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Abstract
Introduction  Patients and physicians often underestimate cat bite injuries. The deep and narrow wound seals quickly and 
provides an environment for the inoculated saliva and bacteria. Interestingly, the literature reports no bacterial growth in the 
microbiological workup of wound swaps in up to 43%. The time between bite injury and the first clinical presentation, the 
start of antibiotic treatment and surgical debridement might affect these findings. Therefore, the current project examines if 
(1) these factors impact the outcome of microbiological results following cat bite injuries and (2) the detection of bacterial 
growth leads to higher complication rates, longer hospital stays, longer total treatment time, or higher total treatment costs.
Materials and methods  This single-center retrospective study analyzed data from 102 adult patients. All patients received 
antibiotic and surgical treatment following a cat bite injury. Microbiological samples were collected during surgery in all 
cases. The time from the bite incident to the first presentation, beginning of antibiotic administration, and surgical debride-
ment was calculated. Demographic data, complication rate, length of hospital stay, total treatment time, and total treatment 
costs were recorded. (1) A generalized linear model was fitted using the microbiological outcome as the dependent variable. 
(2) Two groups (negative or positive microbiological results) were formed and statistically compared.
Results  The median age was 50 (SD 16), and 72% were female. (1) The time from the bite incident to the first clinical pres-
entation, antibiotic administration, or surgical treatment was not associated with the outcome of the microbiological result. 
(2) No significant differences were observed between the two groups.
Conclusions  Our data do not suggest that early antibiotic administration or delayed surgical treatment affects the outcome of 
the microbiological workup following cat bite injuries to the hand and forearm. The microbiological outcome did not affect 
the complication rate, treatment time, and total treatment costs.
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Introduction

Animal bite injuries can range from superficial injuries to 
fatal wounds depending on the animal and affected anatomi-
cal location. The lifetime prevalence of animal bites is up to 
50%, with dogs and cats causing over 95% of all bite wounds 
[2, 7, 10]. Animal bites account for about 1% of all visits 

to emergency departments [8]. Cats have very sharp teeth 
that penetrate soft tissues and reach deep structures such 
as tendon sheaths, joints, and bones [3]. The most affected 
anatomical region is the hand. Cat bite injuries can signifi-
cantly impact the hand function and ability to work [15, 19, 
21]. Patients and physicians underestimate cat bite injuries 
due to minor cosmetic damage. However, the deep, narrow 
wound seals relatively quickly and provides an anaerobic 
environment for the inoculated saliva and bacteria. Signifi-
cantly delayed treatment can result in severe infections and 
extended hospital stays [18]. The most common pathogen 
implicated in animal bites is Pasteurella multocida, which 
can be isolated in up to 90% of healthy cats’ oral cavities 
[3, 20]. However, in up to 43%, there is no bacterial growth 
in the microbiological workup of wound swaps following 
cat bite injuries [11, 15, 17, 19, 21]. Tough, prophylactic 
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antibiotic administration has not been associated with a 
reduced infection rate after cate bites [14]. The time between 
bite injury and the first clinical presentation, the start of 
antibiotic treatment and surgical debridement might affect 
these findings. Therefore, the current study examines if (1) 
these factors impact the outcome of microbiological results 
following cat bite injuries and (2) the detection of bacterial 
growth leads to higher complication rates, longer hospital 
stays, longer total treatment time, or higher total treatment 
costs.

Methods

The present study represents a single-center retrospective 
study assessing data of adult patients (> 18 years) with cat 
bite injuries treated between January 2014 and December 
2019. Data represents the same cohort as reported by Schär 
et al. [17] Inclusion criteria were cat bite injuries to the 
hand and forearm, primary treatment at our medical center, 
a microbiological workup, and a complete dataset. Patients 
with previous surgery in another hospital and cases with 
incomplete data were excluded. A total of 123 cases were 
identified. The local ethical committee and the department 
for research approved the study (KEK-BE: 2018-02076).

