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Staphylococcus aureus (S. aureus) is known as a bacterium that can cause skin infections, respiratory system infections,
and sinusitis; however, it can exist as a normal flora rather than a pathogen. Recently, methicillin-resistant S. aureus
(MRSA) infections have emerged in the community as a new variant of community-associated (CA)-MRSA. In the
present study, S. aureus and MRSA were isolated and cultured by collecting samples from facilities and environments
where students and educational personnel have multiple contacts on university campuses; specifically, the nostrils and
hands of college students were tested from July to September of 2019. The molecular properties of the isolated MRSA
were analyzed, and the one MRSA strain was isolated from the university campuses. One MRSA that was isolated and
cultured on campus was the mec complex group A and staphylococcal cassette chromosome (SCC) mec type 11, which
is a characteristic of healthcare-associated (HA)-MRSA, and SCCmec type V, which is a characteristic of CA-MRSA.
This result was similar to other studies wherein the SCCmec type Il was detected in SCCmec typing analysis in CA-
MRSA. To confirm whether there is a new variant of CA-MRSA in the Republic of Korea, additional follow-up studies
on the analysis of virulence factors of MRSA are needed by additionally separating CA-MRSA from the body parts of
university students and educational personnel.
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Aoy ZE7IA e, T, A 8 oA
T Ao HdA7}F ohd A4 AlitE(Normal flora) 0%
A e ToE A
Ostoji¢ and Huki¢, 2015). S. aureus #3502 13 AFLE
2 1940\ o] Ao FAAZ} ALEE 7] Aol 90% &
SFAAIRE, penicilling: ]88 A7 EYo] HHA A}
WES 3243 "o A vkSuginaka et al, 1979). kA%t
penicilling AH&-3HA] 105 S, aureus< penicillin®]] LH
3& 7HAL, ZL ool S aureus7t EHI Sk HEFE}

Talatols FalHA Ze FAAIR] methicillin®] 7H
Wy o] AL E AT 2 methicillind] = WAS 7HA=
methicillin-resistant S. aureus (MRSA)7} & & 3}5] UH(Crosby
et al, 2016). °©]2]gF MRSA®] WA 713 Alsto] A4
o2 A Yol methicillin resistant determinant A (mecA)
RS E53te] kAol Z8lde] A2 penicillin binding
protein 2a (PBP2a)°ll &J3}o] A71&= Aoz d#A Qlrh
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< A d s AESIA Sssk e, Al MRSAE
sk=ro] 3aF 57l U= BE S aweus w8 T2
60~70%% AFA|gt}al B E 31 QIt(Kang et al., 2016).
o]¢} -2 MRSA = Aol thAl WS LrERo]
WY U e T Yo d AAA R EAIA
il ltk MRSA #5-2] 98t 255 ] flal ¢
7] MRSA (hospital-associated MRSA, HA-MRSA)
9} 2|9 A}3] - MRSA (community-associated MRSA, CA-
MRSA)Z -3}l ] UH(Petinaki and Spiliopoulou, 2012).
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MRSA 7Fdo] L X HA] 1o w2 YTA]o] o] Bl
%3 9)tkJung and Kim, 2015). CA-MRSAS] 7¢15&
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Hol= 97k B7] wEel CA-MRSA®] #AHf713H4]
54 A4S e 4 A7 Zask Adso|tiSowash
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PCRS 5~33}7] 93l Prime Taq PCR Premix (GeNet Bio,
Daejeon, Korea) 10 pL9} Forward 3 Reverse primerE Z}
7} 10 pmol, =3¢ gDNAE 53 DNAR 3 ul, B
5 uLE M7Fske] & 20 Lol £35S vhEo] PCRS
ettt & Aol AHEE primerd] AVIMEL &
AFARE vlEo 2 AP tH(Table 1). S. aureus-specific
PCRQ| Z71& 94CollA] 57t pre-denaturation ZH74 <
denaturation ¥} 94Cel|A] 30%, primer annealing Z}%
60Tl A 30%, extension 4 72TColA] 30% HAHL=E
30 cycle ¥H5-3}3L final extension g 72°C 5% HES-3FA
T} MRSA (mecA)-specific PCR2] 22712 94°Co|A] 553+
pre-denaturation 7 ¥ denaturation 2} 94 Col A 30%,
primer annealing 2} 50°CollA] 30, extension 273 72°C
oA 30% IO 40 cycle WHE3}L final extension ZH
72°C 10 Wk&sgleh S5 whe-o] ¢ PCR At=<

2% agarose/TBE gel DNA 717|955 B3] 2 A& gl
SHith F7H o2 MSA vt A3 ¢S YERA,
S. aureus-specific PCR 23} 542 2y
< U422 Bacterial 16S rRNA sequencing 415 %13}
skelet.

