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Post—-operative Infection by Pathogenic Micro—
organisms in the Oral Cavity of Patients with
Prostatic Carcinoma

H Senpuku!, A Tada?, S Uehara®, R Kariyama®, H Kumon?®
1Department of Bacteriology, National Institute of Infectious Diseases, Tokyo, Japan; 2Chiba City Health Centre, Chiba,
Japan; 3'4'50kayama University Graduate Schoal of Medicine and Dentistry, Okayama, Japan

The aim of this study was to analyse the change in the oral cavity
microflora of 14 patients who had undergone a radical
prostatectomy for prostatic carcinoma. The detection of micro-
organisms in the oral cavity was compared before and after the
surgical procedure. Post-operative infection, defined as those
patients who had increased Candida species counts and/or
pathogenic bacteria only at the post-operative examination, was
observed in 10 patients. Six patients showed increased Candida
species counts at the post-operative examination compared with
the pre-operative examination. In five patients, pathogenic bacterial
species were detected at the post-operative examination but not at
the pre-operative examination. One patient had detectable
pathogenic bacterial species only at the post-operative
examination along with increased Candida species counts. Our
findings suggest that pre-operative oral hygiene to remove
bacterial and Candida species from patients who are scheduled for
surgical procedures is important for satisfactory clinical outcomes.
KEY WORDS: PROSTATIC CARCINOMA; OPPORTUNISTIC INFECTION; ORAL CAVITY;
SURGERY; CANDIDA SPECIES

Introduction

In recent years, a new concept in micro-organism infection -biofilm
infection =has been proposed.! Oral micro-organisms that attach to tooth
or oral tissue surfaces aggregate in a hydrated extracellular polymeric
substance (EPS) of their own synthesis to form biofilms, in which the
micro-organisms colonize and coat the surface of the tooth or oral
tissues.2 Biofilms constitute a protected mode of growth that allows micro-
organisms to survive in hostile environments, such as those containing

antibiotics and when under attack from the immune system.%_As a result,
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biofilms can be the cause of many persistent and chronic infections.2

Persistent oral infection has been thought to be the cause of infection and
chronic inflammatory disease of various organs via periodontal tissue, oral

membranes, the tonsils, the airway and the oesophagus.®-2
Oral biofilms in elderly people harbour opportunistic pathogens (such as
Enterobacter species, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Serratia marcescens and Candida species, as well as commensal
bacterial species including Gram-positive streptococci) causing dental

caries and periodontal disease.>* Several reports have suggested a
relationship between decreased immunity and opportunistic infection of

the oral cavity.2-Z
Colonization of the oral cavity by pathogenic bacteria increases the risk of

systemic disease, such as pneumonia and bacteraemia, ™8 and infections
can occur at non-operated sites in immunocompromised people after

surgery. 212 |nfection of the oral cavity could, therefore, be expected to
occur after surgery at other sites within the body.

We performed this pilot study to investigate the pathogenic infection of the
oral cavity in patients with prostatic carcinoma before and after they
underwent a radical prostatectomy.

Patients and methods

PATIENTS

Subjects were patients with prostatic carcinoma who underwent radical
prostatectomy at Okayama University Hospital (Okayama, Japan)
between July 2002 and January 2004. Prior to the study, the study aims,
design and procedures were explained, and informed consent was
obtained from each patient. Ethical approval was not required for this
study. As surgical prophylaxis, 1.5 g of ampicillin sulbactam or 1.0 g of
cefazolin was given immediately before surgery, and the same
antimicrobial agent at the same dosage was administered after surgery if
the procedure had taken longer than 240 min. Ampicillin sulbactam or
cefazolin, at the same dosage, was administered on the night of the
surgical procedure and twice daily for 2 days post-operatively. Patients
were starved overnight prior to the operation and they resumed normal
eating and drinking from the day after the operation. None of the patients
had undergone radiotherapy or chemotherapy.

