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Abstract: Dog attacks on children are a widespread problem, which can occur when parents fail to
realise a potentially dangerous interaction between a dog and a child. The aim of the study was
to evaluate the ability of parents to identify dangerous situations from several everyday child–dog
interactions and to determine whether the participants connected these situations to a particular
breed of dog. Five sets of photographs depicting potentially dangerous interactions from everyday
situations between children and three dogs (one of each breed) were presented via an online survey
to parents of children no more than 6 years old. Data from 207 respondents were analysed using
proc GLIMMIX in SAS program, version 9.3. The probability of risk assessment varied according to
dog breed (p < 0.001) as well as to the depicted situation (p < 0.001). Results indicated that Labrador
Retriever was considered the least likely of the three dogs to be involved in a dangerous dog-child
interaction (with 49% predicting a dangerous interaction), followed by Parson Russell Terrier (63.2%)
and American Pit Bull Terrier (65%). Participants considered one particular dog-child interaction
named ‘touching a bowl’ a dangerous interaction at a high rate (77.9%) when compared with the other
presented situations, which were assessed as dangerous at rates of 48.4% to 56.5%. The breed of dog
seems to be an influential factor when assessing a potentially dangerous outcome from a dog-child
interaction. Contrary to our hypothesis, interactions involving the small dog (Russell Terrier) were
rated more critically, similarly to those of the Pit Bull Terrier. These results suggest that even popular
family dog breeds, such as Labrador Retrievers, should be treated with more caution.

Keywords: dog; dog-child interaction; breed; danger assessment; online survey; dog attack

1. Introduction

The close relationship of man to dog often leads to tendencies towards anthropomor-
phism [1], tolerance towards inappropriate behaviour [2], and underestimating high-risk
yet everyday situations [3]. All of the above can lead to a number of problems, ranging
from subtle displays of aggressive behaviour by dogs towards humans [4] to very serious
attacks against children [5]. Children between 5 and 9 years of age comprise the bulk of
dog bite victims worldwide: Based on hospital admissions for surgical treatment, this trend
has been observed in Canada [5], the United States [6,7], Austria [8], Italy [9] Turkey [10]
and the Czech Republic [11]. Children are usually bitten on the head, particularly on the
face, hands, neck, or throat [5,9,12–14], and these injuries may lead to a lifetime of physical
impairment for the victims and considerable financial strain for parents in the form of
medical expenses [15]. The most serious attacks result in the death of the victim and often
the eventual abandonment or euthanasia of the animal [16,17].
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Generally, aversive and conflict-escalating signals by dogs can be easily interpreted
by adults [18–20]; however, signals intended to avoid or defuse conflict are much harder
to identify for both adults and children [21–23]. Children younger than 6 years of age are
unable to recognise audio–visual signals by dogs in a reliable manner [22]. The progression
of changes in a dog’s behaviour, from conflict-defusing (i.e., yawning, turning head away,
nose licking) and conflict-avoiding (walking away, tucking tail) signals to conflict-escalating
(growling, snapping) indicators, coined by Shepherd [24] as the ‘ladder of aggression’,
can occur quickly. Overlooking or misinterpreting these signals could lead to a biting inci-
dent. Adult guardian supervision should be considered an important factor to ensure safe
interaction between the dog and the child [25], although guardians often underestimate the
dangers of child–dog interactions and many leave their children unattended with the family
dog for short periods of time [3]. This single study also reported that survey participants
tend to ignore expert advice and continue to allow these potentially dangerous interactions
to occur because they believe their dogs are not aggressive [3]. Several studies report
that educational courses have been established internationally in order to teach children
and parents alike about the potential dangers of interactions with dogs [26,27]; however,
the long-term benefits of a number of such programs have been shown to be ineffective in
preventing child injury and would not stop parents from allowing their children to engage
in risky behaviour when interacting with unfamiliar dogs [28,29]. However, one program
that examined the natural ability of children and parents to identify conflict signalling and
provided both groups with useful knowledge showed greater promise in the long-term
prevention of dog-related child injuries [30]. Even if children receive instruction on how
to act in the presence of dogs, many attacks occur when the child engages in certain be-
haviours. Examples of this might include a child attempting to play with the animal, trying
to take its toy or touching its bowl when the dog is feeding, entering a space occupied by
the dog, attempting to hug the animal around its neck, or suddenly awakening or startling
the animal [3,11,31,32]. Arhant et al. [33] indicate that even generally positive activities
such as playing or feeding treats to the dog may not be completely safe.

