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Staphylococcus aureus induces chronic infection in form of biofilm that exists in the host cells and arthroplastic
prosthesis surface. In this study, the biofilm formation ability of S. aureus clinically isolated from bacteremia patients,
biofilm processing and relationship of resistance to antibiotics, and difference of biofilm formation ability on different
prosthetic material surfaces were studied. All of them formed biofilm and especially 6 strains of S. aureus had high
ability of biofilm formation. In addition, it was found that some strains with higher biofilm formation ability make more
higher polysaccharide layer production. When S. aureus ATCC 25923 forms biofilm, minimal bactericidal concentration
(MBC) of biofilm bacteria is more increased than that of the planktonic state bacteria about one thousand folds. Especially,
after 6 hours from starting on biofilm formation, the resistance to antibiotics was increased by more than 256 pg/ml of
MBC to every antibiotics and after 8 hours prominent increase (more than 4096 pg/ml) was noted. Biofilm formation
after bacterial adherence to plastic cover-slip was increased with time-dependent manner. Microcolonies were formed
after 5 hours from a point that bacteria adhere to plastic cover-slip surface and after 6 hours biofilm was diffusely formed
on entire surface, and then after 8 hours very thick biofilm was formed. Thicker biofilm was found on cobalt-chromium
than titanium surface. These results suggest that titanium alloy materials are better than cobalt-chromium to minimize S.
aureus biofilm formation on the arthroplastic material surface. Also, when microcolonies are formed after adherence of S.
aureus to the arthroplastic material surface, resistance to antibiotics is starting.
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ekt A5z 7 ofel e Aze 2A4EGE 29
St} (18,20). - 9 Ly 9 011%@ 28k o] &
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FAE] o7 omqE BT gl 5‘*?21] A&
el dofsh= ofe 7kxe] lAkE 7HAaL Q)
16,192829). 53] 1AFONA, Al A=
o717l ik g els Bl v ARl AWz
(biofilm) 37} LAk #AZE At (34).

A =k Aoy QA AlEAle] Bl
sk Aol d7e f1gk with (scaffold)®=A BHE
Al (glycocalyx)ot Tl o= -4 ks AT (1).
IR E = okt (Staphylococcus epidermidis)] 749~ stainless
steel®] WOl 7 We Alte] FAE T o=
cobalt-chromium, titanium, polymethylmethacrylate (PMMA)
of 5t o vk 27). ¥ AT e ol
Tiel Al sl AAlelA wigE Al (plank-
tonic bacteria) XU} 10~1000H] o] =2 YAHAEE 2
o} (2,5,26). wEbA PII X 5.9] of e wiitol WU Al
ol o3 st S distr] 913 WEEe] AtH
L Y} (24,31,38).

2 AT ATl miol STt o3t o
o @Ade Al WS ] SR 7 AR
A, 78S Fate] NeA] EelH w5
o FAA iAol gk g =e] Wt o
gt el s Alxdate] et 9
2ol whe et FA oW gk Ao
1512} 3ol

~
o0

—
e

oF

e n =B

r:“ _(N
=

<

N
-~

[u]

HE Ly

T

1. HEFF L A

35S AFSE] Slste] 2005 7HHE 997t
A gdT Aol Aol el FAXELAT 175
o} BT ATCC 25923, 14458 2 292135 AL-g-3}9dt
2 F= -70Cel BaatdthrE ARESEA T Mueller-
Hinton broth (MHB) 2 tryptic soy broth (TSB)% Becton-
Dickinson (Sparks, MD, USA)°IA 43131 2™, crystal
violet?} glucosei= Sigma Chemical Co. (St. Louis, MO, USA)
ol A Tt Al 5 HA = clarithromycin
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(CAM, Abbott, Abbott Park, IL, USA), cefotaxime (CTX, 3}
Aok, A&, ), cefimetazole (CMZ, =-5A¢F, A<,
o) 3H71 =), erythromycin (EM, Abbott), benzylpenicillin (PCG,
AEAF, Ag, i) 2 vancomycin (VCM, A4 A
F2 AHgstl.

