following thermal cycling profile: initial denaturation at 94°C for 5 min, the denaturation,
annealing, and extension reactions shown in Table 1 for 30 cycles (35 cycles for detection
of agri, agrll, agriil, and agriV), respectively, followed by final extension at 72°C for 7
min. PCR products were then analyzed by electrophoresis on a 2% agarose gel. After
electrophoresis, gels were stained with ethidium bromide (1 mg/l) and photographed
under a UV trans-illuminator. A 100-bp DNA Ladder (New England Biolabs, Beverly,
MA, USA) was used as a molecular size marker. The fragment sizes of each PCR product
are shown in Table 1.

Retrospective clinical study. We retrospectively reviewed the medical records of
the 109 patients and classified their UTI as catheter-related or catheter-unrelated,
polymicrobial or monomicrobial, and febrile or non-febrile cases. Febrile UTI was
defined as UTI in a patient with a bodf temperature of >38.0°C.

Statistical methods. Data are expressed as mean values * standard deviation

(SD). Comparison of ODs3 values between groups was carried out using Fisher’s exact
test or Mann-Whitney’s U test. All results were considered statistically significant at

the P<0.05 level.

Results

Biofilm formation. Of the 109 MRSA -isolates, 10 (9.2%), 31 (28.4%), 63
(57.8%), and 5 (4.6%) isolates exhibited strong (ODs7 20.5), medium (ODsy 20.2 to
<0.5), weak (ODs7 0 to <0.2), and no biofilm formation, respectively. The mean ODs7o of
the 109 isolates was 0.2410.18 (meantSD).

Presence of various genes in MRSA isolates. Of the 109 MRSA isolates, 79

(72.5%), 8 (7.3%), 21 (19.3%), 78 (71.6%), 89 (81.7%), 73 (67.0%), 79 (72.5%), 3 (2.8%),
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84 (77.1%), 6 (5.5%), 108 (99.1%), 1 (0.9%), 99 (90.8%), 2 (1.8%), and 0 (0%) isolates
possessed #st, sea, seb, sec, hla, hib, fnbA, fnbB, clfA, cna, icad, agrl, agrll, agrlll, and
agrlV, respectively (Fig. 1). Eight deterrﬁinants (tst, sec, hia, hib, fnbA, clfA, icad, and
agril) were found to be predominant among these isolates.

Relationshiﬁ between biofilm formation and several virulence deténninants. ‘
We evaluated the relationship between biofilm formation and the six predominant genes
of the MRSA isolates (Table 2). The six determinants were as follows: ts¢, encoding the
toxic shock syndrome toxin 1; sec, encoding the staphylococcal enterotoxin C; hia,
encoding the - toxin; hlbr, encoding the - toxin; fnbA, encoding the fibronectin-binding
protein A; and c/f4, encoding the fibrinogen-binding protein A, The other predominant
genes, icad of the intercellular adhesin locus and agri/ of the accessory gene regulator,
were excluded from the evaluation, since more than 90% of the MRSA isolates possessed
these genes (Fig. 1). As shown in Table 2, the mean ODsz value (meantSD) was
significantly higher in Al/b-"and fnbA-positive isolates than in A/b- and frbA-negative
isolates (P=0.0034 and P =0.0052, respectively). The value was also higher in
hla-positive isolates than A/a-negative isolates (P=0.0836). The pefcentage of hia-, hib-,
and fnbA-positive isolates was 45.6%, 57.4%, and 50% among those with ODsy, values of
0 to <0.2, 90.3%, 80.7%, and 83.9% among those with ODs7, values of 20.2 to <0.5; and
100%, 90.3%, and 90% among those with ODsy values of 20.5, respectively (Fig. 2). The
percentage of hla- and fhbA-positive isolates was significantly higher in the strong
biofilm-forming group than in the weak group (P=0.012, P =0.020), and the percentage of .‘
hib-positive isolates was higher in the strong biofilm-forming group than in the weak
group (P=0.079). We also evaluated the biofilm-forming capacities of MRSA isolates in
seven groups based on the presence/absence of Ala, hlb, and fnbA genes (Fig. 3). As

shown with a:box and whisker plot, the MRSA isolates with 3 or 2 combinations of A/a,



hib, and fnbA genes had greater capacities for biofilm formation than did those lacking
these three genes. The Mann-Whitney’s U test of two mean ODsyp values (meantSD),
0.3140.43 and 0.1510.01, in 62 hla-, hib-, fnbA-positive and 13 hla-, hib-, fnbA-negative
isolates, respectively, confirmed that MRSA isolates possessing Ala, hlb, and fnbA4 genes
together had significantly greater capacities for biofilm formation than did those lacking
| these three genes (P=0.0186).