A recent US-based study analysed how several small animal veterinarians perceived
aggression in common breeds [34]; results indicated that regarding bite severity (bites
that require medical treatment), Labrador Retriever was perceived as posing the lowest
risk, followed by Jack Russell Terrier and Pit Bull (moderate risk) and finally the German
Shepherd, Chow Chow, and Chihuahua (high risk). On the other hand, the participants of
this study agreed that all breeds are equally likely to bite a person. The question arises as
to whether parents of young children assess dog-child interactions based on the dog breed
or size.

There is a substantial worldwide amount of evidence (e.g., [31,34–39]) indicating that
the following breeds are most commonly involved in biting incidents targeting humans:
Dachshunds, German Shepherds, Rottweilers, and Bull-type breeds such as Pit Bull Ter-
riers. Small dogs, such as the Jack Russell Terrier group (consisting of the Jack Russell
Terrier [40] and Parson Russell Terrier [41] as recognised by CMKU, the Czech branch of
Fédération cynologique internationale (FCI)), are excitable and more prone to respond
aggressively towards humans (including household members [35]) or other dogs than
are some larger breeds [32,35,42,43]. Pit Bull Terriers are reported to be more likely to
bite strangers unprovoked [44]. Their bites are more likely to require medical attention
than those of other dogs [44,45]. Pit Bull attacks gain substantial media attention, which
often results in an unfavourable reputation for the breed [45,46]. Moreover, several stud-
ies [5,8,31,43] have reported that even Labradors or Golden Retrievers have been recorded
in biting incident statistics, despite being highly regarded as family pets. At the same
time, bites from Labradors or Golden Retrievers rarely result in serious injury, unlike the
Rottweiler or German Shepherd, which are more frequently involved in serious or lethal
biting incidents [31,35,38,39], albeit less frequently than Pit Bull Terriers [35,44]. However,
these studies were carried out in areas with a high proportion of Labrador or Golden
Retrievers, and therefore, their overrepresentation in biting incidents could be misleading.
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Additionally, cross-breeds or unregistered dogs are responsible for a large percentage of
human-directed biting incidents [5,8,31,36,38]. Records show that Jack Russell Terriers
and Pit Bull Terriers frequently display aggressive behaviour towards strangers and other
dogs [35]. Studies from many countries indicate that the majority of child victims of bit-
ing incidents are bitten by dogs of their own household or dogs familiar to their family
members [5,8,31,36,38,47].

The risk factors leading to dog attacks on children as described above are documented
in the Czech Republic [11,47] as well as worldwide [3,8,28,31,48,49]; however, it is unclear
whether parents are aware of the data and to what extent they refer to them when their
children come into contact with dogs. Additionally, dog ownership may be an advantage
when it comes to adults recognising dog cues [21], but whether dog owners are more adept
at recognising dangerous situations remains unknown.

The objective of this study was to determine the following: (1) how parents of children
aged 6 years or younger recognise potentially dangerous interactions between a child
and a dog; (2) whether participants attach importance to individual dog breeds when
determining the degree of danger in a presented situation; (3) whether dog ownership
increases the probability of identifying a dangerous interaction. We hypothesised that
respondents would not perceive all situations as potentially dangerous and that they would
view situations involving a small dog (Parson Russell Terrier) or a ‘family recommended’
dog (Labrador Retriever) as less dangerous than those involving a Pit Bull Terrier.

2. Materials and Methods
2.1. Ethical Approval

The project was approved by the Guide for the Care and Use of Animals of the Czech
University of Life Sciences Prague. The study and its methodological procedure adhered
with the requirements of the European Union and Czech legislation (Act No. 246/1992
Coll. on animal protection as amended by Act No. 162/1993 Coll.). The dog owners gave
their explicit written consent for their dogs to participate in the study. They were properly
informed of the experimental design, and they also affirmed that their dogs had no history
of attacks towards children. In order to minimise risk, only healthy, docile dogs that were
familiar with the child participant were selected. The parents provided written consent for
their child to participate in the study following a detailed explanation of the study design.
At least one parent was present while the photographs were being taken.

