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Fluoroquinolone- and methicillin-resistant Staphylococcus pseudintermedius isolates harbor two new staph-
ylococcal cassette chromosome mec (SCCmec) elements that belong to class A, allotype 3 (SCCmec 11-111), and
to the new allotype 5 (SCCmec VII). Analysis of the complete nucleotide sequences of the topoisomerase loci
gyrB/gyrA and griB/griA revealed mutations involved in fluoroquinolone resistance.

Staphylococcus pseudintermedius is an opportunistic patho-
gen that primarily causes skin and nosocomial infections in
dogs and cats but can also occasionally affect humans (1, 29).
Fluoroquinolones and cephalosporins are widely used to treat
staphylococcal infections in veterinary medicine (23). The fre-
quent use of these antibiotics may augment the risk of rapidly
selecting for bacteria resistant to both classes of antibiotics. In
the past year, multidrug-resistant S. pseudintermedius strains
have been isolated with increasing frequency from infection
sites of dogs at our diagnostic unit. The antibiotic resistance
mechanisms of these S. pseudintermedius strains were charac-
terized with an emphasis on resistance to methicillin and fluo-
roquinolone.

Strain identification and antibiotic resistance profile. The
isolated strains (n = 15) were cultured on tryptone soy agar
plates containing 5% sheep blood (Oxoid Ltd., Basingstoke,
England) and were identified by catalase activity, Gram stain-
ing, and sequencing of the sodA gene as described previously
(24, 26). All isolates harbored the leukocidin gene lukS (25)
but not the Panton-Valentine leukocidin gene lukS-PV (28), as
determined by PCR using the primers listed in Table 2. Anti-
biotic susceptibility was determined by broth microdilution
using a custom Sensititre susceptibility plate, model NLV57
(Trek Diagnostics Systems, East Grinstead, England; MCS
Diagnostics BV, Swalmen, The Netherlands), according to
CLSI (formerly NCCLS) guidelines (4). Resistance genes were
detected using a microarray (22) (Table 1). In addition to
fluoroquinolone and oxacillin (methicillin) resistance, the iso-
lates also displayed resistance to other antibiotics (Table 1).

Characterization of mutations in topoisomerase genes. The
mechanism of resistance to fluoroquinolones was investigated
by sequence analysis of the topoisomerase II (gyrA and gyrB)
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and IV (grl4 and griB) genes, since mutations in these genes
have been shown to confer resistance to fluoroquinolones on
Staphylococcus aureus (8, 11, 13, 14, 18, 27, 30). Fragments of
1A, gyrB, grlA, and grlB of type strains S. pseudintermedius
CCUG49543T (also known as LMG 222197 [10]) (CCUG,
Culture Collection, University of Goteborg, Goteborg, Swe-
den) and Staphylococcus intermedius DSM20373" (also known
as NCTC 11048T) (DSMZ, German Collection of Microorgan-
isms and Cell Cultures, Braunschweig, Germany) were ampli-
fied by PCR and sequenced on an ABI Prism 3100 genetic
analyzer (Applied Biosystems, Foster City, CA) using oligonu-
cleotide primers (Table 2) designed from conserved regions
found after alignment of DNA sequences of griB/grlA and
gyrB/gyrA from S. aureus (GenBank accession no. L25288
and BA000018), Staphylococcus epidermidis (GenBank ac-
cession no. CP000029 and AE015929), and Staphylococcus
haemolyticus (GenBank accession no. AY341071, AY341072,
AY341073, and AY341074) using MultAlin (7). The nucleo-
tide sequences flanking the amplified fragments were deter-
mined by genome walking using the Universal Vectorette sys-
tem according to the manufacturer’s protocol (Sigma-Genosys,
St. Louis, MO) and genomic DNA digested with Sau3A,
EcoRI, HindIII, and Apol. The nucleotide sequences of the
grlB/grlA and gyrB/gyrA loci of S. pseudintermedius CCUG49543
share 89% and 94% identity, respectively, with those of S.
intermedius DSM20373. The entire gyrB/gyrA and griB/grlA loci
of fluoroquinolone-resistant and fluoroquinolone-susceptible
S. pseudintermedius strains were then amplified using the Ex-
pand Long Template PCR system (Roche Applied Science,
Indianapolis, IN) (annealing at 54°C for 30 s and extension at
68°C for 5 min) with specific primer pairs gyrB-si-PFO-gyrA-
si-RV and grlB-si-PF—grlA-si-R0 and were sequenced. Nucle-
otide sequence comparison revealed high levels of nucleotide
polymorphism in the gyrase and topoisomerase IV genes. Most
of the mutations are silent (Fig. 1). Mutations that cause amino
acid substitutions in the topoisomerases were found in both
resistant and susceptible strains and cannot, therefore, be re-
sponsible for resistance. However, other amino acid mutations
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TABLE 1. Antibiotic resistance profiles, lukS gene, SCCmec type, and clonal relatedness of 15 Staphylococcus pseudintermedius isolates from dogs and of S. pseudintermedius
type strain CCUG49543"

