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Staphylococcus pseudintermedius is commonly associated with colonization or infection in dogs, and was identified
as a novel species within the genus Staphylococcus in 2006. Methicillin resistance emerged in S. pseudintermedius
during the last decade. We describe here a genomic characterization of the first methicillin-resistant S. pseu-
dintermedius (MRSP) recovered from a human patient in Argentina. The strain was phenotypically identified as
MRSP 8510 by matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) and
antimicrobial susceptibility testing. We assessed genetic characterization by mecA PCR, SCCmec (staphylococcal
chromosomal cassette) typing, and whole-genome sequencing. MRSP 8510 was phenotypically resistant to six
classes of antimicrobial agents, consistent with the genes found in its genome. We concluded that MRSP 8510 was a
multidrug-resistant ST1412 isolate. This study highlights the importance of the detection and characterization of
pathogens with potential risks of zoonotic transmission to humans, as they may constitute a reservoir of genes

associated with antimicrobial resistance.
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Introduction

THE STAPHYLOCOCCUS INTERMEDIUS group was differ-
entiated in 2006, and is comprised of Staphylococcus
intermedius, Staphylococcus pseudintermedius, and Staphy-
lococcus delphini." S. pseudintermedius is commonly found
as part of the normal skin and nasal flora of healthy dogs and
cats, but it can also cause infections ranging from pyoderma
and surgical wound infections, to deep infections such as
osteomyelitis.” S. pseudintermedius is a common pathogen in
dogs and can occasionally be found in human infection. The
first case of endocarditis caused by S. pseudintermedius in-
fection was confirmed by molecular identification and pub-
lished in 2006.% Since then, other human infections caused by
S. pseudintermedius have been reported, including skin and
soft tissue infections, surgical hardware site infections,
pneumonia, brain abscesses, and bacteremia.*°

It is likely that infections caused by S. pseudintermedius
in humans are under-reported because of inaccurate identi-
fication and often reported instead as Staphylococcus aure-
us.” However, the introduction of matrix-assisted laser

desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) systems in clinical laboratories has re-
sulted in increased reporting of S. pseudintermedius.”

Over the past decade, methicillin-resistant S. pseu-
dintermedius (MRSP) has emerged in various parts of the
world.? As in S. aureus, methicillin resistance in S. pseu-
dintermedius is mediated by PBP2a, an additional penicillin-
binding protein encoded by the mecA gene located in a
mobile element of the bacterial chromosome called SCCmec
(staphylococcal chromosomal cassette) that can be trans-
ferred between different species of staphylococci.

The aim of this study was to perform a genomic char-
acterization of the first isolate of MRSP recovered from a
human patient in Argentina and determine whether it was
related to the dominant lineages found worldwide.

Methods
Case study

In October 2017, an 86-year-old woman with a history of
hypertension, deep vein thrombosis, and chronic venous ulcers
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was admitted to ‘“‘Hospital General de Agudos Juan A. Fer-
nandez,” Buenos Aires, Argentina, with a three-day history of
worsening lower extremity pain. The patient had a history of
inferior vena cava filter placement and was anticoagulated
with acenocoumarol 2 years prior. The patient was hemody-
namically stable, afebrile, and had lower extremity ulcerations
associated with poor perfusion, without phlogosis and with
cyanosis and lividities in the distal region of the left foot.
During hospitalization, the ulcers evolved to dry necrosis of
the distal region of the left foot and three compromised toes. In
November 2017, the patient had a below the knee amputation.
Bone tissue from the patient’s left tibia was sent for culture.
The surgical wound appeared to be healing; thus, the patient
did not receive antibiotic treatment and was discharged from
the hospital after 1 week.

