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Treatment of chronic prostatitis/chronic pelvic pain syndrome is often empirical because clinical culture
methods fail to detect prostate-associated pathogens in >90% of patients. Previously, we tested a variety of
specific-microorganism PCRs and began a DNA sequence study after we found that 77% of prostatitis patients
were PCR positive for prokaryotic rRNA-encoding DNA sequences (rDNAs) despite negative cultures using
optimal techniques. In the present study, 36 rDNA clones from 23 rDNA-positive patients were sequenced. This
study represents more than twice the total rDNA sequence and more than twice the number of patients in the
previous study. The increased number of patients and clones sequenced allowed enhanced phylogenetic anal-
yses and refinements in our view of rDNA species inhabiting the prostate. A continuum of related rDNAs that
might be arbitrarily described as two major groups of rDNAs and several minor groups was found. Sequences
termed Pros A, identified in 8 (35%) of 23 rDNA-positive patients, grouped with Aeromonas spp. in phylogenetic
studies. Sequences termed Pros B, identified in 17 (74%) of 23 rDNA-positive patients, were distinct from
previously reported sequences, although all were >90% similar to known gram-negative bacteria. Of the nine
patients for whom multiple rDNAs were sequenced, six had biopsy specimens containing rDNAs from more
than one species. Four (17%) patients had rDNAs different from those of the Pros A and Pros B groups. Of
these four, one patient had rDNA similar to that of Flavobacterium spp., another had rDNA similar to that of
Pseudomonas testosteroni, and two patients had rDNAs <70% similar to known rDNAs. These findings suggest
that the prostate can harbor bacteria undetectable by traditional approaches. Most of these diverse sequences
are not reported in environments outside the prostate. The sequence similarities suggest adaptation of limited
groups of bacteria to the microenvironment of the prostate. Further studies may elucidate the relationship of

prostate-associated bacteria to chronic prostatitis/chronic pelvic pain syndrome.

Approximately half of all men suffer from prostatitis syn-
dromes at some time in their lives (24). Patients characteristi-
cally experience perineal, suprapubic, genital, and ejaculatory
pains; voiding; or sexual dysfunction (15). Many relate the on-
set of their condition to sexual activity, commonly to an epi-
sode of acute urethritis (4). Antimicrobial treatment is often
transiently effective in relieving symptoms, but efforts to iden-
tify pathogens have been successful only in small groups of
patients (13, 19, 24). Bacterial prostatitis that can be diagnosed
by standard, clinical culture methods occurs in fewer than 10%
of patients (15). The new National Institutes of Health (Na-
tional Institute of Diabetes and Digestive and Kidney Dis-
eases) consensus classification puts patients in the chronic
prostatitis/chronic pelvic pain category if they cannot be diag-
nosed by traditional culture methods.

Chlamydia trachomatis and ureaplasmas were implicated in
=20% of men with prostatitis syndromes (5-7, 29). Trichomo-
nas vaginalis, genital mycoplasmas, herpesviruses 1 and 2, and
cytomegalovirus have also been implicated (7, 9, 18, 27-29).
These organisms have been identified by culture or antigen de-
tection in samples obtained from sites distal to the prostate, in-
cluding urine, urethral swabs, and expressed prostatic secretions.

Many microorganisms are unculturable under the most
refined conditions (1). The limitations of standard clinical lab-
oratories are undoubtedly greater (1) because to culture an or-
ganism its ecological requirements must be duplicated. Previ-
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ous studies have shown that most environmental bacteria do
not multiply on conventional media (10, 25, 30). Although a
higher percentage of bacteria infecting or inhabiting human
tissues is known, even this source contains a significant number
of uncharacterized species (30).

One approach to identification of culture-resistant bacteria
is to amplify and sequence their rRNA-encoding DNA se-
quences (rDNAs). rDNAs lend themselves to this purpose
because various regions of the rDNA gene sequence have un-
equal rates of evolutionary change (11). In a previous study, we
detected C. trachomatis, T. vaginalis, or Mycoplasma genitalium
in prostate biopsy specimens of 8% of 135 men with chronic
prostatitis/chronic pelvic pain syndrome. In contrast, 77% of
the same patient population had bacterial rDNAs (16). Pa-
tients were selected carefully, based on negative clinical eval-
uations and negative urethral, urine, and expressed prostatic
secretion cultures for recognized urogenital pathogens.

The present study extends these observations by much more
extensive DNA sequencing, database comparisons, and phylo-
genetic studies of larger numbers of cloned DNA sequences,
allowing a significantly clearer profile of rDNAs in prostate
tissue. The previous study involved an initial sequence inves-
tigation involving 10 patients and a total of 6 kb of rDNA se-
quence consisting of complete and partial sequences of rDNA
clones. The present study involves 23 patients and 36 com-
pletely sequenced rDNA clones from prostate biopsy speci-
mens (34 clones) and skin tissue at the site of biopsy (2 clones).
The advantage of this approach is that positives obtained from
very broad-spectrum PCR assays can yield precise molecular
information that may be used to narrow down and, in some
instances, identify bacterial species found in the prostate. This
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information is important for understanding the microbial ecol-
ogy of the prostate and the potential role of such organisms in
chronic prostatitis and related disorders.

