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Abstract

The overuse of antimicrobials can select residbacteria strains; staphylococci have
the ability to become resistant to all beta-lact@mimicrobials and are a significant
concern in human medicine and a growing issue &ennary medicine. Since in
breeding kennels antimicrobials are sometimes mectly used, the objective of the
work was to assess the occurrence of methicillsistant coagulase-positive
staphylococci in breeding dogs. The research wagedaout in 13 kennels that were
allotted to three categories according to the sitgrof antimicrobial use. Vaginal and
milk swabs were taken from 87 healthy bitches adoparturition and also from
multiple organs of 27 of their pups that died withthe first 2 weeks. Standard
bacteriological examinations were carried out apndgclase-positive staphylococci
were identified. All the coagulase-positive stapitgicci resulted to b&aphyl ococcus
pseudintermedius. Susceptibility to oxacillin and the presence ltd tnecA gene were
tested. Nine out of 89 strains (six isolated frdma bitches’ milk and three from dead
puppies, all belonging to kennels characterizediexcessive use of antimicrobials)
were multidrug-resistant, methicillin-resistant anetA positive.

Our results confirm that excessive use of antintiiais entails the risk of selecting
resistant staphylococci strains. Our data alsccatdithat the bacterial flora of healthy

dogs belonging to specific populations may act eesarvoir of resistance genes.

Keywords: Staphylococcus pseudintermedius; methicillin-resistancemecA gene; dog
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1. Introduction

Coagulase-positive  staphylococci,Sgphylococcus aureus, S intermedius, S
pseudintermedius and S. delphini) are commensal bacteria and opportunistic pattegen
in most animal species [1]. Resistance to metmcdppeared irs. aureus in 1960 [2]
and originated because of widespread use of betanfa antibiotics in nosocomial
settings; the frequency of infections due to métmeresistantS. aureus has steadily
increased over the years, representing a seriooBlgon in human medicine [3].
Resistance to methicillin is due to the presencéheimecA gene, which encodes the
altered penicillin-binding protein 2a (PBP2a) thais a reduced affinity for all beta-
lactam antimicrobials; themecA gene is carried on a mobile DNA element, the
staphylococcal cassette chromosanee (SCQnec) [4].

The most prevalent coagulase-positive staphylodogpecies in dogs, isolated both
from normal skin and oronasal mucosa and from skit ear infections [5,6], w&s
intermedius. Recently, using a molecular identification apprqachnine isolates that
had previously been phenotipically identified @gntermedius were reclassified aS
pseudintermedius [7]. Devriese et al. [8] proposed that canine ssaidentified by
traditional means should be reportedSagseudintermedius unless shown by genomic
investigation to belong to other related speciesmall proportion ofS. intermedius
(old classification) strains isolated both from It®a dogs [9,10] and from dogs
showing skin and ear infections [6] has provendantethicillin-resistantnecA positive.
Although S. intermedius (old classification) is seldom responsible of hannafections,

transfer from dog to human is possible [11,12].

Since antimicrobials are sometimes misused in lomgekennels, the aims of this work

were 1) to assess the occurrence of methicillilst@st coagulase-positive
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staphylococci in breeding dogs; and 2) to compa&e frequency of isolation of

resistant strains among kennels differing in the afsantimicrobials.

2. Materials and Methods

2.1 Animals and sampling

Eighty-seven breeding bitches housed in 13 kenloglsted in Northern Italy were

included in the study. The history of the kennadparted a different use/misuse of
antibiotics, in particular around parturition, atitey were consequently divided into
three categories: 1) administration of amoxiciliin amoxicillin-clavulanic acid only

when required by pathological conditions (5 kenn86 bitches); 2) almost routine
administration of amoxicillin or amoxicillin-clavahic acid around parturition (5
kennels, 29 bitches); 3) routine administrationvafious antimicrobial agents around
parturition (Il and Il generation cephalosporimsacrolids, adopted after amoxicillin

and amoxicillin-clavulanic acid had become inefifef (3 kennels, 22 bitches).

Vaginal swabs were taken from the bitches 7-10 dasfere parturition and milk

samples were collected 7-10 days after parturitiba;bitches belonging to kennels of
category Il and 11l were under antimicrobial treatmh when milk cultures were carried
out. A guarded sterile swab (Copan InnovatioBrescia, Italy) was introduced into the
cranial vagina after thorough disinfection of théwa with a povidone-iodine solution,

and placed in the Amies transport medium providét e swab. A drop of milk was

collected on a sterile swab (Copan InnovatijoBrescia, ltaly) from each of the caudal
mammary glands, after local disinfection. A comgl@bst-mortem examination was
performed, including culture (from brain, stomadattestine, liver, heart, lungs) and
sensitivity testing, on puppies that died withie tirst 2 weeks. All the bitches, aged

1.5-9 years and belonging to different breeds, wergood health at the moment of
6
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sampling and no signs or symptoms of either magiitimetritis were present during the

period of observation.

