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Abstract

Background: Dog bite injuries commonly fall under the radar of the public health surveillance systems. Nevertheless,
these incidents may result in emotional distress, disfigurement, functional deficit, or exposure to zoonotic agents and
therefore may have a considerable impact on public health.

Methods: A pilot surveillance scheme was launched in Greece to assess the epidemiology of dog bite injuries. Physi-
cians in hospital-based emergency room departments and primary health care centers were required to report bite cases
via a reporting form. The collected data were analyzed cross-sectionally.

Results: From January to June 2023, 1,656 dog bite victims attended the healthcare settings in Greece. The rate was esti-
mated at 15.8 cases per 100,000 population. The frequency of healthcare visits varied significantly among the regions (p
<0.0001), ranging from 0.9 to 45.2 per 100,000 inhabitants. The median number (interquartile range in brackets) of visits
concerning dog bite victims for the examined period per reporting hospital was nine (2, 21) and per reporting health
center three (1, 10), respectively. The ownerless-to-owned dogs ratio was almost equal (1.04). According to the Abbrevi-
ated Injury Scale, 67.3 % of the injuries were classified as minor, 27.7 % as moderate, 4.9 % as serious, and 0.1 % as
critical. The lower limb was the most frequently affected anatomical site (50.6 %). Head/neck injuries were associated
with younger patients (p <0.0001). Macroscopic tissue loss occurred in 11.9 % of the cases, with the majority present-
ing areas of damaged or missing skin (50.9 %); partially or completely amputated hand digits occurred in nine of these
cases (8.5 %). Among dog bite victims, 2.8 % were hospitalized (inpatients), and 1 % were referred to other hospitals.
Conclusions: Dog bite surveillance offers important epidemiological information on the respective traumatic impact.
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Introduction

Dog (Canis familiaris) is the most prevalent carni-
vore species worldwide, with an estimated population of
700 million and rising and a human-to-owned dog ratio
ranging from 6 to 102 This animal species is closely
bonded with humans as it historically represents a work-
ing or companion animal. Contact with dogs rewards
people with companionship, joy, comfort, and uncondi-
tional love. The benefits of keeping a dog as a compan-
ion animal are mainly psychological and may extend to
physical health®. At least 70 % of dogs are not closely
supervised by humans and are considered ownerless?;
nevertheless, they usually live in inhabited areas due to
easier access to food and shelter'. The dogs’ rights and
welfare are unanimously recognized by the majority of
nations and supported by laws and international treaties®.
The harmonious coexistence of humans with every form
of life on the planet is among the prerequisites for en-
vironmental sustainability and ecological balance. How-
ever, the proximity of humans and dogs in the same habi-
tats sets the conditions for the infliction of accidental bite

injuries. Dogs are the species most frequently involved
in animal bite incidents affecting humans®®. The dog
bites may result in functional impairment or disfigure-
ment’ and are accompanied by the experience of physi-
cal pain and emotional distress'®. Furthermore, exposure
to dogs is associated with the transmission of zoonotic
agents or the inoculation of commensal bacteria originat-
ing from the normal flora of the animal’s oral cavity or
from the victim’s own skin'®!". According to WHO, dogs
are almost exclusively responsible for the transmission
of rabies in humans, with an annual estimate of more
than 50,000 cases worldwide'?. Nevertheless, dog bite
incidents are not adequately monitored by conventional
public health surveillance schemes'*. Epidemiological
data concerning the injuries inflicted by dogs were not
systematically collected in Greece preventing a concise
overview of this important public health issue. In order
to manage this impediment and assess the impact of dog-
related trauma, a dedicated monitoring system was de-
termined. This study presents the preliminary results of
the surveillance scheme recording the visits of dog bite
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victims in healthcare settings with the primary objective
of providing insight into the epidemiology of dog bite
incidents in Greece.

Material and Methods

The National Public Health Organization (NPHO)
launched a surveillance scheme monitoring animal bite
cases in Greece in January 2023. Physicians of public
hospital emergency departments and primary health care
centers were required to fill out a reporting form for any
animal bite victim. Guidance was provided for the report-
ing form to be forwarded to NPHO within three days of
the victim’s attendance.

