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WHER SN AR ARRE SN, RFAROEENMTONE L.
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FEREHY WU ET. LB KRR - 8 oS REREAICRIRS R
EPRBONCEE, REOEROTHIObE, RELIZREERD XD %z
HEDTHDXT.

ARENF 2026 F 11 H7H (1), JLBEEERFED HNOHEF v > /N AT TH
Nz LET. F—<IF TRERK - BETRENMGS T EHREBEOHRM Wzl ELE.
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o HiLER 1 & A AL D« microRNA

Hekr A1 L2% W RE D RhEEW D POk — !

[EB] 7O7 - 77UAMBICEWGS I GbigeEm) - SRR eRE s E-EFEEIEBICBWTIE, 7 LR
P <DHHEATOAENRAL 2O R MERIZRDOREGHE - BiEFRITOMSE L TIMY EF S NBRWEET
Holz. WE, KRR mERRANE Rk QM D (EV: extracellular vesicle) RRIMERIIIS LY 1 20 RNA
(miRNA: microRNA) Z&H U, EEOB AT AY — 2 AR %2 IWRBIC D 2 EE AR EER 2 > T
5T ENMSEMNEIRH>TEE., miRNA R, BRENAF—h PR EHREE LU THIEHE N, KinskRAMIEOE L
TP EAZBATNS. ARTIX, RiERE PR iERREBICB TS EV & EV I miRNA #f5EQBIR &

il c FROBEMLICONVWTE EHZN.

de
1. 8

TIOT T T UAMIRICE NG T (i
Zifn) - SRR MERE 72 EEEEBERETOS /
LN < D SHEATNZD, BREAL 72 B DR
MERIZHER DRAME - BETHITOMREL TR
B ETFSNBWELETH> 2. TF, Rk
BE72 Y 27 0 RNA (miRNA: microRNA) z & F
U, BERDIRAF ALY — 2 AL IRRREICBID 2
HELSMBRMMEEERZH> TWbs 2 ENHL M E
725 T&E7. miRNA 1L, EENAF Y= —0K
HARBFEE L ThIEH SN, AR OE R
FRRATIZE =R 2z TnWad. AETIE, R
Ifin B3 ifn %0 7R M BR R BT BT MRS /N E (EV:
extracellular vesicle) & EV AN miRNA #F7% @ B
IRERE - TROFEREITONTH DN,

[ R R Rt R 2 K Bt
e R i A B i R AR A
E-mail : umemura@ihwg.jp
T 831-8501 @l AJITitER: 137-1
Tel : 0944-89-2000
Fax : 0944-89-2001
E-mail : umemura@ihwg.jp
2 T 831-0016 @&k AJIHIER 141-11
Tel: 0944-87-0001
Fax : 0944-87-9310
22026 4 H 17T H

—o% N
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2. fEastIiE

Mgl (EV: extracellular vesicle) (3% %
R TIRE —EE TR EN, MECTHAE L 20V /h
farEHENs V. AKROTNTOMIRA S H S
nNTHL, aRR, YA X, REEE, NaHNK
4y (cargo) IZX DWW DNDYTH A FITpES
N%. YA X200 nm LAFZ small EV, 200 nm
Ll L% large EV &3 (M1AB). YR b
—JARKODAELD TR =2 A/MERIZE ST A
ZMMRKEWN, small EV LY VY — A (exosome)
DHMMWIALfFHONTE . MEEORANS U Y
Y — LTS 115 multi-vesicular body (MVB)
NTHEREN, T7VYA b= ATHllas gkt
N5, ok T, MlofEE, 5, fE R,
Beft, 72 & DOAMRBEREICIR U THIEA O miRNA 23
BRI EV NI s >7.

HRRBR IR & U T ORISR E RiER Eh 5 D EV
I, EEOE, EBHE, YA Xoux hTS
74—, REFNHFERENFERHINS. [EIE,
MEIZBNWTENTNREDN D 573, EV BT O
BLD=DIT, HBENIZEV Y2 I OR A X
FHHI, ETRAMEIIC K SRR, EVEADSY >
INZE (CD63, CD81, CD9 72 &) ZMiiL, EV
ThHaHILEZHANATHZENRDENSE Y. EV O
EoEaGINDn (¥ 2 N\0E, B, IBERLE)



WBEAMORMEZTOXEFEHNTNDS.
w RINAF T —THR A8 EV OEEHEICHE
LTWB ARG T2 70— A M AR —DREE

e

MBS K OB T 5 2 & T, EV OEAHME 2

$re47

H4 X

EEms T

CRcE

ERR

Ty

miRNA | [ 4.2, 42 &R
[ TSG101 @ (Z#:Hb 9
14-3-3%FH Bav iRy

HSP70, @PQO RERR K REER

5T LT RE
D & 7 AR BAE A AN MR - fRRT T T
NTWEIDEMITTE2 Y.

