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Abstract

Objective: Evaluation of the role of indicator pathogens in equine surgical site infection
(SSI) and other infection-promoting factors.

Study design: Cross-sectional study.

Animals: Horses presenting with an open injury or surgical colic during 1.5 years.
Methods: A nasal swab and a faecal sample were collected from every patient upon
admission. Furthermore, a wound swab was collected from wounds of injured horses.
Details on the wounds and procedures were documented. Laparotomy incisions and
injuries were monitored for signs suggesting infection.

Results: In total, 156 horses presented because of a surgical colic (n = 48) or open
injuries (n = 108). Thirteen surgical colic patients and three injured horses did not
survive beyond 24 h, and four injured horses were discharged from the clinic at the
day of admission. SSls occurred in 31 (30.7%) injured horses and 11 (31.4%) horses
after laparotomy. Regarding injuries, general anaesthesia increased the risk of devel-
oping a WI compared to sedation. Indicator pathogens were cultured from 29/42 SSI.
Intotal, 10/11 infected laparotomy incisions and 19/31 injuries with SSI tested positive
for multidrug-resistant pathogens (MDRPs) . Indicator pathogens were not detected at
admission in any of the horses that developed incisional SSls after laparotomy but were
detected in two of the injured horses that developed SSls.

Conclusion: MDRPs were identified in almost 70% of the SSI. Less than 5% of the
affected animals were colonized with the same pathogen before admission, indicat-
ing that colonization with MDR pathogens is only one of the crucial factors for the
development of SSI.

Clinical significance: Colonization with MDRP seems not to predispose horses to MDR
SSls.
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1 | INTRODUCTION

Surgical site infections (SSls) lead to impaired wound healing and are a
common problem in hospitalized horses especially after median laparo-
tomy or traumatic injuries (Mair & Smith, 2005). They are often caused
by multidrug-resistant pathogens (MDRPs), including methicillin-
resistant Staphylococcus aureus (MRSA), extended-spectrum beta-
lactamase-producing Enterobacterales (ESBL-E) and Acinetobacter bau-
mannii (Bergstrom et al., 2012; Boerlin et al., 2001; Cuny et al., 2006,
2008; Dallap Schaer et al., 2010; Damborg et al., 2012; Dargatz &
Traub-Dargatz, 2004; Ekiri et al., 2009; Henninger et al., 2007; Seguin
et al., 1999; Van den Eede et al., 2012; Walther, Libke-Becker et al.,
2008; Walther, Wieler, et al., 2008; Weese & Lefebvre, 2007), which
cannot only be found in the environment but may also be a part of
the body’s own microbiota (Weese, 2008). Further examinations of S.
aureus isolated from equine SSI collected in multiple clinics in Germany
revealed that 41% (57/138) actually were MRSA (Vincze et al.,, 2014).
Furthermore, horses are increasingly colonized with ESBL-E (Maddox
et al.,, 2012; Walther et al., 2018a). Various factors influence the risk of
developing SSI for an individual animal of which several have been iden-
tified previously for small animals (Brown et al., 1997; Eugster et al.,
2004). These factors included the clinical status (e.g. weight, immune
status and age) and surgical aspects (duration of the operation, surgical
skills of the surgeon, clipping of the surgical field, the number of peo-
ple in the operating room, the condition of the tissue operated on, the
degree of contamination and subsequent wound management) as well
as the period of hospitalization (Brown et al., 1997; Eugster et al., 2004;
Hamilton et al., 1977; Nicholson et al., 2002; Suzuki et al., 1984). In
this study, we investigated the hypothesis that colonization with MDRP
may predispose horses to SSls caused by MDRP.

2 | MATERIALS AND METHODS

2.1 | Ethical approval

According to the statement of the responsible regulations for research
with animal subjects, which was made before the start of the study,
taking swabs from anterior nasal cavity of equine patients at hospi-
tal admission in the context of a hygiene evaluation did not require

approval.