2.2 Isolation of coagulase-positive Staphylococci

Swabs were inoculated onto Blood Agar Base n°2 {@x8asingstoke, United

Kingdom) with 5% defibrinated sheep blood (DiaTedési, Italy) and streaked out to
obtain single colonies. After 24 hrs of incubati@an37+1 °C in aerobic conditions,
presumptive identification of staphylococci was dzh®n colony morphology, Gram
stain appearance, catalase test, haemolysis, pigpreduction. Coagulase-positive
staphylococci were identified by coagulase reactmm rabbit plasma (Istituto
Zooprofilattico delle Venezie, Legnaro, ltaly) asthmping factor by Slidex Staph
(BioMérieux, Marcy I'Etoile, France). APl Staph IB2 phenotypic test (BioMérieux,
Marcy I'Etoile, France) and a specific PCR analy&is S. aureus [13] were also

carried out.

2.3 ldentification of S, pseudintermedius

S pseudintermedius identification was performed according to Bannoehral. [14].
One colony of each isolate was suspended in 1 m$éphate Buffered Saline (pH 7.4)
and DNA was extracted using DNeasy Blood & Tisslitg®uiagen, Hilden, Germany)
according to the manufacturer's instructions fora®@r positive bacteria. The
amplification was performed in a total volume of gDcontaining 5 ul of DNA, 1.5
mM of MgCl, 0.1 U/ul of Fast Start Tag DNA Polymerase (RochagDostics,
Mannheim, Germany), 200 uM of each dNTPs (Appligasstems, Foster City, USA)
and 0.5 uM of primers pta_fl and pta_r1 (Tablel#). DNA amplification was carried
out in an Eppendorf Mastercycler Ep Gradient S @gplorf, Milano, Italy) with the

following thermal cycling conditions: initial denattion at 95 °C for 4 min, followed
7
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by 40 cycles of amplification, denaturation at @for 30 s, annealing at 55 °C for 30
s, extension at 72 °C for 60 s, ending with a fiel@ngation step of 5 min at 72 °C.
After amplification, 10 pl of PCR products were gabed to enzymatic restriction with
1.5 U/ul of Sau3Al for 1h at 37 °C and the restriction products sgbeatly subjected
to agarose gel electrophoresis. Restrictio. qiseudinter medius amplicons resulted in

two fragment of 213 pb and 107 pb.

2.4 Antimicrobial susceptibility

Susceptibility to a panel of sixteen antimicrobgglents was determined by the disk
diffusion method in Mueller-Hinton agar (Sclavo Dmstics International, Siracusa,
Italy) according to the guidelines of the Clinidalboratory Standards Institute, when

available [15, 16].

Discs of penicillin G (10 1U), ampicillin (10 pgamoxicillin-clavulanic acid (20+10
ng) gentamicin (10 pg), oxacillin (1 pg), cefalexip0 ug), cefuroxime (30 ug),
spiramycin (100 ug), streptomycin (10 pg), tetrdioge (30 pg), tilmicosin (15 ug),
tylosin (30 ug), enrofloxacin (5 ug), rifampin (gL tiamulin (30 pg), trimethoprim-
sulfamethoxazole (1.25+23.75 ug) were tested. pnegaitive criteria for the inhibition
zone diameters of tylosin, spiramycin and strepmmywere given by the

manufacturers.

Bacteria strains were stored at -80 °C and theemtidxlity test was repeated after

species identification.

2.5 Oxacillin resistance confirmation
Coagulase-positive staphylococci strains were fearexd onto a selective medium,

Oxacillin Resistance Screening Agar Base with s$elec supplement (Oxoid,
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Basingstoke, United Kingdom) (oxacillin concentoati 2pg/ml), and incubated at

37°Cx1°C for 24 h to confirm susceptibility to oxan, as a surrogate for methicillin.

