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Children presenting to an emergency department following an animal bite were found to be at risk for
infection if they had puncture wounds, crush wounds, or were bitten by a cat. Of the infected wounds that
were cultured, methicillin-resistant Staphylococcus aureus was not isolated as a pathogen.
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An important goal in the management of animal bites
is the prevention of subsequent infections. Wound
infections following an animal bite have been reported
to occur in approximately 20% of dog bites and up
to 80% of cat bites [1, 2]. Studies have identified
cat bites, puncture and crush wounds, bites of the
hand, and wounds occurring more than 12 hours prior
to medical management as potential risk factors for the
development of wound infections [1, 3, 4]. None of these
studies have specifically evaluated risk factors for wound
infections in children alone.

The American Academy of Pediatrics (AAP) has estab-
lished standards of care in the management of animal
bites to help treat and prevent infections. The recom-
mended antibiotic for treatment and prophylaxis of
animal bites in penicillin-nonallergic patients is amo-
xicillin/clavulanate. The increase in skin and soft-tissue
infections caused by community-associated methicillin-
resistant Staphylococcus aureus (CA-MRSA) has raised
concerns about whether MRSA is an important pathogen
in infections following animal bites [5]. Since no data
have been published on animal bite infections during the
MRSA era, this information is critical to determine
whether amoxicillin/clavulanate should still be empirically
used for prophylaxis and treatment of animal bite
infections.

The objectives of this study were as follows: (1) identify
risk factors associated with the development of infected
wounds; (2) determine whether MRSA was an important
pathogen among infected animal bite wounds; and (3)
assess the adherence of emergency department (ED)
clinicians with the AAP Red Book® guidelines.

METHODS

A single-center retrospective study was performed to
describe the care for children presenting to a large child-
ren’s hospital ED following an animal bite. Patients with
an ICD-9 code for an animal bite (E906.x) presenting to
the ED between January 1, 2005 and April 24, 2008
were included in the initial cohort. This time frame was
utilized as it was the minimum amount of time necessary
to obtain 1500 patient records. A convenience sample
was then randomly selected from this group to form the
final cohort.

Medical records were abstracted using a standardized
data collection form to determine patient demographics,
type of animal, location and characteristics of the
wound, antibiotic use, complications, and outcome.
Wound type was classified as superficial, puncture, deep,
or crushing based on the written description provided by
a nurse or physician. Patients were considered to have an
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infected wound if it was documented as overtly infected,
had surrounding cellulitis or streaking, or had purulent
discharge/drainage documented.
The criteria used to determine appropriateness regard-

ing the choice of antibiotic and the duration of therapy
was based on the American Academy of Pediatrics
Committee on Infectious Disease’s Red Book [6].
Antibiotic selection was considered to be appropriate if
they received amoxicillin/clavulanate or trimethoprim/
sulfamethoxazole plus clindamycin in cases of a
penicillin-allergic patient. The duration of antibiotics was
considered inappropriate if an uninfected wound received
antibiotics for longer than 3 days.
Proportions were calculated for all outcomes. Fisher’s

Exact tests were performed on categorical variables to
determine potential factors associated with the develop-
ment of a wound infection following an animal bite. A
multivariate logistic regression model was utilized to
identify risk factors for the development of a wound in-
fection due to an animal bite. A stepwise selection ap-
proach was employed for determining covariates in the
multivariate analysis. Variables considered for inclusion

in the model were type of animal bite (dog, cat, other),
site of infection (trunk, face, extremities), and type of
wound (superficial, deep wound, puncture, crush). Time
to presentation was not included in the multivariate
model as almost half of the patients did not have this in-
formation available. P values �.05 were considered stat-
istically significant. All statistical analyses were
performed using SAS® version 9.2.

RESULTS

A total of 1500 children were initially identified during
the study period. The convenience sample comprised 818
patients, of whom 77 patients were excluded due to
nonbite injuries. Therefore, 741 children were included
in our analysis. The majority of children presenting with
animal bite wounds were 6–13 years of age and reported
being bitten by a dog (Table 1). Overall, a majority of
wounds were diagnosed to be superficial (53%). Bites
primarily occurred on the face (48%), arms (31%) and
legs (18%).