=2 WlYgE MRSAS AT
SCCmec®} mec complex typingS ~3Y3}313L, Prime Taq
PCR Premix 10 uL2} Forward % Reverse pn'mer—% Z+7+ 10
pmol, +=3 gDNAE F% DNAR 3 uL, BdS7FT
5 uLE H7bste] & 20 Lo TS 70 'E*@fé]'ﬂ‘:}.
B Aol AR primer?] f7IMLEE 7IE ATAEE
A5E vEo 2 Al33}SI CH(Table 1).

SCC mec subtyping PCRS|] Z712 94Col|A 583+
pre-denaturation ¥} ¥ denaturation Z}4 94T lA 30%,
primer annealing 2} 55°CollA] 30%, extension ¥}7d 72°C

4 54 WuE 98

Table 1. Specific primer sets used in this study for subtyping of SCCmec type & mec complex subtypes in methicillin-resistant

Staphylococcus aureus environmental isolates

Target region Nucleotide sequence (5'-3") Amplicon size (bp) References
. F 5-GCG ATT GAT GGT GAT ACG GTT-3' Brakstad et al
S.aureus-specific PCR 267 ?
R 5-AGC CAA GCC TTG ACG AAC TAAAGC-3' 1992
F 5-GCT TTAAAG AGT GTC GTT ACA GG-3'
SCCmec type 1 613
R 5-GTT CTC TCA TAG TAT GAC GTC C-3'
F 5-CGT TGA AGA TGA TGA AGC G-3'
SCCmec type 11 398
R 5-CGA AAT CAA TGG TTAATG GAC C-3'
F 5-CCATAT TGT GTA CGA TGC G-3'
SCCmec type 111 280
R 5-CCT TAG TTG TCG TAA CAG ATC G-3'
F 5-GCC TTATTC GAA GAAACC G-3'
SCCmec type [Va 776
R 5-CTA CTC TTC TGA AAA GCG TCG-3'
F 5-TCT GGAATT ACT TCA GCT GC-3'
SCCmec type [IVb 493
R 5-AAA CAATAT TGC TCT CCC TC-3'
F 5-ACAATATTT GTA TTA TCG GAG AGC-3' .
SCCmec type IVc 200 Kimetal., 2018
R 5-TTG GTA TGA GGT ATT GCT GG-3'
F 5'-CTC AAA ATA CGG ACC CCA ATA CA-3'
SCCmec type IVd 881
R 5-TGC TCC AGT AAT TGC TAA AG-3'
F 5'-GAA CAT TGT TAC TTA AAT GAG CG-3'
SCCmec type V 325
R 5-TGA AAG TTG TAC CCT TGA CAC C-3'
F 5-GTG AAG ATA TAC CAA GTG ATT-3'
mecA 147
R 5-ATG CGC TAT AGA TTG AAA GGA T-3'
F 5-CCC TTT TTATAC AAT CTC GTT-3'
mec complex group A 146
R 5-ATA TCA TCT GCA GAA TGG G-3'
F S-TAT TTT TGG GTT TCA CTC GG-3'
mec complex group B 1,305
R 5-CTC CAC GTT AAT TCC ATT AAT ACC-3'
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oA 30% FAHOZ 40 cycle W53}l final extension 2}
A 72T 107 9H3-3}2Ith MRSA IVb typing PCR2] Z71
2 944 583} pre-denaturation ¥} ¥ denaturation
T 94Tl A 302, primer annealing 24 50°ColA 30%,
extension I 72CAlA] 1 FHLZ 35 cycle RHE3}AL
final extension 7 72°C 104 WH5-3F3ATE mec complex A,
B typing PCR2] F71-2 94CollA| 53} pre-denaturation
T4 ¥ denaturation I} 94 CollA] 302, primer annealing
A 54°Col A 30%, extension I 72TCoA 18 FAH o
2 35 cycle RFES}AL final extension 2Hg 72°C 10% WHS
3Tt % Wkgo] 4 PCR 42HE-2 2% agarose/TBE

gel DNA A7|9%5<S &3 1 A7E gelsiolck

=, Gram-3A Al Foll A Gram-34 Lo 226
(55.5%), Gram-%4 Trthto] 5871(14.3%), Gram-o4 &
] 4071(9.8%), Gram-+=7d =ttllxo] 7071(17.2%), A
o] 1371(3.2%) -2 F1 & A TH(Table 2). Gram-4d