2.2 | Study population

All horses that presented to the clinic because of a surgical colic or an
open injury over a time period of 1.5 years (April 2014-October 2015)
were included as study participants. The signalment was recorded for
every patient. All horses were examined and treated according to the
current standard of the clinic. The horses were not followed after hos-
pital discharge; however, owners were asked to contact the clinicin the

case of developing complications.

2.3 | Data extracted
The localization, age, extent of the wound (length, width, depth) and
degree of contamination in injured horses and whether the injury
was surgically managed standing or under general anaesthesia were
extracted.

The length of the incision was recorded in colic patients undergoing
laparotomy.

Pretreatment with antibiotics and/or non-steroidal anti-
inflammatory drugs was documented for all horses as was the
treatment with these drugs during the hospital stay. The length of
hospitalization was recorded for each horse. Parts of a day the horse
spent at the clinic counted as a whole day, that is the day of admission
and day of discharge were also included in the evaluation as a whole

day.

24 | Surgery

Details of the type of surgery, diagnosis, duration of surgery, surgeon,
anaesthesia and intraoperative medication were documented for each
patient.

As perioperative antimicrobial prophylaxis, for colic surgery, amox-
icillin (10 mg/kg BID) and gentamicin (6.6 mg/kg SID) were prescribed.
If no adverse effects were observed, the treatment was continued for a
total of 5 days.

In injured horses, the use of a perioperative antibiotic prophylaxis
was prescribed at the discretion of the responsible veterinary surgeon
depending on extent and contamination of the wound.

2.5 | Surgical site infection

Both the incisions of horses undergoing laparotomy and injuries were
clinically examined every 2-3 days for signs suggesting infection (calor,
dolour, rubor, tumour, functio laesa, exudation) as part of the active
surveillance of postoperative SSls. Furthermore, the body temperature
was monitored at least twice daily. In the case of exudation and/or
dehiscence, a sample was taken from the exudate and/or the dehiscent
part of the sutures. Regarding SSI, the day of occurrence and the clinical
parameters were documented. This included the depth of the infec-
tion (skin and subcutaneous tissue, fascia layer and muscle tissue, or
organs/body cavities that were opened during the operation), whether
the infection occurred during hospitalization, at the home stable or at

readmission.

2.6 | Microbiological examinations
A nasal swab and a faecal sample were collected from each horse for
microbiological examination within 120 min of arrival at the clinical

facilities. A sample was also obtained from the centre of the wound
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ininjured horses. Samples from infected wounds were collected either
from the centre of the wound in case of injuries or directly from the
infected part of the laparotomy incision. A sterile swab for nostrils and
wounds (Mastaswab, Copan Italia SpA, Via F. Perotti, 10-25125 Bres-
cia Italy) and a conical polypropylene container (120-ml capacity) with
a red screw cap and sample sterile spatula (VWR, International bvba,
Geldenaaksebaan 464-B-3001 Leuven) for the faecal sample were
used for sample collection. Samples were stored between 5 and 7°C
and transported to the Institute of Microbiology and Epizootics as fast
as possible, that is on the same day or on the following day, at the lat-
est. All samples were screened for ESBL-E, MRSA and A. baumannii as
indicator pathogens.

All faecal samples, nostril swabs and wound swabs were initially
cultured on Columbia agar with 5% sheep blood (bioMérieux, Ger-
many), Brilliance ESBL Agar (Thermo Scientific Germany), CHROMa-
gar Acinetobacter (Mast Diagnostica, Germany) and chromID MRSA
(bioMérieux, Germany) agar plates overnight.

Species confirmation was achieved by matrix-assisted laser
desorption/ionization-time of flight (MALDI-TOF) mass spectrometry
(Bruker, Germany).

