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Correlation Between Staphylococcal Cassette Chromosome mec Type and
Coagulase Serotype of Methicillin-Resistant Staphylococcus aureus

Eui Kyung Cha, Kyung Soo Chang and Soo Myung Hwang®

Department of Clinical Laboratory Science, Catholic University of Pusan, Busan, Korea

Staphylococcal cassette chromosome mec (SCCmec) type and coagulase serotype are important epidemiologic factors
in methicillin-resistant Staphylococcus aureus (MRSA). To investigate correlation between SCCmec type and coagulase
serotype of MRSA, we analyzed SCCmec types of MRSA strains isolated from clinical sources and compared the
results to coagulase serotypes and antimicrobial susceptibility patterns. A total of 108 MRSA isolates were classified
into four SCCmec types: II (55.6%), IV (21.3%) 11T (13.0%) and IIIA (8.3%), and five coagulase serotypes: || (54.6%),
IV (21.3%), V (18.5%) and VII (2.8%). All of coagulase type Il, IV and V strains belonged to SCCmec type II, ITI/ITTA
and IV, respectively. SCCmec types 11, III and IIIA were multidrug resistant, whereas SCCmec type IV strains were
non-multidrug resistant except beta-lactams and erythromycin. The data provide that there is a significant correlation
between SCCmec types and phenotypic characteristic of coagulase serotypes.
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e Aol Hol o] &% Ant (11,12).

S. aureus™= A3 FH] whuld HE O Z | coagulase,
Panton-Valentine leukocidin (PVL), staphylococcal enterotoxin
(SE), toxic shock syndrome toxin-1 (TSST-1) -3} &2 &
Z5o HEA A= A S} (6, 13, 14). Coagulase™
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DNA 22| 2 methicillin LA & X} (mecd) &l

52 genomic DNA 2]+ AccuPrep Genomic DNA
Extraction Kit (Bioneer Co. Ltd., Seoul, Korea)& ©|-83}¢]
FZ31 k. Methicillin W3 532191 mecA F732+2]
=<2 Murakami & (18)4 WS 58389 PCRHOZ
28T PCR ‘%} S &38e AccuPower PCR Premix
Kit (Bioneer Co. Ltd.)E A}-8-3}%], DNA A& (25 ng) 0.5
ul, primer (10 pmo)E 717} 1yl ¥Wil SHFE F 20 ul
2 FHF F9E @Ak PCR WHEETS 94TollA 5
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o2 253 WHESIGI N, viXHt e R 72TAA 7R Ao
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SCCmec FAAF 492 Oliveira 52 W (10)° o
2} 8 locus (A-H)S] primerE AF8-3}313L (Table 1), 3223
(AB, CD % E-H)o.= o] 31| multiplex-PCRS 2
A3k TE PCR WHE- &3l e AccuPower PCR Premix Kit

& AFE-31o], DNA A& (25 ng) 0.5 pl, ZF 2% primer
(10 pmoh)E 717} 1 Wl Wil SHTE F 20 pl= HT K-
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94°C 30%, 53°C 30%, 72°C 13#-¢] 3oz 303 w1k
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Coagulase E3& AI™

S. aureus®| coagulase & 412> 8F (Type I-VIII)
9] &3% (Denka Seiken Co, Tokyo, Japan)S A}-8-3}¢]
(19)¢] WHo= FA3H3ITh Nutrient agar Hi
Aol &}k g =S 5 ml brain heart infusion broth (BHI)
o] A&3lo] 37TC shaking incubatorol| 4] S}55F vl et
2, 0.1 mle] oS A= 5 ml BHI brothel] 713}
o] 4~5A13F wjFsted te] F=7F 10° CFUMmI HAl %
Z33kat, 12000 pmol Al 208 F9F AR eE] 1 A
NS FAAIER A8 Coagulase 7] 2890 2=

polyethylene-aminocarpronic acid-fibrinogen (PAF)E A}-8-3}
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Table 1. Primers and predicted sizes of PCR products for SCCmec typing