S A|9)% Gram-¥ Hlvt, Gram-24 Y4f, Gram-<
g it dubAQl S ) e Ao s o] HH,
fungi 1371(32%)= AMSE Hdoz 34 U S8t
ol ATk

Gram @24 Gram ¥4 GHo=
o] T AFS PO Z S aureus] A

me oft

gd = 22670

Table 2. Distribution of environmental strains

Gram-positive Gram-positive Gram-negative Gram-negative Filamentous Total
cocci bacilli cocci bacilli fungi n, (%)
Building A 74 (50.3) 15(10.2) 9(6.1) 41(27.9) 8(54) 147 (36.1)
Building B 69 (55.2) 21(16.8) 15(12.0) 18 (14.4) 2(1.6) 125 (30.7)
Building C 70 (59.3) 21(17.8) 14 (11.9) 10 (8.5) 3(2.5) 118 (29.0)
Body 13 (76.5) 1(5.9) 2(11.8) 1(5.9) 0(0.0) 17 (4.2)
Total 226 (55.5) 58(14.3) 40 (9.8) 70 (17.2) 13(3.2) 407 (100.0)
Table 3. Identification of MSA positive strains through bacterial 16S rRNA sequencing analysis
Species Identity (range) Accession n. (%)
Staphylococcus caprae 99.94% (99.76~100) MT225637.1 22 (25.9)
Staphylococcus saprophyticus 99.96% (99.81~100) MN135302.1 8(9.4)
Staphylococcus hominis 99.86% (99.2~100) CP050982.1 6(7.1)
Staphylococcus cohnii 99.96% (99.9~100) MT225636.1 6(7.1)
Staphylococcus haemolyticus 99.98% (99.9~100) MN535877.1 6(7.1)
Staphylococcus spp. Staphylococcus edaphicus 99.96% (99.89~100) MT256060.1 5(5.9)
Staphylococcus warneri 99.92% (99.82~100) MN220585.1 5(5.9)
Staphylococcus epidermidis 99.98% (99.81~100) MN889374.1 44.7)
Staphylococcus pasteuri 99.7% (99.61~99.8) CP017463.1 2(2.4)
Staphylococcus sciuri 100% KY316479.1 1(1.2)
Staphylococcus capitis 100% MH127801.1 1(1.2)
Micrococcus spp. 100% (100~100) MT254789.1 5(5.9)
Kocuria rhizophila 99.69% (99.36~100) KC429605.1 33.6)
Others Stenotrophomonas maltophilia 100% MT199170.1 1(1.2)
Microbacterium laevaniformans 100% MT279967.1 1(1.2)
Enterobacter spp. 100% MT270807.1 1(1.2)
Not confirmed 8(94)
Total 85 (100)
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Table 4. Results of S. aureus-specific and MRSA-specific PCR

PCR Positive, n (%)

Negative, n (%) Total, n (%)

S. aureus-specific PCR 4(4.5)

Positive

Negative

85(95.5) 89 (100.0)

MRSA-specific PCR 1

Table 5. Genetic properties of CA-MRSA isolated from campus environmental strains detected in this study

MRSA mec Complex Types SCCmec types
Genotypes
mecA Group A Group B I 11 Iva IVb IVe IVd
CA-MRSA + + - - - - - - - + Group A, II, V

=
I—
[—
—rt
p———

Fig. 1. Multiplex PCR assay to identify SCCmec subtypes and mec
complex types. Multiplex PCR assay identifies SCCmec subtypes
1(613 bp), T (398 bp), ITI (280 bp), IVa (776 bp), IVb (493 bp), IVc
(200 bp), IVd (881 bp), V (325 bp) and mec complex A (146 bp),
mec complex B (1,305 bp). L.M: Ladder marker

