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Background: Staphylococcal cassette chromosome mec type V (SCCmec V) methicillin-re-
sistant Staphylococcus aureus (MRSA) has been recovered from patients and livestock.
Using comparative genomic analyses, we evaluated the phylogenetic emergence of SCC-
mec V after transmission from overseas donor strains to Korean recipient strains.

Methods: Sixty-three complete MRSA SCCmec V genomes (including six Korean clinical
isolates) were used to construct a phylogenetic tree. Single-nucleotide polymorphisms
were identified using Snippy, and a maximum-likelihood-based phylogenetic tree was con-
structed using RAXML. The possible emergence of the most common ancestor was esti-
mated using BactDating. To estimate mecA horizontal gene transfer (HGT) events, Ranger-
dtl was applied to 818 SCCmec V strains using publicly available whole-genome data.

Results: The phylogenetic tree showed five major clades. German strains formed a major
clade; their possible origin was traced to the 1980s. The emergence of Korean SCCmec V
clinical isolates was traced to 2000-2010. mecA HGT events in Staphylococcus spp. were
identified in seven strains. P7 (Hong Kong outbreak strain) served as the donor strain for
two Korean sequence type (ST) 59 strains, whereas the other five recipient strains
emerged from different SCCmec V donors.

Conclusions: Most Korean SCCmec V strains may have emerged during 2000-2010. A
unique MRSA SCCmec V strain, ST72 (a Korean common type of community-associated
MRSA), was also identified. The genomic dynamics of this clone with a zoonotic back-
ground should be monitored to accurately understand MRSA evolution.
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INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) is among
the most prevalent nosocomial pathogens in Korea, where it
was first discovered in 1969 [1]. MRSA accounted for 25% of S.
aureus isolates obtained from Korean tertiary care hospitals in
1980, 54% in 1990, and 70% in 2000 [2, 3]. Korean invasive or
non-invasive community-acquired MRSA strains, with or without
genes encoding Panton-Valentine leucocidin (PVL)—a toxin and
key virulence factor of community-acquired strains—emerged in
the 2000s [4]. Methicillin resistance is associated with the clini-
cal outcomes of S. aureus infections [5], and the early treatment
is important for a good prognosis of S. aureus bloodstream in-
fections. The European Committee on Antimicrobial Susceptibil-
ity Testing recommends rapid antimicrobial susceptibility testing
of S. aureus from positive blood culture bottles [6].

Methicillin resistance is conferred by mecA, which encodes
penicillin-binding protein 2a. mecA is carried on the staphylococ-
cal cassette chromosome mec (SCCmec), which is a mobile ge-
netic element containing cassette chromosome recombinase
genes (ccrA and cerB) [7]. Although the transfer of SCCmec is a
rare event in S. aureus, methicillin-susceptible S. aureus (MSSA)
strains become MRSA after acquiring mecA embedded in SCC-
mec; all MRSA clones appear to harbor specific SCCmec types
[8, 9].

SCCmec typing is based on the amplification of nine different
genes (eight loci [A-H] of mec element sequences in addition to
the mecA gene as an internal positive control), and subtypes are
determined based on the presence or absence of various genes
[10, 11]. The major SCCmec types in clinical isolates are types
I, IV, and lll. In contrast, MRSA SCCmec type V (SCCmec V),
which has a novel ccrC gene [12], is infrequent among clinical
isolates and has been isolated from humans and animals in Eu-
rope, Korea, Japan, Taiwan, and China. In Korea, SCCmec V
strains have recently been isolated from patient serum samples
and are considered an emerging pathogen [13]. Accordingly, mi-
crobiological laboratories in hospitals are monitoring the emer-
gence of novel staphylococcal strains with antimicrobial resis-
tance (AMR) in clinical settings.