MATERIALS AND METHODS

Patient population and clinical evaluation. Subjects over 18 years old were
recruited from a special Prostatitis Clinic at the University of Washington
Medical Center. Potential subjects were offered a standardized evaluation for in-
fectious, inflammatory, structural, and functional conditions associated with pros-
tatitis. Patients who had taken antibiotics within 6 weeks or who had documen-
tation of bacteriuria were excluded. We obtained specimens for urethral Gram
stain and cultures for Neisseria gonorrhoeae, C. trachomatis, genital mycoplasmas,
and T. vaginalis (3, 14). Most patients visited the clinic four times for this study.
As previously described (16), patients underwent lower urinary tract localization
cultures, expressed prostatic secretion leukocyte count determination, uro-
flow studies, urethral cultures, seminal fluid analysis, and prostatic biopsies with
control skin swabs or biopsies at the site of entry.

Of 260 men who met the entry criteria, 135 had urethral urine and expressed
prostatic secretion evaluations and agreed to prostate biopsy. Of these 135 men,
17 rDNA-positive patients with the highest number of leukocytes in their ex-
pressed prostate secretions or in seminal fluid were selected for DNA sequenc-
ing. Of these 17 men, 13 were positive for inflammation in expressed prostate
secretions and 4 were positive for seminal fluid inflammation while having either
negative or undetermined inflammation in expressed prostate secretions. As a
pilot control group (see Discussion), four men were selected because they had
0 leukocytes in their prostate secretions but were nevertheless positive for
rDNA. Of the 4 patients who lacked leukocytes in prostatic secretions, one was
later found to have elevated levels of seminal fluid leukocytes, defined as >10*
leukocytes/ml and so was also included in the group of 17 patients with inflam-
mation. Two of these four patients had undetermined seminal fluid inflamma-
tion, and the fourth patient was negative for seminal fluid inflammation. Cloned
rDNAs were also sequenced from three additional patients whose inflammation
status was undetermined for both expressed prostate secretions and seminal
fluid. A total of 23 patients had their rDNAs sequenced. Biopsy tissue prepara-
tion and anticontamination procedures, including use of a perineal approach and
a double-needle method to limit potential contamination, were as previously
described (16).

Environmental and patient controls. Our sampling protocol includes numer-
ous control swabs of the procedure room, equipment, and clinical solutions
evaluated by rDNA PCR to detect contamination (16). PCR reagents were
treated with UV light to inactivate DNA contaminants. Skin biopsy specimens
were taken from patients undergoing prostate biopsy, and positives were char-
acterized by DNA sequencing.

Bacterial cultures. Biopsy specimens were placed on sterile gauze moistened
with saline and transported to the culture laboratory immediately. Upon receipt,
the specimen was placed into a glass Dounce homogenizer with phosphate-
buffered saline. The tissue was ground, and the solution was then inoculated onto
culture medium for aerobic (Columbia sheep blood agar; PML Microbiologicals,
Wilsonville, Conn.) and anaerobic (brucella agar; University of Washington
Clinical Laboratories) bacteria as well as genital mycoplasmas (A7b; University
of Washington Clinical Laboratories). One hundred microliters was inoculated
on each plate as well as into broths used to detect low quantities of bacteria.
Slides were prepared for Gram staining. Aerobe plates were incubated at 37°C in
a 5% CO, incubator. Anaerobic plates were incubated at 37°C in a Bactron
anaerobic environmental chamber (Sheldon Manufacturing, Cornelius, Oreg.).

PCR amplification, cloning, and sequencing. We PCR amplified rDNAs whose
sequences constitute molecular signatures of prokaryotes (16, 22). The 475-bp
PCR products, amplified with primers 91E and 13B, were cloned into the PCR
1I vector (Stratagene, Inc.; LaJolla, Calif.) and then sequenced with either Se-
quenase (United States Biochemical; Cleveland, Ohio) or Cycle sequencing
(Perkin-Elmer Cetus, Norwalk, Conn.) as described previously (16).

To determine matches or similarities with known sequences, rDNAs homology
searches were conducted with both the GenBank and EMBL databases on
CD-ROM by using the Genepro (Bainbridge Island, Wash.) program. Searches
were also done by using the BLAST feature at EMBL (16). When homology
searches revealed >85% similarity to a known rDNA sequence, pairwise se-
quence alignments were performed, comparing prostatic rDNA with the similar
sequence(s). Subsequently, multiple sequence alignments were performed with
5 to 14 prostatic rDNAs at a time and known rDNAs. Multiple sequence align-
ments were used as input into phylogenetic inference programs.

