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ABSTRACT

Prevalence of biofilm—associated genetic makers including
fnbB, 1S256, agr-1 and SCCmec Il genes and their

relationship in clinical isolates of Staphylococcus aureus.

Jong hyun Reu

Advisor : Prof. Jin Ho Kim M.D., Ph.D.
Department of Medicine,

Graduate School of Chosun University

We previously identified methicillin resistance, SCCmec IV and I1S256 gene
as biofilm—associated determinants in 101 Staphylococcus aureus clinical
isolates. We additionally observed the prevalence of agr class and 7/nbB
gene to the previously identified factors in 465 S. aureus clinical strains of
which 413 stains were recovered from Korea and 52 strains from the 10
South—East Asian countries, following biofilm assays. The prevalence of
biofilm positivity in strains with each single genetic determinant was
significantly higher than in those without the genetic factor (p<0.001):
84.1% in 151 [nbB-positive strains, 67.4% in 215 strains carrying agr-1
and 58.2% in 268 [S256—-positive strains. In 146 1S256—positive strains
carrying agr-1, the positive predictability for biofilm formation increased up
to 82.9%. In comparison of biofilm positivity with SCCmec types, SCCmec
[l was more closely related to biofilm formation any other type, with 90.2%
of biofilm positivity of 92 SCCmec Ill strains (p<0.001). There was a
significant relationship amongst agr-1, methicillin resistance and SCCmec
lll, and the presence of 1S256 gene (p<0.001). However, no significant
relationship between the presence of fnbB gene and either agr class or the
presence of 1S256 gene (p=0.568) was noted. The sensitivity of methicillin
resistance for biofilm positivity was 80.8%, whereas the specificity of the
presence of fnbB gene and SCCmec lll for biofilm positivity was 89.0% and
95.9%, respectively. We suggest that the four genetic factors including the
presence of fnbB and I1S256 genes, SCCmec Il and agr-1 are closely
associated with biofilm formation of S. aureus clinical isolates.
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2.3. @Y ZA

DU A= SclAedol 2UEYH HRE =018t Heilman S
[33]2 &HES ArE56t0 EQIGHACEH 2Heks| A=otH, AE3F=E ote
HH G 660nmOIlA EZ2EE 4.022 UFE U3, 0.25% glucoseE =D}

8t Tryptic soy broth (0lat, TSB, Difco, Detroit, Mich, USA)Z 2008 3l
SolUCH M7 sI&dMsS 200us 20l HES 96 well ZXHHLELY0IE
(Corning, Inc., Costar, NY, USA). 2 2 well0il €1, 48AI2F 37% B DI
Ol BHOIQICH B0l 2H =, 2 wellE 200ul 2 PBSE €0 & B 2CE
A AN WS, 871 B0 el =, 0.1% safranin@2Z 122t &M
HQME EHO0IE= Micro—ELISA reader (SUNRISETM, Tecan Co.
Gr?dig, Austria)E AFE0t0 &2 & 490nm OlM SEGIUCH 22 A&E2 3
H 0la BH=0t( 0.150|42 20l &2, #%E A

Egnog 26t

[==]
2 gl

2.4. agr class, SCCmec type =/ 1S256 2 MSCRAMMs S & X2 &9l

PCROI AtE8H A& 7232 DNA = Reicshl S [34]01 28t LS At
Z0t 2clotAlt oY HES Jl=otH TSB St&UIX0 Xt HSHS =X
=0l2 FHotH O0IZ 1% Triton X-100, 0.5% Tween 20, 10 mM Tris—HCI

(pH 8.0) 2 1 mM EDTA 22 OIf& o 200ul0l &2 SEAIZICH
10min 2t 22 U5, 88Ns 2582 Fa=Ecl AIA OId =X 22 Mz

WAHIIE BHAZUCH &M 2uS Fot AE PCROI ALEotRUCH 2

0F=E a2z PCRE2S Sot( =QIGHIICH JIE
o B1& MSCRAMMs S&X E0WAM clfA, B gene (clumping factor A,

B), cna gene (collagen—-binding protein), eno gene (laminin binding

==
0
9
0l
4
=)
0
9”
0x
ol

protein), fib gene (fibrinogen binding protein), fmBPA, B gene
(fioronectin-binding ~ protein A,  B), map/eap  gene  (major
histocompatibility complex class |l analogue protein), sarC, D gene
(putative adhesions C, D) spa gene (protein A), V8 gene (serine

protease) S JIZ2 BN0A A28 =& sequencel primers A2

_10_



St0d [35, 36] &QIGtA D, emp gene (extracellular matrix binding protein,
Accession No. AJ271347)2 & AENM L2 primer sequenceE &4
ot ALESHRULCH €8 agr class= Ando S [37]2 &9
Staphylococcal cassette chromosome mec (0l3t SCCmec) type
Oliveira S [38]2 2oz A Ze2lotA2H, Oliveira S2 $go=z
S X 2= subtype Shore S [39]2 YEICZ EFRGIAULE 1S256 R
el EMeE Gus [40]01 AFE8H S8 sequencell primersS ALE0SHRUL.
=2 &0 AtE8 primer sequence= table 1, 20l &clotALt. PCR BtE=2
2 Tris=HCI (pH 9.0), 20?mM MgClI2, (NH)4SOs, 10mM dTNPs mixture
Qt 0.5U of Tag polymerase (Prime Tag DNA polymerase; GENET BIO,

Nonsan, South Korea) Ao LCH.

a
T
|0

ML 10 HU

1o
=

2.5. Statistical analysis
EHE2HE2 SPSS version 12.0 (SPSS, Chicago, Ill. USA)S Al26tH &

ASoUCH 2 FYE - 280 U= REXL agr class, SCCmec typelt
DmUH LN EHE 20l= Chi-square test =2 Fisher's exact testz &
HOIUCH p < 0.05622R, SHECZ 20|JF U= HOZ BHEHGHS L.