Identification and susceptibility testing

The bone culture showed methicillin-resistant S. aureus and
MRSP. Species identification was performed using MALDI-
TOF MS (Bruker Daltonics Microflex LT, Billerica, MA).
Susceptibility testing was performed using Phoenix PMIC-89
Panel, Epicenter V6.41 (Becton Dickinson, Argentina), E-test
(BioMerieux, France), and disk diffusion according to manu-
facturer’s recommendations and Clinical Laboratory Stan-
dards Institute (CLSI) guidelines. Inducible resistance to
clindamycin was performed by D-test.” The categories of
resistant, intermediate, and susceptible classes for each an-
tibiotic were assigned when the applicable breakpoint was
available in CLSI documents CLSI M100 28th Edition® or
CLSI VETO8 4th Edition.'” Tigecycline was interpreted ac-
cording to the Food and Drug Administration antimicrobial
breakpoints. The MRSP 8510 isolate was received at the
National Reference Laboratory on Antimicrobial Resistance
INEI-ANLIS “Dr. Carlos G. Malbran™ for molecular studies.

mecA gene PCR

Detection of the mecA gene was performed by PCR as
previously described'’; S. aureus ATCC 43300 and S. au-
reus ATCC 29213 were used as the positive and negative
controls, respectively.

Genome sequencing

Genomic DNA was extracted using DNeasy Blood and
Tissue Kit (QIAGEN, Valencia, CA) per manufacturer’s in-
structions; concentration was measured by QubitTM assay
(Invitrogen, Carlsbad, CA). Illumina library preparation was
carried out by Nextera XT DNA Library Preparation Kit
(Illumina, San Diego, CA). Hi-seq sequencing was carried out
in the Epigenetics and Genomic Laboratory of our affiliate,
Weill Cornell Medical College (New York, NY), using an
Mlumina HiSeq 2000, generating sequencing reads with a
coverage of 100x. Assembly was performed by Velvet and
annotation by NCBI Prokaryotic Genome Annotation Pipeline
(PGAP). Genome sequence has been deposited at DDBJ/
ENA/GenBank under the accession WEIPO0000000. The de-
tection of resistance genes was carried out with PATRIC using
the available ResFinder (genomicepidemilogy.org) and CARD
(Comprehensive Antimicrobial Resistance Database, card
.macmaster.ca) databases, and the gene content was compared
with the phenotype presented by the isolate.
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Identification of SCCmec element

The isolate was first screened for typical SCCmec elements
by multiplex PCR."? S. aureus collection strains were used as
controls for SCCmec types 1, IA, I, III, IV, and VI (COL,
PER34, BK2464, USA100, ANS46, HU25, USA400, and
HDE?288, respectively); a clinical strain was used as the
positive control for SCCmec type V.'? The genome sequence
from the isolate was examined in the SCCmecFinder re-
source’® to determine the SCCmec t}/pe. In addition, the
SCCmec V (GenBank Id AY894416)l nucleotide and indi-
vidual protein sequences were compared by BLAST (Basic
Local Alignment Search Tool)'> with the genome of the
isolate in PATRIC (Pathosystems Resource Integration
Center patricbrc.org).'® A careful examination of the region
containing the SCCmec V genes and its flanking regions was
conducted using the Proteome Comparison and Compare
Region View' tools found in PATRIC. A broad examination
for the presence or absence of the protein families that con-
tain mecA, mecR1, and mecl genes across the MRSP 8510
genome was conducted using PATRIC’s Protein Family
Sorter.'

Multilocus Sequence Typing analysis

Sequence type was determined using MLST (Multilocus
Sequence Typing) software based on the 7-gene MLST
scheme that included the genes ack, cpn60, fdh, pta, purA, sar,
and tuf."® The allelic profile of the isolate was compared with
allele sequences present in the PubMLST database and sub-
mitted to the MLST database curator Vincent Perreten to as-
sign a sequence type.

Results

The MRSP 8510 isolate was resistant to penicillin, oxacillin,
erythromycin, clindamycin, streptomycin, kanamycin, cipro-
floxacin, chloramphenicol, and trimethoprim-sulfamethoxazole,
and was susceptible to the other antimicrobial agents tested
(Table 1). By using the disk diffusion method, the isolate
was shown to be resistant (zone diameter) to oxacillin 1 pg
(15 mm), erythromycin 15 pg (6 mm), and clindamycin 2 pug
(6 mm), indicating constitutive resistance to macrolides,
lincosamides, and streptogramin B (cMLSg). Despite the
lack of CLSI-approved interpretative criteria for streptomycin
and kanamycin, the isolate showed an inhibition zone of
6 mm with streptomycin 10 pg and kanamycin 30 pg disks,
and was considered resistant to both antibiotics. Methicillin
resistance was confirmed by mecA gene PCR. SCCmec
screening by multiplex PCR showed a pattern that shared two
bands with the SCCmec type V element: a 162 bp that cor-
responded to mecA and a 449bp that corresponded to ccr
complex. However, the pattern differed in the corresponding
J1 region band, suggesting that it could be a variant of
SCCmec V, and the SCCmec finder tool could not classify
this element. Analysis of the genome allowed us to observe
that the isolate possessed mecA, but not other genes associ-
ated with SCCmec V, including mecR1 and mecl (Fig. 1).

