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INTRODUCTION of organisms have been reported to possibly cause this syn-

Definition of a Problem

Prostatitis is a common urologic condition that many clini-
cians find difficult to treat effectively. It has been estimated that
up to half of all men suffer from symptoms of prostatitis at
some time in their lives (70). Culture diagnosis of acute bac-
terial prostatitis is straightforward and easily accomplished in
the laboratory. On the other hand, the microbiologic diagnosis
of chronic prostatitis and chronic idiopathic (nonbacterial)
prostatitis (more commonly referred to as prostatodynia) rep-
resents a particular challenge. Chronic idiopathic prostatitis,
when diagnosed clinically, has a poor record of treatment suc-
cess. A large study of 597 prostatitis patients indicated that
nearly one-third were diagnosed with prostatodynia, which is a
significant fraction of the urological population (10). The recent
literature suggests that the condition referred to as chronic
idiopathic (nonbacterial) prostatitis may actually have an in-
fectious etiology (18, 32, 38, 53). Some patients relate the onset
of their symptoms to sexual activity—sometimes associated
with acute urethritis (7)—while others have indicated no rela-
tionship with sexual activity. The use of antimicrobial therapy
may or may not elicit transient relief of symptoms. A number
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drome: Trichomonas vaginalis (25, 34-36), Chlamydia tracho-
matis (1, 8,9, 12, 67), genital mycoplasmas (10, 73), staphylo-
cocci (3, 8, 53), coryneforms (18, 60), and genital viruses (4,
16). These data are controversial, since other researchers have
either failed in their attempts to demonstrate the presence of
these microorganisms in clinical specimens or have found them
in only rare circumstances (6, 17, 66). The major difficulty in
interpreting these microbiologic findings is the presence of con-
taminating, indigenous microbiota. Specimens such as voided
urine, urethral swabs, and expressed prostatic secretions (EPS),
used to evaluate a patient with suggestive symptoms, become
contaminated with organisms colonizing the distally contami-
nated urethra. Although the ideal specimen would be uncon-
taminated prostatic tissue, there are few reports of this in the
literature. The microbiological workup of these specimens is
further complicated by the presence of inhibitory substances
known to exist in the prostatic secretions (21) and the history
of multiple previous courses of antibiotics (34).

The detection of difficult-to-culture (cell wall-deficient/de-
fective bacteria [CWDB] and nutritionally deficient bacteria)
or nonculturable bacteria in chronic idiopathic prostatitis must
necessarily take into account not only the morphologic and
metabolic diversity of organisms (CWDB and nutritionally de-
ficient bacteria) but also the consequences of their interaction
with other microorganisms (i.e., exchange of genetic material)
and their host (20). When first recognized as causing disease,
bacteria were seen to be relatively stable vegetative cells that
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grew and expressed toxic by-products in vitro. These organisms
tended to be quite virulent, and so associating them with par-
ticular diseases was straightforward. Since then, technologic
developments have revealed a spectrum of microbial agents,
including viruses, fungi, and protozoa, with each group being
diverse and continually changing. The interaction of these or-
ganisms within the host can lead to the enhancement or de-
pression of their individual properties (CWDB, production of
extracellular slime, biofilms). Clinical expression, i.e., disease
symptoms, in the host depends on the genetic vulnerability of
the host, the particular environmental stresses, host suscepti-
bility, and the number and location of such consortia. Clinical
microbiologists and treating physicians who face this tangled
scenario when confronted with patients suffering from chronic
idiopathic prostatitis must objectively quantitate and define the
process that has led to the illness. Because cryptic organisms,
whether intra- or extracellular, are ubiquitous, proving their
role in disease requires more than the mere demonstration of
their presence. Quantifying and identifying the cells that are
most heavily parasitized are impractical clinical approaches,
and it is often impossible to satisfy Koch’s postulates. The
concept of normal microbiota is a statistical one that is derived
from the immunocompetence of most of the population. It is
unwise to dismiss the pathogenic capacities of any “benign”
microbe in a patient with a mysterious illness. This precept is
particularly relevant for patients with chronic idiopathic pros-
tatitis. Bacteriologic advances, which include the use of spe-
cialized culture media and stains, electron microscopy, and
PCR for amplifying microbial sequences in tissues and body
fluids, have revealed an increasing number of previously uni-
dentifiable organisms in a variety of pathologic conditions (19,
58, 59). The present trend toward using sequence-based iden-
tification of difficult-to-culture and nonculturable organisms in
chronic idiopathic prostatitis will ultimately achieve this end.

Acute and Chronic Bacterial Prostatitis

Bacterial infection of the prostate gland may occur as a
result of ascending urethral infection or by reflux of infected
urine into prostatic ducts emptying into the posterior urethra.
Other possible routes of infection include invasion of rectal
bacteria through direct extension or by lymphogenous or he-
matogenous spread (43). There is an association between bac-
terial prostatitis and urinary tract infection (UTI), including
host responses that result in excessive numbers of polymor-
phonuclear leukocytes and macrophages in the prostatic secre-
tions. It has been demonstrated that positive cultures (seg-
mented cultures [see Specimen Collection and Bacteriologic
Culture, below]) can localize the etiologic agent(s) to the pros-
tatic secretions. When the patient has acute bacterial prostati-
tis, there is an abrupt onset of fever and genitourinary and
constitutional signs and symptoms. Chronic bacterial prostati-
tis is a more subtle illness, which is characterized by relapsing,
recurrent UTI and persistence of bacteria in the prostatic
secretory system despite multiple courses of antibacterial ther-
apy (43). A third syndrome, chronic idiopathic prostatitis (some-
times called abacterial prostatitis or nonbacterial prostatitis
and prostatodynia) may or may not be associated with exces-
sive numbers of inflammatory cells in the prostatic secretions
and with lack of culturally documented bacteriuria. The pros-
tatic secretions from many patients appear normal.