Colonies showing characteristic growth signatures of ESBL-E on
chromogenic screening plates were further investigated. In case of
Escherichia coli or Klebsiella pneumoniae growing on the plates, the
isolates were additionally subjected to the ESBL confirmatory test
according to the Clinical and Laboratory Standards Institute (CLSI)
recommendations (Clinical and Laboratory Standards Institute (CLSI,
2012).

For all S. aureus isolates growing on the screening plates, detection
of the mecA (Merlino et al., 2002) or mecC (Cuny et al., 2011) gene was
performed by PCR as described before.

Antimicrobial susceptibility testing using the VITEK2 system
(BioMérieux, Germany) was performed according to the standards
given by the CLSI VET01-A4 and M100-S21 (CLSI, 2011, 2013).

Bacterial isolates were classified as multiresistant following pub-
lished definitions (Schwarz et al., 2010).

2.7 | Statistical evaluation

The statistical evaluation was performed with IBM SPSS Version 25
(SPSS Inc., Chicago, lllinois, USA). The chi-square test or Fisher’s
exact test (if at least 25% of the cells with expected counts <5) was
used to compare frequencies and crosstabs across categories. Odds
ratios (OR) were calculated, including 95% confidence intervals (95%
Cl) whenever possible. Distribution of continuous data was assessed
by visual inspection (histogram, Q-Q plot, boxplot) and descriptions.
Median and interquartile ranges (IQR) are presented for continuous
but nonparametric data, and mean and standard deviation for normally
distributed data. Quantitative differences between two groups were
investigated using the Mann-Whitney U test assuming nonparametric
distribution or t test assuming normal distribution. p Values less than

0.05 were considered significant.

3 | RESULTS

3.1 | Study population

In total, 48 patients were admitted because of a surgical colic and
108 because of an injury (total n = 156) during the 1.5 years of the
study. In total, 13 of the 48 colic patients that required surgical correc-
tion of a gastrointestinal problem were euthanized intraoperatively or
shortly after surgery (within 24 h). Additionally, three injured horses
were euthanized due to a grave prognosis. Four further injured horses
were discharged from the clinic after initial treatment, as no surgi-
cal procedure was necessary. The following data include the horses
presented for open injuries (n = 101) and surgical colic (n = 35) that
survived surgery beyond 24 h/that remained in the clinic for more
than 24 h.

The median age of the horses was 8 years (IQR 4-15), and there was
neither significant difference between groups (surgical colic: median
8.5 years, IQR 6-15 years; injury: median 8.0 years, IQR 4-15 years;
p = 0.380, Mann-Whitney U test) nor between animals that developed
an SSI (7 years, IQR 4-12.5 years) and those whose wounds healed
unproblematically (9 years, IQR 4-15 years; p = 0.253, Mann-Whitney
U test).

Horses which were presented for surgical colic were significantly
heavier than horses that were presented with an injury (surgical colic:
548.5 kg, IQR 491-587 kg; injury: 471 kg, IQR 371-570 kg; p = 0.010,
Mann-Whitney U test), but there was no significant difference regard-
ing wound healing (SSI: 454.5 kg, IQR 359.5-566.5 kg; unproblematic
healing: 524 kg, IQR 420-578 kg; p = 0.123, Mann-Whitney U test).
Most of the horses presented were warmbloods (n = 74), and other
breeds presented were ponies (n = 27), Western breeds (25), Thor-
oughbreds (n = 9) and Standardbreds (n = 8). There was no significant
difference in breed between the groups (p = 0.563, Fisher’s exact test),
but there was a significant difference in breed (p = 0.046, Fisher’s exact
test) regarding SSI, as Standardbreds and ponies developed SSI more
often than other breeds.

Only afew stallions (n = 14) compared to mares (n = 54) and geldings
(n = 68) presented due to colic or open injuries. No significant differ-
ences regarding group (injured horses vs. colic patients) or infection
were detected (p = 0.587, p = 0.727, respectively, chi-square tests).