Strain

Source

MIC (pg/ml) for the following antibiotic’ (resistance breakpoint”)

(=4)

AMK AMX CEF CHL ENRO CLI
(=64) (=8/4) (=32) (=32)

(=4)

ERY GEN KAN

(=8)

(=16)

(=64)

LZD
)

NIT

OXA

(=128) (=4)

PEN

STR
(20.25) (=32)

SXT
(=4/76)

TET VAN
(=16) (=16)

Antibiotic resistance

genes detected” Leukocidin

SCC
mec

gyrigrl
group

ST

agr
type

CCUG49543"
(LMG22219%)

KM241
KM336

KM337
KM571

KM631

KM1087
KM1250
KM1381

KM1395

KM1542

KM1591
KM1832

KM1896

SD91

SD1071

Type strain

Otitis externa
Osteitis after

surgery

Otitis externa
Infected wound
after surgery

Osteitis after
surgery

Vaginitis
Infected wound
Fistula after

surgery

Otitis externa

Seroma

Pyoderma

Osteitis after
surgery

Gingivitis

Ear

Nasal cavities

=16

=16
=16

=16
=16

=16
=16
=16

=16

=16

=2/1
=2/1

=2/1

=2/1
8/4

42

=2/1
=2/1
=2/1

=2/1

4/2

=2/1

=2/1

=2/1

=2/1

=2/1

=2
=2
=2

8

I\
SES

=4
64

64

32

32

64

=0.25

=0.25
>16

16

=0.25
=0.25
16

>16

>16

16

16

16

>8
=0.5

>8

=0.5
>8

>8

=0.5
=0.5
>8

>8

>8

>8

>8

>8

>8

2d

>16
=0.25
>16

=0.25
>16

>16

=0.25
=0.25
>16

>16

>16

>16

>16

>16

>16

>16

=2

B

=2
16

32

=2

16

32

500

16

16

500

=1,000
=1,000
=1,000

=1,000
=1,000

=1,000

=1,000
=1,000
=1,000

=1,000

=1,000

=1,000
=1,000

=1,000

=1,000

=1,000

=05

=0.5
=0.5

=0.5
=05

=05

=16

=16
=16

=16
=16

0.5
16
16

=0.25
>16

=0.25
=0.25

=0.25

=0.25

0.25

=0.12
>8

>8

=0.12
=0.12
=0.12

=0.12

0.5

=0.12
0.25

=0.12

>8

=0.12

>32
=4
>32
=4
>32

>32

=4

>32

>32

>32

>32

>32

>32

>32

>32

=0.5/9.5
=0.5/9.5
4/76

=0.5/9.5
8/152

8/152

=0.5/9.5
=0.5/9.5
4/76

8/152

8/152

=0.5/9.5
4/76

4/76

4/76

=0.5/9.5

=05

A IA 1A
Soo
i

=0.5
=05

=05

=05

32

32

=1

=1
>32

>32

3
>32

>32

>32

32

>32

>32

>32

32

=1

I\
-

I\

0=

=1

=1

=1

ant(6")-1a, aph(3')-111, luksS
blaZ, erm(B), sat4,
tet(M)
mecA, tet(M) lukS
aac(6')-Ie, ant(6')-Ia, ukS
aph(3')-111, blaZ,
catyean, erm(B),
mecA, sat4, dfr(G)
ukS
aac(6')-le, ant(6')-1a, lukS
aph(3')-111, blaZ,
erm(B), mecA, sat4,
tet(K), dfr(G)
ant(6')-1a, aph(3")-111, lukS
blaZ, catyco),
erm(B), mecA, sat4,
tet(K), dfr(G)
blaZ, tet(M) ukS
lukS
aph(3")-111, aph(2')- ukS
Ia, cat,coyy, erm(B),
mecA, sat4, tet(K),
dfr(G)
aac(6')-Ie, ant(6')-1a, ukS
aph(3')-111, blaZ,
erm(B), mecA, sat4,
tet(K), dfr(G)
aac(6')-Ie, ant(6')-Ia, ukS
aph(3')-111, blaZ,
Catycany, erm(B),
mecA, sat4, tet(K),
dfr(G)
ant(6')-1a, aph(3")-111, lukS
erm(B), sat4, tet(M)
aac(6')-Ie, ant(6')-1a, luksS