Locus Primer names Primer sequence Amplicon sizes (bp) SCCmec type

A CIF2 F2 TTCGAGTTGCTGATGAAGAAGG 495 .
CIF2 R2 ATTTACCACAAGGACTACCAGC
KDPF1 AATCATCTGCCATTGGTGATGC 284

B II
KDPRI CGAATGAAGTGAAAGAAAGTGG
MECI P2 ATCAAGACTTGCATTCAGGC

C 209 1L 1T
MECI P3 GCGGTTTCAATTCACTTGTC
DCS F2 CATCCTATGATAGCTTGGTC

D 342 LILIV
DCSRI1 CTAAATCATAGCCATGACCG

E RIF4 F3 GTGATTGTTCGAGATATGTGG 3 -
RIF4 R9 CGCTTTATCTGTATCTATCGC

. RIF5 F10 TTCTTAAGTACACGCTGAATCG 414 -
RIF5 R13 GTCACAGTAATTCCATCAATGC

G 1S431 P4 CAGGTCTCTTCAGATCTACG 381 A
pUBI110R1 GAGCCATAAACACCAATAGCC
IS431 P4 CAGGTCTCTTCAGATCTACG

H 303 A
pT181 R1 GAAGAATGGGGAAAGCTTCAC

Reference, Oliveria et al. (10)

%t} U-microplate 2} welloll 33 852 7}

oYL AR 10 W 2F FFHe] Bof 2= wellel 715t
of 7TPAl 3 vy A2ollA] s AT 1ot
SO PAF 712 89S 7} welloll 20 pl ¥
incubatorol] 4] 2A|7F o]& RE 308 71Aoz &
coagulase®t FHH7TO] 3} 3o ogh 3-a1oA|

wg Baagn.
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A Hed Al

e

A A e vz FAPH O R Clinical and
Laboratory Standard Institute (CLSI) 7|5l w2} A A]5FS
o} (20). FAA2] FF-+ penicillin, oxacillin, clindamycin,
ciprofloxacin, erythromycin, gentamicin, tetracycline, teicoplanin,
trimethoprim-sulfamethoxazole (SXT), vancomycins AH8-5}

Ak
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Figure 1. Detection of mecA genes from MRSA isolates by
PCR. Lane 1: S. aureus (ATCC25923), Lanes 2 to 3: MRSA
isolates, Lanes 4 to 5: MSSA isolates, M, molecular markers, 100
bp DNA ladder (Bioneer).

A1E Aol A oxacillin WA= 2% F 108 MRSA
FFE O mecA A D3k 5o primerZ ©]
83}e] PCRS A8 A7}, BE MRSA #5914 533
bp 171¢] mecA F27F AEH AT (Fig. 1).

SCCmec SRXHH

Methicillin W13 3471 g21¥ MRSAS] SCCmec
FHAAEE 8% primerE 233! multiplex-PCR-E
o] &3] FAlg A, 4572 o] AU (Fig. 2).
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Figure 2. SCCmec types identified by multiplex
PCR. Lanes 1, 4, 7, 10 (loci A and B primers ): lanes
2, 5,8, 11 (loci C and D): lanes 3, 6, 9, 12 (loci E to
H): SCCmec type I1, lanes 1 to 3 (284 bp, 209 bp, 342
bp): type III, lanes 4 to 6 (209 bp, 243 bp, 414 bp):
type IIIA, lanes 7 to 9 (209 bp, 243 bp, 303 bp, 414
bp): type IV, lanes 10 to 12 (342 bp). M, molecular

markers, 100 bp DNA ladder (Bioneer).