The standard treatment pathway for bite injuries includes 
surgical treatment, antibiotic treatment, and immobilization. 
The criterion for surgical treatment was the occurrence of 
one of the following signs or symptoms: severe local pain, 
erythema extending > 2 cm from the bite, swelling around 
the bite, secretion of pus, fever, increasing lymphangitis 
despite conservative treatment (immobilization antibiotic 
administration, local cooling). All cases were surgically 
treated, and microbiological samples were cultivated during 
the surgical debridement.

The following variables were recorded: Demographic 
data, time from bite incident to first clinical presentation, 
time to surgery (delay to surgery), time from bite incident to 
antibiotics administration, time of antibiotic administration 
before surgery, the total length of antibiotic treatment, 

complications, duration of hospital stay, incapacity for work, 
total time of treatment, treatment costs and microbiological 
outcome (neg/positive), were assessed. Both inpatient care 
and outpatient service costs were calculated as previously 
described [17].

Statistical analyses were conducted in R Studio 
2022.07.1 + 554 (R v4.0.0), with P 0.05 considered 
statistically different. Results indicate the mean and the 95% 
standard deviation (SD). The ‘glm’ function was used to fit a 
linear regression model using the microbiological outcome 
(neg = 0 and positive = 1 as dependent and the other recorded 
data points as independent variables.

Patients with positive (proof of bacteria in cultivated 
surgical samples) and negative microbiological results (no 
bacterial identification in cultivated surgical samples) were 
compared. For comparison, an unpaired non-parametric 
t-test (Wilcoxon matched-pairs signed rank test) was 
conducted for numeric and a Fisher’s exact test for binary 
data.

Results

In the 6-year period, 123 patients with cat bite injuries to 
the hand and forearm were identified. No microbiological 
workup was available for twenty patients, and in one patient, 
the bite location was other than the hand/forearm. This led to 
the exclusion of 21 cases. In total, 102 cases were identified 
for further analysis. Two groups were formed. Group I 
(n = 62) represents all cases with positive bacterial growth 
in the microbiological workup. Group II (n = 40) represents 
all cases without bacterial growth in the microbiological 
workup.

The population’s median age was 50 (SD 16), and 73% 
were female. Of the 102 patients, 90% suffered an isolated 
injury to the hand, 4% an isolated injury to the forearm, 
and 6% a combination of hand and forearm. All included 
patients received antibiotic treatment, 78% amoxicillin/cla-
vulanic, 5% clindamycin, 2% doxycycline, and 16% com-
bined antibiotic therapy (Fig. 1a). Microbiological workup 

Fig. 1   a Identified bacterial family and b administered antibiotic treatment
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of tissue samples collected during surgery revealed the 
growth of 53% Pasteurella multocida, 2% Staphylococ-
cus aureus, 2% skin flora, 2% upper airways flora, 1% 
Neisseria species, and 1% Fusobacterium species together 
referred as “others” in Fig.  1b. The following data is 
reported in Table 1: demographic data, time from bite inci-
dent to first clinical presentation, time to surgery (delay to 
surgery), time from bite incident to antibiotics administra-
tion, time of antibiotic administration before surgery, the 
total length of antibiotic treatment, complications, dura-
tion of hospital stay, incapacity for work, total time of 
treatment, treatment costs and microbiological outcome 
(neg/positive). Nine (9%) patients required a 2nd look 
revision surgery. Eighty-eight patients suffered from iso-
lated soft tissue infections. Fourteen patients (14%) suf-
fered from at least one of the following complications: 
Arthritis (n = 7), tendon injury (n = 2), open joint injury 
(n = 2), phlegmon (n = 1), osteomyelitis (n = 1), complex 
regional pain syndrome (n = 1), critical tissue loss requir-
ing skin transposition (n = 1), nerve contusion (n = 1). 

A generalized linear model was fitted to test whether one 
recorded value could predict the microbiological outcome 
(positive vs. negative). The results are reported in Table 2. 
None of the evaluated dependent variables significantly 
predicted the microbiology outcome (neg/positive). The 
analysis did not reveal significant differences between the 
two groups (pos. vs. neg. microbiological workup).

