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Coagulase-positive staphylococci (CoPS) is common pathogenic bacteria distributing in
veterinary hospitals. Methicillin-resistant coagulase-positive staphylococci (MRCoPS) is the
important resistant trait and can cause zoonotic infection in human associated with dogs. In
recently years, the distribution and contamination of MRCoPS in veterinary hospitals have been
increasingly concerned. In this study, we proposed 1.) to determine the increasing of MRCoPS
following the routine oral treatment by cephalexin monohydrate 2.) to investigate the distribution
of MRCoPS in a veterinary school hospital and 3.) to determine the bactericidal efficacy of
povidone-iodine (Pl) and chlorhexidine gluconate in isopropanol (CGl) against MRCoPS, in vitro.
MRCoPS were isolated from all dogs treated with cephalexin (n=38) at the first week administration
and methicillin-resistant S. pseudintermedius (MRSP) had persisted until at least 6 months after
drug-off date (n=10). MRCoPS were the most frequent at dermatological clinic followed by
gynecological clinic especially on surfaces of floor and high touch sites such as examination table
and rebreathing circuit. The optimal time and concentration of Pl and CGI for bactericidal effect
were 0.1% for 45s and 0.5% for 15s, respectively. In this study, the factors associated the distribution
of MRCoPS in veterinary hospital were the consequence of dermatitis treatment causing persistence
of bacterial resistance and certain inappropriate hygienic management in equipment and
environment. To select the right antiseptic at optimal time and concentration could reduce risk of
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CHAPTER 1

THE RELATION BETWEEN ALL MANUSCRIPTS IN THE THESIS

The factor effect to existent of MRCoPS on dog skin and an animal hospital
composed of antibiotic treatment, cleaning management and antiseptics. The first
factor effect to existent of MRCoPS were revealed on “Association between cephalexin
administration and the emergence of methicillin-resistant coagulase-positive
staphylococci (MRCoPS) in dogs” and “Nasal carriage of methicillin-resistant S.
pseudintermedius in dogs treated with cephalexin monohydrate”, respectively. The
study showed MRCoPS and MRSP had increased at 1° week after treatment and could
prolong persistent on dog skin up to 6-12 months after treatment. The second effect
to existent of MRCoPS were revealed on “Prevalence and Molecular typing of
Methicillin-Resistant Staphylococcus pseudintermedius (MRSP) in a Veterinary Teaching
Hospital in Thailand” and “Distribution of methicillin-resistant coagulase-positive
staphylococci (MRCoPS) in surgical unit and cystotomy operation sites at a veterinary
teaching hospital, Thailand”, respectively. With unsuitable cleaning management, this
study showed the high distribution and contamination of MRCoPS in veterinary
teaching hospital in Thailand. The third effect to existent of MRCoPS were revealed on
“Bactericidal effects of povidone-iodine and chlorhexidine gluconate against
coagulase-positive  staphylococci”.  This study showed appropriate time and

concentration can eliminate MRCoPS on dog skins.



AUl of manuscripts in partial fulfillment of the requirements for the degree of

Doctor of Philosophy program in Veterinary Pathobiology.

IMPORTANCE AND RATIONALE

Coagulase-positive staphylococci (CoPS) are common resident and transient
bacteria on animal and human (Chanchaithong and Prapasarakul, 2011). In general,
these pathogens pose pyoderma, otitis external and surgery site infections (SSIs) in
veterinary and human hospital (May et al, 2005; Bergstrom et al, 2012a).
Staphylococcus pseudintermedius (S. pseudintermedius), S. aureus and S. schleiferi
subsp. coagulans are the three major members of CoPS in domestic pets
(Chanchaithong et al., 2014). In veterinary practitioner, S. pseudintermedius are the
major population on dog skins (Beck et al., 2012). These opportunistic bacteria play a
role in skin infection in dogs (Weese and van Duijkeren, 2010). Additionally, these
pathogens have been reported to be zoonotic bacteria in humans (Riegel et al., 2011).
S. aureus pose nosocomial infection in human and veterinary hospitals (Hsueh et al,,
2004; Bergstrom et al, 2012b). Even if S. aureus have lower reports than S.
pseudintermedius and S. schleiferi subsp. coagulans in veterinary hospitals (Sasaki et
al., 2007a; Chanchaithong et al., 2014), these pathogens are important to be zoonotic
bacteria in human and animal (Weese and van Duijkeren, 2010). Methicillin-resistant

coagulase-positive staphylococci (MRCoPS) are CoPS that carried mecA gene on their



chromosome. In recent years, this resistant-trait have been increasingly concerned in
human hospitals (Hsueh et al., 2004).

Cephalexin monohydrate is antibiotic drugs that is recommended for canine
dermatitis treatment (Hillier et al., 2014). With antibiotic treatment, sensitive-trait was
eliminated, while resistant-trait was selected (Andersson and Hughes, 2010). Then,
MRCoPS are commonly discovered on patients associated with antibiotic treatment.
Methicillin-resistant S. aureus (MRSA) are zoonotic bacteria in human (Leonard and
Markey, 2008). In previous reports, these pathogens could be discovered from human,
pets and environmental surfaces in households and hospitals (Bergstrom et al., 2012b;
Davis et al., 2012). MRSA colonize on nasal cavities of humans and animals (Weese and
van Duijkeren, 2010). Additionally, MRSA-positive pets can act as carrier (van Duijkeren
et al,, 2004; Rutland et al,, 2009) and transferred to humans leading to re-current
infection (Ferreira et al., 2011). Methicillin-resistant S. pseudintermedius (MRSP) are
discovered on dog with underlined skin disease (Beck et al., 2012). Even if MRSP have
low reported to be a zoonotic pathogen, MRSP ST71 were known as zoonotic infection
leading to life-threatening agents in human (Stegmann et al., 2010). In veterinary
practice, these pathogens were yielded from many surfaces such as weight scales,
cages and treatment tables (Sasaki et al.,, 2007a; van Duijkeren et al, 2011).
Additionally, MRSP could be discovered on human associated with dogs such as
veterinarians and owners (Chanchaithong et al., 2014). Methicillin-resistant S. schleiferi

subsp. coagulans (MRSSc) have been low reported in human and veterinary hospitals.



However, MRSSc were reported to be minor population in the veterinary hospitals in
Thailand (Chanchaithong et al., 2014). Hence, the distribution of MRSSc have been
concerned as same as MRSP and MRSA.

In veterinary hospitals, the remaining of MRCoPS play role of recurrent infection
especially operative patients (Bergstrom et al., 2012b). The monitoring and controlling
of MRCoPS distribution must be emphasized in every hospitals. MRCoPS have been
reported on many surfaces in veterinary hospitals such as doors, floors, mobile phones
and keyboards (Bender et al., 2012; Bergstrom et al., 2012b). To limit the distribution,
chlorhexidine gluconate in isopropanol (CGI) and povidone-iodine (PVP-I) which
basically antiseptic in animals were the encrypted keys. However, the appropriate time
and concentration of CGlI and Pl to S. pseudintermedius and S. schleiferi subsp.
coagulans have not been reported.

LITERATURE REVIEW
COAGULASE-POSITIVE STAPHYLOCOCCI (CoPS)

Staphylococci are Gram-positive cocci bacteria isolated from animal and
human (Davis et al., 2012). CoPS is staphylococci associated with enzyme coagulase.
These bacterium are known as a cause of nosocomial infection, pyoderma and post-
surgical wound infection (Leonard and Markey, 2008). The seven members of CoPS
composed of S. aureus, S. delphini, S. hyicus, S. intermedius, S. lutrae, S.
pseudintermedius and S. schleiferi subsp. coagulans (Sasaki et al., 2007b), but only S.

aureus, S. pseudintermedius and S. schleiferi subsp. coagulans play role as normal
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flora on domestic animal (Bannoehr and Guardabassi, 2012; Beck et al., 2012;
Chanchaithong et al., 2014). S. pseudintermedius are the major resident on dog skins
(Bannoehr and Guardabassi, 2012). The carriage sites of these pathogens are nasal
cavities (31%), oral mucosa (57%), perineum (52%) and groin (23%) (Bannoehr and
Guardabassi, 2012). In recent years, the distribution of S. pseudintermedius have been
increasingly reported in veterinary hospitals (Sasaki et al., 2007a; van Duijkeren et al,,
2011). However, zoonosis infection causing of S. pseudintermedius have lower than S.
aureus (Stegmann et al., 2010). S. aureus are recognized as zoonosis bacteria in human
and animal (Rutland et al., 2009). In general, these microorganism act as opportunistic
pathogen in humans, pigs and horses (Leonard and Markey, 2008) but have a low
reported on the small animal such as dogs and cats (Chanchaithong et al., 2014). In
recent years, S. schleiferi subsp. coagulans have been increasingly reported in
veterinary practitioners (Riegel et al., 2011). These bacteria were minor population of

the dog skin and posed otitis externa in dogs (May et al., 2005; Beck et al., 2012).

METHICILLLIN-RESISTANT COAGULASE-POSITIVE STAPHYLOCOCCI (MRCoPS)
MRCoPS have been discovered from human patient since 1961 (Jevons, 1961).
After these pathogens were discovered, they were concerned as nosocomial problem
in human and veterinary hospitals (Jevons, 1961; Leonard and Markey, 2008). To
identify MRCoPS, the present of mecA gene on staphylococci chromosome must be

confirmed (Strommenger et al., 2003). This gene is expressed to penicillin-binding
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protein 2a (PBP2a) which has low-affinity to bind with beta-lactam ring in beta-lactam

drugs (Figure 1.1). Hence, MRCoPS is not eliminated by beta-lactam antibiotic (Foster,

2004).
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Figure 1.1 the structure of methicillin-resistant staphylococci (Foster, 2004)

WTA = wall teichoic acid, PLV = Panton-Valentine leucocidine and CHIP = gene on phage

The mecA gene is contained in “Staphylococcal Cassette Chromosome mec,
SCCmec” which is the large mobile genetic elements (Ito et al,, 2001; Foster, 2004).

This mobile genetic element, which frequently acts as multi-drug resistance (MDR), is
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able to interchange intra- and interspecies of staphylococci (Ender et al., 2004; Lloyd,
2012). To date, SCCmec is classified into Xl classes (Wu et al.,, 2015) associated with
pseudo-SCCmec elements (Perreten et al., 2013; Monecke et al.,, 2015). In veterinary
practitioner, the first MRSA were discovered on mastitis cows in 1972 (Devriese et al,,
1972). The prevalence of MRSA on dog skins was very low (less than 2%) (Hanselman
et al., 2005). The prevalence of MRSP and MRSSc was very high (70-90%) in veterinary

hospitals and dog skins (May et al., 2005; Sasaki et al., 2007a).

ANTIBIOTIC PRESSURE AND FITNESS COST

In general, bacteria survive and proliferate in the suitable environmental
condition. Under antibiotic treatment (i.e. beta-lactam antibiotic, aminoglycoside and
fluoroquinolone), most population of antibiotic-susceptible bacteria are inhibited or
killed, while a resistant subset of organism survives (Figure 1.2). Finally, the population,
which are selected under antibiotic pressure, proliferate and become predominant

replacing susceptible-trait (Mulvey and Simor, 2009).
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Figure 1.2 Effect of selective antibiotic pressure in bacteria (Mulvey and Simor, 2009).

The alterations in the microbiota are composed of four main factors; i) the
spectrum of the agent, ii) dosage and duration of treatment, iii) route of administration
and iv) the pharmacokinetic and pharmacodynamic properties of the agent (Jernberg
et al,, 2010). After drug-off, the ecology balance of normal flora bacteria are started
(Figure 1.3). In Figure 1.3, it showed the population of bacteria in colon at pre-
treatment, during treatment and drug-off. The increase in resistant bacteria are
discovered after antibiotic treatment, while some of susceptible bacteria become
resistant bacteria for survive in antibiotic pressure. After drug-off, the susceptible-trait
that protected from antibiotic exposure in the mucin layer or in grooves between the
villi are re-colonization in colon. In veterinary practices, MRSP were emphasized for
remaining on the dog skin after drug-off. The previous reports revealed that some dogs
could carry MRSP on their dog skins more than 14-16 months after drug-off (Beck et
al,, 2012; Windahl et al., 2012). However, no reports revealed the re-colonization of

methicillin-susceptible S. pseudintermedius (MSSP).
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Figure 1.3 Representation of the impact of antibiotic administration on the bacterial

community of the colon.

Purple rods = resistant bacteria; Green rods = susceptible bacteria; White arrow = transfer or

mutation events; Yellow shading = mucin layer

THE DISTRIBUTION OF MRCoPS IN HOSPITAL

Staphylococci can persist on variable temperatures, pH, humidity, and sunlight
exposure. In dry environment, staphylococci can survive over six months (Wagenvoort
et al,, 2000). The remaining of staphylococci have been reported on the veterinary
hospitals and households especially human and animal contact surfaces (Weese, 2010;
Davis et al,, 2012; Hamilton et al,, 2012). In veterinary hospital, examination tables
weight scales and floors are the major sources of MRCoPS (Aksoy et al., 2010; Hamilton
et al,, 2012). MRSP are the major population of MRCoPS in the veterinary environments.
In the previous study, the clonality relationship between MRSP on dog and
environment have been reported (Bergstrom et al,, 2012a). The remaining bacteria

posed re-current infection in veterinary hospital (Bergstrom et al., 2012b). Human is
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the other important sources of MRCoPS in the veterinary hospitals (Weese and van

Duijkeren, 2010). Both of MRSA and MRSP were discovered on veterinarians and

owners’ nasal cavities (Chanchaithong et al,, 2014). Hence, MRCoPS in human

associated with animal are emphasized to be a cause of the transmission of MRCoPS

to animal patients (Bergstrom et al., 2012b; Chanchaithong et al., 2014).

POVIDONE-IODINE (PVP-I)

Polyvinyl pyrrolidone (PVP) and iodine are important sources of povidone-

iodine (PVP-I) (Eel and Sebille, 1961; McDonnell and Russell, 1999). In the water, PVP-|

is described into eight reactions (Table 1.1).

Table 1.1 lodine-containing species in aqueous iodine solutions: Reactions and

equilibria (Rackur, 1985)

1,

l, + H,O

l, + H,O

HOI

HOI

|, + HOI

l,+ |

3HOI

<>

"+ 1

H20I" + I

HOI + H*

I + OH

H" + 1O

IL,HOI

3H" + 21 + 105

K=9.9x10"
K=12x10"
K=3x10"®
K=3x10"
K=4x10"
K=27x10"
K=714x10?
K=25x10"



16

On theses, iodide (), iodine (I,) and triiodide (HOI) are important ion for
bactericidal effect (Eel and Sebille, 1961; Rackur, 1985) (Figure 1.4) by rapidly penetrate
into cell wall of bacteria and disrupt the proteins and nucleic acid structures resulting
in cell death (McDonnell and Russell, 1999). In Figure 4, the iodine ion was increasing

at 0.01 - 1% concentration. This is known as “dilution phenomenon”.
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Figure 1.4 Correlation of the concentration of uncomplexed iodine with microbial

reduction after 15 seconds for various concentrations PVP-| (Rackur, 1985)

This antimicrobial agents can kill bacteria and virus. Additionally, the prolonged
contact time of PVP-I could terminate spore. In previous study, the bactericidal effect
of PVP-Ito S. aureus at a 1:100 dilution within 15s (Heiner et al., 2010). Up to date, the
appropriate time and concentration of PVP-I to S. pseudintermedius and S. schleiferi

subsp. coagulans have not been shown.
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CHLORHEXIDINE GLUCINATE

Chlorhexidine gluconate composed of divalent, gluconate, acetate and
hydrochloride (McDonnell and Russell, 1999). Due to binding with negatively charged
of phospholipids on bacterial cell wall, this antiseptic can break down the cell wall
causing cell death (Figure 1.5). This agent can kill bacteria, fungi and enveloped viruses.
In previous study, mixing with 60% alcohol was increasing the bactericidal activity of
chlorhexidine gluconate (Sakuragi et al., 1995) while, sole chlorhexidine gluconate
eliminated S. aureus slowly (Sakuragi et al., 1995; Murayama et al., 2013). Even if S.
pseudintermedius were killed at the 1 pg/mL, but not appropriate time had been

reported (Murayama et al., 2013).