In a study by Brunner et al. in 1983, it was reported that of
600 men attending a special prostatitis clinic in Germany, 5%
had bacterial prostatitis, 64% had nonbacterial prostatitis, and
31% had prostatodynia (10). The recent literature suggests that
there is no clear reason to distinguish prostatodynia from non-
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bacterial prostatitis since subjects with prostatodynia may at
times have excessive numbers of leukocytes in their expressed
prostatic secretions, demonstrate negative routine bacterial urine
cultures, and undergo similar therapy for both conditions. Dur-
ing the past few years, molecular data and cultures performed
with special media (discussed below) strongly suggested that
chronic idiopathic prostatitis may actually be a cryptic bacterial
infection of the prostate gland that is usually missed or unde-
tected by routine conventional cultures in clinical microbiology
laboratories. The definitions of abacterial prostatitis or non-
bacterial prostatitis and prostatodynia are still controversial.
For the purposes of this review, these conditions will be grouped
into one and referred to as chronic idiopathic prostatitis. Ad-
ditionally, our primary focus will be on recent findings (1990s)
rather than on the historical literature about prostatitis.

SPECIMEN COLLECTION AND
BACTERIOLOGIC CULTURE

Quantitative bacteriologic cultures confirm the diagnosis of
bacterial prostatitis when the infectious agent(s) is localized to
the prostate gland (i.e., segmented cultures). The technique for
obtaining segmented cultures of the male lower urinary tract
was first described in 1968 by Meares and Stamey (44). This
method (although rarely used today in clinical practice) is still
considered by many to be the “gold standard” for localizing
infection to the prostate gland. The sampling conditions re-
quire a sufficiently full bladder, and the samples must be col-
lected by using rigorous aseptic techniques. The first step of the
examination must not be preceded by urethral swabbing. All
urine samples must have a well-defined volume. Prostatic se-
cretions are obtained by a systematic massage of each lobe of
the prostate gland. Bacterial prostatitis is confirmed by the
presence of bacteria in the prostatic secretions and in the VB,
(voided bladder) postprostatic massage urine sample in num-
bers greatly exceeding the bacterial counts of the VB, and VB,
urine specimens. The traditional criterion for diagnosing chronic
bacterial prostatitis is a 10-fold increase in the concentration of
culturable microorganisms when the bacterial count of the post-
massage urine sample or expressed prostatic secretion sample is
compared with that of the first-void (VB,) urine sample (43, 44).
The segmented-culture technique is not widely used in primary
care settings, and even most urologists appear to have abandoned
the procedure because of its labor intensity and overall costs. In
1997, Nickel (46) proposed a simple and cost-effective screen for
prostatitis which involves the culture and microscopic examina-
tion of urine before and after prostatic massage. This pre- and
postmassage test (PPMT) was applied to a series of 53 patients as
well as 59 patients for whom segmented-culture results were avail-
able from the literature. In these selected populations, the PPMT
alone led to the same diagnosis in 102 patients (91.1%). Within
the expected limitations of this retrospective review, the calcu-
lated sensitivity and specificity of the PPMT were both 91%.
Based on these findings, this method warrants further investiga-
tion and may motivate researchers to review their prostatitis data
and stimulate discussion. Importantly, physicians might then be
convinced to adopt a simpler diagnostic plan for prostatitis be-
cause it is far more efficient in terms of diagnosing the disease
than is doing no work-up of the patient for localization of infec-
tion.

COMMON BACTERIAL ETIOLOGIC AGENTS

Most of the urinary pathogens are also the causative agents
of acute and chronic prostatitis. Escherichia coli predominates
as a cause of culturable prostatitis. Other members of the
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Enterobacteriaceae, such as Klebsiella, Enterobacteria, Proteus,
and Serratia, can be isolated from patients with acute and
chronic prostatitis, as can the pseudomonads and less common
gram-negative bacteria. Obligate anaerobes have rarely been
implicated as a cause of prostatitis. Gram-positive bacteria,
particularly the cocci, remain controversial as possible etiologic
agents. Recently, coagulase-negative staphylococcal species
and coryneforms have been found in segmented specimens
(including prostatic secretions) and are postulated to play a
role in chronic idiopathic prostatitis (38, 53). It is generally
agreed that Enterococcus faecalis can cause chronic bacterial
prostatitis and related recurrent enterococcal bacteriuria. Al-
though many published reports have indicated that gram-pos-
itive bacteria other than enterococci rarely cause bacterial
prostatitis (43), emerging molecular data and special culture
results suggest that these organisms and other less well known
bacteria may well be true pathogens in the poorly understood
condition referred to as chronic idiopathic prostatitis (18, 32,
38, 53, 60).

CHRONIC IDIOPATHIC PROSTATITIS

Since the infectious etiology of acute and chronic recurrent
prostatitis in which a single or multiple bacterial isolates can be
clearly identified is well understood and accepted, this review
will focus on the microbiology of the more controversial syn-
drome of chronic idiopathic prostatitis. Clinically, this condi-
tion frustrates the patient and physician due to its chronicity
and resistance to therapy. The syndrome is usually character-
ized by persistent perineal pain and by functional and somatic
urologic complaints, including abnormal urine flow, frequency,
urgency, and dysuria. The diagnosis of chronic idiopathic pros-
tatitis is differentiated from that of acute prostatitis by a lack of
prostatic inflammation with no significant leukocytes or bacte-
ria in the expressed secretions, and the patients are not acutely
ill. Despite these diagnostic criteria, the etiology of chronic
idiopathic prostatitis is unknown. Recent studies suggest that
the etiology of chronic idiopathic prostatitis may be of bacterial
origin (18, 22). Three types of provocative data have demon-
strated the presence of bacteria in prostatic specimens (tissue
and secretions) that were negative by traditional clinical mi-
crobiologic tests: (i) bacterial gene sequences encoding 16S
rRNA and tetracycline resistance (tetM-tetO-tetS) were present
in prostatic tissue (32); (ii) culture findings indicated that co-
agulase-negative staphylococci were the most common isolates
in patients with prostatodynia (chronic idiopathic prostatitis)
(38, 53); and (iii) culture of difficult-to-grow coryneforms in
EPS and direct microscopic observation of these pleomorphic
bacteria in EPS thought to be negative by routine culture were
reported (18, 60).

