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The etiology of chronic prostatitis syndromes in men is controversial, particularly when positive cultures for
established uropathogens are lacking. Although identification of bacteria in prostatic fluid has relied on
cultivation and microscopy, most microorganisms in the environment, including some human pathogens, are
resistant to cultivation. We report here on an rRNA-based molecular phylogenetic approach to the identifi-
cation of bacteria in prostate fluid from prostatitis patients. Positive bacterial signals were seen for 65% of
patients with chronic prostatitis overall. Seven of 11 patients with bacterial signals but none of 6 patients
without bacterial signals were cured with antibiotic-based therapy. Results indicate the occurrence in the
prostate fluid of a wide spectrum of bacterial species representing several genera. Most rRNA genes were
closely related to those of species belonging to the genera Corynebacterium, Staphylococcus, Peptostreptococcus,
Streptococcus, and Escherichia. Unexpectedly, a wide diversity of Corynebacterium species was found in high
proportion compared to the proportions of other bacterial species found. A subset of these 16S rRNA sequences
represent those of undescribed species on the basis of their positions in phylogenetic trees. These uncharac-
terized organisms were not detected in control samples, suggesting that the organisms have a role in the
disease or are the consequence of the disease. These studies show that microorganisms associated with
prostatitis generally occur as complex microbial communities that differ between patients. The results also
indicate that microbial communities distinct from those associated with prostatitis may occur at low levels in

normal prostatic fluid.

Chronic prostatitis is a common disorder in adult men of all
ages. It is estimated to affect 10% of all men at any time, and
50% of all men are treated for it at least once in their lives (25,
37). The most common symptom is pain, which is felt in the
perineum, scrotum, lower abdomen, pelvis, or back. Urinary
symptoms include hesitancy, weak stream, painful urination,
frequency, and nocturia. Up to a quarter of men complain of
associated impotence or ejaculatory dysfunction. Acute pros-
tatitis is clearly a bacterial urinary tract infection, with associ-
ated symptoms typical of an acute septic illness and rapid
response to appropriate antibiotics. The etiology of chronic
prostatitis is far less clear (27). On the basis of routine cultures
of expressed prostatic secretions (EPSs), EPSs from fewer than
10% of patients show significant growth of known uropatho-
gens (Escherichia coli, Enterobacter spp., Klebsiella spp.,
Pseudomonas spp., etc.), and the diagnosis is chronic bacterial
prostatitis (CBP). The disease in men with negative cultures
but leukocytosis in the EPSs (usually considered >10 leuko-
cytes per high-power field) is classified as nonbacterial pros-
tatitis (NBP), and the disease in those with negative cultures
and no leukocytosis is classified as prostatodynia.

The etiology of these syndromes remains unclear. Central to
the controversy is whether the underlying cause is bacterial,
autoimmune, or a primary neuromuscular pain syndrome.
Clinical response to antibiotic therapy is variable and often
disappointing, regardless of the culture results. The role of the
frequently cultured gram-positive organisms (Staphylococcus
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epidermidis, viridans group streptococci) as commensal organ-
isms or pathogens is controversial, as are the roles of Chla-
mydia spp., Ureaplasma spp., and anaerobes. Nevertheless,
some patients with NBP have antibodies to uropathogenic
bacterial antigens (23, 36), and molecular methods have indi-
cated bacterial DNA in prostate biopsy specimens (22, 34).

Studies with samples from diverse environments have estab-
lished that most microbial organisms (>99%) are not culti-
vated by standard methods (2, 18, 21, 29). The application of
PCR to amplification of the 16S rRNA gene (rDNA) from
mixed communities, however, has been successful for the iden-
tification of organisms without cultivation. These molecular
methods have been applied to samples from diverse environ-
ments, including the clinical arena.

Establishment of the etiology of human infections has tra-
ditionally relied on cultivation of microorganisms and a dem-
onstration of infection in animal models, i.e., Koch’s postu-
lates. However, it is apparent that many human clinical
syndromes traditionally thought to be nonmicrobial may in fact
be of a microbial etiology (6, 10, 24, 30). There are well-known
microbial pathogens resistant to culture, including Mycobacte-
rium leprae, Treponema pallidum, and Tropheryma whippelii,
the causative agents of leprosy, syphilis, and Whipple’s disease,
respectively. Molecular methods were used to determine the
16S rRNA sequence of the uncultured organism from patients
with Whipple’s disease, and an evolutionary tree was generated
to identify the nearest relatives (31). Some estimation of the
physiology of the otherwise unknown organism can be made on
the basis of the properties of cultivated relatives (7, 20, 29).