BACTERIAL EXAMINATION

Supragingival plague samples were collected from the postero-anterior
buccal surface of the upper right second premolar and first molar using a
cotton swab (Seedswab No. 1; Eiken, Tokyo, Japan) at 1 day before and
3 days after surgery. Sampling was performed by a doctor from the
Urology Section (Okayama University Hospital) who had undergone
training in the plaque sampling technique. Plaque samples were placed
into transport fluid (0.4% agar and 0.15% thioglycollate/phosphate
buffered saline) and transported to the Bio Medical Laboratory (Tokyo,
Japan) for analysis to detect the following bacterial species: Acinetobacter
species, Citrobacter diversus, Citrobacter freundii, Enterobacter
agglomerans, Enterobacter cloacae, Escherichia coli, Haemophilus
parainfluenzae, Klebsiella oxytoca, K. pneumoniae, methicillin-resistant
Staphylococcus aureus (MRSA), methicillin-sensitive Staphylococcus
aureus (MSSA), P. aeruginosa, Proteus mirabilis, S. marcescens,
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Streptococcus agalactiae and Stenotrophomonas maltophilia. Each
plague sample was placed directly onto chocolate, OPA Staphylococcus
and Drigalski agar plates (Nippon Becton Dickinson, Kobe, Japan) using a
stick. The plates were incubated in an atmosphere of 5% CO, in H, at 37

—~C for 24 -48 h. Representative microbial colonies from each plate were
Gram stained and isolated by identification of their characteristic

appearance, as well as by haemolytic, catalytic and oxidase reaction.!
Isolates were suspended in 1 mi of 0.5% saline, gently shaken and tested
in microbial detection kits (VITEK; BioMEfieux Vitek Japan, Tokyo,

Japan).3® With regard to Candida species, quantitative analysis was
performed by using fresh plaque samples from the swab, which were
gently shaken in 3 ml of phosphate buffered saline for 5 min. The plaque
samples were inoculated onto sabouraud dextrose agar plates using the
EDDY JET spiral plating system (UL, S.A. Torrent, Spain) and incubated
for 48 h at 35—C to count Candida species colonies, which were identified
by their characteristic morphological appearance and colour.

STATISTICAL ANALYSIS

The X2 test was used to assess statistical significance when comparing
numbers for different categories. Differences at the P < 0.05 level were
considered statistically significant. SPSS for Windows (Version 10.0,
Chicago, IL, USA) was used for all statistical analyses.

Results

PATIENT CHARACTERISTICS

The clinical and surgical characteristics of the 14 patients enrolied in this
study are shown in Table 1. The average age of the patients was 65.5
years (50 59 years, n = 3; 60 -69 years, n=6; 70 -79 years, n = 5).
Seven patients had complications (hypertension, n = 5; diabetes mellitus,
n = 3; angina pectoris, n = 1; and pulmonary emphysema, n = 1). Radical
prostatectomy was performed via an open (n = 10) or laparoscopic (n = 4)
operation. The duration of surgery was between 175 and 380 min (mean,
284 min).

ORAL MICROFLORA PRE- AND POST-SURGERY

Micro-organisms detected in the oral cavities of patients in this study are
post-operative examinations was 35.7% (five of 14) and 57.1% (eight of
14), respectively. After surgery, six patients (42.9%) showed a logarithmic
increase in Candida species counts (measured as colony-forming units
[CFUY]). Before surgery, three patients (21.4%) possessed pathogenic
bacterial species in oral cavities. Of 11 patients who did not have
pathogenic bacterial species in their oral cavities at the pre-operative
examination, five patients had pathogenic bacteria (E. cloacae, n = 2; P.
aeruginosa, n = 1; Acinetobacter species, n = 1; C. freundii, n=1; K.
pneumoniae, n = 1 and coagulase-negative Staphylococcus species, n =
1) at the post-operative examination. Of these five patients, four did not
show increased CFU counts of Candida species at the post-operative
examination. In one patient {patient 8), E. cloacae and K. pneumoniae
were detected only at the post-operative examination along with
increased Candida species counts.
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POST-OPERATIVE INFECTION AND THE RELATIONSHIP WITH AGE,
COMPLICATIONS AND DURATION OF SURGERY

As shown in Table 3, the distribution of patients who demonstrated
increased Candida species counts, or who had detectable pathogenic
bacterial species only at the post-operative examination, was investigated
with regard to relationship to age, presence of complication(s) and
duration of surgery. No significant differences were observed between the
two groups within each category.