Prokaryotic DNA Sequences in Patients

In a provocative study by Krieger et al. (32), 135 men with
chronic prostatitis refractory to multiple previous courses of
antimicrobial therapy were evaluated. These individuals had
no evidence of structural or functional lower genitourinary
tract abnormalities, bacterial prostatitis by traditional clinical
tests, or urethritis or urethral pathogens by bacteriologic cul-
ture. PCR assays that were organism specific detected Myco-
plasma genitalium, Chlamydia trachomatis, or Trichomonas
vaginalis in 10 patients (8%). Broad-spectrum PCR tests de-
tected ftetM-tetO-tetS in 25% of the subjects and sequences
encoding 16S rRNA in 77% of the patients. The tetM-tetO-tetS-
positive patients constituted a subset of the 16S rRNA-positive
patients. Patients with 16S rRNA genes were more likely to
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have at least 1,000 leukocytes per mm? in their EPS than were
men whose prostate biopsy specimens were negative for 16S
rRNA (P < 0.001). Multiple bacterial sources of 16S rRNA
were observed in individual patients based on direct sequenc-
ing and repetitive cloning. Sequences of 29 cloned PCR prod-
ucts revealed 16S rRNAs distinct from those of members of the
common skin and gastrointestinal flora. In a case-control de-
sign, it is impossible to conclusively determine the cause and
effect; however, these data suggest that the prostate harbors
bacteria that are not detectable by conventional microbiologic
culture. These molecular studies are particularly significant
because tissue specimens from prostate biopsies were obtained
from a population of men who could not be diagnosed by
optimal clinical and microbiologic methods. Therefore, poten-
tial study subjects were excluded, unlike in earlier studies (1, 4,
8-10, 12, 16, 22, 25, 33, 35, 36, 42, 53, 73) if they exhibited
bacteriuria, bacterial prostatitis, or urethritis or if they had a
urethral culture that was positive for urogenital pathogens.
The most convincing finding is the strong correlation between
inflammation in the EPS and detection of bacterial gene se-
quences in prostatic tissue. It is unlikely that the demonstrated
molecular evidence represents contamination because of the
extreme care reported to have been taken in procuring and
handling the clinical samples, including the use of a double-
needle biopsy method to limit skin contamination and positive
and negative controls incorporated in the molecular experi-
ments as well as an internal housekeeping gene control. It will
be important to classify the sequences at the bacterial genus
and species level, since this has not yet been accomplished for
the amplified bacterial nucleic acids derived from prostate
tissue. Identification, cloning, and sequencing of prokaryotic
DNA in prostatic tissue may help elucidate the etiologic agents
of chronic prostatitis syndromes.

Bacterial Cultures for Commensal
and Fastidious Bacteria

In a study from our laboratory, Lowentritt et al. (38) pro-
posed that prostatodynia (chronic idiopathic prostatitis) may
be caused by an ascending subclinical infection of the prostate
by bacteria, including recognized uropathogens and commen-
sals. This research evaluated segmented cultures of urine and
EPS from 22 patients and 16 controls. Nine patients had pos-
itive cultures from prostatic secretions; compared to the results
for the controls, this finding was statistically significant (P <
0.025). Coagulase-negative staphylococci were the most com-
mon isolates (68%). The most commonly isolated organism,
Staphylococcus epidermidis, has also been implicated by Nickel
and Costerton (53) and Wedren et al. (72) in the etiology of
chronic idiopathic bacterial prostatitis. Another coagulase-
negative Staphylococcus species isolated in this study, Staphy-
lococcus haemolyticus, was reported by Gunn and Davis (26)
and Sanchis-Bayarri et al. (62) to cause UTI in men. It has
been postulated that these coagulase-negative staphylococci
probably possess virulence factors that may be operative in
chronic idiopathic prostatitis (29). Coagulase-negative staphy-
lococci have been shown to adhere to urothelial cells (40) and
cellular proteins including laminin, fibronectin, vitronectin,
and collagen (55), which may allow ascending infection and
subsequent colonization of the prostate. Furthermore, these
bacteria produce an extracellular slime substance with antipha-
gocytic and antichemotactic properties that affect neutrophils
as well as antiproliferative characteristics that affect lympho-
cytes (29). Thus, extracellular slime substance may further
impair host defenses. Extracellular slime substance also has
cytoprotective properties, which can protect bacteria from ex-
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FIG. 1. Fluorescent acridine orange stain of difficult-to-grow coryneforms from expressed prostatic secretions. Magnification, x1,000.

posure to otherwise bactericidal levels of antibiotics, and hence
can lead to recrudescent infections resistant to therapy (53).
Therefore, antimicrobial treatment failures of organisms pro-
ducing extracellular slime might result from the virulent prop-
erties of coagulase-negative staphylococci or other bacteria.

The patients in the study by Lowentritt et al. described
above (38) were diagnosed with chronic idiopathic prostatitis
clinically and microscopically. They had noninflammatory and
minimally inflammatory intraprostatic disease, as indicated by
the concentration of leukocytes (WBC) in EPS. Thus, this syn-
drome may involve a type of host immune deficiency. Wedren
et al. (72) reported on several nonbacterial prostatitis patients
in whom leukocytes had diminished phagocytic activity against
autologous bacterial isolates, suggesting that there exists a se-
lective process involving prostatic pathogens and specific host
defenses. Similarly, Sanchis-Bayarri et al. (62) concluded that
coagulase-negative staphylococci, particularly Staphylococcus
haemolyticus, can function as opportunistic pathogens in im-
munodepressed hosts.