In the present study, we determined the 16S rDNA se-
quences of bacteria in EPSs from patients with chronic pros-
tatitis and controls and correlate the sequences with those of
the rDNAs of cultured organisms. We uncovered a number of
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FIG. 1. PCR of genomic DNA from EPSs. The 16S rDNA gene segments were amplified with primers 27F-805R (lanes 1 to 12) or primers 515F-1391R (lanes 13
to 18). Genomic DNA from E. coli served as a positive control and was amplified with primers 27F-805R (lane 19) and 515F-1391R (lane 20). Lane (—), negative
extraction control; lane 21, PCR in the absence of template DNA (515F-1391R); lane M, DNA size markers. Arrows A, B, and C denote 16S rDNA (27F-805R), 16S

rDNA (515F-1391R), and 18S rDNA (515F-1391R), respectively.

previously unidentified organisms in the chronic prostatitis pa-
tients. The sequence collection is a resource for further study
of this important affliction.

MATERIALS AND METHODS

Patients. EPSs were collected by prostatic massage following cleansing of the
glans penis with an alcohol swab and retraction of the prepuce if present. One
drop was examined microscopically for leukocytes, several drops were sent for
standard aerobic culture on agar and incubated for 5 to 7 days, and the remain-
der was stored at —70°C for use in the molecular studies. First-void urine (voided
bladder; VB1 samples) was collected prior to prostatic massage and was treated
in an identical fashion.

The study included 17 patients with chronic prostatitis. These patients had
suffered from symptoms for a median of 3.5 years (range, 1 to 9 years). All
patients had previously failed multiple courses of treatment with antibiotics. This
is the common presentation history for patients with long-standing chronic pros-
tatitis. None of the control patients had recently received antimicrobial therapy.
The diagnosis was CBP in six patients (although only one patient was infected
with a typical uropathogen), NBP in seven patients, and prostatodynia in four
patients. Two patients with prostatodynia had equal counts of gram-positive
bacteria in both the urethra and prostate.

All patients were treated with a combination of regular prostate massage and
oral antimicrobial therapy. On initial examination all patients had been off of
antimicrobial agents for at least 2 weeks. Antimicrobial agents were chosen on
the basis of culture sensitivity testing or, in the case of negative cultures, empir-
ically (usually trovafloxacin). Common choices were azithromycin (Biaxin) at 500
mg twice a day, amoxicillin-clavulanate (Augmentin) at 875 mg twice a day,
minocycline at 100 mg twice a day, or cephalexin (Keflex) at 500 mg three times
a day (all antimicrobial agents were given for at least 4 weeks).

Eight samples were collected from control patients, none of whom had pelvic
pain. Two patients had symptomatic benign prostatic hyperplasia (BPH), one
patient had prostate cancer, and five patients had no urologic disorders (pre-
vasectomy patients).

DNA extraction. A total of 50 to 100 pl of the EPS or VB1 sample was mixed
with 500 pl of TEN buffer (200 mM Tris HCI [pH 8.0], 20 mM EDTA, 200 mM
NaCl) in a sterile 2-ml screw-cap tube, and the mixture was transferred to ice.
After the addition of 20 wl of poly(A) (10 mg/ml) and 30 pl of lysozyme (100
mg/ml), the samples were incubated for 30 min at 37°C. This was followed by the
addition of 10 pl of 20% sodium dodecyl sulfate and 60 pul of proteinase K (20
mg/ml) and incubation for 30 min at 50°C. An additional 200 pl of 20% sodium
dodecyl sulfate was added, followed by the addition of 500 wl of phenol-chloro-
form-isoamyl alcohol (25:24:1; vol/vol) and approximately 0.5 g of untreated
zirconia-silica beads (diameter, 0.1 mm; Biospec Products, Bartlesville, Okla.)
according to the manufacturer’s recommendations. All solutions were prepared
with pure sterile water (Fluka Chemical Corporation, Milwaukee, Wis.). Samples
were subjected to bead beating with a Mini-Beadbeater (Biospec Products) on
low for 2 min and on high for 0.5 min. After collection of the aqueous phase and
reextraction, the DNA was precipitated, rinsed in 70% ethanol, dried, and
resuspended in 100 .l of water.