_11_
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3.3.1. Methicillin LHd {22 2
2 A0 AtEst E 46532 23 S0AM HEAE0 WAl U=
MRSA ZZF&= 78.1% (363/465), MSSA =#Z== 21.9% (102/465)01UCt
(Table 4). Z2U&EH AWM MRSA Z=F== 54.8% (199/363) 121
MSSA #=2 &S 46.6% (47/102)Jt 2%4sS &G, MRSAZF2 7Y
0

O:IO
LHE0| dESE =% l= SAULTH (Table 5, p=0.120).

U0 2

Lt SAHH 2

3.3.2. SCCmec typeldt =#& & 2
o ZALUHA MRSA @2 &0lE 3632 SCCmec type
Eoll 2FoIYLCE. MRSA &% 2 SCCmec type HISS type Il
oZ 22t 41.6% (151/363), 31.1% (113/363), 25.3% (92/363)2
t (Table 4). MRSA Z#3=2 SCCmec subtypell EX= AHE
, BX SCCmec lI2] B, subtype IIA/B &It 18.5% (67/363), IID =&
It 23.1% (84/363)0IRUCt. SCCmec IV #F2| subtype EE= subtype
IV @It 12.1% (44/363), subtype IVA @It 18.5% (67/363), subtype
IVE/F#==It 0.5% (2/363)0IRUCE. SCCmec Il &£6t= 2F2 subtypell
= subtype Il &3 19.6% (71/363), IIA/BZ=Jt 5.8% (21/363)& Xt
Kottt &2 A&Ead=F0Ad SCCmec | #3F= =QIEX ALULCEH 363F2
A 3= S0l 550 M mecA SEXNE &g £ QD, 2= A
Ar28t SCCmec type2 Lise= YHOZ P20l T/ X LUCH (Table 4).
SCCmec types I, I, IV 3JtXl SEH2F oS LN 2HE =24E
t, SCCmec type = type IOl =6t= 2=t 90.2% (83/92)2] B F
£ 20AM type Il @=2 2UAHE 37.1% (56/151) el type IV
O 49.6% (56/113) UL H S0 HioH 1.801 014 =2 AU
Ct (Table 5, p<0.001). 2YEH L4l & 1992 MRSA
SCCmec typell E2XEE BH, 41.7% (83/199)Jt SCCmec IO =
FOIU2O, 22 28.1% (56/199)2 29! type Il, VOl BlohA 2 BIZO0
UCH (Figure 1, p<0.001). 0l4&t 2= SCCmec N =6t= MRSA
ot CHE type Il, 2 type VOl &£6t= =0 Hioh X2 29
4 2 & QUL

Subtype €2 ZYUSEAHO HETE AHEH SCCmec subtype [IDJt
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93.0% (66/71)2 MY =2 Z%

=2 22 EISM, subtype IIA/B AR
81.0% (17/21), el subtype IV
(

=

=30 R 65.9% (29/44)2= AUH
). E£8 type | 2F BUHAE

subtypelll et S H2 2 X0IE EJ=0, = subtype IID 2=

52.4% (44/84)JF @S 4oL, IIA/B 2F0 #Hotle 22 4.9%

(12/67)0A 22 456N type Il 2= SUHAE IID 2FIt 2LSELS

G Z3CH (Table 5, p<0.001)

3.3.3. 'nbB SEXC] EMe US| 2
4652 AEIZ=F0KMN nbB =

SHXICH (Table 4), & 15612 fnbB RFEXIL EMMote AEIF 2YUYY
22 B9, 84.1% (127/151)Jt 222 S48t fmbB SE XL =MSHAl &
= oF2 37.9% (119/314) 24 2H 0 dich 281 Ol& =UACH (Table 5,
0<0.001).

3.3.4. agr class®t #2U&EA| 2]

A3 46555 agr classOl et 2FotH, agr-I0l &6t =
46.2% (215/465), agr-1lI?==Jt 34.8% (162/465)0/ALt. = &2 AHEZF2
80%0| &0l agr-110t —ll0l =5t= @FF0IULCE agr-1lIDt -V 2F2| HIE
212t 11.0% (51/465)2 1.3% (6/465)2 AUNC=z S UL (Table
p<0.001). 2 agr classOl & ZUELE HRE &OIst A2, T AEZRF
= agr-| @It & agr classll BloHiM 2 A
AN MY =/UACH OS2 agr-lll @FIt 471% ,
38.9% (63/162), agr-IV &=Jt 16.7% (1/6) =AE ZUAdHLESS
(Table 5, p<0.001). 2 AERFF & DU 24O T 2463 SHAH =

E AMHEH, agr-10l &6l 2FIF 58.9% (145/246)01%4204, agr-Ilz?
Ot 25.6% (63/246), agr-1ll @It 9.8% (24/246), agr-IN &&= 0.1%
1/246) &=0IAUCH (Figure 2, p<0.001).
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3.3.5. 18256 |HXSl EMe 22 E
o

4652 HEZFUAM 1S256 R&EX2 EME PCRZ &Qlotlt AE



232 57.6% (268/465)JF 1S256 ST XIH =MGHACH (Table 4, p<0.001).
268=2| IS256 RMRXIL EMotes A2 S0
TOD, IS256 KRNI EMoHK 2=

(90/197)28 BYUANHEE2 B0A 1S256 SVXIF EMote 2FIF 222
ALt (Table 5, p<0.001).

