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Abstract
The intraoperative contamination of the surgical wound is a veterinary issue as it is closely related to surgical
practices. It can originate from the patient’s endogenous flora, from the breakage of the sterility barrier or from the
surrounding environment. This study aimed to assess the incidence, associated factors and bacteria isolated from 64
surgical wounds in dogs and cats that underwent surgery. It was also evaluated the influence of two different types of
incisional surgical drapes, with and without Betadine®, for the control and the protection of the surgical site. It was
found that, at the end of the surgery, 54% of the surgical wounds were contaminated and it was also demonstrated that
adhesive surgical drapes play a crucial role in reducing the percentage of contamination. The most frequently isolated
bacteria were: Staphylococcus spp., Gram-negative, oxidases-positive and bacilli. Therefore, according to these
results, a thorough analysis of the risk factors and the development of innovative techniques and instruments are
necessary to maintain the intraoperative bacterial load at sub-pathogenic levels.
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INTRODUCTION

Endogenous bacteria include microflora
residing in the superficial skin or in the deeper
layers (subcutaneous, muscle or internal
organs) and include aerobic and anaerobic
bacteria, Gram-positive (e.g. Staphylococcus
spp.), and Gram-negative, depending on the
surgical area. Bacteria of exogenous nature can
contaminate the surgical field from the
surrounding environment (aerosol) or as a
consequence of sterility barrier breakage and
are mainly aerobic, especially Gram-positive
(e.g. Staphylococcus spp. and Streptococcus
spp.) (Tschudin-Sutter et al., 2012; van Ek et
al., 1986; Bucur et al., 2015; Zapryanova et al.,
2013).
In addition to the species mentioned above, it is
sometimes possible to find the presence of
Micrococcus spp., Corynebacterium spp. and
Bacillus spp. as well as Gram-negative species
such as Stenotrophomonas maltophila,
Burkholderia cepacia and Pseudomonas spp.
(Geiger et al., 2001).
Microbial contamination of the surgical site is,
therefore, a necessary but not the only

Maintaining conditions of surgical sterility,
combined with a preoperative protocol and the
use of optimal surgical practices, is of
paramount importance to prevent potential
contamination of the surgical field.
Contamination of the surgical field refers to the
presence, at the end of the surgical procedure,
of microorganisms capable of altering healing
processes. If the population of microorganisms
is protected, the contaminated wound will
become infected (Ahrendt et al., 1996;
Cochrane, 2010).
Surgical site infection (SSI), could be a
consequence of contamination and lead to
postoperative complications of different
severity that require extended management of
the surgical wound with an increase of the cost
by the owner (Nelson, 2011; Nishikawa et al.,
2008).
Bacteria isolated at the end of surgery can be
endogenous or exogenous (Edmiston et al.,
2005; Oguz et al., 2017).
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precursor to the development of infections,
underlining that not all contaminated wounds
result in the subsequent infection (Nishikawa et
al., 2008).
The predisposing factors for contamination are
related to the patients themselves (age,
concomitant pathologies, endocrines disease)
and their management during the pre and
intraoperative phases (Graf & Vonberg, 2014;
Haridas & Malangoni, 2008; Malone et al.,
2002; Mangram et al., 1999).
In the preoperative phases, the use of
trichotomy,
scrub
and
antimicrobial
prophylaxis protocol aims to reduce the
microbial load and keep it at sub-pathogenic
levels for the duration of the surgery (Classen
et al., 1992; Fossum, 2013; Junker et al., 2012;
Neihaus et al., 2011).
In the intraoperative phases, however, it is
necessary to check temperature, oxygenation
and any complications - such as hypotension or
bleeding - that affect the microcirculation of the
wound (Eugster et al., 2004; Greif et al., 2000;
Pokrywka & Byers, 2013).
Factors not related to the patient that can
influence the degree of contamination are the
duration of the surgery, anaesthesia and the
operating room (OR) ventilation (Edmiston et
al., 2005; Leong et al., 2006).
To reduce and prevent bacterial translocation, it
is furthermore possible to use adhesive surgical
drapes, whether or not impregnated with
betadine, which form a semi-occlusive physical
and chemical barrier (Owen et al., 2009;
Yoshimura et al., 2003).