Sequence phylogenies. Phylogenetic trees were constructed by using the neigh-
bor-joining program of Clustal V. Positions with sequence gaps were excluded,
and 1,000 bootstrap replicates were analyzed for each phylogenetic tree. In
separate studies, the programs Segboot, Fitch, Neighbor, and Consense (Phylip
Phylogenetic Inference Package [8]) were used, in that order, to infer boot-
strapped phylogenetic relationships. Phylogenies were computed with and with-
out the removal of gaps and ambiguously aligned sequences. Randomized data
inputs (J option) were employed. In independent studies, the program DNAML
was used to infer unrooted phylogenies.
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TABLE 1. rDNA clones from idiopathic-prostatitis patients

Inflammation®
Patient . - Clone” 16S rDNA
Expressed prostatic ~ Seminal (% similarity)°
secretion fluid
1521 E2 Pros A (95)
E4 Pros B (89)
0236 + + A3 Novel
B2 Pros B (95)
B3 Pros B (94)
B4 Pros B (96)
B5 Novel
7576 + + F3 Pros A (97)
6550 5725 Pros B (96)
5735*  Pros A (98)
5744° 8. epidermidis (98)"
6527 5751 Pros B (97)
5752 Pros B (97)
5754¢  B. subtilis (97)
5682 + 9035 Pros B (95)
9036 Pros B (95)
2512 + 9041 Pros A (100)
9046 Pros B (97)
9269 + + 9051 Pros B (97)
9052 Pros A (97)
2652 + 9061 Pros B (95)
9068 Pros B (95)
0537 - 9075 Pros B (95)
9720 + 90123  Novel
9632 + + 90211  Pros B (95)
90212 Pros B (95)
2586 + 9251 Pros A (100)
3263 Pros B (98)
5751 + 9284 Flavobacterium (95)
9532 + 3251 Pros A (100)
5732 - 3272 Pros B (92)
5632 - + 3284 P. testosteroni (93)
5747 + 4114 Pros B (95)
5300 + 4122 Pros B (96)
1348 + 4131 Pros B (96)
0211 + + 32312 Pros B (94)
9393 + 3243 Pros A (99)
0355 - - 4143 Pros B (95)

“ Analyzed by leukocyte counts and by histology. +, >1 X 10* leukocytes/ml.

»16S rDNA PCR products were cloned into the plasmid PCR II. Clones are
listed sequentially; multiple clones were sequenced from some patients.

¢ Pros A and Pros B are groups of rDNA sequence species closely related to
one another as determined by phylogenetic analysis. Pros A includes members
with 100% similarity to A. hydrophila TDNA within the region of 16S rDNA
spanned by primers 91E13B; percent similarity to A. hydrophila is indicated in
parentheses. Members of the Pros B group were not identical to known 16S
rDNA sequences, although all had >90% similarity to 16S rDNAs of known
gram-negative organisms; percent similarity to E. coli is indicated in parentheses.
16S rDNA sequences with <70% similarity to any previously reported rDNA in
GenBank and EMBL were categorized as novel; these sequences were also
unrelated to one another phylogenetically.

4 In reference 16, clones 5725 and 5735 were incorrectly referred to as coming
from separate patients; they are from the same patient.

¢ Isolated from skin.

/ Also 97% similar to S. aureus. The sequence of this clone was published
previously (16).

RESULTS

Cloned prostate PCR product sequences and database
searches. After verification by two investigators, sequences were
used to search an rDNA sublibrary derived from GenBank and
EMBL sequences. Homology searches revealed few prostate
rDNA sequence matches with known rDNAs. There was re-
curring similarity (>85% identical nucleotides) with a limited
number of gram-negative organisms including Proteus vulgaris,
Escherichia coli, Vibrio furnisii, and a variety of Aeromonas spp.
(Table 1) as well as two patients with novel sequences, defined
as rDNAs <70% similar to any DNA sequences in GenBank.
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While consistent with our earlier results (16), the present study
revealed greater diversity of rDNA sequences.

Of 23 patients whose cloned prostate rDNAs were selected
for sequencing, 8 (35%) had rDNAs related to those of gram-
negative bacteria of the genus Aeromonas (23). Three sep-
arate patients had rDNAs 100% similar to that of Aeromonas
hydrophila, a freshwater species that is known to cause gastro-
enteritis, septicemia, and flesh wound infections (2, 20, 26).
Four other patients had rDNAs =95% similar to that of 4. hydro-
phila. Since A. hydrophila inhabits freshwater, additional con-
trols sampling all aqueous solutions in the procedure rooms
and PCR laboratory were performed, with negative findings
of A. hydrophila contamination. Despite the similarities, there
were clear sequence differences among these rDNA clones,
suggesting a family of closely related but diverse microorgan-
isms (see Fig. 1 and 3). This family of sequences was arbitrarily
termed Pros A, defined in terms of percent similarity to 4. hy-
drophila, the species with the strongest rDNA similarity to this
group of patient sequences (Table 1; Fig. 1 to 3). The rDNA
for A. hydrophila was entered in the GenBank database since
our previous report. Similarity of several of our prostate
rDNAs to this species contributed to our decision to make
A. hydrophila, rather than Vibrio spp., the comparison standard
for the Pros A group (see Discussion).

