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ABSTRACT.  This study aimed to investigate the spread of methicillin-resistant coagulase-
positive staphylococci (MRCoPS) among veterinary staff, hand-touch sites and surgical tissue 
during cystotomy operations on cats and dogs that were patients, and to analyze the genetic 
relatedness and antimicrobial resistance profiles of the isolates. Human and environmental 
samples were obtained from the nasal passageways of 12 surgeons and veterinary assistants and 
from 29 hand-touch sites of instruments in operative units and subjected to bacterial isolation 
and enumeration. Swab samples were collected in triplicate from 29 dogs and three cats at 
the site of incision, from the incision area, from the peritoneum during surgery and from the 
peritoneum before suture. MRCoPS were identified by mecA gene detection and characterized 
by their antibiogram profile, SCCmec type and pulsed-field gel electrophoresis. Twenty-four 
staphylococci were isolated, derived from one veterinary assistant, 12 operating room floor areas 
and hand-touch sites, three dogs and one cat. Methicillin-resistant S. pseudintermedius (MRSP) 
was found on an electric clipper and rebreathing circuits in the operating room. Three dogs were 
positive for MRSP during surgery, and one methicillin-resistant S. aureus (MRSA) was detected in 
a cat. All MRCoPS were resistant to doxycycline, erythromycin, clindamycin and enrofloxacin, but 
no patients developed surgical site infections. According to their genotypic patterns, the clones 
obtained from the environment and human sources differed from the animal clones. Despite 
intensive hygienic management, a variety of MRCoPS clones were present within the surgical unit 
and during surgery.
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Staphylococcus aureus, S. pseudintermedius and S. schleiferi subsp. coagulans are the major coagulase-positive staphylococci 
(CoPS) found in dogs with and without dermatitis [5]. These bacteria are believed to be an important cause of canine pyoderma, 
surgical site infections (SSIs) and otitis externa in small animal patients [15, 24], and especially members of the methicillin-
resistant coagulase-positive staphylococci (MRCoPS) group. MRCoPS isolates contain the mecA gene and play a significant role in 
nosocomial infections in human and veterinary hospitals [8, 25], with evidence of pet-to-client transmission [17].

In recent years, the high prevalence of MRCoPS in veterinary hospitals has become increasingly evident [3, 8, 25], but the 
clinical impact of MRCoPS remains unclear. Methicillin-resistant S. pseudintermedius (MRSP) has been found in dogs, veterinary 
staff and pet owners at rates of 45, 8 and 3%, respectively, while methicillin-resistant S. aureus (MRSA) is less common (0–1.5%) 
[16]. MRSP has been found on the skin and in the nasal passageways of pets, as well as on inanimate sites that are touched by 
hands, such as keyboards and weight scales, and the floors in animal hospitals [2, 13]. MRSP also is capable of causing large 
outbreaks that can be difficult to control. Prolonged hospital admission and length of anesthesia were found to increase the 
possibility of acquiring MRSP [12]. Moreover, a link between MRSP and MRSA in the environment and recurrent infections in 
surgical units and wards was suspected in an equine hospital [3]. Thus, a high prevalence of MRCoPS may be seen as a risk for 
SSIs for post-operative animals in veterinary hospitals [3, 4, 10, 23].
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　The main aim of this study was to establish the identity and likely sources of the bacteria responsible for frequent cases of 
surgical site infections after cystotomy in the Small Animal Teaching Hospital at Chulalongkorn University, Bangkok. Systemic 
surveillance was established to help define the source of contamination, in particular exploring the occurrence of MRCoPS in the 
environment of the surgical unit, and associated with veterinary staff and surgical patients from cystotomy to post-operation. To 
help track the source of the infection, MRSP was analyzed for their genetic relatedness, and antimicrobial resistance profiles were 
generated.

MATERIALS AND METHODS

Hospital background
Samples for bacterial culture were collected from the Small Animal Teaching Hospital of the Faculty of Veterinary Science, 

Chulalongkorn University, Bangkok, Thailand, which treats approximately 140,000 patients annually. About 250 surgical cases are 
routinely handled by the surgical unit. In this unit, the floors are cleaned with 2.5% quaternary ammonium compound (Laboratoire 
Huckert’s International, Wavre, Belgium) between 6:30 to 7:00 AM, while electric dog clippers, hematocrit centrifuges, the 
operating theater and surgical cabinets are cleaned with 0.5% quaternary ammonium compound when the unit is not in use. Scrub 
suits, endotracheal tubes and scissors are autoclaved after use. This surgical unit was chosen for the study in response to an incident 
of SSIs observed in cystotomy patients before the study began.

