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ABSTRACT

Cohabitation of humans and dogs often results in dog bites that may lead to severe health risks due to viral, bacterial, and parasitic zoonoses.
Dog bites result in wounds and the dysfunction of damaged tissues, as well as possible infection, alongside the risk of rabies and tetanus, if
appropriate and timely treatment is not administered. Pediatric and geriatric patients, as well as pregnant women, are the most vulnerable
categories, being the most susceptible to psychological frauma. Research results suggest that in the Federation of Bosnia and Herzegovina
(FB&H) during the 1996-2005 period, there were 6.9% more bites inflicted by dogs of known owners compared to the number of bites inflicted
by stray dogs, but during the 20062010 period, this the percentage increased in favor of stray dogs. Dog bites are a serious social problem
and pose a potential health risk due to viral, bacterial, parasitic, and fungal zoonoses. Timely and adequate treatment of bite wounds and the
implementation of rabies-postexposure prophylaxis can significantly reduce health risks in patients who have suffered dog bites.
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INTRODUCTION

It is estimated that approximately 2 million people worldwide visit a doctor every year due to bite wounds caused by dogs
and cats. Although there are no accurate statistical data, the importance and consequences of these injuries should not
be underestimated (). Under certain circumstances, dogs attack indiscriminately.

In the United States, more than ten deaths per year occur due to dog bites. Most of the victims are children (2-4). Children
are a particularly vulnerable population group (5, 6). It is interesting to note that 78% of dog bites in children occur on the
head and neck, which is particularly dangerous due to the location of the bite. The primary risk relates to the cessation
of the cervical carotid artery continuity because this leads to certain death. The cause of wounds on these parts of the
body is usually associated with children’s short stature. Also, children often play with dogs and bring their heads close to
the dog's, thus making their lips, nose, and cheeks the central “target area” (7 8). Head bites are especially risky if they are
caused by a rabid animal because the rabies virus spreads through the nervous system reaching the brain, and the dis-
ease develops fast. Especially dangerous are dog bite injuries to human genital organs (9, 10). Although there is no clearly
identifiable target group in the sense of specific occupations, mail carriers often seem to be more vulnerable. Morgan
and Palmer (I1) estimate that 5.000 postal workers seek medical assistance due to dog bites in the United Kingdom every
year. Despite numerous studies, it is difficult to prove exactly why dogs bite, at what point, and what profile of person is
particularly at risk. There are several reasons for the aggressive behavior in dogs, and most important are the protection
of their puppies, guarding of their territory, and the search for food. A high population density as well as the number of
people moving about in some areas are the most common factors that lead to an increase in dog aggression and the
number of bites (12-16). Almost half of all dog bites occur within the family where the dog lives. Dogs may bite their own-
ers, close family members, or neighbors (4, 17). A significant number of dogs of known owners attack people in urban and
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public areas due to the irresponsible behavior of their owners
(18, 19). Some dog breeds (Bull Terrier, German Shepherd Dog,
Cocker Spaniel, Pit Bull, Collie, Rottweiler, Doberman Pinscher,
and Siberian Husky) have been identified as more aggressive
dog breeds than others (4, 20-23). However, all dogs may exhibit
aggressive behavior under certain circumstances (22). Along-
side registered dogs, in countries undergoing transition and the
regions with a war in their past, there is also a population of
stray dogs. After their owners abandon them, dogs who are
used to a certain lifestyle find themselves in a very confusing
state. The loss of human support causes a number of prob-
lems, from territorial status to food security. Existential threats
activate self-preservation mechanisms and a return to natural
patterns of behavior, resulting in various unwanted events. Un-
controlled movement of dogs on roads causes traffic accidents,
dogs usurp peace in the communities by barking, and they of-
ten attack people in a crowd, while their bites cause physical
and mental harm (18). Several hundred different types of bac-
teria have been isolated from the canine oral cavity, and in their
saliva, on their fongues, and gums (24-29). These are related to
dogs of known owners who had, to a greater or lesser extent,
health and veterinary care. A higher quantitative and qualita-
tive representation of the bacterial population in the oral cavity
of the stray dog population without any veterinary supervision
is fo be expected. After a dog bite, what usually occurs are mi-
nor lesions, for which no medical help is required. Dogs have
rounded teeth and during the bite, their jaws pressurize, which
may cause significant damage to the tissue (on the skin, mus-
cles, tendons, blood vessels, nerves) (14). Dog bites may lead to
severe infections of the wound with systemic complications and
lead to prolonged disabling if not treated properly (26, 30-33).
Microorganisms isolated from infected bite wounds are similar
to those isolated from the oral cavity (34). The importance of the
risk of infection of bite wounds is particularly emphasized: an

TABLE I. The number of stray dogs, their density in relation to the

canton area, and the density of population in FB&H. Study performed
in the period 2008-2009 (18)
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infection by rabdovirus from the Lyssavirus family and by tet-
anus spores, as well as the subsequent development of these
diseases. For these reasons, all dog bites should be treated in a
timely and adequate manner (I5).