aph(3")-111, blaZ,
catycyy, erm(B),
mecA, sat4, tet(K),
dfr(G)
ant(6")-1a, aph(3")-111, lukS
catyeay, erm(B),
mecA, sat4, tet(K),
dfr(G)
ant(6')-1a, aph(3")-111, ukS
blaZ, catycyyy,
erm(B), mecA, sat4,
tet(K), dfr(G)
ant(6')-1a, aph(3')-111, lukS
blaZ, erm(B), sat4,
tet(M)

VII
1I-I11

TI-11T

TI-ITT

1I-I11

1I-I11

1I-I11

1I-II1

1I-I11

1I-1I1

ST63
ST73
ST71

ST74
ST71

ST71

ST75
ST41
ST71

ST71

ST71

ST51
ST71

ST71

ST71

ST76

11
111

11
11
1T

1I
111

111

111

111

111

111

¢ AMK, amikacin; AMX, amoxicillin; CEF, cephalotin; CHL, chloramphenicol; CLI, clindamycin; ENRO, enrofloxacin; ERY, erythromycin; GEN, gentamicin; KAN, kanamycin; LZD, linezolid; NIT, nitrofurantoin;

OXA, oxacillin; PEN, penicillin; STR, streptomycin; SXT, trimethoprim-sulfamethoxazole; Q/D, quinupristin-dalfopristin; TET, tetracycline; VAN, vancomycin.

® The MIC breakpoints (in micrograms per milliliter) determining resistance were those recommended for S. aureus in CLSI supplement M100-S16 (6) except for enrofloxacin and streptomycin, for which breakpoints
of CLSI from supplement M31-S1 for bacteria from animals (3) and from the French Society for Microbiology (www.sfm.asso.fr) were used. MICs above resistance breakpoints are boldfaced.
¢ Antibiotic resistance genes and their functions are as follows: erm(B), macrolides, lincosamides, and streptogramin B methylase; blaZ, 3-lactamase; cat, 251, chloramphenicol acetyltransferase; dfi(G), dihydrofolate
reductase (trimethoprim resistance); tet(K), tetracycline efflux; aac(6')-Ie and aph(3')-III, aminoglycoside acetyltransferase and phosphotransferase; ant(6')-Ia, streptomycin adenylyltransferase; sat4, streptothricin

acetyltransferase; mecA, penicillin-binding protein PBP2'.

4 Inducible clindamycin resistance as determined according to CLSI guidelines (5).
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TABLE 2. Oligonucleotides used for PCR amplification of leukocidin genes, SCCmec, topoisomerase 1V, and gyrase genes

Primer design

Gene Primer name Sequence
reference or source
Gyrase and topoisomerase IV

grlA grlA-cons-F GGTNCGTTTAAGTCAAGA® This study
grlA-cons-R CCTTCNACNATATGCATNCG

grlB grlB-sa-F2 TATNCGNGAAGGTTTAAC? This study
grlB-cons-R GTTTCNGGNTTCATNGTNGTTTCCCA*

griB-griA grlB-si-PF GCTATTTAGATTAGGCTTGC This study
grlA-si-R0O TGTGACCAAATCAAGTCG

gyrA gyrA-cons-F ACNGATTTACGTGATGAAAC? This study
gyrA-cons-R ACGTCTNAAACGCATNTCTAAA

grB gyrB-sa-F4 GTTGATATTCAAGAAAANATGGG This study
gyrB-sa-R2 AGACCCCCCGGCAGAGTC?