Cell Wall

Cytoplasm

Figure 1.5 The mechanism of chlorhexidine molecules to and damage the surface of

bacteria
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HYPOTHESES

® The population of MRCoPS causing dermatitis is increased following the routine
oral treatment by cephalexin monohydrate.

® There is the high distribution of MRCoPS in the veterinary school hospital.

® The decontaminating agents in appropriate exposure time and concentration can

eliminate MRCoPS, in vitro.



CONCEPTUAL FRAMEWORK
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Decontaminating agents against to MRCoPS

Statistic analysis
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concentration can eliminate

MRCoPS, in vitro

ADVANTAGES OF THE STUDY

1. Awareness of MRCoPS occurs on dog before and after treatment.

19

2. Provide the confirmation of MRCoPS distribution in the veterinary teaching hospital.

Provide optimal concentration and exposure time of antiseptics of Pl and CGI against

MRCoPS used in veterinary practice.
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ABSTRACT

The potential transmission of MRCoPS between dogs and human has been
noted as of potential public health concern. The current study aimed to determine
the emergence of MRCoPS in dogs after oral administration of cephalexin. Skin swabs
from 38 dogs without a history of antibiotic exposure were collected before drug
administration (pre-treatment dogs) and during drug administration within one month
(treatment dogs). A total of 196 CoPS were isolated from the nose, perineum and skin
lesion. Fewer MRCoPS were isolated from pre-treatment dogs (7.89%) than from the
treatment dogs (P < 0.001). MRSSc were only recovered from treatment dogs whereas
MRSP were found in both groups. Overall, a high incidence of MRSP was found since
the first week after administration. The nose and perineum were confirmed as the
most common site of carriage of MRCoPS rather than skin lesions. In conclusion, the
oral cephalexin administration was associated with the emergence of MRCoPS on dog

skin within one week, a potential source of contamination to humans.

INTRODUCTION

S. pseudintermedius and S. schleiferi subsp. coagulans are the main CoPS
found on canine skin, whereas, unlike the situation in humans, S. aureus is rarely found
(Chanchaithong and Prapasarakul, 2011). Both microorganisms are part of the resident

skin microbiota and as opportunist pathogens, depending upon factors such as the
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host’s immune status. The use of antibiotic treatment for skin infections is likely to
encourage the emergence of resistant strains, which then may be a source of recurrent
infection or increased risk of zoonotic bacterial transmission to owners and
veterinarians.

Acquisition or expression of the methicillin-resistance trait is a potential
bacterial adaptation following antibiotic treatment, and is characterized by the
presence of the mecA gene and/or oxacillin disk screening test (Andersson et al., 1998).
Most of methicillin-resistance trait also act as multidrug resistance to agents such as
clindamycin,  enrofloxacin,  sulfamethoxazole/trimethoprim,  gentamicin  and
tetracycline (Chanchaithong et al., 2014; Siak et al., 2014). MRCoPS, including MRSA, MRSP
and MRSSc, have been reported in dogs and in associated people (Chanchaithong et al,,
2014). Thus, these bacteria were emphasized to be zoonotic infection in veterinary and
human hospital (Weese et al., 2012; Chanchaithong et al., 2014).

Cephalexin administration has been recommended as the primary choice of
empirical therapy for routine treatment canine dermatitis (Hillier et al.,, 2014).
Antimicrobial resistance can develop naturally following antibiotic exposure, and the
persistence of antibiotic resistance depends on the genetic fitness of the wild type or
impaired fitness of the mutant (Horvath et al,, 2012). The high incidence rates of
MRCoPS found in dogs might vary depending on management, especially the time of
antibiotic administration (Lehner et al., 2014). An increase of MRCoPS strains in micro-

environmental niches is a possible result of treatment, and this has potential public
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health significance. Additionally, the timing of the onset of MRSP emergence after
antibiotic treatment still needs to be clarified. This requires further specific investigation
into the timing of MRCoPS emergence and the duration of antimicrobial use. This study
was designed to determine the emergence of MRCoPS in dogs after oral cephalexin
administration.
MATERIALS AND METHODS
Population

Thirty-eight dogs from households were recruited on a voluntary basis by the
Dermatological Unit at a veterinary teaching hospital in Bangkok during 2012-2013. This
study was approved by Institutional Animal Care and Use Committee (IACUC), with
permit number 113/56. Male and female dogs ranging in age from 8 months to 2 years
and of different breeds were presented. Two sample collections were carried out from
the same dog depending on the cooperation of the animal owners. Prior to treatment
a total of 38 dogs with superficial pyoderma were assigned as pre-treatment dogs. All
dog samples were not treated with any antibiotic within 2 years. Subsequently,
cephalexin monohydrate at a dose of 22-30 mg/kg were orally administered to all 38
dogs, twice per day for 4-8 weeks or until the patient had full skin recovery without
any additional antibiotic or topical therapy. All dogs were followed up and categorized
into subgroups representing 1, 2, 3 and 4 weeks of drug-exposure times. In each

subgroup, one dog was sampled for two times at pre-treatment and during treatments
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depending on client convenience. Clinical sign of the dogs were observed for two
months. The antibiotic treatment was determined and administered under the
authority of the hospital’s veterinary dermatologists. Dogs were excluded from the trial
if they received other antibiotics during the observation period.
Bacterial collection

Sterile cotton swabs were used for sample collection from nares, perineum
and/or affected lesions. Swabs were inserted at least 0.5 cm depth into the distal nares
and approximately 1.0 cm around the peri-anal area. The affected tissue was either
pyoderma or erythematous dermatitis. The swabs were stored in modified Stuart’s
transport medium (Difco, Paris, France) in an ice-box (Eriksen et al., 1994) and were
cultured within 18 hours of collection.
Isolation and identification of CoPS and MRCoPS

Swabs were inoculated into 2 ml of enrichment broth containing 10 g/L
tryptone (Difco, Paris, France), 75 g¢/L sodium chloride (Carlo erba, Rodano, Italy), 10
¢/L mannitol (Flukka, Texas, USA) and 2.5 ¢/L yeast extract (Difco, Paris, France).
Aliquots of 100 pL of sample suspension were inoculated onto nutrient agar (Merck,
Darmstadt, Germany) supplemented with 5% sheep blood (blood agar) and on
mannitol salt agar (MSA) (Difco, Paris, France) containing 0.5 pg/mL oxacillin (Sigma-
Alrich, Missouri, USA) and then incubated at 37°C for 24 h and at 35°C for 48 h,
respectively (Bemis et al., 2009). Up to three staphylococci-like colonies were collected

from blood agar. Staphylococci were primarily confirmed by being gsram-positive cocci
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with glucose fermentation and catalase production, but negative in motility and
oxidase production tests. For species identification, coagulase-positive staphylococci
were identified based on their biochemical properties (Chanchaithong and
Prapasarakul, 2011).

A multiplex PCR (M-PCR) with nuc amplification was performed for speciation
of CoPS(Sasaki et al., 2010). The DNA was extracted using a Wizard Genomic® DNA
purification kit (Wizard; Promega, Wisconsin, USA), and the M-PCR used a gPCR master
mix (GoTaq®; Promega, Wisconsin, USA). The PCR products were detected by 1.5%
agarose gel electrophoresis with ethidium bromide and were observed under a UV
illuminator (Viber Lourmatt, Torcy, France). S. aureus ATCC 25923, S. pseudintermedius
CVMCO0108, S. intermedius CVMP 0309, S. delphini CVMP 0109 and S. schleiferi subsp.
coagulans CVMC 0208 were used as the internal controls (Chanchaithong and
Prapasarakul, 2011).

MRCoPS identification

To screen MRCoPS, all CoPS were tested by standard disk diffusion method
with oxacillin (1 mg). The protocol was performed according to the Clinical and
Laboratory Standards Institute (CLSI) guidelines (CLSI, 2013). S. aureus ATCC 25923 was
used as the standard control. Briefly, 0.5 McFarland units of bacterial suspension were
spread on Mueller-Hinton agar (Difco, Paris, France) and the oxacillin disks (Oxoid,
Hampshire, England) were placed on the agar surface. After incubation at 35°C for 24

h, the diameter of the zone of inhibition was measured and interpreted according to
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CLSI criteria (CLSI, 2013). The mecA gene was detected in all isolates according to the
approved protocol (Strommenger et al, 2003). MRSA strain NCTC 10422 and S.
aureus ATCC 25923 were used as positive and negative controls, respectively.
Statistical analysis

Statistic 17 for Microsoft Windows (SPSS Inc.; Chicago, IL, USA) was used for all
analyses. CoPS recovery rates between species was described by analysis of variance
(ANOVA) and multiple comparisons. The different recovery rates between methicillin-
resistant (MR) and methicillin-sensitive (MS) strains were analysed using the paired t-
test. Values of P<0.05 were defined as being statistically significant. Reliability analysis
between the existence of mecA gene and oxacillin resistant phenotype was performed
by Cronbach’s alpha coefficient (Q). The criteria of reliability analysis is 1.) high

reliability (O > 0.70), 2.) fair reliability (0.70 > Ol > 0.30) and 3.) low reliability (Ol < 0.30).

RESULTS

All 38 dogs were classified according to their initial condition and history of
antibiotic treatment. They had superficial pyoderma with crusting and erythema. By
two months from the onset therapy all dogs had recovered from the skin lesions. The
population of MRCoPS and MSCoPS derived from each group are summarized in Table

2.1.1.
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Table 2.1.1 Comparison between the recovery rates of MRCoPS and MSCoPS in the

nasal cavity, perineum, and lesion sites in each group

Dog groups Periods Total of dogs with MRCOPS  at
P-value Sites
(n= dog numbers) (n= dog numbers) *MRCoPS *MSCoPS site
Nasal 1/38
Pre-
treatment 3/38 38/38 <0.001 Perineum 2/38
(38) Skin lesion  0/38
1 week (11) 11/11 7/11 Nasal 31/38
Treatment 2 Wweeks (7) /7 2/7 Perineum 31/38
<0.001
(38) 3 weeks (10)  10/10 3/10 Skin lesion  11/38
4 weeks (10)  10/10 0/10

*MRCoPS = methicillin-resistant coagulase-positive staphylococci; MSCoPS = methicillin-sensitive coagulase positive

staphylococci

In pre-treatment dogs, MRCoPS were detected in the nares or perineum of 3
of the 38 animals (7.89%). In contrast, MRCoPS were isolated from either the nares or
perineum of 31/38 (81.57%) of the treatment dogs, but only 11 of 38 (28.9%) were
isolated from affected skin (paired t-test, P <0.001). MSCoPS was also detected in low
numbers of treatment dogs (12 of 38; 31.57%) (paired t-test, P = 0.003). Coagulase-
positive  staphylococci  species were identified by biochemical and genetic
characterizations as S. aureus, S. pseudintermedius and S. schleiferi subsp. coagulans;
their frequencies and distribution are shown in Table 2.1.2.The correlation of mecA

positive genotype and disk screening phenotype is shown in Table 2.1.3. The results
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of mecA positive genotype in MRSSc did not correlate with the results of oxacillin
screening method (Ol = 0.235). In this study, only one MRSP isolates was recovered
from the nares of a pre-treatment dog. MRSP were commonly isolated from the
treatment dogs, with the number of MSSP isolates being 4 time less than the MRSP
isolates (P<0.001). Co-existence of resistant and susceptible strains was observed at all
collection sites in the treatment dogs. Overall, 29 MRSSc isolates were recovered from

the treatment dogs, but susceptible strains were found in both groups.



Table 2.1.2 Frequencies and distributions of MRCoPS and MSCoPS belonging to three

canine staphylococcal species at the sampling sites

Group
(n= CoPs Sites *MRSP  *MSSP  P-value  *MRSSc  *MSSSc  P-value  *MRSA *MSSA  Total
numbers)

Nares 38" 4 1 2 45
Pre-
treatment  Lesion 2 2

(87)

Nares 28 5 <0.0001 12 1 <0.0001 46

Treatment

Lesion 11 4 <0.0001 4 1 0.83 20
(118)
Subtotal 1+2= Total 71 81 29 12 1 2 196

*MRSP = methicillin-resistant S. pseudintermedius, MSSP = methicillin-sensitive S. pseudintermedius, MRSSc =
methicillin-resistant S. schleiferi subsp. coagulans, MSSSc = methicillin-sensitive S. schleiferi subsp. coagulans, MRSA
= methicillin-resistant S. aureus, MSSA = methicillin-sensitive S. aureus

Blank means no isolate.

"MRSP and MSSP in the nasal cavities of the control and treatment groups were significantly different (multiple
comparisons, P< 0.00)

P-value determines significant difference between MRSP and MSSP at each carriage site and organs by paired t-test.



Table2.1.3 Time relapsing associated a possible selective pressure of MRCoPS on dog skin

and agreement between mecA positive genotype and disk screening phenotype

Number of dogs with positive MRSP Number of dogs with positive MRSSc
Samples
Pre-treatment 2 1 1 2
wil 11 11 0 7 4 7 3 3 3
Treatment w3 10 10 5 5 5 2 1 1 2
Total 40° 33 27 13 27 18° 6° 12 18

MRSP and MRSSc in this table were identified from mecA positive isolates that confirmed by PCR detection.
*OXA-R = oxacillin resistance; OXA-S = oxacillin sensitive including intermediate; CEP-R = cephalexin resistant; CEP-
S = cephalexin sensitive including cephalexin intermediate; w = week of treatment; Co-resistant = resist to both
cephalexin and oxacillin

Blank means 0 dogs

0 =0.71

bal = 0.235
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DISCUSSION

In previous study, MRCoPS could be isolated from dog skins within one years
after treatment (Beck et al., 2012). Then, the criteria of sample collection in this study
could reduce remaining MRCoPS on their skin in pre-treatment dogs. This may explain
why pre-treatment dogs had a very low incidence of resistant strains than was less
than previously reported elsewhere (Beck et al., 2012).