Relationship between biofilm formation and clinical background. The 109
cases of UTI caused by MRSA consisted of 51 catheter-related (46.8%) and 58
catheter-unrelated cases (53.2%), 50 polymicrobial (45.9%) and 59 monomicrobial cases
(54.1%), and 21 febrile (19.3%) and 88 non-febrile cases (80.7%). The biofilm-forming
capacities of MRSA isolates from catheter-related cases were significantly greater than
those from catheter-unrelated cases (P=0.0162) (Table 2). As shown in Fig. 4, the
percentage of hla-, hib-, and fnbA-positive isolates was 88.2%, 72.5%, and 76.5%,
respectively, among MRSA isolates from catheter-related cases (n=51) and 75.9%, 60.3%,

and 70.7%, respectively, among those from catheter-unrelated cases (n=58).

Discussion

~ On our urology ward, 20% of UTI caused by MRSA are febrile and patients who
are asymptomatic are often observed without any intervention [4]. We breviously
- reported that the presence of both the tst and sec genes may be associated with the
incidence of febrile cases of UTI caused by MRSA [4]. MRSA isolated from urine rarely
causes serious infectious symptoms, but once this occurs, therapy is difficult. One reason
for this is that MRSA forms biofilms-in the unnary tract [16]. It is also difficult to

eradicate bacteria completely in patients with an indwelling urinary catheter and/or stent.



Therefore, it is important to understand biofilm formation and the pathogenicity of MRSA
infections in the urinary tract.

Biofilms are surface-associated, sessile bacterial communities. A mature biofilm
1s formed when planktonic cells initially colonize a surface, aggregate and/or grow into
multicellular colonies, and embed themselves in an exopolysaccharide matrix [6, 7). In
general, staphylococc.al cells embedded in a biofilm or in microcolonies are much more
resistant to antimicrobial agents than are planktonic cells [S]. Many patients with a
chronic staphylococcal infection have been treated with various antimicrobial agents,
mostly without much success. Genetic analyses of staphylococci have shown that the
progression of biofilm development consists of 2 steﬁé: initial cell-to-surface interactions
followed by cell-to-cell interactions [5, 11, 17].

S. aureus is especially capable of adhering to a large variety of matrix
components to initiate colonization [5]. ' This adhérence is frequently mediated by protein
adhesins of the family known as MSCRAMM (microbial surface components recognizing
adhesive matrix molecules). The collagen-binding protein, fibronectin-binding proteins,
and fibrinogen-binding proteiﬂs belong to this family. In this study, we analyzed the
presence of four determinants (b4, fmbB, clf4, and cna) encoding surface proteins
FnBPA, FnBPB, CIfA, and Cna, respectively. Of 109 MRSA isolates, 79 (72.5%), 3
(2.8%), 84 (77.1%), and 6 (5.5%) isolates possessed fnbd, fnbB, clfd, and cna,
respectively. Of the four determinants, fmbA and clf4 genes were predominant in the
isolates, and the fnbA-positive isolates had significantly greater capacities for biofilm
formation thén did the fnbA-negative isolates (P=0.0052) (Table 2). The percentage of 7
fnbA-positive isolates was higher among MRSA isolates from catheter-related cases than
those from catheter-unrelated cases (Fig. 4).

The ica locus, which is required for the synthesis of the polysaccharide
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intracellular adhesin (PIA) of staphylococci, plays a role in cell-to-cell interactions during
biofilm formation and is predominantly present in clinical isolates [5]. Our data showed
that 108 of 109 (99.1%) of MRSA isolates possessed icad. Only one isolate without the
icad gene possessed tst, sec, hla, hib, fnbA, and clf4, and the biofilm-forming capacity of
the icad-negative isolate was weak (ODsy value: 0.02). Even though the isolate does not
produce PIA, other surface-associated virulence factors may be overexpressed,
functionally compensating for the lack of PIA. Other factors, such as the autolysin, the
p-alanine esterification of teichoic acids, the accumulation-associated protein, and the like
that contribute to biofilm formation were described in a review article [5]). Previously
unknown factors, in particular adhesins, which have been identified by whole genome
sequencing of MRSA, may also contribute to biofilm formation [18]. |