PCR. The bacterium-specific and universal primers designed to amplify the
16S rDNA were 27F (AGAGTTTGATCMTGGCTCAG), 515F (GTGCCAGC
MGCCGCGGTAA), 805R (GACTACCAGGGTATCTAATCC), 1391R (GAC
GGGCGGTGWGTRCA), and 1492R (GGYTACCTTGTTACGACTT) (where
MisAorC, YisCor T, Wis Aor T, and R is A or G). The following primer
pairs were selected for amplification of the genomic DNA: 27F-805R (bacteria
only), 27F-1492R (bacteria only), and 515F-1391R (universal primer). The prim-
ers that were designed for this study and that are specific to the genus Coryne-
bacterium and close relatives are Cory52F (GAACGCTGSCGGCGTGCTTA
AC) and Cory1479R (TTGTTACRRCTTCGTCCCAATCGCC) (where S is G
or C and R is A or G). These primers amplify the region between nucleotides 52
and 1479 (E. coli numbering).

PCRs were carried out with 100-pl PCR mixtures consisting of 1 ul of tem-

plate DNA, 200 pM deoxynucleoside triphosphates, 1.5 mM MgCl,, and 40
cycles of amplification, consisting of 20 cycles of 1 min at 94°C, 40 s starting at
67°C and decreasing by 1°C/cycle, and 1 min at 72°C and 20 cycles of 1 min at
94°C, 1 min at 47°C, and 1.5 min plus 1 s/cycle at 72°C. The PCR had a 5-min
preincubation at 94°C to activate the AmpliTag Gold (Perkin-Elmer, Norwalk,
Conn.) and a final step at 72°C for 8 min to ensure complete extension for
efficient cloning. Five units of Ampli7ag Gold was added per 100-pl reaction
mixture. The primer concentration was 0.4 wM.

Cloning and RFLP analysis. PCR products were gel purified and cloned with
the TOPO TA cloning kit pCR2.1-TOPO vector (Invitrogen Corporation, Carls-
bad, Calif.) by following the manufacturer’s recommendations. Ninety-six-well
minipreps (26) were carried out to isolate plasmids from individual clones for
restriction fragment length polymorphism (RFLP) analysis and sequencing.

rDNA inserts from pCR2.1 vector clones were amplified by PCR with vector
primers equidistant from the 5" and 3" ends of the insert. We used RFLP analysis
to estimate the diversity of bacteria in the samples from patients with prostatitis
and to identify unique clones for sequence analysis. For RFLP analysis, DNA
was digested with Mspl and HinP1I in NEBuffer 2 (New England Biolabs,
Beverly, Mass.) and 0.01% Triton X-100. The digested DNA was separated on a
3% MetaPhor gel (FMC Bioproducts, Rockland, Maine) in 1X TBE (Tris-
borate-EDTA) for about 2.5 h at 50 V. Ethidium bromide-stained gels were
visualized with a NucleoVision digital imaging system (NucleoTech Corporation,
San Carlos, Calif.).

Sequencing and phylogenetic analysis. Clones determined to be unique by
RFLP analysis were sequenced on an ABI 373 stretch DNA sequencer (Dye-
Terminator Cycle Sequencing Ready Reaction FS kit; PE Applied Biosystems,
Foster City, Calif.) according to the manufacturer’s instructions. The 16S rDNA
sequences were compared to known sequences in GenBank with the advanced
gapped BLAST (basic local alignment search tool) algorithm (1, 4). The 16S
rDNA sequences were compiled in Sequence Navigator (PE Applied Biosys-
tems), aligned with the genetic database environment (GDE) alignment editor,
and placed into a phylogenetic tree containing approximately 8,000 rDNA se-
quences. The neighbor-joining, distance matrix, and maximum-likelihood meth-
ods were carried out on the ARB platform (38). Statistical evaluation was
performed by ARB bootstrap analysis.

Nucleotide sequence accession numbers. The rDNA sequences of the 28
corynebacterium-like prostatitis-associated clones have the GenBank accession
no. AF115927 to AF115954, respectively.