Epidemiological Aspects of Dog Bites in the Federation of Bosnia
and Herzegovina

The bites of different animals are not uncommon, and almost
as a rule, they pose a problem fo both the person who was bit-
ten and the health system. Approximately 90% of animal bites
are caused by dogs and cats (35). In Bosnia and Herzegovina
(B&H), like in most areas of the world, the largest number of bites
is inflicted by dogs and cats. According fo the current Law on
the Protection of the Population from Infectious Diseases in the
FB&H, every animal bite must be registered by the ordinating
physician and reported to the primary-level epidemiological
services. From this point, an application is sent to the epidemi-
ological services at the secondary level (the Public Health De-
partment of the Canton) and is further transmitted to the tertia-
ry level (the Public Health Institute of the FB&H) (36). However,
many bitten persons, especially those with minor injuries, do not
seek medical help, so many bites remain unregistered. As a re-
sult, the actual number of people injured is certainly much higher
than the number of registered bites. These injuries are caused
by dogs living alongside humans as domestic animals or pets.
However, there is another category of dogs, which are those
who do not have an owner, so-called street dogs or stray dogs.
The number of these dogs in B&H increased considerably in the
post-war period. Their presence is evident, primarily in urban,
but also in rural areas of B&H, and this has an adverse effect on
the health of the population (18). One of the health risks are bites
by this dog category. Although there is no difference between
the bites of stray dogs and the bites of dogs that have an own-
er, the bites of stray dogs are more problematic when it comes
to the potential risk of rabies because these dogs are often not

TABLE 3. Attack rates by cantons in FB&H. Study performed in the

period 2008-2009 (12)

Cantonal Population Number of Density of Number of Number of
Cantons area km? density stray dogs stray dogs Cantons stray dogs people bitten Attack rate
Tuzla 2649 1879 4500 1.69 Tuzla 4500 1749 389
Zenica-Doboj  3.334 1199 10 000 299 Zenica-Doboj 10 000 796 126
Herz-Neretva ~ 4.40l 515 3300 075 Herz-Neretva 3300 243 736
Sarajevo 1.276 3299 4000 313 Sarajevo 4000 1613 40.32
Total 11660 Average I723  Total 21800  Average 2.14 Total 21800 4401 Average 20.18

TABLE 2. Number of people bitten, presented by canton in FB&H (18)

CANTONS
Tuzla Zenica-Doboj Herz-Neretva Sarajevo
Year N Bites/100000 inhab N Bites/100000 inhab N Bites/100000 inhab N Bites/100000 inhab  Total
2013 458 102 209 57 62 28 419 101 1148
2014 450 101 165 45 51 22 483 17 1149
2015 410 92 242 66 75 B 385 93 12
2016 43| 96 180 49 55 24 326 79 992
Total 1749 Average 796 Average 243 Average 1613 Average 4401

N: number of people bitten
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TABLE 4. Comparison of a 4-year period of dog bites in Sarajevo (B&H), Zagreb (Croatia), and Belgrade (Serbia) (12, 19, 38)

Sarajevo Zagreb Belgrade
Year  Stray dog bites Owned Dogs' bites Total dog bites Total dog bites Stray dog bites Owned dogs' bites Total dog bites
2003 58 68 126 889 1694 748 2442
2004 71 60 131 902 1345 580 1925
2005 99 60 159 865 1509 1056 2565
2006 19 63 182 802 1482 947 2429

TABLE 5. Bacterial microflora in 50 infected dog bite wounds in

humans (26, 29, 46)

Type of Percentage of Type of Percentage of
bacteria wound presence (%) bacteria wound presence (%)
Pasteurella 50 Escherichia coli 6
Streptococcus 46 Klebsiella 4
Staphylococcus 46 Lactobacillus 4
Neisseria 32 Citrobacter 4
Corinebacterium 12 Flavobacterivm 4
Moraxella 10 Micrococcus 4
Enterococcus 10 Proteus mirabilis 4
Bacillus 8 Capnocytophaga 2
Pseudomonas 6 Eikenella corrodens 2
Actinomyces 6 Flavimonas 2
Brevibacterivm 6 Stomatococcus 2