CoPS were confirmed as being commensal on the skin of all tested dogs. S.
schleiferi subsp. coagulans and S. aureus are moderate and minor components of the
skin microbiota, respectively (Chanchaithong and Prapasarakul, 2011). All pre-
treatment dogs contained MSCoPS at all collection sites, and co-colonization with
MRCoPS and MSCoPS was confirmed. The existence of MRCoPS might reflect an
irreversible acquisition of mutant strains in dogs exposed to an antibiotic for over a
year (Craven and Neidle, 2007). In this study, one of the MRCoPS in a pre-treatment
dog was MRSA, which is a common pathogen of human. This bacterium might be
transferred from nasal cavities or skin of dog owners who was close contact with their
dogs (Rutland et al., 2009). The nares and perineum have been deduced to represent
a higher risk of transmissible contamination to clients than skin lesions (Walther et al,,
2012). The very low recovery rate of MRSA might indicate that transmission from dogs
to clients is not primarily a phenomenon of zoonosis, but vice versa (Rutland et al,,

2009).
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In general, carriage sites (nares, oral cavity and perianal area) have been shown
to be an important source of staphylococcal contamination to other hosts
(Chanchaithong and Prapasarakul, 2011; Beck et al, 2012). This study revealed
consistent evidence of MRSP from the nares and perineum, but it was less common
in lesions. Hence, wound sites were not identified as a good screening area for MRSP
in this study. The source of transmission might originated from environment and
transferred to dogs during routine veterinary treatment. However, the very low
recovery rate of MRSA might be that dog skin was not suitable for colonization of this
pathogen (Rutland et al.,, 2009; Beck et al., 2012). In this study, S. schleiferi subsp.
coagulans was recovered as well as S. pseudintermedius and S. aureus, nevertheless,
the number of dogs which carried S. schleiferi subsp. coagulans was less than that of
S. pseudintermedius under both conditions, with or without cephalexin administration.
However, the emergence of MRSSc was potentially related only to the period of drug
administration.

The criteria of MRSP oxacillin breakpoint were applied for MRSSc interpretation
in this study (CLSI, 2013). However, the result of oxacillin disk screening did not
correlate with mecA-positive results in MRSSc. This might possible that the criteria of
MRSP did not suitable for screening MRSSc as well as MRSP. Hence, the MRSSc
detection should be decided by mecA gene.

The influence of cephalexin treatment on the MRCoPS population were

described in this study. MRCoPS were discovered on all dogs after first week of
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treatment. Then, the proportion of MRCoPS and MSCoPS were increase from 1 to 4™
week of treatment. Hence, this might be linked with antibiotic stress theory (Andersson
et al., 1998). With respect to this theory, the result showed that all MSCoPS completely
disappeared within 4 week (100%) and this correlated with the previous reports (Beck
et al., 2012). However, the increasing of MRCoPS population must be concerned in the
veterinary treatment and the hospital management. The distribution of MRCoPS might
be originate from treatment dogs. Therefore, control of this microorganism should be
intensive cleaning management and sanitation in veterinary hospital.

In conclusion, CoPS comprising S. pseudintermedius and S. schleiferi subsp.
coagulans were common at nasal cavities, perineum and lesion of dog patients. The
co-colonization with resistant and sensitive strains was evident on pre-treatment and
treatment dog skin, but the increase in MRCoPS were shown after antimicrobial
administration. The emergence of MRSP might suggest an immediate onset of clonal

selection with possible transmission.
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ABSTRACT
This study aimed to investicate the nasal carriage of methicillin-resistant
Staphylococcus pseudintermedius (MRSP) in dogs treated with oral cephalexin
monohydrate. Ten dogs with superficial pyoderma were monitored longitudinally for
MRSP carriage for up to 1 year after treatment, including typing of strains and
determining antibiograms. Methicillin-susceptible S. pseudintermedius (MSSP) were
recovered prior to treatment in all dogs and could be isolated after 12 months in 1
dog. MRSP was detected within 1 week of treatment in all dogs, and 3 clones
represented by ST45, ST112 and ST181 were consistently present for up to 12 months
after treatment. Susceptibility tests showed that all MRSP isolates were resistant to at
least 7 common antimicrobials. Oral cephalexin monohydrate treatment selected for

strains of multi-resistant MRSP, which were still present after 1 year.

INTRODUCTION

Staphylococcus pseudintermedius is a commensal bacterium on canine
mucosa and skin that also can cause canine dermatitis. In rare cases it can
opportunistically infect humans and contribute to detrimental outcomes such as
septicemia, sinusitis and dog bite wound infection(Chuang et al., 2010; Stegmann et
al., 2010; Wang et al.,, 2013). Systemic cephalexin administration is the primary choice
of empirical therapy for canine superficial pyoderma (Hillier et al., 2014); however, the

use of antibiotics may encourage an increased frequency of resistant strains, resulting
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in recurrent infection or increased risk of bacterial zoonotic transmission to owners and
veterinarians (Walther et al., 2008).

Antimicrobial resistant strains can be selected following exposure to
antimicrobials. According to the selective pressure concept, antibiotic resistant strains
may persist depending on the relative genetic fitness of resident susceptible and
resistant strains(Horvath et al., 2012). Methicillin-resistant S. pseudintermedius (MRSP),
can be increasingly detected after routine antibiotic treatment for canine dermatitis,
and these also express resistance to other beta-lactam drugs, namely, penicillins and
cephalosporins (Siak et al., 2014). Previously, emergence of MRSP from dogs with a
history of treatment for dermatitis was observed in a longitudinal study and was shown
to become the source of contamination for in-contact animals and the environment
within the same household (Laarhoven et al., 2011). MRSP has been reported to persist
on dog’s skin for more than 6 month after antibiotic administration, and increased
detection of MRSP during treatment seems to be common (Beck et al., 2012). However,
the changes in the S. pseudintermedius population and the duration of persistence of
MRSP strains on dog skin following antimicrobial treatment still needs to be
determined in index dogs. This study aimed to determine changes in the S.
pseudintermedius population in dogs after treatment with cephalexin and to evaluate

the persistence of the resistant population in a longitudinal study.



a8

MATERIALS AND METHODS
Animals and treatment

This study was approved by the Chulalongkorn University Institutional Animal
Care and Use Committee (permit number 113/56). Owner’s permission was obtained
through a consent form. Between 2011 and 2013, 10 dogs from different households
were recruited on a voluntary basis by the Dermatological Unit at the University’s
Small Animal Teaching Hospital. Inclusion criteria for the dogs were generalized
superficial pyoderma indicated by the presence of primary and secondary lesions
including erythema, papules, pustules or epidermal collarets, and having no previous
treatment with any drugs. All subjects were treated with oral cephalexin monohydrate
at a dose of 22 to 30 meg/ke body weight (BW) gl2h for 2 month with some topical
therapy in most cases (Table 1). The dose and duration of treatment were prescribed
by the veterinary dermatologist.
Bacterial collection

Fach dog was sampled at 3 times: 1) prior to treatment with antibiotics (Pre-
treatment group), 2) 1 week after the start of treatment (Treatment group), and 3) 6-
12 month after the onset of treatment (Follow-up group). Dog 9 was sampled at both
6 and 12 months post-treatment. Up to 4 samples from the same dog were collected

over the duration of the study, depending on the cooperation of the animal owners.
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Isolation and identification of S. pseudintermedius

Samples were collected using sterile cotton swabs inserted at least 0.5 cm into
the left rostral nares of the dogs. The tip of the cotton swab was added to 1 mL of
0.85% normal saline in a microcentrifuge tube, then vigorously mixed and kept at 4°C
for no longer than 2 h before it was cultured for bacteria. Ten-fold serial dilutions were
prepared as described in the 1ISO6888-1 guideline (ISO6888-1, 1999), and 100 uL of
each dilution was plated onto mannitol salt agar (MSA; Difco, Paris, France), and onto
MSA containing 0.5 pg/mL oxacillin (Sigma-Aldrich, St. Louis, Missouri, USA) (MSA-O)
(Chanchaithong et al.,, 2014). The plates were incubated at 37°C for 24 h and at 35°C
for 48 h, respectively. Colonies of staphylococci that were pink, round, convex, smooth
and 0.1 to 0.3 mm in diameter were counted on 2 plates per dilution series containing
approximately 20 to 200 colonies and the average number was used to calculate the
colony forming units (CFU)/swab.

At the highest serial dilution plate with visible growth of bacterial colonies,
three suspected staphylococcal colonies were selected from MSA-O plates for species
identification. In the case of no bacterial growth on MSA-O, pink colonies were
collected from MSA without oxacillin. Staphylococcus pseudintermedius from either
MSA-O or MSA was identified by routine primary biochemical tests, the tube coagulase
test and secondary biochemical properties, with confirmation by amplification of the
nuc gene by PCR (Sasaki et al., 2010; Chanchaithong and Prapasarakul, 2011). After

identification, non-staphylococci and coagulase negative staphylococci were excluded
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from the experiment. Staphylococcus. aureus ATCC (American Type Culture
Collection) 25923', S. pseudintermedius CVMC [Chulalongkorn University Veterinary
Microbiology (CUVM), canine strain) 0108, S. intermedius CVMP (CUVM pigeon strain)
0309, Staphylococcus delphini CVMP 0109 and Staphylococcus schleiferi subsp.
coagulans CVMC 0208 were used as control strains. One S. pseudintermedius isolate
per dog per time of collection, comprising 10 isolates from prior to treatment, 10
isolates from the first week and 11 isolates from follow-up dogs, were used for
susceptibility testing and molecular typins.
Susceptibility testing and MRSP detection

AWl S. pseudintermedius isolates were assessed for susceptibility against 8
antimicrobials by the disk diffusion method including 1 pg oxacillin (OXA), 200 ug
mupirocin (MUP), 15 ug erythromycin (ERY), 2 ug clindamycin (CLI), 30 pg doxycycline
(DOX), 10 g gentamicin  (GEN), 5 pg enrofloxacin (ENR) and 25 ug
sulfamethoxazole/trimethoprim (SXT). The protocol was performed according to the
Clinical and Laboratory Standards Institute (CLSI) guidelines, Vet01-Ad (CLSI, 2013). S.
aureus ATCC 25923" was used as the standard control. Isolates were confirmed as
MRSP by oxacillin resistance (Bemis et al., 2009) and possession of the mecA gene
(Strommenger et al., 2003).
Molecular typing

SCCmec of MRSP isolates were classified by the presence of the mec complex

class and the type ccr complex by multiplex PCR (Kondo et al., 2007). DNA fingerprints
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were obtained for strain typing using Cfr9l-pulsed-field gel electrophoresis (PFGE) with
the CHEF-DRIIl apparatus (Bio-Rad, Hercules, California, USA), with a voltage of 6 V/cm
and a switch time 0.5 to 15 s for 18 h and 20 to 25 s for 5 h (Soedarmanto et al., 2011).
A The bal-digested chromosome of Salmonella Braenderup H9812 was used as a
standard marker for normalization, and a dendrogram was constructed using Gene
Directory software (Syngene, Frederick, Maryland, USA) with UPGMA and setting at 1.0%
position tolerance. A PFGE group was defined as clustering with an 80% similarity in
pattern. Multilocus sequence typing (MLST) was performed to determine the sequence
type (ST) of MRSP strains by amplification and sequencing of 7 housekeeping genes
(ack, cpné60, fdh, pta, purA, sar and tuf), and analysis with the PUbMLST database

(http://pubmlst.org/spseudintermedius/) (Solyman et al., 2013).

Statistical analysis

Statistics 17 for Microsoft Windows (SPSS Inc.; Chicago, Illinois, USA) was used
for all analyses. Category comparison for number of colonies cultured among groups
(Pre-treatment, Treatment, and Follow-up) was done using the Kruskal-Wallis test.
Differences between the numbers of colonies cultured at each observation were
analysed using the Wilcoxon signed-ranks test. Values of P <0.05 were statistically

significant.


http://pubmlst.org/spseudintermedius/
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RESULTS
All selected dogs were presumptively diagnosed with generalized superficial
pyoderma. After 2 month of administration of cephalexin, all dogs had normal skin
without the need for additional antibiotic or steroid therapies throughout the time of
observation. All dogs had S. pseudintermedius isolated at each sampling time (Tables
2.2.1 and 2.2.2). On MSA, the numbers of CFU of staphylococcus-like colonies
between the 3 groups were significantly different (P = 0.007). Furthermore, the CFU for
the dogs at follow-up were significantly greater than for the pre-treatment (P = 0.005)
and treatment (P = 0.013) samples (Table 2.2.1). Only MSSP was isolated from all dogs
prior to treatment, and dogs 9 and 10 also had MSSP isolated at 12 month post-
treatment. Twelve MSSP isolates, including 10 from all dogs prior to treatment and 2
from Dog 9 and Dog 10 at 12 month post-treatment, were included for the PFGE
fingerprint analysis. A total of 19 MRSP were selected from all dogs at the 1 week
after treatment and the follow-up period (6 to 12 month after treatment) (Table 2.2.2).
AWl MRSP isolates were characterized by SCCmec typing, MLST and DNA fingerprint
analysis. A dendrogram from DNA fingerprint analysis of 31 S. pseudintermedius isolates
illustrated with other characteristics and time of isolation is presented as a
Supplementary Figure (available from the author). Isolates from the same dog having
an identical PFGE pattern, sequence type (ST), SCCmec type and antibiogram are

shown as one representative pattern.
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Table 2.2.1 Age, sex, breed and treatment for the 10 dogs and the number of

Staphylococcus-like colonies recovered at each collection time.

Log CFU/swab)

Other
Dog Age Sex Breed Pre-treatment Treatment Follow-up
treatments®
MSA“®  MSA+Oxa® [ MSA®  MSA+Oxa | MSA®f  MSA+Oxa
1 2y M Beagle 2% 2.54 ND 2.31 1.31 3.05 244
Chlorhexidine
2 8 F Mixed Herbal 2.84 ND 2.7 1.52 2.95 2.65
mo cream®
3 9 F Mixed Herbal cream  2.48 ND 256  1.64 3.64 3.65
mo
[ ly M German 2% 2505 ND 2.82 0.9 2.87 2.88
shepherd  Chlorhexidine
5 1.5 F Mixed 2% 2.35 ND 2.45 1.22 2.65 212
y Chlorhexidine
6 10 F English None 2.56 ND 2.46 1.32 295 244
mo cocker
spaniel
7 ly M Pug None 2.25 ND 2.56 1.64 2.65 2.77
8 1.5 M Beagle 25% Benzyl 229 ND 254  1.02 24 2.55
y peroxide
9 9 M Mixed Herbal cream  2.36 ND 251 1.54 2.96 ND
mo
10 ly M Mixed 25% Benzyl 29 ND 2.89 1.33 3.54 ND

peroxide
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Other treatments apart from oral cephalexin. PLocal herbal product mainly containing custard apple seeds and
other Thai herbal ingredients recommended for localized dermatitis. “Mannitol salt agar. “Mannitol salt agar
contained 0.5 pg/ml oxacillin. *Numbers of Staphylococcus-like colonies between the 3 groups were significantly
different (Kruskal-Wallis test; P = 0.007). ‘Numbers of Staphylococcus-like colonies in the follow-up group were
greater than in the pre-treatment and treatment groups (Wilcoxon Signed Ranks test; P = 0.005 and P = 0.013). ND
= not detectable. M — male, F — female, CFU - colony-forming units. Chlorhexidine and benzoyl peroxidase were

shampoos.
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Table 2.2.2 Genotypic and antibiogram profiles of coagulase-positive staphylococci

(CoPS) serially isolated from 10 dogs during the period prior to treatment (0 month)

until a maximum of 12 month after treatment.