This study was approved by the Bioethical Commit-
tee of the Greek National Public Health Organization
(NPHO Ref. no 15478/2023) and was performed in ac-
cordance with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.

Case selection criteria

The study included those individuals who sought
medical care due to dog bites during the first semester of
2023. The attendance of a dog bite victim in a healthcare
setting was designated as a case.

Recorded data

The recorded data included the gender, age, and resi-
dency of the victim, the date and location of the incident,
the ownership status of the dog that inflicted the bite,
and information about the injury and the hospitalization
of the patient. The affected anatomical site of the victim
was classified as upper limb, lower limb, torso, head/
neck, or multiple sites. The magnitude of inflicted trauma
was ranked by the treating physicians according to the
Abbreviated Injury Scale (AIS) as minor (1), moderate
(2), serious (3), severe (4), critical (5), and un-survivable
(6). A macroscopically perceptible damaged or missing
tissue at the site of the bite was recorded as tissue loss;
after reviewing the collected data, the deficits were clas-
sified as 1) skin, ii) skin and underlying tissue, and iii)
partial or complete loss of one or more hand digits.

Statistical analysis

The case frequency was calculated on a semester basis
(January to June 2023). According to the Nomenclature of
Territorial Units for Statistics (NUTS), we utilized NUTS-2
level units (regions) for the spatial analysis. The population
referred to the permanent residents, and the data were ex-
tracted from the publicly available records of the 2021 na-
tional census'. The cases were stratified in age groups by
increments of 10 years, similar to the ranking used in the
Greek census for estimating incidence rates by age group
based on the reference population. An Epidata database
(The EpiData Association, Odense Denmark) was used for
the data entry, and the analysis was performed with the IBM
SPSS Statistics for Windows, Version 20.0. (IBM Corp.,
Armonk, NY, USA). Data cleaning was performed by ap-
plying logical checks. The results included a description of

the demographic characteristics of the victims, and of the
anatomical site and the severity of the respective injuries,
and the case frequency by gender, age group, region, and
month. Descriptive statistics are presented as number and
percentage in brackets for categorical variables, or median
and interquartile range (IQR) in brackets for quantitative
variables. The rate results were presented using 95 % con-
fidence intervals (95 % CI) (based on the standard normal
distribution after normality checks were performed). The
chi-squared test was used to test the hypotheses of rate
equalities. Differences in variance across means of differ-
ent population groups were tested with one-way analysis of
variance (ANOVA). Continuous and count data were tested
with normality checks (Shapiro-Wilk) and were presented
accordingly. The alpha level was set to 5 %.

Results
Descriptive epidemiology

From January to June 2023, 1,656 dog-bite incidents
were reported in Greece. One thousand ninety-four cases
were notified by the primary health section (health centers)
and 809 from hospitals. Cases were reported by 138 health
centers and 56 hospitals, representing the 42.9 % and
76.7% of the total hospitals and health centers of the coun-
try, respectively. The median number of visits of dog bite
victims per reporting hospital for the examined period was
9 (2, 21) whereas per reporting health center was 3 (1, 10).
Six hundred eighty-three incidents (41.3 %) were caused
by ownerless dogs, whereas 658 (39.7 %) by owned dogs
(rate ownerless-to-owned: 1.04; unknown ownership: 315
incidents, 19.0 %). The victims had a median age of 45
(IQR: 25, 61) years and a male-to-female ratio 1: 4. Dog-
bite incidents occurred more frequently in April (20.3 %),
in the region of Central Macedonia (23.2 %), and in indi-
viduals of the age group of 50-59 years (17.5 %) (Table
1). The majority of the victims were permanent residents
(1441; 87.0 %), with the rest being tourists (50; 3.0 %),
migrant workers (24; 1.4 %), various immigrants (9; 0.5
%), whereas for 132 cases (8.0 %) this information was
not available. Among incidents involving ownerless dogs,
in 221 (32.4 %) cases the attack was caused by more than
one dog, in 235 (43.4 %) cases a single dog was reported,
and the information was missing in 227 (33.2 %) cases.