FALE= L] ot G4 A EL Melchior 521 W¥H

TSBollA] 24217 vl #4& TSBell 1:1002.2 8]4]5}
o] 4AIZF 52t 37Tl Bt £ 0.5% glucose”t
k¥l TSBOll 1:1000.2 3]23}3 20-well plate (Becton
Dickinson)oll 1 mlE 53} 3704 24171 vl s}e]
THE WA T A GrE 242HA 338 AH3HS8]
t} Plates 80°CollA] 1A %= plate vt P2 <
kS 0.4% crystal violeto 2 AT FAE ke
AEZE Z43}7] Yol ethanol-acetone (95:5) 0.5 mIE ¥
3ty EAAZ1 2 200 ulE 96-well plate (Becton Dickinson)
2 71 570nmellA F3=E S453lth

T PGS FEgdnFd oz BEsy] 4% Age
Jabra-Rizk 5 W (17)& Wste] AAlESl=d 1
W2 b33} 2t} 6-well plate (Becton Dickinson)ol] H
% plastic microscope cover-slip (VWR, West Chester, PA,
USA)S €31 0.5% glucose”} &% TSB 4 mlol| A3
TE AFst] dAgAIZE vl st £ cover-slipS phosphate
buffered saline© 2 ZA]2~H A MZSFIL crystal violetO 2
AAste] Feten Fstel A ATt

w7 Gl T JTe e FHT
Congo red agar (CRA)YE AFE-3}3IT}E (11). CRAE 1 L9
brain heart infusion agar (Oxoid, Cambridg, UK)°ll 0.8 g2
congo red (Sigma), 36 g2 saccharose (Sigma)E 3 7}5}o] A|
zsllth AR5 AEskaL 37 ColA 2447F wjFat
of ¥ kel 54 wEsisith

e

4. 2L M (planktonic bacteria)ofl CHet ShtA| Zt4eAd
AAL

Aol tigk iAol HAAls = (MIC, minimum
inhibitory concentration)9} & AAr+t5
bactericidal concentration)i= Nishimura 52| W (25)°l

%= (MBC, minimum
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woto] Alsiolon, o e v g dAlE
MHBell 512 pg/mlol A 5-E] 2815 AlE3] A8t 96-well
platel] 100 W& F3FaL 1X10" cfumlZ |A¥ #Y 5
ulE HEsIlTh 24 A1 v ke §- o] Ad7do] dHEE A
Fe 5 MICRE #4381, MIC ©]/d2] 552 well
S TR Aol 24413 v Fste] MBCE 7 aith

&O

-

5.

BY]

o BN MBI ChSt SRR 24N HA

o]l FAdw Alatel tidk Al A A
Nishimura 5] ®'H (25)° Fsto] AAlstalon, 1w
2 Ut 2ok TSBolA] 24A13F v
oﬂ 1:1002.2 343} 4A17F 59k 377
3k % 0.5% glucose”} $H+¥ TSBO 1:1000.2 §]@13}
96-well platel] 200 plE =531t} 37914 24A|7F 0
sto] RS FAAIT T o WS Al 9, MHBO]
28R AlGE A g dhtAl] 200 pE BFEH Tk 244171
ARk F FatA7E S = A7kl daE A

Table 1. Association of biofilm production with slime production
in Staphylococcus aureus isolates from bacteremia patients

Tested strains  ODat570nm  Colony color on the CRA”

HO05-727 1.276 Bordeaux
HO05-735 1.093 Red
HO05-736 1.152 Bordeaux
HO05-749 2.489 Black
HO05-756 1.007 Bordeaux
HO05-764 1.367 Bordeaux
HO05-774 2.671 Black
HO05-877 1.499 Bordeaux
HO05-887 1.361 Bordeaux
H05-896 3.019 Black
HO05-914 1.472 Bordeaux
HO05-915 2.303 Black
HO05-916 3919 Black
HO05-918 2.305 Black
H05-929 1.347 Bordeaux
HO05-931 1.559 Bordeaux
HO05-932 1.105 Bordeaux
ATCC14458 1.622 Bordeaux
ATCC25923 2.725 Black
ATCC29213 1.562 Bordeaux

*
: congo red agar

HAHGE 7 wellell WL AuHE FAA1A Al
AEste]l 242 Mg 5 qre] gge] BEEA g
F2¥=EE MBCE et

Aol Foll gk 7o 452 Gallo 5] W
(12)& #3ato] *‘?ﬂﬂoﬂbtﬂ LS e 2

S| = titanium 35 (©]3}, Ti-EL)¥} cobalt-
chromium &3 (°]3}, Co-Cr) 241 & disc (A& 8 mm)=
e Hitdk & A5 12-well plate©]] discE €L
0.5% glucose”} gH+-¥ TSB 2 mE ¥38kaL & I3
T, 37ColA 2443t &3t v Feto] olls HEl §- saline
o 227 33 AlHE3ith DiscE 80Tl A=

Figure 1. Detection of glycocalyx formation ability of Staphy-
lococcus aureus isolated from bacteremia patients. S. aureus strains
were cultured on the congo red plates for 24 hrs, and colony
morphology was observed. (A) Black colonies of highly-slime-
producing S. aureus H05-749. (B) Bordeaux colonies of moderate-
slime-producing S. aureus H05-736. (C) Red colonies of non-
slime-producing S. aureus H05-735.
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ol A TS 04% crystal violetS