In 1997, Berger et al. (5) suggested that bacterial coloni-
zation and invasion of the prostate may be associated with
inflammatory prostatitis in certain cases. They examined the
relationship of genitourinary infection to inflammatory pros-
tatitis in 85 patients without bacteriuria. Cultures of the ure-
thra, urine, and transperineal prostate biopsy specimens were
performed. In addition to specifically targeting commensal and

fastidious bacteria in cultures, leukocyte counts of expressed
prostatic secretions were determined. The 25 subjects with in-
flamed prostatic secretions were more likely to have any type
of positive bacteria culture (P = 0.01), positive cultures for
anaerobic bacteria (P = 0.03), higher total bacterial counts
(P = 0.02), and more bacterial species isolated (P = 0.02) in
prostate biopsy cultures than were the 60 men without ex-
pressed prostatic secretion inflammation. This group of inves-
tigators also developed a symptom index for patients with
chronic prostatitis, which may prove valuable in the clinical
evaluation of these patients and interpretation of their labo-
ratory results (31).

Difficult-to-Culture Coryneforms in Expressed
Prostatic Secretions

Domingue et al. in 1997 (18) reported that difficult-to-cul-
ture coryneforms were missed by routine culture of EPS on
blood agar but that careful microscopic observation and cul-
ture of EPS on enriched media revealed the presence of these
pleomorphic bacteria. Direct Gram staining of EPS showed
gram-variable pleomorphic coccobacillary rods that did not
grow on routine media within 72 h at 35°C. The presence of
these pleomorphic swollen rods were also shown by fluorescent
acridine orange staining (Fig. 1). Culture of the EPS demon-
strated numerous rod-like forms on culture media enriched
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with yeast extract and horse serum and incubated for at least
72 h under 5% CO, at 35°C. EPS inoculated into tryptose
broth demonstrated the presence of gram-variable rod forms
(microscopically) and, when subcultured to routine and spe-
cialized media, produced the slow-growing bacilli on routine
and enriched solid media (incubated aerobically, anaerobi-
cally, or under 5% CO, for 72 h). From a representative
subject, the routine culture initially grew 200 colonies from the
EPS and 100 colonies from the voided bladder urine (VB;) of
S. epidermidis. A subculture of the tryptose broth inoculated
with EPS grew <100 colonies of other staphylococci (Staphy-
lococcus hominis/warneri) in addition to S. epidermidis. Bio-
chemical identification of the difficult-to-culture rods revealed
two different species of Corynebacterium: Corynebacterium group
ANF and C. minitussimum. Antibiotic susceptibility studies
showed that Corynebacterium group ANF was resistant to am-
picillin, erythromycin, penicillin, oxacillin, nalidixic acid, nitro-
furantoin, tobramycin, and bactrim while C. minutissimum was
resistant only to oxacillin and nalidixic acid. PCR studies to
specifically target the persistence of coryneform genes would
be of value to determine the frequency of these organisms in
prostatic specimens that are negative by conventional culture.
Domingue et al. (18) suggested that cryptic coryneforms could
be hidden etiologic agents in chronic idiopathic prostatitis and
that they are often missed or overlooked in routine clinical
microbiology laboratories. A new coryneform species, Coryne-
bacterium seminale sp. nov., was reported by Riegel et al. (60)
to be associated with genital infections in male patients. These
investigators studied 12 coryneform isolates having similar bio-
chemical profiles which did not permit their assignment to any
recognized taxa. Human semen was the source of seven of
these strains, whereas the other five strains were isolated from
urethra, urine, and blood specimens from adult males. These
bacteria were found in significant quantities (10* to 10° CFU/
ml) in semen specimens from infertile male patients with a
diagnosis of prostatitis. The bacterial strains had characteris-
tics of the genus Corynebacterium (60% G+ C in the DNA, and
corynemycolic acids, meso-diaminopimelic acid, arabinose, and
galactose in the cell wall). Quantitative DNA-DNA hybridiza-
tions involving the S1 nuclease procedure and phylogenies
based on comparisons of almost-complete small-subunit IDNA
sequences confirmed that these strains constitute a single new
species within the genus Corynebacterium. All 12 strains showed
similar phenotypic features, i.e., good on growth on sheep
blood agar, in contrast to poor growth on the same medium
supplemented with 1% Tween 80; a positive CAMP test in the
presence of Staphylococcus aureus; glucose and sucrose fer-
mentation; and the presence of B-glucuronidase. Some strains
were reported to reduce nitrate and hydrolyze urea or esculin.
The characteristics described allowed these strains to be dis-
tinguished from members of any other coryneform taxon; the
authors proposed the name of Corynebacterium seminale with
strain IBS B 12915 (CIP 104297) as the type strain. This de-
scription and delineation of these strains as a new species
should be useful for further studies, including evaluations of
their prevalence among the normal flora, particularly of the
genitourinary tract, and their clinical implications.