gyrB-gyrA gyrB-si-PF0 GATGACGTCTTAAGTGAGTTGG This study
gyrA-si-RV ATTGGCGATAAGTTGTCAAAGG

SCCmec

ccrd ccrA-F AACGTGTCATTGCSACAC This study
ccrA-R GGGCGTAAGATTTATCAAGCTT

mecl mecl-F CCCTTTTTATACAATCTCGTT 31
mecl-R ATATCATCTGCAGAATGGG

orfX ORFXIr AACGTTTAGGCCCATACACCA 9

IR-L SRImec 111 ScemeclR-F CTTATCAGTTGATGATGCG This study

ukS lukSi-F1 ATGGTAAAAAATAAATTATTAGCCG This study
lukSi-RO TTAATTATGCCCCTTTACTTTAATTTC

lukS-PV luk-PV-1 ATCATTAGGTAAAATGTCTGGACATGATCCA 17
luk-PV-2 GCATCAASTGTATTGGATAGCAAAAGC

“ Primers designed from conserved regions found after alignment of DNA sequences of griB/grlA and gyrB/gyrA from S. aureus (GenBank accession no. 1.25288 and
BA000018), S. epidermidis (GenBank accession no. CP000029 and AE015929), and S. haemolyticus (GenBank accession no. AY341071, AY341072, AY341073, and

AY341074).

gyrB 1836 bps

gyrA 2637 bps

FYSV'Y A A A A A A yyvyy AAA AA Y t A
AL50G f) | Angj J ) AN G292A
G225T C1809T A2208C
A225C
T1818:
C309A L G1395A G2201T G2632A
T369C | A1389G G263A T2196TC
T378C C2195T
T444C L A1254G ASL6C L A2583G
A528G— T2148A
T498A= | T1239C C843T_]
T624C = C1042 C2540T
L_T1212C A2140G
G655A ™ G1084A a
L A1071G A2511T
G2032A
G720T M -C969T T1131C—
AA = L
— A897G ClTlflfgc | | T1959C
C1893T
Cl161A=
L_A1407C T1671A
Cl1234A —T1251G
L T1248C
| griB 1914 bps griA 2412 bps
A J Al A
i AlA
T1306C J B
A213G G1372A C1432T
G231A e C2243T
T1241C C1590T’
G645T C1830T- T2235C
Ti1832A [ A2158G
— C159T B
CLao2 ~T2025C
C2024T

FIG. 1. Consensus nucleotide mutations present in the topoisomerase IV and gyrase genes of 12 fluoroquinolone-resistant and 4 fluoroquin-
olone-susceptible strains. Silent mutations (not boxed) are indicated with thin arrows. Open boxes, mutations that cause amino acid substitutions
in both fluoroquinolone-resistant and fluoroquinolone-susceptible strains; solid boxes, mutations that cause amino acid substitutions at the same
positions as those described for fluoroquinolone-resistant S. aureus; shaded boxes, additional mutations that cause amino acid substitutions in
fluoroquinolone-resistant S. pseudintermedius.
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were found only in fluoroquinolone-resistant strains (Table 3). e e
. . . s BERREERSsLss §E mEzQ &

Some of these amino acid changes occurred at the same posi- z SE2222<9<92g 5 =258:z% o
tions as those reported for fluoroquinolone-resistant S. aureus, 5| £55887E $=8=ze 2EN06E )
S. intermedius, and Staphylococcus schleiferi strains, including g . §_ EZE%
positions 251 (Ser84Leu) and 263 (Glu88Gly) on gyrA and > ¢ e
positions 239 (Ser80Ile) and 250 (Asp84Asn) on grl4 (8, 13-15, % %o
18, 27, 30) (Table 3). S. pseudintermedius strains harboring at g FAEAA A+ b §§
least one of these mutations showed decreased susceptibility to g =
enrofloxacin (MICs, 4 to 8 wg/ml). Higher MICs (=16 pg/ml) g >
were observed when two additional mutations (Thr678Ala and - L %5 3
Glu714Lys) were present in gyr4 (Table 3). Additional amino g z> %;
acid substitutions were found in the topoisomerase genes, but g : g -
their roles in fluoroquinolone resistance remain to be deter- i g:: w
mined(Fig.l). 5 [ B RN B B B [ :§ E