Discussion

Candida species and pathogenic bacterial species were detected more
frequently at the post-operative examination than at the pre-operative
examination. These micro-organisms have been reported to cause
opportunistic infections. 14218 Decreased immunity may result in infection

by these micro-organisms, and surgical procedures are thought to

increase the risk of infection by decreasing immunity.@ﬂ--Q Radical
prostatectomy may decrease the immune function of patients, resulting in
a change in their oral microflora; in addition, long-term administration of
antibiotics may also cause opportunistic infections. In this study, each
post-operative examination was performed 3 days after the operation in
order to minimize the effects of prophylactic antibiotics. Infection was not
considered to be a direct result of the surgery because of the distance
between the operation site and the oral cavity.
Cross-sectional studies have reported that opportunistic infections of the
oral cavity occur in people who seem to have a decreased immune
function. Candida species levels were higher in the oral cavities of

19

critically ill patients than in women who were considered to be healthy .+

Smith et al.2% reported that coagulase-negative Staphylococcus species
emerged in many debilitated elderly patients and in those with oral Crohn
Fi disease. The nutritional status has also been reported to be related to

the detection of MRSA.Z-»Senpuku et al.? found that several pathogenic
micro-organisms were isolated at a significantly higher rate in functionally
dependent elderly people with heart disease than in those that were
functionally independent. A longitudinal study investigating the
relationship between oral micro-organisms and general health has not
been performed. This is the first report to examine the change in oral
cavity microfiora before and after surgery involving organs that are not in
the oropharyngeal region. Our study provides novel information about the
influence of surgery on oral microflora.

increased Candida species counts were not observed at the post-
operative examination in the majority of patients who demonstrated
detectable pathogenic bacterial species at the post-operative
examination. One patient had detectable levels of E. cloacae and K.
pneumoniae at the post-operative examination along with increased
Candida species counts, which suggested that the optimal condition for
Candida species growth was probably different to that preferred by
pathogenic bacterial species. The growth of oral microfiora is likely to be
dependent on the condition of the oral cavity.

Micro-organisms detected at the post-operative examination in this study
have been reported to cause bacteraemia and several diseases in other

organs via transmission through the bloodstream.2%22 In the case of
patients with periodontal disease, these micro-organisms in the oral cavity
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can invade in the bloodstream by gingival bleeding, and a relationship
between septicaemia and periodontitis has been suggested.#3-:25 Micro-
organisms such as Candida species, P. aeruginosa, Acinetobacter

species, K. pneumoniae, and C. freundii in the oral cavity might cause

pneumonia by aspiration.?® Furthermore, micro-organisms detected in

this study have been reported to cause nosocomial infection.24:28 An
antiseptic decontamination of the dental plaque with a 0.2% chlorhexidine
gel decreased dental bacterial colonization and reduced the incidence of

nosocomial infection in intensive care unit patients exposed to mechanical

ventilation.?2 Considerable attention needs to be paid to oral biofilms and

the oral hygiene of patients prior to surgery, even when the surgical site is
some distance from the oral cavity. Our study suggests that good oral
care of patients who are scheduled for surgery is important for satisfactory
post-operative management.
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Table 1 Characterization of subjects

No Age Complication Sliiizgsn gﬁle;?;?::)
1 63 No Open 265
2 T4 No Laparoscopy 270
3 64 No Open 250
4 gg ~ Llypertension Open 300
Angina pectoris
5 67 No Laparoscopy 3565
6 70 Diabetic mellitus Open 2565
Hypertension
T o) Diyefbetic mellitus Laparoscopy 380
Hypertension
8 “ Pl};lpmonary emphysema Open 175
9 50 No Laparoscopy 380
10 72 No Open 375
11 73 Hypertension Open 255
12 66 Hypertension Open 2456
13 63 Diabetic mellitus Open 245
14 54 No Open 220

Table 3 Distribution of subjects with postoperative infection by age,
complications and operation time

Categories Number of subjects (%) P-value
Age
<69 6 (66.7)
0.597
>70 4 (80.0)
Complications
No 4 (57.1) 0.239
Yes 6 (85.7) B
Operation time (min)
<300 6 (66.7)
0.597
>300 4 (80.0)
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Clinical Implications of Biofilm Formation by
Enterococcus faecalis in the Urinary Tract

Yuko Seno, Reiko Kariyama*, Ritsuko Mitsuhata,
Koichi Monden, and Hiromi Kumon

Department of Urology, Okayama University Graduate School of
Medicine and Deniistry, Okayama 700-8558, Japan