RESULTS

DNA:s isolated directly from EPSs from 17 patients and 8
controls were subjected to PCR with universal and, alterna-
tively, bacterium-specific 16S rRNA primers. First-void urine
(VB1) samples, collected prior to the collection of EPSs,
served as controls for the bacteria present in the urine or
urethra of the patients. PCR products were analyzed by aga-
rose gel electrophoresis. Products were detected in DNA from
EPSs from 11 patients and 6 controls, ranging from a qualita-
tively strong band of the expected size to a faint band (Fig. 1).
Patients whose samples produced a bacterial signal by PCR
and the histories of some of the patients are described in Table
1. As seen from Table 1, positive cultures were found for only
7 of 11 patients from whom bacterial DNA was detected by
PCR. These seven patients (64%) with positive bacterial sig-
nals responded successfully to antibiotic and prostate message
therapy. Of particular note, all three patients with NBP and
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TABLE 1. Patient diagnosis, cultures, and response to antibiotics
Response to antibiotic
Patient Age (yr) Diagnosis Culture findings and prostate massage
therapy”
A 37 NBP Multiple negative cultures” Yes
B 60 CBP Viridans group streptococci (35,000 CFU/ml) and yeast No
C 50 CBP Escherichia coli Yes
D 54 CBP Viridans group streptococci (1,000 CFU/ml) and Corynebacterium Yes
afermentans (3,000 CFU/ml)
E 25 CBP Corynebacterium group ANF (35,000 CFU/ml) No
F 34 CBP Enterococcus, viridans group streptococci, coagulase-negative Yes
Staphylococcus and Corynebacterium group ANF
G 50 NBP Negative Yes
H 59 NBP Negative Yes
1 35 CBP Staphylococcus epidermidis Yes
J 55 Prostatodynia  Corynebacterium sp.© No
K 31 Prostatodynia  Corynebacterium xerosis and Corynebacterium afermentans (2,000 CFU/ml)* No

“ All patients whose samples did not provide a signal by PCR analysis failed antibiotic therapy, and data for these patients are not provided here.
> One sample cultured before study sample collection had a coagulase-negative Staphylococcus (2,000 CFU/ml).

¢ Equal growth in prostate and urethra.

positive bacterial signals responded to treatment, while none
of the six patients without bacterial signals responded.

A representative RFLP gel electrophoresis profile for four
patient samples is shown in Fig. 2. Instances of identical RFLP
patterns were observed in all patients, and the sequences of the
unique types were determined. About 45 RFLP types were
encountered overall in this study. Approximately 200 partial or
nearly complete 16S rRNA sequences were determined. A
detailed account of the results and analysis of the sequences is
presented on the web site supplement (39).

Each of the 200 sequences determined was >90% identical

to the 16S rDNAs of known organisms; most were closely
related (>98% identity) but not identical to 16S rDNA se-
quences in the database. Phylogenetic analysis of the 16S rD-
NAs allowed the corresponding organisms to be resolved to
the species level in some cases. All sequences were clearly from
organisms representing described genera. The distribution of
genera represented by the 16S rDNA sequences isolated from
samples from the prostatitis patients and the controls is sum-
marized in Fig. 3. Table 2 details the occurrences of the most
conspicuous prostatitis-associated organisms, Corynebacterium
spp., and the noncorynebacterial spp. The species distribution

F (27F/1492R) =~ G (27F/805R) | G (27F/1492R)

FIG. 2. RFLP analysis of 16S rDNA clones from the EPSs from four patients. Agarose gel electrophoresis of partial 16S rDNA digested with MspI and HinP11I from
one 96-well plate was performed. The RFLP types were counted, and unique banding patterns were analyzed further by sequencing.
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FIG. 3. (A) Frequency of detection of bacterial genera in EPSs from pros-
tatitis patients. The bar graph is a compilation of the total number of clones (n =
301) from the 11 prostatitis patients examined in this study. (B) Representative
genera from the EPSs from control subjects (106 total clones). Other genera of
lesser abundance are listed on the web site (39).

differed significantly between disease-related and control sam-
ples, as discussed below (see the Discussion). The most prom-
inent species detected in the VB1 samples, S. epidermidis,
Propionibacterium acnes, Enterococcus faecium, and Pseudomo-
nas sp., also were detected in EPSs, but they were not conspic-
uous. The rDNA sequences encountered in this survey of EPSs
represent overall a limited extent of bacterial diversity, only 3
of the 38 known divisions (21) of Bacteria: Actinobacteria,
gram-positive bacteria with low G+C contents, and Proteobac-
teria. The majority of sequences detected were from represen-
tatives of the Actinobacteria and the gram-positive bacteria
with low G+C contents.