Colonization or infection with livestock-associated MRSA has
been reported in several domesticated livestock animals [14].
Carrier animals not only serve as reservoirs for opportunistic in-
fections but can also transmit livestock-associated MRSA to
other animal species or humans [15]. In Korea, livestock-associ-
ated SCCmec V strains have recently been isolated from pigs
and their environments, posing serious public health concerns
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[16]. Based on the “One Health” concept, which is a compre-
hensive health control strategy for humans, animals, and the
environment [17], circulating SCCmec V strains must be care-
fully monitored to maintain overall health.

Recently, we analyzed six SCCmec V isolates from a Korean
University-affiliated hospital (Kangdong Sacred Heart Hospital,
Hallym University College of Medicine) using whole-genome se-
quencing (WGS) to characterize the emerging SCCmec V strains.
SCCmec can share genetic content via horizontal gene transfer
(HGT) from MRSA or other methicillin-resistant staphylococci to
MSSA or other methicillin-susceptible staphylococci among dif-
ferent hosts. SCCmec mobility relies on the function of ccr, en-
coding a protein that catalyzes host chromosome excision and
insertion, which is a crucial step in HGT. However, few studies
have evaluated the emergence or prevalence of SCCmec V in
Korea.

We evaluated the possible phylogenetic emergence of SCCmec
V via mecA HGT/direct transmission from overseas donor strains
to Korean recipient strains through comparative genomic analy-
sis of SCCmec V strains. To the best of our knowledge, this is the
first study to estimate the emergence of SCCmec V in Korea and
the donor-recipient relationship among overseas and Korean
SCCmec V strains.

MATERIALS AND METHODS

SCCmec V MRSA strains

We screened the SCCmec types of MRSA strains deposited at
Kangdong Sacred Heart Hospital (Seoul, Korea) from 2017 to
2020. We analyzed six SCCmec V strains isolated from patients
with bacteremia or wound infections (Table 1). Ethical approval
was not required as all data used in this study (host, strain, iso-
lation date, isolation source, geographic location, and disease)
related to SCCmec V strains were obtained from the publicly
available National Center for Biotechnology Information (NCBI)
database.

The presence of a gene encoding methicillin resistance was
confirmed via PCR screening for mecA [10]. A single locus of re-
peat region X of the spa gene was sequenced and analyzed us-
ing Ridom StaphType v.3 (http://spaserver.ridom.de/) [18], and
spa types were assigned using BioNumerics (v.7.5; Applied
Math, Sint-Martens-Latem, Belgium). SCCmec was typed based
on the mec and ccr gene complexes [19]. Genes encoding the
PVL toxin were detected as described previously [4].
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Table 1. Strain information
Strain Isolation Host Isolation MLST spa SCC PVL Antibiotic resistance Antibiotic resistance Virulence genes
date source type mec genes phenotypes
HL20709 August 23, Homosapiens Blood ST59 437 V. PVL" mecA, tet(38), mepA, Phenicol, p-lactam, selX, sek, seq, seb,
2017 gipT_A100V, murA_ fosfomycin, macrolide, ukF-PV, lukS-PV, scn, hld,
E291D_T396N, erm(B),  aminoglycoside, higA, higC, higB, sey, aur,
aph(3'Hlla, ant(6)-la, catA  tetracycline, efflux icaC
HL23187 May 8, Homo sapiens Blood ST59  t437 V. PVL" mecA, tet(38), mepA, B-Lactam, tetracycline, selX, sek, seq, seb,
2019 ZlpT_A100V, murA_ fosfomyein, efflux [ukF-PV, lukS-PV, scn, hid,
E291D_T396N, blaz, higA, higC, higB, sey, aur,
blaR1, blal icaC
HL25274 June 10, Homo sapiens  Blood ST45  t1081 V. PVL™ gyrA_S84L, mecA, tet(K),  Quinolone, f-lactam, hld, sak, scn, seo, sem,
2020 tet(38), mepA, gipT_ fosfomycin, macrolide, sei, seu, sen, sel26, hig,
A100V, murA_E291D_ aminoglycoside, higC, higB, ser, sej, set,
T396N, parC_S80F, blal,  tetracycline, efflux ses, aur, icaC, cna
blaR1, blaPC1, aac(6)-
le/aph(2")-la, erm(C)
HL24830 March 6, Homo sapiens  Blood ST72 13092 V. PVL™ gyrA S84L, mecA, Quinolone, pactam, SplE, spiB, splA, IukD, IUKE,
2020 aac(6’)-le/aph(2”)-la, fosfomycin, trimethoprim,  sen, seu, sei, sem, seo,
tet(38), mepA, parC_ mupirocin, macrolide, scn, sak, sel, sec3, tst,
S80F, blal, blaR1, blaZ, ~ aminoglycoside, hid, higC, higB, aur, icaC
abc-, fosB, dfrG, aac(6’)-  tetracycline, efflux
le/aph(2”)-la, mupA
HL25870 September  Homosapiens Blood ST1232 t034 V. PVL" mecA, tet(K), tet(38), B-Lactam, fosfomycin, IukF-PV, lukS-PV, sel26,
9,2020 mepA, glpT_A100V_F3l,  macrolide, scn, sak, higA, higC, higB,
erm(A), ant(9)-la, murA_  aminoglycoside, aur, icaC, cna