The potential relationships between biofilm formation and pathogenicity of Enferococcus faecalis
in urinary tract infections (UTI) were investigated. Over a 12-year period from 1991 through 2002,
a total of 352 E. faecalis isolates were collected from patients with complicated UTI (one isolate per
patient) at the urology ward of Okayama University Hospital. We analyzed the prevalence and
transferability of genes encoding virulence factors (asal, esp, cyld, gelE/sprE) and antimicrobial
resistance (aac(6’)/ aph(2’’)). The production of biofilm, hemolysin and gelatinase by these isolates
was also examined and the associated medical records of patients were retrospectively reviewed. Of
352 E. faecalis isolates, 315 possessed asal and/or esp genes. Of the 63 hemolysin- and 167
gelatinase-producing isolates, 59 and 94 isolates, respectively, possessed both asal and esp genes.
E. faecalis isolates with both asal and esp genes formed biofilms at significantly higher rates than
those with neither gene (P = 0.038). The genes encoding asal, cyld and aac(6’)/aph(2’’) were
transferable and appeared to have accumulated in these isolates. The E. faecalis isolates possessing
asal and/or esp genes were found from both catheter-related or -unrelated UTI. Our study
indicates that E. faecalis isolates that have accumulated virulence genes are apt to form persistent
biofilms in the urinary tract.

Key words: Enterococcus faecalis, urinary tract infection, biofilm formation, pathogenicity, gene transfer

nkerococcus faecalis is a normal commensal in the  having both hemolytic and bactericidal activity, and

human intestinal flora but can lead to nosocomial
infections [1-5]. Although the pathogenicity of E.
Jaecalis in the urinary tract is not considered high, E.
faecalis has been isolated from the urinary tract at increas-
ing frequencies: up to 20% of urinary isolates in some
reports [6-8]. Several virulence factors have been
described in E. faecalis, including aggregation substance
(Agg), enterococcal surface protein (Esp), cytolysin (Cyl)

Received November 12, 2004; accepted December 14, 2004,
*Corresponding author. Phone: +81-86-223-7151; Fax:+81-86-231-3986
E-mail : kariyama @ md.okayama-u.ac.jp (R. Kariyama)

gelatinase (Gel) [1, 3, 4]. These factors have been
thought to act synergistically to enhance virulence by
facilitating achievement of a quorum and activating the
quorum-sensing mode of regulation, resulting in tissue
damage and potentially deeper tissue invasion [1, 9-12].
Recent studies have shown that enterococel form biofilms
and that the E. faecalis fsr quorum-sensing system
controls biofilm development [13-17].

Agg Is a surface protein expressed by the asal gene,
which is located on pheromone-responsive E. faecalis
plasmids [18, 19]. It is produced in response to pher-
omones secreted by potential recipient E. faecalis cells,
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and causes the aggregation of donor and recipient cells,
thereby facilitating the transfer of plasmids that may carry
virulence traits and antibiotic resistance genes [18, 19].
Agg may also play an important role in the onset of
enterococcal infection by facilitating the adherence of
enterococel to cardiac vegetations as well as to the
epithelial cells of the intestine, kidney and urinary tract
[1]. Esp encoded by the chromosomal esp is associated
with increased virulence, colonization and persistence in
the urinary tract, along with biofilm formation [1, 13,
17, 20, 21]. The production of Cyl has also been shown
to significantly worsen the severity of endocarditis and
endophthalmitis in animal models as well as to contribute
to the severity of enterococcal disease in humans [1, 22].
Cyl is either encoded within pheromone-responsive plas-
mids or on the chromosome within pathogenicity islands
and is transcribed as an operon that contains at least 5
genes including cylA [1, 22]. Gel, encoded by the
chromosomal gelE, is an extracellular zinc-
metalloprotease that hydrolyzes collagen, gelatin, and
small peptides and that has been shown to exacerbate
endocarditis in an animal model [1].

In the present study, we investigated the potential
relationships between biofilm formation and clinical impli-
cations of E. faecalis isolates in the urinary tract. Over
a 12-year period from 1991 through 2002, a total of 352
E. faecalis isolates were collected from patients with
complicated urinary tract infection (UTT) at the urology
ward of Okayama University Hospital. We analyzed the
prevalence and transferability of genes encoding virulence
factors (asal, esp, cylA, gelE/sprE) and antimicrobial
resistance (aac(6’)/ aph(2”)). In addition, the production

Acta Med. Okayama Vol. 59, No. 3

by these isolates of biofilm and extracellular enzymes,

hemolysin (Hln) and Gel was examined, and the associat-

ed medical records of the patients were retrospectively .
reviewed. The data were summarized in 4 groups based

on the presence/absence of asal and esp genes encoding

enterococcal adhesins, Agg and Esp, respectively.

