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RFf]) 18, Sleep Efficiency (Total steep/
LRI O, Stage | OWADET
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41k, BEEERC 82.5 nin (27.7%),
FIEFFETCIT 123.5 min (35.8%) DFIET
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%L REM sleep DILRITHD L, WIRILE
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Staphylococci have been confirmed to form biofilms on various biomaterials. The
purpose of this study was to investigate biofilm formation among methicillin-resistant
Staphylococcus aureus (MRSA) isolates from patients with urinary tract infection (UTI)
and to assess the relationship between biofilm-forming capacities and virulence
determinants/clinical background. Over a 12-year period from 1990 through 2001, a total
of 109 MRSA isolates were collected from patients (one isolate per patient) with UTI at
the urology ward of Okayama University Hospital. We used the in vitro microtiter plate
assay to quantify biofilm formation. We then investigated the presence of several
virulence determinants by polymerase chain reaction assay and found eight determinants
(tst, sec, hia, hib, fnbA, clfd, icaA, and agril) to be predominant among these isolates,
Enhanced biofilm formation was confirmed in hla-, hlb-, and fnbA-positive MRSA
isolates, both individually and in corﬁbination. Upon review of the associated medical
records, we concluded that the bioﬁlm—formihg capacities‘ of MRSA isolates from
catheter-related cases were significantly greater than those from catheter-unrelated cases.
The percentage of hla-, hib-, and fnbA-positive isolates was higher among MRSA isola;tes
from catheter-related cases than those from catheter-unrelated cases. Our studies suggest
that MRSA colonization and infection of the urinary tract may be promoted by hla, hib,

and fnbA gene products.

Key words: methicillin-resistant Staphylococcus aureus, urinary tract infection, biofilm |

formation
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Methicillin-resistant Staphylécoccus aureus (MRSA) has been iaentiﬁed as a
major pathogen in nosocomial infections [1,‘ 2]. The percentage of MRSA among
nosocomial S, aureus isolates in Japan is estimated to be 50% to 70% [3]. The incidence
of urinary tract infection (UTI) caused by MRSA is increasing because patients are more
frequently fitted with various urinary stents and catheters as endourology progresses -
technologically [4]. |

Staphylococci, including S. aureus, are known to form biofilms on various
biomaterials [S]. These organisms can persist in clinical settings and gain increased
resistance to antimicrobiai agents through biofilm formation that appears to be a bacterial
survival strategy [6, 7]. Therefore, biofilms formed by MRSA have become resistant to
most available antimicrobial agents. The polysaccharide intracellular adhesin (PIA),
encoded by ica genes, has been shown to be required for biofilm formation by
staphylococci [5]. More recently, a-toxin (Hla) has also been shown to play an integral
role in biofilm formation [8]. The pathogenesis of S. aureus is attributed to the combined
effects of extracellular factors and toxins, together with invasive properties such as
adherence, biofilm formation, and resistance to phagocytosis.

S. aureus secretes a plethora of virulence factors such as toxins and enzymes [9],
some of which cause particular diseases. For example, toxic shock syndrome tdxin-l
(TSST-1) causes toxic shock syndrome (TSS) and staphylococcal entero_toxins (SEA, SEB,
SEC, efc.) cause food poisoning, TSST-1 and SEs are known as superantigens. S. aureus
also produces a number of cytotoxic molecules that include four hemolysins (a- [Hla], - .‘
[HIb], 8- [Hld], and y- [Hlg] toxins). Production of these virulence factors in S. aureus is
carefully controlled in response to cell density (quorurmn sensing), energy availability, and

“environmental signals by accessory gene regulators including Agr, Sar, Sae, and others

[10]). - These global regulators also control surface proteins (adhesins), such as two
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fibronectin-binding proteins A and B (FnBPA and FnBPB), two ﬁbrinogen-binding
proteins known as clumping factors A and B (CIfA and CIfB), and a coilagen—binding
protein (Cna), which are responsible for the adherence, colonization, and biofilm
formation of MRSA isolates [5, 7,-10, 11]. However, no clear mechanism has been
elucidated for biofilm formation and pathogenicity of S. aureus infections of the urinary

tract.