vaccinated, and if they are, the vaccination data are difficult to
find. In addition, these dogs cannot be placed under the 10-day
veterinary supervision, while this is done with dogs who have
an owner. In some FB&H cantons, during the 1996-2005 peri-
od, there were 1260 stray dog bites and three bites inflicted by
dogs with known owners, that is, 6.9% more bites inflicted by
dogs of known owners compared to the number of bites from
stray dogs (37). The bites of dogs who have owners indicate the
insufficient education of their owners. The percentage of dog
bites, in relation to whether the dogs are stray animals or have
owners, changed in the FB&H over the 2006-2010 period, where
the percentage increased in favor of stray dogs. The reason for
this was an enormous increase in the population of stray dogs
following the Animal Welfare Act, with the local government
bodies being unprepared to provide enough shelters for these
abandoned animals (12, 37). The following table | shows data on
stray dogs in several cantons in FB&H.

Table | and 2 show that the largest number of bites is in areas
with a higher population density, which corresponds to the re-
sults by Heath and Chomel (13).

The frequency of dog bites in the mentioned cantons of the
FB&H differed. It ranged from 1.26 (in the Zenica-Doboj Canton)
to 40.2 (Sarajevo Canton) (Table 3). A similar situation occurred
in Belgrade (Serbia) where the average number of dog bites
was 148.48 per 100,000 inhabitants in the 2003-2006 period (19).
The reasons for the higher dog bite rate per 100,000 inhabitants
in relation to Sarajevo Canton should be seen in the fact that
Belgrade has a greater population density, as well as a larger
number of dogs, both those of known owners and stray dogs,

which ultimately leads to a greater number of bites (Table 4). In
Zagreb (Croatia), during the 1996-2005 period, a total of 10.177
people were physically inspected after injuries (bites, scratch-
es) inflicted by dogs, cats, jackals, and other domesticated and
exotic animals. In the observed period, 2003-2006, dogs bit, on
average, 864.5 persons a year (38) (Table 4).

Reports from the Greek province of Macedonia indicate a high
incidence of dog bites, much higher than that involving other an-
imals (cats, horses). In this study, during the 1989-2009 period,
the geriatric population of people aged >65 years was the most
vulnerable to dog bites (39). In a similar study from 2006-20I0,
328 cases of dog bites were recorded in western Turkey. Out of
this number, 48% were in the population of young people aged
0-18 (9).

The Most Susceptible Groups

Anybody may be bitten, but there are still people who are at
greater risk. People who own dogs, especially if they have a
larger number of domestic dogs, are at greater risk of bites than
those who do not own them. Men are more commonly bitten
than women (40). This ratio is different in different studies. In
the aforementioned research in India, 64% of the people bitten
were men (36, 41, 42). From the aspect of age groups, children
aged 5-9 years are at especially high risk, because they often
play with dogs, both with their own and those of unknown own-
ers. Apart from being the most often bitten group, children often
hide the fact that they were bitten, so medical care may be giv-
en much later (35, 43). In an Indian study, the largest number of
those bitten (475%) were children aged 2-18 years. The largest
number of bites to children occur during their outdoor activities
(cycling, playing with a ball, running). The location of the bite
is often associated with the age of the child, where younger
children are more likely to have head injuries, while in the older
children, lower extremities are mainly involved (44). The same
data were obtained from a study conducted in Italy (45). The
greatest number of bites is unprovoked, but they also occur at
the time when the dog is feeding or caring for its puppies (42).
Dog bites happen throughout the year, but the largest number
of bites occurs in the summer, accounting for half of all bites (I5).

The Ethiopathogenesis of Bite Wound

Microorganisms that exist in the canine oral cavity, together
with saliva, enter the avulsionated tissue under pressure, imme-
diately after the bite, and most commonly in an extremity—the
hands, legs, head, or neck—whereby even a small number of
bacteria with high virulence can cause an infection immediately
after the bite. The force produced by the dog’s eyeteeth during
the bite varies among breeds, from 310 kPa to almost 31,790 kPa
in specially trained dogs (II). Along with the surface damage to
the skin, muscles, tendons, blood vessels, and nerves are also
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often damaged. In deeper bite wounds, there is a risk of con-
tamination from tetanus spores and consequent tetanus, espe-
cially if the wound is not treated adequately (14, I5). However,
the greatest risk associated with dog bites is the risk of rabies in
the case of an injury from a rabid animal (16). It is estimated that
approximately 55000 people die from rabies every year. There
were no cases of human rabies in the researched areas of the
FB&H (18). Talan et al. (46) investigated bacterial microflorain 50
infected dog bite wounds in humans (Table 5). The most com-
monly isolated aerobic bacteria were Pasteurella (50%), Strep-
fococcus (46%), Staphylococcus (46%), Neisseria (32%), and
Corinebacterium (12%).