Materials and Methods

Bacterial isolates from patients with UTL
The E. faecalis bacterial isolates used in this study were
isolated from patients with complicated UTI at the
Department of Urology, Okayama University Hospital,
over a 12-year period from 1991 through 2002. A total
of 352 isolates that grew to = 10* CFU/ml in urinary
culture were selected for this study. All 352 patients (one
isolate per patient) had documented pyuria (WBC =5/
hpf).

Polymerase chain reaction (PCR) assay.
The presence of asal, esp, cylA gelE/sprE and
aac(6’)/ aph(2”), which encode Agg, Esp, Cyl, Gel/
serine protease and gentamicin resistance, respectively,
was confirmed by PCR assay. The primers and PCR
conditions used in this study are summarized in Table 1.
Multiplex PCR assay was used to detect the asal and
cylA genes using primers reported by Huycke et al
[23]. Primers reported by Shankar et al. [20] were
used for amplification within the N-terminal region of esp.
Primers reported by Nakayama et al. [24] and Van de
Klundert et al. [25] were used to amplify gelF/sprE
and  aac(6’)/aph(2”) genes, respectively. DNA
amplification was carried out by the method of Kariyama

Table 1 PCR primers and conditions used in this study
) Product PCR conditions
Primer Primer sequences length initial Final Reference
specificity nitia . ina
[bp] denaturation Cycling Cycle extention
F: 5-GATTCTTCGATTGTGTTGTAAACG-3' . o I min, 95°C; | min, . .
asal R: 5-GGTGCCACAATCAAATTAGG-3' 380 2min 95°C ygec ymin, 720¢ 3> 10min 72C 23
F: 5-TTGCTAATGCTAGTCCACGACC-3' . o 45sec, 94°C; 45 sec, ‘ )
esp R: 5-GOGTCAACACTTGCATTGCCGAA-3 020 2min 95°C eaee o min, 727¢ S0 Tmim 72°C 20
F: 5-GGGGATTGATAGGCTTCATCC-3' Lmin 95°C: | min
cylA R: 5GCACCGACGGTAATTACAGACTCTAG 432 2min, 95°C , 0 > 00 35 omin, 72°C 23
TCCTCC-3 ' '
F: 5-ATGAAGGGAAATAABATTTTATAC-3' . . 30sec, 94°C; 30 sec, . .
gelE/SDE R 5 CTGCTGGCACAGCGGATA-3' 2028 zmin, 94°C yoec 3min, 72¢ 0 omim 72T
sac(6)/ apn(z) T 5 -CCAAGAGCAATAAGGGCATA 3 220 Smin sacc LMD ST bmin, oo L -

R: 5.CACTATCATAACCACTACCG-3'

55°C; I 'min, 72°C
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et al. [26]. Briefly, total cellular DNA was prepared as
follows: 0.5 ml of E. faecalis culture, grown overnight in
Todd Hewitt broth (Becton Dickinson and Company,
Sparks, MD, USA), was centrifuged, and the pellet was
resuspended in 50 x4l of InstaGene (Bio-Rad Labora-
tories, Hercules, CA, USA). After the suspension was
heated for 10 min at 100°C, 2.5 ul of the supernatant
was mixed with 22.5 4l of prepared reaction mixture to
start the reaction. The primer pairs were added to the
respective reaction mixtures. The 25-u! reaction volume
contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5
mM MgCl,, 0.2mM of each deoxynucleotide triphos-
phate (dATP, dCTP, dGTP, and dTTP), and 0.625 U
of Tag DNA polymerase (Takara Shuzo, Shiga, Japan).
PCR products were analyzed by electrophoresis on a 2%
agarose gel. After electrophoresis, gels were stained with
ethidium bromide (1 mg/!1) 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 PCR products are
shown in Table 1.

Detection of hemolysin-producing isolate.
Production of hemolysin was determined by plating E.
Jfaecalis isolates onto Todd Hewitt agar plates supplement-
ed with 5% rabbit blood and incubated at 37 °C for 48 h.
When hemolysis was observed on the plate at 48 h, the
isolate was considered a hemolysin-producing isolate.

Detection of gelatinase-producing isolate.
Production of gelatinase was determined by the method of
Su et al. [27]. A transparent halo around colonies after
exposure to a solution saturated with ammonium sulfate
on the surface of the medium was considered a gelatinase-
positive response.