HL2018_NO11 January 10,
2018

Homo sapiens  Pus

ST59  t437 V. PW

D278E_E291D, blaz, tetracycline, efflux

blal, blaR1
mecA, tet(38), mepA, Tetracycline, phenicol, selX, sek, seq, seb,
glpT_A100V, murA_ macrolide, efflux, ukF-PV, lukS-PV, scn, hld,

E291D _T396N, erm(B),
aph(3')-llla, ant(6)-la,
catA, blaZ, blaR1, blal

fosfomycin, higA, higC, higB, sey, aur,
aminoglycoside, f-lactam icaC

Abbreviations: MLST, multilocus sequence type; PVL, Panton-Valentine leucocidin.

DNA extraction and WGS

Six SCCmec V strains were inoculated onto 5% sheep blood agar
plates and incubated at 35°C in the presence of 5% CO- for 24
hrs. Single colonies were inoculated into broth cultures. Genomic
DNA was extracted using the Blood and Cell Culture DNA Midi Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s in-
structions. For MiSeq sequencing (lllumina, San Diego, CA, USA),
genomic libraries were prepared using the Nextera DNA Flex Li-
brary Prep Kit and sequenced on the lllumina MiSeq platform, as
previously described [20]. Raw reads were processed using fastp
v.0.20.0, with the default settings. For MinlON sequencing (Oxford
Nanopore Technologies, Oxford, UK), genomic libraries were con-
structed using a ligation sequencing kit (SQK-LSK109) according
to the manufacturer’s instructions, and MinlON flow cells (FILO-
MIN106D) were sequenced using MinlON v.19.12.5.
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Genome assembly and annotation

For the MiSeq reads, adapter sequences were removed, and
quality-filtering was performed using Trimmomatic v.0.39 [21].
For the MinlON reads, base calling and demultiplexing were con-
ducted using the Guppy GPU basecaller v.6.0.6, and sequencing
artifacts were removed using Porechop v.0.2.4. Genome se-
quences were constructed from the MiSeq and MinlON data us-
ing SPAdes v.3.14.0. Hybrid assembly was performed using Uni-
cycler v.0.4.8, as previously described [20]. Genome assembly
completeness was assessed using BUSCO v.5.3.2 with the lin-
eage dataset bacillales_odb10. The complete genome se-
quences were annotated using the Prokaryotic Genome Annota-
tion Pipeline v.4.3.

49



ANN
LAB
MED

Comparative genome hybridization (CGH)

A genome map of the constructed MRSA genome was gener-
ated using CGView v.2.0.3. The CGView Comparison Tool (CCT)
was used for visual comparison of the CGH comprising six WGS
datasets, as described previously [22, 23]. All five other WGS
datasets were aligned with the complete genome of strain
HL24830 as a reference sequence. Clusters of orthologous
gene (COG) functional categories were assigned based on the
NCBI COG database (https://www.ncbi.nim.nih.gov/research/
cog) and are displayed using different colors.