THO, EVEWDSIY—)LZflioTE

(#Ua7n74 > :CD235a |

aALRA7Aa—Jb

ThZRNRZY

(CDY, CD63,
CD81, CD82)
H1.A
i k.
Large EVs Small Evs Apoptotic bodies
(microvesicles) (Exosomes)
>200 nm <200 nm 500-1,500 nm-
Rrioror o o - “TRRTTFIEY Y
‘EQ, EELY CEE, EEEY
- mRNAS, miRNAS, ncRNAs - mRNAS, miRNAS, nCRNAS
Bulging Exocytosis ‘Segmentation .
LN P

X1.B
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3. FRMmBKkRHHAE KM/

R oA 72 R i BR R M T H S A 8 D R 2 ER
PR L ZEWRMER T d 2 # IR R i R &
ESCRT(endosomal sorting complexes required
for transport) &R ZE L THD, RNLERHINE
Bk DR D remodeling DiBFE T EV 2
9%, fEERMRMERITENE & EBIT Hb LR
ZRWEHEORIMER & 720 B BEMERAR EICERD
AFENTHET . RILERRMIEHSK EV(EEV) 1
FH~Y—H—&LTrZUa7%Y2-A (CD235a),
FI AT 2 28K, Band3EH, T h7 A
NZPREEREL TS Y. YEFILaAU I
T 7 — VR EVRIZIIRMERE D &iREICHERET
. AENTIE, INSOEERAENIT EV 242
HRIIE N E D A DR DR & U TERT . %
TERATICBWTIEY > 7IVEV OFLICHEHATH
%. eEV EEA L EMEAVNMEICE EN D0 D
721 ¥E, EVpedia, Exocarta, Vesiclepedia,
ExoCarta 72 & Web ET7 =4 X=X THI5H Z &N
TE 5. BREUEEINETD 28K RMEREE, 3 5t&
Y REBTREREV AL TEAEIMLTHD, £
Hb NRBEICEASINTNL2O0/MTHS (K
1).

4. FMmEkE&EMmICEIS5T %5 miRNA

miRNA 3 20 EEFi# O E#IE T — K RNA T,
FER mRNA @ 3'UTR fEIICHE & L, mRNA O 5
RIBESCEANOMINBREZHE L EBLEFREZ
HEIEIC KIS % > Y. miRNA 13> — REEE O 8
WHEAZ ORI TENZRHET 50T, 1EED
miRNA [FEEREEOFEN mRNA EFET %, 3
BT OREEIIER O B2 5 miRNA & O#EE
WAL Z RS, miRNA EEMEETIIEM SRR Y b
T—7 &R L TWTW5S, FRILERRATERAIA - IR
FERDIME « BREMTIE GATAL 2 E DB R T, 7
oE>, 7914 a7x1U 2, N2 RIBEEARED
BETNEEGT 5. 25 OEETH S miRNA T
SN THO, WERIFRIMEK mRNA 707 71 )b
HEEKMBANO 707 vy AV ERKBL TS (K
2). RN - MRS 2N Z A O miRNA
TO7y ) ESE, KA OBET B E I
L TW%. miR-45la (R MERRMALICEFEH L,
SME - BREAMTHED miRNA TH 5. T OFHIIR
1 BRR I A DERE KT : GATA-1 THI# &
NTW5. miR-45la lFRAMRMERIC O EEITEH
INTHBORMER MIRNA 7O 7 7 IV DK E 75k
MTHUD, eEVmMIRNA THERDBEZBEEINS
miRNA TH 5.

K 2 Erythropoiesis and microRNA

AAREOAREE THRE Vol44 No.l 2026



5, "MF—hHh—¢&LTDeEV

RIMERAESR EV ISR EA b LA, &, MAR%E,
BEPRIN T2 EDIRREICRE G2 2 ENHESNTHD
eEV & Z DG OFTIIFHHNA A —h—& L
THEHENS.

i BR JR I ER 13, thioredoxin reductase/
peroxiredoxin ¥ A 7 A, supeuroxide
dismutase, ZIV¥ FA4 > RICEEGT H8HE, 7
Z3)VE B, 72 EICEL D AR pro-oxidant &
antioxidant D /N T > AHEFFITEI B L T 5.
ROS FEAETLIEIREETD eEV 13, —M(LEFE NO I
KDRAFAY =T Az 28t S B iE N MO
MEREEELSE2 Y. BEOL-FILIT/
HDbE & fHE TIEER EV NO NO 2K T L THD,
ifi L PN C D Ik TR R 2 e e S % rTREE VR = 41
T3 . —7# Tl proteinS/C DRI ZEMN LT
DFEEEEH b WMESNTNS Y. eEVIZ, i

HILE

MERSYHIEAAR & OfEMHEEERICHEEL T
% fFHERD S O ROS fet 2%, T U > /%8R
BERIC & % 0E IS & (Rt ¥, RBC-EV N miR-
451/miR-140 13~ Z U 7 Jii th ® PEMP1 i# {5 1
FREHZME T2 ETY T U TR ICE G
LTWw3 % eEV N miR-93-5p I3 PTEN % #1
U 2N AU 3g5E 2 (e 9 %, JRIfERIE eEV 241 L
T miR-93-5p ZiNAMALIC F T > AR—FL T
W% — 5 THIFERL B3k EV 13 miR-93-5p % & &
EALRMERANE N T > AR — KL THB DR mAE
DORIBRERARE S TS .

W SN TS eEV B2 D% < 2S8R R i BRE
PHILITRENDEBELEEEETHOROLNER
HThrBEEEARNEBEMTOMTTHD EEHIC
MAERBIZHEEE L TWEB D, PR DERRIGH
MHIFEENS (M3).