2.6 MecA gene

Coagulase-positive staphylococci strains were defstethe presence of thieecA gene
by PCR, using the primers reported in Table 1 [DYA was extracted from each
sample as previously describ8dhe amplifications were performed in a total voluafe
25 ul containing 5 pl of DNA, 3 mM Mggl0.05 U/l FastStart Tag DNA Polymerase
(Roche Diagnostics, Mannheim, Germany), 200 puM afthe dNTPs (Applied
Biosystems, Foster City, USA) and 0.5 uM of primi@NA amplification was carried
out in an Eppendorf Mastercycler Ep Gradient S @fplorf, Milano, Italy) with the
following thermal cycling conditions: initial denattion at 95 °C for 6 min, followed
by 30 cycles of amplification, denaturation at°@for 15 s, annealing at 55 °C for 30
s, extension at 72 °C for 30 s, ending with a fiel@ngation step of 5 min at 72 °C.
After amplification, 10 ul of PCR products were madbed to agarose gel

electrophoresis.

2.7 Satistical analysis

The frequency of isolation of coagulase-positivagphbilococci, both as a whole and in
each of the two localisations, was compared ambegthree categories of breeding
kennels by using chi-squared analysis. The frequesfcisolation of methicillin-
resistant coagulase-positive staphylococci straias analyzed using the Fisher exact
test, considering kennels of category 1 and 2 asigue category. A P value < 0.05

was considered significant.

3. Results
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A total number of 76 coagulase-positive staphylotstrains were isolated from the
bitches (33 from vagina and 43 from milk) and l1Zagulase-positive staphylococci
strains were isolated from 27 dead puppies.

All the coagulase-positive staphylococci resultetdeéS. pseudintermedius.

The frequency ofS. pseudintermedius colonization was not significantly different
among the three categories of kennels, neither ad@e nor in each of the two
localisations. In 7 out of 13 cases of dead pupegpseudintermedius had caused
septicaemia: in six cases it was also the onlydrach isolated from the milk of the
corresponding dams, and in one case it was isofedgtdthe dam’s vagina.

All the isolatedS. pseudintermedius strains showed high percentages of resistance to
different antimicrobials, particularly to penicilliand ampicillin, spiramycin and
tetracycline (Table 2).

Eight strains isolated from the bitches’ milk artee from the dead pups were
resistant to oxacillin; seven of the bitch straamgl all the pup strains confirmed the
resistance in the selective medium, with the highe&cillin concentration. Six out of
seven strains isolated from the bitches and adetlstrains isolated from the dead pups
carried themecA gene. In thamecA negative bitch strain, eithenecA was not present
or mutations in the primer region may have occurred

The origin, antibiotic resistance characteristiod aresence/absence of tinecA gene

in the methicillin-resistant strains are reported Tiable 3. All these strains show
multidrug resistance. All the isolates shown in [EaB came from two kennels
belonging to category 3. The isolates with numiéeend 7 came from two bitches,
while those bearing numbers 8 and 9 derived froair thead puppies. Overall, the
prevalence ofmecA positive methicillin-resistant strains was 7.9%tlwe bitches; the
percentage ofmecA positive methicillin-resistant strains on &l pseudintermedius

isolates was 10.1%.

10
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Table 4 shows the number of methicillin-resistangtA positive S. pseudintermedius
strains in the three categories of kennels andéntivo localizations of the bitches.
The frequency of isolation of methicillin-resistanécA positive S pseudintermedius
strains in the bitches was higher in kennels bétando category 3y [Yates
corrected]=12.48P<0.001).

All the staphylococci strains that resulted susbépto oxacillin by disk diffusion test

confirmed their susceptibility in the selective med and resultedhecA negative.

4. Discussion

Antimicrobials are sometimes misused in breedingnkés and different agents may be
routinely administered around parturition to preveeonatal infections, instead of
adopting more appropriate measures to minimisetsiral predisposing factors [18].

By comparing the antibiotic resistance in the intes flora, De Graef et al. [19] found
higher resistance percentages in dogs kept in imgé&ennels than in privately owned
animals; the same study described also a relagbnden the antimicrobials used and
the resistances of bacteria, thus suggesting tegilpbity that resistance genes may be
transferred among bacteria colonising group-houlegys.

All the coagulase-positive staphylocostiains isolated from the bitches in our work
were identified a$. pseudintermedius by molecular analysis, in agreement with recent
taxonomy observations on canine isolates [1,7,8].

In our study,S. pseudintermedius showed high percentages of antimicrobial resigtanc
also when bitches were not exposed to antimicrdbgatment before sampling, as in
kennels of category 1, mean resistance rates faicipg, ampicillin and spiramycin
were higher than 80%, for tetracycline higher t2&8 and for streptomycin higher
than 18%. In a recent work [20], the Authors foumdwidespread occurrence of

resistance irS. pseudintermedius from skin and ear infections of dogs with no rdécen

11
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history of antimicrobial treatment. The high geagtiolymorphism of the isolates
suggested the possible transfer of resistance gemeagS. pseudintermedius strains
as well as other bacteria in the dog population &ncbuld be worth testing this
hypothesis also in our experimental series.