Comparative genomic analysis

Before conducting comparative genomic analysis, we retrieved
all publicly available genome sequences of the genera Staphylo-
coccus and Mammalicoccus assembled at the complete, chro-
mosome, scaffold, and contig levels from the NCBI database.
The sequences were reassigned for taxonomic classification
based on the Genome Taxonomy Database (GTDB) using the
GTDB-Tk toolkit v.2.0.0 before performing downstream analysis.
SCCmec typing, multilocus sequence typing (MLST), and spa typ-
ing were performed using SCCmecFinder (https://bitbucket.org/
genomicepidemiology/sccmecfinder.git), MLST (https://bitbucket.
org/genomicepidemiology/mlst/src/master/), and spaTyper
(https://bitbucket.org/genomicepidemiology/spatyper/src/main/),
respectively. AMR and virulence-associated genes were identified
via homology-based screening using AMRfinderPlus v.3.10.30
and the Virulence Factor Database (http://www.mgc.ac.cn/VFs/)
[24], respectively. Genome sequences were annotated using
Prokka v.1.14.6 to confirm whether the detected genes were
functional. Using PorthoMCL, gene clusters were defined in the
513 MRSA genomes, and the clusters specific to each group
were further analyzed.

Dated phylogenetic tree construction

Sixty-three complete circular genome sequences of SCCmec V
MRSA with available information (host, strain, isolation date, iso-
lation source, geographic location, and disease) were used to
construct a phylogenetic tree. Using Snippy v.4.6.0, reference-
based mapping was performed and single-nucleotide polymor-
phisms were identified. Recombination regions detected using
Gubbins v.3.2.1 and the GTRGAMMA model were excluded.
Based on recombination-free alignments, a maximum likelihood-
based phylogenetic tree was constructed using RAXML v.8.2.11,
with 1,000 bootstrap inferences. To estimate the emergence of
the most common ancestors of the corresponding clades,
Bayesian analysis was performed using BactDating v.1.1.

50

Takahashi T, et al.
Possible emergence of MRSA SCCmec type V in Korea

Computational estimation of mecA HGT

WGS datasets on 818 methicillin-resistant staphylococcal
strains (including MRSA and other staphylococci) were retrieved
from NCBI, and the strains were typed as SCCmec V using SCC-
mecFinder. Multiple sequence alignments of the mecA genes
from these strains and the core sequences of the corresponding
genomes were generated using Clustal Omega v.1.2.4. Based
on the multiple alignments, a maximum likelihood-based phylo-
genetic tree was constructed using RAXML with 1,000 bootstrap
inferences and the GTRGAMMA model. Macrococcus caseolyti-
cus FDAARGOS_868 was used to root the tree, and the se-
quence was removed using Newick Utility v.1.6. We used
Ranger-dtl 2.0 to estimate mecA HGT events among SCCmec V
strains, using a support value cutoff of 0.9 to exclude ambigu-
ous HGT events. The tree reconciliation method, which detects
HGT events only when the overall genome-wide similarity of two
strains is low compared to that of the target gene regions, thus
excluding the direct transmission of MRSA strains with similar
clonal backgrounds, was applied.

RESULTS

Molecular epidemiological characterization of six SCCmec
V strains

Among the six SCCmec V strains, ST59 (N=3) was isolated in
2017, 2018, and 2019 and harbored the PVL toxin gene with
spa type t437 (Table 1). The remaining three PVL-negative ST72-
t3092, PVL-negative ST45-t1081, and PVL-positive ST1232-t034
strains were identified in 2020 (Table 1).