cefazolin (30 mg/kg intravenous [IV]) 30 min
before the incision and every 90 min during
surgery. The same aseptic preparation protocol
was used for all patients: the animal's skin was
cleaned, using sterile gloves, with the
alternating application of 10% iodopovidone
(Betadine®) and alcohol, completing the
procedure with an iodine spray solution. The
preparation of the surgeon and assistants was
performed according to the protocol and
asepsis standards.
The contamination of the wound was assessed
through two samples: the first one was
collected at the level of the presumed surgical
access immediately before the incision, using a
dry sterile swab, with a vigorous rubbing for 510 seconds alternating clockwise and
anticlockwise movements. The second sample
was collected immediately before the
completion of the cutaneous suture. In addition
to the swabbing, two other samples were taken
by fine-needle aspiration and skin biopsy
(Figures 1-3).
A sterile syringe was used for the needleaspiration with 2-3 aspiration performed at the
margins of the surgical wound.
Skin biopsy was sampled by resecting of
approximately 1 mm of skin from the wound’s
margin and was placed in a sterile tube.

MATERIALS AND METHODS
The data for this study were systematically
collected from dogs and cats undergoing a
surgical procedure at the University Veterinary
Teaching Hospital (OVUD) of the University
of Perugia between March 2019 and September
2019 for a total of 51 animals (40 dogs, 11
cats) and 68 surgical wounds.
The same induction protocol and an extensive
trichotomy of the area undergoing surgery were
carried out in all the subjects by using shearing
machines in the preparation room before
carrying the animal to the operating room.
A standard antimicrobial prophylaxis protocol
was used and involved the administration of

Figure 1. Preoperative swab
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For results within this range, logistic regression
was performed to determine the Odds ratio of
the potential wound contamination factors.
RESULTS AND DISCUSSIONS

Figure 2. Postoperative fine-needle aspiration

Figure 3. Postoperative skin biopsy

The samples, adequately sealed and uniquely
identified, were subject to bacteriological
examination within 24 h.
All the samples were firstly placed in 1 ml of
TSB (Tryptone Soya Broth) and incubated at
37°C for 24 h. Subsequently, the samples were
streaked onto Blood Agar, Mannitol Salt Agar,
MacConkey Agar (Liofilchem®), and then
incubated aerobically at 37°C for 24-48 h.
The isolated colonies were evaluated based on
morphological, dyeing and characteristics.
Lastly, they were identified using miniaturised
biochemical systems (API- Biomerieux®) in
accordance with work protocols provided by
the manufacturer.
Statistical Methods
The statistical analysis initially envisaged the
calculation, using descriptive statistics, of mean
and median for continuous data and frequency
for categorical data. Subsequently, the χ2 test
with Yates correction was used, with two-way
tables, to compare all the categorical variables
considering the p-value < .05 and < .10.