The mostly affected anatomical site was the lower
limb (50.6 %) and the majority of the injuries (67.3 %)
were of minor (1) severity according to the AIS score.
Macroscopic loss of tissue due to the bite was reported
in 197 cases (11.9 %), however for 411 (24.8 %) this in-
formation was missing; the described tissue deficit con-
cerned most frequently the upper extremity, specifically
metacarpus (24; 24.2 %), arm/forearm (13; 13.1 %), and
hand digits (9; 9.1 %). In the majority of cases, the lost
tissue comprised only skin (54; 50.9 %); however, in
nine cases (0.5 %) the victims presented with partially or
completely amputated hand digits. Among victims, 2.8 %
stayed as inpatients and 1 % were referred to other hos-
pitals. The characteristics of the respective injuries are
presented in Table 2.
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Table 1: Demographic characteristics of dog-bite injury victims in Greece during the period January-June 2023.

P i el SACIS ot
Female 618 5,356,510 11.5 10.7 12.5
Gender Male 889 5,125,977 17.3 16.2 18.5 61.420 <0.00001
Total 1,246 10,482,487
0-9 54 878,491 6.1 4.6 8.0
10-19 160 1,068,216 15.0 12.8 17.5
20-29 164 1,053,304 15.6 13.3 18.2
30-39 144 1,256,393 11.5 9.7 13.5
Age group 40-—49 168 1,596,028 10.5 9.0 12.2
(years) 5059 218 1,543,340 14.1 123 16.1 63.829 =0.001
60 — 69 168 1,324,635 12.7 10.8 14.8
70-79 105 996,037 10.5 8.6 12.8
80 and over 65 766,043 8.5 6.5 10.8
Total 1,246 10,482,487
Attica 344 3,814,064 9.0 8.1 10.0
Central Greece 87 508,254 17.1 13.7 21.1
gglctéinia 384 1,795,669 21.4 19.3 23.6
Crete 33 624,408 5.3 3.6 7.4
23?}}:2226‘1"“” 254 562,201 452 39.8 51.1
Epirus 123 319,991 38.4 32.0 45.9
Region Ionian Islands 17 204,532 8.3 4.8 13.3 700.831 <0.001
North Aegean 8 194,943 4.1 1.7 8.1
Peloponnese 83 539,535 15.4 12.3 19.1
South Aegean 3 327,820 0.9 0.2 2.7
Thessaly 116 688,255 16.9 13.9 20.2
West Greece 154 648,220 23.8 20.2 27.8
Xzzte tonia 50 254,595 196 146 259
Total 1,656 10,482,487
January 235 10,482,487 22 1.9 2.5
February 232 10,482,488 22 1.9 2.5
March 311 10,482,489 3.0 2.6 33
Month April 336 10,482,490 32 2.8 3.6 31.443 <0.0001
May 287 10,482,491 2.7 2.4 3.1
June 260 10,482,492 2.5 2.2 2.8
Total 1,661 10,482,493

CI: confidence interval.
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Table 2: Clinical data of dog-bite injury victims in Greece during the period January-June 2023.

n %
Head/neck 67 4.6
Lower limb 744 50.6
Anatomical site of the injury Multiple sites > 37
Torso 69 4.7
Upper limb 537 36.5
Total 1,471 100
Minor 1,075 67.3
Moderate 442 27.7
Abbreviated Injury Scale score  Serious 79 4.9
Critical 1 0.1
Total 1,597 100
No 370 243
Bleeding Yes 1,152 75.7
Total 1,522 100
No 842 63.2
Multiple bites Yes 491 36.8
Total 1,333 100
No 1,048 84.2
Macroscopic loss of tissue Yes 197 15.8
Total 1,245 100
Arm /forearm 13 12.1
Auricle 1 0.9
Digits 9 8.4
Facial, cheeks, lips 5 4.7
Anatomic site with macroscopic Gluteal region 2 19
loss of tissue Lower limb 46 43.0
Metacarpus 26 243
Multiple sites 3 2.8
Neurocranium 1 0.9
Torso 1 0.9
Total 107 100
Skin 54 50.9
Description of tissue deficit Skin/un-df-:rlying-tissue s 406
Hand digit (partial or complete loss) 9 8.5
Total 106 100
No 1,098 94.7
Hospitalization Referred to other hospital 16 1.4
Yes 46 4.0
Total 860 100

n: number.
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Rates estimation - inferential analysis

