic09wZW5XcmRTZXEIMOQIMjZyZ3NCZ25kZVNOciUzRCUyNn
NyY2hXcmQIMOQIRUIIQjAIOTgIRUIIQTAIQTQIRUIIOEYIOTKIRUIIQUMIQKMIMjZwY XNzd29yZCUz
RCUyNnNyY2hDb2x1bW4IMORzaiUyNnJvdyUzRDEwJTI2. Cited 07 July 2016.

9. ParkGJ, RoYS, Shin SD, Song KJ, Hong KJ, Jeong J. Preventive effects of car safety seat use on clini-
cal outcomes in infants and young children with road traffic injuries: A 7-year observational study. Injury.
2018; 49:1097—-11083. https://doi.org/10.1016/j.injury.2018.04.001 PMID: 29631724

10. Gilchrist J, Sacks JJ, White D, Kresnow M-J. Dog bites: still a problem? Inj Prev. 2008; 14:296-301.
https://doi.org/10.1136/ip.2007.016220 PMID: 18836045

11.  Centers for Disease Control and Prevention (CDC). Nonfatal dog bite-related injuries treated in hospital
emergency departments—United States, 2001. MMWR Morb Mortal Wkly Rep. 2003; 52:605-610.
PMID: 12844076

PLOS ONE | https://doi.org/10.1371/journal.pone.0210541 February 21,2019 12/13


https://hcup-us.ahrq.gov/reports/statbriefs/sb101.pdf
https://doi.org/10.1197/j.aem.2006.12.012
https://doi.org/10.1197/j.aem.2006.12.012
http://www.ncbi.nlm.nih.gov/pubmed/17369449
https://doi.org/10.1016/j.jpeds.2003.10.024
http://www.ncbi.nlm.nih.gov/pubmed/14722529
http://www.ncbi.nlm.nih.gov/pubmed/11417736
https://doi.org/10.1056/NEJM199901143400202
http://www.ncbi.nlm.nih.gov/pubmed/9887159
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJTJGbWFmcmElMkY2OCUyRjMxMzU4MCUyRmFydGNsVmlldy5kbyUzRmJic0NsU2VxJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJTI2cmdzRW5kZGVTdHIlM0QlMjZwYWdlJTNEMSUyNmJic09wZW5XcmRTZXElM0QlMjZyZ3NCZ25kZVN0ciUzRCUyNnNyY2hXcmQlM0QlRUIlQjAlOTglRUIlQTAlQTQlRUIlOEYlOTklRUIlQUMlQkMlMjZwYXNzd29yZCUzRCUyNnNyY2hDb2x1bW4lM0RzaiUyNnJvdyUzRDEwJTI2
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJTJGbWFmcmElMkY2OCUyRjMxMzU4MCUyRmFydGNsVmlldy5kbyUzRmJic0NsU2VxJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJTI2cmdzRW5kZGVTdHIlM0QlMjZwYWdlJTNEMSUyNmJic09wZW5XcmRTZXElM0QlMjZyZ3NCZ25kZVN0ciUzRCUyNnNyY2hXcmQlM0QlRUIlQjAlOTglRUIlQTAlQTQlRUIlOEYlOTklRUIlQUMlQkMlMjZwYXNzd29yZCUzRCUyNnNyY2hDb2x1bW4lM0RzaiUyNnJvdyUzRDEwJTI2
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJTJGbWFmcmElMkY2OCUyRjMxMzU4MCUyRmFydGNsVmlldy5kbyUzRmJic0NsU2VxJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJTI2cmdzRW5kZGVTdHIlM0QlMjZwYWdlJTNEMSUyNmJic09wZW5XcmRTZXElM0QlMjZyZ3NCZ25kZVN0ciUzRCUyNnNyY2hXcmQlM0QlRUIlQjAlOTglRUIlQTAlQTQlRUIlOEYlOTklRUIlQUMlQkMlMjZwYXNzd29yZCUzRCUyNnNyY2hDb2x1bW4lM0RzaiUyNnJvdyUzRDEwJTI2
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJTJGbWFmcmElMkY2OCUyRjMxMzU4MCUyRmFydGNsVmlldy5kbyUzRmJic0NsU2VxJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJTI2cmdzRW5kZGVTdHIlM0QlMjZwYWdlJTNEMSUyNmJic09wZW5XcmRTZXElM0QlMjZyZ3NCZ25kZVN0ciUzRCUyNnNyY2hXcmQlM0QlRUIlQjAlOTglRUIlQTAlQTQlRUIlOEYlOTklRUIlQUMlQkMlMjZwYXNzd29yZCUzRCUyNnNyY2hDb2x1bW4lM0RzaiUyNnJvdyUzRDEwJTI2
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJTJGbWFmcmElMkY2OCUyRjMxMzU4MCUyRmFydGNsVmlldy5kbyUzRmJic0NsU2VxJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJTI2cmdzRW5kZGVTdHIlM0QlMjZwYWdlJTNEMSUyNmJic09wZW5XcmRTZXElM0QlMjZyZ3NCZ25kZVN0ciUzRCUyNnNyY2hXcmQlM0QlRUIlQjAlOTglRUIlQTAlQTQlRUIlOEYlOTklRUIlQUMlQkMlMjZwYXNzd29yZCUzRCUyNnNyY2hDb2x1bW4lM0RzaiUyNnJvdyUzRDEwJTI2
http://www.mafra.go.kr/mafra/293/subview.do?enc=Zm5jdDF8QEB8JTJGYmJzJTJGbWFmcmElMkY2OCUyRjMxMzU4MCUyRmFydGNsVmlldy5kbyUzRmJic0NsU2VxJTNEJTI2aXNWaWV3TWluZSUzRGZhbHNlJTI2cmdzRW5kZGVTdHIlM0QlMjZwYWdlJTNEMSUyNmJic09wZW5XcmRTZXElM0QlMjZyZ3NCZ25kZVN0ciUzRCUyNnNyY2hXcmQlM0QlRUIlQjAlOTglRUIlQTAlQTQlRUIlOEYlOTklRUIlQUMlQkMlMjZwYXNzd29yZCUzRCUyNnNyY2hDb2x1bW4lM0RzaiUyNnJvdyUzRDEwJTI2
https://doi.org/10.1016/j.injury.2018.04.001
http://www.ncbi.nlm.nih.gov/pubmed/29631724
https://doi.org/10.1136/ip.2007.016220
http://www.ncbi.nlm.nih.gov/pubmed/18836045
http://www.ncbi.nlm.nih.gov/pubmed/12844076
https://doi.org/10.1371/journal.pone.0210541