Dog CoPS PFGE ST Antibiogram SCCmec  Times of occurrence (months)
type 0 6 8 12

1 MSSP A Neg

MRSP  F 45 OXA- ERY-CLI-GEN-DOX-SXT NT .-
2 MSSP A Neg -

MRSP  F 45 OXA- ERY-CLI-GEN-DOX-SXT NT -
3 MSSP B Neg

MRSP  F 45 OXA- ERY-CLI-GEN-DOX-SXT NT -;
4 MSSP B Neg

MRSP  C 112 OXA- ENR-ERY-CLIGEN-DOX-SXT Al -
5 MSSP D Neg

MRSP  C 112 OXA- ENR-ERY-CLIGEN-DOX-SXT Al -
6 MSSP E Neg

MRSP  H 181 OXAENR-ERY-CLI-GEN-DOX-SXT  V
7 MSSP G Neg

MRSP  H 181 OXAENR-ERY-CLI-GEN-DOX-SXT  V
8 MSSP Neg

MRSP  C 112 OXA ENR-ERY-CLIGEN-DOX-SXT Al
9 MSSP G Neg

MRSP  C 112 OXA ENR-ERY-CLIGEN-DOX-SXT Al
10 MssP J Neg

MRSP  F 45 OXA- -ERY-CLI-GEN-DOX-SXT NT
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MSSP = methicillin-sensitive S. pseudintermedius, MRSP = methicillin-resistant S. pseudintermedius, PFGE = pulsed-
field gel electrophoresis, ST = sequence type in multilocus sequence typing, NT = non-typable, Neg = negative

1% the samples were collected on the 7" day after onset of treatment

A grey block indicates the presence of the clones at the time of sampling. All dogs had CoPS at each sampling

time. Three samples were obtained from each dog, except for dog 9 samples were obtained.
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By PFGE typing, 12 MSSP isolates clustered into 9 groups and 19 MRSP isolates
clustered into 3 groups based on the 80% similarity cut-off. Typing by MLST identified
3 STs of MRSP including ST 45, ST 112 and ST 181. MRSP ST 181 contained SCCmec V
(MRSP ST 181-V), and ST 112 carried non-typable SCCmec with a class A mec complex
and type 1 ccr complex (MRSP ST 112-Al). Multiplex PCR could not identify the
SCCmec type of MRSP ST 45 (MRSP ST 45-ND). Antibiograms of MRSP are presented in

the Supplementary Figure (available from the author) and Table 2.

DISCUSSION

In previous studies, risk factors associated with increased detection of MRSP
included frequent visits to veterinary clinics, prolonged hospital stays, and having a
breeding bitch in the same household - but the effects of administration of
antimicrobials have not been consistent (Lehner et al., 2014; Gronthal et al., 2015;
Kiellman et al., 2015). Thus, this longitudinal study assessed the dynamic population
change of S. pseudintermedius between pre-treatment and drug-use, as well as the
persistence of MRSP post-treatment. Samples were taken from the nose, as this site is
known to be an important source of staphylococcal carriage and contamination for
other hosts (Beck et al., 2012). The careful selection of animals in the study may
explain why untreated dogs had no resistant strains detected, which differed from

previous reports(Beck et al, 2012; Kjellman et al, 2015). In our study, S.
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pseudintermedius could be a microbial marker for selection of antimicrobial resistant
strains.

The use of MSA allowed growth of all staphylococci with pink colonies that
could be used to differentiate them from other genera (Chanchaithong and
Prapasarakul, 2011). MSA-O agar was used to screen the staphylococci with the
methicillin resistance trait, thus the bacterial number tentatively represented the MRSP
number (Bemis et al., 2009). The increased number of colonies of staphylococci on
MSA found in the follow-up samples compared to pre-treatment might have arisen
from co-colonization with MRSP and pre-existing MSSP strains. Adaptation mechanisms
of bacterial strains in their ecological niche in the canine nose following antibiotic
treatment have not been investigated. In all treated dogs, MSSP appeared to be
replaced by MRSP as the dominant coagulase-positive Staphylococcus by the first
week after treatment. Hence cephalexin treatment rapidly drove an increase in MRSP,
consistent with the selective pressure theory for staphylococcal populations (Paul et
al,, 2011). This result confirms that selection of MRSP during treatment occurs
frequently in the nasal environment (Beck et al., 2012). Moreover our follow-up
demonstrated maintenance of a high level of persistence for 6 to 12 months in this
longitudinal study, which was strongly concordant with the results of a previous cross
sectional study (Beck et al., 2012).

PFGE typing is an approved genetic classification tool, and gave results highly

consistent with the MLST results. The findings confirmed that clones of MSSP were
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genetically different from MRSP. The MLST and PFGE analysis confirmed that the
persistent MRSP in follow-up dogs was the same clone in all cases (Laarhoven et al,,
2011). The frequency of specific MRSP clones in an individual could be explained by a
selective pressure phenomenon exerted by pre-existing resistant strains during
antimicrobial exposure.

Isolates ST45-ND, ST112-A1 and ST181-V were shown to be multi-resistant to
at least 5 additional antimicrobial classes. SCCmec of MRSP ST45 was not specifically
identified in this study, but WSCCmecsss95 is commonly associated with this ST in
Thailand and Israel(Paul et al.,, 2011; Chanchaithong et al., 2014). Additionally, ST45,
ST112 and ST181 were previously reported as clones shared between dogs and owners
(Chanchaithong et al., 2014). Our study showed that MRSP could be detected in
healthy convalescent dogs, and that MLST and SCCmec typing were useful to study
the molecular epidemiology of the infection.

In conclusion, we demonstrated that oral cephalexin treatment of 10 dogs with
pyoderma was associated with selection of MRSP clones with multidrug resistance. We
observed a rapid onset of selective pressure and maintenance of MRSP for up to 12

months after treatment.
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ABSTRACT

This study was to determine the prevalence of MRSP from environment to
investigate the source of methicillin-resistant S. pseudintermedius (MRSP) distribution,
within the Veterinary Teaching Hospital, veterinary staffs and dogs, and to characterize
their species, antimicrobial susceptibility and clone types of MRSP. A total of 224
samples were collected from 188 environmental surfaces in 8 parts of hospital (28
samples per unit and 10 samples per hallways), 22 nasal carriage of veterinary staffs
and 14 wound sites of dogs. The bacteria were counted on the selective media and
identified using biochemical profiles and molecular analysis. Overall, high distribution
of staphylococci was found on floor and medical instruments at the average of 41.10
CFU/swab. MRSP were performed on 4 floors, 3 tables, 2 syringe plates, 1 keyboard, 1
cotton and 2 knot doors. MRSP containing untypable SCCmec cassette presented
multidrug resistance to doxycycline, gentamicin, erythromycin and clindamycin. By
pulsed-field gel electrophoresis (PFGE) analysis, 6 of 10 PFGE types were found at
dermatological unit that was identical to 3 types within gynecological unit. The clone
type belonged to a veterinarian was different from the others, whereas type B MRSP
from a dog was identical to that in Dermatological unit. Based on the results, there
was a high distribution of CoPS circulating in the hospital with high number of

colonization. Molecular typing indicated variance of MRSP representing the direction
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of distribution within the area study. Our insight is strongly helpful for strategic planning

in hygienic recommendation in veterinary hospitals.

INTRODUCTION

Staphylococcus (S.) pseudintermedius has been majorly recognized as
members of canine coagulase-positive Staphylococci (CoPS) causing dermatitis and
septicemia (Frank et al., 2009; Morris et al., 2012) and is transmissible to owner and
human patients (van Duijkeren et al,, 2004). Methicillin-resistant Staphylococcus
pseudintermedius (MRSP) commonly presents multidrug resistance to certain particular
antibiotic groups such as B—Lactam, macrolide, lincosamide, fluoroquinolone and
aminoglycoside (Young et al, 2014). Recently, increase of MRSP distribution in
veterinary hospital become the high risk of surgery site infections (SSls) and septicemia
in animal patients and also being threat of organization development and

standardization (Dancer, 2004).

The distribution of MRSP in the veterinary hospital poses nosocomial infection
(Bergstrom et al., 2012a; Gronthal et al., 2015). Environmental surfaces, veterinary staffs
and animal patients play role in MRSP circulation (Bergstrom et al., 20123; Davis et al.,
2012; Gronthal et al,, 2015). The surveillance of MRSP is emphasized to predict the
distribution of these pathogens in hospitals (van Duijkeren et al., 2011). In veterinary
hospital, MRSP were discovered on medical instruments such as weight scales,

examination tables and stethoscopes (Hamilton et al., 2012). The remaining MRSP in
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environment were a potential cause for outbreak in veterinary hospital (Gronthal et
al., 2015). Previously, outbreak caused by MRSP ST71 were concerned in a Finnish

Veterinary Teaching Hospital (Gronthal et al., 2015).

Veterinarians were the other important carrier who shared MRSP to
environmental and animal (Sasaki et al., 2007). However, the factor effect of MRSP
distribution was independent in each hospital (Youn et al,, 2011; Gronthal et al., 2015).
To control an outbreak and spread of MRSP, the hysgienic strategy and hospital
accreditation must be applied in veterinary hospitals (van Duijkeren et al.,, 2011;
Bergstrom et al,, 2012b) including hand hygiene, protective gear and disinfectant

(Gronthal et al., 2015).

In Thailand, sharing of MRSP among dogs, dog owners and veterinarians were
confirmed in our teaching hospital (Chanchaithong et al., 2014). However, there has
not been reported the information of MRSP distribution in the hospital environment.
This study aimed to determine the prevalence of MRSP in the Veterinary Teaching

Hospital in Thailand and analyze the clone relation in the units of investigation.

MATERIALS AND METHODS

Study design and ethic
A cross sectional study was performed on the Small Animal Teaching Hospital

of the Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand. The
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samples had been collected during November 2014. Dog and veterinary staff sampling
protocols and consent forms were approved from the Institutional Animal Care and
Use Committee (IACUC) (113/56) and the Ethical Review Committee for Research
Involving Human Research Subjects, Health Science Group, Chulalongkorn University

(137/57), respectively.

The hospital setting

The Veterinary Teaching Hospital (VTH), Faculty of Veterinary Science,
Chulalongkorn University was the main veterinary hospitals in Bangkok, Thailand where
approximately140,000 patients visited in each year. The hospital composed with 4
divisions; Emergency and Intensive Care Unit, General Medicine, Surgical Unit,
Gynecological Unit and Special Units (Cardiology, Kidney & Urine care, Diabetes,

Dermatological, Cancer, Feline disease, and Neurological).

In 2014, approximately 389 pet patients daily visited to VTH divided as 96 at
general medicine, 30 at gynecological unit, 27 at dermatological unit and 8 at surgical
unit. The routine of cleaning management in this VTH composed of 1.) The floors are
cleaned with 2.5% quaternary ammonium compound (UMONIUM38®, Laboratoire
Huckert's International, Thailand) between 15.30-16.00 PM 2.) Examination tables,
stethoscopes, syringe plates, waiting branch, drug cabinet, keyboard and knot door
are cleaned with 0.5% quaternary ammonium compound (UMONIUM38®, Laboratoire

Huckert's International, Thailand) when the items were not in use. 3.) Cotton for
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wound dressing did not changed unit they were empty. and 4.) The disinfectant water
in forceps jars which is 1% povidone iodine (Betadine® solution, Pathumthani,

Thailand) is changed every day in all unit.

Populations and sample collections
Environmental samples

A total of 188 samples were retrieved from environmental surfaces in 8 parts
of hospital; Division of general medicine, vaccination unit, gynecology, dermatology,
surgery, post-surgery care and hall way (lower and upper). At the sample collection
day, medicine, vaccination and dermatological unit located on new building of VTH
while gynecology, surgery, post-surgery care and hall ways was parts of old building.
The criteria of sample collections were described in Table 2.3.1. The criteria of room
composing of 1.) Having at least 8 pet patients visited per day and 2.) Cleaning room
at least 1 time per day. Most of samples were collected from the central examination
room which at least 5 patients visited per day. One environmental sample were
collected sample for two times in the same day; before clinics opened at 7.30 - 8.00
AM and after clinics cleaned at 15.30 — 16.00 PM at 22 May 2014. In one room, samples
were collected from 5 parts of floors (Buttner et al., 2001) the central examination
room. In case of medical instruments, if items in that room have more than one, the
high frequency use item was chosen for sampling (Hoet et al,, 2011). The data

associated hospital management were collected by questionnaires. All surfaces were
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collected from sterile cotton swab. Before swabbing, cotton was dipped into 2 mL of
peptone saline dilution (PSD; peptone 1 ¢, sodium chloride 8.5 g in 1000 mL of distill
water). The moisten swab were rolled on the surface, cut the cotton part into the

same tube and contained on ice until cultured.
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Table 2.3.1 The criteria of sample collection on floors and medical instruments

Environmental

Type Sample/room/time Criteria (area per swab)
samples
3x3 cm2 from five parts; right up, right down,
Floor Floor 5 middle, left up and left down in the main
examination room
One gram of bandaging wound cotton in the main
Cotton 1
examination room
0.1x0.1 cm2 of animal contact surface of
Stethoscope 1
stethoscopes in the main examination room
0.1x0.1 cm2 of syringe plate in the in the main
Syringe plate 1
examination room
Disinfectant 1 mL of disinfectant water in forceps jar in the
1
Medical waterl main examination room
instruments Examination 10x10 cm2 on the surfaces of examination table
1
table in the main examination room
Waiting 10x10 cm2 waiting branch in front of the main
1
branch examination rooms
Drug cabinet 1 10x10 cm2 of drug cabinet in Division or unit
10x10 cm2 of keyboard in the main examination
Keyboard 1
room
0.1x0.1 cm2 of knot door on the front door in the
Knot door 1

main examination

'negative control



73

Veterinary staff samples

Veterinary staff samples composed of 1 veterinary nurse per unit and 16
veterinarians who had worked at the hospital for 2 years and rotated for veterinary
practices in every unit. They were asked to provide a sterile cotton swabs into their
nasal cavities (Chanchaithong et al., 2014) and their histories by questionnaires.
Routinely, veterinarians and the other staffs wear the protective mask during working
hours. The sterile cotton swabs were dipped into 2 mL of PSD in a sterile test tube
(No. 9820, Cole-Parmer®, Thailand) before sampling (Chanchaithong et al., 2014). After
sampling, the cotton part was cut into the same tube, contained on ice and cultured

within 2 h.

