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Mammalian Bites
Bites, whether dog, cat, or human, are a common reason for emergency department 

(ED) visits. Clinicians are challenged to decide issues regarding wound closure and 
antibiotic prophylaxis. The authors review the complexities of different types of bites 
ED providers may encounter and issues regarding closure and antibiotic prophylaxis, 
in addition to vaccination concerns.

— Ann M. Dietrich, MD, Editor

Definition of the Problem
Based on population studies, it is estimated that nearly 50% of U.S. house-

hold have at least one pet.1 Consequently, more than 90% of bites are from 
domestic animals, with 80-90% caused by dogs and 5-15% by cats.2 Human 
bites are less common, only accounting for approximately 3% of bite injuries. 
Mammalian bites account for 1-2% of all ED visits annually in the United 
States, with an estimated cost of more than $850 million. This amount does 
not include costs related to rehabilitation, long-term disability, or time off from 
work.3 Given these statistics, knowledge of current management guidelines for 
bite injuries is vital to providing safe and effective care and to preventing long-
term complications. This issue will review management options for bite-related 
injuries, including discussion of controversies regarding wound closure and 
antimicrobial prophylaxis.

Epidemiology

Dog Bites

More than 1.5 million people were treated in U.S. EDs for dog bites between 
2005 and 2009.4 Confounding the data is the fact that dog bites may be under-
reported. Not all bite victims seek care. The CDC estimated that in 1994, 4.7 
million people sustained dog bites, with most of these bites going unreported.5 
Certain groups are known to be at higher risk than others. In one report, which 
tracked dog bites from 2005-2009, males predominated, accounting for 52.9% 
of injuries.4 The age of the victim also appears to play a role, as the probabil-
ity of a bite declined with increasing age. The group most at risk was children 
younger than 15 years of age, who accounted for 35.9% of bites. Children ages 
5-9 years were the most at-risk group. According to developmental psycholo-
gists, young children are unlikely to recognize behavioral cues of animals and 
are more likely to exhibit behaviors that could incite an attack (e.g., attempting 
to play with an animal as it is eating, grabbing at the tail or ears).6 

Most bites are inflicted by dogs known to the victim.1 It has been reported 
that 30% of bites in those 18 years of age and younger are from a family-owned 
dog, and 50% of bites are from a neighbor’s dog.5 Although dog bites account 
for the majority of mammalian bites evaluated each year in the United States, 
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EXECUTIVE SUMMARY
 z Cat bites are complicated by infection in 30-50% of cases with 

about 6% requiring hospitalization. Cat teeth are needle-like 
and are able to puncture more deeply into the soft tissues, 
even breaching joint capsules or the periosteum in the case of 
digital injuries. This puncture injury delivers microbial inocu-
lum deep into the soft tissues, which then seals over the point 
of entry, allowing for colonization to progress to infection.

 z Human bite wounds may be the result of interpersonal 
violence, sporting accidents, sexual activity, abuse, or self-
defense. They can be categorized as occlusive bite injuries, 
which result from teeth closing on tissue with sufficient force 
to breach the skin, or clenched fist injuries, commonly known 
as “fight bites,” which are the result of the hand impacting 
teeth during a fight or assault.

 z Infections from animal bite wounds are usually polymicrobial. 
The most common organisms found in both dog and cat bite 
wounds are Pasteurella species: Pasteurella canis in dogs and 
Pasteurella multocida and Pasteurella septica in cats.

 z The hallmark of a Pasteurella infection is a local intense cel-
lulitis seen within 24 hours of injury; low-grade fever and 
associated regional lymphadenopathy may be apparent. In 
one study, clinical signs of infection were seen within 15 hours 
of exposure. In contrast, infections from other pathogens typi-
cally do not present for two to three days.

 z Capnocytophaga canimorsus is found in the oral flora of 
16-41% of dogs and is an increasingly recognized complica-
tion of dog bites, particularly in the alcoholic or splenec-

tomized patient population. Sepsis is the most common 
presentation and meningitis is the second most common, 
with complications including disseminated intravascu-
lar coagulation, hemolytic uremic syndrome, thrombotic 
thrombocytopenic purpura, and Waterhouse-Friderichsen 
syndrome. 

 z Bartonella henselae, a gram-negative rod that is transmitted 
by bites or scratches from infected cats, usually kittens, is the 
organism responsible for cat-scratch disease. These typically 
are self-limited infections, causing tender, regional lymphade-
nopathy and fever approximately two to three weeks after 
inoculation.

 z Infection rates in wounds greater than 3 cm in length and 
in puncture injuries are three times higher than for all other 
wounds.

 z A rare complication of cat bites that can result in vascular 
injury is septic pseudoaneurysm. This is thought to be a 
consequence of both direct trauma to a vessel along with 
colonization by Staphylococcus aureus, which leads to local 
inflammatory response, thereby damaging the arterial wall. 
Pseudoaneurysms present as pain, swelling, and a pulsatile 
mass at the site of a bite and can be confirmed using duplex 
ultrasonography.

 z Primary closure of dog bite wounds, particularly in cosmeti-
cally significant areas, is indicated especially within the first 
eight hours after the injury.

infection occurs in less than 25% of 
cases.7 This is likely because dog teeth 
tend to be broader and less sharp than 
those of cats and give rise to skin lacera-
tions of superficial tissues. These wounds 
are easier to irrigate and explore.8 

While most bites are minor, on aver-
age there are 19 dog bite-related fatali-
ties reported annually in the United 
States.9,10 Pit bulls and pit bull mixes are 
responsible for the majority of deaths.11 
Some dogs can deliver significant crush-
ing force with their bite. For example, 
estimates of a pit bull’s biting force indi-
cate that it can reach almost 450 psi,9 
and some have reported that trained 
police dogs can exert a biting force in 
excess of 1,500 pounds.12 (See Figure 
1.) There is a suggestion that neutering 
dogs possibly may decrease the likeli-
hood of fatal dog attacks, as only 1 of 20 
dogs involved in a fatal dog attack had 
been neutered.11 