The most diverse and, for samples from patients, the most
abundant sequences are characteristic of corynebacteria (Ta-
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ble 2; Fig. 4). The 16S rDNA sequences of 15 distinct Coryne-
bacterium spp. were identified, with each patient having at least
one species. One patient, patient D, yielded 9 of the 15 differ-
ent Corynebacterium species detected (corynebacterial rDNAs
were cleared from the EPSs from patient D after treatment
with trovafloxacin and prostate massage). Ten of the coryne-
bacterial sequences detected are nearly identical (>98%) to
those of known Corynebacterium spp. Control samples had
sequences indicating only three corynebacterial species (see
the Discussion), and most of the control samples lacked de-
tectable corynebacterial sequences.

The genus Corynebacterium is an assemblage of at least 40
described species, several of which have been identified in
diverse clinical samples over the last 5 years (13). A phyloge-
netic analysis of available rRNA sequences of Corynebacterium
spp., including those determined in this study, is shown in Fig.
4. Although most of the corynebacterial sequences recovered
from the samples from patients with prostatitis were nearly
identical to those of characterized organisms, several of the
sequences were less than 98% identical to known corynebac-
terial sequences and so represent those from organisms that
differ from known organisms at the species level. These novel
sequences fall into four relatedness groups (bracketed in Fig.
4). Representatives of three of these groups, indicated with
asterisks in Fig. 4, were identified in at least three different
patients and were not detected in the controls. The closest
described relatives of these three clone types are Corynebacte-
rium coyleae (98%), Corynebacterium imitans (97.5%), and
Corynebacterium seminale (96%).

In analyses of microbes by PCR-based techniques it is cru-
cial to avoid contamination. The sizes of the DNAs obtained
with primers 27F-805R and 27F-1492R were consistent with
those of an amplified portion of the 16S rDNA. Negative
controls were included to account for potential contamination
from the extraction procedure or the PCR mixture, and signif-
icant products from neither the extraction procedure nor the
PCR mixture were detected (Fig. 1). Nonetheless, contaminat-
ing DNA from materials used in the processing of the samples
is a threat. Although negative extraction controls did not pro-
duce a visible PCR product, cloning of the resulting small
amounts of DNA yields some colonies when the control sam-
ples are plated in the same manner as the positive samples. We
have analyzed rDNAs cloned from trace levels of PCR prod-
ucts in no-sample controls in order to determine the bacterial
types that are potentially present as background contaminants
(40). The organisms detected in these control samples were
characteristic of contaminant organisms identified in a previ-
ous study (40) and presumably represent intrinsic contamina-
tion in the system: reagents, buffers, solvents, etc. Patient sam-
ples with weak signals were more likely to have small numbers
of contaminating organisms, but still, these represented fewer
than 5% of the total clones in libraries derived from low-yield
samples. Contaminating clones, representing organisms such
as Leptothrix sp., Flavobacterium sp., and Cytophaga sp., are
typical in control, no-sample libraries.

DISCUSSION

Molecular phylogenetic methods based on PCR and se-
quence analysis were used to determine the bacterial species
present in clinical samples from prostatitis patients and to
compare the results with those from culture studies. Patient
samples that had positive culture results generally yielded a
strong PCR signal, whereas the three samples from patients
with nonbacterial prostatitis generated weaker signals, albeit
well above the background levels. Results of culture, when it
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TABLE 2. Distribution of corynebacterial 16S rDNA sequences in prostatitis patient and control samples”

Patient A B C D

E

F G H 1 J K T Cc2 3 ¢4 G Co

Detection of bacteria by cultivation - + + +

Total no. of clones analyzed 70 43 18 29
Corynebacterium sp. strain CDC B8037 15

“Corynebacterium genitalium” 2 4
Corynebacterium accolens 3

Corynebacterium mucifaciens o
“Corynebacterium tuberculostearicum” 3 o 1 1
Corynebacterium seminale

Corynebacterium jeikeium °
Corynebacterium amycolatum

Corynebacterium xerosis

Corynebacterium glucuronolyticum

Corynebacterium thomssenii

Clone MTcory19R 3 °
Clone MTcory21R o
Clone MTcoryl6R

Clone MTcoryl1W
Staphylococcus aureus
Staphylococcus epidermidis
Staphylococcus haemolyticus 7
Streptococcus oralis 16
Streptococcus mitis 10
Streptococcus pneumoniae 6
Streptococcus parasanguis

Streptococcus gordonii

Streptococcus milleri

Escherichia coli 10
Gemella haemolysans 1 6
Peptostreptococcus magnus

Peptostreptococcus asaccharolyticus

Micrococcus luteus

Propionibacterium acnes 1

Actinomyces neuii

— 0 @0 0

10

12

+

19

2

10

+ - -+ o+ 4

16 32 16 23 20 31 14 16 15 15 26 19

11 8

11 7 6 8 1

15
18 1
4

“ Cl1 to C6 are control samples. The sequences of clones MTcoryl19R (Cco group), MTcory21R (Cim group), MTcoryl16R (Csi group), and MTcorylWR (Cse group)
are 95 to 98% identical to known sequences, with the closest relative given parenthetically. ®, clones with Corynebacterium-specific PCR primers.