Dog samples

A total of 14 samples were collected from nasal cavities of 14 dogs in surgery,
post-surgery care and dermatological unit on the same day of human and
environmental samplings. The outpatient dogs with wound infection or dermatitis were
chosen from each clinical unit underneath authorization of veterinarian and permission
of owner. The moist, sterile cotton swabs were dipped in 2 mL of PSD into a sterile
test tube (Chanchaithong et al,, 2014). The swab was rolled on the wound sites of
dogs. The cotton part was cut into the same tube, contained on ice and cultured

within 2 h.
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Bacteria enumeration, species identification and MRSP identification

In this study, samples were cultured within 2 h with enrichment prior for
accuracy in the enumeration. The samples were vigorously shaken before ten-fold
serial dilution were prepared as described in the ISO6888-1 guideline (ISO6888-1, 1999).
A total of 0.1 mL of suspension was spread on Baird-Parker agars (Difco™, France)
without and with 0.5 pg/mL of oxacillin (screening plate) for staphylococci selection
and enumeration and was repeated this process at 3 times. After incubation at 35°C
for 48 h, black colonies of Staphylococci-like were counted. Three presumptive
staphylococci colonies were purified on tryptic soy agar (TSA; Difco™, France) and
confirmed with coagulase test. All CoPS were identified by primary and secondary
biochemical tests and multiplex-PCR (M-PCR) for (Sasaki et al., 2010; Chanchaithong
and Prapasarakul, 2011). S. aureus ATCC 25923, S. pseudintermedius CVMC 0108, S.
schleiferi subsp. coagulans CVMC 0208 (canine origin), S. intermedius CYMP 0309 and

S. delphini CVMP 0109 were used as control strains.

All CoPS were screened with oxacillin disk diffusion method. Oxacillin and
cefoxitin - breakpoints were confirmed methicillin-resistant  coagulase-positive
staphylococci (MRCoPS) definition by CLSI recommendation (CLSI, 2013). All oxacillin
resistant isolates were defined as MRCoPS and confirmed by mecA gene detection
(Strommenger et al.,, 2003). S. aureus ATCC 25923 and methicillin-resistant S. aureus

(MRSA) N315 were used for the internal control strains.
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MRSP antibiogram, SCCmec typing and clone typing

Thirty-four MRSP isolates from the screening plates (Baird-Parker agars with 0.5
pg/mlL of oxacillin) were further determined antibiograms, SCCmec type and pulse-
field gel electrophoresis (PFGE) patterns. They were determined by disk diffusion
method (CLSI, 2013). The panel of antimicrobials were included clindamycin (DA, 2
pg), doxycycline (DO, 30 pg), gentamicin (CN, 10 pg), erythromycin (E, 15 pg), mupirocin
(MUP, 200 pg) and sulfamethoxazole/trimethoprim (SXT, 25 pg). S. aureus ATCC 25923
was used as the control strain. The susceptibility level was interpreted as CLSI

recommendation (2013).

The conserved fragments of the mec gene complex and ccr gene complex
were detected by multiplex PCR to identify SCCmec type (Kondo et al., 2007). In order
to determine clonal relation among MRSP, PFGE were performed as recommended
(Chanchaithong et al., 2014). Briefly, bacterial DNA was plugged into Seakem® agarose
(Bio-Rad, USA) and cut with Crf9/ enzyme. DNA fragments were separated on a CHEFIII
at 6 V/cm, 14°C, 120° in a 1% Pulsed-field grade agarose gel with switching was 5-15
sec for 18 h and 15-60 sec for 5 h. Gels were stained with ethidium bromide, destained
in water and digitally captured under UV light (Murchan et al., 2003). Salmonella
serotype Braenderup H9812 was used as leader. The GeneDirectory program (Syngene,
USA) associated with dice coefficient (1.5) were used for dendrogram construction

(UPGMA and 1.0% position tolerance).
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Data analysis

Statistic 22 for Microsoft Windows (SPSS Inc.; Chicago, IL, USA) was the program
for statistical analysis. Criteria of staphylococci population on hand touch sites and
floor surfaces were interpreted by Dancer’s criteria (2004); aerobic bacteria; < 2.5
CFU/cm? = scanty growth; 2.5-12 CFU/cm? = light growth; 12-40 CFU/cm? = moderate
growth; and 40-100 CFU/cm? = heavy growth (Dancer, 2004). The prevalence of CoPS,
MRCoPS, MRSP, MRSSc and MRSA were described by percentile. The variable of
colonies in each room were analyzed by Post Hoc test. The risk of MRCoPS in each
room were described by odd ratios while the population of MRCoPS in Division of

medicine were used as references.

RESULTS

Distribution of CoPS in the Small Animal Teaching Hospital

The number of staphylococci on the floors were ranged from 0 — 200 CFU/cm?
(average 61.09 CFU/cm? on BPA and 44.95 CFU/cm? on BPA-O). Dermatological unit
showed the highest CoPS number (200.22 CFU/cm?) while that of surgery unit was the
lowest (0.22 CFU/cm?) followed by down stair hallway (1.56-9.11 CFU/cm?) (Table
2.3.2). The number of staphylococci among medical instruments was highly detected
in post-surgical care unit (844.44 CFU/swab). Additionally, the number of colonies in
the room where cleaned by broom without mopping and antiseptic was significantly

higher than the others (P < 0.05, Post Hoc test).
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In this experiment, CoPS strains retrieved from 60 of 224 samples; 26 parts of
floors, 19 items of medical instruments, 14 dogs and 1 veterinarian. The population of
CoPS isolates were performed highly on the floor, dog patients and examination table
at 31, 14 and 9, respectively. CoPS was detected from only one veterinarian and no

CoPS was detected from disinfectant water in forceps jars and drug cabinets.

Questionnaires

The veterinarians’ questionnaires were collected from 16 veterinarians in
surgery, dermatological, gynecology and post-surgery care unit. Eight of 16 veterinarians
revealed that they used amikacin, amoxicillin/clavulanic acid, cefazolin, cephalexin,
doxycycline, enrofloxacin, marbofloxacin, metronidazole and penicillin-streptomycin
for treating pet patients. Veterinary assistants showed individual cleaning management
in each unit and did not follow routine management. In all unit, examination tables

were cleaned with UMONIUM38® immediately when the items were not in use.
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Table 2.3.2 Prevalence and bacterial count of coagulase positive staphylococci (CoPS) and methicillin resistant coagulase positive

staphylococci (MRCoPS) in 8 parts of the veterinary hospital.

Average of colonies on the floor

Average of colonfes on the medical instruments”

Routine Cleanin BPA BPA+O 0Odd ratio  BPA BPA+O Odd ratio
¢ CoPs MRCoPS
Places Main antibiotic used  management of Cops MRCoPS of
positive positive
A " " MRCoPS positive positive MRCoPS
i ipm im
fantiseptic/equipment/time) (CFUfem®)  (CFU/em®)  surfaces surfaces (CFU/swab)  (CFU/swab)
positive surfaces (%)  surfaces (%)  positive
(%) (%)
surfaces surfaces
2.5% quaternary ammonium
Gynaecology Enrofloxacin 88.65 96.81 5/10(509)  5/10 (50%) 4 45333 19111 3/18 (16.67%)  2/18 (11.11%) 215
compound/Maby/1
Amoxicillin/clavulanic  2.5% quatemnary ammonium
Medicine 41.33 27.33 4/10 (40%) 2/10(20%) Reference 700 540.56 3/18 (16.67%)  1/18 (5.56%) Reference
acid compound/Mob/1
Post-  surgery 2.5% quaternary ammonium
Enrofloxacin B85.77 14.8 3/10 (30%) 3/10 (30%) 1.71 844.44 431.11 5/18 (27.78%) 3/18 (16.67%) 3.45
care compound/Mob/2
2.5% quaternary ammonium
Surgery Enrofloxacin 0.22 572.22 338.33 3/18 (16.67%) 2/18(11.11%) 215
compound/Mab/1
Amoxicillin/clavulanic
Dermatological  acid, Cephalexin and Mo antiseptic/Broom/1 20022° 122.04 7/10(709%)  6/10(60%) 6 499.44 299.40 5/18 (27.78%)  4/18(22.22%) 491
Metronidazole
2.50 quaternary ammonium
Vaccine 61.89 767 3/10 (30%) 221.67 34.44
compound/Mob/1
Lower floor Unknown/Moby1 .11 067 2/10 (20%)
Upper Floor Unknown/Moby/1 156 2/10 (209}

wimo__nﬁ instrument = cotton, stethoscope, disinfectant water, syringe plate, examination table, waiting branch, drug

cabinet, keyboard and knot door

BColonies (CFU/cm2) in dermatological unit are higher than the other rooms significantly (P < 0.05, Post Hoc test).

Grey box = not detectable
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Prevalence of MRCoPS in the Small Animal Teaching Hospital

MRCoPS were found on 5 hospital units; 16 floors, 12 items, 14 dogs and 1
veterinarian. MRSP retrieved from 4 floors, 3 tables, 2 syringe plates, 1 keyboard, 1
cotton and 2 knot doors. Distribution of methicillin-susceptible coagulase-positive
staphylococci (MSCoPS) and MRCoPS on floor and medical instruments are presented
in Table 2.3.3. MRCoPS were detected on floor of 4 units; gynecology, medicine, post-
surgery care and dermatological unit. On these, MRSP and methicillin-resistant S.
schleiferi subsp. coagulans (MRSSc) were found on the floor at medicine and
dermatological units. Among medical instruments, MRSP was found at examination
tables (3/6) and in cotton for wound dressing at gynecology unit. In veterinary staff,

one veterinarian carried both MRSP and MSSA on the nasal cavities.
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Table 2.3.3 MSCoPS and MRCoPS on floor and medical instruments

Waiting
Sources Floor Examination table Syringe plate Keyboard Cotton Knot door Stethoscope bench
(average colonies from BPA+OX) (33.71 CFU/cm?)  (481.67 CFU/swab)  (252.5 CFU/swab) (402.5 CFU/swab) (208 CFU/swab) (2725 CFU/swab) (0 CFU/swab) (1050

CFU/swab)

Gynecology FaN JAY N Ao
Medicine AAo ANA Y
Post- surgery care A A A Ae
Surgery A o o
Dermatological AY X Aoe A Ao ]
Vaccine Ax
Lower floor .
Upper Floor Ao

Grey = non detectable

A - reth

in-susceptible S. pseudintermedius (MSSP)
A = methicillin-resistant S. pseudintermedius (MRSP)

® = methic

-susceptible S. schlejferi subsp. coagulans (MSSSc)
O = methicillin-resistant S. schleiferi subsp. coagulans (MRSSc)

¥ - meth

in-susceptible S. aureus (MSSA)
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Antimicrobial profiles, SCCmec type and PFGE types

At least one MRSP strain from the one positive place was further determined
their antibiogram and molecular typing. A total of 34 MRSP were classified into five
antibiogram patterns. All MRSP resisted to erythromycin and clindamycin. MRSP were
resistant to doxycycline (Do), gentamicin (Cn), sulfamethoxazole/trimethoprim (Sxt)
and mupirocin (Mup) at the percentage of 88.23, 85.29, 14.79 and 2.94, respectively.
The most popular pattern was Cn-Do-E-Da (24/34, 70.59%) that belonged to
untypeable SCCmec group (Figure 2.3.1). Antibiogram of human MRSP was SxT-Cn-Do-
E-Da. Only one mupirocin-resistant MRSP was performed on dog patients in post-

surgical care unit.

This study discovered two groups of SCCmec; untypeable (29/34, 85.29%) and
V type (5/34, 14.70%). By pulsed-field gel electrophoresis (PFGE) analysis, 6 of 10 PFGE
types (A, B, E, F, | and J) were found at dermatological unit that was identical to 3
types within gynecology unit (type A, | and J). The clone type belonged to a veterinarian
was different from the others, whereas type B MRSP from dogs was identical to that in

dermatological unit.
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Figure 2.3.1 Pattern of pulsed-field gel electrophoresis (PFGE), SCCmec type and

antibiograms of methicillin-resistant S. pseudintermedius (MRSP) from many sources in

the Small Animal Teaching Hospital.
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DISCUSSION

CoPS and MRCoPS were tentatively enumerated and isolated from medical
instruments and floors in each hospital unit. Our results demonstrated the high
prevalence of MRCoPS including MRSP and MRSSc at floor and equipment in each unit.
We could identify the possible source of MRSP leading to preventive and control in
the veterinary teaching hospital. This cross sectional study was collected samples from
environmental items comprising hand-touch sites, medical devices and materials, floor
surfaces, veterinary staffs and dog patients in a veterinary teaching hospital where
locates in the central area of Bangkok with high customer flow rate (approximately 389
cases/day). The hospital can take a high risk of MRCoPS distribution as a good model
for study. Interestingly, the highest CoPS and MRCoPS were found at dermatological

unit especially on the floor and in dog patients.

By questionnaire, the veterinarians routinely prescribed cephalosporin,
metronidazole, tetracycline, fluoroquinolone and aminosglycoside to dog patients.
Cephalexin monohydrate at 22-30 mg/kg twice a day for consecutively 4-8 weeks for
treatment of canine dermatitis is mostly chosen as empirical use (Beco et al., 2013)
and may immediately enhance survival of methicillin-resistant clones on skin lesion
and carriage sites (Fungwithaya et al., 2016). Undoubtedly, we found such high

population together with the variable of molecular types and antibiograms.
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A high contamination of CoPS in equipment and surrounding is a major threat
in veterinary hospitals (Aksoy et al., 2010) resulting nosocomial infection, risk of
zoonotic distribution and uncertified standard accreditation. At the collection date, six
of eight area (75%) were interpreted as the heavy microbial growth on plate (40-100
CFU/cm?) especially dermatological unit base on the criteria of hysienic criteria from
human hospital (Dancer, 2004). The microbial surveillance in hospitals was very useful
for making a proper hysienic management and strategic plan. The goal of bacterial
number per a hand touch site in human hospital was setup at to less than < 2.5
CFU/cm? (Dancer, 2004) but there have not been agreement documented for

veterinary use (Aksoy et al., 2010).

Floor is the most frequent area for bacterial contamination. Use of proper
disinfectant and cleaning protocol could restrict distribution of pathogen in hospital
and reduced prevalence of nosocomial infection (Mullineaux and Jones, 2007; Portner
and Johnson, 2010). However, our result was an importance evidence for revising a
bacterial decontamination of the future hospital strategic program. Generally, cleaning
with mops were recommended in veterinary hospitals (Portner and Johnson, 2010).
Mopping with disinfectant (i.e. sodium hypochlorite, 2% phenolic solution and 0.5%
chlorhexidine) is recommended for routine cleaning protocol in veterinary hospital
(Portner and Johnson, 2010). In mopping method, the disinfectant have to contact with

the surface of floor for 20 min and repeat the mop asgain. Additionally, we
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recommended to change mop bucket twice daily: at the beginning of the day and the

final mopping of the day.

On the other hand, we concerned about MRCoPS contamination in veterinary
instruments that would also indicate a risk of transmission to pet patients. After routine
cleaning on the examination, MRCoPS was found at the great number in 4 units. In this
hospital, examination tables were cleaned immediately when the items were not in
use. Even if the cleaning patterns were the same, the remaining of MRSP were
performed on the examination table of gynecology, post-surgery care and
dermatological unit. Hence, we suggested that the remaining of MRSP on some
examination tables might cause of cleaning practices and time-killed of antiseptic. On
these, we recommended to revise the cleaning management following Portner and
Johnson (2010). To control the contamintion on examination table, hand hygiene and
appropriate disinfectant were recommended. With respect to hand hygiene, WHO
recommended strictly hand hygiene with alcohol and 0.5% chlorhexidine (Ling and
How, 2012). Additionally, the disinfectant for decontamination on table surfaces
composed of ethanol, iodine iodophore, peroxysen compound, chlorhexidine,
phenolic solution and sodium hypochlorite. With respect to low contact time (5 min),

peroxygen compound (i.e. Virkon®) were suitable to clean the examination table.

One veterinarian carried MRSP presenting multidrug resistance on his nasal

cavities. Human contained MRSP in nasal carriage is uncommon but closed associated
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with pet owner and veterinary staff (Chanchaithong et al.,, 2014). The prevalence of
human carrier was ranging from 1-5% but the highest prevalence (8%) was reported in
Thailand (Sasaki et al., 2007; Chanchaithong et al., 2014). However, it was tough to
conclude that dogs and high-touch sites in veterinary hospital was the potential source
of transmission since the human strains (G type and SCCmec V) was not linked to those
of dogs and environmental sources. The exposure time and host status may be a
significant factor for explanation of MRSP transmission (Sakuragi et al., 1995; Laarhoven
et al,, 2011). However, a higher number from pair between human and animal strains

should be recruited and analyzed in the further study.