We found by MLST analysis that isolate displayed a new
allele combination assigned as ST1412 that has been included
into the S. pseudintermedius pubMLST database. Sequencing
analysis revealed 2,669,519 bp, 37.2% GC content, and 2,689
predicted coding sequences. In addition to the gene mecA, the
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TABLE 1. MINIMAL INHIBITORY
CONCENTRATIONS AND ANTIBIOTIC RESISTANCE
GENES IN METHICILLIN-RESISTANT
STAPHYLOCOCCUS PSEUDINTERMEDIUS 8510 STRAIN

Resistance
genes from
MICs  Interpretive MRSP 8510
Antibiotics (ug mL-1)  category genome
Penicillin >32% R blaZ
Oxacillin >2 R¢ mecA
Ceftaroline 0.5 s¢
Erythromycin >4 R ermB
Clindamycin >2 R —
Kanamycin 6 mm NA aph(3")-111
Streptomycin 6 mm NA ant(6)-Ia
Gentamicin 4 S —
Tetracycline 0.12° S —
Minocycline <1 S —
Tigecycline <0.12 i —
Trimethoprim- >2/38 R dfrG
sulfamethoxazole
Chloramphenicol 64? R catA
Ciprofloxacin >2 R griA
(Ser80Ile);
gyrA
(Ser84Leu,
GluggVal)'
Vancomycin <0.5 S —
Teicoplanin <1 S —
Rifampicin <0.5 S —
Linezolid <1 S —
Daptomycin <1 S —

“Performed by E-test (BioMerieux).

®Performed by disk diffusion.

All the antibiotics were interpreted according to Staphylococcus
spp. CLSI breakpoints (M100 28th ed.) except for: “oxacillin
(Staphylococcus pseudintermedius CLSI breakpoint), “ceftaroline
(Staphylococcus aureus CLSI breakpoint), “tigecycline (Food and
Drug Administration breakpoint).

Mutations in the quinolone-resistance determining region of the
topoisomerase genes.

—, no gene was detected; CLSI, Clinical Laboratory Standards
Institute; MICs, minimal inhibitory concentrations; MRSP,
methicillin-resistant S. pseudintermedius; NA, not available; R,
resistant; S, susceptible.

isolate carried the B-lactamase gene blaZ, the phospho-
transferase gene aph(3’)-111, adenylnucleotidyltransferase gene
ant(6)-1a, the methylase gene ermB, the dihydrofolate reduc-
tase gene dfrG, and the chloramphenicol acetyltransferase
catA gene (Table 1). The isolate MRSP 8510 was resistant
to ciprofloxacin, and mutations in topoisomerase genes gyrA
and grlA, Ser84Leu and Glu88Val in the topoisomerase GyrA
and Ser80Ile in GrlA were identified. Additional amino acid

SSCmec o VD03 VOD4 VDS

Subtypev P ¢ ) ) —
Hypothetical CoA Trans
MRSP 8510 4 g b . <=
FIG. 1.
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substitutions were found outside the quinolone-resistance de-
termining region (QRDR) of the topoisomerase genes (Pro5-
Ser, Asp447Glu, His557GIn, Lys736Asn, and Ile516Thr).

Discussion

In this study, we characterized the first MRSP isolated from
a human patient in Argentina. The MRSP was isolated along
with a methicillin-resistant S. aureus resistant to erythromy-
cin, with inducible resistance to clindamycin iMLSg, and
susceptible to the other antibiotics tested. The MRSA isolate
belongs to ST5-SCCmec IV clone,zo which is currently the
second most prevalent clone after ST30-SCCmec IV in
community isolates in Argentina.

The finding of MRSP in polymicrobial cultures seems to be
common.’ The patient reported no contact with dogs or cats
before hospital admission, which is consistent with cases re-
ported by other authors.”