Of the 23 patients, 17 (74%) had rDNAs that were >94%
similar to either P. vulgaris or E. coli, two gram-negative bac-
teria that, although members of distinct genera, are strongly
similar (93%) in the region of rDNA spanned by primers 91E
and 13B. This group of rDNAs was termed Pros B, defined in
terms of percent similarity to E. coli (Table 1). In one case
(clone 5751), P. vulgaris was a closer match in pairwise align-
ments. In a two-by-two matrix comparing 21 cloned Pros B
type sequences with one another, the group was heteroge-
neous, with a range of similarity of one Pros B sequence to
another of 89 to 98% (not shown). Conceivably, sequences
more similar to P. vulgaris than E. coli could be categorized
separately. For simplicity, we limited groupings to Pros A and
Pros B, with the caveat that subgroupings within both Pros A
and Pros B are possible. Also, some members of the Pros A
group are as much as 86% similar to Pros B sequences. This
reflects the fact that the phylogenetic analysis relies on more
than simple homologies such that similar sequences based on
homology (clones 5725 and 5735) are not always found in the
same phylogenetic group.

Some rDNAs clearly fell outside the groupings defined by
Pros A and Pros B. Three rDNA clones, from two patients,
exhibited sequences with low similarity (<70%) to any previ-
ously reported rDNAs. These rDNAs were classified as novel.
One patient had sequences 95% similar to rDNA of Flavobac-
terium spp. with no other similarities to known sequences, and
another patient had sequences 93% similar to that of Pseudo-
monas testosteroni without other similarities. Neither of the
latter-patient rDNAs could be classified as Pros A or Pros B.
The rDNA groups found in prostatitis patients are illustrated
in Fig. 2.

Of the 23 prostate biopsy specimens evaluated, 6 had rDNAs
of more than one type, including Pros A plus Pros B in 5
patients, and Pros B plus two separate, novel rDNAs in an-
other patient. Although 17 (74%) of the biopsy specimens had
a single type of rDNA, this number may be skewed due to the
fact that a single rDNA clone was sequenced from a number of
these specimens.

Analysis of E. coli rDNAs from men with acute urinary tract
infections. Since few perfect matches with GenBank database
entries were found, we were concerned that natural genetic vari-
ation in gram-negative organisms such as P. vulgaris and E. coli
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15735 A2 ABCAATTGACGEGGECCCGCACAAGCGETGGAGCATGTGGTTTAA
2512 T-CAAATGAATTGACGGGGGCCCGCACAAGCGGTGCGACCATETGGTTTAA
9041 T-CARATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
9052 T»CiiiEGAATTGACGGGGGCCCGCACAAGCGITGGAGCATGTGGTTTAA
9251 T-C. GAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
9532 TCARATGAATTGACGGGAGCCCECACARGCGGTCGAGCATGTGGTTTAR
Ahydro T-CAAATGAATTGACGGGGGCCCGCACAAGCGGTGGACCATCTGGTTTAA
15735 TTCGATGCAACCCGAACAACCTTACCTGGCCTTCACATGTCTGGAATCCT
2512 TTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTCTGGAATCCT
9041 TTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTCTGGAATCCT
9052 TTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTCTGGAATCCT
9251 TTCGATGCAACGCGAAGAACCTTACCTGGCCTTGACATGTCTGGAATCCT
9532 TTCGATGCAACGCGAAGAACCTTACCTGGCCTTCACATCTCTCGAATCCT
Ahydro TTCGATGCAACCCCAACAACCTTACCTGGCCTTCACATGTCTGGAATCCT
15735 GCAGAGATGCGGGAGTGCCTTCGGGAATCAGAACACAGGTGCTGCATG-G
2512 GCAGRGATGCGGGAGTGCCTTCGGGARTCAGAACACAGGTGCTGCATG-G
9041 GCAGAGATGCGGGAGTGCCTTCGGGAATCAGAACACAGGTGCTGCATC-G
5052 GCAGACGATGCCGCAGTCCCTTCCCGAATCAGAACACACCTGCTGCATG -G
9251 GCAGAGATGCGGGAGTGCCTTCGGGARTCAGAACACAGGTGCTGCATCRG
9532 GCAGAGATGCGGGAGTGCCTTCGGGARTCAGAACACAGGTGCTGCATG-G
Ahydro CCAGAGATGCGGGAGTGCCTTCGGGAATCAGAACACAGGTGCTGCATG-G
15735 CTGTCGTCAGCTCOTGTCCTCAGATGTTGGETTARGTCCCGCARCGAGCE
2512 CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCARCGAGCG
5041 CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG
9052 CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCJGCARCGAGCS
9251 CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG
9532 CTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCG
Ahydro CTGTCGTCAGCTCGTGTCGTGACATGTTGGGTTAAGTCCCGCAACGAGCG
15735 CARCCCCTGTCCTTTGTTGCCAGCACGTARTCCTCOARCTCAAGGARA
2512 CAACCCCTGTCCTTTGTTGCCAGCACGTAATGGTGGGAACTCAAGGGAGA
9041 CAACCCCTGTCCTTTGTTGCCAGCACGTAATGGTGGGAACTCAAGGGAGA
9052 CAACCCCTGTCCTTTCTTGCCAGCACGTAATGGTGGGAACTCAAGGGAGA
9251 CAACCCCTGTCCTTTGTTCCCAGCACGTAATGGTGGGAACTCAAGGGAGA
9532 CAACCCCTGTCCTTTGTTCCCACCACGTAATGGTGGGAACTCAAGGGAGA
ahydro CAACCCCTGTCCTTTGTTGCCAGCACGTAATGGTGGGAACTCAAGGGAGA
15735 CTGCCGGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGG
2512 CTGCCGGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGS
9041 CTGCCGGTGATARACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGG
95052 CTGCCGGTGATARACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGG
9251 CTGCCGGTGATARACCGGAGGAAGGTGCCCATGACGTCARGTCATCATGG
9532 CTGCCGGTGATAAACCGGAGGAAGGTCCCCATGACGTCAAGTCATCATGG
Ahydro CTGCCGGTGATAAACCGGAGGAACGTGCCCATCGACGTCAAGTCATCATGG
15735 CCCTTACGGCCAGGGCTACACACGTGCTACAATGGCGCGTACAGAGGGCT
2512 CCCTTACGGCCAGGGCTACACACGTGCTACAATGGCGCGTACAGAGGGCT
9041 CCCTTACGGCCAGGGCTACACACGTGCTACAATGCCGCGTACAGAGGGCT
9052 CCCTTACGGCCAGGGCTACACACGTGCTACAATGGCGCCTACAGAGGGCT
9251 CCCTTACGGCCAGGGCTACACACGTGCTACAATGGCGCGTACAGAGGGCT
9532 CCCTTACGGCCAGGGCTACACACGTGCTACAATCGCGCATACAGAGGGCT
Ahydro CCCTTACGGCCAGGGCTACACACGTGCTACAATCGCGCGTACAGAGGGCT
15735 GCAAGCTAGCGATAGTGAGCGAATCCCARAAAGCGCGTCGTAGTCCGGAT
2512 GCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGCGCGTCGTAGTCCGGAT
9041 GCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGCCCGTCGTAGTCCGGAT
9052 GCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGCGCGTCGTAGTCCGGAT
9251 GCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGCGCGTCGTAGTCCGGAT
9532 GCAAGCTAGCGATAGTGAGCGAATCCCAAAAAGCGCGTCGTAGTCCGGAT
Ahydro GCAAGCTAGCGATAGTGAGCGAATCCCAARAAGCGCGTCGTAGTCCGGAT
15735 CGGAGTCTGCAACTCGACTCCGTGAAGTCGGAATCGCTAGTAATCGCAAR
2512 CGGAGTCTGCAACTCGACTCCGTGAACTCOGAATCGCTAGTAATCGCARR
9041 CGGAGTCTGCAACTCGACTCCGTGAAGTCGGAATCGCTAGTAATCGCAAA
9052 CGGAGTCTGCAACTCGACTCCGTG TCGCTAGTAATCGCAAA
9251 CGGAGTCTGCAACTCGACTCCGTGAAGTCCGAATCGCTAGTAATCGCARA
9532 CGGAGTCTGCAACTCGACTCCGTGAAGTCCGAATCGCTAGTAATCGCARA
Ahydro CGGAGTCTGCAACTCGACTCCGTCAAGTCCCAATCGCTAGTAATCGCARA
15735 TCAGAATGTTGCGGTGAATACG