Sample collection
Hand-touch sites in the surgical unit.
Following routine cleaning of the surgical unit between 7:00 to 8:00 AM, samples were obtained from 29 areas including floors 

and all sites frequently touched by hand (“hand-touch sites”). The surgical unit consisted of three subunit rooms: 1) the operating 
theater for abdominal surgery, including cystotomy; 2) the preparation room for hair shaving and pre-anesthetic medication; and  
3) the central room where surgeons wash and dress for surgery (Fig. 1). Swab samples from the floors in the surgery (3 × 4 m2/
room) and preparation room (3 × 4 m2/room) were obtained from three areas/room (left, middle and right) using 3 × 3 cm2/swabs; 
in the central room (6 × 8 m2), samples were collected from six areas/room: left north, left south, middle right, middle left, right 
north and right south. Prior to surgery, swab samples were obtained from 21 hand-touch sites on different pieces of equipment 
including electric dog clippers, rebreathing circuits, tables, a hematocrit centrifuge, scrub suits, endotracheal tubes, pipes, scissors, 
lights, operating theater, air filters, surgery cabinets and an electrocardiography unit, either as individual samples from hand-touch 
sites or pooled samples from floors, as previously described [14]. The samples were kept on ice for less than 2 hr before processing 
for culture. Medical chemicals and antiseptics, including lidocaine spray, xylocaine jelly, povidone-iodine, cotton with alcohol, 

Fig. 1. Presence of staphylococci divided by area and hand-touch sites according to floor plan of the surgery unit in the veterinary 
teaching hospital. Star markers represent subjects contaminated with staphylococci. ★Methicillin-susceptible coagulase-positive 
staphylococci (MSCoPS). ★Methicillin-resistant coagulase-positive staphylococci (MRCoPS). ☆Coagulase-negative staphylo-
cocci.
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normal saline and cotton with alcohol also were sampled. Each swab was separately cultured, and the colony numbers for each site 
of collection then were analyzed by determining the average number of colonies per area swabbed.

Veterinarians and nurses in the surgical unit
Twelve nasal passageway samples were obtained from healthy veterinarians and veterinary assistants in the surgical unit 

with the approval of the Ethical Review Committee for Research Involving Human Research Subjects, Health Science Group, 
Chulalongkorn University (081/54). All staff had worked full time at the surgical unit for at least 5 years. Staff histories, age, 
gender, previous illnesses, prior antimicrobial use and occupations were recorded. Each nasal swab was soaked with sterile peptone 
dilution saline (PDS) (0.09% NaCl and 0.1% peptone), then inserted at least 0.5 cm into the nasal cavities, rubbed against the 
epithelium and subsequently stored in transport tubes containing 1 ml of PDS [6]. The samples were kept on ice for less than 2 hr 
before processing for culture.

Pet patients in the surgical unit
Samples were collected in 2012–2013 from 32 surgical patients treated with a cystotomy for urolithiasis (29 dogs and 3 cats, 

aged from 3 months to 11 years). Sampling protocols and consent forms were approved by the Institutional Animal Care and Use 
Committee (IACUC) (113/56). Pre/post-operative antimicrobial therapies and previous illness histories were recorded thoroughly 
under veterinarian authorization. Urinalysis, with bacterial culture and antimicrobial susceptibility was performed prior to the 
operation for follow-up treatment planning. The choice of antimicrobial for administration was based on the results from the 
susceptibility tests on any isolates that were present.

After induction of anesthesia using 2% xylazine HCl (Bayer, Istanbul, Turkey), the surgical area of the animal patients was 
shaved using electrical clippers in the preparation room. The area then was scrubbed with 4% chlorhexidine gluconate scrub 
(Ecolab, Bangkok, Thailand) for 5 min and wiped with 95% ethyl alcohol. This process was conducted at least twice until all skin 
debris had been removed. Thirty minutes before the patient was moved to the operating room, they were injected intramuscularly 
with an appropriate dose of the most suitable antimicrobial compound identified from antimicrobial susceptibility testing of isolates 
from the urine.

In the operating room, the surgical site was cleaned three times with 10% povidone-iodine (LF Asia, Bangkok, Thailand) for 1 
min and wiped with 95% ethyl alcohol before the initial incision. The first sample (T1) was collected using a sterile cotton swab 
at a 1 × 1 cm2 site at the incision line. Within 5 min after entering the abdomen, a second sample (T2) was swabbed from the 
peritoneum 0.5 cm under the incision line. After the cystotomy procedure, abdominal lavage was performed four to five times 
using approximately 200 ml of 37oC sterile normal saline. The third sample (T3) was obtained at the same site as T2. The skin 
incision line was stitched using monofilament sutures in both the inner and outer layers of the skin. The entire procedure was 
completed within less than 2 hr in all cases. The patients then were taken home for convalescence. At days 7–10 post-operation, the 
sutures were removed from the uncomplicated operation wound in the surgical unit. If SSI was present, a fourth sample (T4) was 
collected from the infected site.