2.2. Materials and Dogs

Veterinarians from the database of the Veterinary Clinic Bohemia (Pisek, Czech Re-
public) selected only healthy, vaccinated, dewormed, and obedient dogs for involvement
in this study. The survey consisted of photographs of a 6-year-old girl in every day, though
potentially dangerous, situations with 3 different dogs. Participants were asked to rate
each photograph (the child interacting with all three dogs separately) for the level of po-
tential danger. The dogs were selected from a pool that comprised 37 Labrador Retrievers,
12 Parson Russell Terriers, and 3 American Pit Bull Terriers. Dog owners were contacted
by phone and informed about the experimental design, and they also affirmed that their
dogs had no history of attacks towards children. Prior to the photo shoot, veterinarian Dr.
Jan Nahlik examined the animals and tested their basic obedience at the Veterinary Clinic
Bohemia, in order to select 3 ideal dogs that would participate in the study.

The 6-year-old girl in the photos regularly participates in dog and puppy training
activities. She was instructed on how to react if the dogs behaved aggressively towards her
during the photo shoot. The parents provided written consent for their child to participate
in the study following a detailed explanation of the study design, and at least one parent
was present during the entire procedure. The sets of photographs were taken by a dog
behaviourist (veterinarian) who also evaluated the animals and individual situations.

The five situations captured in the photos are everyday interactions that routinely
occur between dogs and children but are also known to trigger adverse reactions in dogs.
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The task was to mark which photographs for each situation, and each dog presented a
potentially dangerous interaction. The following dogs participated in the experiment: (1) an
8-year-old castrated male Labrador Retriever (hereinafter referred to as the ‘Labrador’)
crossbreed as a representative of a ‘family recommended’ dog; (2) a 9-year-old neutered
female American Pit Bull Terrier (hereinafter referred to as the ‘Pit Bull’) as a representative
of a ‘problematic dog’; (3) a 12-year-old neutered female Parson Russell Terrier (hereinafter
referred to as the ‘Russell’) as a representative of a ‘small dog’. According to the Czech
studbook (CMKU, [50]), the Labrador Retriever is one of the most popular breeds overall.
Among small-sized terriers, the Parson and Jack Russell are the two most favoured breeds.
Although the American Pit Bull Terrier is not recognised by the FCI, it is bred in, at least,
one non-FCI Czech breeding club [51]. In the Czech Republic, public opinion regarding the
American Pit Bull varies between overwhelmingly positive (regarded by some as an ideal
pet) [51,52] and scathingly negative (viewed by others as aggressive and uncontrollable;
with a reputation for biting humans) [53–55]. Ownership and breeding of the Pit Bull
Terrier are not limited by any legislation in the Czech Republic.

2.3. Data Collection

Data collection occurred between September 2019 and October 2019. An online internet
questionnaire (in Czech) was created using the website Survio (https://www.survio.com/cs/)
(accessed on 1 September 2019). Respondents were contacted and invited to complete
the questionnaire either in person, through the social media platform Facebook (via the
Veterinary Clinic Bohemia profile page), or by email.

A total of 492 individuals visited the website; of those, 284 respondents merely viewed
the questionnaire, while 207 respondents completed the online form.

2.4. Questionnaire

The questionnaire was intended only for parents of children aged 6 years or younger.
The six-year mark was chosen because, at this particular age, children begin significantly
developing their ability to recognise and correctly interpret dog signals. This would indicate
that children six years of age and younger are at the greatest risk of finding themselves
in a potentially dangerous situation with a dog. If the questionnaire was filled in by a
respondent who did not meet this criterion, their responses were automatically discarded.
Introductory questions regarding the age and sex of each parent were followed by questions
regarding the presence of a household dog/dogs (dog owner status) and the number of
children in the household. The questionnaire was freely accessible; the respondents could
also send each other a link to fill it out.

The survey included 15 photographs depicting 5 different interactions, all of which
were considered potentially dangerous, with each interaction depicted once with each of
the above-mentioned 3 dogs. The respondents were asked to select which photos they
perceived as indicating a potentially dangerous interaction between the dog and the child.
We chose to depict the following five specific situations:

1. Next to a toy: the child is sitting on a couch next to the dog, which is lying on its
cushion. The dog’s toy is also on the cushion, and the child is not making physical
contact with the toy.

2. Touching a toy: the child is sitting next to the dog, which is lying on its cushion,
and the child is touching the dog’s favourite toy, which is between the child and
the dog.

3. Hugging: the child and the dog are both sitting on a couch, with the child hugging
the dog tightly around the neck.

4. Staring into the dog’s eyes: the child is kneeling in front of the dog and staring into its
eyes without touching the dog.

5. Touching a bowl: the child is touching a bowl of dog food, with the dog in close proximity.

https://www.survio.com/cs/
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Respondents were allowed to select one, two, or all three of the photos for each
question (Supplementary Figure S1). The fourth tested situation ‘Staring into the dog’s
eyes’ with all three dogs is captured in Figure 1.
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2.5. Testing the Questionnaire

The questionnaire was first tested on a group of 12 respondents. These initial questions
were somewhat unclear, and they were subsequently reworked and successfully retested
on another group of 12 respondents, who did not take part in the final survey.