x
o1

= B &l
£ EQIGIRULE. fnbB SFEXIL EMSt= 15612F S0 M MRSA =#=0l
= 84.8% (128/151)0I1% 12, MSSA =02l B<15.2% (23/151)01 BldH
N =UCH bB REXIL e @F2 R0 A 74.8% (236/314)JF MRSA
A=A M, 25.2% (79/314)JF MSSA =#=RUCt (Table 4, p<0.001). fnbB
SV EMdt= MRSA =2 SCCmec typell E2LZE =QIst Z1,
SCCmec IOl £3dt= 2FIF 68.8% (88/128) MY =U20, SCCmec IV
0l =ote Z=FIt 28.1% (36/128), SCCmec 0l =dle #F= & 2.3%
(3/128)0l S totRACH (Table 4). 0ldst 2= fmbB FEX
MRSA 2= S0lA SCCmec IIZEIt AHECZ HY =2 A= &€ = U
AUCH (p<0.001). BHHZ fnbB RE XL =MGHA 2= MRSA =#=F=2 J=2,
SCCmec 182l MRSA Z@=Jt 63.0% (148/235)2 MY £35l EMM2O,
SCCmec Il &6t= 2FIF 1.7% (4/235)2 Jt&E S UCH. SCCmec IV 2=
o B2, fnbB REXIt EMot= MRSA @2 B2, subtype VI 25.8%
(33/128)2 Al subtype IVA Z#=2| 2.3% (3/128)01 Hlofl 22X =ALt, Bt
tHE fnbB RE XL EMGHA 2= MRSA @0 M= subtype IVAIL 25.8%
(33/128)2 XtXIGtH subtype IV @F2 2XES0 4.7% (11/236)0 HloH =

[00]

ULH (Table 4, p<0.001). Oleigt Z2UE SoHA MSSA ZFECH MRSA &
FUM fnbB STIIL O L0l =MMStH, 01248t b8 RN EMHRR=
MRSA =32 SCCmec typelt subtypell 22t ZAHII ASS & = YA
Ct.

DdUAHES HIWHEH MbB FENIL EMot= MRSA @2 @Y%
AHES 88.3% (113/128)0IA20, BHHZ fnbB KRTXIL EMOHK %=
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MRSA =2 ZUAYHE2 36.5% (86/235)01RUCt. fnbB FEXIt =St
= MRSAZ=+= =0 M SCCmec Nl =Hot= 22 Z2UAXHE0l 63.3%
(81/128)22 CI2 typell Hloll =ACH (Table 6, p<0.001). Subtype E2
28 fnbB REXIL EMot= MRSAZ = S0lA subtype 110l =6te 2=
Jb 56.7% (64/128)2] RYUAdHE2S BUWHAM, IIIA/B @F2 15.0% (17/128),
subtype IV &#F2 23.0% (26/128)01l HlolA S5l =2 ZULHE2S 2
Lt fnbB SE XL A= MRSA 2= SlM=e SEE2Z2 subtype 1D
=ote 2FIF 18.7% (44/235)2 2UAH 22 2 subtypelll HIoH =/pA2
Lt, fnbB SEXIt EMoteE MRSA Z=0A JHE =2 2Yddss 20
subtype Il ZF2 B 0.8% (2/235)01 SUSIACH ( 6 )
Olgdst Z2dt= MRSA ZF2 22, fmbB REXS S20 Ot 2YsS &
o

S AHol= SCCmec typell AR E2tXle HE & 4 JUQULH

3.4.2. EMI U[UA fnbB RE X2t agr class 2 2|

fnbB KRNIt EMote @2 B, agr-l0l ot ZRIE 89.4%
(135/151), agr-ll, -llI&dte BR= 242 4.6% (7/151)2 2.6% (4/151)0]
U2M, agr-IVOl &6t 2= URUCH Oeld b8 SN EMGHAl &

= 3= agr-lllfl £5t= 2F9 HI80| 49.4% (155/314)2 2 agr

class 20t O =UALCH (Table 4, p<0.001). dUSEL AEUAM mbB SEX
oF EMote  agr-| 2F2 22 85.2% (115/135)2 #YAdHE82 BA2LE
fnbB SHEXIL EMot= CHE agr class =2 YL H=0 SHEHQ =
S0l ALt (Table 6, p=0.568). 01218t Z= fbB KFEXL EMdt=
o0 F2, agr-l0l o= AR @XE, AMZ 2 agr classOll £56t=

ar ol

S gdot=0 U b8 =X EM SR A2 2H Ot
@]

3.43. EMEEY FUALU UA b8 ST XL 1S256 SE XS] 2t

aY 22 18256 =HAS EM HEE &elst 2, fnbB R Xt
EMot=s @2 92.1% (139/151)0IA 12l fnbB REXIL e #F2
41.1% (129/314)0lM 1S256 |EXIL EMGIH fmbB REX EM =2

et 2 X0IE 2RUACH (Table 4, p<0.001). DUAHES =oldf EH,
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fnbB =&EX2t 1S256 SEXIE SAM ZMot= @2 ER, 84.9%

(118/139)2 DA HES 2B2UWAM, MbB ST EMSHH 1IS256 S Xt
ol @2l 75.0% (9/12)01 HIGHAM =gA2U, & OS2t 2ULH=0 A
HM SHE 242 AJUCH (Table 6, p=0.568). 0148t 2= fmbB FH
Aot EMot= 2

aF2 BR, 18256 REXIL SAIMH EME Jtsd= O
AgH AH & RIENIL EMote @52 BRIt fnbB SEXEH &6t

=
Z=0l gl @S O & gdotlle €= A

3.44, SMEE AUAL0 AN agr class2t HEIAS &Ll 2

S 363F MRSA @=2| agr class& ZF8 Z1, agr-19t 48.5%
(176/363) 1cli) agr-llol =dt= @30 39.4% (143/363) XHAIGHA
agr-13t =l @It MRSA =2 85% 0|4 R ES XXIGHACEH agr-IIl O
£ole 2@F2 EZ= MSSA 2F2 A2, 28.4% (29/102)0IA 1, MRSAZ
F= 6.1% (22/363)= XI0IE 2RALCt (Table 7, p<0.001).