Biofilm formation assay. E. faecalis isolates
were grown overnight at 37°C in tryptic soy broth
supplemented with 0.25% glucose | 15]. The culture was
diluted 1:100 in medium, and 200 w1 of this cell suspen-
sion was used to inoculate sterile flat-bottomed 96-well
polystyrene microtiter plates (Corning Inc., Corning,
NY, USA). After 24 h at 37 °C without shaking, wells
were gently washed three times with 300 ul of distilled
water, dried in an inverted position, and stained with 300
sl of 2% crystal violet solution in water for 45 min.
After staining, plates were washed 3 times with distilled
water. Quantitative analysis of biofilm production was
performed by adding 300 1 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,
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and the level (optical density; OD) of crystal violet
present in the destaining solution was measured at 570 nm
using a microtiter plate reader (Seikagaku Co., Tokyo,
Japan). Each assay was performed in triplicate. As a
control, uninoculated medium was used to determine
background OD. The mean ODs;, value from the control
wells was subtracted from the mean QD5 value of tested
wells.

Conjugative transfer experiments. Mating
experiments were performed by the method of Clewell et
al. [28]. Fach of 43 E. faecalis isolates possessing the
3 genes asal, cylA and aac(6)/aph(2”) was used as
donor, and E. faecalis FA2-2 (rifampicin and fusidic
acid resistance) was used as recipient. Broth matings
were performed with a donor/recipient ratio of 1:10.
Overnight cultures of 0.05ml of donor and 0.5ml of
recipient were added to 4.5 ml of fresh broth, and the
mixtures were incubated at 37 °C with gentle agitation for
4h. Portions (0.1 ml) of the mixed and diluted culture
were then plated on Todd Hewitt agar plates with appro-
priate selective antibiotics. Transconjugants were selected
on Todd Hewitt agar plates supplemented with 500 g of
gentamicin/ml and 25 g of rifampicin and fusidic acid/
ml. Colonies were counted after 48 h of incubation at 37
°C. Separate platings where donors alone were selected
provided a basis for estimating the transfer frequency (per
donor). Filter matings were also carried out. Overnight
cultures of 0.1 ml of donor and 1 ml of recipient were
added to 9ml of fresh broth, and the mixtures were
immediately collected on a membrane (25 mm width 0.45
um pore size filter, type HA; Millipore Corp., Billerica,
MA, USA), which was inverted onto the surface of a
Todd Hewitt agar plate supplemented with 4% horse
blood. After incubation at 37 °C for 20 h, the cells were
suspended in 1 ml of Todd Hewitt broth. The subsequent
procedure was the same as that for broth matings.
Transfer frequencies were calculated as the number of
transconjugants per donor cell.

Retrospective clinical study. We retrospec-
tively reviewed the medical records of the 352 patients
whose characteristics were summarized in Table 2 and
classified their UTI as -catheter-related or catheter-
unrelated, polymicrobial or monomicrobial, and febrile or
non-febrile cases. Febrile UT] was defined as UT] in a
patient with a body temperature of > 37.0 °C.

Statistical methods. Data are expressed as
mean values + standard deviation (SD). Comparison of
ODs;o values between groups was carried out using
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Tahle 2  Demographic and clinical characteristics of 352 patients
with UTI due to E. faecalis

Characteristics Value

Age; median % SD (range) 61 +20.7 (0-94)

Sex; no. male/no. female 240/112

Polymicrobial infections 257 isolates
Pseudomonas aeruginosa 42
Escherichia coli 28
Methicillin-resistant Staphylococcus aureus 22
Klebsiella pneumoniae 19
Serratia marcescens 17
Staphylocaccus epidermidis 13
Citrobacter freundii 13
Staphylococcus aureus 9
Candida albicans 7
Proteus mirabilis 6
Others 8l

Underlying diseases
Bladder cancer 90
Prostatic cancer 49
Other urinary tract cancer 10
Neurogenic bladder 79
Benign prostatic hyperplasia 40
Urinary tract stones 19
Ureteral stricture 7
Ureteropelvic junction stenosis 6
Vesicoureteral reflux 5
Others 47

Fisher’s exact test or Mann-Whitney's U test. All results
were considered statistically significant at the P <0.05
level.

Results

Presence of various genes, and the produc-
tion of extracellular enzymes in E. faecalis
isolates. Of the 352 E. faecalis isolates, 291 (82.7
%), 254 (72.2%), 164 (46.6%), 306 (86.9%), and 141
(40.1% ) isolates possessed asal, esp, cylA, gellZ/sprE,
and aac(6’)/ aph(2”), respectively. Of 164 isolates pos-
sessing the cylA gene, 63 (38.4%) isolates produced Hln.
Of 306 isolates possessing gelE/sprE genes, 167 (54.6
%) isolates produced Gel. The number of E. faecalis
isolates with both asael and esp genes, with asal gene
only, with esp gene only, and with neither gene were 230,
61, 24 and 37, respectively.