Factors related to the patient (species, sex, age,
weight) and to the surgical procedure (the type
of surgery, duration of surgery and anaesthesia,
use of surgical adhesive drape and its possible
misplacement at the end of the procedure,
complications during surgery) were analysed
for each case included in this study.
51 animals were sampled between dogs (n = 40;
78.48%) and cats (n = 11; 21.52%) for a total of
68 surgical wounds (dog n = 52; cat n = 16).
Those cases in which two or more surgical
accesses were foreseen for the same animal
were analysed as two distinct cases.
Out of the 68 surgical wounds sampled, four
were excluded from the study because a
positive result was detected at the first postscrub sampling due to an emergency (n = 1) or
an incorrectly performed scrub (n = 3).
Table 1 shows the data collected concerning
animals and surgery.
The degree of contamination found in the 64
surgical wounds analysed was 54% by
assessing the positivity to at least one of the
diagnostic tools used. It was also highlighted
that the swab, despite being the most widely
used tool in clinical practice to assess possible
contamination, is less sensitive (11%) than
fine-needle aspiration (32%) and skin biopsy
(50%). (Parikh et al., 2007; Seidel & Bunse,
2017). A total of 29 cases had a negative
postoperative swab, needle aspiration and skin
biopsy (46%).
Table 1. Distribution of Patients and Intervention
Characteristics (Quantitative)
Median (Average)
Age of dogs in years
3 (5.0)
Age of cats in years
2 (2.2)
Weight of dogs in kg
27 (27.5)
Weight of cats in kg
3.3 (3.3)
Duration of surgical intervention of
100 (106)
dogs in minutes
Duration of surgical intervention of
113 (136)
cats in minutes
Duration of anaesthesia of dogs in
187.5
minutes
(180)
Duration of anaesthesia of cats in
140 (143)
minutes
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High contamination at the end of the surgery is
not always associated with infection as the
defensive mechanisms are able to ensure
normal wound healing even in the presence of
bacteria (Nishikawa et al., 2008).
The increased sensitivity of the skin biopsy
may be due to the type of sampling as more
material need to be taken.
The major issue associated with the use of skin
biopsy is related to the difficulties on suturing
and to the consequence cosmetic results:
however, this problem was never encountered
within this study because the skin sample was
minimal (2 x 1 mm) and did not affect a
conventional suture pattern.
The most isolated species, as shown in Table 2,
belong to the genus Staphylococcus, mainly
coagulase-negative staphylococci (28%), such
as Stapylococcus xylosus, S. chromogenes, S.
lentus, S. saprophyticus, S. epidermidis and S.
simulans (Hsieh et al., 2014; Tschudin-Sutter et
al., 2012).
The specie most frequently isolated was
Staphylococcus pseudintermedius, found in 7
surgical wounds (10%). Other bacteria isolated
include Gram-negative, oxidase-positive, like
Pseudomonas aeruginosa, Strenotrophomonas
maltophila,
Burkholderia
cepacia
and
Pasteurella spp., Streptococcus canis, which is
not commonly found in the skin, is very often
associated with infectious processes.

for pathogenetic characteristics (Andrade et al.,
2016).
Coagulase-negative staphylococci, as well as
the different species of bacilli, are in most
cases considered as minor contaminants, with
little or no pathogenetic role: they are rarely
protagonists and isolated from outbreaks of
infection. Different considerations can be made
for Pseudomonas spp., Stenotrophomonas
maltophila and Burkholderia cepacia which,
besides presenting an innate resistance to
antibiotics, are very often associated with
outbreaks of infection, altered healing
processes and lung problems (Geiger et al.,
2001).
Staphylococcus pseudintermedius, E. coli and
Staphylococcus aureus, on the other hand, are
the most frequently isolated bacteria from
infectious outbreaks (Mangram et al., 1999;
Owen et al., 2009).
For this reason, although it is challenging to
associate and assess, from a clinical point of
view, the presence of certain bacteria at the end
of the surgical procedure and subsequent
inflammatory/infectious
phenomena,
the
presence of these species should be a warning
sign for the monitoring and prophylaxis of the
wounds themselves.
Although their use is controversial, this study
showed a statistically significant reduction
(OR = 3.327; CI = 95%; P = 0.028) in the
frequency of contamination linked to the use of
the surgical adhesive drape, with or without
betadine. It was also shown that the betadine
drape leads to a 3.6-fold reduction in
contamination (OR = 3.6735; CI = 90%;
P = 0.0501).
The results obtained with the use of betadine
surgical drapes showed how combining both
physical and chemical protection ensures a
cleaner surgical procedure, as demonstrated in
other scientific studies (Fairclough et al., 1986;
Yoshimura et al., 2003).
A reduction in the effectiveness of the adhesive
drape was observed when at the end of the
surgery, a shift from the initial position had
been reported (Figures 4, 5).

Table 2. Bacteria isolated from post-operative samples
Pathogen
Coagulase-negative
staphylococci
Staphylococcus
pseudintermedius
Staphylococcus aureus
Bacillus spp.
Gram ‒, oxidase +
Escherichia coli
Streptococcus canis

Swab
5

Fine needle
aspiration
17

3

6

-

1
1
1
1
-

Skin
biopsy
5
3
-

23
6
1
2
7
1
1

Lastly, although with very low frequencies,
populations of bacilli (Bacillus spp.) and in one
case of Staphylococcus aureus were also
found.Associating the presence of certain
bacteria to the surgical site infection has not
been demonstrated yet due to the amount of
postoperative variables that can come into play,
while it is possible to analyse isolated species
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The different degrees of contamination
obtained with the various types of surgical
drapes also lead to commenting on the
aetiology of bacterial contamination that can
originate from: the patients themselves, the
surgeon (failure of asepsis barriers) or from the
surrounding environment. The use of adhesive
drape is considered a physical barrier, reducing
the skin surface exposed to the external
environment; nevertheless, the betadine drape
is capable of reducing the growth of the
microbial flora keeping it at sub-pathogenic
levels.
Table 3. Positive samples with each surgical drape
Dogs (%)
Cats (%)
Postoperative swab
+ (%)
Postoperative fineneedle aspiration +
(%)
Postoperative skin
biopsy + (%)