Discussion

This single-center retrospective study analyzed 102 cases 
of cat bite injuries to the hand and forearm. All reported 
cases were treated with antibiotics and surgery, including 
microbiological workup of collected tissue samples. 
Bacterial growth was observed in 61% of the analyzed 
samples. This aligns with the results of other groups 
identifying bacterial growth in 57–86% of all studied 
microbiological cultures [4, 11, 15, 19, 21]. With 53% of all 
positive cases, Pasteurella multocida was the predominant 
identified bacteria in our study cohort. Pasteurella species 
occur in up to 90% of the normal oral flora of cats [11, 15]. 
The Gram-negative, facultatively anaerobic, and non-spore-
forming pleomorphic coccobacillus is known to be one of 
the major causes of infections following cat bite injuries [1, 
16]. Its portion in infected cat bite injuries ranges from 35 to 
70% [4, 11, 15, 19, 21]. Primarily the subspecies Pasteurella 
multocida has been associated with a more severe course 
of infection [6]. An infection with Pasteurella multocida 
usually results in local inflammation and cellulitis within 
3–6 h after the bite [13, 20]. The proportion of infections 
caused by Pasteurella multocida (53%) was comparable to 
other studies with a scale of 35–70% [11, 15, 21].

Pasteurella multocida is susceptible to many antibiotics, 
including amoxicillin-clavulanate, ampicillin, penicillin, 
tetracycline, azithromycin, chloramphenicol, or doxycy-
cline are a few options available. Importantly, Pasteurella 

Table 1   Comparison of identified variables among the two groups

a  Self-employed and retired patients excluded

Study population (n = 102) Groups

Group I: positive 
microbiological workup 
(n = 62)

Group II: negative 
microbiological workup 
(n = 40)

p value

Age 50 (SD 16) 50 (SD 17) 49 (SD 15) 0.78
Gender (% female) 73 69 78 0.50
Time from bite incident to the first presentation 

(days)
1.3 (SD 1.9) 1.3 (SD 1.8) 1.3 (SD 1.9) 0.26

Time from bite incident to antibiotics 
administration (days)

1.2 (SD 1.9) 1.2 (SD 1.9) 1.3 (SD 1.9) 0.39

Time from bite incident to surgery (days) 3.0 (SD 3.7) 2.7 (SD 3) 3.6 (SD 4.2) 0.25
Begin of antibiotics before to surgery (days) 1.8 (SD 3.2) 1.5 (SD 2.5) 2.3 (SD 4.2) 0.42
Total length of antibiotic treatment 11.7 (SD 8.7) 12.1 (SD 9.9) 11.2 (SD 6.4) 0.85
Complications (%) 13.7 (n = 14) 11.1 (n = 7) 17.5 (n = 7) 0.39
Outpatient treatment (%) 14.3 (n = 29) 27 (n = 17) 30 (n = 12) 0.82
Duration of hospital stay (days) 3.1 (SD 2.2) 3.3 (SD 2.5) 2.8 (SD 1.5) 0.68
Inability to work (days)a 36 (SD 76) (n = 51) 41 (SD 96) (n = 28) 30 (SD 41) (n = 23) 0.98
Total time of treatment (days) 43 (SD 68) 47 (SD 80) 37 (SD 43) 0.56
Total treatment costs (CHF) 7232 (SD 8446) 6817 (SD 6293) 7875 (SD 11050) 0.98
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multocida is resistant to erythromycin and not sensitive to 
flucloxacillin and fluoroquinolones [11, 12]. Because of the 
frequency of mixed infections, including anaerobic bacte-
ria, amoxicillin/clavulanic represents the most recommended 
first-choice antibiotic treatment for cat-bite injuries [5, 11]. 
In the reported cohort, 78% of the patients received amoxi-
cillin/clavulanic, followed by clindamycin (5%) and doxycy-
cline (2%). The mean antibiotic treatment time in this cohort 
was 11.7 days.