Among 51 infected patients, 15 (52%) of the 29 cul-
tured had the following pathogens isolated: Pasteurella
multocida (n = 10), methicillin-susceptible S aureus (MSSA)
(n = 2), Streptococcus pyogenes (n = 1), and γ-hemolytic
Streptococcus (n = 2). MRSA was not isolated from any of
the wound cultures (n = 0; 95% confidence interval [CI],
0.000–0.119). Amoxicillin/clavulanate was the most
common antibiotic used to treat these infected children
(n = 23, 45%).

Factors independently associated with a wound infec-
tion following an animal bite were determined. In the
final model, attack animal and type of wound were in-
cluded. The greatest risk of infection occurred in children
who had crush wounds (adjusted odds ratio [aOR], 27.9;
95% [CI], 3.6–213.1) and those bitten by cats (aOR,
4.1; 95% [CI], 2.0–8.6).

Antibiotic prophylaxis was provided for 451 (61%)
patients. Amoxicillin/clavulanate was given in 384 (85%)
of cases requiring prophylaxis, and the recommended al-
ternative antibiotic regimen, clindamycin plus sulfame-
thoxazole/trimethoprim, was given in 9 (2%) cases.
Therefore, 58 (13%) did not receive the appropriate anti-
biotic therapy. The other antibiotics used included cepha-
lexin, cefdinir, and amoxicillin.

Duration of prophylactic antibiotic therapy was exam-
ined, and only 27 (6%) received the AAP recommended
duration of 2–3 days. The lengths of therapy primarily
prescribed were greater than 7 days (n = 244, 54%) and
4–7 days (n = 180, 40%).

Table 1. Demographics of Children With Infected and
Noninfected Animal Bites

Noninfecteda

(n = 690)
Infecteda

(n = 51) P Value

Age .2
< 1 year 11 (2) 0 (0)
1–2 years 92 (14) 12 (12)
3–5 years 144 (21) 11 (22)
6–13 years 363 (53) 26 (51)
>14 years 69 (10) 2 (4)

Race/ethnicity .018
Caucasian 411 (60) 41 (80)
African American 171 (25) 6 (12)
Hispanic/other 100 (12) 4 (8)

Gender .2
Male 389 (57) 24 (47)

Attack animal 0.001
Dog 587 (85) 37 (73)
Cat 60 (9) 13 (25)
Other animal 40 (6) 1 (2)

Wound location .028
Face 335 (50) 20 (39)
Extremity 299 (44) 31 (61)
Trunk 40 (6) 0 (0)

Wound type <.001
Superficial 375 (54) 16 (31)
Deep wound 81 (12) 5 (10)
Puncture 204 (30) 22 (43)
Crush 2 (0.3) 2 (4)
Unknown 28 (4) 6 (12)

Time from bite to ED
presentation

<.001

�12 hours 307 (44) 9 (18)
>12 hour 49 (7) 30 (59)
Unknown 334 (48) 12 (23)

aED, emergency department.
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DISCUSSION

In this study, we identified that crush wounds and cat
bites were independent risk factors for the development
of an infected animal bite. Furthermore, we did not iden-
tify any infected animal bite wounds due to MRSA,
further confirming the choice of amoxicillin/clavulanate
as the correct prophylactic and empiric treatment antibi-
otic. Finally, we observed that ED clinicians often utilize
the correct antibiotic but their duration of prophylaxis is
frequently longer than the AAP-recommended 2–3 days.

To our knowledge, this is the first study to identify in-
dependent risk factors associated with infected wounds
exclusively in children. We identified crush wounds and
being bitten by a cat as independent risk factors for de-
veloping a wound infection. Previous studies have sug-
gested these as possible risk factors, but only one
involving just dog bites performed multivariate modeling
to identify independent risk factors [3, 4, 7]. In that
study, female gender, need for wound debridement, and
a full-thickness wound were identified as risks for infec-
tion [7].