Cat Bites

It is estimated that cat bites account 
for 5-15% of all animal bite wounds, 

with approximately 400,000 cat bites 
reported annually in the United States.13 
However, as with dog bites, the true 
incidence may be higher as a result of 
underreporting. This may be because cat 
bites tend to be less serious initially than 
those caused by dogs, and patients may 
not seek immediate medical attention. 
Patients may be unaware of the com-
plication risks associated with cat bites 
and may not present until complications 
have already developed. In one study, 
75% of patients who had sustained 
a dog bite presented to the hospital 
within 24 hours of injury. In contrast, 
all of the cat bite victims presented 
later, only after a complication had 
developed.14 Injuries inflicted by cats are 
more prevalent in female patients, with 
a 2:1 female to male ratio and a peak 
incidence in the third decade.15 

Despite the public’s perception that 
cat bites and scratches are benign, these 
injuries can be deceptively dangerous. 
Although they are only responsible 
for a modest percentage of all animal 
bites, cat bites actually result in nearly 

twice the rate of clinical infection when 
compared to dog bites, likely because of 
the unique mechanism of injury. There 
is less initial blunt trauma in cat bites 
than is seen after dog bites. However, 
cat teeth are needle-like and are able 
to puncture more deeply into the soft 
tissues, even breaching joint capsules 
or the periosteum in the case of digital 
injuries. This puncture injury delivers 
microbial inoculum deep into the soft 
tissues, which then seals over the point 
of entry, allowing for colonization to 
progress to infection. Exploration and 
irrigation of puncture wounds is more 
difficult. 

Another factor likely leading to the 
increased rate of infection is the fact 
that up to 85% of cat bites are to the 
upper extremity, particularly the hand 
and wrist, where tendons, joint spaces, 
and bones are more superficially located 
and more susceptible to injury.16 (See 
Figure 2.) Cat bites are complicated 
by infection in 30-50% of cases.2 
Approximately 6% require hospitaliza-
tion for treatment of complications.17 
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Human Bites
Estimates for the percentage of mam-

malian bites attributed to humans range 
from 3.6% to 23%.18 The estimated rate 
of infection in human bites is greater 
than 10%.19 The number of ED visits 
for human bite wounds likely underes-
timates the true incidence. Many people 
do not present because of limited sever-
ity of injury, self-care at home, embar-
rassment, inebriation, or fear of police 
involvement, depending on the mecha-
nism of their injury. 

Human bite wounds may be the 
result of interpersonal violence, sport-
ing accidents, sexual activity, abuse, or 
self-defense.3 They can be categorized as 
occlusive bite injuries, which result from 
teeth closing on tissue with sufficient 
force to breach the skin, or clenched 
fist injuries, commonly known as “fight 
bites,” which are the result of the hand 
impacting teeth during a fight or assault. 

Human occlusive bites usually are 
elliptical or ovoid, representing the 
shape of the mouth. Avulsions are rare, 
but do occur. There is a 3:1 ratio of male 
to female victims.20 The location on the 

body often varies with age and gender. 
Females are more commonly injured 
on the breasts, genitalia, legs, or arms, 
whereas males often present with inju-
ries on the hands, arms, or shoulders. 
Overall, more than 50% of human bites 
occur in the upper extremities.15 

The majority of patients present to the 
ED within 12 hours of injury (76.2%). 
Most biting offenders are known to 
their victims (70% vs. 29.5% of offend-
ers who are strangers). More than half 
of these occur in public.21 Police officers, 
security personnel, and medical staff are 
groups at particular risk of being bitten. 
Sexual partners or spouses are the per-
petrators in 17% of cases. Self-inflicted 
bite wounds account for 2% of patients 
and are more prevalent in patients with 
dementia or behavioral health issues, 
such as Lesch-Nyhan syndrome, which 
includes self-mutilatory behavior. 
Sports injuries accounted for only 1% of 
reported human bite wounds.21 

Microbiology
Infections from animal bite wounds 

usually are polymicrobial, with an 

average of two to seven different species 
of bacteria found in cat and dog bite 
wounds and a median of seven organ-
isms found in abscesses (five in puru-
lent wounds and two in non-purulent 
wounds).22 These include organisms 
from both the patient’s skin flora as 
well as the oral microbiota of the ani-
mal, such as Staphylococcus species. This 
has been reported as one of the main 
causes of infections in humans after 
animal bites or scratches, likely because 
of virulence as well as high resistance to 
common antibiotics. Mirroring trends 
in antibiotic resistance seen elsewhere, 
there is a rise in methicillin-resistant 
staphylococci seen in both healthy and 
sick animals. In one study, up to 14% 
of Staphylococcus isolates were found to 
be methicillin-resistant Staphylococcus 
aureus.23 

Pasteurella multocida is a component 
of the oral flora of many animals, with 
cats having the highest coloniza-
tion rate, estimated at approximately 
70-90%.24 The organism is a small, 
gram-negative coccobacillus that is a 
facultative anaerobe. In 1999, Talan et 
al published a prospective study in the 
New England Journal of Medicine of 107 
patients who presented with an infected 
dog or cat bite.26 The most common 
organisms found in both dog and cat 
bite wounds were Pasteurella species. 
Fifty percent of dog bite wounds were 
infected with Pasteurella species, most 
commonly Pasteurella canis, compared 
to P. multocida and Pasteurella septica in 
cat bites. 

Infections are more common in 
elderly patients, especially those 
with comorbidities such as diabe-
tes mellitus, coronary artery disease, 
hypertension, and malignancies. 
Immunocompromised states also con-
fer risk of infection. The hallmark of a 
Pasteurella infection is a local intense 
cellulitis seen within 24 hours of injury. 
Marked local tenderness, low-grade 
fever, and associated regional lymph-
adenopathy may be apparent.25 In one 
study, clinical signs of infection were 
seen within 15 hours of exposure.26 In 
contrast, infections from other patho-
gens typically do not present for two to 
three days. 