Caiazza et al. [8] showed that Hla’, a 34-kDa protein that causes host cell lysis by
heptamerizing upon insertion into eukaryotic cell membranes, plays a role primarily in
cell-to-cell interactions during biofilm formation. The level of Hla correlates with the
level of biofilm formation. Caiazza ez al. [8] were initially surprised to find that a secreted
toxin had su(;h a dramatic impact on biofilm formation. In this study, we showed that the
biofilm-forming capacities of MRSA isolates were higher in #/a- and Alb-positive isolates
than in Ala- and Alb-negative isolates, respectively (P=0.0034, P=0.0836). Other
examples exist in which secreted toxins and enzymes may play a role in biofilm formation
[19, 20, 21, 22]. These toxins encoded by hla and hlb genes may be bifunctional enzymes
and éause tissue damage of urinary epithelium. The percentage of Ala- and A/b- positive
isolates was higher among MRSA isolates from catheter-related cases than those from
catheter-unrelated cases (Fig. 4).

Quorum sensing via the accessory gene regulator (agr) éystem has been assigned

a central role in the pathogenesis of staphylococci, particularly S. aureus [10, 11]. The agr
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system regulates a wide armay of | virulence factors, including those involved in
surface-associated virulence and biofilm formation [S, 7, 10, 11]. S. aureus strains can be
divided into 4 major groups based on ag‘r variations [10]. The relationship between agr
groups and clinical features has been reported [10, 23]; for instance, most menstrual TSS
strains belong to agf group I1I [24], all the strains causing leucocidin-induced necrotizing .
pneumonia belong to agr group III [25], mbst intermediate-level glycopeptide resistance
strains belong to agr group II [26], and most exfoliatin-producing strains belong to agr
group IV [27]. Our data showed that 99 of 109 (90.8 %) of the MRSA isolates belonged to
agr group II. We are unable to assess the relationship between agr group Il and UT], since
agr group II may be predominant in MRSA isolated in Japan, based on a database search
[18].

The epidemic of UTI caused by MRSA at the Okayama University Hospital
appears to be representative of the changing epidemiology of S. aureus throughout Japan
[4]. Molecular typing of MRSA isolates by random amplified polymorphic DNA and
pulsed-field gel electrophoresis analyses revealed no apparent clonality of these isolates in
the urology ward over a 10-year period. It is possible that the MRSA in the urology ward
originate from other wards in the hospital, other hospitals, or other communities. MRSA
| isolates that had previously been largely confined to hospitals have recently started
emerging in the outside community {28, 29, 30].

In this study, the biofilm-forming capacities of MRSA isolates from
catheter-related cases were significantly greater than those from catheter-unrelated cases |
(P=0.0162). Biofilm formation by staphylococci occurs not only with indwelling devices
but also in response to any bacterial factor that mediates adherence to components of the
extracellular matrix of the host [5]. Peacock et al. [15] reported that seven determinants

(fnbA, cna, sdrE, sej, eta, hig, and ica) of S. aureus were significantly more common in
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invasive isolates. No single factor predominated as the major predictor of virulence, and
their effects appeared to be cumulative. The relative importance of host factors Versus
bacterial virulence determinants in disease pathogenesis is unknown. Host factors for S.
aureus disease are likely to include a genetic predisposition via one or more susceptibility
genes and acquired factors such as the presence of intravenous devices, surgical wounds,

| and other events that perturb normal host defenses.
Taken together, our studies suggest that MRSA colonization and infection of the

urinary tract may be promoted by hla, Alb, and fnbA gene products.
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Legends to Figures

Fig. 1 Percentage of tst-, sea-, seb-, sec-, hla-, hib-, fnbA-, fnbB-, clfA-, cna-, icad-, agrl-,

agrll-, agrill-, and agrlV-positive isolates among MRSA isolates.

Fig. 2 Percentage of hla-‘, hlb-, and fnbA-positive isolates among MRSA isolates that
belong to the following three biofilm-forming groups: ODs7 G to <0.2 (weak biofilm
former), ODsz >0.2 to <0.5 (medium bioﬁlm former), and ODs7o éO.S (strong biofilm
former).

Bars: @, hla;, [, hib, B3, fmbA.