Infections due to MRSA have been increasing in chil-
dren [8, 9]. Among all of the S aureus isolates identified
at our institution, 52%–57% were methicillin resistant
during the study period, which is similar to the rates re-
ported by adult institutions in the area. Since amoxicillin/
clavulanate lacks activity against MRSA, it was impor-
tant to investigate whether our animal bite wound infec-
tions were a result of this bacterium. Studies have
identified S aureus as a pathogen in 10%–25% of cases
[7, 10–12]. The largest prospective study of 107 infected
dog and cat bites found that 11% were infected with S
aureus [13]. None of these studies provide information
on the susceptibilities of the S aureus, so the impact of
MRSA is unknown. Among the 51 wound infections we
observed, 2 were due to MSSA and none were due to
MRSA, suggesting that amoxicillin/clavulanate is still ap-
propriate for both prophylaxis and empiric treatment.
Additional descriptive studies are needed in the CA-MRSA
era to truly know the impact of MRSA on infected animal
bite wounds.

Our study had several limitations. First, we performed
chart review on a sample of the 1500 patients identified
with an animal bite ICD-9 code during the study period.
While we selected these cases randomly, it is possible
that we failed to identify a large portion of patients that
could have been infected. While our data are similar to
other published reports on the risk factors causing an in-
fected wound, we could have missed cases where MRSA
was a pathogen. Second, since this is a retrospective

study, some of the information needed to assess certain
risk factors for infection from an animal bite was not
documented. Specifically, we were unable to reliably as-
certain whether a bite involved the hands and feet.
Third, it is possible that some of the wounds that were
treated for a prolonged course were actually infected but
could not be verified due to documentation and the retro-
spective nature of this study. Finally, we lacked follow-up
data that precluded us from identifying patients who
were initially seen in the ED with an animal bite and
then developed an infection. Our infection rate of 6.9%
is significantly lower than previously reported 20%–80%
infection rates and is possibly explained by the lack of
these follow-up data.

Acknowledgments

Potential conflicts of interest. All authors: No reported conflicts.
All authors have submitted the ICMJE Form for Disclosure of

Potential Conflicts of Interest. Conflicts that the editors consider rel-
evant to the content of the manuscript have been disclosed.

References

1. Morgan M. Hospital management of animal and human bites.
J Hosp Infect 2005. 61:1–10.

2. Wright JC. Reported cat bites in Dallas: characteristics of the
cats, the victims, and the attack events. Public Health Rep
1990. 105:420–4.

3. Callaham ML. Treatment of common dog bites: infection risk
factors. JACEP 1978. 7:83–7.

4. Dire DJ, Hogan DE, Walker JS. Prophylactic oral antibiotics for
low-risk dog bite wounds. Pediatr Emerg Care 1992. 8:194–9.

5. Manning SE, Rupprecht CE, Fishbein D, et al. Human rabies
prevention—United States, 2008: recommendations of the
Advisory Committee on Immunization Practices. MMWR
Recomm Rep 2008. 57:1–28.

6. Bite wounds. In: Pickering LK, Baker CJ, Long SS, eds. Red
Book: 2012 Report of the Committee on Infectious Diseases.
American Academy of Pediatrics. 2012.

7. Dire DJ, Hogan DE, Riggs MW. A prospective evaluation of
risk factors for infections from dog-bite wounds. Acad Emerg
Med 1994. 1:258–66.

8. Herigon JC, Hersh AL, Gerber JS, Zaoutis TE, Newland JG.
Antibiotic management of Staphylococcus aureus infections in US
children’s hospitals, 1999–2008. Pediatrics 2010. 125:e1294–300.

9. Purcell K, Fergie J. Epidemic of community-acquired
methicillin-resistant Staphylococcus aureus infections: a 14-year
study at Driscoll Children’s Hospital. Arch Pediatr Adolesc
Med 2005. 159:980–85.

10. Callaham M. Prophylactic antibiotics in common dog bite
wounds: a controlled study. Ann Emerg Med 1980. 9:410–4.

11. Goldstein EJ, Baraff LJ, Meislin H, Wield BJ, Citron DM,
Finegold SM. Animal bites. JACEP 1978. 7:417–8.

12. Lee ML, Buhr AJ. Dog-bites and local infection with
Pasteurella septica. Br Med J 1960. 1:169–71.

13. Talan DA, Citron DM, Abrahamian FM, Moran GJ, Goldstein
EJ. Bacteriologic analysis of infected dog and cat bites.
Emergency Medicine Animal Bite Infection Study Group. N
Engl J Med 1999. 340:85–92.

Animal Bites in Children 381

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/2/4/379/910472 by guest on 13 M

arch 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