A e A3t Gram Y L T 8971(39.4%) ] T
F2toll Al MSA Hi%F o] 1% ATHTable 2). MSA i
& A¥ S el F 8ovlle] Fd gl diste] S
aureus-specific PCRS 5343k A3} 47]12] ©d 2ol A
S. aureus .2 FAE AT}, THH, MSA vl A YIS
YERIAITE S, aureus-specific PCR A3} S0 2 YERS
85702l v kst o 168 RNA 7| E AT
S B 574 A= S awreus”t o Staphylococcus species
7} 6671, Micrococcus species”t 57, 71€} 671, SAEA] &
2 o] 71U RIS Staphylococeus species & 7}
& Hol] {el¥ T2 Staphylococcus capare(2271, 25.9%)
o]l o HF coagulase negative staphylococci (CONS)©]
A TH(Table 3).

MSA Y FF-ES UERNM S awreus= 5785 471<]
A el sl Methicillin WA ¥ F-42R] mecA
A2 AE317] Y38kl MRSA (mecA)-specific PCR-S
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=L

s
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MRSA (mecA)-specific PCR A} Y-S Hebd 1718

Mo
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A7} 745 2~ oA 2] ¥ MRSA 5 SCCmec type
2} Vvl& 818131 2, mec complex type AY-S £HQ13}
S th(Fig. 1, Table 5).
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Abgrel B|RolE EAISE WS UehiA ek 2
Ay

‘_.

AR ot
P PAARE Folol A2 PAFE AATHXie
et al. 3|

CA-MRSA 7%=
and Baek, 2017).
2014\ B W= SAE- Ao Ao MRSA £XE
A A Axfel w2, 200437} 2005 W= F
A5 U HA] MRSA 1% F 63.5%°] HA-MRSA 74
9 X E CA-MRSA #4524 H&HT F3ARE
20080l = L =27} A ¥ o] CA-MRSAS] AJH|Eo]
622%%= T A YEFFTHDavid et al,, 2014). HA-MRSA
HASEe 8Tl HH 5 vdFe AEF dllo] H
= Zlol| Hlg} CA-MRSA el = 7t x4 3
AZS 53] el Ao BHiEI, 3AxEe] o]
1 sorom, Akl AAA dejell whE A AtolE wol
1 2 CH(Jung and Kim, 2015). 53} 20121 ufjollA] Bare
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2Abzel] of&tH, S aureus”t EE1E 1,627 F CA-MRSA
7} 1027(13.0%), HA-MRSA7} 2531(32.2%) = E<1= 31t}
(Kim et al,, 2014). £3], o= CA-MRSA 7¢ o= ¢l
gk APgALEZE Barge] wep ol 4 9] CA-MRSAC]
gk Tilo] FobAaL = Aol

2019 Ayt AWERFANA FaE gk A At
=, 3 < MRSA 7495 & CA-MRSA9] H|Eo0]
TE35] =718k AL, HA-MRSA (38.5%)0l Bl&l O =&
H]£(52.5%) = AZE ATkl Bl JATHGIl et al., 2019).
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caprae(2271, 25.9%), Staphylococcus saprophyticus(871, 9.4%)
9] o]t} o] AN | == Staphylococcus
& T S epidermidis®] -] H]Eo] 7 Hrh= o] A
T Az}el= ZFo]7F 1A 7H(Shin and Park, 2007), 74
&R AT A0 Ape|= Azt itk #F 2] BlEo]
221 SHAITE A 85712] w2l FolA 66 (77.6%) 7
8]77°] Coagulase negative staphylcossus (CoNS) 2. =
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CA-MRSA= HA-MRSASR= TR 744 5 Y 5
85 7 AL vk A S, AA] WX SCCmec
type 5522 mecA AL E3A|2}F chromosomal cas-
settes recombinase (ccr) A} HEA| o] 3t whef |
oA V type®]|tHKaszanyizky et al]. SCCmec typedll w2k
HA-MRSA 3! CA-MRSA o8] daat7ol tigh 5/d0]
U A3 9li=d], YukE 02 HA-MRSAE SCCmec 1, 11
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M oA B2 vYgE 1529] MRSAT mec complex
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2019).
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