Staphylococcal and MRCoPS identification
All swab samples were cultured within 2 hr after collection. A total of 100 µl sample suspension from floors, instruments and 

disinfectant agents was incubated on Baird-Parker agar at 37°C for 48 hr for enumeration [9] and on mannitol salt agar containing 
0.5 µg/ml of oxacillin (MSA-O) at 35oC for 48 hr for isolation of methicillin-resistant S. pseudintermedius [18]. After counting the 
bacterial colonies, at least three staphylococcus-like colonies were picked for identification.

The staphylococci were identified using biochemical tests [5]. Species identification was confirmed by multiplex-PCR (M-PCR) 
[19]. The control strains were S. aureus ATCC 25923, S. pseudintermedius CVMC 0108, S. schleiferi subsp. coagulans CVMC 
0208 (canine origin), S. intermedius CVMP 0309 and S. delphini CVMP 0109 [5].

The presence of MRCoPS amongst suspected colonies grown on MSA-O was confirmed by oxacillin disk diffusion following 
the Clinical Laboratory Standardization Institute procedure [7] and by looking for the presence of the mecA gene using PCR [22]. 
S. aureus ATCC 25923 and methicillin-resistant S. aureus (MRSA) N315 were used as negative and positive controls for the mecA 
gene, respectively.

Antibiograms
The antimicrobial susceptibility of MRCoPS to 11 antimicrobials (Oxoid, Hampshire, U.K.) [amoxicillin/clavulanic acid 

(20/10 µg), cefazolin (30 µg), cefoxitin (30 µg), clindamycin (2 µg), doxycycline (30 µg), enrofloxacin (5 µg), erythromycin 
(15 µg), gentamicin (30 µg), imipenem (5 µg), mupirocin (5 µg) and trimethoprim/sulfamethoxazole (1.25/23.75 µg)] was 
determined using the disk diffusion method [7].

Molecular typing
The SCCmec types of methicillin-resistant S. pseudintermedius (MRSP) were identified using a multiplex PCR for detection of 

the conserved fragments of the mec gene complex and ccr gene complex [16]. Pulsed-field gel electrophoresis (PFGE) illustrated 
the DNA fingerprint pattern of S. pseudintermedius using the Cfr9I restriction enzyme. DNA separation was achieved using 6 V/cm 
of voltage with a switch time of 0.5–5 sec for 18 hr and 20–25 sec for 5 hr in a CHEF-DRIII apparatus (Bio-Rad, Hercules, CA, 
U.S.A.) [21]. The genetic relatedness of the strains was analyzed by dendrogram construction using UPGMA in the GeneDirectory 
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program (Syngene, Frederick, MD, U.S.A.) and setting 1.0% position tolerance. The DNA marker for gel normalization was 
XbaI-digested chromosomal DNA of Salmonella Braenderup H9812. PFGE clusters were grouped by more than 80% similarity of 
patterns.

Data analysis
In this study, descriptive analysis was performed using the IBM SPSS Statistics Desktop version 22.0 (SPSS Inc.; Chicago, IL, 

U.S.A.). The populations of CoPS and MRCoPS were described by percentile. The criteria for bacterial growth on hand-touch sites 
and floors were those used by Dancer (2008): <2.5 CFU/ml= –, 2.5–12 CFU/ml = +; 12–40 CFU/ml = ++ and ≥ 40 CFU/ml = +++. 
GeneDirectory® software associated with the dice coefficient (1.5) was used to analyze the PFGE patterns.

RESULTS

Hand-touch sites and humans
Staphylococci isolated from the hand-touch sites consisted of 11/29 coagulase-negative staphylococci (CoNS) and 3/29 CoPS in 

all rooms. All rebreathing circuits in the operating room were positive for staphylococci, including MRSP. In operating room 1 and 
the preparation room either, both or one of CoPS and CoNS was found on the rebreathing circuit and electric clippers (Table 1 and 
Fig. 1). Two of three CoPS were MRSP with a high colony count. There was no detectable MRSP in the nasal passageways of staff 
in the surgical unit, but MRSA was found on one veterinarian. None of the disinfectant solutions or chemicals contained cultivable 
bacteria.