PGFE typing is an approved genetic classification among intraspecies variation,
and gave results highly consistent with the multi locus sequencing (MLST) results
(Solyman et al., 2013). SCCmec typing is to initially describe detail of genes associated
methicillin resistant trait. A total of 34 MRSP strains derived from 34 different sources,
places and time showed the variety of clone type (A-J) distribution within the hospital.
The strains from syringe plates, cotton, tables and floors were closely related but apart
from those of human and dog origins. Human strain showed a distinguish
electrophoretic type whereas only one dog shared PGFE B type with floor origin was
confirmed. It is thought that PGFE type of MRSP may associate with isolation sources.
The virulent factors and difference of their pathogenicity are needed to be warrant in

further study. Most of strains were untypable SCCmec by the previous
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recommendation. Previously, we identified the untypable cassette as WSCCmec57395
that showed multidrug resistance and commonly associated with the untypable strains
in Thailand. The frequency of specific MRSP clones in an individual could be explained
by a selective pressure phenomenon exerted by pre-existing resistant strains during

antimicrobial exposure.

In veterinary hospitals, pet patients are mostly administrated by antimicrobials
and raising of resistant commensal microbes on skin becomes the consequence
phenomenon. A high prevalence of CoPS circulating in the veterinary hospital was
confirmed by isolation and identification. The clinical unit with prolong use of
antimicrobial administration to patients had the highest risk of MRSP existence and
may be the potential source of hospital distribution. The monitoring of MRCoPS

number in positive area gave a highly concern on revision of the hygienic management.
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ABSTRACT

This study aim to investigate the distribution of methicillin-resistant coagulase-
positive staphylococci (MRCoPS) from veterinary staff, hand-touch sites and surgical
tissue during cystotomy operations in pet patients and to analyze their genetic
relations and antimicrobial resistant profiles. Human and environmental samples were
obtained from 12 surgeons and veterinary assistants at their nasal carriage and 29 hand-
touch sites of instruments in operative unit areas for bacterial isolation and
enumeration. Swabbed samples were triply collected from 29 dog and 3 cat patients
at the site of incision; at incision area; at peritoneum during operating and at
peritoneum before suture. MRCoPS were defined by mecA gene detection and
characterized by antibiograms profile, SCCmec type and pulsed-field gel
electrophoresis. Twenty-four staphylococci were isolated from 1 veterinary assistant,
12 operating room floor areas and hand-touch sites, 3 dogs and 1 cat. Methicillin-
resistant S. pseudintermedius (MRSP) was found on an electric clipper and rebreathing
circuits in the operating room. Three dog patients were positive for MRSP during
surgery, and one methicillin-resistant S. aureus (MRSA) was detected in the cat patient.
All MRCoPS were resistant to doxycycline, erythromycin, clindamycin and enrofloxacin,
but there were no patients that developed surgical site infections. By genotypic
patterns, the clones obtained from the environment and human sources were different

from animal clones. With intensive hygienic management, there is a variety of MRCoPS
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clone existence within the surgical unit and during surgery. Finding MRCoPS cannot be

a predictable marker for surgical site infections.

INTRODUCTION

Staphylococcus (S.) aureus, S. pseudintermedius and S. schleiferi subsp.
coagulans are the major members of coagulase-positive staphylococci (CoPS) in dogs
with and without dermatitis (Chanchaithong et al., 2014). These bacteria are believed
to be an important cause of canine pyoderma, surgery site infections (SSIs) and otitis
externa in pet patients (Igmi et al., 1990; Weese, 2008), escpecially the methicillin-
resistant coagulase-positive staphylococci (MRCoPS) group. MRCoPS is among CoPS
isolates containing mecA gene, which plays a significant role in nosocomial infection in
human and veterinary hospitals (Coombs et al., 2009; Weese and van Duijkeren, 2010),
with evidence of pet to client transmission (Morris et al., 2012).

In recent years, the high prevalence of MRCoPS in veterinary hospitals has been
increasingly reported (Coombs et al., 2009; Weese and van Duijkeren, 2010; Bergstrom
et al., 2012b), but a consensal linkage between MRCoPS and related clinical impact is
still unclear. In bacterial ecology, MRCoOPS is located on skin and nasal carriages of pet
carriers and veterinary staff as well as contaminated hand-touch sites such as
keyboards, weight scales and floors in animal hospitals (Bender et al., 2012; Hamilton
et al,, 2012). More recently, the relation between MRCoPS in the environment and

recurrent infection at surgery units and wards has been suspected in a horse hospital
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(Bergstrom et al., 2012b). Thus, a high distribution of MRCoPS may be seen as a risk of
SSIs for post-operative animals in veterinary hospitals (Bergstrom et al.,, 20123;
Bergstrom et al., 2012b; Davis et al., 2012; Turk et al., 2014).

Veterinary surgeons certainly encounter SSIs during post-operative periods.
Therefore, systemic surveillance would be very helpful to define the source of
contamination. Furthermore, an association between the existence of MRCoPS on
surgical tissue and SSIs has not revealed a clear connection. Thus, this study aimed to
explore the occurrence of MRCoPS in the environment of a surgical unit, veterinary
staff and surgical patients from cystotomy to post-operation. All MRCoPS were

analyzed for their molecular genetic relation and antimicrobial resistant profiles.

MATERIALS AND METHODS
Hospital background

Bacterial samples were collected from the Small Animal Teaching Hospital of
the Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand where
they annually treat approximately140,000 patients per year. About 250 surgical cases
were routinely handled by the surgical unit. In this unit, the floors were cleaned with
2.5% quaternary ammonium compound (UMONIUM38®, Laboratoire Huckert's
International, Thailand) between 6.30 to 7.00 AM, while electric dog clippers,
hematocrit centrifuges, the operating theater and surgical cabinets were cleaned with

0.5% quaternary ammonium compound (UMONIUM38®, Laboratoire Huckert's
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International, Thailand) when the unit was not in use. Scrub suits, endotracheal tubes
and scissors were routinely autoclaved daily. In this study, the surgical unit was chosen
since the incident of SSIs had been observed in cystotomy patients before this study

was started.

Sample collections

Hand-touch sites in surgical unit

The samples obtained from 29 areas were singly collected from environments
including floors and all hand-touch sites within the surgical unit from 7.00 to 8.00 AM
after routine cleaning. 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 for surgeons
to washing and dress for surgery (Figure 2.4.1). Swab samples from the floors in the
surgery (3x4 m?/room) and preparation room (3x4 m?/room) were obtained using 3x3
cm?/swabs from 3 parts/room: left, middle and right, whereas the 3x3 cm?/swabs from
the central room (6x8 m?) were collected from 6 parts/room: left up, left down, middle
up, middle down, right up and right down. The sample swabbing was obtained from
hand-touch sites of different equipment such as electric dog clippers, rebreathing
circuits, tables, a hematocrit centrifuge, scrub suits, endotracheal tubes, pipes, scissors,

lishts, operating theater, air filters, surgery cabinets and an electrocardiography unit,



99

either as individual from hand touch sites or pooled samples from floors, as previously
described (Hoet et al., 2011). The samples were kept on ice for less than 2 h before
culture processing. The medical chemicals and antiseptics, including lidocaine spray,
xylocaine jelly, povidone-iodine, alcohol bottom, normal saline and cotton with
alcohol, were also collected. Each swab was the separately grown and counted. The
colony numbers in each part were then analyzed by determining the average

number/area.
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Veterinarians and Nurses in surgical unit

Twelve nasal carriage samples were obtained from healthy veterinarians and
veterinary assistants in the surgery unit after receiving approval by the Ethical Review
Committee for Research Involving Human Research Subjects, Health Science Group,
Chulalongkorn University (081/54). All staff worked at the surgical unit for at least 5
years (40 h/week of work-hour). Staff histories, age, gender, previous illnesses, prior
antimicrobial uses and occupations, were recorded. The nasal swab was soaked with
sterile peptone dilution saline (PDS) (0.09% NaCl, 0.1% peptone) before swabbing.
Then, the swab was inserted at least 0.5 cm into nasal cavities and stored in transport
tubes containing 1 ml of PDS (Chanchaithong et al., 2014). The samples were kept on

ice less than 2 h before culture processing.

Pet patients in surgical unit

Samples were collected from 32 surgical patients treated with cystotomy (29
dogs and 3 cats) aged from 3 months to 11 years during 2012-2013. 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,
bacterial culture and antimicrobial susceptibility were performed prior to the operation

for follow-up treatment decision.
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After induction of anesthesia by 2% xylazine HCl (Rompun® vial, Bayer,
Istanbul), the surgical area of the animal patients was shaved by an electric clipper in
the preparation room. After that it was well scrubbed with 4% chlorhexidine gluconate
scrub (Ecolab, Thailand) for 5 min and wiped with 95% ethyl alcohol. This process was
conducted at least 2 times until all skin debris was noticeably removed. Before the
patient was moved to the operating room, the antimicrobial based compound to test

for antimicrobial susceptibility was intramuscularly injected.

In the operating room, the surgery site was triply cleaned with 10% povidone-
iodine (LF Asia, Thailand) for 1 min and wiped with 95% ethyl alcohol before initial
incision. The sample was firstly collected using sterile cotton swab (T1) at a 1x1 cm?
site at the incision line. Within 5 min after entering the abdomen, a second sampling
was swabbed from the peritoneum 0.5 cm under the incision line (T2). After the
cystotomy procedure, approximately 200 mL of 37°C sterile normal saline was used
for abdominal lavage 4 to 5 times. The third collection (T3) was obtained at the same
site as T2. The skin incised line was stitched with monofilament sutures at both the
inner and outer layers of the skin. The entire procedure was completed within less
than 2 h in all cases. The pets were then taken home for convalescence. At day 7-10
post-operation, the sutures were removed from the uncomplicated operation wound
at the surgical unit. If SSI was presented, the fourth collection (T4) was performed at

the infected site.
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Staphylococcal and MRCoPS identification

All swabbed samples were cultured within 2 h after collection. A total of 100
uL sample suspensions from floors, instruments and disinfectant agents were placed
and incubated on Baird-Parker agar at 37°C for 48 h for enumeration (Dancer et al,,
2008) and mannitol salt agars containing 0.5 pg/mL of oxacillin (MSA-O) at 35°C for 48
h for isolation of methicillin-resistant S. pseudintermedius (Sasaki et al., 2007). After
the bacteria were enumerated, at least three staphylococcus-like colonies were picked

for identification.

The staphylococci were identified by biochemical tests (Chanchaithong and
Prapasarakul, 2011). Species identification was confirmed by multiplex-PCR (M-PCR)
(Sasaki et al, 2010). 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 (Chanchaithong and Prapasarakul,

2011).

To define MRCoPS, the suspected colonies grown on MSA-O were confirmed
by oxacillin disk diffusion following the Clinical Laboratory Standardization Institute
procedure (CLSI, 2013) and their possessing mecA gene (Strommenger et al., 2003). S.
aureus ATCC 25923 and methicillin resistant S. aureus (MRSA) N315 were used as

negative and positive control of mecA gene, respectively.
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Antibiograms

Antimicrobial susceptibility of MRCoPS to 11 antimicrobials composed of
amoxicillin/clavulanic acid (20 pg/10 pg), cefazolin (30 pg), cefoxitin (30 pg),
clindamycin (2 pg), doxycycline (30 ug), enrofloxacin (5 pg), erythromycin (15 pg),
gentamicin (30 pg), imipenem (5 pg), mupirocin (5 pg), and
trimethoprim/sulfamethoxazole (1.25/23.75 pg) were determined by a disk diffusion
method (CLSI, 2013).

Molecular typing

SCCmec types of methicillin resistant S. pseudintermedius (MRSP) were
identified by a multiplex PCR for detection of the conserved fragments of the mec
gene complex and ccr gene complex (Kondo et al, 2007). Pulsed-field gel
electrophoresis (PFGE) illustrated the DNA fingerprint pattern of S. pseudintermedius
using the Cfr9l restriction enzyme. DNA separation was achieved using 6 V/cm of
voltage with a switch time of 0.5-5 s for 18 h and 20-25 s for 5 h using a CHEF-DRII
apparatus (Bio-rad, Hercules, USA) (Soedarmanto et al., 2011). Genetic relatedness of
the strains was analyzed by dendrogram construction using UPGMA in the
GeneDirectory program (Syngene, USA) and setting 1.0% position tolerance. DNA
markers for gel normalization was Xbal-digested chromosomal DNA of Salmonella
Braenderup H9812. PFGE clusters were grouped by more than 80% similarity of

patterns.
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Data analysis

In this study, descriptive analysis was described by the IBM SPSS Statistics
Desktop version 22.0 (SPSS Inc.; Chicago, IL, USA). The populations of CoPS and MRCoPS
were described by percentile. The criteria for bacterial growth on hand-touch sites and
floors were applied from Dancer (2008); < 2.5 CFU/mL = -, 2.5 - 12 CFU/mL = +; 12 -
40 CFU/mL = ++ and > 40 CFU/mL = +++. GeneDirectory® software associated with

dice coefficient (1.5) analyzed PFGE patterns.

RESULTS
Hand-touch sites and humans

Staphylococci were isolated from 12 hand touch sites consisted of 11/29
coagulase negative staphylococci (CoNS) and 3/29 CoPS in all rooms. All rebreathing
circuits were positive for staphylococci, including MRSP in the operating room. In
operating room 1 and the preparation room either co-existence of CoPS and CoNS or
single existence on the rebreathing circuit and electric clippers were found (Table 2.4.1
and Figure 2.4.1). Two of 3 CoPS were MRSP with a high number of colonization.
Regarding staff in the surgical unit, there was no detectable MRSP in their nasal carriage,

but MRSA was found on one veterinarian.
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Table 2.4.1 Occurrence and number score of staphylococci detection within three

rooms of the surgical unit.

Coagulase test

Samples Sources Places CFU/ml MRSP MSSP
CoPS CoNS
Floors -
Rebreathing circuitl +++ + +
Rebreathing circuit2 + +
Rebreathing circuit table + +
Operative room1
Medical Instruments  Light1 -
Operating theater -
Air filter 5
Surgery cabinet +++ +
Floors + +
Endotracheal tube No.6 —
Endotracheal tube No.5 -
Electric dog clipper +++ + + +
Preparation room Rebreathing circuitl ++ + + +
Medical Instruments
Rebreathing circuit2 ++
Tablel + +
Table2 ++ +
Hematocrit centrifuge +++ +
Floors + +
Pipe -
Scissors -
Hand scrub -
Medical Instruments
Scrub suit ++ +

Center room

Normal saline

Echocardiography

Medical Chemicals

and Antiseptics

10% lidocain spay
Xylocaine jelly®
Alcohol

lodine

Cotton with alcohol
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CFU = colonies forming unit; CoPS = coagulase-positive Staphylococci; CoNS = coagulase-negative
Staphylococci; MRSP = methicillin-resistant S. pseudintermedius; MSSP = methicillin-susceptible S.
pseudintermedius

*Bacterial umber score: < 2.5 CFU/ml= -, 2.5 - 12 CFU/ml = +; 12 — 40 CFU/ml = ++ and = 40

CFU/ml = +++
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Pet patients

The 29 dogs and 3 cats at average age 6.78 + 2.3 years had follow-up
examinations for MRCoPS detection during their cystotomy operation. Their histories
based on urine culture and antibiotic uses are presented in Table 8. Seven of 32 pets
(9 observations) were found to have staphylococci in at least one observation
comprising 4 MSSP and 4 MRSP on dogs at T2 and T3 and one MRSA on a cat at T1.
The bacterial number appeared on the primary agar ranging from 0-7 CFU/swab. There
was no staphylococci detection on dog patients at T1. Six of 7 cases were treated with
enrofloxacin during or after surgery. Only Dog 8 and Cat 13 were positive to MRCoPS

for at least 2 observations. There was no SSI presented during post-operative care (T4).