Chlamydia trachomatis

Because chlamydiae are fastidious bacteria that require cell
systems for growth, they cannot be propagated on artificial
culture media used for ordinary bacteria. Researchers in Japan
(30) suggested that Chlamydia trachomatis is often a causative
organism in chronic idiopathic prostatitis. In this study, immu-
noglobulin A (IgA) antibodies specific for C. trachomatis were
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correlated with EPS by Western immunoblotting. IgA was
measured in the EPS of 192 subjects, including 92 patients
showing symptoms of chronic idiopathic prostatitis. These in-
vestigators also looked for the presence of anti-heat shock
protein (HSP; 60 kDa) IgA. Anti-C. trachomatis I1gA in EPS
was found in 44 (26%) of 169 subjects and in 29% of those with
more than 10 WBC/high-power field (hpf) (20 of 69 subjects).
Of patients with greater than 10 WBC/hpf, 38.5% had anti-
HSP IgA; this is in contrast to 0% for the group with 5 to 9
WBC/hpf. Immunologic data of the 69 subjects with >10
WBC/hpf suggested that 20 of these subjects had chronic id-
iopathic prostatitis caused by C. trachomatis. From the data
presented, it was not possible to determine whether some of
the 44 subjects positive for anti-chlamydia IgA were control
subjects without symptoms. In a prospective study of C. tra-
chomatis antibodies in the serum and ejaculate of male pa-
tients without acute urethritis, Ludwig et al. (39) reported the
prevalence of chlamydial antibodies by using a genus-specific
immunofluorescence test in 101 men. The results were com-
pared to the clinical diagnosis, cell culture of urethral swabs,
demonstration of chlamydial DNA by PCR in the ejaculate,
and signs of genital inflammation by counting peroxidase-pos-
itive leukocytes and elastase level in semen. Serum-specific
IgG and IgA antibodies were found in 26 and 15% of men,
respectively; seminal IgG and IgA antibodies were present in 6
and 7% of men, respectively. Serum-specific antibodies were
not associated with the clinical diagnosis of infection nor with
C. trachomatis cell culture, PCR findings, peroxidase-positive
leukocytes, or the polymorphonuclear leukocyte-elastase level.
These investigators concluded that serum antibodies are not
useful in detecting a chlamydial infection. Seminal plasma
antibodies were not correlated with the clinical diagnosis of
infection, positive cell culture, polymorphonuclear leukocyte-
elastase levels, or WBC in semen. However, a significant cor-
relation was found for positive C. trachomatis PCR in the
ejaculate (P < 0.001 for IgG, P < 0.05 for IgA, P < 0.001 when
combined). This group concluded that although seminal anti-
bodies may be more useful in detecting ascended or occult
chlamydial infection, their significance remains unclear and
their absence does not exclude chlamydial infection. Neverthe-
less, the uncertain role of this organism in chronic prostatitis
warrants further research, especially into the biological signif-
icance of locally derived IgA.

A preliminary report published by Kadar et al. (27) demon-
strated detection of C. trachomatis in chronic prostatitis by in
situ hybridization (biotin-labeled DNA probe) on formalin-
fixed, paraffin-embedded specimens from patients attending a
urology clinic in Hungary. Of 79 biopsy specimens, 34 had a
diagnosis of chronic abacterial prostatitis, and 3 of 11 speci-
mens were positive for C. trachomatis. It would be of value to
perform further studies to determine the incidence of detect-
ing Chlamydia in prostate gland specimens derived from pa-
tients with chronic idiopathic prostatitis and to determine
whether there is any relationship to infertility in the relevant
age groups.

Ureaplasma urealyticum

Although Ureaplasma urealyticum has long been implicated
as sometimes causing nongonococcal urethritis, its role as an
etiologic agent of prostatitis is controversial. In a study by Teng
etal. (71), PCR was compared with culture for the detection of
U. urealyticum in 50 specimens including sperm, urine, and
prostate secretions from hospitalized patients (n = 50) with
urogenital infections. Five positive diagnoses and an additional
four doubtful diagnoses were made by culture, whereas PCR
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detected U. urealyticum in 12 samples. Eight specimens were
derived from prostatic secretions; one was positive by culture
and two were positive by PCR. Of 14 semen specimens from
infertile subjects, 2 were positive by culture, 4 were doubtful,
and 6 were positive by PCR. In addition to its greater sensi-
tivity and lesser dependence on careful specimen handling
between collection and testing, PCR had a further advantage
of yielding faster results. The assay time was reduced from 2 to
3 days for culture to 1 to 2 days for PCR. PCR may show
considerable promise for the rapid and specific diagnosis of
U. urealyticum from an appropriately obtained specimen local-
izing the infection to the prostate, provided that there is suf-
ficient demand to justify the cost of a thermal cycler and the
requirements for more costly reagents than are needed for
culture. It will also be of value to use PCR primers that dis-
tinguish between biovars when considering the biological sig-
nificance of Ureaplasma in clinical specimens, since specific
biovars may be associated with different diseases of the geni-
tourinary system (i.e., is there a prostatitis-specific biovar?).

OTHER, LESS COMMON TYPES OF PROSTATITIS

Mycobacterial Infection

Mycobacterial infection of the prostate causes granuloma-
tous prostatitis. This condition may occur as a sequela of mil-
iary tuberculosis. Recovery of the organism from prostatic fluid
cultures confirms the diagnosis (43). In a review of the diag-
nostic and therapeutic aspects of prostatic abscess in patients
with AIDS, Galbis et al. (24) and Rivas-Escudero (61) re-
ported on a patient with AIDS and prostatic abscess due to
tuberculosis in 1997. The incidence of granulomatous pros-
tatitis and acid-fast bacilli (AFB) after intravesical bacillus
Calmette-Guérin (BCG) therapy was recently published by
LaFontaine et al. (37). These patients were part of a group of
over 100 patients undergoing radical cystoprostatectomy. Gran-
ulomatous prostatitis was identified in 9 of 12 patients from
this group who had received BCG treatment; AFB were iden-
tified in 7 of 9 patients with granulomatous prostatitis. It
seems that the pathologic consequence of granuloma pros-
tatitis with AFB is common after intravesical BCG therapy.
These incidences are far greater than the reported incidence
of symptomatic granulomatous prostatitis. In an assessment
of the pathologic findings of granulomatous prostatitis by Op-
penheimer et al. (54), 94 cases of granulomatous prostatitis
were found in 25,852 (incidence, 0.36%) men who consecu-
tively underwent needle biopsy; clinical correlations were ob-
tained for 75 men. The cases were categorized as nonspecific
(77.7%), infectious (18.1%), or indeterminate (4.3%) granu-
lomatous prostatitis based on histologic and clinical criteria.
All the patients with infectious granulomatous prostatitis had a
history of prior BCG therapy for transitional cell carcinoma.
Histologically, 57% of the nonspecific cases mimicked infec-
tion and 4% mimicked cancer. Caseating necrosis was identi-
fied in 76% of patients with infectious granulomatous prostati-
tis. While nonspecific granulomatous prostatitis is the most
commonly seen on needle biopsy, BCG granulomas are not
infrequently found. These investigators indicate that granulo-
matous prostatitis may be clinically indistinguishable from can-
cer and that nonspecific granulomatous prostatitis may also
histologically mimic carcinoma.