FRIFER + FRIMER

HARER

MR AR AS

3 FRMmBkRMRESN IS K S MEREELER

6. BIEB/NAF2—HhH—& L TD miRNA
RILER R MG D 7 BN N U TR I ERR A 203k
AR TR T 2 ME5h 8 ifn TIE AR RIR I ER 0D RE A= 7Y
KTFT2. RENREETHZ LTI ELIT TR,
FRIMERIE (L DA NETTHE, JR I ERT ay D JEiE 1IN A

10

T, EVHGE O, MM O fih Ot &
WO SRR TH S, miR-451a /R M ERIT &

BEICGAIN TS mIRNATHD, BT T
LI 7 TR ENEEE IR TEAICHEMT
% PEESHREO /) a—Z -6- U SRk
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#EWB%E (G6PD) RZIEIC K BiEMmMEEINIE, A
TRGYIE S @ OB ALIE A 2 R D 8K H7s & Tk
WizaHEC 5., TDOLSA N AN WIRE T
VI D F JLAS 75 < 2 W O 72 I IR L ER N G6PD
BEEIEME OWIE £ BB THRENLETH . 1M
Eh miR-451a BT 2 W5 &, I FEEN RN
BHEMTHMROBEMERHTED I ENS, BE
RINENT D7 IZBT 5 G6PD R ZIEZWIZH H
TH2 "W, —%, MEOENTSRMERD S HH
TIN5 miR-451a i X D MmHEEIFEMT 5D T,
ﬁmﬁ%%%m@%wﬂg?zyﬁ’m%ﬁ%ﬁé
N5 Y. Bald, BEBEICBTDEAME T
1 miR-451a 13 fih D & M #EEE (Hb, LD, K, AST)
BREXVBEMOF = 7 ITBNTRENRE N &,
VR I B I B MG T, pre-analytical 72 ZAIZ
L5 ERZENMIEA T miR-451a l3&EETH O,
WIEBIMONA AR —H—E L TAHTHLZ &
2RLEY,

HIEY I v 2 7 TIIRMERGRMIEAN OB A kL
A D EFIZE D miR-214/ATF4/ROS axis 7)3#5 5
ENDHIENMESN, BEMHEEIMTONL, A
LR, EREERIC K B M EE O 2 TR IC mIRNA
MEELTWD ZENERENTVS Y. ¥5+t
RTICBITDBEBEENA A —E U THIfS
n5.

7. fRESNIEDBERE L L TOREEM
RIMERIZERNTRDZWMRERTHD K&
FWRLSTWZ &, MBEANICDNA 2 Fa2 R
TELBRLMNERVWI E, HOMEZIT O BR
MEREHNR EV 29 2 2 & THREZH G Z [0l
TE52E, BRENSHTRMEHARKEVIERI v I T
UNY—DFREELTHEEENTWS 7Y, 5k
MER R EV IZE B O HAL# AR I DL ETH D
ZEBHRICHICERMRBRRTHS. MiNnAMEE
FRIMERIZ A EPEIC miR-93-5p 2 k7 > AR — k
L, PTEN ZMif9 2% Z & THidt Ao 8856 2 2
#EL TS . In vitro %% T® mesenchymal
stem cell (MSC) H¥E EV OFHICIMA T, WD
TRIMERD 5 S 15 EV ORFZEIE, #iiiRmEs
U CHRRISA D E s 2

HAREEBELRTHRE Vol44d No.l 2026

8. FLHLEE

JFY RNAF T —THLNDZEVB LY
EV-miRNA /&, i@ IER 248 S EE AR
R TH5. FIRDIRAF Y — ZHEFFO B35
ThEA RRBOREICEE L TWa 2 Ens, KR
INA F X = —SHBREEE U TIIEDNEATY

5. FRMmMERRMIIEROR B KERAREAL —
3L ERRTHEED—DTHO, WAL ZIRILER
IZAMEL TH EV Z i U AR O R F 7R S
BI5-9%. FRIMERAIEEFTHEIC X VA M IEE M - JE5h
&I TIENA A~ —H—& L TEV-miRNA OF#H
MMREWN. 51T, RIERN SO EV Z Lk A S
WARRICEINT B ZENTED I EMG, EEFTY
NY—=2 AT ALAELTHEHINTNS.

EV 3L U EV-miRNA @ O & X 51257
REEDZEMRDEND. ENTNNER DN
BIE T2 HFD miRNA HYVA RPN O 8 4 7 M AR A
ERZHEIL TWDZEND, EROMENTIEDEA
* in vivo R - BEEMITIC K DMEEIT T 51T EV-
miRNA 28 SERIRICH 2D 2 EHiff S 5.
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Extracellular vesicles and microRNAs in erythropoiesis
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Abstract

Discovery of abundant microRNAs in erythroid cells including mature RBCs reveal important roles of RBCs for
cell-to-cell communication in human body. This mini-review focus on the physiological and pathological roles of
RBC-derived extracellular vesicles and microRNAs and potent clinical applications as biomarkers or therapeutical
approaches.
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Original Article

Validation of PCR-Based Open Reading Frame Typing (POT)
for Methicillin-Resistant Staphylococcus aureus

Saki Kojimal>2 HisakuniIshibashi? Yumiko Funashimal,4

Kenichi Sato!'* Kentaro Wakamatsu® Zenzo Nagasawal

[Abstract] Objective: To evaluate the utility of the rapid, PCR-based open reading frame (ORF) typing
(POT) method for epidemiological analysis of methicillin-resistant Staphylococcus aureus (MRSA)
through comparison with established genetic and phenotypic techniques. Methods: We analyzed 93
MRSA isolates obtained from our hospital using seven methods: POT, multilocus sequence typing
(MLST), pulsed-field gel electrophoresis, staphylococcal cassette chromosome mec (SCCmec) typing,
Infrared (IR) Biotyper analysis, coagulase genotyping, and antimicrobial susceptibility testing.
Discrimination performance for each method was evaluated using Simpson's Diversity Index (D), and
inter-method correlations were statistically evaluated. Results: The POT method demonstrated high
discriminatory power (D = 0.943). Furthermore, POT types exhibited a highly significant correlation
with MLST and SCCmec classifications (P <1 X 10 ~9). For 91 strains (97.8%), the SCCmec type could be
accurately predicted from the POT1 value. Conclusions: The POT method provides high-precision strain
discrimination and closely aligns with the internationally recognized MLST method. It is an extremely

useful, rapid, and practical epidemiological analysis tool for hospital infection control.