2.6. Statistical Analysis

Calculations were performed using the GLIMMIX procedure that fit a logistic linear
model (Statistical Analysis System, Version 9.3, 2018). Here, the dependent variable (yi)
‘risk assessment’ has a value of 1 (risky situation) with a probability of πi or 0 (not-risky
situation) with a probability of 1 − πi for observation i. We used the following model to
determine the probability of risk assessment:

log

(
πijkl

1 − πijkl

)
= Sexi + Agej + Dog ownerk + Nb o f childrenl + Dog Typem

where Sexi is a fixed effect of the ith Sex (i = men or women); Agej is a fixed effect of the jth
Age (j = 21–30; 31–40; 41–50); Dog ownerk is a fixed effect of the kth Dog owner (k = yes or
no); Nb of childrenl is a fixed effect of the lth Nb of children (l = one, two, three, four); Dog
Typem is a fixed effect of the mth Dog type (m = ‘Labrador’, ‘Pit Bull’, ‘Russell’).

The effect of the type of situation was tested by the following model:

log

(
πijkl

1 − πijkl

)
= Sexi + Agej + Dog ownerk + Nb o f childrenl + Dog Typem + Type o f Situationn

where Sexi, Agej, Dog ownerk, Nb of childrenl, and Dog Typem are defined in the model
above, and Type of Situationn is a fixed effect of nth class of situations (n = ‘next to a toy’,
‘touching a toy’, ‘hugging’, ‘staring into dog eyes’, and ‘touching a bowl’).

Least-squares means of analysed effects (LSMEANS) in the presented model were
estimated on the logit scale and subsequently back-transformed to the original scale (prob-
ability) using the following inverse link function:

πijkl =
exp(LSMEANS)

1 + exp(LSMEANS)

Differences between the least-squares means were tested at the significance level (error
probability) of p < 0.05.
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3. Results
3.1. Differences between Situations and Dog Type

The probability of risk assessment was significantly affected by the presented situations
(F5,3715 = 30.2, p < 0.0001) and dog type (F2,3715 = 96.72, p < 0.001); see Table 1. Later,
we analysed every situation separately and found that dog type had a significant effect on
risk assessment; the respondents consistently selected the Labrador as the least dangerous
dog; however, respondents rated the other two breeds differently for each situation with
the exception of one, in which they provided a similar evaluation for both dogs (Figure 2).

Table 1. Differences in the probability of the risk assessment between dog types (upper section)
and various situations (lower section). Data are presented as LS means ± standard error included
p-values.

Risk Assessment

Dog Type 1 Labrador Pit Bull Russell

Probability, % 39.1± 1.6 a 65.0% ± 1.6 b 63.3% ± 1.6 c

Situations Next to a toy Touching a toy Hugging Staring into the dog’s eyes Touching a bowl

Probability, % 48.4 ± 2.2 48.7 ± 2.2 56.0 ± 2.1 56.5 ± 2.1 77.9 ± 1.8

p-value 2

Next to a toy - ns 0.01 0.01 0.0001
Touching a toy - 0.05 0.01 0.0001

Hugging - ns 0.0001
Staring into dog eye’s - 0.0001

1 Differences between categories of the fixed effect ‘dog type’: ac p < 0.0001, ab p < 0.0001, bc p < 0.05. 2 Differences
between categories of the fixed effect ‘situations’.
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3.2. The Effect of Age and Dog Ownership

We found that the youngest respondents (21–30 years old) were significantly less likely
to assess a potentially dangerous situation than were respondents from both the 31–40 and
41–50 age categories (Figure 3; F2,3715 = 13.69, p < 0.001).
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Respondents who were also dog owners were significantly more adept at successfully
assessing a potentially dangerous interaction than were respondents who did not own
dogs: 59.11% ± 1.2 S.E. for dog owners vs. 52.8% ± 1.8 S.E. for respondents without
dogs (F1,3715 = 9.75, p < 0.01). According to the statistical models, neither the sex of the
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probability of assessment (data not shown). The frequency distribution of categorical fixed
effects is presented in the Supplementary Files (Supplementary Table S1).