DUAHES HlUHEH MRSA @F0I0 agr-I0l £ote @2 &<
71.0% (125/196)Jt 24AdSHE82 20, agr-Il @232 36.7% (52/143), 1
el agr-lll @ 54.5% (12/22)2 ZYUYHES0 BIHA dURC=Z =2
Table 7, p<0.001). 0le4&t Zi= MRSA @00

N

—

agr-10l =ol= o agr-11et —lll Z@==0 HiohAd Z=%=S O & S4dot=
A2 Y = U/UCH. MRSA Ol agr-10l =dt= @2 SCCmec type €
DUAHZS HIWSHH, SCCmec Il @It 45.5% (80/176)2 #ULHES2
SBOHM SCCmec IV &= 24.4% (43/176)01 HIoH MUHECE =2 2%4AH
22 BCH (Table 7, p<0.001). 0l2i8t 2= MRSA &F SUA agr|
Ol sote @It 2%ad2 &olH 1 SUHM&E SCCmec Nl @21 32

/él
== £ agr classll =ote &
=9 4% ZUSEHUH UM SCCmec type 2t2] mSE L2t SHE 20|
AL agr classtl & =

dAHdEN= SHE RALS 2 = AUt (Table 7, p=0.385)
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3.4.5. HMIIT A 2Ats
1IS256 =& Xt =
agr-| @=Jt 54.5% (146/268)2 M LJALH TGS2=Z agr-ll 2= 29.5%
(79/268) agr-lll @ 9.0% (24/268), agr-IV &= 1.9% (5/268)
SHOIC| ALt (Table 4, p<0.001). 1S256 REXIL EMMStK 2= 2F2 agr
class? ZXE 2H agrll 2FJt 42.1% (93/197) MY LUACH =
H

A0l [UAH agr classlt 1S256

O K
Tl'
Z=Mot= @32 agr class® 22X E Eolg Z1t

I OQL

1IS256 FEXS EM F20 [tet agr classe &EIt &L
DUSEY AHE 2NN =2 M, 1IS256 REXIL =Mt agr-10l =
ot= 22 &2 82.9% (121/146)Jt 2242 S HOIWA, agrlll 252 2
GAHE 50.0% (12/24), Al agr-ll 22 RYUAHE 19.0% (15/79)
Ol Hioh 2S0dl 222 & FH5tAUCH (Table 8, p<0.001). 1S25601 =1 ot
2

N gt= 8o 2, agr-ll0l £36t= @It 57.8% (48/83)2 MY =
[u]

2 DnULHES B, U822 agr-lll 0l &dtes @2 44.4% (12/27)
JdelD agr-I0l =6k 23 34.8% (24/69) =22 DUAdEs B0
(Table 8, p<0.01). SEHMHEH 1S256 RNt EMote @2 ZF=R0=
agr-10l &ots @It M2 Bl =20, E£8t 1S25601 &Moot TE

agr class @ =0 Hlol 2%=S O & gdote AS & = UULL 1S256%
Mt EMEHR 2= @=0AMeE agr-ll JF 22

classOl HIGHA Z2US O 4ot AS 2 = UJALCH 0l248 20l HIF
o = M, I1S256 R =M

TT
HOZ R0/3 AT

O

U

bR

o

H:I

3.4.6. &M g0l UN 15256 R ALt HIEIAE WALl 2t
1IS256 SEXIL EMdt= @2 87.3% (234/268)It MRSA, 12.7%
(34/268) @=Jt MSSA ZF0IACt. MRSATZF0IA 1S256 R EM |2
Ol HE SCCmec typell =XEE ECIGHEH, 1S256 =AUt =TH6t
MRSA &3 S0lAM SCCmec Il @It 31.6% (74/234), SCCmec Il &
38.5% (90/234), el SCCmec IV &= 29.1% (68/234)2 2ZE =2
Ct. it 18256 =& = MRSA == S0lA= SCCmec II 2=
59.6% (77/129)2 Jt& =UCH (Table 4, p<0.001).

DU HHEE BY 1S256 ®REXIL EMot= MRSAZ =2 60.3%

CY a%s

M g

ﬂJI
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(141/234)0t
(59/130)0il HIGHA
A EMot= M
(82/234)2 2%
1IS256 =&KXt
(65/234)2]
subtype IV
(17/27), IA/B 2=

= 0.8% (2/234) It
Lt 1S25601 ETHotX
e =2

& MRS
O,
HIOE U

=

[
3= 11.5%
4.7%

PN
ox

11/234

ot

IO
ju— =

"

[e13
s

Ho
ST

QLCH (T
s

OtOF M
oS

iy
aFC HLR, IS256 &
S8 2= SCCmec

oF A
= T

=
—
S22 dJd
2= T

A

o] of

|22
o= PYPVN

fnbBet 18256 =& X,

(sensitivity) 2t £01E (specificity) 2

b 80.8%L22 MZ =U2H,
97.7%2
Ct.