> Only C. afermentans (which is related to C. coyleae) was cultured.
¢ Only C. afermentans and C. xerosis were cultured.

was successful, generally agreed with the rDNA sequence data
(compare Table 1 with Table 2). For example, the 16S rDNAs
predominately obtained from patients B and C corresponded
to those of Streptococcus spp. and E. coli, respectively, in agree-
ment with the culture results. Additionally, patient E had only
16S rDNAs indicative of Corynebacterium spp., which corre-
lated with the culture results. However, it is often difficult to
distinguish bacteria to the species level on the basis of routine
culture studies. One possible example of misidentification in
culture analysis is the case of patient D. Culture analysis indi-
cated the presence of Corynebacterium afermentans, but the
molecular analysis showed that the EPSs from patient D had
nine different types of rRNA sequences indicative of Coryne-
bacterium spp., but none corresponded to C. fermentans, for
which the 16S rRNA sequence is available.

The extent of diversity of the bacteria in the EPSs was
assessed initially with restriction digests of the cloned portions
of the 16S rDNAs. An average of 5 to 10 RFLP types were
found in samples from a typical patient. The quantitative dis-
tribution of the sequences in any particular sample probably
approximates the distribution of organisms in the sample, but
the potential for differential PCR or cloning, various gene
dosages in different organisms, etc., must be acknowledged
(43). This extent of diversity, although not high, still exceeds
the usual expectation that one type of organism is associated
with a particular syndrome. Single organisms are seldom seen

in the natural environment, however. The establishment of
consortia, often syntrophic, is the generality (29). Complex
microbial communities may be typical in some pathological
states as well but are traditionally not detected because of
cultivation difficulties.

Bacteria thought to be important causative agents of pros-
tatitis include Klebsiella spp., Proteus spp., Pseudomonas spp.,
Neisseria gonorrhoeae, Serratia spp., Enterobacter spp., Entero-
coccus faecalis, E. coli, and Chlamydia trachomatis (5, 41).
Except for E. coli in one patient, these bacteria were not
detected in this study in samples from patients with prostatitis.
The primer pairs 27F-805R and 27F-1492R would be expected
to amplify the rDNA of the organisms mentioned above but
not that of C. frachomatis, which has been implicated in a small
number of prostatitis cases and which would possibly be missed
due to three mismatches between the 27F primer and the 16S
rDNA of C. trachomatis (this type of organism is phylogeneti-
cally distant from those of all other bacterial divisions [44]).

rDNAs characteristic of Staphylococcus spp. were detected
by PCR in samples from five patients and two controls. Be-
cause of the potential for contamination from commensal or-
ganisms, it is difficult to assess the significance in prostatitis of
these Staphylococcus spp. However, an association of Staphy-
lococcus spp. with prostatitis has been documented (28), and
Staphylococcus haemolyticus was the most prevalent staphylo-
coccal species detected in the samples from patients with pros-
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Prostatitis Clone MTcory20R, 1399, AF115943

"Corynebacterium tuberculostearicum', 1477, X84247
Prostatitis Clone MT1P, 700, AF115927

Prostatitis Clone MT4P, 700, AF115928

Control Clone MT9M86, 551, AF115953
"Corynebacterium segmentosum'’, 1484, X84437
"Corynebacterium fastidiosum’, 1488, X84245
Corynebacterium accolens, 1391, X80500
Corynebacterium macginleyi, 1391, X80499
Corynebacterium propinquum, 1442, X84438
Corynebacterium pseudodiphtheriticum, 1483, X84258

Prostatitis Clone MTcory1P, 1402, AF115934
Corynebacterium sp. CDC B8037 (cervix isolate), 1428, AF033314
Corynebacterium minutissimum, 1432, X84678
Corynebacterium singulare (semen isolate), 1323, Y 10999
Prostatitis Clone MT12R, 735, AF115931 :
Prostatitis Clone MTcory16R, 1404, AF115941 CSI