SCCmec Type 11 I MmA v
Table 2. SCCmec types of MRSA strains isolated from clinical sources
SCCmec type
Source No. of strains
I I I A v ND
Pus 36 0 17 4 4 10 1
Ear discharge 25 0 8 8 3 6 0
Sputum 18 0 17 0 1 0 0
Blood 7 0 5 1 1 0 0
Skin 6 0 0 0 0 5 1
Pleural fluid 3 0 2 1 0 0 0
Ascitic fluid 2 0 1 0 0 1
Urine 3 0 2 0 0 1 0
Catheter tips 3 0 3 0 0 0 0
Nasal discharge 2 0 2 0 0 0 0
Throat 2 0 2 0 0 0 0
Stool 1 0 1 0 0 0 0
Total 108 (100) 0 60 (55.6) 14 (13.0) 9(8.3) 23 (21.3) 2(1.9)

ND, Not Determined

SCCmec 1182 loci B (284 bp), C (209 bp), D (342 bp) primer
o ot} AAE o™, ME-S loci C (209 bp), E (243
bp), F (414 bp) =, MAZ S C (209 bp), E (243 bp), F (414
bp), H (303 bp), IVE- locus D (342 bp)2] A}z 1%
Atk SCCmec 182 HAE=EA FAth 7P wel&o] =
L SCCmecH S NP L= 605 (55.6%)°1No™, NIIIA
ol 27} 145 (13%)} 95 (83%), IVH 01 235 (21.3%)
191.2™, SCCmecE o] ZAA %A = 25 (1.9%)
192t} (Table 2). QA AERE SCCmee 8-S Ao HH,
NEe gR2AAS A3 me AANA &
A Otﬂ IH/IHA%S TR 53 FEHElA

= 2 9 EAA A 2= A i%ﬂ
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Coagulase €&

MRSA 52| coagulase HHFS &
d, VINgS Agk 552] coagulased ©
o]Zo| A coagulase 113 °] 595 (54.6%)% 77

F=okom IVE: 23 (21.3%), VE: 205 (18.5%), VIIE:
T (2.8%), 1F: 157 (0.9%)2] TolRnom, Ao
BE A e & (ND)o] 25 (1 9%)°1At. YFHA
coagulase® S AHH W, |IFS ABRAAE A3 B
AANA F HEg BEEAa, VEE F2 53
A=A, VEL w3 7RIS B 95 5o 244
st AolA EelEE How Rtk &57] A
o] At} JAFAA NN = F2E I1Fo] FPo= 1 |
Ae] F57ol wel coagulase® = SCCmecH 7} <
&= YERASIT (Table 3).
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Table 3. Distribution of coagulase serotypes of MRSA strains

Coagulase serotype

Source No. of
strains (%) | I Il v v VI Vil vill ND

Pus 36 0 16 0 8 10 0 1 0 1
Ear discharge 25 0 8 0 11 4 0 1 0 1
Sputum 18 0 17 0 1 0 0 0 0 0
Blood 7 0 5 0 2 0 0 0 0 0
Skin 6 0 0 0 0 5 0 1 0 0
Pleural fluid 3 0 2 0 1 0 0 0 0 0
Ascitic fluid 2 0 1 0 0 1 0 0 0 0
Urine 3 0 2 1 0 0 0 0 0 0
Catheter tips 3 0 3 0 0 0 0 0 0 0
Nasal discharge 2 0 2 0 0 0 0 0 0 0
Throat 2 0 2 0 0 0 0 0 0 0
Stool 1 0 1 0 0 0 0 0 0 0
Total 108 (100) 00) 59(54.6) 1(09) 23(21.3) 20(185) 0(0) 3(2.8) 0(0) 2(1.9)

ND, Not Determined

Table 4. Correlation between SCCmec type and coagulase serotype
of MRSA

Table 5. Antimicrobial susceptibility profile of MRSA strains
according to SCCmec

Coagulase serotype

No. (%) of susceptible isolates

SCCmec NO..Of Antimicrobial

type  strams )y v VI ND agent Typell Typelll TypeIlIA TypelIV

11 60 59 0 o 0 o0 1 Penicillin 0 (0) 0 (0) 0 (0) 0 (0)