2512 TCAGRATGTTJCGGTGAATACG

9041 TCAGAATGTTGCGGTGAATACG

9052 TCAGAATGTTGCGGTRAA TR

9251 TCAGAATGTTJCGGTGAATACG

9532 TCAGAATGTTGCGGTGAATACG

Ahydro TCAGAATGTTGCGGTGAATACG

FIG. 1. Clustal V multiple sequence alignment and contrast map of six
cloned 16S rDNA PCR products from six prostatitis patients. Ahydro, A. hydro-
phila. Differences are highlighted. Gap penalties were set at 10 (fixed) and 10
(floating). The weighted option of the transition toggle was selected. 15735,
previously reported DNA sequence of clone INV5735 (16).

might obscure the identities of such microorganisms when
rDNAs isolated from individual patients were sequenced. In
theory, genetic drift of a common known species could lead to
similarities of <100% with the database entries. To help assess
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N=23 Patients (34 Clones)

Pros B
Patients
Pro§ A (N=17)
Patients Y
(N=8)
' Novel
(N=2)

O Flavobacterium sp.
(N=1)

O Pseudomonas sp.
(N=1)

FIG. 2. Venn diagram illustrating the major and minor groups of rDNAs
found in prostate biopsy specimens of prostatitis patients. Of the patients whose
rDNAs were sequenced, 35% had Pros A type sequences, 74% had Pros B type
sequences, and 22% had both Pros A and Pros B sequences (overlap). One
patient (4%) had both Pros B and another sequence classified as novel due to
lack of similarity with database entries. One patient had rDNA similar to that of
Pseudomonas spp., and one patient had rDNA similar to that of Flavobacterium
spp., neither of which could be classified as Pros A or Pros B. Two clones from
skin at the site of biopsy are not included in the diagram.

genetic drift, cloned rDNA PCR products were sequenced
from two urine cultures (from a separate population of men
with acute urinary tract infection) identified as E. coli at the
University of Washington Clinical Microbiology Laboratories
(17). These sequences were 100% similar to the GenBank
E. coli sequence, indicating that urogenital tract E. coli, iden-
tical with the database entry, can easily be found, although
such E. coli IDNA was absent in all 36 prostate rDNA clones.
This does not rule out the possibility that some members of the
Pros B group may be close relatives of E. coli.