The treatment before admission was significantly different between
the groups (injured horses vs. colic patients, p = 0.012, chi-square test;
OR 2.67,95% Cl 1.22-5.82) but not between horses with and without
SSI (p = 0.835). Before admission, horses presenting for open injuries
were treated significantly more often with antibiotics than those
presenting for a surgical colic (p = 0.002, chi-square test; OR 12.5, 95%
Cl 1.6-95.4), whereas surgical colic patients were treated significantly
more often with non-steroidal anti-inflammatory drugs (NSAIDs)
than injured horses (p < 0.001, chi-square test; OR 6.2, 95% Cl 2.7-
14.4). There was no significant difference in the pretreatment with
antibiotics (p = 0.592) and NSAIDS (p = 0.822, chi-square tests each)
between horses with and without SSI (Table 1). Furthermore, there

was no association between antibiotic treatment pre admission and
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TABLE 1 Factors possibly examined for their influence on SSI
Ageinyears
Weight in kg
Pretreatment Antibiotics
NSAID
Hospitalization time (days) Colic
Open injury

Type of anaesthesia (open General anaesthesia

injuries only) Heavy sedation/standing
Duration of surgery (min)

Colonization with indicator Nasal vestibule

pathogens Gastrointestinal tract

Central injury

isolation of indicator pathogens upon admission (p = 0.549, chi-square
test).

Horses were hospitalized for a median of 11 days (IQR 6-18 days,
minimum: 1 day, maximum: 61 days). Horses with injuries were hospi-
talized for a shorter time (median 9.5 days) than those with surgical
colic (median 12 days), but this effect was not statistically significant
(p =0.058, Mann-Whitney U test).

Atotal of 11/35 (31.4%) surviving colic patients developed SSI after
surgery. Due to their SSI, these horses remained hospitalized for 20
days (median; IQR 10-27). This difference was statistically significant
(Mann-Whitney U test, p = 0.016) compared to those surgical colic
patients without SSI (median 11, IQR 8.5-14 days).

Injured patients without SSI were hospitalized for 8 days (median,
IQR 4-14 days). Injured horses with SSI (31/101; 30.7%) stayed for 9.5
days (median, IQR 4-18). Patients with SSIs remained hospitalized for a
significantly longer time (median 18 days, IQR 7-29 days) than patients
with uncomplicated wound healing (p = 0.001, Mann-Whitney U test).

3.2 | Duration of surgery

The duration of surgery was significantly different between the groups
(p = 0.001, Mann-Whitney U test, surgical colic: median 120 [IQR
90-120] min, injuries: median 85 [IQR 60-120] min), but there was
no significant difference in the time of surgery in patients with and
without SSI (p = 0.581, infected: median 90 [IQR 60-120 min],
unproblematic: median 110 [IQR 60-120 min]).

3.3 | Injuries

Most injuries were located at the distal limb (77/101, 76.2%), followed
by truncal (20/101, 19.8%) injuries and head/neck lacerations (11/101,
10.9%). Injured horses were most commonly presented between 1 and
4 h (40/101, 10.0%) or more than 24 h after the insult (32/101, 31.7%).

Wi Uncomplicated p

7 (4-12.5) 9 (4-15) 0.253
454.5(359.5-566.5) 524 (420-578) 0.123
10 20 0.592
12 27 0.822
20(10-27) 11(8.5-14) 0.001
9.5(7-29) 8(4-14)

19 24 0.011
12 46

90 (60-120) 110 (60-120) 0.647
4 4 0.48
7 3 0.86
8 7 0.312

In total, 25 horses were admitted between 4 and 12 h and 10 ani-
mals were admitted 12-24 h after the insult. The time of violation in
one horse was unknown to the owner. Of these 101 horses, 43 were
operated on under general anaesthesia, and 58 were managed stand-
ing. Wounds that were managed under general anaesthesia had a three
times higher risk of developing an SSI when compared to wounds that
were managed standing (p = 0.011, chi-square test; OR: 3.03; 95% Cl
of 1.26-7.30). The localization and age of the injuries were not signifi-
cantly different between horses with and without SSI, although older
wounds showed a tendency to have SSI more often (chi-square test,

p = 0.091 for age of injuries, p = 0.383 for wound localization).