The occurrence of methicillin-resistance # pseudintermedius isolated in two
breeding kennels, both belonging to the group dtarised by excessive
antimicrobials use, confirms that antimicrobial mse selects resistant strains.
Administration of antimicrobial drugs, specificalfylactams and fluoroquinolones, in
the previous 90 days, resulted in a significank fector for methicillin-resistans.
aureus (MRSA) infection in dogs [21].

Methicillin-resistantS. pseudintermedius (MRSP) colonization of healthy dogs living
in a confined environment raises a number of issoesiding a) possible horizontal
transfer from dog to dog, and particularly betwésmales and males; b) the pattern of
colonization over time; c) health hazard for dogthiw kennels; and d) potential health
hazard for breeders. A recent study by Loeffleale{22] showed that MRSA did not
transmit readily between apparently healthy dogsskd in shared kennels and that
MRSA carriage was only transient in a regularlyacked and disinfected environment.
However, these observations should be confirmediB&SP and, furthermore, any
infection developed by MRSP-colonized animals, wigmiobably be difficult to treat.
In fact, MRSP isolates that are positive for thecA gene are generally multiresistant
[23], as in our case, although not necessarily mamglent than their methicillin-
susceptible counterparts [24]. A longitudinal stumight help assess the persistence of
MRSP carriage and, consequently, the effective tiskt a group-housed dog
population may become a reservoir for resistanaeegieHowever, if antimicrobial
pressure is not reduced in the concerned kenrblsy pesistant strains are going to be

selected.
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S intermedius (old classification) is not usually a human pagmgalthough it is known
to cause invasive infection following dog-bites [[25poradic cases of bacteraemia in
patients who had undergone invasive procedures bege reported [26], one case of
otitis externa [27] and, recently, a case @&f pseudintermedius catheter-related
bacteraemia in a hemophilic child [28]. Transmissiof S intermedius (old
classification) from dogs to their owners can ocflt,12] and it has already been
described also for methicillin-resistant strain9][2The occurrence o intermedius
(old classification) in the owners of dogs affectsddeep pyoderma was significantly
higher than in the control group [12]. However @em investigation showed that
MRSP nasal colonization of the owners of dogs &by MRSP skin infection was
uncommon and transient [30]. Nasal carriage of MR& detected in one staff
member of a veterinary teaching hospital [31]: penl of veterinary clinics should be
made aware of the risk of nosocomial transmissfdiRSP.

Although MRSP strains are not alarming as zoonagents, they represent a serious
concern as a potential source of horizontal gema@ster to other staphylococci,
converting methicillin-susceptibl& aureus colonizing humans into MRSA through
transfer of the mobile SCC containing thecA gene [24,32].S aureus is indeed
thought to have acquired resistance through hot@ogene transmission from
coagulase-negativ@ sciuri [33].

The prevalence of MRSP found in our study is higtiemn the values previously
reported for healthy dogs (1.5% [10]; 2% [9]) asdsimilar to data (6.3%) reported in
clinical samples of diseased dogs [10,34]. Howewuerpur work, the frequency is
biased in kennels where the excessive use of amtibials has increased the selection
of resistant strains.

Genetic characterization of our MRSP isolates woldd of great epidemiological

interest: their belonging to the multiresistant nab lineage widespread in several

13



302  European countries (including Italy [35]), wouldnhéiom the spreading of MRSP strains
303 with relatively stable clones. However, the assesdgnof the genetical profile of the
304 isolates was out of the scope of this research.

305

306 A previous retrospective investigation on the baglegical status of canine milk and
307 septicaemia of neonatal puppies [36] exclu@ethtermedius (old classification) as a
308 major cause of septicaemia in neonates becaubeugh isolated from the milk of the
309 dams, the bacterium was never found in the orgérnbkeosepticaemic puppies. This
310 issue deserves further investigation. In our wdkpseudintermedius was isolated
311 from the organs of septicaemic puppies and it was the only bacterium isolated
312 from the milk of the corresponding dams or from tlzens’ vagina. Two of the milk
313  and puppy isolates were methicillin-resistaleCA positive. Although the isolates were
314 nottyped, alink between the strains from dam@nabpy is very likely.