In the present study, we investigated the relationship between biofilm-forming
capacities and virulence determinants/clinical background of 109 MRSA isolates collected
from patients with UTI over a 12-year period from 1990 to 2001 at the Department of
Urology, Okayama University Hospital. We analyzed the presence of genes encoding
superantigens (st, sec, sea, seb), hemolysins (hla, hib), surface proteins (fnbA4, fhbB, cif4,
cna), PIA (icad), and global regulators (agr!, agrll, agrill, and agrlV subgroup) in the

MRSA isolates and retrospectively reviewed the associated medical records.

Materials and Methods

Bacterial isolates. The bacterial isolates used in this study were MRSA isolated
from patients with UTI at the Department of Urology, Okayama University Hospital, over
a 12-year period from 1990 through 2001. A total of 109 isolates that grew to >10*
CFU/ml in urinary culture were selected for this study. All 109 patients (one {solate per

- patient) had documcnted pyuria (WBC >5/hpf). MRSA was defined as an S. aureus
isolate possessing the mecA gene [4].

Biofiim formation assay. MRSA isolates were grown overnight at 37°C in brain

heart infusion broth supplemented with 2% glucbse and 2% sucrose [12]. The culture was

diluted 1:100 in medium, and 150 pl of this cell suspension was used to inoculate sterile



ﬂat-ﬁoﬁomed 96-well polystyrene‘microtiter plates (Corning Inc., Corning, NY, USA).
After 48 h at 37°C without shaking, wells were gently washed three times with 300 pl of
distilled water, dried in an inverted position, and stained with 300 pl of 2% crystal violet
solution in water for 45 min. After staining, plates were washed three times with distilled
water. Quantitative analysis of biofilm production was performed by adding 200 pl of
ethanol-acetic acid (95:5, vol/vol) to destain the wells. One hundred microliters from each
well was transferred to a new microtiter plate, and the level (optical density; OD) of
crystal violet present in the destaining soiution was measured at 570 nm using a microtiter
plate reader (Seikagaku Co., Tokyo, Japan). Each assay was performed in triplicate. Asa
control, uninoculated medium was used to determine background OD. The mean ODsy
value from the control wells was subtracted from the mean OD;;, value of tested wells.
Polymerase chain reaction (PCR) assay. PCR assays were performed to detect
various genes in the MRSA isolates. The primers and PCR conditions used in this study
are summarized in Table 1. Total cellular DNA was prepared as follows: 0.5 m] of MRSA
culture, grown ovemnight in brain heart infusion broth (Nissui, Tokyo, Japan), was
centrifuged, and the pellet was resuspended in 50 ul of InstaGene (Bio-Rad Laboratories,
Hercules, CA, USA). After the suspension was heated for 10 min at 100°C, 2.5 ul (or 5 pl
for detection of agrl, agril, agrill, and agriV) of the supernatant was mixed with 22.5 pl
(or 20 pl for detection of agr!, agril, agrlil, and agrlV) of premade reaction mixture to
start the reaction. The primer pairs (2.5 pmol) for tst, sea, seb, sec, hla, hib, fnbA, bB,
clf4, cna, and icad, and those (5 pmol) for agrl, agrll, agril, and agriV were added to the
respective reaction mixtures. The 25-ul reaction volume contained 10 mM Tris-HCI (pH
8.3), 50 mM KCli, MgCl; (concentrations shown in Table 1), 0.2 mM of each
deoxynucleotide triphosphate (dATP, dCTP, dGTP, and dTTP), and 0.625 U of Tag DNA

polymerase (Takara Shuzo, Shiga, Japan). DNA amplification was carried out using the
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