Corynebacterium striatum, 1476, X84442
Prostatitis Clone MT17L, 691, AF115951
Corynebacterium flavescens, 1489, X84441

Corynebacterium pseudotuberculosis, 1464, D38579
Corynebacterium ulcerans, 1393, X81911
Corynebacterium diphtheriae, 1482, X84248
Corynebacterium vitarumen, 1432, X84680

Corynebacterium kutscheri, 1410, X81871
Corynebacterium argentoratense (throat isolate), 1311, X83955

Corynebacterium glutamicum, 1462, X80629

"Corynebacterium acetoacidophilum’, 1415, X84240

Corynebacterium callunae, 1494, X84251
Corynebacterium ammoniagenes, 1501, X84440

Corynebacterium jeikeium, 1494, X84250
Control Clone MT13M86, 710, AF115954
Prostatitis Clone MTcory14R, 1411, AF115940
Corynebacterium faisenii, 1475, Y13024
Corynebacterium urealyticum, 1502, X84439
Corynebacterium bovis, 1442, X84444
Corynebacterium variabilis, 1425, X53185 0.02

Corynebacterium amycolatum, 1473, X84244
Prostatitis Clone MTcory13R, 1403, AF115939
Corynebacterium xerosis, 1481, X84446
Nocardia asteroides, 1472, Z36934

FIG. 4. Distance dendrogram of the genus Corynebacterium. This genus is affiliated with the Actinobacteria division, with relatives diagrammed in the inset.
Sequences are identified with the number of nucleotides analyzed and the corresponding GenBank entry number. The Corynebacteria 16S rDNA sequences from EPSs
cluster into distinct groups. The four main groups discussed in the text are indicated with brackets. Abbreviations: Cco, C. coyleae group; Cim, C. imitans group; Cgl,
C. glucuronolyticum group; and Csi, C. singulare group. Clones indicated by an asterisk occurred in EPSs from at least three patients. Tree topology was determined
by neighbor joining. Nocardia asteroides was used as the outgroup. The bar at the bottom indicates nucleotide changes per site.
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tatitis. IDNA characteristic of this organism also was obtained
from two controls, both BPH patients. It has been reported
that 90% of BPH patients have prostatitis, despite a diagnosis
of BPH, and Staphylococcus spp. have been isolated from tis-
sue from patients with BPH (3). S. haemolyticus has been
associated with urinary tract infections and was isolated from a
patient previously diagnosed with and treated for prostatitis
(17). Significant numbers of Staphylococcus aureus-like 16S
rDNA clones were identified in the sample from patient A but
were absent from samples from all controls. S. aureus is a
well-known pathogen and commensal organism, and it has
been found in chronic prostatitis patients (16). The absence of
this organism from the controls and samples from other pa-
tients suggests that the high concentration of S. aureus may
contribute to or result from the disease in patient A. Perhaps
Staphylococcus spp. are commonly present in healthy individ-
uals and contribute to prostatitis when their numbers are ele-
vated.

Streptococcus spp., most commonly, close relatives of Strep-
tococcus mitis, were found in both patients and controls and so
probably play only a passive role in infection. Representatives
of Streptococcus pneumoniae and Streptococcus parasanguis,
which were absent from the controls, were found in patients B
and F. Patient B had a high proportion (about 75%) of Strep-
tococcus spp., indicating a possible contribution of these spe-
cies to the disease. Other streptococcal species, S. gordonii and
S. milleri, were found in control sample C3 but not in any
patient samples.

Detection of difficult-to-culture bacteria in expressed pros-
tatic secretions is a recognized diagnostic problem for urolo-
gists (9). Three known types of such organisms that were not
found in multiple patients by culture were detected in this
molecular analysis. Two of these, Propionibacterium acnes and
Peptostreptococcus magnus, may go undetected in clinical lab-
oratories because some strains have complex growth require-
ments and grow slowly under anaerobic conditions (19). The
other organism is a close relative of Gemella haemolysans,
which is normally found in the pharyngeal mucosa and which
has been isolated from patients with endocarditis, meningitis,
and knee arthroplasty (35). The 16S rDNA sequences with
close matches to G. haemolysans were found in three patients
but in none of the controls.