Characterization of two new SCCmec elements. Methicillin £ \Ej‘ 2
resistance is mediated by the mecA gene, which is located on a g_* 2 %
large staphylococcal cassette chromosome mec (SCCmec) ele- S e . ”§§ o
ment. SCCmec elements are characterized by the completeness 5 S g é
of the methicillin resistance regulon containing mecA, by the Z = =S
allotype of the recombinase genes ccr4 and ccrB, and by the ;% ;&: . é
general genetic structure (2, 12, 20). SCCmec are delineated by o I A L 2E =
two inverted repeats, IR-L and IR-R (Fig. 2). Six different z Qe Nk =
SCCmec (I to VI) have been described to date for Staphylo- 3 ~ s § =
coccus (2, 12, 16, 20, 21). In the course of our study, SCCrmec E g:’ 2 3
of S. pseudintermedius could not be classified using PCR meth- o0 EEE L 5% & 2.
ods previously developed to determine the SCCmec class (19, = a g 8
31) and were therefore sequenced. First, the regions spanning - @ 2 §_’
Oer to mecl and mecl to ccrA of all methicillin-resistant S. “z +4++++++++++ 0 o %g % : 2
pseudintermedius strains were amplified using the Expand Long B § = E g2
Template PCR system (Roche Applied Science, Indianapolis, = _ s & é
IN) with primers ccrA4-F1 and mecl-R (fragment A) and %.:g = § g
mecl-F and ORFXIr (9) (fragment B) (annealing at 50°C for Prrrrrrrrrns P 583 £ § =
30 s; extension at 68°C for 15 min) (Table 2; Fig. 2). Restriction = AR
analysis of fragments A and B, digested with HindIII and PstI, EN = %
respectively, revealed two types of SCCmec. The SCCmec of P N gg = o
KM?241 had a unique profile, whereas all the other profiles 55 g 2
were identical to that of KM1381. The fragments were se- ~ 2 8
quenced using a primer-walking strategy. To complete the en- g@ g z
tire nucleotide sequence of the cassette, the 5’ end of the FhEbA A b ;\E]g g° g
SCCmec of KM1381 situated upstream of ccr4 was amplified 2~ §
using primer ccrA-R and primer SccmecIR-F, which is specific T e
to S. aureus SCCmec III IR-L (GenBank accession no. Dl e D 38 <
ABO037671). The 5'-end sequence of the SCCmec of KM241 =5 z
was determined using the Universal Vectorette system (Sigma- Ui’ §
Genosys Co., St. Louis, MO). Sequence analysis of the two 58 2
entire cassettes revealed two new SCCmec, SCCmec 1I-11I in PL L S §
KM1381 and SCCrmec VII in KM241 (Fig. 2). SCCmec 1I-111 57 =
consists of a combination of S. aureus SCCmec III (accession 5 5
no. AB037671) (100% nucleotide identity from IR-L to 35 2.
ORF12) and S. epidermidis SCCmec 11 (GenBank accession SrrrrrrnnnE S §§ g
no. CP000029) (98.9% nucleotide identity from ORF13 to £ 2
IR-R) (Fig. 2). SCCmec VII contains new recombinase genes, =
ccrA5 and cerBS, classifying it as a new allotype, allotype 5. The s L %g%
amino acid sequences of ccrA5 and ccrBS5 showed 75.6% iden- £©
tity overall to S. aureus CcrA, allotype 3 (GenBank accession no. -
BAAS88754), and 92.3% identity overall to S. aureus CcrB, vV v - E;a E
allotype 3 (GenBank accession no. BAA88755). The rest of the FANNAARAR R0 Shbh 2 E;
SCCmec VII downstream of the ccrA5 and ccrB5 loci until g "
1S431 showed 99% nucleotide identity to S. aureus SCCmec 111 o 0t A EPES
(GenBank accession no. AB037671) (Fig. 2) but differed from 5T
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SCCmec VII (S. pseudintermedius KM241)