The total rate of bites per 100,000 population from
January to June 2023 was 15.8 (95 % CI: 15.1, 16.6). A
chi--square test of independence determined that regions
differed in the frequency of incidents, with the highest
recorded in East Macedonia and Thrace (32.4) and Epirus
(26.3), and the lowest in the islands and Attica, ¥*(12)
=700.831, p <0.001 (Figure 1, Table 1). The dog-bite
victims were more likely to be male individuals (male
to female odds ratio 1.5) concerning the gender distribu-
tion of the Greek population, ¥*(1) =61.420, p <0.00001.
Based on the Greek population’s known age distribution,
the presentations’ frequency varied significantly among
age groups, with the highest rates in the 20-29 and 10-19
years-old groups, ¥*(8) =63.829, p <0.001. The bite rate
presented a monthly variation, with most of the incidents
occurring in April }%(5) =31.443, p <0.0001. The rate re-
sults regarding gender, region, age groups, and month,
with 95 % CI, are presented in Table 1. The anatomical
site of the injury was associated with the age of the vic-
tims, F(4) =12.904, p <0.0001. Head or neck bites tended
to occur in younger individuals (avg: 24.8 years) com-
pared with injuries located at the torso (avg: 38.4 years),
multiples sites (avg: 42.1 years), lower limbs (avg: 44.6
years), and upper limbs (avg: 47.5 years). Younger indi-
viduals tended to present with less severe wounds; an AIS
score of 1 (minor) had patients with an average age of 42
years, whereas scores of 2 (moderate) and 3 (serious) had
victims with an average age of 48 and 48.6 years, respec-
tively, F(2) =10.567, p <0.0001. The anatomical site of
the bites differed between ownerless and owned dogs; the
ownerless tended to bite more often on the lower limbs,
whereas the owned dogs bit the head/neck and upper ex-
tremities, y*(4) =138.377, p <0.0001. The ownerless dogs
bit more often younger individuals, especially the 10-19
years-old group (63.0 % of cases due to ownerless dogs),

whereas the owned dogs tended to inflict injuries to older
people, with the 70-79 years-old group mainly affected
(65.5 % of cases due to owned dogs), ¥*(8) =29.249, p
<0.0001.

Discussion

A newly established surveillance scheme provided
epidemiological information for the injuries caused by
dogs in Greece.

The collection of data from the emergency depart-
ments of the hospitals has been proposed as a practical
means of monitoring the animal-associated injuries on a
permanent basis, especially of the most severe cases®. In
this study, we included the primary health care centers
for a comprehensive overview of all cases, regardless of
the severity of the inflicted wound. Indeed, most of the
cases in this study sought medical assistance to primary
healthcare units.

In most reports'®'®, the majority of dog-bite victims
are children, from five to 14 years old, whereas our find-
ings indicated that the 20-29 years-old group was mostly
affected, with the 10-19 years-old closely following.
This discrepancy could be associated with the variation
of the distribution of age groups among the populations
of different countries and the rate of dog ownership per
household; the bite accidents in children are mostly at-
tributed to owned dogs usually belonging or known to
the family®!*2.

In accordance with previous studies, our findings
indicated a predominance of male patients'®'¥, with the
majority of victims presented with single bites'®, and
the head/neck injuries occurring more often in younger
patients®22, Previous reports present mixed results, sug-
gesting that the wounds are located mostly at the upper
extremities?*?! or involve mainly the lower limbs?; in this
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Figure 1: Rate of dog bite cases by region of Greece during the period January-June 2023.
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survey the injuries tended to occur in the lower limbs.
Our data indicated that the ownerless dogs bit more often
the lower limbs; the discrepancy with previous reports
might be explained by an increased proportion of stray
dogs in Greece; however, official data for the dog popula-
tion in Greece, stratified by region and ownership status,
were not available in our study. The hospitalization rate
recorded in this survey is consistent with previously pub-
lished data'”; Loder® reported that the older patients were
more likely to stay in the hospital as inpatients; however,
our data did not indicate any trend in hospitalizations re-
lated to age.