WGS datasets of the six SCCmec V strains

Table 2 presents the MinlON and MiSeq sequencing metrics of
the two assemblies from both WGS datasets. Table 3 summa-
rizes the metrics of the six circularly assembled and annotated
SCCmec V genomes. The complete genomes ranged from 2.809
to 2.926 Mbp, with a GC content of 32.5% in all datasets. Five
genomes harbored one or two plasmids, and the six WGS datas-
ets contained 2,626-2,790 protein-coding genes and 66-83
non-coding genes.

CGH findings of the six SCCmec V genomes

Fig. 1 shows the circular map of the six complete SCCmec V ge-
nomes (including the complete genome of HL24830 as a refer-
ence) generated using CGH. The CCT map consists of several
circles showing the reference genome features and the results
of Basic Local Alignment Search Tool comparisons between the
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Table 2. Sequencing metrics for the two assemblies from two whole-genome sequencing datasets
MinlON sequencing* MiSeq sequencing’

Strain i Iz(egs)t 0z MZigl:'g/ad N of reads Total bases (bp) ~ Coverage (X) Nofreads  Total bases (bp)  Coverage (X)
HL20709 13,266 11.3 112,634 1,220,990,317 426.9 1,947,068 288,474,163 100.9
HL23187 16,867 112 42,440 557,671,576 196.4 1,837,608 272,537,071 96.0
HL25274 3,247 12.6 329,151 762,618,177 2714 3,027,274 445,604,778 158.6
HL24830 7,148 8.7 132,592 528,929,395 1815 1,881,702 278,662,641 95.6
HL25870 7,928 8.7 335,981 1,402,136,279 479.1 1,720,578 255,003,766 871
HL2018_N011 8,616 8.7 81,207 325,914,573 116.0 1,613,702 238,922,352 85.0
*Oxford Nanopore Technologies, Oxford, UK.
flllumina, San Diego, CA, USA.
Table 3. Summarized metrics for the six circularly assembled and annotated genomes
Metric HL20709 HL23187 HL25274 HL24830 HL25870 HL2018_N011
Completeness, %* 450 (100%) 450 (100%) 450 (100%) 450 (100%) 450 (100%) 450 (100%)
N of chromosomes 1 1 1 1 1 1
N of plasmids 0 1 2 1 1 1
Total length, bp 2,860,303 2,860,005 2,913,602 2,926,847 2,809,575 2,881,027
GC, % 325 325 325 325 325 325
N of protein-coding genes 2,706 2,695 2,714 2,790 2,626 2,705
N of non-coding genes 66 82 83 82 82 81

*Genome assembly completeness was assessed using BUSCO v.5.3.2 with the lineage dataset bacillales_odb10.

reference and comparative sequences. The GC content and GC
skew+/— were also evaluated. Several portions of the HL24830
genome sequence differed from the other five genomes, sug-
gesting a unique trait of the former (Korean community-associ-
ated MRSA representative clone with ST72-t3092) compared
with the other SCCmec V genomes.

Dated phylogenetic tree findings with complete SCCmec
V genomes available in NCBI

Fig. 2 shows the dated phylogenetic tree of the six Korean MRSA
SCCmec V strains and reported MRSA SCCmec V strains with
complete genomes (N=57) obtained from NCBI. The dated tree
showed five major clades. Strain NGA71 (isolated from human
urine at the University of Benin Teaching Hospital, Nigeria) was
an outlier in the tree. The German strains formed a major clade
(clade 1), with a possible origin traced to the 1980s. Korean
HL25870, HL25274, HL2018_N011-HL23187-HL20709, and
HL24830 belonged to clades 1, 2, 3, and 4, respectively, sug-
gesting diverse clades. A distinct clade comprised HL24830,
which emerged in 2010 and was situated close to ER03364.3
(human outbreak strain isolated from blood at Mount Sinai Hos-
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pital, New York, NY, USA). Based on the dated findings, all six
Korean SCCmec V strains may have emerged during 2000-
2010.