Vectorette
4

ccré—’F cudC cudB

%

IR-L SRImec 1 ccrA5 ccrBS mpB mpC DS RF
(Tn554)
SCCmec 111 (S. aureus 85/2082)
cadC cudB

GIEDIPIPIEA DA

IR-L SRImec Il ccrA3 ccrB3 mpB_ tmpC DS RF

(Tn554)

SCCmec II-III (S. pseudintermedius KM1381)

SccmecIR-F
—>

IR-L SRImec IIT

SCCmec 11 (S. epidermidis RP62A)
radC spc ermA

ccrA3 ccrB3

mpA tmpB tnpC
(Tn554)

10 kb

20 kb 30kb

J. CLIN. MICROBIOL.

mecl-F
mecl-R ORFXIR
4—
mecl mecA 1S431 1R-R SRImec 11

IR-R SRImec 11

1S431

{«Q 1%@ @ 34kb/ﬂ‘

mecl mecA

xylR mecRI1 ugpQ repC pre orfX

mecl mecA

34 kb 68 kb 70 kb

34 kb

FIG. 2. Alignment of S. pseudintermedius SCCmec 1I-111 and SCCmec VII of with S. aureus SCCmec 111 and S. epidermidis SCCmec 11. Solid
arrows represent the mecA regulon. Diagonally lined, vertically lined, and checked arrows represent the different cassette chromosome recom-
binases A and B. Horizontally lined arrows, transposases; open arrows, cadmium resistance genes; shaded arrows, hypothetical proteins. Cassettes

are delimited by inverted repeats IR-L and IR-R (dashed lines).

SCCmec 111 by a complete mecA regulon. Both SCCmec II-111
and SCCmec VII are new cassettes, which belong to class A,
allotype 3, and class A, allotype 5, respectively.

Differentiation of strains by ST. Sequence typing (ST) of five
gene loci (the 16S rRNA gene, fuf, cpn60, pta, and agrD) and
examination of the allelic variation of agrD (1) showed that all
methicillin-resistant strains containing SCCrmec II-III were
clonally related. They belong to ST71, agr type III (Table 1),
which is the predominant clonal group in North and Central
Europe (1). They also contain the same mutations in the gyrB/
grA and griB/grlA genes (gyr/grl group 5), except for strain
KM1395. S. pseudintermedius strain KM241 (SCCmec VII) be-
longs to a new group (ST73, agr IV). The methicillin- and
fluoroquinolone-susceptible strains belong to the distinct ST
group ST41, agr 11, and to new ST groups ST74, agr II, and
ST75, agr 1 (Table 1).

New SCCmec with new recombinase genes in S. pseudinterme-
dius represent a new reservoir of the mecA gene for methicillin-
sensitive Staphylococcus species. Until now, mainly SCCmec 111
has been detected in S. pseudintermedius (26). Additionally, se-
quence analysis of topoisomerase genes has allowed us to deter-
mine, for the first time for S. pseudintermedius, mutations that
play a role in fluoroquinolone resistance.

The presence of multidrug-resistant Staphylococcus of ani-

mal origin is a further demonstration that the use of antibiotics
in veterinary medicine selects for resistant strains. Guidelines
regarding the use and choice of antibiotics should be followed
in veterinary medicine to suppress the rapid, nationwide dis-
semination of multidrug-resistant S. pseudintermedius clones.

Nucleotide sequence accession numbers. Nucleotide se-
quences were deposited in the EMBL/GenBank/DDBJ data-
bases. SCCmec II-III and SCCmec VII were assigned accession
no. AM904732 and AM904731. The gyrB/gyrA and griB/grliA
loci of S. pseudintermedius CCUG49543T and KM1381 and
of S. intermedius DSM20373T were assigned accession no.
AM262968 and AM262971, AM262969 and AM262972, and
AM262967 and AM262970, respectively.

We thank the personnel of the diagnostic unit of the Institute of
Veterinary Bacteriology of the University of Bern who isolated the
strains. We also thank J. Ross Fitzgerald for helpful advice on se-
quence typing.
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