Pulmonary disease is the second most 
common manifestation of P. multocida 

Figure 1. Dog Bite

Dog bite wound to the neck with violation of the platysma.
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and is due to inhaled secretions of 
infected animals. In rare cases, pneu-
monia can be complicated by empyema 
or lung abscess.27 Elderly male patients 
and those with underlying pulmo-
nary disease are more susceptible to 
pulmonary complications.28 Systemic 
infections, such as bacteremia, have 
been reported in up to 11% of cases.29 
Diagnosis is largely clinical, as isolation 
of the organism via culture can be dif-
ficult. In addition, using bipolar staining 
techniques when infections are caused 
by Haemophilus influenzae, Neisseria spe-
cies, and Actinobacter species can result 
in false-positive results.30 Treatment 
should be started based on clinical sus-
picion and not delayed for laboratory 
results to become available.

Capnocytophaga canimorsus is found 
in the oral flora of 16-41% of dogs.31 
Infection with this organism is an 
increasingly recognized complication of 
dog bites, particularly in the alcoholic 
or splenectomized patient population. 
The real incidence of this infection is 
not known because of the difficulty of 
isolating these fastidious gram-negative 
organisms in the laboratory setting. 
Sepsis is the most common presenta-
tion, with complications including 

disseminated intravascular coagulation, 
hemolytic uremic syndrome, throm-
botic thrombocytopenic purpura, and 
Waterhouse-Friderichsen syndrome. 
The second most common presenta-
tion is meningitis. Endocarditis also 
has been reported, as has bacteremia in 
a left ventricular assist device (LVAD) 
patient. 

An unusual feature of the bacterium 
is that local wound infection generally 
does not appear severe in patients with 
high-grade bacteremia noted, which 
may cause a delay in diagnosis, as the 
wound initially may not be thought 
to be the source of bacteremia, and 
Capnocytophaga may not be considered. 
The most common patients are males 
older than 50 years of age who were bit-
ten a few days before presentation. The 
age of reported victims ranged from a 
12-day-old infant with a dog-related 
scratch to the face to a 99-year-old. 
Of 292 cases since 1990, 60% involved 
dog bites and another 24% involved 
some other contact with dogs, such 
as scratches or licking. Of note, cats 
were involved in only 3% of cases. 
Capnocytophaga canimorsus is susceptible 
to many antibiotics, including penicil-
lins, but has a high fatality rate of 26%.32 

Bartonella henselae, a gram-negative 
rod that is transmitted by bites or 
scratches from infected cats, usually 
kittens, is the organism responsible for 
cat-scratch disease. These typically are 
self-limited infections, causing tender, 
regional lymphadenopathy and fever 
approximately two to three weeks after 
inoculation. A pustule or papule may be 
seen where the injury occurred. As these 
lesions recede, regional lymph nodes 
may swell and occasionally suppurate. 
In rare cases, Parinaud oculoglandular 
disease, manifested as conjunctivitis 
with fever and lymphadenopathy near 
the ear and neck of the affected side, 
may develop.33 The pathogen is very dif-
ficult to isolate in culture.34 Polymerase 
chain reaction (PCR) is highly specific 
but not very sensitive, so cat-scratch dis-
ease is a clinical diagnosis. For patients 
with severe pain and lymphadenitis, 
lymph node aspiration may provide pain 
relief. For patients with severe systemic 
signs, rifampin and trimethoprim/sulfa-
methoxazole have been shown to reduce 
local signs and symptoms.35

Sporothrix schenckii, known com-
monly as the “rose gardener disease,” can 
be found in animal oral cavities, nasal 
cavities, nails, and feces. Animals may 
not show any outward signs of infec-
tion or may display infected nodules or 
ulcers on their bodies. Fungal spores are 
transmitted from the bite or scratch of 
an infected animal. Human infections 
are delayed and usually are not clini-
cally evident for three to 12 weeks after 
inoculation. This infection should be 
suspected when there is a poor response 
to the typical antibiotics prescribed after 
an animal-related injury or if lesions on 
the patient’s skin follow the classic “spo-
rotrichoid” spread, which is the develop-
ment of papules or pustules proximal 
to the initial wound along the path of 
lymphatic drainage. 

The treatment of choice is itracon-
azole for a four- to 24-week course, 
depending on the extent of the lesions.36

Other common bacteria in both 
dog and cat bites are streptococci, 
Moraxella, Corynebacterium, and 
Neisseria species. Common anaerobes 
included Fusobacterium, Bacteroides, 
Porphyromomas, and Prevotella.26 

The human mouth is home to a 
plethora of pathogens, including 

Figure 2. Cat Bite of the Hand
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facultative species as well as obligate 
anaerobes. Saliva itself has a dense bac-
terial load with more than 50 species 
of bacteria, including Campylobacter 
species, Corynebacterium, Eikenella cor-
rodens, Haemophilus, Peptostreptococcus, 
Fusobacterium, Prevotella, Staphylococcus, 
and Streptococcus species. Although rare, 
E. corrodens species can spread hema-
togenously and result in life-threatening 
bacteremia, sepsis, and endocarditis. 
Group A Streptococcus is found only in 
human bites but not in canine or feline 
bites.37 Conversely, only animal bites 
grow Pasteurella multocida. Viral patho-
gens in human bite wounds include the 
hepatitides, human immunodeficiency 
virus (HIV), herpes simplex virus 
(HSV), cytomegalovirus (CMV), and 
human T-cell lymphotropic virus type 1 
(HLTV-1).38,39 The risk of transmission 
of hepatitis C (HCV) and HIV is low. 
However, there are isolated case reports 
describing transmission secondary to 
human bites. Hepatitis B is 100 times 
more infectious than HIV in human 
saliva. 