£0
subtype 12 &2

T/ S =

=N ]

4 AN

SE0HA CHE subtype0l
(27/234),
) &=
Ot

Oll= subtype 11D @It 32.5% (42/129

=0lO
IT M —

A 8l= MRSA @2 45.4%
B ACH (Table 9, p<0.001). 1S256 =
SCCmec Il 0 = aFJt 35.0%
Lt Subtype & o BlwotH,
o3 S0lAM subtype |l b 27.8%
o =gACH O32=2
7.3% (17/234), 7.3%
T2, IID ==
e
9)2

25}

FI

=
O+OF
S

0x
L

—/

=
=
=)

4

[l

IHA/B =2

og 7 HOtOEAM =2 =
=
=

[
O o&E=

M
(S

=1 ULt (Table 9, p<0.001).
able 9, p<0.05).
A EMote 2

[— - T
subtypell Z L2t

to

Jm

o

i

g
o
ol
>

i
U

30 o
10
firoorr

0x
10

$0
e »
(T S N T 1T

U

ro

&0
agr-1, SCCmec 0 CH
ISHACH. MRSA Z#=01 32,
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b 2el

Olds
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Smith & [42]2 E1E 225tH MRSAZ 2 MSSA Z= ALOI0 =22
A

52 A8 Ecla NG Oetd A2 OE 2t US = AT o
5

29

fol

SCCmecg& mecA SEX2L TH=E
280l ZHJUA2MH, @= 2tol 0l Jt
ccr SHX typelll MetM type |, 11, I el HOIREXLIEZ M CA-MRSA
oo EMAE AF0UA SotH ZAZE cor type 22 2= SCCmec
type IV 2F2 2SS0 [43]. type | 12l type IV SCCmecl &L,
mecA SEX 20 SHHUE SAEXIL XL SCCmec I, Il 2 B0
= MM CH HEME LFs 24D ACH [44]. 2 &E8Z2F 5 MRSA
O] SCCmec typell E2LZE 2™ type II@FIt 41.6% (151/363), type llI
43It 25.3% (92/363), type IV @It 31.1% (113/363) OIALCt. SCCmec
o= AJULH (Table 4). AHEZF2| SCCmec typelil W
2™ SCCmec type Il @2l A 90.2% (83/92)2 Jt&
£ E/U2SM, type IV, 49.6% (56/113), type Il #F2 &=
37.1% (56/151) 2L E8S 2L AAM AZFIO0l, 2 A J|&E
210 [12]0IMd= SCCmec type IV @2 B2, dUAHES 2
Lt JIES BO0AM AME8 @ = SCCmec type IlI&ot=
oz N2 20| SHA X0IE 20l= A0ty M2AsCH DL = aE
0% SCCmec type IVOI =06t
ol HIgHA AUEC=Z =2 49.6% (56/113)0104 1 SWMEZ subtype IV &
ZFO| AR 65.9% (29/44)9 =& AUALHES ERULL. SCCmec type Il &

2

_I

or
ro
>4 0

obile element )OI|C}.

T

ABI} /U= cor RAEXE
tH(m
Ol

I
rr
3
O
D
A
%H J
(U
18
02
0x
M0
W
\,
L

gl

FO dUALES subtype 22 HlWwet B, subtypel! DUl =06t 2=
O 52.4% (44/84) el1) IIA/BUl =dte 232 4.9% (12/67)0 BloiM &
Sol =2 2UUHEES B0 (Table 5, p<0.001).

MSCRAMMs2 MIZH = peptidoglycan S0l SRZ&2=2 EIUHU

= B Z A A 20| =F9 MIESQ JI& (extracellular matrix) 0l £
sk & QA ot SHEHAIQICH. MSCRAMMs Ol =£6ts  CHHEI=2

~

fibronectin—binding protein (FNBP), collagen—-binding protein (Cna

N
P

fibrinogen—binding protein (Fib) 2l clumping factor (CIf) £0| &
ACH [28]. 0l248t MSCRAMMsSl LPXTG motif 9= HM=ZEEHS JI2

A
o
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N
04

T U2H, 0IF HIE AMSE ZO0tM MESHW DEECH Ol MZA
gt= &HAJt carboxyl-terminal 220 EMot= LPXTG motifOICt. =
MSCRAMMs 2| LPXTG motifel Thr 3t Gly AtOIE sortase 240t AUE
Z=3 MZHE0 Z-AIZICH LPXTG motif= Proline 1t Glycine& +4
O UHL  Ser-Asp dipeptideZ2 BI=&Ee= 20l SEHOH A=

CIEH A O amino—terminal

fol
i

{0

0

40 0x

J

(hydrophobic)dt 2&SIE =D QUL £

? FA8t FnBPARE FnBPBIE RULE. FnBP= &
0 =0 2&otHL fibronectin@& =24 &2l biomaterialstl £ = ot=0l
20l Z0GtH, AESE9 JUHYEE RLdt=0d 20EC [45]. FnBP2
U= Aoz LM UL = FnBPA2l &Z= fibronectin,
fibrinogen, elastin St Z2&& = U220, FnBPB Al fibronectin &8t OF
L2t elastindt Z&8HCH [46]. =12 O Neill S [47]12 2200 215tH fnbA
et fnbB FEXNE HOIAZI B2, MRSA =#= 2
MSSA Z#F0AME 2L H0 &0l elCt) S5k UL Ee 1
= &M 22E A2l primary attachmentOl 2O o
Ct2 SR MAIEZS] SXHHH N 205tH 22U HdS Fdole 22z 2

otALt = AS8liM=s 8 d82F2 MSCRAMMs =& Xt &I
[u]