APA T A5
21 5 5 )
3 rotater (FINEPCR, Seoul, Korea)°ll 4] 20 ipm.2.
= Bxul ettt 24/ 3 Foll o v Al AL
N5 Z7ebaA 6243t mdet § discE A
2] 227 33] AlH3AH DiscE 804 71
ZA71 F dise ol FAE IS 0.4% crystal violet

jus)

Table 2. Minimum bactericidal concentration (MBC, pg/ml) of
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o= AAskgith
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1. PES BX0IA 22IE FMEEURO| B BYS

el gelloll o Fele w5

Table 3. Change of minimum bactericidal concentration (MIC,
pg/ml) of biofilm-forming sessile S. aureus ATCC 25923 with
the biofilm ages

Antimicrobial agents

planktonic bacteria (PB) and biofilm-forming bacteria (BB) of Biofilm age
S. aureus ATCC 25923 (hours) CAM CTX CMZ EM VCM PCG
Antiicrobial agents PB BB 0 1 4 2 4 2 4
Clarithromycin 1 >2080 2 <256 <256 <256 <256 <256 <256
Cefotaxime 4 >2080 4 <256 <256 <256 <256 <256 <256
Cefimetazole 2 >2080 6 512 512 256 1024 512 512
Erythromycin 4 >2080 8 2048 >4096 >4096 >4096 >4096 4096
Benzylpenicillin 2 >2080 10 >4096 >4096 >4096 >4096 >4096 >4096
Vancomycin 4 >2080 24 >4096 >4096 >4096 >4096 >4096 >4096
-
Y N
2h 4h 6h 8h 10h 24h
45
4
T T
35 —
E 3 -
E T
b 25 —
8
g 2 —
i% 15 L |
1 L —
0.5 I—I—‘ -
O | | L 1 1 L 1 1 1 ]
Ch 2h 3h 4h 6h 8h 10h 24h
Incubation Time (hour)

Figure 2. Biofilm formation kinetics of S. aureus ATCC 25923 in tryptic soy broth with 0.5% glucose. A photograph of typical crystal
violet-stained biofilms is shown at top of the panel and spectrophotometric results are charted with respect to time at the bottom of the panel.
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E3] H05-749, H05-774, H05-896, H05-915, H05-916, HO5- SFA o] et B4 tHF (polysaccharide)

9183} JFFTF ATCC 259239141 570 nmol|Al9] 3% &2 o]Fol7 gaZo] Ao AAFLL #8Z 3t

7} 23 oo vt o] v UL A e 7] GAEF A5 S CRA wiAolA mig
st A7 it Aol 7S S g2 e B
o] FAZ A IRIE = UATH (Fig. 1 Z Table 1)
e it YATE Bl AT Ui XETA] A
s HolE AEgS B

3. HiXIW FRAZ 2o ol gt 2S5 A2
MBC H|u

Al 3 HAel o] &-E= T ATCC 25923
4h o] weto] FAH A, A4F FrAll gk Wdee] ¥
" ] skE vlastr] 918l AN Al 7t A3
MBCZ B3 E B} Table 29} 28 Axts A9t
iAol i3k CAM, CTX, CMZ, EM, PCG 2 VCM2]
MBCE 1~4 pg/mlo|lon, wut FAdtel gk MBC=
>2080 pg/ml O = 1,000 o]4 Z7Fek A3kS Hit)

4,

Ll

o g9 Ao ME 8 g9d e Hat

1=
o

O& =

Ea‘ir%l T FA ARl wht ek At
A 2] MBCE FA}3] Table 39} 122
Btk w9t A 6AITE o] FHE] ZbE It Aof
MBC7} 256 pg/ml oo = Aol tigl iAo
B 4 dden, it A 8ARE o] FHEl =
ug/ml ©]42] MBCE H.3th

o @A) U] Wske} st FAdte] BAE
ZARE7] Q8 d9 84 AEE crystal violetS 2 A4
st A}, Fig. 29F 32o] wlF 6A17F $5-E] #ite] P4
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Figure 3. Microscopic photographs of S. aureus ATCC 25923 Figure 4. Microscopic photographs of biofilm of S. aures ATCC
incubated on the plastic cover-slips for 4, 5, 6, and 8 hrs (100 X 25923 incubated on the artificial bone surfaces for 24 hrs without
magnification). Arrow indicates the microcolony of S. aureus. shaking. Ti-ELi; titanium, Co-Cr; cobalt-chromium.
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Figure 5. Microscopic photographs of biofilm of S. aures ATCC 25923 incubated on the artificial bone surface for 1, 2, 4, and 6 days

with shaking (3 X magnification).
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