*P=0.012, **P=0.079, ***P=0.020 (Fisher’s exact test)

Fig. 3 Biofilm-forming capacities of MRSA isolates in seven groups based on the
presence/absence of hla, hib, and fnbA genes. ODszo values of the isolates in seven groups
are shown by the box and whiskers plot that is a five-number summary (upper extreme,
~ upper quartile, median, lower quartile, and lower extreme). The mean ODsyy values

(meantSD) in seven groups are also shown. *P=0.0186 (Mann-Whitney’s U test)

Fig. 4 Percentage of hla-, hib-, and fnbA-positive isolates among MRSA isolates, from
catheter-related cases (A), catheter-related polymicrobial cases (B), catheter-related
monomicrobial cases (C), catheter-unrelated cases (Dj, catheter-unrelated polymicrobial
cases (E), and catheter-unrelated monomicrobial cases (F).

Bars: B, hla; [, Alb; &3 fmbA.
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A 5% SEBREE RERE K

B. fEREA TR 15 FEERBIMEHER SHTAHEE
f%ﬁ%®ﬂ@ﬁﬁké§%@%ﬁ&%®%ﬁuowTGHAH%J

C. BIEHARRES -

- D. BFREHAE

TRISLARE BE 2 51T 2 FINATRIZRIT 5 @i @fﬁlﬂ%@ﬁiﬁ;ﬂ

REHEE (BvRREFAFTAESE - - 2R)

AXHE (BLURFXEREFRERSTRAPILREHES %)
FILHTF (BUAFEREREFFRESFERBRBFETE BF)
LR (BURFRFEREEFRSMENURSREE ER)

E. FEOES:

., QEROMAYBBIEDOH LU
SLLTAALFT 4 VARBSHERIRE X
hi-, Thix, HEE LT RENERD
RBICTELRE 2 EOREDHEE
SNCELE L= EHEICEBOE#BYCH
BHHEERYAENRTEREIND EPS
(Extracellular polymeric substance)
RN THREYPBEMan =— & R L.,
W OB ORE & 7 A M LRICHER

LAkRE LTEL ZREED—RThH

5. ZDOHE. EPS BMRAEMOfTE IR
TR TR, A F T4 b bV
B R L O L OB EEGHFZLPHEE
7 LI AEE LIRS L TEBERR
BRRETIZLITRD, ZOL5740
RN OB IRREL G, BEAMER. D
PekbiE, Rk, KE. ELTHRESZE
ML TEBRRZELEY, BEITE-
THRmITHE ISR A RBBCORBEL &
LBz EEedEThRl, BAFETE
U3 EcENeFtEoBtRERER
DRIELFORBIIBEE5T5ZLER5,
AL AT A NLETRTHMEE L
T, BHCEEAROREICHREEYRT
7T ABMLVTRERT T ARERE
ofiz, BE, BHEE, BARE. M
RIRE, RATFUKRE, SRE. £L
TEZFTEZELERETD, ZOX)
REREOBENLABNICZERHEND
BEIiIE., BRLEEEDHECETALA

BERNERBAEG E RS> TWBHREET -

T <, BEROME BRI THIE
HADETRERE<EDL-TWDH, &
% 2 EROBAEBFEHEIZLSVTENE
FERE O OEREDBE RN LZFER,
Candida albicans H’tEYaH T 38% L &=
Ik &, E£7- Enterobacter cloacae
LERP T 16% EmBICBREB ST,
Klebsiella pneumoniae { 9 % )} .
Pseudomonas sp. (12%) b X7,
BT H DI Staphylococcus aureus
(MRSA; MSSA) bR CRiHahiz, ®ia
WE & e oMEEBEIC OWNTRE LA
R, 20 ZU LoEEFTIENERS
FHh bk, C albicans, Pseudomonas sp.,
MSSA MEHBEOREBE LY MRIIRH S
i, £+ IZ Pseudomonas sp. 23R
HEN-ES#EmERE cs T, 1019
EOEAETAEBREOVBEREAT
HE1E (T1%) X, BERHEL 1-9EDH
& (13%., 25%) ICH_FREICEHWE
BEALMERo, Fie, 20 KL EDOR
ghHE (40%) LY LEEThHoT,

PEDZ M, BIEIZZALOMED
B TWAEDIEPELRLOOHD
BBE TR, £28KB~D) AT BEW
BEREZLND, UL, ZOBRKIM
& ) AT RIC fﬁ’%ﬂ’]k BELT
WA REFKBIES LERRTDH
HEEMREETE T, BRLTVWLA
PO & OER P EERUCHITTE
ZAZELIRETHD, £IT. TED
FIRERAOEEFEBREREL TORE
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