Evaluation of mecA HGT among staphylococci harboring
SCCmec V

Possible mecA HGT events in the SCCmec V recipient strains
isolated in Korea are shown in Table 4. Six mecA HGT events
with a support value of 1 were identified. We found an associa-
tion between the Korean HL2018_N011 and HL20709 recipient
strains and the P7 donor strain (a 2017 human outbreak strain
from Hong Kong) and between the Korean HL25870 recipient
strain and 11A731 donor strain (a 2011 Chinese food-origin
strain). We also observed associations between the PCFA-221
recipient strain (a 2017 Korean pig isolate) and ISU 924 donor
strain (a 2010 USA pig isolate) and between the BDH17 recipi-
ent strain (a 2017 Korean human isolate) and Sau55 donor
strain (@ 2006 human blood-origin strain from Taiwan).

51



ANNALS OF
LABORATORY
MEDICINE

Takahashi T, et al.
Possible emergence of MRSA SCCmec type V in Korea

COG functional categories

RNA processing and modification
Chromatin structure and dynamics
Translation, ribosomal structure and biogenesis
Transcription
Replication, recombination and repair
Cell cycle control, cell division, chromsome partitionin:
Post-translational modification, protein turnover, and chaperones
Cell wall/membrane/envelope biogenesis
Cell motility
Inorganic ion transport and metabolism
Signal transduction mechanisms
Intracellular trafficking, secretion, and vesicular transport
Defense mechanisms
Extracellular structures
Nuclear structure
Cytoskeleton
Energy production and conversion
Carbohydrate transport and metabolism
Amino acid transport and metabolism
Nucleotide transport and metabolism
m Coenzyme transport and metabolism
Lipid transport and metabolism
W Secondary metabolites biosynthesis, transport, and catabolism
General function prediction only
Function unknown
Unknown COG
m CDS
u tRNA
rRNA
Other
W BLAST hit=100% identical
W BLAST hit >98% identical
W BLAST hit >96% identical
W BLAST hit >94% identical
W BLAST hit >92% identical
BLAST hit >90% identical
W BLAST hit >88% identical
BLAST hit >86% identical
BLAST hit >84% identical
BLAST hit >82% identical
BLAST hit >0% identical
W GC content
M GC skew+
W GC skew—

SCCmec V strain HI24830
888,791 bp

(accession: CP082789.1)

Fig. 1. Circular map of the six Korean complete MRSA SCCmec V strain genomes (including the HL24830 reference strain). A genome map
of the constructed MRSA genome was generated using CGView v.2.0.3. The CGView Comparison Tool was used to construct the circular plot
of Staphylococcus aureus DNA sequences. COG features for protein-coding genes and locations of protein-coding, transfer RNA, and ribo-
somal RNA genes are presented on the four outermost concentric rings. Similar regions of MRSA SCCmec V strains are presented on the
next six concentric rings. Based on the percent identity determined using the Basic Local Alignment Search Tool between the similar re-
gions, the inside rings of the MRSA genomes appear black (100% identical) to blue (=88% identical). The black peaks depict GC content,
and the innermost green and purple peaks describe positive and negative GC skews, respectively.

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; COG, clusters of orthologous gene; SCCmec V, staphylococcal cassette chromosome mec

type V.

DISCUSSION

MRSA strains with SCCmec V have been isolated from livestock
and, less frequently, from humans. However, many people have
companion animals in their homes, and medical hospitals and
nursing homes have introduced animal-assisted therapy as a
mental health service for patients and elderly residents [25]. An-
imals and humans are in constant close contact with the envi-
ronment. Among bacterial pathogens with the potential to be
transmitted between animals and humans, strains with AMR
pose a serious threat to public health and must be closely moni-
tored.