Animals
The 29 dogs and three cats had an average age of 6.78 ± 2.3 years. They all had follow-up examinations for MRCoPS detection 

Table 1. Occurrence and number of staphylococci detected within three rooms of the surgical unit

Samples Sources Places CFU/ml
Coagulase test

MRSP MSSP
CoPS CoNS

Operating room 1 

Floors  -

Medical Instruments

Rebreathing circuit 1 +++ + +
Rebreathing circuit 2 + +
Rebreathing circuit table + +
Light 1 -
Operating theater -
Air filter -
Surgery cabinet +++ +

Preparation room

Floors  + +

Medical Instruments

Endotracheal tube No. 6 -
Endotracheal tube No. 5 -
Electric dog clipper +++ + + +
Rebreathing circuit 1 ++ + + +
Rebreathing circuit 2 ++
Table 1 + +
Table 2 ++ +
Hematocrit centrifuge +++ +

Center room

Floors + +

Medical Instruments

Pipe -
Scissors -
Hand scrub -
Scrub suit ++ +
Normal saline -
Echocardiography -

Medical Chemicals 
and Antiseptics

10% lidocaine spay -
Xylocaine jelly® -
Alcohol -
Iodine -
Cotton with alcohol -

CFU=colony forming unit; CoPS=coagulase-positive staphylococci; CoNS=coagulase-negative staphylococci; MRSP = methicillin-resistant 
S. pseudintermedius; MSSP = methicillin-susceptible S. pseudintermedius. *Bacterial score: <2.5 CFU/ml= –, 2.5–12 CFU/ml = +; 12–
40 CFU/ml= ++ and ≥40 CFU/ml= +++.
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during their cystotomy operation. Their histories pre-surgery based on urine culture and antibiotic use are presented in Table 2. 
Seven of 32 pets (nine observations) were found to have staphylococci in at least one sample, comprising four MSSP and four 
MRSP on dogs at T2 and T3, and one MRSA on a cat at T1. The number of bacterial colonies growing on the primary agar ranged 
from 0–7 CFU/swab. No staphylococci were detected on dogs at T1. Six of seven cases were treated with enrofloxacin during or 
after surgery. Only Dog 8 was positive for MRCoPS in at least two samples. There were no SSIs during post-operative care (T4).

Antibiograms, SCCmec type and MRSP clone relatedness
The antibiogram patterns and PFGE typing of S. pseudintermedius isolated from surgical patients and hand-touch sites are shown 

in Fig. 2. PFGE types G (D15T3, D8T2 and D8T3) and I (D19T2) belonging to MRSP were detected on dog patients at T2 and T3 
of cystotomy, whereas B and C types were found on veterinary equipment. PGFE types A and D belonging to MSSP were detected 
on the tables, scrub suits and floor, but types E, F and H were found on surgical tissue. Feline MRSA was resistant to oxacillin, 
cefoxitin, erythromycin and clindamycin, while all MRSP were resistant to amoxicillin/clavulanic acid, cefazolin, cefoxitin, 
doxycycline, erythromycin, clindamycin and enrofloxacin. MSSP (PFGE types A, D, E and H) were resistant only to erythromycin 
and clindamycin, and one MSSP (F) also was resistant to enrofloxacin. By SCCmec typing, only D19T2 could be classified as V 
type, whereas the others were presented on an untypable cassette. Four identical PFGE types were distinguished: these included G 
type from Dog 8 and Dog 15, I type from Dog 19, B type from the electric clippers, C type from the rebreathing circuit and D type 
from Dog 19.

DISCUSSION

The surgical unit in the veterinary teaching hospital was used as a model for monitoring bacterial distribution in a hospital unit. 

Table 2. Staphylococcal detection and identification in surgical patients and their urine culture and antimicrobial histories

Pet No. Sp.
Positive sample

Urine CULTURE Pre-operative antimicrobial 
history (OP)

Pre-operative  
medicine (IM)

Post-operative 
antimicrobial history (OP)T1 T2 T3

Dog 6 D MSSP CoNS Enrofloxacin Enrofloxacin Enrofloxacin
Dog 8 D MRSP MRSP CoPS Enrofloxacin Enrofloxacin Enrofloxacin
Dog 11 D MSSP Corynebacterium sp. Amoxicillin/clavulanic acid Cefazolin Cephalexin
Cat 13 C MRSA MSSP ND Enrofloxacin Enrofloxacin Enrofloxacin
Dog 15 D MRSP CoPS, Pseudomonas sp. Enrofloxacin, Doxycycline Enrofloxacin Enrofloxacin