Comparison of Pros A and Pros B group standards. Pairwise
sequence alignments indicated that A. hydrophila, the standard
for our Pros A group had rDNA 87% similar to E. coli IDNA,
the standard for our Pros B group. Thus, the Pros A and Pros
B groupings are somewhat arbitrary but useful working classi-
fications that indicate which type of rDNA a particular clone
is most similar to. In extensive database homology searches
with each prostatic DNA compared with all recorded rDNAs,
A. hydrophila and E. coli alternated as sources of IDNAs most
similar to the majority of prostatic rDNAs, further supporting
the use of these standards for comparison.

Phylogenetic studies. The neighbor-joining method of phy-
logenetic inference involving 1,000 bootstrap replicates sug-
gested the prostatic IDNA sequence groupings shown in Fig. 3.
Inferred evolutionary distances are proportional to the hori-
zontal lines of the dendrogram of Fig. 3. As shown, the ma-
jority of prostatic rDNAs appeared closely interrelated. In con-
trast, the selected outgroup species, Halobacterium halobium is
a clearly unrelated prokaryote, as are many other known pro-
karyotic species. Phylogenies inferred by maximum likelihood,
using the DNAML program, had similar topologies. As was
suspected based on two-by-two sequence comparisons, two or
possibly three (if Pros B sequences are split into two catego-
ries) groups of closely related sequences were inferred. Pros B
sequences appear at the top of Fig. 3, while Pros A sequences
appear at the bottom, from clone B3COM through 9052. The
novel sequences were not included in Fig. 3.

Some individual patients shared nearly identical IDNA se-
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quences. For example, clones 90211, 3263, and 9061 (top of
Fig. 3), from different patients, were indistinguishable in phy-
logenetic studies, yet these sequences were divergent from oth-
er patient sequences and from E. coli, the closest known rela-
tive of this group. Sequences that are indistinguishable in the
dendrogram are likely to be very similar but not necessarily
identical in the pairwise alignments in Table 1. Clones 9251
and 9041, from different patients, were almost indistinguish-
able in phylogenetic studies and 99 and 100% similar, respec-
tively, to A. hydrophila in pairwise alignments. Twenty cloned
sequences not shown in Fig. 3 grouped with either Pros A type
sequences (3 clones), Pros B type sequences (10 clones), or
novel sequences (3 clones) or were similar to assorted bacteria
that were implicated only once each in this study (e.g., Pseudo-
monas testosteroni, Flavobacterium spp., and the skin-associat-
ed clones).

Culture studies. The majority of patients had parallel biopsy
specimens sent to PCR and culture laboratories. The PCR and
culture laboratories were blinded to one another’s results. The
culture laboratory was instructed to perform routine clinical
culture analysis of the samples. Of the 23 patients that were
positive for bacterial (DNA PCR, 14 (61%) were scored as “no
growth” by the culture laboratory. Of the same 23 patients, 4
were not processed for culture and 5 were both PCR and
culture positive for bacteria. Four of the five patients that were
both PCR and culture positive had multiple bacterial species
by culture. Bacterial species identified in these four patients
included Diphtheroides sp., E. coli, and coagulase-negative
Staphylococcus spp.

90211
f 3263

9061

9046

9
7 E. coli

E2

98 P. vulgaris
93 5751

5725

9075
5752

99 9035

B3
V. furnisia

96 )

: A. hydrophila
— 9052
- 9251
9041
5735

9052

H. halobium

FIG. 3. Unrooted dendrogram using the Phylip phylogenetic inference pro-
gram. Sequences aligned by Clustal V were entered into the Seqboot program of
Phylip to generate 1,000 bootstrap replicates consisting of 1,000 sequence align-
ments each with randomly selected portions of the sequences rendered inactive.
The numbers to the left of the nodes indicate the percentage of resulting phy-
logenetic trees with the nodal topologies shown. These topologies also agreed
with the best tree found by using the maximum likelihood program DNAML.
H. holobium was entered as the outgroup species, although the phylogeny is
unrooted. Horizontal line lengths are proportional to inferred evolutionary dis-
tances. Sequences identified by species name are 16S rRNA sequences refer-
enced in GenBank); other entries represent patient prostatic sequences.
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DISCUSSION

Since our patient population was selected to be negative for
microorganisms by traditional and advanced culture tech-
niques (16), molecular methods were used document or refute
that these men might harbor microorganisms in their prostate
glands. We previously showed that there was a strong correla-
tion between inflammation in expressed prostatic secretions
and detection of rDNAs in prostatic tissue (16). This study
extends and expands the earlier study that included fewer and,
in some cases, partial DNA sequences. The initial study rep-
resented mostly specific PCRs and a beginning of our rDNA
sequence investigation consisting of 6 kb of partial and some
complete tDNAs sequenced from 10 patients. The present
study represents 23 patients and 36 separate clones of PCR
products. The present study involves more than twice the num-
ber of patients of the previous study, much more extensive
phylogenetic analysis, and confirmation that rDNAs of the
Vibrio family, specifically Aeromonas spp., appear in multiple
patients.