3.4 | Laparotomy

Forty-eight horses required colic surgery for correction of the intra-
abdominal problem. The type of colic and the necessity of enterotomy
and/or resection were not considered for statistical analysis. Thirteen
of these horses were subjected to euthanasia during or shortly after
the surgery (within 24 h). Incisional length was available for 30/35
of the horses (24.7 + 4.0 cm). It was impossible to measure the inci-
sional length in five horses. There was no significant difference in the
incisional length required for laparotomy between horses with and
without an SSI (p > 0.999, t test). A simple wound covering was placed
after the laparotomy which in most horses had to be replaced after

recovery.

3.5 | Surgical site infection
A total of 42 SSls occurred. SSls occurred in 11/35 (31.4%) colic
patients after median laparotomy and in 31/101 (30.7%) injured
patients.

Most SSls involved skin and subcutaneous tissue (34/42, 81.0%),
and 8/42 (19.0%) involved the fascia and the muscles. The diagnosis of
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TABLE 2 Overview of the indicator pathogens cultured from patients upon admission and from surgical site infections

Sampling site
Nasal vestibule All (n=142)
Colic(n=34)
Injury (n = 108)
All (n=108)

Colic (n = 10)

Feces

Injury (n = 98)
Injury (n = 108)
All (n=42)
Colic(n=11)

Wound

Surgical site infection

Injury (n=31)

MDR Acinetobacter
ESBL-E baumannii

(2.8%) 3(2.1%) 4(2.8%)
(5.8%) 2(5.8%) 2(5.8%)
(1.9%) 1(0.9%) 2(1.9%)
(1.9%) 16 (14.8%) 0

(10.0%) 5(50.0%) 0

(1.0%) 11(11.2%) 0

(3.7%) 2(1.9%) 1(0.9%)
(33.3%) 21(50.0%) 2(4.8%)
(9.1%) 9(81.1%) 2(18.2%)
(41.9%) 2(6.5%) 0

Abbreviations: ESBL-E, ESBL-producing Enterobacteriaceae; MDR, multidrug-resistant; MRSA, methicillin-resistant Staphylococcus aureus.

SSI was most commonly made during hospitalization (37/42, 88.1%).
The diagnosis of SSI in two horses occurred after hospital discharge
and in three horses at readmission to the hospital. Purulent exudation
occurred in 36/42 SSI (85.7%), 31/42 SSI (73.8%) were tender and
swollen, whereas increased heat was only present in 3/42 (3.1%)
horses. The SSI was accompanied by fever in 10/42 (23.8%) animals.
Twenty horses (47.6%) were still under antibiotic cover upon the
development of SSI, and in 22 (52.4%) animals, the antimicrobials had
already been discontinued.

3.6 | Microbiological examinations

Upon admission, indicator pathogens were cultured from the nasal
vestibule and wound and faecal samples (Table 2). Unfortunately, not
all samples were available for all patients. A total of 142/143 (99.3%)
samples from the nasal vestibule, 129/143 (90.2%) faecal samples
and 108/108 (100%) wound samples were available. Table 2 displays
the indicator pathogens that were cultured from the horses upon
admission.

Indicator pathogens were cultured from 29/42 (69%) SSls. Regard-
ing the surgical colic patients, 10/11 (90.9%) SSls tested positive for
indicator pathogens. More than 80% of the SSls after colic surgery
tested positive for ESBL-E. None of the colic patients tested positive
upon admission for the MDRP that had been cultured from the SSI.

Injuries with SSI tested positive for indicator pathogens in 19/31
(61.3%) cases. Of these horses, two patients had already tested positive
for this indicator pathogen upon admission.