Rabies is a disease that occurs in 
all mammals and is caused by RNA 
viruses of the family Rhabdoviridae, 
genus Lyssavirus. It is transmitted by the 
saliva of infected animals.40 Worldwide, 
rabies accounts for 59,000 deaths annu-
ally. Domestic dogs carrying a specific 
rabies variant cause 98% of these deaths. 
Fortunately, this variant has been 
eradicated in the United States. Of 
5,508 cases of animal rabies reported 
in the United States in 2015, only 67 
cases were in dogs. Geographically, the 
highest concentration of rabid dogs 
was in Texas (13), with higher num-
bers also noted in Puerto Rico (8), 
North Carolina (6), Georgia (6), and 
Oklahoma (6). 

By comparison, in 2015, rabies was 
discovered in 244 cats. These cases were 
focused in the states of Pennsylvania, 
New York, Maryland, and Virginia. 
Cats in these areas were thought to be 
infected mostly by rabid raccoons. 

In the United States, more than 90% 
of rabid animals live in the wild. In 
2015, bats made up the largest group 
of infected animals, with 1,704 cases 
(30.9% of the total). Racoons, skunks, 
and foxes also were found to be rabid 
in significant numbers. In 2015, there 

were three rabies cases in humans, only 
one of which was associated with a dog, 
which the patient had been exposed to 
while travelling abroad. The other two 
cases involved a bat and a mongoose.41 

Initial Evaluation

History

As with most emergency conditions, 
history plays a key role in determining 
what evaluation should take place. The 
history in patients with mammalian 
bites should include the following:

• Time and physical location of injury 
(for example, to the extremities vs. the 
head);

• Type of animal and circumstances 
of the bite (i.e., rabies vaccination his-
tory, behavior provoked or unprovoked, 
health, location);

- If vaccination status of an animal 
is unknown, the animal should be 
observed for a 10-day period to deter-
mine whether it is potentially infected 
with the rabies virus (BR6). 

- Unprovoked injury by wild animals, 
such as foxes or raccoons, and injury 
from an ill-appearing animal should 
heighten concerns for rabies exposure.

• Past medical history: Screen for 
immunocompromised status or other 
risk factors that would make the patient 
more susceptible to complications and 
review patient’s immunization status;

- History of allergies to antibiotics or 
conditions or medications contraindi-
cating the use of antibiotics also should 
be considered. 

Physical Exam

Evaluation of the wound depth and 
length and assessment for foreign body 
and possible associated injuries should 
be performed. Infection rates in wounds 
greater than 3 cm in length and in 
puncture injuries are three times higher 
than for all other wounds.2 A focus on 
damage to related structures, proximity 
to joints, blood vessels, tendon function, 
as well as neurovascular status all should 
be assessed. With multiple bites, severe 
bites, or bites of unknown severity, and 
for all young children who are victims 
of an animal attack, a complete trauma-
type assessment should be performed. In 
some cases, dog bites have been associ-
ated with fractures, injuries to joints, or 

neurovascular injury.42 Bites to digits or 
joints should be explored through range 
of motion to evaluate for tendon injury.

A rare complication of cat bites that 
can result in vascular injury is septic 
pseudoaneurysm.43 This is thought to 
be a consequence of both direct trauma 
to a vessel along with colonization by 
S. aureus, which leads to local inflam-
matory response, thereby damaging the 
arterial wall. Pseudoaneurysms present 
as pain, swelling, and a pulsatile mass at 
the site of a bite and can be confirmed 
using duplex ultrasonography. 

Bite wounds to the hand deserve 
special consideration because of the 
proximity of relatively poorly perfused 
structures, such as tendons and liga-
ments, to the skin surface and the risk 
of serious morbidity from tenosynovitis, 
septic arthritis, osteomyelitis, and even 
sepsis.3 A unique hand bite wound is 
the clenched fist injury, colloquially 
known as a “fight bite,” which occurs 
when a closed fist impacts another 
person’s teeth with sufficient force to 
break the skin of the hand. Typically, the 
dorsal surface of the metacarpophalan-
geal (MCP) joint is affected because of 
its prominence when a fist is clenched. 
Bacteria spread through the extension 
of the MCP joint of the hand, allowing 
movement of inoculum proximally. 

Fight bites are easy to miss during 
initial evaluation, as they can appear 
relatively innocuous (the true wound 
depth may be hidden) and may be 
treated as minor injuries.39 Patients 
may not be forthcoming about being 
involved in physical altercations.44 Two-
thirds of fight bites penetrate the exten-
sor tendon and MCP joint capsule.45 
There can be significant tendon, carti-
lage, or bone injury secondary to a fight 
bite. Morbidity can be significant, as the 
MCP joint and extensor tendon have 
poor vascularity and are more prone to 
infection.19 

Complications from fight bites include 
rapidly destructive septic arthritis of the 
MCP joint. Very few patients regain pre-
vious function if this occurs, and amputa-
tion rates for fingers can be greater than 
20%. Bacteria also may spread to the 
palmar surface of the hand, infecting the 
flexor tendon sheaths. When evaluating 
infected hand wounds, one should assess 
for signs of flexor tenosynovitis. These 
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were classically described by Kanavel 
and are known as the Kanavel signs. (See 
Table 1.) To assess for tendon injury, 
consider using the Elson test (position-
ing the proximal interphalangeal [PIP] at 
90 degrees flexed over the edge of a table 
and having the patient extend against 
resistance). Weakness or inability to 
extend the joint indicates rupture of the 
central slip.46 

With regard to the evaluation of 
human bites in children, the prevailing 
sentiment since the 1980s is that all bite 
marks on a child are abuse (non-acciden-
tal trauma) until proven otherwise.47 It is 
commonly believed that measuring the 
intercanine distance on bite impressions 
in the skin can help healthcare provid-
ers determine whether the injury was 
inflicted by a child or an adult. An inter-
canine distance of greater than 3 cm is 
more likely to be from an adult. However, 
keep in mind that a dental “adult” can 
include anyone with permanent teeth, 
typically > 12 years of age. There also 
can be significant distortion of the skin 
depending on the mechanism of the bite 
or secondary to edema and infection. In 
addition, there is a relatively large stan-
dard deviation in intercanine distance in 
all age and gender categories. In a study 
of intercanine distance as a parameter 
for bite mark analysis, the measurements 
were found to be unreliable because of 
three factors: skin distortion, the fact that 
skin is a poor registration material, and 
variation in the dynamics of biting.48 
Thus, photographing and measuring bite 
wounds may not be a reliable method to 
determine whether the perpetrator was a 
child or an adult.  