Key words : MRSA, POT, MLST, molecular epidemiology, Simpson's Index

| . Introduction 1.27 million deaths and contributed to

Recently, the global proliferation of
antimicrobial resistance (AMR) has become
a critical public health concern. Recent
comprehensive estimates indicate that AMR

was directly responsible for approximately

approximately 5 million deaths globally in 2019,
with the greatest burden observed in Asia and
Africa”. Furthermore, the Global Research on
Antimicrobial Resistance predicts that AMR

will directly account for over 39 million deaths
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between 2025 and 20507 .

Effective hospital infection control relies
on distinguishing sporadic infections from
outbreak-related strains. Molecular typing
methods, such as Multilocus Sequence Typing
(MLST) and Pulsed-Field Gel Electrophoresis
(PFGE), are widely used for epidemiological
characterization of nosocomial infections. As
a rapid and simple alternative, the PCR-based
open reading frame (ORF) typing (POT) method
has been developed and widely adopted in
Japan. The POT method identifies species,
clones, and strains by detecting multiple
ORFs with variable distribution patterns
using multiplex PCR. In S. aureus, one or two
prophages are typically lysogenized within
the genome. These prophages comprise genes
arranged in mosaic-like functional modules.
The resulting strain-specific diversity in gene
composition provides the basis for using the
POT method in epidemiological analysis”.

In addition to these methods, analyzing the
Staphylococcal Cassette Chromosome mec
(SCCmec) is essential for characterizing MRSA.
The SCCmec is a mobile genetic element
that harbors the mecA gene, which confers
methicillin resistance, and the ccr gene complex,
responsible for site-specific integration. Its
structural diversity, classified into distinct
types based on gene combinations, provides
important insight into the evolutionary
background of the MRSA strains. Despite
the availability of multiple typing methods,
discrepancies in results may occur depending
on the method used, even when analyzing the
same strain”, and comprehensive comparative
data remain limited. Therefore, this study aims
to evaluate the consistency and characteristics
of several epidemiological typing methods for
MRSA. Using the POT method as a reference,
its performance was compared with established
global standards, including MLST and PFGE, as

HAREEBELRTHRE Vol44d No.l 2026

well as other analytical methods, to verify its

practical utility.

II. Materials and Methods

1. Bacterial Strains

This study included 93 MRSA strains isolated
from patient clinical specimens at Takagi
Hospital, Kohoukai Medical Corporation,
between January 2020 and December 2023. All
isolates were stored at -80°C in Microbank vials ®

(Iwaki Co., Ltd., Tokyo, Japan) until analysis.

2. Methods
21 POT

Molecular epidemiological analysis was
performed using the POT method. MRSA
isolates were subcultured from the Microbanks
onto KBM sheep blood agar ® (Kohjin Bio Co.,
Ltd., Saitama, Japan) and incubated aerobically
at 35 C for 18-20 hours. A single colony was
subsequently selected, and genomic DNA
was extracted using the Cica Geneus DNA
Extraction Reagent ® (Kanto Chemical Co., Inc.,
Tokyo, Japan).

Extracted DNA was used as a template for
two rounds of multiplex PCR to amplify 24
target regions, following the manufacturer's
instructions for the Cica Geneus Molecular
Epidemiology Analysis POT Kit for S. aureus ©
(Kanto Chemical Co., Inc., Tokyo, Japan). The
amplified DNA band patterns were analyzed
by electrophoresis to determine the presence
or absence of specific bands. These resulting
banding patterns were converted into
binary data and entered into a POT analysis
spreadsheet to calculate POT1, POTZ2, and
POT3 values. These values were derived from
predefined coefficients (POT1: sum of POT1-
1 to POT1-7; POT2: sum of POT2-1 to POT2-8;
POT3: sum of POT3-1 to POT3-7). Identical POT
types (combinations of POT1, POT2, and POT3

values) were considered indicative of potential

21



clonal relatedness or transmission.

Additionally, SCCmec types were inferred from
POT]1 values using the empirical reference table
provided in the manufacturer's instruction
manual (Kanto Chemical Co., Inc., Tokyo,
Japan). These assignments were intended as
reference information rather than definitive
classification. For consistency, only POT1 values
explicitly listed in the reference table were
used for SCCmec estimation. Isolates with POT1
values not included in the table (specifically,
values 76 and 100 in this study) were excluded

from this estimation.

2.2 MLST
Isolates were cultured as described for the POT
method, and genomic DNA was extracted using
the Cica Geneus DNA Extraction Reagent ®
(Kanto Chemical Co., Inc., Tokyo, Japan).
MLST was performed following the protocol
of Enright et al.”. Seven housekeeping genes
(arcC, arokE, glpF, gmk, pta, tpi, and yqil) were
amplified using PCR and sequenced. Allele
numbers were assigned by comparison with
the PubMLST database (https://pubmlst.
org/organisms/staphylococcus-aureus), and
sequence types (STs) were determined based on
the combination of these seven alleles. Isolates
sharing at least five of the seven alleles were

assigned to the same clonal complex (CC).