In both cases, MRSA was detected both at admission screening and
at follow-up after the occurrence of postoperative wound infection.
The isolates obtained at admission screening and from the postop-
erative wound infection were found to be 100% identical based on
pulsed-field gel electrophoresis and S. aureus protein A (spa) typing.

There was no significant difference between the groups regard-
ing the colonization of the nasal vestibule and the gastrointestinal
tract with MRSA, ESBL-E and A. baumannii upon admission. Further-

more, there was no significant difference in colonization with indicator
pathogens upon admission between horses that developed an SSI and
those that did not (nasal colonization p = 0.48; gastrointestinal col-
onization p = 0.86; colonization of the wound (only injured horses)
p =0.312; all chi-square test).

The ESBL-E (p = 0.041, chi-square test) and A. baumannii (p = 0.042,
chi-square test) were cultured significantly more often from the SSls of
colic patients than injured horses.

4 | DISCUSSION

The colonization of individuals with MDRP has become a serious chal-
lenge in both veterinary and human medicine (Beard, 2010; Bergstrom
2012; Vo et al,, 2007). Both our and other studies identi-
fied carriers of MRSA, ESBL-E and A. baumannii upon admission to
2005; Weese et al.,, 2006). In human
medicine, in addition to advanced age, extremes in nutritional status,

et al,

the hospital (Baptiste et al.,

diabetes, coexisting infection at a remote body site, altered immune
response and preoperative hospitalization, the colonization of the
nasal vestibule with S. aureus is defined as a risk factor for an SSI
(Bratzler & Houck, 2005; Wacha et al., 2010). Gram-positive and -
negative bacteria residing on the horses’ skin are often identified in
SSls in horses as well (Ahern & Richardson, 2012). However, in this
study, the colonization with indicator pathogens upon admission did
not increase the risk of developing an SSI with any organism. Other
studies reported on an increased risk of postoperative SSI after pre-
treatment with antimicrobials or incorrect antibiotic use (Girou et al.,
1998; Safdar & Maki, 2002; Willemsen et al., 2009) as this might
increase the risk of colonization with resistant bacteria (Adam & South-
wood, 2006; Anderson et al., 2009; Schoster et al., 2020; Walther et al.,
2011; Willemsen et al., 2009), which was not the case in our patient
material as both injured horses and colic patients received peri- and
postoperative antibiotics.

Nevertheless previous research revealed veterinary clinics as

‘hotspots’ for local MDR pathogen accumulation and transmission
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(Apostolakos et al., 2017; Kauter et al., 2021; Walther et al., 2018a;
Wright et al., 2005). As our results are in line with recent reports, the
development of appropriate hygiene strategies that take into account
the special challenges of equine medicine (e.g. large stalls, non-slip
floors, bedding, dust and manure) and that differ significantly from con-
ditions in human and small animal medicine is of utmost importance
(Gehlen, 2020; Walther et al., 2014, 2017).

MacDonald et al. identified 4.6 times higher risk for the develop-
ment of wound infections in orthopaedic surgery if the patient was
operated under antibiotic cover. They assumed that the surgeons iden-
tified patients at risk for the development of wound infections and
prescribed antibiotics for these procedures. In total, they reported
on an SSI rate of 8.1% for clean (n = 433) and 52.6% for clean-
contaminated surgeries (n = 19) (MacDonald et al., 1994). In our
patient material, 31/101 (30.7%) injured horses developed SSI. Com-
monly, injuries that require general anaesthesia are more complicated
to operate than those that do not. Wounds that required surgery under
general anaesthesia had a three times higher risk for infection than
injuries that were managed in the standing horse.

In this study, 11/35 (31.4%) horses developed SSI after a median
laparotomy which is similar to the SSI rate reported in the litera-
ture. Previous studies on wound infection after colic surgery research
reported SSlin 15% to 50% of the horses (Anderson et al., 2015; Col-
bath et al., 2014; Darnaud et al., 2016; Durward-Akhurst et al., 2013;
Stockle et al., 2021; Tnibar et al., 2013; Torfs et al., 2010).