Staphylococcus pseudintermedius typically infects dogs. In
2008, mecA-positive S. pseudintermedius strains were recov-
ered at two veterinary hospitals in Korea [26]. S. pseudinterme-
dius with SCCmec V were the most prevalent isolates from vet-
erinary staff (nose and hands), hospitalized animals (anus, skin,
feet, ears, and wounds), and medical equipment (floors and
phones). Pulsed-field gel electrophoresis analysis revealed ge-
netic similarities among isolates from veterinary staff (hands),
hospitalized animals (skin, feet, ears, and wounds), and medical
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equipment (floors) [26]. A recent study reported genetic related-
ness in SCCmec between methicillin-resistant Staphylococcus
isolates from companion dogs with pyoderma and their owners
[27]. Among 31 dog-owner pairs, one pair with three isolates
carrying SCCmec V, i.e., 18D20-1 (S. pseudintermedius, dog),
18D20-2 (S. schleiferi, dog), and 18H20-F2 (S. epidermidis, dog
owner), was detected [27]. These observations suggest the
clonal spread of SCCmec V strains between animals and hu-
mans.

Human invasive MRSA isolates harboring SCCmec V (N=3)
were recovered at the Kangdong Sacred Heart Hospital between
2020 and 2021 [13]. A nosocomial outbreak of the community-
associated MRSA P7 strain carrying SCCmec V-ST59 was re-
ported in Hong Kong and originated from a clinical specimen
from a neonatal intensive care unit [28]. We speculated that
mecA was passed via HGT and/or direct transmission from the
P7 donor strain (Hong Kong) to the HL2018_NO011 and HL
20709 recipient strains (Korea) with ST59. The same ST59-t437
type was recovered in Hong Kong and Korea in 2018 [28], fur-
ther supporting the notion of direct transmission occurring be-
tween these strains. However, HGT may have also played a role,
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Takahashi T, et al.
Possible emergence of MRSA SCCmec type V in Korea

ANNALS OF
LABORATORY

Denmark

Australia
China
South Korea

Hungary
India
Japan
Netherlands
Nigeria
Norway
I Pakistan
Germany
_ Switzerland
Taiwan
USA

sSNETS

RIVM1607
08500974
15 LA 305
10 5235

4 LA 208
12 LA_293
55-100-016

= NN
ol
I,\ l;l
=

ol
WD
s}
(s

1o«
l):|
N
[e¢]
-~

~
|)>
EN
[
[

=N
ann
-
>N
-~
o ®
IS
-~

7 4623
53949
GDC6P096P
55-100-003
PCFA-221
PCFH-226
RIVM1295
6 LA 232
15U926
PTDrAP2
BDH17
N1195

mﬁfi

THI2018-120
HL25870

— HL25274
ER03868.3

L

JS395
HZW450
MO013
VGC1
MS4
ZY05

HL2018_NO011

_E- HL23187
HL20709

NGA104a
SA_H29
pt257
WH39
110900

HL24830
_‘:L_ ER03364.3
NGA102

VB9352
R41
DAR4145
R39

R40

Lr3

B

R50
79 S10
144_S7
Lr12
RIVM6519

NGA71

|
1900

|
1925

|
1950

|
1975

|
2000

|
2022

Clade 1

Clade 2

Clade 3

Clade 4

Clade 5

Outlier

MEDICINE

Fig. 2. Dated phylogenetic tree, includ-
ing the six Korean MRSA SCCmec V
strains and other MRSA SCCmec V
strains with complete genomes (N=
57) available from the National Center
for Biotechnology Information data-
base. Strain HL24830 appears around
2010 and is situated near strain
ER03364.3 from the USA. The six Ko-
rean SCCmec V stains may have
emerged during 2000-2010.