2.3 PFGE
[solates were cultured as described above.
Following the method of McDougal et al.”,
colonies were subcultured in Trypticase Soy
Broth ® (Becton, Dickinson and Company,
NJ, USA), harvested, and embedded in
agarose plugs. These plugs were treated with
lysostaphin and proteinase K, washed with
phenylmethylsulfonyl fluoride, and digested
with the restriction enzyme Sma 1 (Takara

Bio Inc., Shiga, Japan). The resulting DNA

22

fragments were embedded in 1% pulsed-
field certified agarose gels and subjected to
electrophoresis in 0.5 X Tris-borate-EDTA
buffer at a constant temperature of 14 C using
a CHEF-DR 1II system * (Bio-Rad Laboratories,
Inc., CA, USA). The gels were subsequently
stained with ethidium bromide and visualized
under ultraviolet light. Genotypes were
determined based on the band patterns
according to the criteria of Murchan et al.” .
The homology between band patterns was

calculated and expressed numerically.

2.4 SCCmec Typing
SCCmec typing was performed via multiplex
PCR following the method of Kondo et al.”,
with genomic DNA extracted as described
in Section 2.1. The PCR amplification
comprised an initial denaturation at 94 C for
2 min, followed by 30 cycles of denaturation,
annealing, and extension. Table 1 presents
detailed primer sequences and specific thermal
cycling conditions. The SCCmec types (I-
V) were determined by combining the mec
gene complex classes (A, B, or C) and the ccr
gene complex types (1-5). According to our
classification criteria, isolates harboring a class
B mec complex and a type 2 c¢cr complex were

categorized as type IV.

2.5 IR Biotyper
Isolates were cultured as described for the POT
method. A loopful (1¢L) of the cultured colony
was resuspended in 50 ¢ L of 70% ethanol in
an IRBT suspension vial ® (Bruker Daltonics
GmbH, Bremen, Germany). After vortexing, 50
1L of deionized water was added and mixed
by pipetting. A 15 L aliquot of the bacterial
suspension was applied in three technical
replicates onto a 96-spot silicon IRBT target and
dried at 35 £ 2 C for 15-20 min. Spectra were

subsequently acquired using the IR Biotyper

HARGMARELRT®RE Vol44d No.l 2026



Table 1. Primer sequences and PCR conditions for SCCmec typing.

SCCmec, staphylococcal cassette chromosome mec.

Product size

target gene Primer name Sequence (5'-3") (bp) Denaturation Annealing  Extension Cycles
class A mec ml6 CATAACTTCCCATTCTGCAGATG 1963
class B mec 187 ATGCTTAATGATAGCATCCGAATG 2827
94°C, 30s 60°C, 90s 72°C, 360s 30
class C mec 1S2 TGAGGTTATTCAGATATTTCGATGT 804
(common reverse) mA7 ATATACCAAACCCGACAACTACA
ccrl al AACCTATATCATCAATCAGTACGT 695
cer2 a2 TAAAGGCATCAATGCACAAACACT 937
94°C, 30s 57°C, 90s 72°C, 240s 30
ccr3d a3 AGCTCAAAAGCAAGCAATAGAAT 1791
(common reverse) Bc ATTGCCTTGATAATAGCCTTCT
ccrd ad.2 GTATCAATGCACCAGAACTT 1287
94°C, 30s 57°C, 90s 72°C, 240s 30
84.2 TTGCGACTCTCTTGGCGTTT
ccrb YR CCTTTATAGACTGGATTATTCAAAATAT 518
94°C, 30s 57°C, 90s 72°C, 240s 30
yF CGTCTATTACAAGATGTTAAGGATAAT

system (FT-IR spectrometer; Bruker Daltonics
GmbH, Bremen, Germany), and cluster analysis
was performed using the manufacturer's
software according to the recommended
protocol. Strain typing was assigned based on

the spectral similarity.

2.6 Coagulase Genotyping
Isolates were cultured as described for the POT
method, and genomic DNA was extracted using
the Cica Geneus DNA Extraction Reagent® (Kanto
Chemical Co., Inc., Tokyo, Japan). Coagulase
genotyping was performed using the Cica
Geneus Coagulase Genotyping Kit ® (Kanto
Chemical Co., Inc., Tokyo, Japan) according
to the manufacturer's instructions. The target
regions of the coa gene were amplified using
multiplex PCR, and the resulting amplicons
were analyzed by electrophoresis to assign

genotype (types I-VIID).

2.7 Antimicrobial Susceptibility Testing
[solates were cultured according to the POT
method. Bacterial suspensions were prepared by
adjusting colonies in sterile saline to a McFarland
0.5 turbidity standard. A 25uL aliquot of each

suspension was added to 12 mL of Mueller-
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Hinton broth® (Eiken Chemical Co., Ltd., Tokyo,
Japan) to prepare the inoculum, which was
subsequently dispensed in 100 # L volumes into
Dry Plate Eiken "Order Plate" ® (Eiken Chemical
Co., Ltd., Tokyo, Japan) containing 18 different
antimicrobial agents. Following aerobic
incubation at 35 C for 18-20 hours, minimum
inhibitory concentrations (MICs) were visually
determined and interpreted according to the
criteria of the Clinical and Laboratory Standards
Institute” . Antimicrobial susceptibility patterns
were subsequently compared among isolates
using MIC data.