MDRPs were commonly cultured from infected laparotomy
incisions (90.9%). Additionally, infected laparotomy incisions were
infected significantly more often with ESBL-E and A. baumannii than
the infected wounds of injured horses. The protection of the incisional
wound from residing MDRP from the mucosal surfaces and/or the
environment seems crucial to prevent SSI, especially because earlier
studies identified 10.7% of admitted horses being positive for ESBL-E
and 3.5% for MRSA (Kauter et al., 2021; Walther et al., 2018a; Walther
et al., 2018b). A simple wound covering was placed after the laparo-
tomy and renewed after recovery. This only minimally reduces the
entry of environmental germs, especially when the horses lie down in
their stable. In light of the multidrug-resistant bacteria associated with
SSI in this study, improvement of the management of postoperative
bandaging seems advisable, particularly as another study reports on
a significant reduction in SSI after recovery utilizing a sterile stent
bandage sewn over the incision which was subsequently replaced by
an abdominal bandage (Tnibar et al., 2013).

Various studies show that anincreased period of hospitalization also
increases the risk of nosocomial infection (hospitalism) (Brown et al.,
1997; Eugster et al., 2004; Kauter et al., 2019; Nicholson et al., 2002).
However, this has to be rated as a codependency as the treatment of an
SSlrequires additional hospitalization time (Brown et al., 1997; Eugster
et al., 2004; Nicholson et al., 2002; Green & Wenzel, 1977), which is
also reflected by our study results.

An increased time of surgery is mentioned in other studies as a risk
factor for the development of SSI. In human surgeries, it is assumed

that the estimated risk of postoperative SSI in a 90-min surgery is

twice as high as that for a 60-min surgery (Brown, 2011). In dogs and
cats, a study reports on a 1.01x increased risk of postoperative SSI
per minute of surgery, which means that the risk of postoperative SSI
doubles every 70 min. In equine surgery, an increasing risk of the devel-
opment of SSI with the increasing time of surgery was described for
both laparotomy and management of injuries (Adam & Southwood,
2006; Wilson et al., 1995; Macdonald et al., 1994). However, another
study on canines as well as this study did not identify the duration of
operations as a risk factor for SSI (Whittem et al., 1999). Both in these
and in our study, this might be attributed to an insufficient number of
cases with surgery time available.

The length of the wound/incision is commonly mentioned as an addi-
tional risk factor for SSI (Darnaud et al., 2016; Bartmann et al., 2003).
This study, however, identified no statistical difference in the SSI devel-
opment regarding incisional length which may be attributed to the
various kind of wounds (surgical vs. nonsurgical, clean vs. dirty) that
were included in the study.

The necessity of a surgical intervention under general anaesthesia
was identified as a risk factor for the development of SSI in injured
horses in this study. This may be attributed to the fact that deeper
and more complicated wounds are commonly managed under general
anaesthesia compared to more superficial and uncomplicated wounds.

A clear limitation of the study is that we only sampled a limited
number of horses compared to all horses admitted to the clinic dur-
ing the study period. The non-sampled horses may have been a source
of contamination with MDR bacteria in the environment. Further-
more, information on the environmental contamination with MDR
pathogens is unavailable. It therefore seems possible that horses may
have acquired infections with MDR bacteria from the hospital environ-
ment. This again highlights the necessity of a constant environmental
surveillance of clinical environments and the aspiration of high hygienic
standards for both the staff and the environment.

5 | CONCLUSION

Although we identified MDRP in almost 70% of the SSlIs, endoge-
nous infections caused by colonizing MDR bacteria (MRSA; ESBL-E, A.
baumannii) played a minor role in the equine patients of this study. Nev-
ertheless, our results indicate the urgent need for improved hygiene
strategies especially concerning the wound management to prevent

exogenous nosocomial infections.
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