4. Discussion

In this study, parents tended to downplay the possible risks to the child in four
of the five presented situations (between 58% and 68% of respondents assessing these
situations as potentially dangerous). Only the last situation (touching a bowl) was deemed
potentially dangerous by nearly 80% of respondents. This was in accord with our hypothesis
that participants of this study would fail to see every presented situation as potentially
dangerous. More importantly, this study indicates that the type of the dog seems to be
a more important factor than the situation itself when assessing the possible dangers of
child–dog interactions. As expected, respondents felt the Labrador posed less of a danger
than that of the Pit Bull (in all situations). Moreover, respondents considered the Russell
(the smallest dog) more dangerous than the Labrador in all situations, which was contrary
to our hypothesis.

4.1. Assessment of Situations and Types of Dogs

Regardless of the type of dog in the presented situations, the respondents considered
‘next to a toy’ and ‘touching a toy’ situations less dangerous (less than 50% perceiving a
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risk) than ‘hugging’ and ‘staring into the dog’s eyes’ situations (less than 60% perceiving a
risk). Parents tend to allow children to interact freely with dogs as long as they see those
interactions as being ‘amicable’ [33], meaning that the parent or guardian might overlook
any potential danger. This was clearly indicated with regard to the first two situations
(‘next to a toy’ and ‘touching a toy’), in which the Labrador was consistently seen as posing
little threat, while the Pit Bull and Russell were considered potentially dangerous by at
least half of the participants in both situations despite the fact that child–dog interactions
involving a toy are common backdrops of dog attacks [11,32].

The situation termed as ‘touching a bowl’ was perceived as the most dangerous
regardless of breed (almost 80% of respondents shared this view). One explanation for
why this situation was rated as potentially dangerous regardless of dog type might be that
common sense generally dictates that one should not initiate contact with or approach
a feeding dog. Some respondents might have, at some time in their past, heard of or
witnessed a dog attack that was initiated by a person touching a dog’s bowl [49].

Situations termed as ‘hugging’ and ‘staring into the dog’s eyes’ involving the Pit
Bull and Russell were assessed as dangerous by a majority of participants. However,
any potential danger posed by the Labrador was, again, thoroughly underrated (with a
maximum of 40% of respondents seeing the Labrador as a potential threat). Although
it is known that dogs may use eye contact as a means of intimidation [56,57], people
may not immediately perceive any danger in this behaviour [58] since it is not normally
an indication of aggression among humans [59]. This result reveals that some parents
or guardians might unknowingly expose their children to the risk of harm from a dog
simply by not realising that something as natural as establishing eye contact might, under
some circumstances, be perceived as a threat even by a dog that is deemed harmless.
Any potential danger is elevated if the situation involves a dog of a highly regarded family
breed such as the Labrador Retriever. Both of the above-mentioned situations are known
to be a common backdrop of child-directed dog attacks [31]. Guardians or parents should
always be significantly concerned in situations when a child’s face is in close proximity to
that of a dog.

4.2. Effect of Respondent Age

Younger participants (21–30 years) were less likely to assess a potentially dangerous
situation from the photographs, by a margin of 10%, than were respondents from both the
31–40 and 41–50 age categories. The results indicate that older parents of young children
tend to be more attuned to potential dangers than their younger counterparts. These
findings may be in agreement with those of Clutton-Brock [60], which indicate that older
mothers who are near the end of their reproductive years provide their offspring with
greater levels of maternal care than younger mothers, even at the cost of jeopardising
their chances of future reproductive success or survival. Similarly, Tearne [61] suggested
that children of older mothers are subject to greater protective care, which affects their
behavioural and cognitive outcomes.

4.3. Dog Ownership Effect

Participants that owned dogs were more likely to evaluate all situations as more
dangerous than were participants that did not have a dog at the time of this study; however,
the difference between these two groups was minimal (59% respondents with dog owner-
ship and 53% respondents who did not own dog). Therefore, we are inclined to believe that
such a tentative effect has little to no practical use in correctly interpreting dog behaviour
under these circumstances. This view is in line with previously published findings on the
topic of dog–human communication signals [18,19,22,23,62]. One possible explanation for
the dog-owning respondents not marking certain interactions as potentially dangerous is
that they routinely tend to underestimate any danger posed by their own dogs [3]. How-
ever, the respondents were questioned only about their current dog ownership status (at
the time of the survey) rather than any past experience they might have had with dogs.
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4.4. Limitations

The survey was distributed with no limits to respondents except that they had to be
parents of a child aged 6 years or under. Equal sex or gender distribution was not the focus
and could not be attained; hence, the overwhelming majority of respondents were mothers
of young children. A significant effect of the sex of respondents was not revealed; however,
because of the discrepancy in numbers of men and women, we cannot rule it out.