GEE0l e «A4e ZFE HH™ , & & 20l MSCRAMMs =& Xt2
EEE Eelot)| oM 25 1382 Crtst SMEE2HO] MSCRAMMS
O REXE PCRES SollA EQIGIALH fnbA R&Xe L0 2tH 80|
F UM 25 EMotALCH. it b8 REXS B2 9F2 #2ed &
= = Z0ANE

e
>
>
rir
=
E
ro
N
e
14
&
i
o
n
10
Hu
U
~
(o))
(6}
A
10
ks
oar
(R
z
2
x

nbB =HX2 EMME EQlotH ZAHdUS HAE SHELZ =45

Ct. &M @ S0WAN fnbB REXI Mol= @23F= 32.5% (151/465)01

Iy



EUH2LE (Table 4), & 151 =2 fnbB KTt EMot=s 2= S0HAM 2
UAHES 84.1% (127/151)2 M fnbB SEXI EMGHX %= 2529 &
AAHE 37.9% (119/314)0 HIHA SHE2=Z KT =UACH (Table 5,
p<0.001). 2 AEZ= SHAN DUS S F= T 246 =0NMN fmbB =
MIIL EMol=s 8@ 29 2Es 51.6% (127/246)0 HZ T ACH
(Table 10). Olefst 2= EMEITARUAM fnbB KEXS EMdt=s 22,
zHed =g Js4d0l 80.0% 0l&0IMH, nbB8 REXIL EMotH 2=
gdols 2= AN 4B UAM 2elEes 2HSdd=F2 2 50% 0l of
geltt. Je22 mbB RENS EMMRReE SMECYRO sHAdLds T
HEg = As SRE HY RMeE sEEC

fnbB =& XIt EIotH MRSA @2 ZUEdite 2HE 242
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84X = MRSA =2 &ES, SCCmec IOl =Hote ZFJb 63.0%
(148/235)2 MY E3UCt (Table 4). 0148t 2= fmbB REX EM =2
2t SCCmec typell 22X 2= LITE AL USS AlAEHL =2Ed A
gol ZUE 22U fmbB RN 20l MRSA Z#+= S0A SCCmec

subtype lll @2 B 56.7% (64/128)2 =2 #YLdSHE2S EJALL. 1

Lt fnbB SEXIL =GR 2= MRSA ZF0H A= SCCmec subtype IID
ZFIL 18.7% (44/235)2 HY =2 DZUAHd=s ZBJACH (Table 6,

p<0.001). OlA& Zt= fnbB SEXIL EMSt= MRSA 2= fnbB *H
Al

Aot 2= MRSA @0l HIchA 2%S 42 ZotH fmbB SE I EM
ot= MRSA Z=2 S0 AS SCCmec IOl =ote 20t 24a&dsS MY
ol NS & = JUJULCH £8t MRSA @F0M bBREXR EM RR=
SCCmec typel| 22Xt Z#UAdAnt LI 20| JUSS 23| AIAIGHLD
UL

fnbB KX EMote 2@F2 &L, agr-lll %ot 2F, &2
IS256 RE LI EMote @dF JRIF 22 89.4%, 21%= AN SHZHCI
OOt JUUALCtH (Table 4, p<0.001). DeiLt fnbB REX LHO0IH agr-| &
Fo A%, UUE class agr @02 F=20 Hlof #ULdHES0= Y Bt

XOIEOl SHARULCE. fnbB SHXIL EIHoH SAI0 1S25601 EMots 2=
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Table 1. Primers used for screening 1S256 gene and classifying agr class

and SCCmec type

Product
PCR Product Primer  sequences Reference
size (bp)
1S256 F: 5-AGTCCTTTTACGGTACAATG-3 763 [40]
R: 5-TGTGCGCATCAGAAATAACG-3
agr F: 5- ATCGCAGCTTATAGTACTTGT-3 739 [37]
R: 5- CTTGATTACGTTTATATTTCATC-3
agnrl F: 5- AACGCTTGCAGCAGTTTATTT-3 691
R: 5- CGACATTATAAGTATTACAACA-3’
agdll F: 5- TATATAAATTCTTGATTTTTTATTG-3* 712
R: 5- TTCTTTAAGAGTAAATTGAGAA-3
agnV F: 5- GTTGCTTCTTATAGTACATGTT-3’ 683
R: 5- CTTAAAAATATAGTGATTCCAATA-3’
SCCmed F 5- TTCGAGTTGCTGATGAAGAAGG-3* 49 [38]
R: 5-ATTTACCACAAGGACTACCAGC-3
SCCmedl F 5-AATCATCTGCCATTGGTGATGC-3 284
R: 5-CGAATGAAGTGAAAGAAAGTGG-3
SCCmedl,ll F 5-ATCAAGACTTGCATTCAGGC-3’ 209
R: 5-GCGGTTTCAATTCACTTGTC-3
SCCmed,ll,IV F 5-CATCCTATGATAGCTTGGTC-3’ 342
R: 5-CTAAATCATAGCCATGACCG-3’
SCCmedll F 5-GTGATTGTTCGAGATATGTGG-3’ 243
R: 5-CGCTTTATCTGTATCTATCGC-3’
SCCmedll F 5-TTCTTAAGTACACGCTGAATCG-3’ 414
R: 5-GTCACAGTAATTCCATCAATGC-3
SCCmec IAIIA/BIICIVA F 5-CAGGTCTCTTCAGATCTACG-3’ 381
R: 5-GAGCCATAAACACCAATAGCC-3
SCCmedll F 5-CAGGTCTCTTCAGATCTACG-3’ 303
R: 5-GAAGAATGGGGAAAGCTTCAC-3
mecA F 5-TCCAGATTACAACTTCACCAGG-3 162

A

5-CCACTTCATATCTTGTAACG-3’
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Table 2. Primers used for screening MSCRAMMs