Gonococcal Prostatitis

Gonococcal prostatitis was first demonstrated in 1931 by
Sargent and Irwin (63). Forty-two cases of prostatic abscess
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were studied, and 75% were found to be caused by Neisseria
gonorrhoeae. Most studies suggest that prostatitis caused by
this organism is rare. Danielsson and Molin in 1971 (15) used
a fluorescent-antibody test to demonstrate the persistence of
gonococci in the prostatic fluid of 40% of men who were sup-
posedly cured of their gonococcal infection (based on conven-
tional diagnostic techniques and short-term antigonococcal
therapy). Colleen and Maardh in 1975 (13) used a fluorescent-
antibody test with anti-gonococcal antibodies to show that six
men with repeatedly negative cultures had positive findings for
the presence of gonococci in the seminal fluid. After treatment
with metacycline, five of the six men were negative for the anti-
gonococcal antibodies.

Parasitic Prostatitis

Parasitic prostatitis is rare in the United States and else-
where. An excellent chapter on parasitic diseases of the geni-
tourinary system, documenting the role of various parasites,
has been written by Smith and von Lichtenberg (68).

Fungal Prostatitis

Fungal prostatitis is confirmed by means of prostatic histol-
ogy and culture of prostatic fluid and tissue. Granulomatous
prostatitis caused by fungi is associated with systemic mycoses
(coccidiodomycosis, cryptococcosis, histoplasmosis, paracoc-
cidiodomycosis, blastomycosis, and candidiasis) (43). Aspergil-
lis prostatitis is rare overall but is more common in patients
with immunodeficiencies. A case of Aspergillis prostatitis asso-
ciated with pulmonary tuberculosis after corticosteroid treat-
ment for retroperitoneal fibrosis as a complication of methy-
sergide therapy was reported by Cherasse et al. in 1997 (11).
Cryptococcal prostatitis in a patient with Behcet’s disease was
reported by Fuse et al. (23). The 55-year-old man presented
with acute urinary retention due to Cryptococcus neoformans
infection of the prostate. The disease was localized to the
prostate and successfully treated only with fluconazole. The
patient remained well without evidence of systemic or local
infection at 32 months. Prostatic sequestration of C. neofor-
mans in an immunocompromised patient treated for crypto-
coccal meningoencephalitis was reported by Ndimbie et al. in
1994 (45). Although the patient was successfully treated for
cryptococcal meningoencephalitis with amphotericin B and
S5-flucytosine, he died from other sequelae of AIDS 2 years
later. Cryptococci were found neither in the central nervous
system nor in other anatomic sites. The autopsy files yielded
seven other cases of men with a history of cryptococcal menin-
goencephalitis. These authors emphasized the possibility that
the prostate sequesters C. neoformans, thereby contributing to
systemic relapse. To prove sequestration in the prostate, cryp-
tococci must be cultured either from the prostate or from a
midstream voided specimen after prostatic massage; the pros-
tate must also be the only focus of infection.

Abscesses of the Prostate Gland

Abscesses of the prostate gland have been associated with a
variety of microorganisms: Escherichia coli, Pseudomonas spe-
cies, staphylococci, and, occasionally, obligate anaerobic bac-
teria. A few cases of prostatic abscess have been reported to be
caused by Staphylococcus aureus, suggesting a hematogenous
pathogenesis (43). Prostatic abscess is most often seen in pa-
tients who are diabetic, on maintenance dialysis for chronic
renal failure, immunocompromised, undergoing urethral in-
strumentation, or requiring indwelling catheters (43). A case of
a prostate abscess caused by Brucella in a 44-year-old patient
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was reported by Sevillano-Guida et al. (64). There is a high
incidence of brucellosis in the province of Soria, Spain, from
which this report originated. These authors highlighted the
crucial role of the endocavitary ultrasound technique for both
diagnosis and treatment and the importance of case follow-up
and recognition of special culture methods for diagnosis of a
Brucella infection. A metastatic prostatic abscess was reported
in a 12-year-old boy by Shokeir et al. (65). Rectal examination
revealed a tender, fluctuating prostatic mass, causing acute
retention. These authors emphasize the value of prostatic im-
aging by computed tomography and transrectal ultrasound as
important in the diagnosis and management of this patient.
The possibility of development of pyogenic vertebral osteo-
myelits should be kept in mind when treating a serious geni-
tourinary tract infection. Soda et al. (69) described a case of
ostemyelitis after acute bacterial prostatitis in a 78-year-old
man. The rarity and subtle clinical presentation of this condi-
tion, coupled with the delayed appearance of radiologic signs
of progression to destructive osteomyelitis, contributed to a
significant delay in diagnosis. Positive arterial blood culture for
bacterial growth during the episode of acute prostatitis suggest-
ed that bacteremia might result from hematogenous spread of
the infection to the vertebral column via the venous system.