The survey did not investigate the respondents’ level of experience with dogs or their
approach to dogs. A more focused exploration of their personal experience with dogs
might reveal an effect it could have on their perception of child–dog interactions.

The choice of dog breeds included in the survey was influenced by key factors: The
individuals had to collaborate during the photography sessions, and the breed had to
be commonplace in the entire Czech Republic, while also being mentioned in scientific
literature. However, a wider breed selection and a more robust dataset would be beneficial
to identify what factors are important in child–dog interaction risk assessment.

We consider this to be a pilot study that could be a baseline for further, detailed
human–dog interaction research.

5. Conclusions

Our respondents consistently viewed the Labrador as posing significantly less risk
than the Pit Bull and even the Russell, which was initially hypothesised to be seen as less
dangerous. The only instance in which the Labrador was seen as potentially dangerous
was the situation termed ‘touching a bowl’. Parents aged 31 years and older perceived all
situations as riskier than did respondents between 21 and 30 years of age. Participants
who owned dogs described the situations in the photos as slightly more dangerous than
respondents who did not own dogs; however, this effect did not seem to be of much
importance. Although records indicate that Labrador Retrievers are not generally involved
in a high number of serious human-biting incidents, underestimating the potential dangers
of a dog-child interaction regardless of the breed is ill advised. Additionally, based on
our findings, we recommend including the parents, guardians, or teachers of children
aged 6 years or younger in educational programs and activities focusing on child–dog
interactions. Such programs should emphasise that when assessing risk in situations
involving children and dogs, the nature of the interaction should be taken into consideration
more so than the breed of dog.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19010564/s1, Figure S1: A list of photographs offered to
respondents in the questionnaire by individual situations (in order from left the Labrador, the Russell,
and the Pit Bull), Table S1: Frequency distribution of categorical fixed effects from 207 participants.
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167–172.

2. Beck, A.M.; Katcher, A.H. Future Directions in Human-Animal Bond Research. Am. Behav. Sci. 2003, 47, 79–93. [CrossRef]
3. Arhant, C.; Landenberger, R.; Beetz, A.; Troxler, J. Attitudes of caregivers to supervision of child–family dog interactions in

children up to 6 years—An exploratory study. J. Vet. Behav. 2016, 14, 10–16. [CrossRef]
4. Loder, R.T. The demographics of dog bites in the United States. Heliyon 2019, 5, e01360. [CrossRef] [PubMed]
5. McGuire, C.; Morzycki, A.; Simpson, A.; Williams, J.; Bezuhly, M. Dog Bites in Children: A Descriptive Analysis. Plast. Surg. 2018,

26, 256–262. [CrossRef] [PubMed]
6. Forrester, J.D.; Forrester, J.A.; Tennakoon, L.; Staudenmayer, K. Mortality, hospital admission, and healthcare cost due to injury

from venomous and non-venomous animal encounters in the USA: 5-year analysis of the National Emergency Department
Sample. Trauma Surg. Acute Care Open 2018, 3, e000250. [CrossRef] [PubMed]

7. Davis, A.L.; Schwebel, D.C.; Morrongiello, B.A.; Stewart, J.; Bell, M. Dog Bite Risk: An Assessment of Child Temperament and
Child-Dog Interactions. Int. J. Environ. Res. Public Health 2012, 9, 3002–3013. [CrossRef]

8. Schalamon, J.; Ainoedhofer, H.; Singer, G.; Petnehazy, T.; Mayr, J.; Kiss, K.; Höllwarth, M.E. Analysis of Dog Bites in Children
Who Are Younger Than 17 Years. Pediatrics 2006, 117, e374–e379. [CrossRef]

9. Zangari, A.; Cerigioni, E.; Nino, F.; Guidi, R.; Gulia, C.; Piergentili, R.; Ilari, M.; Mazzoni, N.; Cobellis, G. Dog bite injuries in a
tertiary care children’s hospital: A seven-year review. Pediatr. Int. 2021, 63, 575–580. [CrossRef]

10. Isparta, S.; Kaya, U.; Sahin, O.; Safak, C.E.; Yardim Ozer, I.; Heath, S.; Papadatou-Pastou, M.; Salgirli Demirbas, Y. The first
assessment of a dog bite prevention program for pre-school children in Turkey. J. Vet. Behav. 2021, 46, 79–86. [CrossRef]

11. Rezac, P.; Rezac, K.; Slama, P. Human behavior preceding dog bites to the face. Vet. J. 2015, 206, 284–288. [CrossRef] [PubMed]
12. Greenhalgh, C.; Cockington, R.A.; Raftos, J. An epidemiologic survey of dog bites presenting to the emergency department of a

childrens hospital. J. Pediatr. Child Health 1991, 27, 171–174. [CrossRef] [PubMed]
13. Ramgopal, S.; Macy, M.L. Pediatric patients with dog bites presenting to US children’s hospitals. Inj. Epidemiol. 2021, 8, 55.