Diagnostics
In general, a thorough history and 

physical examination are the highest-
yield aspects of the initial evaluation of 

a bite wound. Most routine diagnostic 
studies are not useful. A complete blood 
count (CBC) is rarely useful, as the 
results may be normal in the case of 
acute blood loss or with the presence of 
infection. The erythrocyte sedimenta-
tion rate and C-reactive protein may 
be elevated in patients with clinically 
evident infections. In patients with a 
joint prosthesis, these tests may be help-
ful in identifying occult septic arthritis. 
Routine HIV testing after human bites 
is not recommended in most circum-
stances unless there is visible blood in 
the saliva or the victim or perpetrator 
is known to have a history of HCV or 
HIV.

Cultures in acute bites are not indi-
cated because cultures of apparently 
uninfected bite wounds predict neither 
which wounds will become infected 
nor what the pathogen will be.3,49 
Moreover, 8.5% of wound cultures are 
positive for bacteria before clinical 
infection sets in, representing coloniza-
tion.38 Deep tissue cultures obtained 
in the operating room can be useful 
for narrowing antibiotic selection in 
infected wounds. Practitioners should 
notify the laboratory about the animal 
source of wound contaminants so that 
appropriate laboratory techniques can 
be employed. For example, Pasteurella 
is a slow-growing pathogen and cul-
tures should be held for up to 10 days. 
Other organisms may require special 
growth media.

Radiology workup should be tailored 
to the situation based on the initial 
history and physical examination. 
Plain films are indicated if there are 
concerns for bone involvement. Occult 
fractures, the presence of air in the 
joint, or osteomyelitis may be discov-
ered. In addition, plain films should 
be used to evaluate for the presence 
of foreign bodies (e.g., teeth) in the 
wound, which are of particular concern 
in bites by cats, small-breed dogs, and 
older animals that may have extensive 
periodontal disease, which increases 
the risk of tooth breakage when bit-
ing.50 For delayed presentations, plain 
films also can be used to evaluate for 
signs of osteomyelitis (e.g., periarticu-
lar osteoporosis, joint space narrowing, 
bony erosion). Joint involvement is best 
evaluated by CT scanning.  

Wound Care
All bite wounds should be considered 

contaminated, and the goal is to pre-
vent secondary infection. Appropriate 
wound care is the cornerstone of ini-
tial treatment, and should begin with 
copious irrigation so that lower rates 
of colonization can be achieved. The 
choice of irrigant is less important than 
the amount of fluid used. Tap water has 
been shown to be effective for irrigation 
and is less costly than sterile saline. In 
addition, patients with upper extremity 
injuries can stand at the sink with the 
wound under the faucet stream.51 It may 
be more difficult to irrigate to the base 
of a cat bite wound adequately because 
of the narrow caliber of the wound and 
the tendency of these wounds to seal 
off the surface. High-pressure irrigation 
is not recommended, as it may spread 
inoculum deeper into the subcutaneous 
tissues or may create false tracts that 
will interfere with wound exploration.15 
Heavily contaminated bite wounds 
require debridement and further irriga-
tion, possibly in the operating room. 
If the animal is suspected to be rabid, 
a povidone-iodine solution has been 
shown to be virucidal against rabies and 
is recommended by the CDC for irri-
gation. A 10% solution can be diluted 
further and used both to cleanse the 
surface skin and to irrigate the wound.26

Closure of Bite Wounds

There has long been controversy 
about whether it is safe to close animal 
bites primarily, as there is a theoretical 
increased risk of infection associated 
with closure. However, allowing the 
wound to heal by secondary intention 
results in scar tissue formation that may 
cause functional impairment if near a 
joint, especially of the upper limb and 
digits.52 During the past several years, 
studies have demonstrated that pri-
mary closure is fairly safe in most cases. 
(See Table 2.) In 1988, Maimaris and 
Quinton published a randomized, con-
trolled trial involving 169 ED patients 
who were treated for dog bites.53 The 
wounds were cleaned and debrided and 
then the patients were divided into two 
groups, one that received sutures and 
the other that did not receive suture 
repair. Bites requiring plastic surgery 
consultation and those involving bone, 

Table 1. Kanavel Signs

• Affected digit held in a flexed 
   posture
• Pain with passive extension of the 
   involved finger
• Fusiform swelling of the digit
• Tenderness along the tendon 
   sheath
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tendon, nerve, etc., were excluded. Some 
wounds were repaired in the ED by 
nurses, and others that were deemed 
more complex were repaired by physi-
cians in the operating room. 

Of 92 wounds that were closed, 
seven developed clinical infection. Of 
77 left open, six developed infection. 
The authors concluded that, in general, 
dog bites can be closed on presenta-
tion. However, they noted that nine of 
the 13 infections were in wounds to the 
hand. Five of 30 (16.7%) sutured hand 
wounds were infected compared to 
only four of 45 (8.9%) unsutured hand 
wounds. Therefore, the authors con-
cluded that special attention should be 
paid to dog bites of the hand.53 

In 2000, Chen et al published an 
observational cohort study in which 
145 patients with mammalian bites 
were treated with primary closure. Of 
these, 88 were dog bites. Five of these 88 

patients developed an infection, which 
is a 5.7% rate of infection. The authors 
concluded that their overall infection 
rate was acceptable in situations in which 
cosmetic outcomes were important.54 

In 2011, Wu et al published a ret-
rospective chart review of 87 pediatric 
patients who presented to the ED with 
dog bites to the face.55 This represents 
a group of interest because children are 
more likely to be bitten by dogs, and if 
bitten, are more likely to be bitten in the 
face because of their stature.42 None of 
the patients in the study required scar 
revision, and none developed an infec-
tion, leading to the authors’ conclusion 
that primary wound closure, even of 
some more complex dog bite wounds, 
was safe from an infection standpoint. 
Of note, all patients received antibiotics, 
and 51% received wound repair in an 
operating room. This limits the applica-
bility of this study to the ED. 