In 39% (n = 40) of the reported cases, there was no 
bacterial growth in the microbiological workup. There are 
different potential reasons for this finding. The antibiotics 
or the immune system had already eradicated the bacteria 
when the sample was taken during surgery. In favor of 
this explanation, other authors reported that prophylactic 
antibiotic administration could reduce the infection rate after 
cat-bite injuries [11]. However, there was no association 
with antibiotic administration before sample taking and a 
negative microbiological outcome in our cohort. Secondly, 
the culture of the Pasteurella species is challenging [11]. It 
is, therefore, possible that the bacterial load on the collected 
sample was too low to initiate colony formation in tissue 
culture. Thirdly, sampling error might have occurred when 
the tissue sample was taken at a location in the wound 
without bacterial colonization.

Nevertheless, given the local soft tissue inflammation, all 
patients with a negative microbiological outcome received 
surgical treatment. The question is whether the enucleated 
bacteria caused the inflammation of the local soft tissue. As 
the adaptive immune response takes effect after 4–7 days, 
the innate immune response is critical in controlling infec-
tions during the first period [9]. In the 40 cases with a nega-
tive bacterial outcome, the average time from the bite inci-
dence to surgical treatment was 3.6 days (2.7 days in the 
group with positive bacterial growth). This might indicate 

that the innate immune response carried out the fight against 
potentially enucleated bacteria. If this response were ade-
quate, one would expect a positive clinical course without 
requiring surgical intervention. Surgical treatment in all 
40 cases indicates an insufficient defense. However, in this 
case, one would expect a positive outcome in the microbio-
logical workup. Hence, there might be a different reason 
for the ongoing local tissue inflammation. It is possible that 
the bacteria-triggered immune response prolongs following 
successful eradication or that the bacterial load is too low to 
be detected but high enough to maintain the inflammatory 
response. Eventually, agents other than bacteria within the 
cat’s saliva might also trigger the inflammatory response. Of 
note, there is no literature supporting this hypothesis.

This study has limitations. We report only cases referred 
to our hand unit, which does not represent all cat bites in our 
geographic area during the investigation. Given the inclusion 
criteria, only cases with available microbiological workup 
were included. All reported patients received surgical and 
antibiotic therapy. A group with either isolated surgical 
or antibiotic treatment would have been ideal as a control 
to answer the study question. Moreover, we may report 
severe cases in which a non-surgical treatment was not 
considered. No data were available to test whether a negative 
microbiological outcome was associated with less severe 
clinical cases.

Conclusions

A positive microbiological outcome was found in the 
reported cohort in 61%. The most common pathogen was 
Pasteurella multocida (53%), followed by Staphylococcus 
aureus (2%) and skin flora (2%). A negative microbiological 
outcome was not associated with a shorter time of antibiotic 

Table 2   Outcome of the generalized linear model using the microbiological workup (positive vs. negative) as the dependent variable

Independent variable Odds Ratio SD error p value Lower 2.5% Upper 97.5%

Age 0.99 0.02 0.73 0.96 1.03
Gender 1.99 0.55 0.21 0.68 5.98
Time from bite incident to the first presentation 1.89 0.51 0.21 0.74 5.68
Time from bite incident to antibiotics administration 0.21 1.61 0.34 0.01 7.03
Time from bite incident to surgery 2.00 1.49 0.64 0.07 56.38
Begin of antibiotics before surgery 0.39 1.50 0.53 0.01 10.89
Total length of antibiotic treatment 1.00 0.05 0.97 0.91 1.13
Complications 12.89 1.42 0.07 1.05 301.94
Outpatient treatment 3.06 0.71 0.12 0.77 12.78
Duration of hospital stay 1.09 0.19 0.66 0.75 1.62
Inability to work 0.99 0.01 0.92 0.98 1.02
Total time of treatment 0.99 0.05 0.50 0.99 1.02
Total treatment costs 0.97 0.01 0.90 0.89 1.08
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administration or a lower frequency of complications. 
Taken together, our data do not suggest that early antibiotic 
administration, delayed surgical treatment, or antibiotic 
administration before microbiological sample collection 
impacts the outcome of the microbiological workup 
following cat bite injuries to the hand and forearm. The 
microbiological outcome did not affect the complication 
rate, treatment time, and total treatment costs. The local 
tissue conditions required surgical treatment in all reported 
cases, including 39% with a negative biological outcome. 
This might indicate that bacteria are not the only pathogen 
in cat saliva.
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