The peak of the rate of attendance in April could
be explained by the Easter holidays; during this period,
Greek citizens massively leave urban residential arecas
for a short recreation break in the countryside. Holidays,
combined with warm temperatures and spending time
outdoors, are associated with a higher likelihood of get-
ting involved in dog bite accidents!”1%:20-21,

We used the AIS ranking system to document the se-
verity of the wounds; however, there is no consensus on
a standard scale to reflect the complexity of animal bite
wounds. Some authors suggest that a modified classifica-
tion scheme should be devised explicitly for this type of
injuries®.

The present study is cross-sectional; only information
obtained during the patient’s attendance was recorded. In
order to reduce complexity and achieve higher participa-
tion, information regarding the administration of antimi-
crobial prophylaxis was omitted from reporting. Moreover,
the patients were not followed; therefore, information re-
garding possible post-injury infection development, the
performance of any surgical intervention, the time of hospi-
tal stay, the recovery time, and the functional, cosmetic, or
psychological sequelac was not collected. Functional im-
pairment, sensory loss, fractures, or disfigurement requir-
ing complex reconstructive surgeries have been described
after dog bites'®?!. Post-injury infection rates 5-20 % have
been reported most commonly involving skin and subcu-
taneous tissue, whereas osteomyelitis, arthritis, septicemia,
and endocarditis were less frequently observed!’*'22%, If
rabies emerges in an area, dog-bite victims may require the
administration of post-exposure prophylaxis (pep). Due
to the re-emergence of rabies in Greece in 2012, pep was
administered to a significant number of individuals, most
commonly bitten by ownerless dogs in high-risk areas®.
Longitudinal studies that follow the patients and include a
multitude of information are indispensable for the overall
assessment of the impact of dog bites on the physical and
mental health of the victims. An analysis of the medical
care costs, including treatments and pep administrations,
hospital stays, and surgical procedures, would provide an
even more comprehensive insight into the financial aspect
of dog bites?’?. The extra strain that the management of
bite cases puts on the hospitals and the indirect costs, such
as lost salaries, transportation costs, etc., should also be
considered.

The findings of this study highlight the importance

of integrating dog-bite monitoring into conventional sur-
veillance systems to obtain a comprehensive overview
of the afflicted injuries. Surveillance of dog bite inci-
dents may contribute to the development of prevention
programs based on national and local epidemiology and
better prepare healthcare settings to address the medical
needs of the victims.

Limitations of this study

The dog bite surveillance spanned only six months,
lacking the representation of an entire calendar year.
Nevertheless, a sizeable number of cases contributed to
the validity of the results for the examined period. Spring
and Summer, hot weather, and vacations are reportedly
associated with increased bites due to people spending
more time outdoors with a higher likelihood of inter-
acting with dogs'®?*224 The examined period included
months with temperatures ranging from cold to warm;
however, the months associated with summer holidays
were not studied. The season of the year may also affect
the victims’ demographic characteristics as more tourists
visit the country during summer holidays. Nevertheless,
the study period included the spring and the 2023 Easter
holidays (April), with a high rate of domestic tourism and
increased stay of urban dwellers outdoors in rural areas.

Population of dogs in Greece stratified by region and
ownership status could provide case frequency rates con-
cerning the subpopulation of each group and the odds
ratios by region and ownership status; however, this in-
formation is currently unavailable. Estimating the dog
population, especially of ownerless animals, presents
many challenges as official data are not systematically
collected®.

Underreporting of dog bites could lead to underesti-
mation of the case frequency. The lack of reported cases
from a fraction of hospitals and health centers cannot be
directly attributed to reporting failure or to the absence of
dog-injured victims. Nevertheless, a regional bias among
the non-reporting healthcare settings was not detected.
Moreover, not all bite victims seek medical care in hospi-
tals and primary health units, and therefore, the total bite
cases might be underrepresented'®.

A systematic dog bite surveillance can be a valuable tool
for the epidemiological mapping of respective injuries
and for designing interventions and prevention programs.
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