The most abundant and diverse group of EPS-associated
organisms identified in this study was the corynebacteria. Al-
though coryneform bacteria were detected by culture in some
patients, the PCR and sequencing methods used in the present
study indicate that the number of species detected (species
diversity) is much greater than the one or two species detected
by culture. In a recent study by Domingue et al. (8), difficult-
to-culture corynebacteria that would have been missed by rou-
tine culture were found in EPSs. Although Corynebacterium
group ANF and Corynebacterium minutissimum were identified
in that study, our results indicate that more species are typi-
cally undetected than are detected even by aggressive culture
attempts. Indeed, it appears that diverse corynebacteria thrive
in abundance in the inflamed prostate.

Four main relatedness groups of corynebacteria were de-
tected in the samples from patients with prostatitis and are
indicated in Fig. 4. The first group (Cco) is represented by C.
coyleae-like organisms, and organisms of this group were de-
tected in three patients, patients A, B, and D. The sequences of
these three clones are about 98% identical to that of C. coyleae,
a species isolated from patients with blood infections (14). The
corresponding organisms may represent undescribed species of
Corynebacterium or subspecies of C. coyleae. The members of
the second group of clonal types (Cim) are essentially identical
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to one another, and their rRNAs are closely related to the
rRNA of C. imitans (97.5% identity). Members of this group
were found in three patients, patients C, D, and E. C. imitans
was first identified in nasopharyngeal samples from a 5-month
old boy (12). Other organisms in this group of closely related
organisms include Corynebacterium genitalium, isolated from a
urethritis patient (15), and Corynebacterium thomssenii, iso-
lated from the pleural fluid of a patient with renal failure (45).
Corynebacterium glucuronolyticum-like clones represent the
third group, Cg/ in Fig. 4, which contains organisms previously
identified from patients with prostatitis and urinary infections
(11). The rRNA sequences of the clones differed only slightly
from each other but were distinct (3 to 4% differences in rRNA
sequences) from those of the nearest relative, C. seminale, an
organism isolated from a prostatitis patient (32). The fourth
group (Csi) is represented by an unusual organism, Corynebac-
terium sp. strain B8037, that was identified in patient A and
that was independently cultured from the cervix of a 36-year-
old woman at the Centers for Disease Control and Prevention
(Atlanta, Ga.) (42), Corynebacterium singulare (a species found
in human semen [33]), and C. minutissimum (recently cultured
from EPSs [8]).

A previous study of 16S rDNA sequences from samples from
prostatitis patients indicated the presence of gram-negative
bacteria related to the genera Aeromonas, Proteus, Escherichia,
and Vibrio (34). Samples were obtained from biopsy tissues by
a double-needle method and differed from the EPSs examined
in the present study. Organisms residing in the tissues and
potential contaminants may indeed be different from those
identified in the prostate fluid. Additionally, IDNA sequences
related to Flavobacterium spp. and Pseudomonas testosteroni
were reported by Riley et al. (34). We have identified similar
clones of Flavobacterium spp. and Pseudomonas testosteroni in
no-sample control libraries in this study and in a previous study
(40). We therefore consider that the occurrence of rDNAs
indicative of these organisms in prostatic samples is likely to
have resulted from contamination.

Detection of bacteria in EPSs by sequence-based technology
has diagnostic and therapeutic implications for chronic pros-
tatitis. The bacterial signal in the PCR step correlated far
better with the response to antimicrobial therapy than did the
presence of leukocytes, particularly in patients with negative
conventional cultures. While the pathogenic significance of
these novel bacterial species requires study with a larger num-
ber of patients with chronic pelvic pain syndromes and con-
trols, this type of approach is a concrete first step in sorting out
the etiology and selection of treatment in this highly prevalent
and challenging disorder.

Establishment of the presence of organisms in diseased tis-
sue does not establish that the organisms are the causative
agents of the disease state. The prostate or other tissues may
harbor a specific, low-level suite of microorganisms that have
adapted to a unique hostile environment both in the healthy
state and in the diseased state. In the diseased state, the ab-
normal environment of the tissue may enrich a specific suite of
such commensal microbes. The general association of partic-
ular corynebacterial rRNA sequences with diseased EPSs and
their uncommon occurrence in fluids from controls is a strong
correlation that indicates further study. The organisms de-
tected in secretions likely are washed-off biofilms associated
with prostate tissues. The rRNA sequences reported here are
a basis for tools, for instance, hybridization probes, that can be
used to continue to explore the association of the correspond-
ing organisms and this disease state. Diagnostic tests based on
the rRNA sequences may also be useful for clinical applica-
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tions, such as the detection and classification of the pervasive
but nebulous condition of prostatitis.
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