2.8 Evaluation of Strain Discrimination Ability
The strain discrimination power of each
epidemiological typing method was assessed
using Simpson’ s Diversity Index (D).
Generally, a value exceeding 0.90 is considered
desirable for an epidemiological typing system.
The D value was calculated according to the

formula reported by Hunter and Gaston'” :

S
1
D=1 ——N(N_l);nl(nl—l)

where S represents the total number of

identified types, #i is the number of isolates
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belonging to the i-th type, and N is the total

number of isolates.

2.9 Statistical Analysis
Fisher's exact test was used to analyze the
associations between POT types and other
molecular types (MLST, SCCmec, PFGE, IR
Biotyper, and coagulase genotyping). Given
the large-scale contingency tables involved —
45 POT categories and multiple categories for
other methods (15 for MLLST, 4 for SCCmec, 8 for
PFGE, 26 for IR Biotyper, and 8 for coagulase
genotypes) — the Monte Carlo simulation
method was employed. To ensure robustness
and statistical power, the number of simulation
trials (B) was set to 1,000,000. All statistical
analyses were performed using R software
(version 4.5.1; R Foundation for Statistical
Computing, Vienna, Austria). P<0.05 was

considered statistically significant.

lll. Results
3.1 POT
Analysis of the 93 MRSA isolates using the

POT method identified 58 distinct POT types.
Frequency analysis revealed that POT type 106-
183-37 was the most prevalent, observed in 19
isolates (20.4%), followed by 70-18-81 in eight
isolates (8.6%) and 106-9-80 in seven isolates
(7.5%) (Table 2). Notably, 31 isolates (33.3%)
exhibited unique POT types. The D value for
this method was 0.943.

3.2 MLST
MLST analysis identified 15 distinct STs
among the isolates (Table 3). ST1 was the most
prevalent (n = 23, 24.7%), followed by ST8 (n
=15, 16.1%) and ST5 (n = 12, 12.9%). When
grouped by CC, CC1 (ST1, 772, and 834) was the
most frequent (n = 27), followed by CC5 (ST5,
105, 228, 764, and 2809; # = 24) and CC8 (ST8,
72, and 250; n = 19). These three major CCs
represented approximately 75% of all isolates.
The D value for MLST was 0.877. Notably, MLST
STs corresponded perfectly with POT types. For
instance, all 19 isolates with POT type 106-183-
37 were ST1, and this one-to-one concordance

was consistent across all POT types.

Table 2. Distribution of major POT types among the isolates.

POT, PCR-based open-reading frame typing

POT1 POT2 POT3 No. of isolates %
106 183 37 19 20.4
70 18 81 8 8.6
106 9 80 7 7.5
64 24 80 4 4.3
64 88 19 3 3.2
93 191 103 3 3.2
104 9 80 3 3.2
106 77 113 3 3.2
64 16 0 2 2.2
93 136 16 2 2.2
93 152 31 2 2.2
93 166 113 2 2.2
93 255 96 2 2.2
106 137 80 2 2.2

Other unique POT types (n = 1) 31 333
24 HARGAEZFIRE Vold4d No.l 2026



3.3 PFGE
PFGE classified the 93 isolates into eight distinct
types (Types 1-8) (Table 4). Type 4 was the
most frequent (n = 22, 23.7%), followed by Type
1 (n=15,16.1%) and Types 2 and 5 (n = 12 each,
12.9%). The D value for PFGE was 0.862. Among

the 14 POT groups containing multiple isolates,
six groups exhibited identical PFGE patterns.
However, the remaining eight groups exhibited
multiple PFGE types within the same POT type.
Notably, the most frequent group, POT type
106-183-37 (n = 19), was subdivided into three

Table 3. Comparison of POT types according to sequence types (STs).

ST, sequence type
Others include POT types represented by a single isolate (n = 31).

ST
POTI1-POT2-POT3 1 5 8 59 72 89 | 105 | 121 | 228 | 250 | 764 | 772 | 834 | 1093 | 2809 | Total
106-183-37 19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19
70-18-81 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 8
106-9-80 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0 7
64-24-80 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 4
64-88-19 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 3
93-191-103 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3
104-9-80 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 3
106-77-113 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 3
64-16-0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2
93-136-16 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2
93-152-31 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2
93-166-113 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2
93-255-96 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2
106-137-80 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2
Others (n=31) 4 6 3 2 0 1 1 2 1 1 3 3 1 1 2 31
Total 23 12 15 5 3 7 1 10 1 1 6 3 1 1 4 93
Table 4. Comparison of POT types and PFGE patterns.
PFGE, pulsed-field gel electrophoresis
Others include POT types represented by a single isolate (# = 31).
PFGE

POT1-POT2-POT3 1 2 3 4 5 6 7 8 Total

106-183-37 2 0 2 15 0 0 0 0 19

70-18-81 1 0 0 0 7 0 0 0 8

106-9-80 0 2 3 0 0 0 0 2 7

64-24-80 0 0 0 0 0 4 0 0 4

64-88-19 0 0 0 0 0 0 3 0 3

93-191-103 3 0 0 0 0 0 0 0 3

104-9-80 1 0 1 1 0 0 0 0 3

106-77-113 0 0 2 0 0 0 0 1 3

64-16-0 0 0 0 0 0 0 2 0 2

93-136-16 0 0 1 0 0 0 0 1 2

93-152-31 0 1 0 1 0 0 0 0 2

93-166-113 0 1 1 0 0 0 0 0 2

93-255-96 0 2 0 0 0 0 0 0 2

106-137-80 0 0 0 2 0 0 0 0 2

Others (n=31) 8 6 1 3 5 1 4 3 31

Total 15 12 11 22 12 5 9 7 93
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PFGE types (1, 3, and 4).