Antibiograms, SCCmec type and MRSP clone relation

The antibiogram patterns and PFGE typing of S. pseudintermedius isolated from
surgical patients and hand-touch sites are shown in Table 2.4.2. PFGE types: G (D15T3,
D8T2 and D8T3) and | (D19T2), belonging to MRSP were detected on dog patients at
T2and 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 E, F and H types were found on surgical tissue. Feline MRSA was resistant to

oxacillin, cefoxitin, erythromycin and clindamycin, while all MRSP were resistant to



109

amoxicillin/clavulanic acid, cefazolin, cefoxitin, doxycycline, erythromycin, clindamycin
and enrofloxacin. MSSP (A, D, E and H) were resistant to only erythromycin and
clindamycin, and one MSSP (F) was also 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, including G type
from Dog 8 and Dog 15, | type from Dog 19, B type from the electric clippers, C type

from the rebreathing circuit and D type from Dog 19.
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Table 2.4.2 Staphylococcal detection and identification in surgical patients and their

drine culture and antimicrobial histories

Pre-
Positive sample . e .
Pre-operating Post-operating
Pet operative
Sp. Urine culture antimicrobial history antimicrobial
No. T T 3 medicine
(oP) history (OP)
(IM)
Dog6 D MSSP CoNS Enrofloxacin Enrofloxacin Enrofloxacin
Dog8 D MRSP  MRSP  CoPS Enrofloxacin Enrofloxacin Enrofloxacin
Corynebacterium  Amoxicillin/clavulanic
Dogll D MSSP Cefazolin Cephalexin
spp. acid
Catl3 C MRSA MSSP ND Enrofloxacin Enrofloxacin Enrofloxacin
CoPS,
Dog Enrofloxacin,
D MRSP  Pseudomonas Enrofloxacin Enrofloxacin
15 Doxycycline
spp.
Enrofloxacin,
Dog CoPS, Proteous
D MSSP Amoxicillin/clavulanic Enrofloxacin Enrofloxacin
18 Spp.
acid
CoPS,
Dog Marbofloxacin,
D MRSP Corynebacterium Enrofloxacin  Enrofloxacin
19 Metronidazole

spp.

Sp. = Species; C= cat; D = dogs; MRSP = Methicillin-resistant S. pseudintermediius; MRSSc = Methicillin-resistant S.

schleiferi subsp. coagulans; MRSA = Methicillin-resistant S. aureus; MSSP = Methicillin-sensitive S. pseudintermedius,

CoNS = Coagulase-negative staphylococci; SSIs = Surgery site infection; ND = not detected
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Table 2.4.3 PFGE patterns, SCCmec types and antibiograms of S. pseudintermedius derived

from patient and environmental sources.

Isolate Code Source Type PFGE groups SCCmec type  Antibiograms
-1 Table MSSP A . EDa
| 8  [aw Table MSSP A - EDa
ﬁ I EE Electric clipper ~ MRSP B NT KZAmcCnDoEnrEDa
m EC Rebreathing circuit MRSP C NT KZAmcCnDoEnrEDa
— R 12 Dog MSSP D - EDa
—— 513 Dog MSSP E - EDa
s || |  [EEE Cat MSSP F . EnrEDa
s | | | DEE Dog MRSP G NT KZAmeCnDoEnrEDa
~ I Dog MRSP G NT KZAmcCnDoEnrEDa
-~ | e Dog MRSP G NT KZAmcCnDoEnrEDa
— | | | || Dhw Dog MSSP H - EDa
e | Dbl Dog MRSP _ v DoEnrEDa

Kz = cefazolin, Do = doxycycline, E = erythromycin, Da = clindamycin, Mup = mupirocin,
Sxt = co-trimoxazole, Cn = gentamicin, Amc = Amoxicillin/clavulanic acid, Enr =

enrofloxacin,
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DISCUSSION

The results revealed the determination of MRCoPS distribution within surgical
unit among veterinary staff, environment and animal patients during cystotomy but
there was no SSI concern. The surgical unit in the veterinary teaching hospital was used
as the model of observation based on consistency of good hygienic management,
antibiotic protocol, high frequency of daily operations and restriction zone from
outsiders. For these reasons, this surgery was a very good model for monitoring
bacterial distribution in a hospital unit with very low confounders. In this study,
occurrences of staphylococci in the surgical unit and on equipment fixed within each
room such as rebreathing circuits, surgical cabinets, electronic clippers, and centrifuge
as well as animal patients and veterinary staff were persistent, whereas those on the
scrub suits might have been contaminated by the reservoir user. To detect the bacteria
from disinfectant at routine preparation within the forceps jar and all chemicals
associated with patients, the result ensured that all agents were free from bacteria and
not a source of bacterial distribution. Interestingly, the higher CFU number presented
on hand touch sites over those on the floor could suggest improved hysgienic
manipulation and strategy in the animal hospital. CONS was more commonly found in
this study, which implies that low pathogenicity staphylococci might be more viable in

both equipment and animal hosts (De Visscher et al., 2014).
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Sample collection and cultures were carried out by an aseptic technique to
ensure that most of the cases were free from staphylococci. Surprisingly, MSSP, MRSP
and MRSA still remained on the incision site and abdominal operative area, even
though all patients underwent standard aseptic preparation (Zubrod et al., 2004).
Moreover, the result from urine cultures was not consistent enough to detect
staphylococci during surgery. It is speculated that the bacterial contamination might
pass from areas adjacent to the incision site. However, the existence of staphylococci
contamination on the surgical site was not the only factor associated SSI, which might
also result from underlining patient factors such as immunological defect and

household management (Bannoehr and Guardabassi, 2012).

DNA analysis showed a variety of MRSP and MSSP clones around the unit. This
confirmed that the animal clones found in surgical tissue were distinguished from
environmental clones. Thus, the most possible staphylococcal contamination to
patients during surgical procedure was from their own or other patient sources. The
PFGE type G strain, with identical antibiogram and SCCmec type was found in
abundance in this study. Nevertheless, this could not be considered a representative
outbreak strain unless the experiment was consecutively observed long term with
relation to SSIs (Bergstrom et al., 2012a). Using an antibiogram, enrofloxacin resistant
MRSP was detected at the surgical site, but there was no SSI observation; therefore,

this finding confirms that low CoPS or MRCoPS contamination during surgery was



114

insignificant in inducing SSls (Schmid-Hempel and Frank, 2007). On the other hand,
MRSA was found on one veterinarian and cat patient. However, clonal relation of MRSA
was not performed since the cat had not been exposed to the positive veterinarian.

Therefore, it would have been difficult to anticipate a relation in transmission.

In a previous report, the risk factors of SSIs were related to pet health, pre-
operative conditions, operating room environment, duration of operation, surgical
instrument management, surgical attire and post-operative factors (Weese, 2008). One
incident of recurring infection derived from environmental surfaces was confirmed in
a Swedish veterinary hospital (Bergstrom et al., 2012a). However, most risk factors in
the surgical unit were controllable, while this was not the case during convalescent,
as all patients convalesced in their home. Another study showed that SSI might be
caused by household contamination or wound management by clients (Davis et al,,
2012). Therefore, pet owners are likely to be the key person in hygiene management

this case.

In conclusion, the existence of staphylococci, MSSP and MRCoPS, at hand-
touch sites can be detectable in a surgical unit of a veterinary hospital. There was no
relative transmission between the environmental and animal patients detected, and

MRSP during surgery was not enough to induce SSIs.
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ABSTRACT

We aimed to evaluate an in vitro bactericidal efficacy of the routine antiseptics
using in veterinary hospital; povidone-iodine (PI) and chlorhexidine gluconate in
isopropanol (CGI) to canine CoPS. Twenty CoPS were divided to 5 methicillin-resistant
Staphylococcus (S.) pseudintermedius (MRSP) and 5 isolates of each S.
pseudintermedius, S. aureus and S. schleiferi subsp. coagulans defined as methicillin-
susceptible CoPS (MSCoPS). The bactericidal efficacy was determined by broth
microdilution according to European Standard EN 1656:2000 at the concentration of
0.1, 1 and 10% PI and 0.5, 1 and 2% CGl for 15s, 30s, 45s, 1 min, 3 min and 5 min,
respectively. There was no difference in susceptibility values between strains.
Regarding the fastest bactericidal effects, all tested CoPS were killed with 0.1% PI within

45s, whereas 0.5% CGI could kill within only 15s.

INTRODUCTION

Coagulase-positive  Staphylococci (CoPS) is gram positive cocci  bacteria
comprising the three members of CoPS on dog skin; Staphylococcus (S.)
pseudintermedius, S. aureus and S. schleiferi subsp. coagulans. Methicillin-resistant
coagulase positive staphylococci (MRCoPS), poses a prolong infection in canine allergic
dermatitis that may be a source of spreader in the hospital and animal household

(Windahl et al., 2012). For public health concern, these bacteria have been reported
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as the cause of secondary infection in immunocompromised and operated human
patients (Bergstrom et al., 2012). To reduce an impact of MRCoPS dissemination in
veterinary hospital, use of antiseptic is the empirical tool for decontamination and
wound management.

Povidone-iodine (PI) and chlorhexidine gluconate (CG) are the common
antiseptics in veterinary and human hospitals. The antimicrobial agent of Pl composed
of three ion including iodine (I,), hypoiodous acid (HOI) and iodide (I") (Rackur, 1985)
that yielded from iodine reaction in aqueous solution. In veterinary use, Pl is used for
pre-surgical skin preparation (Osuna et al.,, 1990) and treatment of infectious wound
(Sanchez et al, 1988). However, the knowledge of the exposing time and
concentrations to kill S. pseudintermedius, S. aureus and S. schleiferi subsp. coagulans
that isolated from dog is unrevealed.

Chlorhexidine gluconate is a chemical compound against bacteria, fungi and
enveloped virus. By bactericidal mechanism, the positively-charged ion of CG attached
with negatively charged site of cell wall leading to cell death (McDonnell and Russell,
1999). Practically, mixing with alcohol solution can increase the efficacy of bactericidal
activity of CG (Sakuragi et al., 1995). However, the bactericidal effect of chlorhexidine
gluconate in isopropanol (CGl) to common CoPS on the dog skins had not been
reported. Then, time exposures and concentrations of each disinfectant compound

are the important parameters resulting difference of bactericidal effects to each
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microorganism. In this study, we aimed to evaluate, in vitro, bactericidal efficacy of PI

and CGI to canine CoPS member in different concentrations and exposing times.

MATERIAL AND METHODS
Antiseptics

Pl and CGI were routinely used at the Veterinary Teaching Hospital, Faculty of
Veterinary Science, Chulalongkorn University, Thailand.

Betadine® solution (Reg. No. 1A 675/31, IDS manufacturing LTD., Pathumthani,
Thailand) contained with 10% of PI (Mundidone®, Netherlands) in aqueous solution.
Betadine was diluted to 1% and 0.1% by ultrapure water. All solutions (10, 1 and 0.1%)
were freshly prepared before the determination.

Q-Bac2A® (Reg. No. 1-1-03-02-13-00463, Pose Health Care Limited, Bangkok,
Thailand) composed of 2% CGl. CGl was prepared at 2%, 1% and 0.5% diluting by

ultrapure water.

Bacteria isolation and identification

A total of 20 isolates dividing 5 methicillin-resistant S. pseudintermedius (MRSP)
and 15 MSCoPS; 5 samples of each S. pseudintermedius, S. aureus and S. schleiferi
subsp. coagulans were derived from a previous study of Chanchaithong and

Prapasarakul (2011). All bacteria were identified by the approved biochemical analysis
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(Chanchaithong and Prapasarakul, 2011) and confirmed by multiplex PCR (Sasaki et al,,
2010). The methicillin-resistant trait was characterized by oxacillin disk diffusion test
(CLSI, 2013) and mecA identification (Strommenger et al., 2003) whereas the
susceptible strains defined by these negative results. The bacteria were prepared by
cultivation on tryptic soy agar (TSA) contained with 5% sheep blood at 37°C for

overnight.

Bactericidal determination

The broth microdilution was modified from the European Standard EN
1656:2000 (2000) and Banovic et al (2013). Briefly, the bacterial concentration was
adjusted at 0.5 McFarland using a densitometer (DEN-1B McFarland Densitometer,
Grant-bio®, Cambridgeshire, UK). The stock solutions of bacteria were finally adjusted
to approximately 10° CFU/ml and confirmed the population followed by ISO standard
enumeration (ISO6888-1, 1999). One hundred microliters of bacterial suspension were
mixed with 100 ul of chemical agent dilution in 96-well sterile plate (Nunclon™ Delta
Surface, Thermo Scientific, Jiangsu, China)(Banovic et al., 2013). After exposure at 15s,
30s 45s, 60s, 180s and 300s, the reactions between antiseptic and bacteria were
stopped by mixing with 20 ul of the suspension with 180 pl of D/E neutralizer (BBL®,
French) for 5 min. Thereafter, 10 pl of the suspension were placed on 5% sheep blood
and incubated at 37°C for 24 h (BSEN, 2000). S. aureus ATCC 6538 was used as the

strain control. The procedure was repeated at least two times.
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Statistical analysis

All statistical analysis were calculated by IBM SPSS Statistics Desktop version 22.0
(SPSS Inc.; Chicago, IL, USA). The difference of time-kill between MRSP and MSCoPS
were analyzed with Chi-square statistic. The minimum bactericidal concentration (MBC)
was described as the lowest concentration and minimal time that could kill all bacteria

(BSEN, 2000).

RESULTS AND DISCUSSION

D/E neutralizer and ultrapure water did not affect to bacterial growth. The
bactericidal efficacy of Pl to canine staphylococci is presented in Figure 2.5.1. At 10%
Pl, S. schleiferi subsp. coagulans and S. pseudintermedius were terminated within 180s
while S. aureus and MRSP were determined to kill within 60s. By controversy, 10% Pl
is recommended as the most stable form of Pl preparation due to their slow releasing
property of polyvinylpyrrolidone (PVP) for at least 18 hours (Kunkle et al., 2015).