The 36 clones were obtained from 23 patients—13 with
inflammation in their expressed prostatic secretions; 4 without
inflammation in expressed prostatic secretions; and 6 whose
expressed prostatic secretion status was undetermined, al-
though 3 had seminal fluid inflammation (see Materials and
Methods). Although we reported a correlation between in-
flammation and rDNA positivity in the previous study, we
chose four rDNA-positive, expressed prostatic secretion- and
inflammation-negative biopsy specimens for comparison with
rDNA-positive, inflammation-positive men in the present
study. The four patients with rDNA-positive but inflammation-
negative expressed prostatic secretions exhibited either Pros B
rDNA or Pseudomonas testosteroni rDNA, but none exhibited
Pros A rDNAs. Further studies will be required to determine
if this is a consistent finding.

Although we chose prostatitis patients who had no inflam-
mation in their expressed prostatic secretions as a control
group for patients with inflammation, we have also explored
several other potential control groups. For example, a recently
obtained sample of prostate tissue removed during radical
prostatectomy for prostate cancer was subjected to 16S rDNA
PCR and was found to be positive for rDNA. The meaning of
this is uncertain since it is possible that infectious microorgan-
isms might contribute to the etiology of prostate cancer. Pros-
tate cancer patients have a median age 20 years more than that
of our prostatitis group. Benign prostatic hypertrophy patients
also tend to be considerably older than prostatitis patients, and
microorganism involvement is possible in this population as
well. In selecting a control population, we were also concerned
that prostatitis and the presence of 16S rDNA might be un-
recognized risk factors for the development of benign prostatic
hypertrophy or of prostate cancer in later decades.

In another pilot control study, we evaluated paid volunteer
control subjects with no reported prostatic symptoms. Biopsy
specimens from volunteers had a substantially lower rate of
16S rDNA positives than those from the prostatitis patients
(data not shown). However, preliminary studies indicate that
even in the volunteer group, 16S rDNA-positive PCRs that
were found were associated with inflammation in prostatic
secretions. Histologically, it is possible that some of the 16S
rDNA-positive volunteers may be considered to have prostati-
tis although they lack pain symptoms. Thus, it is unclear at this
time whether 16S rDNA that may be associated with prostatic
inflammation is unique to patients with chronic prostatitis-
associated pain, the focus of the present study. It is possible
that 16S rDNA is more associated with inflammation than with
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pain, but this remains to be established. Although it is impos-
sible to determine cause and effect by documenting microor-
ganism DNA alone, our studies suggest that precise molecular
techniques may prove fruitful for investigating the etiology of
chronic prostatitis syndromes.

The group of prostatic I DNA sequences we termed Pros A
includes members identical to the rDNA of A. hydrophila,
gram-negative rods of the family Vibrionaceae. In the previous
study, members of the Vibrio family were also implicated (16).
Since A. hydrophila inhabits freshwater, additional PCR con-
trols sampling all aqueous solutions in operating and PCR
areas were performed. No evidence of bacterial DNA was
found in these solutions in three separate control investiga-
tions performed at three different times during this study.

A. hydrophila is known to cause wound infections, eye infec-
tions, lung abscesses, and diarrhea (2, 20, 26). A. hydrophila is
not a common commensal organism. Two previous studies of
large population samples showed that Aeromonas spp. most
likely do not inhabit the healthy human body. Specifically,
Aeromonas spp. were isolated from 1.4% of subjects with di-
arrhea (n, 978) in one study (12) and 1.9% of subjects (n,
13,027) in another study (21). In 343 asymptomatic subjects in
the latter study, no Aeromonas sp. was found. Thus, the mi-
croorganism was found infrequently in asymptomatic patients.

In the present study of prostate biopsy specimens, 3 (13%)
of 23 patients had Pros A rDNAs identical to that of 4. hy-
drophila, and 5 additional patients had rDNAs =95% similar
to that of A. hydrophila (Fig. 1). The 5% sequence variation
within the Pros A group is consistent with more than one
species of Aeromonas based on the low amount of sequence
variation (<5%) in comparisons of A. hydrophila and A. al-
losaccharophila with six other Aeromonas spp. (not shown) in
the GenBank database. Based on these observations, the Pros
A sequence variants in our patients with chronic prostatitis
may represent variants within a single species such as A. hy-
drophila or separate but closely related species. We are cur-
rently unable to distinguish between these possibilities. None
of the four patients lacking inflammation in their expressed
prostatic secretions had Aeromonas sp. IDNAs by our tech-
niques. Sequencing of larger numbers of samples from men
with and without inflammation will be needed to determine if
this is a consistent finding.