Similar to other recent reports,21 our results showed a
strong correlation between the resistance phenotype dis-
played by the isolate and the resistance genes detected.

The SCCmec of S. pseudintermedius displayed some
degree of homology to that of S. aureus, but the SCCmec of
S. pseudintermedius is sometimes untypeable using SCCmec
typing schemes developed for S. aureus, as we observed in
our study. The classification of the SCCmec elements in
S. pseudintermedius is complex due to the high genetic
diversity and the existence of composite cassettes and pseudo-
SCCmec elements.?? Several SCCmec elements are reported
in MRSP, including SCCmec I (previously described as II-
III), which is found in the globally dominant ST71 lineage;
SCCmec Vi variants; and other newly reported cassettes.”
The SCCmec element present in the isolate MRSP 8510 is
largely homologous to SCCmec type V (5C2 and 5), pre-
viously called VI or VII of S. aureus but lacking mecRI
and mecl genes. Elements with similar characteristics were
found in canine isolates previously studied in Argentina.*?

Two of the three mutations identified in topoisomerase genes
gyrA and grlA of MRSP 8510, related to ciprofloxacin resis-
tance, were previously described, Ser84Leu and Ser80Ile. 2326
Additional amino acid substitutions were found outside the
QRDR region of the topoisomerase genes, but their roles in
fluoroquinolone resistance have yet to be determined.

The dissemination of MRSP isolates was associated with a
limited number of clones,>”?® similar to the situation observed
in human S. aureus. CC71, previously described as the epi-
demic European clone, which is now widespread worldwide.
CC258 may be partly replacing CC71, at least in Northern
Europe.”®* CC68, previously described as the epidemic
North American clone, is frequently reported in this region
but also in Europe. CC45 originated in Asia, but is also found

CDP glycerol-
VO12V013 V014 ccrC V016 V17 V019 phosphiransferase vo23

Hypothetical

Type IS
restriction enzyme

_—p ) - )

Comparison of the SCCmec region of the MRSP 8510 with the Staphylococcus aureus TSGH17 (SCCmec V). The

MRSP 8510 genome had similar ccr complex and mecA and ccrC genes, but was missing many of the other genes
associated with SCCmec V, including mecRI and mecl. MRSP, methicillin-resistant S. pseudintermedius; SCCmec,
staphylococcal chromosomal cassette.
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in Europe and, to a lesser extent, in North America and CC112
is prevalent in Asia, and it is also found in Europe, Oceania,
and North America.”®

In a previous study conducted in MRSP isolated from dogs
in Argentina, we observed high clonal diversity by MLST
(ST339, ST649, ST919, ST920, ST921, and ST922), and the
goeBURST analysis of the isolates showed that although they
were not related to ST68 or ST71, they were evolutionarily
closer to ST68 than to ST71.** In this study, MRSP 8510
displayed a new allele combination assigned as ST1412, not
related to the STs previously found in Argentina.>® ST1412
was not related to the globally disseminated clones mentioned
above, nor to the CC551 SCCmec V that emerged in 2015 in
Poland and is replacing the previously prevalent ST 71.%!
ST1412 is a double locus variant of the ST45, which origi-
nated in Asia and was described in Finland, Sweden, the
Netherlands, Israel, Thailand, and Australia.>?>?8

Comparing the resistance phenotype of the MRSP 8510
isolate with those of canine origin all were microbial drug
resistant, but unlike the MRSP of canine origin the MRSP
8510 was resistant to chloramphenicol. Interestingly, chlor-
amphenicol resistance is strongly associated with CC45 and
was recently reported in 95% of ST45 isolates.*®

Although it has not yet been determined to what extent
S. pseudintermedius contributes to the gene pool of resistance
in human pathogens (e.g., S. aureus), animal-derived staph-
ylococci can be the source of determinants of resistance in
human S. aureus.>

In conclusion, in this study we reported the character-
ization of the first multidrug-resistant MRSP isolated from
a human case in Argentina. Using MALDI-TOF MS in
the clinical laboratory allowed us to correctly identify the
S. pseudintermedius species and to clearly define the meth-
icillin resistance phenotype. The transmission of these iso-
lates between dogs or cats and humans represents a potential
risk to public health, especially as they could be a source of
antibiotic resistance genes.
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