[CrossRef] [PubMed]
14. Golinko, M.S.; Arslanian, B.; Williams, J.K. Characteristics of 1616 Consecutive Dog Bite Injuries at a Single Institution. Clin.

Pediatr. 2016, 56, 316–325. [CrossRef] [PubMed]
15. Holmquist, L.; Elixhauser, A. Emergency Department Visits and Inpatient Stays Involving Dog Bites, 2008. 2010. Available online:

https://pubmed.ncbi.nlm.nih.gov/21413205/ (accessed on 14 December 2021).
16. Salman, M.D.; New, J.G.; Scarlett, J.M.; Kass, P.H.; Ruch-Gallie, R.; Hetts, S. Human and Animal Factors Related to Relinquishment

of Dogs and Cats in 12 Selected Animal Shelters in the United States. J. Appl. Anim. Welf. Sci. 1998, 1, 207–226. [CrossRef]
[PubMed]

17. Owczarczak-Garstecka, S.C.; Christley, R.; Watkins, F.; Yang, H.; Bishop, B.; Westgarth, C. Dog bite safety at work: An injury
prevention perspective on reported occupational dog bites in the UK. Saf. Sci. 2019, 118, 595–606. [CrossRef]

18. Pongrácz, P.; Molnár, C.; Miklósi, Á. Acoustic parameters of dog barks carry emotional information for humans. Appl. Anim.
Behav. Sci. 2006, 100, 228–240. [CrossRef]

19. Pongrácz, P.; Molnár, C.; Dóka, A.; Miklósi, Á. Do children understand man’s best friend? Classification of dog barks by
pre-adolescents and adults. Appl. Anim. Behav. Sci. 2011, 135, 95–102. [CrossRef]

20. Pongrácz, P.; Molnár, C.; Miklósi, Á.; Csányi, V. Human listeners are able to classify dog (Canis familiaris) barks recorded in
different situations. J. Comp. Psychol. 2005, 119, 136–144. [CrossRef]

21. Lakestani, N.N.; Donaldson, M.L.; Waran, N. Interpretation of Dog Behavior by Children and Young Adults. Anthrozoos 2014, 27,
65–80. [CrossRef]

22. Eretová, P.; Chaloupková, H.; Hefferová, M.; Jozífková, E. Can Children of Different Ages Recognize Dog Communication Signals
in Different Situations? Int. J. Environ. Res. Public Health 2020, 17, 506. [CrossRef]

http://doi.org/10.1177/0002764203255214
http://doi.org/10.1016/j.jveb.2016.06.007
http://doi.org/10.1016/j.heliyon.2019.e01360
http://www.ncbi.nlm.nih.gov/pubmed/30957043
http://doi.org/10.1177/2292550318767924
http://www.ncbi.nlm.nih.gov/pubmed/30450344
http://doi.org/10.1136/tsaco-2018-000250
http://www.ncbi.nlm.nih.gov/pubmed/30623028
http://doi.org/10.3390/ijerph9083002
http://doi.org/10.1542/peds.2005-1451
http://doi.org/10.1111/ped.14484
http://doi.org/10.1016/j.jveb.2021.05.008
http://doi.org/10.1016/j.tvjl.2015.10.021
http://www.ncbi.nlm.nih.gov/pubmed/26598785
http://doi.org/10.1111/j.1440-1754.1991.tb00380.x
http://www.ncbi.nlm.nih.gov/pubmed/1888565
http://doi.org/10.1186/s40621-021-00349-3
http://www.ncbi.nlm.nih.gov/pubmed/34517911
http://doi.org/10.1177/0009922816657153
http://www.ncbi.nlm.nih.gov/pubmed/27400935
https://pubmed.ncbi.nlm.nih.gov/21413205/
http://doi.org/10.1207/s15327604jaws0103_2
http://www.ncbi.nlm.nih.gov/pubmed/16363966
http://doi.org/10.1016/j.ssci.2019.05.034
http://doi.org/10.1016/j.applanim.2005.12.004
http://doi.org/10.1016/j.applanim.2011.09.005
http://doi.org/10.1037/0735-7036.119.2.136
http://doi.org/10.2752/175303714X13837396326413
http://doi.org/10.3390/ijerph17020506