®PLOS | one

Dog-bite injuries in Korea

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Westgarth C, Brooke M, Christley RM. How many people have been bitten by dogs? A cross-sectional
survey of prevalence, incidence and factors associated with dog bites in a UK community. J Epidemiol
Community Health. 2018; 72:331-336. https://doi.org/10.1136/jech-2017-209330 PMID: 29437877

Alberghina D, Virga A, Buffa SP, Panzera M. Incidence and characteristics of hospitalizations after
dog’s bite injuries in Sicily (Italy) between 2012-2015. Vet Ital. 2017; 53:315-320. https://doi.org/10.
12834/Vetlt.1063.5709.2 PMID: 29307126

Golinko MS, Arslanian B, Williams JK. Characteristics of 1616 Consecutive Dog Bite Injuries at a Single
Institution. Clin Pediatr (Phila). 2017; 56:316-325.

Ellis R, Ellis C. Dog and cat bites. Am Fam Physician. 2014; 90:239-243. PMID: 25250997

Kaye AE, Belz JM, Kirschner RE. Pediatric Dog Bite Injuries: A 5-Year Review of the Experience at The
Children’s Hospital of Philadelphia. Plast Reconstr Surg. 2009; 124:551-558. https://doi.org/10.1097/
PRS.0b013e3181addad9 PMID: 19644273

Weiss HB, Friedman DI, Coben JH. Incidence of dog bite injuries treated in emergency departments.
JAMA. 1998; 279:51-53. PMID: 9424044

Rosado B, Garcia-Belenguer S, Ledn M, Palacio J. A comprehensive study of dog bites in Spain, 1995—
2004. Vet J. 2009; 179:383-391. https://doi.org/10.1016/j.tvjl.2008.02.002 PMID: 18406182

Ostanello F, Gherardi A, Caprioli A, La Placa L, Passini A, Prosperi S. Incidence of injuries caused by
dogs and cats treated in emergency departments in a major Italian city. Emerg Med J. 2005; 22:260—
262. https://doi.org/10.1136/em|.2004.014886 PMID: 15788824

Rhea S, Weber DJ, Poole C, Cairns C. Risk factors for hospitalization after dog bite injury: a case-cohort
study of emergency department visits. Acad Emerg Med. 2014; 21:196-203. https://doi.org/10.1111/
acem.12312 PMID: 24673676

Abrahamian FM. Dog bites: Bacteriology, management, and prevention. Curr Infect Dis Rep. 2000;
2:446-453. PMID: 11095891

Goldstein EJC. Management of human and animal bite wounds. J Am Acad Dermatol. 1989; 21:1275—
1279. PMID: 2685062

Golinko MS, Arslanian B, Williams JK. Characteristics of 1616 Consecutive Dog Bite Injuries at a Single
Institution. Clin Pediatr (Phila). 2017; 56:316-325.

Brogan TV, Bratton SL, Dowd MD, Hegenbarth MA. Severe Dog Bites in Children. Pediatrics. 1995;
96:947-950. PMID: 7478841

National Emergency Medical Center. 2014 Yearbook of NEDIS statistics. 2015 August 12. Available
from: http://www.e-gen.or.kr/nemc/statistics_annual_report.do?brdclscd=02.

PLOS ONE | https://doi.org/10.1371/journal.pone.0210541 February 21,2019 13/13


https://doi.org/10.1136/jech-2017-209330
http://www.ncbi.nlm.nih.gov/pubmed/29437877
https://doi.org/10.12834/VetIt.1063.5709.2
https://doi.org/10.12834/VetIt.1063.5709.2
http://www.ncbi.nlm.nih.gov/pubmed/29307126
http://www.ncbi.nlm.nih.gov/pubmed/25250997
https://doi.org/10.1097/PRS.0b013e3181addad9
https://doi.org/10.1097/PRS.0b013e3181addad9
http://www.ncbi.nlm.nih.gov/pubmed/19644273
http://www.ncbi.nlm.nih.gov/pubmed/9424044
https://doi.org/10.1016/j.tvjl.2008.02.002
http://www.ncbi.nlm.nih.gov/pubmed/18406182
https://doi.org/10.1136/emj.2004.014886
http://www.ncbi.nlm.nih.gov/pubmed/15788824
https://doi.org/10.1111/acem.12312
https://doi.org/10.1111/acem.12312
http://www.ncbi.nlm.nih.gov/pubmed/24673676
http://www.ncbi.nlm.nih.gov/pubmed/11095891
http://www.ncbi.nlm.nih.gov/pubmed/2685062
http://www.ncbi.nlm.nih.gov/pubmed/7478841
http://www.e-gen.or.kr/nemc/statistics_annual_report.do?brdclscd=02
https://doi.org/10.1371/journal.pone.0210541