315

316  Our results confirm that the misuse of antimicrtsbraay lead to serious consequences
317 because resistant strains may become a healthdhazagterinary and human medicine;
318  methicillin-resistant staphylococcal infections miagcome causes of morbidity and
319  mortality in companion animals but domestic aninmaksy also represent a reservoir of
320 infection and a zoonotic source [1]. MRSP should poly be considered as a
321 nosocomial pathogen in veterinary settings [35] &lsb as a potentially problematic

322 commensal in particular dog populations.
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439  Table 1.Primers used to identifgtaphyl ococcus pseudintermedius and todetect the presence of timecA gene

440

441

Primers Sequence 5-3’ Product size Reference
(bp)
Pta f1 AAA GAC AAA CTT TCA GGT AA
320 [14]
Pta_rl GCA TAA ACAAGC ATT GTA CCG
mecA F AAA ATC GAT GGT AAAGGT TGG C
533 [16]

mecA_ R

AGT TCT GCAGTACCG GATTTG C
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Table 2. Percentages of resistance to differenima&rbbials of Saphylococcus pseudintermedius strains isolated in two localisations from bitches

housed in three categories of kennels

Kennel category 2

Origin® M \Y M \Y M

N° of isolates 21 13 9 12 13 8
Penicillin 85.7 92.3 88.9 100 100 100
Ampicillin 80.9 92.3 88.9 100 100 100
Amoxycillin-clavulanic acid 0 0 0 0 53.8 12.5
Oxacillin 0 0 0 0 61.5 0
Cefalexin 4.8 0 0 0 38.5 0
Cefuroxime 4.8 0 0 0 38.5 0
Spiramycin 90.5 69.2 88.5 90.0 100 100
Rifampin 4.8 0 0 0 0 0
Tilmicosin 0 7.7 0 10 84.6 12.5
Tylosin 0 15.4 22.2 30.0 100 37.5
Tetracycline 23.8 30.8 44.4 60.0 84.6 62.5
Streptomycin 14.3 23.1 55.6 30.0 92.3 37.5
Gentamycin 0 0 0 0 38.5 0
Enrofloxacin 0 0 0 0 53.8 0
Trimethoprim-sulfamethoxazole 9.5 15.4 11.1 200 .684 125
Tiamulin 4.8 0 11.1 0 0 0

M, milk; V, vagina.
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Table 3. Antibiograms of methicillin-resista®taphylococcus pseudintermedius isolates. Dams and corresponding puppies aredinktn brackets.

Strain 1

Origin® M

Kennel category 3

2
M M M M M M P
3

Penicillin R

Ampicillin R

Amoxycillin- R
clavulanic acid

Pl
polPvl
el
Pl
Pl
|| g
PPVl

puiPvib

Oxacillin

Cefalexin

Cefuroxime

Spiramycin

Rifampin

Tylosin

Tetracycline

Streptomycin

Gentamycin

Enrofloxacin

R
R
R
R
S
Tilmicosin R
R
R
R
R
R
R

Trimethoprim-
sulfamethoxazole

D 1| ||| PP n|o|0|—|®
D111 B|B|n|o|0| BB
D] —|2|=|D (B »|o|n|»|P
||| 5|0 PP o|0|B| P
Dlo|—| || BB o|o|B|P
D\ 0| | 5|0 || ,| 0| 0| 0| T

;U;U;U;U;U;U;UM;U;U;UJU

Tiamulin S

0]
(0)]
(0)]
0]
0]
(0]
0]

mecA +

+ + + - + + +

M, milk; P, dead pup.

R, resistants&ceptible; I, intermediate
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450

451 Table 4.Saphylococcus pseudintermedius colonisation of the vagina and milk of the bitchedonging to the three categories of kennels (i, |

452  correct use of antimicrobials ; 2= moderate; 3=essove); occurrence of methicillin-resist&pseudintermedius (MRSP) strains.

Kennel category 1 2 3
N of bitches 36 29 22
Percentage and (N) of bitches 66.7 (24) 65.5 (19) 77.3 (17)
colonised byS. pseundintermedius
in vagina and/or milk
Percentage and (N) of 36.1(13) 41.4(12) 36.4(8)
vaginal isolates
Percentage and (N) of 52.8(19) 37.9(11) 59.1(13)
milk isolates
Total N of isolates 32 23 21
Percentage and (N) of MRSP on 0 (0/13) 0 (0/12) 0 (0/8)
vaginal isolates
Percentage and (N) of MRSP on 0 (0/19) 0 (0/11) 46.1 (6/13)
milk isolates
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