Bite wounds in people who have a poor immune status due fo
a previous illness, or who have been diagnosed with diabetes
or a peripheral circulation disease, are offen infected. In infect-
ed and fresh bite wounds (less than 8 hours after the bite and
when the wounds were not clinically infected), it was found that
they were polymicrobial with a wide combination of aerobic
and anaerobic bacteria (26, 46, 47).

Clinical Symptoms of Bite Wounds

Usually there is some damage to the skin, which may or may not
be accompanied by bleeding. According to the research con-
ducted by Talan et al. (46), of the 50 patients with bite wounds
examined, 60% of the wounds were with only an eyeteeth im-
print, I0% of the wounds had smaller perforations with lacer-
ations, and 30% were combinations of both. Bruising occurs
around the bite wound. Most infections were purulent but ap-
peared without the abscess formation (58%); followed by non-
purulent wounds with cellulitis, lymphangitis, or both (30%); and
abscesses (12%). Limited and painful movements of the fingers
and joints occur if the extremities are bitten, together with swell-
ing and redness in the area of the injury (30).

Basic Principles of a Bite Wound Treatment

Although all bite wounds carry the risk of infection, abundant
rinsing of the wound significantly reduces the risk of infection
(4). At home, tap water and soap are used to rinse wounds.
This is mostly done as self-help in the case of an adult or as first
aid in the case of a child. After that, medical assistance should
be sought. As the initial part of the bite wound treatment, it is
necessary to evaluate the size and depth of the wound; the
degree of damage to the surrounding tissue or the nerves; and
any damage to the tendons, bones, and joints. As needed, com-
plete wound inspection and debridement should be performed,
if necessary, under local or general anesthesia, as well as the
removal of any foreign bodies, most often the dog's teeth (I1). All
bite wounds should be thoroughly washed, first with 3% hydro-
gen peroxide (H,0,) solution, followed by injection of povidone
iodine solution (Isobetadine) using a 20 mL syringe (30). To re-
duce the potential risk of tetanus, it is necessary to postpone
the wound closure wherever possible, or leave the wound open.
It is necessary fo lift and immobilize the wounded extremity to
prevent edema (I1). Superficial abrasive wounds should be thor-
oughly rinsed but not stitched. Patients are to be prescribed
antibiotics. The antibiotic of choice is amoxicillin-clavulanate
(Augmentin) (30). Patients should be assessed for the tetanus
immunization status and treated with immunization or immu-
noglobulins if necessary. The necessity of rabies prophylaxis
should be assessed on a case-by-case basis.
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Treatment of an Infection Resulting from a Dog Bite

Although a relatively small number of bite wounds become in-
fected, in larger wounds and in immunocompromized patients, it
is necessary, as a measure of precaution, to prescribe antibiotics
that are effective against Pasteurella, anaerobes and staphy-
lococci, and these should be modified according to the culture
of the results. Empirical imipenem with cilastatin (500 mg four
times a day, intravenously) and clindamycin (900 mg four times
a day, infravenously) are used for very severe infections. For
patients with severe allergic reactions to penicillin, ciprofloxa-
cin (400 mg twice a day, intravenously) plus metronidazole (500
mg three times a day, intfravenously) replaces imipenem (I1). The
treatment of cellulitis usually lasts for 10-14 days, of tenosyno-
vitis 3 weeks, of septic arthritis 4 weeks, and of osteomyelitis 6
weeks. The use of oral antibiotics in therapy when the C-reac-
tive protein concentration is <50 mg/L is a pragmatic approach,
which has proved effective in practice (I1).

CONCLUSION

In FB&H, the presence of a large population of stray dogs is ev-
ident. Bites from stray dogs are more problematic than those of
registered dogs and are becoming an increasing problem. Due
to the report deficit on the number of stray dogs, dogs of known
owners, and the bites of those from the Southeast Europe re-
gion, we did not have the opportunity to adequately compare
the existing results from the FB&H. The biggest risk for dog bites
is actually the possibility of rabies or tetanus. Patients should be
assessed for the tetanus immunization status and treated with
immunization or immunoglobulins if necessary. In the FB&H, for
a number of years, no cases of rabies have been registered in
humans, but occasionally, rabies is registered in animals, most
often wild. That is why each individual is treated on a case-by-
case basis, and the risk of rabies and the post-exposure protec-
tion are individually evaluated and determined. Dog bites are
important for both the health and veterinary systems, and it is
necessary to address this problem with the coordination of vet-
erinary and health care services
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