I 14 0 0 14 0 0 0 Oxacillin 0 (0) 0 (0) 0 (0) 0(0)
1A 9 0 9 0 0 0 Clindamycin 7(117)  1(7.1)  1(1L1) 22(95.6)
v 23 0 1 0 20 1 1 Ciprofloxacin 233)  0(0) 0(0)  23(100)
ND 2 0 0 0 0 2 0 Erythromycin 1(17)  0(0) 000) 5(2L7)
Total 08 59 1 23 20 3 2 Gentamycin 0 (0) 0(0) 0(0)  20(86.9)
ND, Not Determined Tetracycline 00) 00  00) 22093
Teicoplanin 57(95.0) 14(100) 9(100) 23 (100)
SCCmec B3k coagulasedel &ty gﬂﬁihe?gggzole 56(933) 11(786) 2(222) 23(100)
SCCmec 7} coagulase B 7 573& W] A= Table  yyncomyein 60(100) 14(100) 9(100) 23 (100)
49} 2t} 595-9] coagulase |18 ©F SCCmec 11 Total 60 (100) 14(100)  9(100) 23 (100)

4319 a1, 2359 coagulase V&2 SCCmec II/IIAS, 20
F9] coagulase V32> E5F SCCmec IV O ZE UAAE
WEMASA L, coagulase VIIE 35 SCCmec IVE 159}
ND 272 75, AAE 543 &7 SCCmecd 2}
coagulase® “+ T 1Fe] AAGo] S FRlHqlch

SCCmecd it M #+d

SCCmecell W MRSA 9] A 74 A3
= Table 59} 2t} SCCmec 137} NIMA -2 vancomycin,
teicoplanin 2 trimethoprim-sulfamethoxazole (SXT)E& A<

3t penicillin, oxacillin, clindamycin, ciprofloxacin, erythro-
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mycin, gentamicin, tetracycline 6“311]01] EHO]'Oﬂ g 1/]'
Efjo] Ao Fd3 thefAl WS @l 4

penicillin, oxacillin¥} erythromycin Xﬂ 9]75} ‘4"3 A st/\g
Alell skl /32 HERARATE SCCmec T oA 4

=
4 teicoplanin®l] W3S YEFAI 2 M, SCCmec MAE -
SXTell gk WAdEo] SCCmec I 3} Infﬂ Y e 4
2 SCCmec F3oll wel A 74 2ol U

& Fasgn

o k

Il

o)

SCCmec -8 #2492 MRSA9] 98ty S& 434
AP w9 F88 A uEA B L?ﬂ o]
A3 Yk (11, 21). SCCmec F-AA= mecA F-Z A}

cassette chromosome recombinase (ccrsS 2l e <Y

ol's/d FHAAZA ceroll €]3ke] chromosome®ll &3
o] EA5H, mec 512} B3 (15431-mecA, 1S1272-
mecA, mecl-mecRIS} cor F-A A} E&A] (cerA, cerB, cerC)
o] Zfololl st 1l vE
53] thokAl WAdQl A7k e] MRSAR] 7-F- SCCmec
19, 18 2 Mo fefdc] o, o= f44
717k A& SCCmec IV ] 79 A 99AH3] &l MRSA
T2 484 vk (7, 22). ¥ AF Azlo A SCCmec
Hfﬂ (55.6%)°] 71 Eol ¥ a]E]OiOu% TR o R [V
& (21.3%), & (13%), NIAE (8.3%) =<
ole} 2 Ay= f-Euhekel ditellA (23~25) SCCmec
3 o] Eefgo] H2 Aol dx|3H3lnt Kilic 5 (7)<
HUAIFE A9 13155 MRSAQ] SCCmecd E4olA I
] 34.1%, IVH 644%% B3940, Liu 5 (12)2 EfO]
kol Al Z2]¥ 1875 MRSACNA T 71.7%, IVE 24.1%
2 27 5]o], SCCmecF o] A|Hzte] atol7t A5s &
ekl iAol whE SCCmecd & A EH, 52
FAnlE AAA 18-S E£38ke] MVIAY, IVvEo] &
7 e E e, FRAA A IvEe] e H AT A
3 FAA A= nF o] EeH o], A wet
SCcCmed <] #FolE YERJATE SCCmec IVE MRSAT
Heou thE ARlo] gle Jul AGALS] Ao w
(CA-MRSA)Z L&A H A S FAA A
59 B4 uhet Bl 749 MRSASE FEET (26).
B Ao SCCmec IVE MRSA ¥+ T2 HAA
sksARA el glon, Ay e ) 37 Jeteits

e A

RO

S F ol (8, 9, 17).
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Aoz FatT
gt