Abbreviations: MRSA, methicillin-resistant
Staphylococcus aureus; SCCmec V, staphy-
lococcal cassette chromosome mec type V.

as the computational procedure excluded the relatedness of sim-
ilar clones, and we manually checked and denied the similarities
of the complete genome sequences and P7 contigs. We ob-
served mecA HGT from the 11A731 donor strain (China) to the
HL25870 recipient strain (Korea) with ST1232. Chlebowicz, et
al. [29] reported that SCCmec V from the MRSA strain UMCG-

https://doi.org/10.3343/alm.2024.44.1.47

M4 was packaged into its bacteriophage capsids. Although
transduction of complete SCCmec V was not observed, purified
staphylococcal phage particles encapsulated large portions (in-
cluding mecA) of SCCmec V. Therefore, it is necessary to evalu-
ate the SCCmec V transduction/encapsulation capabilities of
phages from the Korean recipient strains in the future.
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Table 4. Computational analysis of possible mecA HGT in staphylococcal SCCmec type V strains isolated in Korea

. llecti " ) ) llecti .
Donor strain Host Lol Oversea country Recipient strain Host (specimen) Coleatan Location S
year year value

S. aureus ISU 924 Pig 2010  The USA S. aureus PCFA-221 Pig (nasal cavity) 2017  Chungcheongnam-do 1
S. aureus Saub5, 5_3949,  Human 2006  Taiwan, Germany, S.aureus BDH17 Human 2019  Unknown location 1

VETO0107R, Sau88, RR17, and the

W, VET0421R, Netherlands

CFSA16SA028,

CFSA15SA094, 08-01728,

VET0241R, and VETO176R
S. aureus P7* Human (pus) 2017 Hong Kong S. aureus HL2018_NO11 Human (pus) 2018  Seoul 1
S. aureus P7* Human (pus) 2017 Hong Kong S. aureus HL20709 Human (blood) 2017  Seoul 1
S. aureus VETOO77R Human 2008  Unknown S. schleiferi 0T1-1 Dog (ear) 2017 Seongnam-si 1
S. aureus 11A731 Food 2011  China S. aureus HL25870 Human (blood) 2020  Seoul 1
S. epidermidis Se_BPH0736 Human (nasal  2011and Australia and S. epidermidis CDC121  Human (skin) 2017 Seoul 0.92

and HD43-1 cavity and 2018 Germany

prosthetic joint)

Recipient strains isolated in Korea are presented, and the methicillin-resistant Staphylococcus aureus strains analyzed in this study are shown in bold.

*Donor strain (S. aureus P7) for possible mecA direct transmission.
Abbreviation: HGT, horizonal gene transfer.

The current study had two limitations. First, although mecA
HGT events were estimated, possible HGT events associated
with another SCCmec V component gene, ccrC, should be evalu-
ated. Second, it remains unclear how SCCmec V of overseas do-
nor strains from China, the USA, and Taiwan were transmitted to
the Korean recipient strains. Possible routes include imported
foods and immigrant animals or humans. Further studies moni-
toring the dynamics of SCCmec V clones in similar populations
are required.

In conclusion, we estimated the possible clades and donor-
recipient relationships among MRSA SCCmec V strains. We
identified a unique Korean community-acquired MRSA SCCmec
V strain harboring PVL-negative ST72-t3092, HL24830, and
found that this strain differed from the other five Korean SCC-
mec V strains. The ST72 clone is prevalent among community-
acquired MRSA isolates in Korea [30]. Continuous nationwide
surveillance is required to monitor the emergence and spread of
SCCmec V isolates in other Korean hospitals. The same clones
with ST72-t3092-SCCmec V were recently isolated from a raw
buffalo milk tank in Italy [30], suggesting that the risk of human
MRSA colonization or infection may be associated with the han-
dling of raw milk or consumption of contaminated dairy prod-
ucts.

SCCmec V of MRSA is an emerging clone in Korea and East
Asian and European countries in which the V clone has been as-
sociated with human-to-animal or animal-to-human transmis-
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sion. We expect that the investigation of this clone can enhance
our understanding of the importance of “One Health.” The six
Korean MRSA SCCmec V strains isolated from the blood or pus
of patients may have emerged during 2000-2010. The clinical
significance and implications of this clone among humans and
pets/livestock/wild animals warrant further research to ensure
that appropriate community health measures are taken. The si-
lent AMR bacterial pandemic is an issue that requires prompt,
optimized, and coordinated countermeasures.
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