Dog 18 D MSSP CoPS, Proteous sp. Enrofloxacin, 
Amoxicillin/clavulanic acid Enrofloxacin Enrofloxacin

Dog 19 D MRSP CoPS, Corynebacterium sp. Marbofloxacin, Metronidazole Enrofloxacin Enrofloxacin

Sp.=Species; C=cat; D=dogs; MRSP=Methicillin-resistant S. pseudintermedius; MRSSc=Methicillin-resistant S. schleiferi subsp. coagulans; MRSA=Methicillin-
resistant S. aureus; MSSP=Methicillin-sensitive S. pseudintermedius, CoNS=Coagulase-negative staphylococci; CoPS=Coagulase-positive staphylococci; 
ND=not detected.

Fig. 2. PGFE patterns, SCCmec types and antibiograms of S. pseudintermedius derived from patient and environmental sources. 
Kz=cefazolin, Do=doxycycline, E=erythromycin, Da=clindamycin, Mup=mupirocin, Sxt=co-trimoxazole, Cn=gentamicin, 
Amc=Amoxicillin/clavulanic acid, Enr=enrofloxacin, “-”=not detected, NT=non-typable.
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Its good hygienic management, antibiotic use protocols, high frequency of daily operations and restriction to outsiders meant that 
there were few confounders for the study. Despite the good hygienic conditions, staphylococci were found in the surgical unit and 
on equipment that remained within each room, including rebreathing circuits, surgical cabinets, electric clippers and a centrifuge. 
They also were present on animal patients and veterinary staff. Contamination on the scrub suits might have been transmitted by 
the reservoir user. As bacteria were not detected from diluted disinfectant solutions or chemicals associated with patients, they 
were not a source of bacterial distribution in this case. Interestingly, the higher CFU number found for hand-touch sites should be 
taken into reconsideration when considering hygienic manipulation and strategy in animal hospitals. CoNS, a low pathogenicity 
Staphylococcus, was commonly found in this study, as previously reported in a dairy environment [11].

Sample collection and cultures were performed using an aseptic technique to ensure that most of the cases were free from 
staphylococci. Surprisingly, MSSP, MRSP and MRSA were still found at the incision site and in the abdominal operative area, 
even though all patients underwent standard aseptic preparation [26]. Moreover, the result from urine cultures was not related to 
detection of staphylococci associated with surgery. It is speculated that staphylococci contamination might pass from adjacent areas 
to the incision site. However, staphylococci contamination at the surgical site was not the only factor associated with SSI, which 
might also result from underlying patient factors, such as immunological defects and household management [1].

DNA analysis showed the presence of a variety of MRSP and MSSP clones around the surgical unit and distinguished the 
animal clones found in surgical tissue from environmental clones. Thus, the most likely source of staphylococcal contamination 
of patients during the surgical procedure was themselves or other patients. The PFGE type G strain, with an identical antibiogram 
and SCCmec type, was abundant in this study. Nevertheless, this could not be considered a representative outbreak strain without 
performing long-term observations in relation to SSIs [3]. Using an antibiogram, enrofloxacin-resistant MRSP was detected at 
the surgical site, but there was no SSI; this finding confirms that low CoPS or MRCoPS contamination during surgery has an 
insignificant effect on SSIs [20]. Furthermore, results from in vitro susceptibility testing may not reflect the in vivo outcome, where 
host defense mechanism is involved. Likewise, MRSA was found on one veterinarian and one cat, confirming the low prevalence 
of MRSA on veterinary staff and animals [16]. The clonal relationship between the two MRSA isolates was not determined, since 
the cat had not been exposed to the positive veterinarian. Therefore, it would have been difficult to anticipate a causal role in 
transmission.

In a previous report, the risk factors for SSIs were related to pet health, pre-operative conditions, operating room environment, 
duration of operation, surgical instrument management, surgical attire and post-operative factors [24]. One incident of recurring 
infection derived from environmental surfaces was confirmed in a Swedish veterinary hospital [3]. However, most risk factors 
in the surgical unit were controllable, while this was not the case during convalescence as all patients convalesced in their home. 
Another study showed that SSIs might be caused by household contamination or wound management by clients [10]. Pet owners 
are likely to be the key persons involved in hygiene management in this case.

In conclusion, this report showed the presence of staphylococci, MSSP and MRCoPS, at hand-touch sites and on animal tissues 
during operations in a surgical unit. Electric clippers and rebreathing circuits might be the main source of contamination in this 
surgical unit. These results should be brought to the attention of individuals responsible for the hygiene policy of veterinary 
hospitals, particularly due to the multidrug-resistant properties of these bacteria.
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