Biofilm formation of E. faecalis isolates.
Of the 352 E. faecalis isolates, 64 (18.2%), 156 (44.3
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%), and 132 (37.5% ) isolates exhibited strong (ODs;o =
0.5), medium (ODs7, = 0.2 to <0.5), and weak (ODs,
0 to <0.2) bioflm formation, respectively. The mean
ODsz of the 352 isolates was 0.36 + 0.37 (mean + SD).
We evaluated the relationships between biofilm formation
and the 4 virulence determinants of the E. faecalis
isolates. As shown in Table 3, the mean OD:; value
(mean &= SD) was significantly higher in asal-, esp-, and
eylA-positive isolates than in asal-, esp-, and cylA-
negative isolates (P =0.0176, P =10.0276 and P =
0.0116, respectively). The value was also significantly
higher in Hin producing isolates than in Hin non-
producing isolates (P = 0.0384). We also evaluated the
biofim-forming capacities of E. faecalis isolates in the 4
groups based on the presence/absence of asal and esp
genes (Fig. 1). As shown with a box and whisker plot,
the E. faecalis isolates with asal and esp genes had
greater capacities for biofilm formation than did those
lacking these genes. The Mann-Whitney's U test of 2
mean ODgqy values (mean = SD), 0.41 + 0.42 and 0.22 *
0.16, in 230 asal-, esp- positive and 37 asal-, esp-
negative isolates, respectively, confirmed that the E.
Saecalis isolates possessing both asal and esp genes had
significantly greater capacities for biofilm formation than
did those lacking both genes (P = 0.038).

Percentage of E. faecalis isolates possess-
ing cyld, gelE/sprE and aac(6’)/aph(2”’)
genes in 4 groups based on the presence/
absence of asal and esp genes. As shown in
Fig. 2, the percentage of E. faecalis isolates possessing
eylA and/or aac(6’)/ aph(2”) genes was greatest in the
group with both asal and esp genes and lower in the
groups with only the asal gene or the esp gene. No
isolates possessing the cylA gene and only 1 isolate
possessing the aac(6’)/aph(2”) gene were found in the
group lacking both the asal and esp genes. In contrast,
E. faecalis isolates possessing gelE/sprE genes were
found evenly among the 4 groups. Of the 230 E. faecalis
isolates in the group with asal and esp genes, 147 (63.9
%), 195 (84.8%) and 117 (50.9%) possessed cylA,
gelE/ sprE and aac(6’)/ aph(2”) genes, respectively. Of
the 61 E. faecalis isolates in the group with only the asal
gene, 15 (24.6%), 56 (91.8%) and 22 (36.1%) pos-
sessed the ¢ylA, gelE/sprE, and aac(6)/ aph(2”)genes,
respectively. Of the 24 E. faecalis isolates in the group
with only the esp gene, 2 (8.3%), 23 (95.8%) and 1 (4.2
%) possessed the cyld, gellE/sprE, and aac(6’)/
aph(2”) genes, respeciively. Of the 37 E. faecalis
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Table 3  Relationship between biofilm-forming capacities and virulence factors/clinical background
. ob P value
Number of isolates (mean i_;OSD) (Mann-Whitney's U test)
Total isolates tested 352 0.36 + 0.37
Virulence determinants
asa | -positive 291 0.38 £ 0.38 0.0176
asal-negative 6l 0.27+0.27
esp-positive 254 0.40 £ 0.41 0.0276
esp-negative 98 0.26 +0.18
cylA-positive 164 0.41 =041 0.0116
cylA-negative ' 188 0.32+£0.32
gelE [ sprE-positive 306 0.36 £0.35 0.0915
gelF / sprE-negative 46 0.35+ 0.46
Extracellular enzymes
hemolysin producing 63 0.47+0.48 0.0384
hemolysin non-producing 289 0.34 +0.33
gelatinase producing 167 0.35+£0.3! 0.1376
gelatinase non-producing 185 0.37+0.42
Clinical background
catheter-related 107 0.33:1+0.34 0.0582
catheter-unrelated 245 0.38 +0.38
polymicrobial 202 0.35:+0.34 0.5505
monomicrobial 150 0.37+0.40
febrile 60 0.31 = 0.32 0.1267
non-febrile 292 0.37+0.38
ODSTO_‘ * (%)
100 —
: / 7
80 —, % /
:
. %
%
7 !
1 ot
0
asal(+) asar(+) asa?(-)  asai(-) ,
esp(+) esp(-) esp(+) esp(-) : ' =
(n=230) (n=61) (n=24) (n=37) asat (+) asai(-) asai(-)
ODsno 0.411£0.42 0.2940.18 0.351+0.37 0.2210.16 esp(+) esp(-) espl+) esp(-)
(mean*SD) {n=230) {n=61) {n=24) (n=37)