In 2014, Paschos et al published a 
randomized, controlled trial involv-
ing 168 patients presenting to an ED 
within 48 hours of a dog bite.56 Similar 
to the Maimaris study, complex wounds, 
such as those complicated by fracture or 
muscle injury, were excluded. Wounds 
were thoroughly irrigated, scrubbed 
with povidone-iodine, and debrided. 
One group received repair with sutures, 
and the other group’s wounds were left 
open. All patients received amoxicillin/
clavulanic acid. The researchers stud-
ied not only wound infection rates but 
also measured cosmetic appearance in 
both groups. They found no statistically 
significant difference in infection rates 
between the two groups and reported an 
8.3% infection rate overall. The infec-
tion rate in sutured wounds was similar 
at 9.7%. 

An interesting separate note in the 
study was that wounds sutured within 

Table 2. Summary Table for Management of Selected Mammalian Bites

Treatment Dog Cat Human

Primary closure Generally acceptable on the face, not 
the hand
Requires risk assessment in other 
locations

Generally not 
recommended 
unless on face and 
is a cosmetically 
significant wound

Yes, for facial wounds

Routine antibiotic 
prophylaxis

No, unless on the hand or a complex 
wound as described in the text, or in the 
immunosuppressed patient

Yes Yes

Recommended 
antibiotics71

Amoxicillin/clavulanate

If penicillin-allergic, consider 
doxycycline or moxifloxacin

Trimethoprim-sulfamethoxazole 
or a second- or third-generation 
cephalosporin, ciprofloxacin, or 
levofloxacin, plus anaerobic coverage 
with clindamycin or flagyl  

Same as for dog bites Amoxicillin/clavulanate
Alternatives are ampicillin/sulbactam, 
carbapenems, and doxycycline
* However, only doxycycline has good MRSA 
coverage

Rabies vaccine Yes, if dog is unknown and unavailable 
for observation

Yes, if cat is unknown 
and unavailable for 
observation

No

Hepatitis B No No Nonvaccinated patients and antibody-negative 
patients should receive the hepatitis B vaccine. If 
the biter is HepBsAg positive, the patient should 
receive Hep B immunoglobulin as well as the 
vaccine.

HIV prophylaxis No No Consider if blood present in the mouth of the 
biter, there is breach of the victim’s skin, or the 
perpetrator is known to be HIV-positive or is 
willing to be tested and tests positive
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eight hours of the bite injury had a 
lower infection rate of 6.1%. Wounds 
that were left open had an overall infec-
tion rate of 6.9%, with a 2.9% infection 
rate if patients presented within eight 
hours. The 9.7% rate in sutured wounds 
vs. the 6.9% rate in nonsutured wounds 
was considered to be not statistically 
significant (P = 0.51; odds ratio [OR], 
1.44; 95% confidence interval [CI], 
0.48-4.35). Using the Vancouver Scar 
Scale, sutured wounds showed signifi-
cantly better results at 1.74, compared 
to 3.05 for nonsutured wounds (P = 
0.0001). The study supports the primary 
closure of dog bite wounds, particularly 
in cosmetically significant areas and 
especially within the first eight hours 
after the injury.56 To further deter-
mine the safety of primary closure of 
bites, including dog bites, a Cochrane 
Collaboration Intervention Protocol was 
published in 2015, but to our knowledge 
has yet to be completed.57

The general consensus is that human 
bites are considered contaminated 
wounds and should be closed by either 
delayed primary or secondary closure; 
the exception is bites to the face, which 
should be sutured primarily for the sake 
of cosmetic outcome.58,59 We recom-
mend the primary closure of bites that 
are cosmetically significant, such as 
those to the face, and also of wounds to 
the extremity, provided they are not on 
the hand. The infection risk also should 
be considered individually based on the 
patient’s history.42 Table 3 lists consid-
erations during the evaluation of any 
patient sustaining a mammalian bite.  

Medications
Healthcare providers often prescribe 

antibiotics to animal bite patients. The 
term “prophylactic” may not be correct, 
as the wounds already are inoculated 
with bacteria at the time of the bite. The 
question of whether antibiotic prophy-
laxis is effective in the therapy of bite 
wound infections was addressed by the 
authors of a 2001 Cochrane systematic 
literature review.60 Researchers identi-
fied and analyzed eight studies that 
met the inclusion criteria. The review-
ers found no difference in the rates of 
wound infections in dog bites, regard-
less of whether prophylactic antibiotics 
were used. Notably, they excluded bite 
wounds to the hand. Four of the eight 
trials grouped patients according to the 
site of the bite. When hand wounds 
were analyzed separately, there was a 
significant improvement in the infection 
rate from 28% in the control group to 
2% in the antibiotic group (OR, 0.10; 
95% CI, 0.01-0.86). 