3.4 SCCmec
The isolates were categorized into four groups:
I, II, IV, and V (Table 5). Type IV was most
prevalent (n = 45, 48.4%), followed by types
II and V (n = 23 each, 24.7%), and type I (n
= 2, 2.2%). The D value for this typing was
0.650. Comparison of SCCmec types estimated
from POT1 values with those determined by
multiplex PCR demonstrated high concordance,
with 91 of the 93 strains (97.8%) in agreement.
SCCmec type estimation using POT1 values was
restricted to isolates listed in the manufacturer's
reference table. Accordingly, two isolates (POT1
values 76 and 100) were excluded from this
analysis. Furthermore, among the 14 POT-type
groups containing multiple isolates, the SCCmec
types were identical within each group, with no

intra-group variation observed.

3.5 IR Biotyper
IR Biotyper analysis grouped the 93 isolates into
29 distinct clusters (Table 6). The D value for

this method was 0.896. The cluster distribution
was diverse, with the most frequent cluster
(Cluster 9) comprising 26.9% (n = 25) of the
total strains. A comparison of the POT and
IR Biotyper results revealed significant
discrepancies in their classifications. Numerous
instances were observed in which isolates with
the same POT type were distributed across
multiple IR Biotyper clusters (e.g., POT type
106-183-37). Conversely, some strains within a
single IR Biotyper cluster (e.g., Cluster 9) were

distributed across different POT types.

3.6 Coagulase Genotypes

Polymorphism analysis of the coagulase gene
in 93 isolates identified eight distinct genotypes
(Types I-VIII, Table 7). Type VII was the most
prevalent (n = 30, 32.3%), followed by Type VI (n
=15, 16.1%), Type III (n = 14, 15.1%), and Types
[T and V (n = 12 each, 12.9%). The D value for
this method was 0.817.

Among the 14 POT-type groups containing
multiple isolates, 10 groups (e.g., 106-183-37,
70-18-81, and 106-9-80) exhibited complete

Table 5. Comparison of POT types and SCCmec types.

SCCmec, staphylococcal cassette chromosome mec
Others include POT types represented by a single isolate (n = 31).

SCCmec type
POT1-POT2-POT3 I 11 Ul v \Y% Total
106-183-37 0 0 0 0 2 2
70-18-81 0 0 0 0 4 4
106-9-80 0 0 0 0 3 3
64-24-80 0 0 0 0 8 8
64-88-19 0 2 0 0 0 2
93-191-103 0 2 0 0 0 2
104-9-80 0 2 0 0 0 2
106-77-113 0 3 0 0 0 3
64-16-0 0 2 0 0 0 2
93-136-16 0 0 0 3 0 3
93-152-31 0 0 0 7 0 7
93-166-113 0 0 0 3 0 3
93-255-96 0 0 0 2 0 2
106-137-80 0 0 0 19 0 19
Others (n=31) 2 12 0 11 6 31
Total 2 23 0 45 23 93
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Table 6. Comparison of POT types and IR Biotyper types.

IR, infrared.
Others include POT types represented by a single isolate (n = 31).

IR Biotyper
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Table 7. Comparison of POT types and coagulase genotypes.

Others include POT types represented by a single isolate (n = 31).

Coagulase genotype
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genotypic homogeneity. However, the
remaining four groups (e.g., 106-77-113 and
106-9-2) contained multiple distinct coagulase

genotypes within the same POT type.

3.7 Antimicrobial Susceptibility Testing

Table 8 summarizes the susceptibility of the

HAREEBELRTHRE Vol44d No.l 2026

93 isolates to 18 antimicrobial agents. High
resistance rates were observed for g-lactam
antibiotics, including benzylpenicillin (PCG,
98.9%) and cefoxitin (CFX, 96.8%), and
resistance to oxacillin (MPIPC), cefazolin
(CEZ), and imipenem (IPM) was 86.0%, 50.5%,

and 26.9%, respectively. All isolates remained
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Table 8. Results of antimicrobial susceptibility testing (Broth microdilution method)

MPIPC

PCG

CEZ

IPM

CFX

MINO

EM

CLDM

LVFX

GM

ABK

VCM

TEIC

LZD

DAP

RFP

ST

FOM

Susceptible

13

1

46

68

3

73

26

62

41

52

92

93

93

93

88

91

87

63

Resistant

80

92

47

25

90

20

67

31

52

41

1

0

0

0

5

2

6

30

Resistance rate (%)

86.0

98.9

50.5

26.9

96.8

21.5

72.0

333

55.9

44.1

1.1

0.0

0.0

0.0

5.4

2.2

6.5

323

MPIPC; Oxacillin, PCG; Penicillin G, CEZ; Cefazolin, IPM; Imipenem, CFX; Cefoxitin, MINO; Minocycline, EM; Erythromycin,
CLDM; Clindamycin, LVFX; Levofloxacin, GM; Gentamicin, ABK; Arbekacin, VCM; Vancomycin, TEIC; Teicoplanin, LZD;

Linezolid, DAP; Daptomycin, RFP; Rifampicin, ST; Sulfamethoxazole-Trimethoprim, FOM; Fosfomycin

susceptible to VCM, TEIC, and LZD.
Correlation analysis with POT types indicated
that antimicrobial susceptibility patterns were

not fully consistent within the same POT type.