S. aureus”} 233 coagulase= ZL T34 Afolo <
sto] o] o 1059 A Po] dA e, o
S FA0R B2 A7t o] FoXaL Qv vl W
’d MRSAS] coagulasei= I1F 0] OIF-&& AFAstal e
Aow 4 o, A fEvetelAe] ®Halg
AT AHE vlaste] B, IS Al9E A ol
A ZF A el whet o] zfol7t o] Bl AT
Ishino 5 (17)2 MRSA 472752] coagulase® S 43k
A} ||6ﬂ~824%, V& 7 8%, VIIE: 3.8%, I1138: 2.3%, 13:
0.9%= K15} 5 272 MRSA 86l A I
&: 50%, IVE: 125%,|||6ﬂ-68%, VES Aleld yeA |,
VI, VI, VIl o] 2+ 45%%9 S B33k vl 91t} Hwang
= (28)2 199413914 20054 H-2]¥ MRSA 4085
coagulase 3 A3t Aol 118 (54.4%)2 IV
(24.8%)°] WS A Bkl o, Alte] Wstel] whet
&S 7, V3 2ol &3, S7HE S g<lsko,
coagulase YA WSS RISt 2o vekAl Ui
S. aureus S7H= o] I AEETH EAHEE BEE
WAt G55 919 A AeHs 2 ok 74
o]F

2 Jol k. 37 o]d 4 Qlrhar AZFE ) Coagulase

= o o) = =
o] EAS e = 9lo

e oz} 7]

T U
Aol Wstel] me I3 Pl 543 methicillin A
A 2321 SCCmee FAAFE o] EAS vlaws 2
7 s En 2 2E LA Coagulase 118 T+
L5 SCCmec 9l 4319131, coagulase V32 SCCmec
II/MIAE, coagulase V& SCCmec IVE, 12]3L coagulase
VIIE2 SCCmec IV¥ NDoll £3Fo. =2, MRSA A<t
To] s} ol A coagulase T A2} SCCmee
AAp Atolel]l FAABESA A@do] s AR A7t
)

chekAl Uld W7 MRSASF A 91A1s] 7+ MRSA
o] S7k= <l&te] s. aureuse] WSS} HukA
2, Zstol] et @2 A7) o] FoiA A Tt (1, 8, 29).
Bt Avlo A SCCmec TEH I} NMIMAE - teicoplanin,
SXT, vancomycins A|€]gk ekAle] UAd-& VeSO,
SCCmec IVE 2 beta-lactam A2} erythromycins A ] 3
oA o] Z:L—’F/‘é < YeERfATE SCCmec ol A7t glyco-
peptide AIE Q! teicoplanin 2FAle] LF WIS 7HA]aL 9}
©] vancomycin resistant S. aureus (VRSA)Z 2 74 1T
o] =& o= A7ber). T1¥]al SCCmec M MAE
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oA SXT @Al tigh 7739 xfols HYO =N
SCCmec IIE ] subtypeol| Al A=3814] 2pol 7t 55 &
133ATh VRSAS 23 Aj=o] X138} MRSA 2]
S dAAH o2 A7 EAR thFoiA|ar Tk
Fuiglol e M7 MRSA ¥ ol X913 v
MRSA®l #&F #4l3} J8H2Ql A47F AA S7fstal
AT thFatar HEAl BAVIHS Ste] AjRe] &

A 2 71AE ekl 2l

>

¥l Wolyto] 4 5
o}, wrp A B4 7Fsd S, aureus®] coagulase®
A Al A AEH Q] A Ak SCCmecd

o3

43 A MRSA Wolie] S 1 54 g}l
& dom, B3 coagulase® 7 SCCmec® o] A¥Hd el
ek 2 A3 A= MRSA 759 WA FAAE BIE
g ARl Aol VEAtRR 28d ¢ glee
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