The results of the Cochrane review 
would suggest that antibiotics have not 
been shown to reduce infection rates in 
dog bites located in sites other than the 
hand. However, these studies occurred 
before Talan et al published the article 
describing the culture results of these 
infections.22 In the included studies, 

providers prescribed penicillin, oxacillin, 
dicloxacillin, cephalexin, erythromycin, 
etc.60 The authors concluded that per-
haps with antibiotic choices based on 
current understanding of the bacteria 
causing dog bite infections, the treat-
ment would be more effective.60 The 
authors concluded that there is not 
sufficient evidence to prove antibiotics 
are effective in preventing infections in 
non-hand dog bite wounds, but they 
recommended more research, as studies 
so far have been small and the possibil-
ity of a type two error exists.60 

The goal of initial antimicrobial 
therapy is to cover staphylococci, 
streptococci, anaerobes, and Pasteurella 
species. Cephalexin and dicloxacillin 
generally would be adequate to cover 
skin flora; however, these do not cover 
Pasteurella or Eikenella well. These 
would be covered by penicillin or ampi-
cillin (amoxicillin). The addition of a 
beta-lactamase inhibitor to amoxicillin 
(amoxicillin-clavulanate) would allow 
for the additional coverage of the beta 
lactamase-producing staphylococci and 
anaerobes. The first-line oral therapy is 
amoxicillin-clavulanate, or in penicillin-
allergic patients, a fluoroquinolone or 
cefotaxime.59,61 A three- to five-day 
course is recommended. However, if the 
wound appears infected on presentation, 
a course of 10 days or longer is recom-
mended. (See Table 2.) For higher-risk 
infections, the first dose of antibiotics 
may be given intravenously, followed by 
an oral course. Cephalexin is not recom-
mended as first-line therapy for empiric 
treatment of cat bite wounds because 
of a high resistance rate in Pasteurella 
species. Monotherapy using amino-
glycosides, vancomycin, erythromycin, 
tetracycline, or clindamycin also is not 
recommended because of concerns 
about resistance.23 Trimethoprim-
sulfamethoxazole should not be used 
alone, as Capnocytophaga canimorsus is 
resistant to this agent.62 (See Table 2.)

There is not significant evidence for 
a benefit of post-exposure prophylactic 
(PEP) treatment for HIV in human 
bites, as saliva has a low viral HIV load. 
However, if there is blood present in the 
mouth of the biter, there is a breach of 
the victim’s skin, or the perpetrator is 
known to be HIV-positive or is willing 
to be tested and tests positive, then the 

Table 3. Clinical Concerns 
in the Evaluation of Bite 
Wounds
• Child abuse 
• Cortical penetration or bony fracture
• Envenomation
• Foreign body
• Human pathogen exposure
• Nerve injury
• Penetration of joint space
• Rabies exposure 
• Tendon injury
• Vascular injury

Adapted from Rempe B, Aloi M, Iskyan K. 
Evidence-based management of mammalian 
bite wounds. Emerg Med Pract 2009;6:1-18.

Table 4. Indications for 
Prophylactic Antibiotics in 
Bite Wound Management
Patient Risk Factors
• Age
• Asplenic
• Chronic alcohol use
• Diabetes mellitus
• Immunocompromised 
• Location (face, hand, joint)
• Preexisting edema in affected area
• Severity 
• Time of bite (greater than 12 hours 
prior to evaluation)
• Vascular disease  
• Wound characteristics
 Additional Aspects
Potential complications (both likely and 
rare), controversies, pitfalls, medical 
legal considerations, cost considerations, 
ethical concerns, patient advocacy

Adapted from Rempe B, Aloi M, Iskyan K. 
Evidence-based management of mammalian 
bite wounds. Emerg Med Pract 2009;6:1-18.
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risk of HIV transmission is increased. 
The benefits and harms of treatment 
associated with PEP must be discussed 
with the patient and a shared decision 
should be made so as to provide appro-
priate preventive therapy.19

Treatment with hepatitis vaccine 
booster vs. immunoglobulin depends 
on the vaccination status of the patient. 
Nonvaccinated patients and vaccinated 
patients who are antibody-negative 
should receive the hepatitis B vaccine. 
If the biter is hepatitis B surface anti-
gen (sAg) positive, the patient should 
receive hepatitis B immunoglobulin as 
well as the vaccine.63 HBV prophylaxis 
is indicated if the bite breaks the skin.3 

If rabies transmission is a concern, 
the CDC recommends human rabies 
immune globulin (HRIG) to be admin-
istered to all patients who have not been 
vaccinated previously. After thorough 
wound cleansing, 20 IU/kg should be 
given at the wound site if feasible, and 
the remainder given at a site distant from 
the vaccine administration site. Human 
diploid cell vaccine or purified chick 
embryo cell vaccine then should be admin-
istered intramuscularly as a 1 mL dose into 
the deltoid muscle. Doses of rabies vac-
cine given in the gluteus muscle should 
not be counted as valid and should be 
repeated. This should occur on day 0 and 
then on days 3, 7, and 14. In the set-
ting of immunosuppression, the CDC 
recommends a fifth dose to be admin-
istered on day 28. Immunosuppressed 
individuals also should be tested for 
adequate immune response upon 
completion of the series (per the CDC, 
the rapid fluorescent focus inhibition 
test should be performed). In previously 
immunized individuals, no HRIG is 
needed, and vaccine is required only on 
days 0 and 3.40

Bites in Children
Children are an overrepresented 

group in bite-related fatalities, and 
29.9% of all deaths occur in children 1 
to 4 years of age.10 Those younger than 1 
year of age had the highest overall death 
rate. One factor that may explain this 
fact is that the location of bites varies 
with age. Unlike in adults, dog bites to 
small children tend to be to the head or 
face, where they are more likely to cre-
ate fatal wounds.17,64 Young boys tend 

to sustain dog bites more than girls. In 
the CDC data from 2001, likelihood of 
being bitten was 293.2/100,000 for boys 
vs. 216.7/100,000 for girls. This differ-
ence is no longer statistically significant 
at the age of 15 years.5,65 