Viral Prostatitis

There are few literature reports on viral prostatitis. Doble et
al. in 1991 (16) described a case of herpes simplex virus iso-
lated from the prostatic fluid of a patient with symptoms of
prostatodynia. The demonstration of cytomegalovirus (CMV)
in tissue within the male genital tract in an AIDS patient dying
of disseminated CMV infection was first reported by Benson
and Smith in 1992 (4). Another case report on CMV prostatitis
and a review of the literature was published in 1994 by McKay
et al. (41). In this case, a patient undergoing chemotherapy
for multiple myeloma was found to have CMV prostatitis.
The findings of a hypoechoic prostatic lesion on ultrasound
and a slightly elevated prostatic specific antigen level (4.6
ng/ml) prompted a prostate biopsy. Immunohistochemical
staining demonstrated CMV within the prostate. Although
this virus is a common pathogen in immunosuppressed pa-
tients, its presence in the male genital tract is relatively rare.

PROSTATITIS IN BENIGN PROSTATIC HYPERPLASIA

Bedalov et al. in 1994 (3) reported the incidence of prostati-
tis in benign prostatic hyperplasia (BPH). These investigators
concluded that patients with gram-negative prostatitis had the
largest number of complications and the longest period of post-
operative hospitalization. The incidence of prostatitis in their
study was 90.3%. Tissue was obtained by transurethral prosta-
tectomy. Gram-positive microorganisms were isolated in 32.8%
of the tissue samples, and Staphylococcus epidermidis was
found in 26.6% of the tissue specimens from BPH patients.
Gram-negative microorganisms were isolated in 30.8% of tis-
sue specimens from BPH patients, and fungi were found in
2.9%. In 27.9% of the tissue samples, a microorganism could
not be isolated, although pathohistologic examination demon-
strated evidence of prostatitis. Preoperative and postoperative
antibiotic therapy reduced the incidence of postoperative com-
plications and shortened the period of hospitalization of pa-
tients with significant gram-negative bacteriuria before the op-
eration (BPH patients with gram-negative prostatitis).

CLIN. MICROBIOL. REV.

UROVIRULENCE DETERMINANTS OF BACTERIA
CAUSING PROSTATITIS

Although many studies on the virulence properties of Esch-
erichia coli causing UTI have been published, there are only a
few reports devoted to the virulence of strains causing pros-
tatitis. Andreu et al. (2) in 1997 studied E. coli isolated from
men with acute (7 strains) or chronic (23 strains) prostatitis
and compared these strains with E. coli strains isolated from
women with pyelonephritis (30 isolates), acute cystitis (60 iso-
lates), or complicated UTI (30 isolates). Strains from prostati-
tis patients were significantly more likely to express hemolysin
than were strains causing complicated UTI (73 and 43%, re-
spectively; P = 0.02). Cytotoxic necrotizing factor 1 (CF-1) (us-
ing a DNA probe) was demonstrated more often in prostatitis
strains than in strains obtained from women. P fimbrial expres-
sion was highest among strains from patients with pyelonephri-
tis (73%) or prostatitis (53%) and lowest among E. coli strains
from women with either complicated UTI (92%) or cystitis
(30%) (P < 0.05 for strains from prostatitis patients versus
either of the last two groups). These results suggest that E. coli
strains causing prostatitis generally possess urovirulence prop-
erties similar to those of strains from women with acute, un-
complicated pyelonephritis and that hemolysin and CF-1 are
especially prevalent in strains causing prostatitis.

ANTIBIOTIC PHARMACOKINETICS IN PROSTATITIS

Treatment failures are not uncommon in prostatitis. Nickel
et al. (47) hypothesized that altered pharmacokinetics in the
inflamed prostate gland might account for the treatment fail-
ure of clinically diagnosed chronic bacterial prostatitis. These
investigators used a rat model of chronic bacterial prostatitis to
investigate the presence of any pharmacokinetic differences
that may exist between the noninflamed and inflamed prostate
glands. The rat prostate glands were infected with a strain of
E. coli K-235 (K1:08:AC:H7). After 7 days of norfloxacin ther-
apy, 60% of the animals with a well-established bacterial pros-
tatitis were cured (36 animals per group), compared with a
spontaneous cure rate of 10% in the group with nontreated
prostatitis (36 animals per group). The norfloxacin levels did
not change significantly between the infected and noninfected
prostate glands. These investigators concluded that failure of
norfloxacin therapy in chronic bacterial prostatitis may not be
due to significantly altered norfloxacin pharmacokinetics in the
chronically inflamed prostate gland but, rather, may have
been due to the difficulty in eradicating bacteria protected
within infection-induced microcolonies and biofilms (40, 49,
50). Nickel et al. (48, 51-53) have previously implicated mi-
crocolonies and biofilms in animal models of chronic prostati-
tis and demonstrated the similarities to chronic prostatitis in
humans.

While it is always difficult to definitively extrapolate from
animal models, it is the contention of these researchers that
failure of antibiotic therapy of chronic prostatitis is probably a
result of the local microenvironment surrounding the focal and
protected small bacterial biofilms buried within the prostate
gland. Their conclusions support the more recent molecular
and cultural data implicating bacteria as a cause of chronic
idiopathic prostatitis.

IS NONBACTERIAL PROSTATITIS CAUSED BY A
CHEMICAL INFLAMMATORY REACTION
IN THE PROSTATE?

Persson and Ronquist (56) studied the EPS of 56 patients
with nonbacterial prostatitis to find whether urine reflux in the
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prostatic ducts was responsible for increased concentrations of
creatinine, urate, and WBC. They reported a relationship be-
tween pain, estimated in accordance with a scoring scale, and
WBC in EPS, urate, and creatinine. These results provide
further support for the role of reflux into the prostatic ducts,
which serves as an underlying mechanism initiating a chemical
inflammatory reaction; urate appears to be the chemical agent
eliciting this inflammatory response.