At 0.1 and 1% concentration, Pl were determined to kill both MRCoPS and
MSCoPS within 45s. The results could be explained by the dilution phenomenon
(Rackur, 1985). The dilution phenomenon is known as low concentration but high
bactericidal activity. In PI, 0.01 -1 % concentration released the highest concentration
of iodine that was a main antimicrobial substrate (Rackur, 1985) and immediately

reacted to bacterial cell membrane. However, this aqueous dilution was unstable
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(Mueller et al., 2012), which could not prolong bactericidal activity on applied site. In
additional, use of 0.1 and 1% Pl were recommended in treatment of mouthwash
(Higashitsutsumi et al.,, 1993), eye infection (Pinto et al.,, 2015) and pre-surgery
preparation (Ferguson et al.,, 2003) in human and wound dressing in dogs (Sanchez et
al., 1988). For all tested concentrations of PI, 3 mins exposure time was recommended
for aseptic preparation such as a pre-surgical site (Reichman et al., 2009). The notable
side effect of Pl is the inhibition of human skin fibroblast growth (Balin and Pratt, 2002)
and skin irritation in dogs (Osuna et al., 1990). However, the reports of 0.1 to 10% PI

side effect were very low in animal (Mueller et al.,, 2012).
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2, 1 and 0.5% chlorhexidine gluconate in isoproponol
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Figure 2.5.1 Exposing time and concentration of Pl to methicillin-resistant S.
pseudintermedius (MRSP), methicillin-susceptible S. pseudintermedius (MSSP) and S.
schleiferi subsp. coagulans (SSc) and S. aureus (SA); a) 10% povidone-iodine, b) 1% P,

) 0.1% povidone-iodine and d.) 0.5-2% chlorhexidine gluconate in isopropanol.

In this study, the concentrations of 0.5 — 2.0 % CGI could kill all MRSP and
MSCoPS within 15s. There was no difference between methicillin-susceptible and
methicillin-resistant trait. In the previous study, CG without alcohol eliminated
staphylococci over 5 min (Banovic et al., 2013). Due to mixed with alcohol, this product
could eliminate much faster. In veterinary practices, 0.5% CG is the active ingredient in
antiseptic shampoo in dogs (Kwochka and Kowalski, 1991) and also is easy to prepare
for hygienic use in household and hospitals (Mueller et al., 2012). In veterinary clinic,

amount 2% chlorhexidine could lead to an ototoxic effect in cats (Igarashi and Oka,
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1988). Also, the important side effect of CGl is breaking of red blood cell (Gabler et al,,
1987). Therefore, CGl was not recommended for treatment of open wound with a lot
of capillary injury. However, there have not been report of the animal adverse effect
at 0.5-1% chlorhexidine.

In summary, we recommended the time-kill and concentration-kill to CoPS
eradication of the two common antiseptics used in veterinary hospitals. With respect
to the result of this study, we suggest 10% povidone-iodine, should expose to CoPS
for at least 3 min, whereas 1:10 and 1:100 dilutions from its original concentration
showed the higher efficacy by shortening to 45s of time-kill. On the other hand, at

least 0.5% of CGI had the bactericidal activity within 15s.
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CHAPTER 3

General Discussion and conclusion

Methicillin-resistant is an important resistant trait of Staphylococci that are
commonly associated with underlying skin conditions and dogs with antimicrobial
exposure (Weese and van Duijkeren, 2010). This study gathered the animal and
environmental factors concerned the incidence of MRCoPS existence in veterinary
teaching hospital including MRSP, MRSSc and MRSA.  The results from veterinary and
dog sites revealed that the routine administration for canine dermatitis by cephalexin
monohydrate could select the resistant strain and could occupy within nasal carriage
as the micro-environmental niches instead of MSCoPS population at the first week
after antimicrobial exposure. MRSP was the most common staphylococci distributing
in dogs and veterinary hospital environment. The longitudinal observation presented
dynamic changes of S. pseudintermedius population from prior to the end of
treatment. MRSP could persist on nasal mucosa more than 12 months after treatment
that also presented in previous studies (Laarhoven et al,, 2011; Beck et al., 2012). Itis
strongly confirmed that selective pressure phenomenon was the cause of MRCoPS
raising and the followed up dogs firstly demonstrated clone persistence for over 6
months. Thus, the treated animals become as the source of MRCoPS distribution in

hospital and household (Davis et al., 2012; Bergstrom et al., 2012a).
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MRCoPS has been believed as a common cause of postoperative infection or
surgical site infection (SSI). Investigation of MRCoPS distribution in hospital can provide
epidemiologic data related to prevention and hygienic management in the hospital
unit. Monitoring of bacterial contamination in surgical unit and operation rooms is a
crucial action for observation for SSI cause . By using the routine animal preparation
prior to operation, there was no SSlIs developing during observation. However, MRSP
and MRSA could be detected within operation room and pot-operative care unit and
even at operative tissue. The clonal differences between animal and equipment origin
might indicate strain pathogenicity and an irrelativeness of SSI incidence. Regarding to
risk analysis, floors and examination tables are taken into the significant risk site of
MRCoPS in the veterinary teaching hospital. Their surfaces can be a major MRCoPS
source reflecting underestimate bacterial survival ability and under standard of the
hospital hygienic strategy. Disinfectant with chemical agents (i.e. alcohol, biguanide,
quaternary ammonium compound, inorganic solution and peroxygen compound) is
recommended for routine decontamination on surface of veterinary hospitals with
optimal contact time at 20 minutes (Portner and Johnson., 2010). Hand washing and
gloving together with appropriate disinfectant are very helpful for controlof MRCoPS
on highly-touched surfaces (Portner and Johnson., 2010; Ling and How, 2012). The
decontamination by disinfectant on highly-touched surfaces are routinely
recommended composing ethanol, iodine iodophore, peroxygen compound,

chlorhexidine, phenolic solution and sodium hypochlorite. However, peroxygen
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compound is the most trustable agent to clean highly-touched surfaces. To reduce
MRCoPS contamination on the dog skin, Pl and CGl are commonly used as the
antiseptic of choice in veterinary practice. To our knowledge, this is the first report of
the endpoints of time-kill and concentration-kill of Pl against canine CoPS in veterinary
practice. The study proposed a suitable guideline for wound management and
preoperative preparation protocol by using 10% povidone iodine for at least 3 minute
exposure and wipe the incision line by 0.5% CGlI for at least 15 second. Use of 10-100
time PI dilution will be very useful in the process of wound dressing that could
enhance the bactericidal efficacy at infective site. At 0.1% concentration, Pl releases
the highest concentration of iodine that was a main antimicrobial substrate (Rackur,
1985) and immediately reacts to bacterial cell membrane. However, this aqueous
dilution is unstable (Mueller et al., 2012), which and bactericidal effect is not prolonged
during application. In veterinary practices, use of 0.1% and 1% PI are recommended
for mount washing (Higashitsutsumi et al., 1993), eye dropping (Pinto et al., 2015) and
pre-surgical preparation (Ferguson et al., 2003) in human, and wound dressing in dogs
(Sanchez et al.,, 1988). At 10% dilution, Pl preparation due to their slow releasing
property of polyvinylpyrrolidone (PVP) for at least 18 hours (Kunkle et al., 2015). With
respected to this result, it is important to remember that bactericidal effect depends
on time and concentration parameters. However, even high bactericidal efficacy of CGI

was found within a little moment, the use of CGl is not recommended for open wound
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with bleeding complication. Because CGl might delay wound healing by injuring
capillary vessels and is not recommended for treatment or open wound.

In conclusion, S. pseudintermedius and S. schleiferi subsp. coagulans was the
common staphylococci species colonizing on nasal mucosa, perineum and infecting
skin lesions of canine patients. Co-colonization between resistant and sensitive strains
was commonly found on dog skin pre-treatment and during the treatment and the
MRCoPS was increasingly isolated after oral cephalexin treatment and the MRSP clone
with multidrug resistant characteristics maintained until over 6 months.. This study also
pointed out the risk source of MRCoPS in the hospital surrounding and equipment and
also in the process during operation. Linkage between MRCoPS detection and hygienic
management protocol could be used for reset as the guideline of MRCoPS and other
bacterial distribution in veterinary hospital and at dog household under one health

approach concept.

Limitation of the study
1. Samples were collected from environment, veterinary staffs and dog patients
only one time.
2. Bacteria in urinalysis of cystotomy patients could not follow-up.
3. The bactericidal effect of povidone-iodine and chlorhexidine gluconate in

isopropanol were not tested, in vivo.
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Suggestion from the study
The result of this study related to the factors effect to existent of MRCoPS on
animal skin and animal hospital. The study suggested the hysgienic policy on table

3.1
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Table 3.1 The hysgienic policy of veterinary hospital

Veterinarian, veterinary staffs and human associated pet in veterinary hospital

Hospital cleaning managements
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Decontamination on animal skin
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Preparation of media,

Media and biochemical tests
Salt to tolerance

Peptone

Beef extract

Sodium chloride

Distilled water

Potassium Hydroxide (40%)
Potassium Hydroxide

Sterile De-ionized Water

Voges-Proskauer (VP) Reagents
Peptone

Glucose

KoHPO,

Distilled water

solutions and buffers

10

70

1000

40

100

1000

144

mL

mL

mL



Oxidation-fermentation medium
Glucose

Peptone

Sodium chloride

KoHPO4

Agar

Bromothymol purple

Distilled water

Purple base medium
Proteus peptone No.3
Beef extract

NaCl

Bromothymol purple

Distilled water

*add 10 ml of 20% sugar in 200 ml of this media before use

Mannitol fermentation

Proteus peptone No.3

Beef extract

145

10 g

2 3

5 8
0.3 g
3 8
0.04 g
1000 mL
10 g
1

5 8
0.04 g
1000 mL
10 g



NaCl
Bromothymol purple
agar

Distilled water

0.04

10

1000

*add 10 ml of 20% mannitol sugar in 200 ml of this media before use

0.85% normal saline solution
NaCl

Distilled water

Peptone Dilution Saline (PDS)
Peptone
NaCl

Distilled water

Stock media

Proteus peptone No.3
Beef extract

Yeast extract

NaCl

8.5

1000

1000

10

146

mL

mL

mL



KoHPO,
Agar

Distilled water

Urea medium
Peptone

NaCl

KoHPO,

Agar

0.2% Phenol red

Distilled water

Buffer and solution for PFGE
6 N HCLl
HCL

Ultrapure water

10 N NaOH
NaOH

Sterile ultrapure water

0.8

10

1000

20

1000

50.4

49.6

200

diluted to 1000

147

mL

mL

mL

mL

mL

mL
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5 M NaCl
NaCl 146.25 g
Sterile ultrapure water diluted to 1000 mL

1 M Tris-HCL, pH 8.0
Tris base 60.55 g
Sterile ultrapure water diluted to 500 mL

*adjust pH with 6 N HCl

0.5 M EDTA, pH 8.0
Na,EDTA 93.05 g
Sterile ultrapure water diluted to 500 mL

*adjust pH with 10 N NaOH

1.8% SeaKem Gold agarose (for Staphylococci plugs)
SeaKem Gold agarose 0.45 mg

TE buffer 25 mL

1% SeaKem Gold agarose (for Salmonella plugs)

SeaKem Gold agarose 0.25 mg



TE buffer

1 mg/ml lysostaphin stock solution
lysostaphin

1 mM sodium acetate

10 mg/ml lysozyme stock solution
lysozyme

Sterile ultrapure water

20 mg/ml Proteinase K stock solution
Proteinase K

Sterile ultrapure water

Cell suspension buffer
1 M Tris, pH 8
0.5 M EDTA, pH 8

Sterile ultrapure water

25

100

10

100

10

20

70

149

mL

ms§

mL

ms§

mL

ms§

mL

mL

mL

mL



TE buffer
1 M Tris, pH 8
0.5 M EDTA,pH 8

Sterile ultrapure water

EC lysis buffer

1 M Tris, pH 8

5 M NaCl

0.5 M EDTA, pH 8
Brij-58

Sodium deoxycholate
Sodium lauryl sarcosine

Sterile ultrapure water

10x Tris-Borate EDTA buffer
Tris base
Boric acid

Sterile ultrapure water

10

diluted to 1000

54

180

180

4.5

1.8

4.5

70

108

55

diluted to 1000

150

mL

mL

mL

mL

mL

mL

mL

mL
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Ethidium Bromide for gel staining
10 mg/ml of EtBr 10 mL

distilled water 100 mL
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WUUABUATNTRINTSIHIAIUYaTN (antimicrobial use)

[ (%)

WAINNLUUABUNINYDY B.ALaN. 153y Tundaneves fildu
Ethical Review Committee for Research Involving Human Research Subjects,
Health Science Group, Chulalongkorn University vl 081/54

Reliability and validity
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1) wﬂaaummilumsﬁwmmasmmﬁu 2.1 3 0 0 3 1
2.2 2 1 0 2 0.67
2.3 3 0 0 3 1
2.4 2 1 0 2 0.67
2.6 2 1 0 2 0.67
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gunsal
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dauii 3
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dauii 4
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4.6 2 1 0 2 0.67
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dudi 2 Tk Cronbach's Alpha = 0.78

Scale Mean if ltem Scale Variance if ltem Corrected ltem-Total

Cronbach's Alpha if Item

Deleted Deleted Correlation Deleted
q2.2 5 1.6 0.866 0.611
g2.4 5.17 1.767 0.777 0.654
g2.5 5.33 3.067 -0.093 0.899
g2.6 5.33 2.267 0.542 0.745
g2.9 5.17 1.767 0.777 0.654

duil 3 (Yo 3.1-3.5) WA Cronbach's Alpha = - 0.89

Scale Mean if Item Scale Variance if Item Corrected Item-Total

Deleted Deleted Correlation

Cronbach's Alpha if Item

Deleted

g3.4 1.83 0.167 -0.316

g3.5 1.67 0.267 -0.316

g 3 (0 3.6-3.10) Wi Cronbach's Alpha = -0.278

Scale Mean if Item Scale Variance if Item Corrected Item-Total

Cronbach's Alpha if Item

Deleted Deleted Correlation Deleted
g3.6 6.33 1.867 -0.189 1.48E-16
g3.7 75 1.1 0.342 -1.374°
g3.8 T7.17 1.767 0.033 -.453°2
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g3.9 7.5 23 -0.12 -.193°

g3.10 7.5 3.1 -0.518 0.201

duit 4 WA Cronbach's Alpha = 0.7

Scale Mean if ltem  Scale Variance if Item Corrected Item-Total Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted

qd.2 17.17 26.967 0.362 0.679
qd.3 17.33 33.467 -0.621 0.749
qd.5 17.33 29.867 0.149 0.703
qd.6 16.5 18.7 0.716 0.586
qd.7 16.83 28.567 0.168 0.704
qd.8 16.5 27.5 0.422 0.676
qd.9 15.33 23.867 0.479 0.654
gd.10 16.83 29.367 0.024 0.73
gd.11 16.67 22.667 0.495 0.649
qd.12 16 16 0.913 0.516
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willa 9 10C

dudt 2
1) nsldefduedmsvdies 2.1 3 0 0 3 1
2) n3lgeUiTrusiudnibesvesiaues 2.2 3 0 0 3 1
2.3 3 0 0 3 1
24 3 0 0 3 1
3) nsldenufFusiudaitae 25 2 1 0 2 067
2.6 3 0 0 3 1

2) HaINAGeIMAdaURUUARUNNYN NEVadeuldudaiunng (Mlilvngudieng)

AU 6 AU

AU 2 (1lan1zde 2.3 uag 2.4 inTztedunsunilounu) 1A Cronbach's Alpha =

0.713
Scale Mean if Item Scale Variance if Item Corrected Item-Total Squared Multiple
Deleted Deleted Correlation Correlation
Q2.3 .67 267 .843 11
Q2.4 1.50 1.900 .843 711
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