In children 0 to 4 years of age, 64.9% 
of dog bites occur to the head or neck. 
In a retrospective review focusing 
on neurosurgical issues, Kumar et al 
reported on 124 patients presenting to a 
Level I trauma center during a 15-year 
period.66 In the study, 71% of the attacks 
were by family pets. Of the 124 patients 
presenting, 17 required neurosurgical 
evaluation. The average age of the vic-
tims was 30 months, and the injuries 
involved nine girls and eight boys. The 
attacks were not provoked, and only 
one dog had bitten previously. The most 
common injury was depressed skull 
fracture, but vascular injury, which led to 
stroke in two patients, also was reported. 
One of these involved occlusion via 
dissection of the left ICA, which led to 
right hemiparesis. In one case, a dural 
injury was noted via the anterior fon-
tanelle with the fracture of the child’s 
skull. One patient had a complete spinal 
cord injury at the T-6 level. Intracranial 
hemorrhage in the form of subarach-
noid, intraparenchymal, and subdural 
hemorrhage also was reported. Twelve 
of the patients required neurosurgery.66

Steen et al presented information on 
intracranial injuries from dog bites.49 
Their review of the literature revealed 21 
cases of intracranial injuries related to 
dog bites in the modern literature. They 
also presented a case series of 10 patients 
treated at Geisinger Health System 
between 1992 and 2010. The mean age 
of patients was 34.5 months. There were 
six boys and two girls. Five of 10 patients 
required neurosurgical management. No 
patient in the series developed abscess or 
meningitis. This was in contrast to the 
results of the authors’ literature review in 
which four of the 21 patients had men-
ingitis or abscess. Ten patients of the 21 
required dural repairs, and four required 
evacuation of intracranial hematomas. 
None of the patients in the case series 
had complications. However, of the 21 
patients in the literature search, three 
had late infections on follow-up, two had 
hemiparesis, one had peripheral nerve 
palsies, two had seizures, and one of these 

patients died during initial admission. 
Meropenem is recommended as the 

antibiotic in dog bites with skull pen-
etration, as this antibiotic covers canine 
oral flora and penetrates the central ner-
vous system. Steen et al also recommend 
CT when scalp lacerations are present 
in dog bites, as early recognition may 
minimize complications by leading to 
early washout and appropriate antibiot-
ics. Eight of the 21 patients in the case 
series had missed diagnosis on initial 
presentation, six of these had compli-
cations, with four infections, and two 
cerebrospinal fluid leaks.49 

Patients With Joint 
Prosthesis 

Delayed infection of any joint arthro-
plasty due to hematogenous spread is 
a feared complication, as it can lead to 
joint failure and the need for replace-
ment. Patients who have undergone 
joint arthroplasty, especially those with 
coexistent malignancy, are at higher risk 
of septic arthritis due to P. multocida 
after an animal bite. This organism has 
demonstrated consistent ability to cause 
seeding of a prosthesis, even when post-
bite prophylactic antibiotics have been 
prescribed.67

Prevention
In 2009, Duperrex et al reported on 

the effect of education of children and 
adolescents in the prevention of dog 
bite injuries.64 They found two stud-
ies involving infants and children. The 
authors demonstrated that brief educa-
tional programs could be used to change 
behaviors and improve knowledge base 
in children. In a 2013 study reported by 
Dixon et al, children ages 5 to 9 years 
were given a 14-question test before 
and after watching a 20-minute educa-
tional video on dog safety. The authors 
reported a three-question improve-
ment after watching the video, with the 
median score increasing from 11 ques-
tions correct to 14. It remains unknown 
whether such an intervention would 
translate into decreased numbers of dog 
bites or dog bite-related fatalities.68 

The Blue Dog is a software program 
designed to instruct children about safe 
behaviors around dogs by taking them 
through animated scenarios. Schwebel 
et al evaluated the effectiveness of 
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this teaching tool. After completing 
the education program, children were 
more likely to identify risky dog situ-
ations than the controls, but this did 
not seem to translate into later recall of 
safe behaviors or improvement in safe 
behaviors during a live dog interaction.69 
Further research in this area is needed. 

The psychological effect of dog bites 
on children must be considered. Up to 
50% or more of bite victims may suffer 
from symptoms of post-traumatic stress 
disorder.42 In a 2012 study by Boat et al, 
parents were surveyed one month after 
having taken their child to the ED for a 
dog bite. Seventy percent of respondents 
reported concerning behaviors since the 
incident. Examples included being fearful 
of and avoiding dogs, having nightmares, 
and demonstrating emotional changes.70 
Providers should make parents aware of 
possible behavioral and emotional changes 
and recommend resources, including 
counselors, to help deal with the issues.

Disposition
Close follow-up care is crucial in the 

management of animal bite wounds. It 
is recommended that low-risk bites be 
assessed within 48 hours and high-risk 
bites within 24 hours. Consider admis-
sion for patients with hand bites that 
become infected, because these generally 
involve deeper structures. Consultation 
with a hand surgeon is recommended 
if deep space infection is suspected, if 
there is tendon sheath or joint involve-
ment, or for contaminated wounds that 
require debridement and irrigation in 
the operating room.
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CME/CE Questions
1. Which bacterial pathogen in ani-

mal bite wounds is most likely to 
account for acute sepsis in patients?
a. Pasteurella multocida
b. Eikenella corrodens
c. Capnocytophaga canimorsus 
d. Bartonella henselae

2. A patient presents with cellulitis, 
fever, and lymphadenopathy 18 
hours after being bitten on his leg 
by a stray cat. Which organism is 
likely the etiology for this infection? 
a. Staphylococcus epidermidis
b. Pasteurella multocida 
c. Bartonella henselae
d. Prevotella

3. Regarding dog bites, which of the 
following statements is true?
a. Most dog bites are inflicted by 

dogs unknown to the victim.
b. Rottweilers and German shep-

herds cause the majority of dog 
bite-related deaths.

c. Dog bites to children more com-
monly involve the hands and 
trunk.

d. In reported literature, dog bite 
fatalities in children involve inju-
ries to the head and neck. 

4. All of the following represent high-
risk groups in the setting of dog 
bites except:
a. Children
b. Males
c. Adult women 
d. Diabetic patients

5. The most common animal vector 
for rabies in the year 2015 in the 
United States was:
a. dogs.
b. cats.
c. cattle.
d. bats. 
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