3.8 Summary of the strain discrimination
ability of each typing method

Comparison of Simpson's Diversity Index (D)
across all typing methods revealed that the POT
method had the highest value (0.943), followed
by IR Biotyper (0.896), MLST (0.877), PFGE
(0.862), coagulase genotyping (0.817), and
SCCmec (0.650).

3.9 Statistical Correlation Analysis
Statistical correlations between the POT typing
and other methods, including MLST, SCCmec,
PFGE, IR Biotyper, and coagulase genotyping,
were evaluated using Fisher's exact test.
All comparisons showed highly significant
correlations for all combinations (P<1X1079).
This statistical validation indicates that the
POT method highly reflects the classification
outcomes of other major genetic and phenotypic

typing methods.

IV. Discussion

Accurate strain identification using high-
resolution molecular epidemiological analysis
is essential for controlling the transmission

of antimicrobial-resistant bacteria. In this
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study, the D value for the POT method was
0.943, indicating exceptional discriminatory
ability within the MRSA population. A D
value exceeding 0.90 is generally considered
desirable for an epidemiological typing. Among
the methods evaluated, the POT method was
the only approach to surpass this threshold,
consistent with previous findings by Ogihara et
al. (2018)"" . These findings demonstrate that
the POT method is the most sensitive approach
for identifying the diversity of MRSA isolates in
this study. The identification of 58 distinct POT
types, including 31 isolates (33.3%) with unique
profiles, highlights the genetic diversity of this
population. This high level of discrimination
suggests that the POT method is a robust
tool for distinguishing sporadic cases from

outbreak-related strains.

4.1 Correlation with Major Molecular Typing
Methods (MLST and SCCmec)

The POT method demonstrated a strong
statistical correlation with international gold-
standard methods, including MLST and SCCmec
typing (P< 1 X 10~°). Notably, all isolates within
identical POT-type groups belonged to the
same ST. Furthermore, SCCmec type inferred
from POT1 values matched multiplex PCR
results in 97.8% of cases. These findings indicate
that the POT method effectively captures the

information provided by these conventional
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methods.

SCCmec types have important epidemiological
implications: types I-III are typically associated
with hospital-acquired strains, whereas
types IV and V are predominantly found in

" In hospital

community-acquired strains'’
settings, where rapid results are critical, the
POT method provides an effective alternative
that can complement or substitute for MLST and
SCCmec typing. In this study, SCCmec types
inferred from POT1 values largely agreed with
those determined by multiplex PCR. However,
these estimations are based on manufacturer-
provided empirical reference data and are not
definitive. Isolates with POT1 values absent
from the reference table (values 76 and 100)
were excluded from the analysis, potentially

limiting the method's applicability.

4.2 Complementarity with PFGE, IR Biotyper,
and Coagulase Genotyping

Significant correlations were observed between
POT results and those from PFGE, IR Biotyper,
and coagulase genotyping, although some
classification discrepancies were noted. These
differences reflect the distinct biological targets
of each method. For instance, the IR Biotyper
captures the chemical architecture of cell wall
components. These findings indicate that POT
and IR Biotyper capture complementary strain
information, as they are based on different
biological indicators: gene possession patterns
(POT) and cell surface chemical structures
(IR Biotyper). Although the POT method
demonstrates excellent overall discriminatory
power, additional complexity exists within
specific genetic regions. For example, POT type
106-77-113 (# = 3) included two strains with
type 1l coagulase genotypes and one strain with
a type III coagulase genotype. Similarly, POT
type 106-183-37 (n = 19, ST1) was typed into
PFGE types 1, 3, and 4. These findings align with

HAREEBELRTHRE Vol44d No.l 2026

those of Melles et al.” , which demonstrated
that although MLST, PFGE, and other typing
methods generally yield similar clustering, their
discriminatory power varies depending on the
targeted genetic regions.

Additionally, the variability in antimicrobial
susceptibility patterns within the same POT
type suggests that POT profiles may not fully
reflect subtle phenotypic changes, such as the
acquisition or expression of resistance genes.
These methods maintain a complementary
relationship, and our findings highlight the
significance of multifaceted analysis combining
multiple techniques when high-precision

characterization is required.

4.3 Concluding Remarks
The POT method is a highly robust and reliable
tool for molecular epidemiological analysis of
MRSA, providing high discriminatory ability and
accurately reflecting the fundamental genetic
background of the isolates. These results
suggest that POT can effectively complement,
or in some contexts serve as a rapid alternative
to, international gold-standard methods in
clinical settings. Future studies incorporating a
broader range of isolates will further clarify its
utility in regional epidemiological surveillance

and hospital infection control.

V. Conclusion

This study evaluated the utility of the POT
method for MRSA epidemiological analysis
and its correlation with established typing
techniques. We found that the POT method
possesses exceptional discriminatory ability (D
= 0.943) within the studied MRSA population.
Notably, POT types exhibited a strong
correlation with MLST, the global gold standard,
and SCCmec typing, which is essential for
identifying resistance mechanisms; specifically,

SCCmec types were accurately estimated, with
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a high concordance of 97.8%. The POT method
is a rapid, simple, and cost-effective analytical
approach that can effectively complement
or, in some cases, substitute for MLST and
PFGE, which require specialized expertise
and considerable time. Its high reliability and
practicality make the POT method a valuable
tool for hospital infection control and large-scale

molecular epidemiological MRSA surveillance.
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