Although currently available data strongly suggest a bacte-
rial association with chronic idiopathic prostatitis, the role of
endogeneous chemicals should not be overlooked. It is impor-
tant to design well-controlled studies that would provide infor-
mation on whether some cases of chronic idiopathic prostatitis
are caused by microorganisms that result from the overuse of
antibiotics due to selective pressure and development of resis-
tance. Persson and Ronquist (57) also reported that allopuri-
nol treatment resulted in elevated prostate-specific antigen
levels in prostatic fluid and serum of patients with nonbacterial
prostatitis. These authors speculated that the allopurinol-in-
duced release might be explained by an induction of prostate-
specific antigen synthesis via an effect of allopurinol on the
cellular genome. However, they could not rule out an in-
creased leakage of the prostatic cells elicited by allopurinol.

IS CHRONIC IDIOPATHIC PROSTATITIS AN
AUTOIMMUNE DISEASE?

Keetch et al. (28) have suggested that nonbacterial prostati-
tis may be an autoimmune process. They developed a mouse
model for nonbacterial prostatitis and characterized the im-
mune system parameters of nonbacterial prostatitis. Prostates
from SJL, AJ, BALB/c, C57bL/6 1pr mice were harvested,
homogenized, and injected into syngeneic mice. Controls were
injected with Freund’s complete adjuvant only. Mice from each
group were sacrificed 30 days after injection, and the prostates
were harvested. Prostatic tissue was examined histologically for
the degree of inflammation. None of the BALB/c mice had
prostatic inflammation. The SJL and AJ mice showed different
degrees of prostatic inflammation. All of the C57bL/6 1pr mice
were found to have lymphocytic infiltration of the stroma and
periglandular region. These mice did not appear to be more
susceptible than the parental strain. Adoptive transfer studies
demonstrated that the prostatic inflammation was at least in
part immune system mediated. These researchers concluded
that injection of syngenic prostate antigen induces prostatic
inflammation similar to clinical nonbacterial prostatitis. In
1997, Correa et al. (14) reported on a model of autoimmune
prostatitis induced by intraperitoneal administration of saline
extract of rat male accessory glands (RAG) associated with
liposomes. The intraperitoneal administration of RAG-lipo-
somes elicits both primary and secondary cellular autoimmune
responses to RAG as well as organ-specific lesions. To evaluate
the participation of dendritic cells (DC) in the induction of the
autoimmune response, they purified peritoneal DC (PDC) af-
ter a single injection of RAG-liposomes and characterized this
population by morphology and phenotype. Based on adher-
ence and morphologic criteria, they determined that PDC
comprised approximately 1% of the total peritoneal cells. The
ultrastructure of the DC-enriched fraction was assessed by
electron microscopy. By fluorescence-activated cell sorter anal-
ysis, PDC showed a two- to threefold increase in expression of
the IAS molecule compared to that in macrophages. These
cells expressed low but positive levels of the CD14 marker
and intermediate levels of both CD11b (Mac-1) and CD54
(ICAM-1) adhesion molecules. Additionally, PDC transferred
either intravenously or intraperitoneally efficiently caused the
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autoimmune response to RAG in normal receptors. The in-
vestigators concluded that their results support the involve-
ment of PDC in the induction of autoimmune prostatitis, mod-
ifying the idea of macrophages as the single antigen-presenting
cells in the peritoneal cavity. These provocative data warrant
further exploration, in particular the complete characterization
of the antigen(s) that may be involved in eliciting an autoim-
mune response and investigation of whether there is any rela-
tionship to human chronic idiopathic prostatitis.

CONCLUSIONS AND REMAINING PROBLEMS

Reports published within the past 2 years strongly suggest an
association between bacteria and chronic idiopathic prostatitis.
Both molecular and specialized culture findings designed to
detect fastidious and difficult-to-culture bacteria in prostatic
tissue and fluids point to a possible etiologic role for these
microorganisms. The molecular data were particularly signifi-
cant because prostate biopsy specimens were obtained for a
population of men who could not be diagnosed by optimal
clinical and microbiologic methods. Therefore, potential study
subjects were excluded if they exhibited bacteriuria, bacterial
prostatitis, or urethritis or if they had a urethral culture that
was positive for urogenital pathogens. The most convincing
finding is the strong correlation between inflammation in the
expressed prostatic secretions and detection of 16S rRNA
genes in prostatic tissue (P < 0.001). It is unlikely that the
demonstrated molecular and cultural evidence represents con-
tamination, because of the extreme care taken in procuring
and handling the clinical specimens, including the use of a
double-needle biopsy method to limit skin contamination and
positive and negative controls incorporated in the molecular
experiments as well as an internal housekeeping gene control.
It will be important to classify the sequences of the isolated
organism at the genus and species level, since this has not yet
been accomplished for the amplified bacterial nucleic acids
derived from prostate tissue.

Future studies should be directed toward more nucleic acid-
based experimentation to define the microbiology of the pros-
tate gland and to determine the relationship of these bacteria
to chronic idiopathic prostatitis. Once the etiology is known, a
logical next step would be to devise methods for delivery of
antimicrobial or immune reagents which might help eliminate
the foci of infection in prostatic tissue. There is an urgent need
to better understand the virulence properties of bacteria that
are associated with chronic infection of the prostate. Identify-
ing such a factor(s) would be helpful in devising effective treat-
ment strategies. It is important to determine whether there is
persistence of bacterial antigens in prostatic tissue and fluids,
since these antigens could trigger immunologic and biochem-
ical events that may result in initiation and maintenance of
chronic inflammation in this troublesome condition. For those
ascribing to an autoimmune theory, it will be necessary to
identify the antigen(s) in human idiopathic prostatitis that ini-
tiates immune system pathologic changes and to rule out the
possibility that this antigen(s) is not derived from microbes.
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