Fig. 1 Biofilm-forming capacities of E. faecalis isolates in 4
groups based on the presence/absence of asa/ and esp genes. 0Dy
values of the isolates in the 4 groups are shown by the box and
whiskers plot, which represents a five-number summary (upper
extreme, upper quartile, median, lower quartile, and lower
extreme). The mean ODs,, values (mean * SD) of the 4 groups are
also shown.

*P = 0.038; **P — 0.0449; ***P = 0.1208 (Mann-Whitney's U test).

Fig. 2  Percentage of cyld-, gelE/sprE- and aac(6')/aph(2")-
positive isolates among E. faecalis isolates in 4 groups based on the
presence/absence of asa/ and esp genes.

Bars: [, cylA; U0, gelE-sprE; B, aac(6)-aph(2")
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isolates in the group with neither gene, 0 (0%), 32 (86.5
%) and 1 (2.7%) possessed the cylA, gelE/sprE, and
aac(6’)/ aph(2”) genes, respectively.

Number of E. faecalis isolates producing
hemolysin and gelatinase in 4 groups based
on the presence/absence of asal and esp
genes. As shown in Fig. 3, the majority of Hln-
producing and Gel-producing isolates were found in the
group with both asal and esp genes. Of the 63 Hin-
producing and 167 Gel-producing isolates, 59 (93.7%)
and 94 (56.3% ) isolates, respectively, possessed both the
asal and esp genes.

Transferability of asal, cyld and
aac(6’)/aph(2’’) genes. To determine the trans-
ferability of asal, cylA and aac(6’)/aph(2”) genes,
mating experiments were performed. Of the 43 E.
faecalis isolates possessing the 3 genes of asal, cylA and
aac(6’)/ aph(2”), 4 isolates were able to donate
gentamicin resistance at a frequency of 107* to 107! per
donor in broth matings. In filter matings, 7 of 43 and 28
of 43 isolates were able to donate the gentamicin resis-
tance at a frequency of 107 to 107! and 107% to 107° per
donor, respectively. The presence of asal, cylA and
aac(6’)/ aph(2”) genes in transconjugants was confirmed
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Fig. 3  Number of E. faecalis isolates producing hemolysin and
gelatinase in 4 groups based on the presence/absence of asa/ and
esp genes.
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by PCR assay. Of the transconjugants from the 35 E.
faecalis isolates possessing asal, cylA and aac(6)/
aph(2”), 35 (100%) possessed the aac(6)/aph(2”)
gene, 33 (94.3%) possessed the asal gene and 12 (34.3
%) possessed the cylA gene.

Clinical aspects on the isolation of E.
faecalis in 4 groups based on the presence/
absence of asal and esp genes.  The 352 cases
of UTI caused by E. faecalis consisted of 107 catheter-
related (30.4% ) and 245 catheter-unrelated (69.6% ) cases,
202 polymicrobial (57.4%) and 150 monomicrobial (42.6
%) cases, and 60 febrile (17.0%) and 292 non-febrile
(83.0%) cases. No statistically significant differences
between biofilm-forming capacities and clinical background
(catheter-related and catheter-unrelated cases, polymi-
crobial and monomicrobial cases, febrile and non-febrile
cases) were found (Table 3). As shown in Fig. 4, both
asal and esp genes were carried by 20, 46, 79 and 85
isolates from patients with catheter-related monomicrobial
UTI, catheter-related polymicrobial UTI, catheter-
unrelated monomicrobial UTI and catheter-unrelated
polymicrobial UTI, respectively. The asal and/or esp
genes were carried on 80 of 82 (97.6%) and 103 of 124
(83.1%) isolates from patients with catheter-related
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Fig. 4  Number of E. faecalis isolates in 4 groups based on the
presence/absence of asa/ and esp genes. Clinical aspects are shown
by 4 categories.
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