Observation of 100% similarity of rDNAs with that of A. hy-
drophila should not at present be taken as identification of a
species, since further sequencing may reveal differences. The
prokaryotes responsible for the Pros A rDNAs in our patient
population may or may not have physical properties and nu-
tritional requirements similar to those of other Aeromonas spp.
In studies to be reported elsewhere, cultures of prostate biopsy
specimens sampled in parallel to those studied by PCR, as
reported here, yielded occasional bacterial colonies, but none
of these were identified as Aeromonas sp. It is possible that
prostatic bacteria of our selected urine and urethral culture-
negative patient population are culture resistant. Studies in-
volving media specific for Aeromonas spp. are in progress.

Despite these caveats, it is likely that the Pros A phyloge-
netic group detected by PCR is closely related to Aeromonas
spp. based on the significant association (99% confidence) in
phylogenetic studies involving 1,000 bootstrap replicates. The
finding that 3 of 36 clones were 100% similar to a known hu-
man pathogen rarely present in healthy individuals indicates
the need for further investigation of A. hydrophila and related
organisms as potential genitourinary tract pathogens.

The Pros B group of sequences found in our prostatitis
patients appears to represent a second group of closely related
rDNA species. In two-by-two comparisons, members of the
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Pros B group were >89% related to one another. One clone
was 98% similar to E. coli IDNA. It is possible that this and
other Pros B clones originated from the intestine or skin via an
ascending urethral route. Alternatively, the Pros B group may
have arisen from contamination of the biopsy specimens in the
operating room or PCR laboratory. Contamination seems un-
likely due to the extensive anticontamination procedures, skin
clone sequence composition, and negative environmental con-
trols. In addition, none of these Pros B sequences actually
matched E. coli, while isolates from men with acute lower
urinary tract infections from another population showed 100%
similarity to E. coli sequences in GenBank.

Some sequences of the Pros B group were as much as 86%
similar to some Pros A group sequences. While the distinction
between these two groups based on sequence similarity ap-
pears arbitrary, the more sophisticated phylogenetic studies
that examine maximum likelihoods of sequence changes,
weighted transitions, and other factors indicate the existence of
two main groups, with possible subgroups within each.

Classification of some rDNAs in this study as novel must be
tentative at this time because of sequence database limitations.
For example, previous database searches revealed similarity of
patient clones 9041 and 3251 to the rDNA of the gram-nega-
tive species A. allosaccharophila but no absolute matches to
this or any other species in the database. A more recent on-line
search revealed 100% matches of these clones to the recently
entered rDNA sequence of A. hydrophila. Thus, conclusions
about prokaryotic rDNAs in prostatitis patients, or in any study
where less than perfect matches are found, may depend on the
database size and content. Some bacteria that are well char-
acterized at the biochemical level are still absent from the
rDNA database, while others that lack culture and biochemical
characterization are present.

Most (61%) of the 16S rDNA PCR-positive patients were
negative for cultured microorganisms. Several interpretations
are possible. First, the patients were selected to be culture neg-
ative, which may have selected for culture-resistant microor-
ganisms. Also, prostatitis patients frequently have had exten-
sive treatment with antibiotics prior to coming to our clinic.
Our results are consistent with PCR detection, in some cases,
of defective or otherwise culture-resistant microorganisms. The
biopsy specimens sent to the culture and PCR laboratories
were nonidentical, although they were from the same patients.
If focal infections exist in these patients, this may also explain
some differences between culture and PCR results. For the five
patients who were both PCR and culture positive, the culture
lab found multiple microorganisms, including Diphtheroides
sp., E. coli, and coagulase-negative Staphylococcus spp., in four
of them. Since the PCR laboratory characterized an average of
only 2.5 clones per patient, the PCR results are limited in the
diversity that would have been seen. The culture laboratory
reported no Aeromonas sp. The biopsy specimens were de-
structively processed for PCR, so we were unable to culture bi-
opsy specimens that were PCR positive for microorganisms such
as Aeromonas sp. A more detailed culture study is planned,
specifically attempting to culture Aeromonas spp. from nonde-
structively stored portions of prostate biopsy specimens.

We have yet to attempt 16S rDNA PCR on expressed pros-
tatic secretions. This source may be expected to present with
urethral contaminants, and the nonspecific -tDNA PCR would
likely amplify these readily. However, expressed prostatic se-
cretion sampling would be less invasive and preferable to pros-
tate biopsies, and for these reasons design of an expressed
prostatic secretion assay is in progress. Sequence data such as
that presented here may be used to design PCR primers spe-
cific to prostatic species if indeed such specificity can be dem-
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onstrated in further studies. Such specific PCR primers
might be used on expressed prostatic secretion samples in the
future.

In summary, rDNA sequencing led to detection of diverse
and related 16S rDNAs previously unsuspected by culture-
based methods. Further rDNA sequencing and sequence com-
parisons may lead to categorization of prostatic bacteria and
facilitate design of customized primers for more rapid identi-
fication of prostatic species. PCRs using such customized prim-
ers could be used to monitor the effects of drug treatment.
Directed molecular techniques may prove useful for detecting
prostate-localized microorganisms shed in urine or expressed
prostatic secretions. Specific molecular tools may emerge from
sequencing studies such as this. These tools might be used to
begin determination of what role, if any, prostatic bacteria may
have in the etiology of chronic prostatitis/chronic pelvic pain
syndrome.
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