Int. J. Environ. Res. Public Health 2022, 19, 564 11 of 12

23. Meints, K.; Racca, A.; Hickey, N. How to prevent dog bite injuries? Children misinterpret dogs facial expressions. Inj. Prev. 2010,
16, A68. [CrossRef]

24. Shepherd, K. Development of behaviour, social behaviour, and communication in dogs. In BSAVA Manual of Canine and Feline
Behaviour; Horwitz, D., Mills, D., Heath, S., Eds.; British Small Animal Veterinary Association: Gloucester, UK, 2009; pp. 13–16.

25. Korioth, T. Never leave dogs, young children alone together. AAP News 2013, 34, 32. [CrossRef]
26. Meints, K.; de Keuster, T. Brief Report: Don’t Kiss a Sleeping Dog: The First Assessment of “The Blue Dog” Bite Prevention

Program. J. Pediatr. Psychol. 2009, 34, 1084–1090. [CrossRef] [PubMed]
27. The Blue Dog Trust. The Blue Dog: Safe Relationships between Children and dogs—A Programme. 2006. Available online:

https://www.thebluedog.org/en/ (accessed on 14 December 2021).
28. Morrongiello, B.A.; Schwebel, D.C.; Stewart, J.; Bell, M.; Davis, A.L.; Corbett, M.R. Examining parents’ behaviors and supervision

of their children in the presence of an unfamiliar dog: Does the Blue Dog intervention improve parent practices? Accid. Anal. Prev.
2013, 54, 108–113. [CrossRef] [PubMed]

29. Schwebel, D.C.; Morrongiello, B.A.; Davis, A.L.; Stewart, J.; Bell, M. The Blue Dog: Evaluation of an Interactive Software Program
to Teach Young Children How to Interact Safely With Dogs. J. Pediatr. Psychol. 2011, 37, 272–281. [CrossRef] [PubMed]

30. Meints, K.; Brelsford, V.; De Keuster, T. Teaching Children and Parents to Understand Dog Signaling. Front. Vet. Sci. 2018, 5, 257.
[CrossRef]

31. Kahn, A.; Bauche, P.; Lamoureux, J.; Team, D.B.R. Child victims of dog bites treated in emergency departments: A prospective
survey. Eur. J. Pediatr. 2003, 162, 254–258. [CrossRef]

32. Messam, L.L.M.; Kass, P.H.; Chomel, B.B.; Hart, L.A. Factors Associated With Bites to a Child From a Dog Living in the Same
Home: A Bi-National Comparison. Front. Vet. Sci. 2018, 5, 66. [CrossRef]

33. Arhant, C.; Beetz, A.M.; Troxler, J. Caregiver Reports of Interactions between Children up to 6 Years and Their Family Dog—
Implications for Dog Bite Prevention. Front. Vet. Sci. 2017, 4, 130. [CrossRef]

34. Kogan, L.R.; Schoenfeld-Tacher, R.M.; Hellyer, P.W.; Oxley, J.A.; Rishniw, M. Small Animal Veterinarians’ Perceptions, Experiences,
and Views of Common Dog Breeds, Dog Aggression, and Breed-Specific Laws in the United States. Int. J. Environ. Res. Public
Health 2019, 16, 4081. [CrossRef]

35. Duffy, D.L.; Hsu, Y.; Serpell, J.A. Breed differences in canine aggression. Appl. Anim. Behav. Sci. 2008, 114, 441–460. [CrossRef]
36. Raghavan, M. Fatal dog attacks in Canada, 1990–2007. Can. Vet. J. 2008, 49, 577–581.
37. Sacks, J.J.; Lockwood, R.; Hornreich, J.; Sattin, R.W. Fatal dog attacks, 1989–1994. Pediatrics 1996, 97, 891–895. [CrossRef]
38. Sacks, J.J.; Sinclair, L.; Gilchrist, J.; Golab, G.C.; Lockwood, R. Breeds of dogs involved in fatal human attacks in the United States

between 1979 and 1998. J. Am. Vet. Med. Assoc. 2000, 217, 836–840. [CrossRef]
39. De Keuster, T.; Lamoureux, J.; Kahn, A. Epidemiology of dog bites: A Belgian experience of canine behaviour and public health

concerns. Vet. J. 2006, 172, 482–487. [CrossRef]
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