Figure 4. The adhesive drape is closely attached
to the skin

Figure 5. The adhesive drape turns
out to be moved in several places

In the case of a misplaced adhesive betadine
drape, the percentage of contamination was
60% compared to 33% of non-displaced. In the
case of a misplaced adhesive drape, the
positivity after misplacement was 54%
compared to 36% of non-displaced (Table 3;
ASDB = Adhesive surgical drape with
betadine; ASBWB = Adhesive surgical drape
without betadine).
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ADSB
11 (22%)

ADSWB
21 (40%)

6 (37.5%)
0/17 (0%)
5/17
(30%)

2 (12.5%)
3/22
(13%)
5/22
(22%)

No Film
20
(38%)
8 (50%)
4/25
(16%)
11/25
(22%)

6/17
(35%)

9/22
(40%)

17/25
(68%)

In order to approximately evaluate the
influence of the environmental, it was
considered the number of working staff present
in the operating room (average = 8). This high
number was due to the fact that being a
primarily didactic structure, many students are
attending the surgery or anaesthesia.
No statistically significant associations were
found between the degree of contamination and
variables such as species (cat = 62.5%; dogs =
52%), sex (male = 59%; female = 50%), age (<
4 years = 59%; > 4 years = 41%) and weight (<
10 kg = 60%; > 10 kg = 54%).The duration of
surgery, anesthesia and the hypothermia are
considered to be the most involved factors in
the development of contamination and
infection: any clean procedure lasting more
than 90 min is considered to be contaminated
with values increasing as the duration of the
surgery extends (Beldi et al., 2009; Dellinger,
2011). No significance was highlighted between the duration of the surgery and the wound
contamination, which appeared to be greater in
surgery under 90 min (57% vs. 51%). Also for
anesthesia, there was a higher frequency of
contamination in procedures under 120 min
(62.5% vs 50%) (Beal et al., 2000).

Hypothermia
causes
peripheral
vasoconstriction
with
reduction
of
subcutaneous oxygen tension. It also
compromises the subject's immune response. It
was demonstrated in a randomised trial that the
rate of surgical site infection tripled if the
temperature dropped by 1.9°C from 36.5 to
34.6 (Kurz et al., 1996).
Patients showed hypothermia during surgery in
14 cases (22%) with a minimum temperature of
33°C (average = 34.6°C) although no
statistically significant correlation with wound
contamination was detected.
In literature hard tissue surgeries are considered
more contaminated, because of the necrotic
tissue present, necessary manual skills and the
longer surgery and anaesthesia times (Cruse &
Foord, 1980; Inacio et al., 2014; Kopp et al.,
2015).
In this study soft tissue surgeries (n = 32; 21
wounds in the dog, 11 in the cat) compared to
hard tissue surgeries (n = 32; 27 in the dog, 5 in
the cat) were, although without obvious
statistics, more contaminated than surgeries
involving hard tissue (62% vs 50%).
In 25 subjects, with a total of 29 surgical
wounds, intraoperative complications occurred:
hypotension developed in 9 cases and more or
less intense bleeding was reported in 6 cases.
There was a higher contamination in subjects
who, during the procedure, showed one or
more complications, even if a statistical correlation has not been demonstrated; among these,
hypotension was most incriminated, having
high percentages of bacterial contamination
(15% in the swab, 46% in the needle aspiration
and 70% in the skin biopsy).

intraoperative contamination of the surgical
site.
Based on the isolated aetiological agents, it can
be assumed that both endogenous and
exogenous bacteria cause the contamination of
the surgical wound. Contamination represents
only one of the precursors of bacterial
infection: in Veterinary Medicine attention
must, therefore, be paid to wound management
even in the postoperative period, considering
that bacteria isolated from infectious outbreaks
are not always present at the end of surgery.
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