PCR Product size
Primer sequences Reference

product (bp)

cifA F: ATTGGCGTGGCTTCAGTGCT 292 [35]
R: CGTTTCTTCCGTAGTTGCATTTG

cifB F: ACATCAGTAATAGTAGGGGGCAAC 205 [35]
R: TTCGCACTGTTTGTGTTTGCAC

cna F: GTCAAGCAGTTATTAACACCAGAC 423 [35]
R: AATCAGTAATTGCACTTTGTCCACTG

eno F: ACGTGCAGCAGCTGACT 302 [35]
R: CAACAGCATYCTTCAGTACCTTC

emp F: TGTTACACCAGGGCATGCTA 365 In this study
R: CTCGTGGTGCTGGTAAGCTA

fib F: CTACAACTACAATTGCCGTCAACAG 404 [35]
R: GCTCTTGTAAGACCATTTTCTTCAC

fnbA F: CACAACCAGCAAATATAG 1362 [36]
R: CTGTGTGGTAATCAATGTC

fnbB F: GTAACAGCTAATGGTCGAATTGATACT 524 [35]
R: CAAGTTCGATAGGAGTACTATGTTC

map F: TAACATTTAATAAGAATCAA 943 [36]
R: CCATTTACTGCAATTGT

sdrC F: ACGACTATTAAACCAAGAAC 560 [36]
R: GTACTTGAAATAAGCGGTTG

sdrD F: GGAAATAAAGTTGAAGTTTC 500 [36]
R: ACTTTGTCATCAACTGTAAT

spa F: TCGAAATAGCGTGATTTTGC 1892 [36]
R: GCACTGAGCAACAAAAGATG

V8 F: TTGTTCTTCGAAACTT 1550 [36]
R: GGCTTTGGCTTTATTG
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Table 3. The prevalence of biofilm-positive strains according to recovered

sites

Recovered sites

Prevalence of

biofilm-positive strains

Nasal cavity & hand from medical staff
Catheter-related urine

Sputum

Blood

Hands of outpatients

Wounds and pus

Body fluids *

Strains from dermatology  dept.
Air in the wards.

Strains from ENT dept

Vagina from patient with  vaginitis

Unknown sites

61.8% (21/34)
61.4% (35/57)
50.6% (28/47)
57.1% (44/77)
50.0% (12/24)
46.3% (50/108)
41.9% (13/31)
20.0% (3/15)
20.0% (1/5)
14.3% (2/14)
0% (/1)

71.2% (37/52)

Significance  p<0.001. Statistical analysis was determined by either the

Pearson Xx’test or Fisher's exact test

* Body fluids include cerebrospinal fluid, peritoneal fluid, dialysate, pleural

fluid, and ascites.
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Table 4. Prevalence of biofilm-related genetic factors in this study

Biofilm-related

Ratio in total

Prevalence of biofilm-related factors in the presence (+)

strains
Factors or absence (-) of
( No. of strain)
fnbB (+) fnbB (-) 1S256(+) 1S256(-)
MSSA 21.9% (102) 15.2% (23) 25.2% (79) 12.7% (34) 34.5% (68)
MRSA 78.1% (363) 84.8% (128) 74.8% (235) 87.3% (234) 65.5% (129)
SCCmec I 41.6% (151) 23 % (3) 63.0% (148) 31.6% (74) 59.6% (77)
subtype 1IA/B 18.5% (67) 23 % (3) 27.2% (64) 27.4% (64) 23% (3)
subtype 11D 23.1% (84) 0 35.8% (84) 4.3% (10) 57.3% (74)
SCCmec Il 25.3% (92) 68.8% (88) 1.7% (4) 38.5% (90) 1.6% (2)
subtype Il 19.6% (71) 53.1% (68) 1.3% (3) 29.9% (70) 0.8% (1)
subtype IlIA/B 58 % (21) 15.6% (20) 04% (1) 8.5% (20) 0.8% (1)
SCCmec IV 31.1% (113) 28.1% (36) 32.8% (77) 29.1% (68) 34.9% (45)
subtype IV 12.1% (44) 25.8% (33) 47 % (11) 16.7% (39) 3.9% (5)
subtype IVA 18.5% (67) 23 % (3) 27.2% (64) 11.5% (27) 31.0% (40)
subtype IVE/F 0.5 % (2) 0 09 % (2) 0.9% (2) 0
not detected 1.4 % (5) 0.8% (1) 1.7 % (4) 0 3.9% (5)
not typeable 06 % (2) 0 09 % (2) 0.9% (2) 0

agr- |

agr- 1l

agr- 1l

agr- IV

not detected

not classifiable

46.2% (215)
34.8% (162)
11.0% (51)
13 % (6)
24 % (11)

43 % (20)

89.4% (135)
46 % (7)
26 % (4)
0

33 % (5)

25.5% (80)
49.4% (155)

15.0% (47)

19% (6)
19% (6)
6.4%  (20)

54.5% (146)

29.5% (79)

9.0% (24)
1.9% (5)
3.0% (8)
22% (8)

35.0% (69)
42.1% (83)
13.7% (27)
0.50% (1)
1.50% (3)

7.10% (14)

fnbB gene

1IS256 gene

32.5% (151)

57.6% (268)

92.1% (139)

41.1% (129)

51.9% (139)

6.1% (12)

Significance p<0.001.

Statistical

Pearson x“test or Fisher's exact test.
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Table 5. The prevalence of biofilm-positivity in the presence of each

biofilm-related genetic factor

Biofilm-associated Ratio of biofilm-positivity in biofilm-associated

Significance
factors factor
MSSA 46.1% (47/102)
MRSA 54.8% (199/363)
SCCmec | 37.1% (56/151)
subtype [IA/B 49%  (12/67)
subtype IID 52.4% (44/84)
SCCmec lll 90.2% (83/92)
subtype lI 93.0% (66/71)
subtype IIIA/B 81.0% (17/21)
SCCmec IV 49.6% (56/113)
subtype IV 65.9% (29/44)
subtype IVA 38.8% (26/67)

subtype IVE/F
not detected

not typeable

50.0% (1/2)
60.0% (3/5)
50.0% (1/2)

agr - |

agr - |l

agr - 1l

agr - IV

not detected
not classifiable
fnbB - positive

1S256-positive

67.4% (145/215)
38.9% (63/162)
47.1% (24/51)
16.7% (1/6)
45.5% (5/11)
40.0% (8/20)
84.1% (127/151)
58.2% (156/268)

Statistical analysis was determined by either the Pearson x‘test or Fisher's

exact test
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Table 6. Prevalence of biofilm-positivity of fnbB-positive strains with other

biofilm-related factors

Ratio of biofilm  positivity Significance
in fmbB - negative MRSA with 36.5% (86/235) p<0.001
SCCmec subtype 11A/B 4.3% (10/235)
SCCmec subtype 1ID 18.7% (44/235)
SCCmec subtype I 0.8% (2/235)
SCCmec subtype IV 1.3% (3/235)
SCCmec subtype IVA 9.8% (23/235)
not typeable 0.8% (2/235)
not determined 0.8% (2/235)
in fbB - positive MRSA with 88.3% (113/128) p<0.001
SCCmec subtype 1I1A/B 27% (3/128)
SCCmec subtype i 56.7% (64/128)
SCCmec subtype IIIA/B 15.0% (17/128)
SCCmec subtype IV 23.0% (26/128)
SCCmec subtype IVA 27% (3/128)
not typeable 0.9% (1/128)
In fnbB - positive strains with p = 0.568
agr- | 85.2% (115/135)
agr - |l 85.7% (6/7)
agr - 75.0% (3/4)
not determined 60.6% (3/5)
In fnbB-positive strains p = 0.568
with 1S256 84.9% (118/139)
without 1S256 75.0% (9/12)

Statistical analysis was determined by either the Pearson x‘test or Fisher's

exact test
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Table 7. Prevalence of biofilm-positivity in the presence of MRSA strains

with agr class and in agrl strains according to SCCmec types

Ratio of biofilm

Prevalence Significance
positivity
In MRSA with p<0.001
agr -l 71.0% (125/176) 48.5% (176/363)
agr- |l 36.7% (52/142) 39.4% (143/363)
agr -l 54.5% (12/22) 6.1%  (22/363)
agr- IV 0% (0/1) 0.3% (1/363)
not classifiable 46.7% (7/15) 41%  (15/363)
not determined 57.1% (4/7) 1.9% (7/363)
In MRSA & agr-I with p<0.001
SCCmec Il 45.5% (80/176)
SCCmec IV 24.4% (43/176)
not determined 1.1% (2/176)
In MSSA with p = 0.385
agr -l 51.3% (20/39) 38.2% (39/102)
agr- |l 57.9% (12/20) 19.6% (20/102)
agr -l 41.4% (12/29) 28.4% (29/102)
agr- IV 20.0% (1/5) 4.9% (5/102)
not classifiable 20.0% (1/5) 4.9% (5/102)
not determined 25.0% (1/4) 3.9% (4/102)

Statistical analysis was determined by either the Pearson x“test or Fisher’s

exact test

_41_



Table 8. Prevalence of biofilm-positivity of strains according to agr class in

the presence or absence of 1S256 gene

Ratio of biofilm-positivity Significance

In 1S256-positive strains with p<0.001

agr- | 82.9% (121/146)

agr- |l 19.0% (15/79)

agr- |l 50.0% (12/24)

agr- IV 20.0% (1/5)

not classifiable 50.0% (3/6)

not determined 50.0% (4/8)
In 1S256-negative strains with p<0.01

agr- |
agr- 11
agr- 1l
not classifiable

not determined

34.8% (24/69)
57.8% (48/83)
44.4% (12/27)
35.7% (5/14)

33.3% (1/3)

Statistical analysis was determined by either the Pearson x‘test or Fisher's

exact test
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Table 9. Prevalence of biofilm-positivity in the presence of 1S256 gene with
either MRSA or SCCmec types

Ratio of biofilm positivity significance

in IS256-positive MRSA with 60.3% (141/234) p<0.001

SCCmec subtype 1I1A/B 4.7% (11/234)

SCCmec subtype 1ID 0.8% (2/234)

SCCmec subtype Il 27.8% (65/234)

SCCmec subtype 1lIA/B 7.3% (17/234)

SCCmec subtype IV 11.5% (27/234)

SCCmec subtype IVA 7.3% (17/234)

SCCmec subtype IVE/F 0.4% (1/234)

not typeable 0.4% (1/234)
in 1S256-negative MRSA with 45.7% (59/129) p<0.05

SCCmec subtype 1I1A/B 0.7% (1/129)

SCCmec subtype 11D 32.5% (42/129)

SCCmec subtype i 0.7% (1/129)

SCCmec subtype IV 2.3% (3/129)

SCCmec subtype IVA 7.0% (9/129)

not determined 2.3% (3/129)

Statistical analysis was determined by either the Pearson x“test or Fisher’s

exac ttest
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Fig 1. Proportion of biofilm positivity according to SCCmec subtypes in
total 199 biofilm-positive MRSA strains (p<0.001)

VA NMEF IIAB
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Fig 2. Proportion of biofilm positivity according to agr classes in total

biofilm-positive strains (p<0.001)
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