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ABSTRACT: There is considerable confusion about the effects of
prostatitis syndromes on male reproductive physiology. Therefore,

we correlated findings on seminal fluid and expressed prostatic se-
cretions from 100 men attending a special prostatitis clinic. These
men had symptoms of prostatitis but no evidence of urethritis, acute
or chronic bacterial prostatitis, or significant urological abnormalities.
All subjects were evaluated following a standardized protocol, in-
cluding lower urinary tract localization studies, expressed prostatic
secretion analyses, and seminal fluid analyses with Bryan-Leishman
staining. Seminal fluid findings were compared in men with inf lam-
mation (�106 leukocytes/mI) in their expressed prostatic secretions,

i.e., nonbacterial prostatitis, and men without inflammation in pro-
static secretions, i.e., prostatodynia. Of 23 men with inflammation
(�10 leukocytes/mi) in their seminal fluid, 6(26%) had nonbacterial
prostatitis (mean leukocyte concentration 8.6 ± 9.4 x 1 061m1 of se-
men) and 17 (74%) had prostatodynia (mean leukocyte concentra-
tion 6.2 ± 7.0 x 1 06/ml, not significant). Of 77 men who did not have

seminal inflammation, 15 (19%) had nonbacterial prostatitis (mean

leukocyte concentration 0.1 ± 0.2 x 106/ml) and 62(81%) had pros-
tatodynia (mean leukocyte concentration 0.1 ± 0.2 X 106/ml, not
significant). Men with nonbacterial prostatitis had lower values for

several parameters associated with sperm motility, especially the
proportion of motile sperm (45% compared with 60% for men with
prostatodynia, P = 0.08) and sperm subjective speed score (median
3 compared to 4 for men with prostatodynia, P = 0.03). In summary,
a minority of men had seminal inflammation, even among men with
nonbacterial prostatitis. There was poor correlation between inflam-

mation in the prostatic secretions and in the semen. Nonbacterial
prostatitis, but not seminal inflammation, was associated with re-
duced sperm motility. Our findings highlight technical issues and the
importance of investigating different sites and samples, including the

urethra, expressed prostatic secretions, and seminal fluid.
Key words: Nonbacterial prostatitis, prostatodynia, seminal in-

flammation, expressed prostatic secretions, semen analysis, leuko-
cytospermia.
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T here is considerable confusion about the clinical find-

ings associated with prostatitis and the effect of these

conditions on male reproductive physiology. Much of the

confusion reflects differing definitions and clinical ap-

proaches to these syndromes in urology and male fertility.

The urologic literature considers patient symptoms,

presence or absence of bacteriuria, and inflammation in

the expressed prostatic secretions (Stamey, 1980; Krieger

and McGonagle, 1989). Based on these findings, symp-

tomatic men are classified in four groups: acute bacterial

prostatitis, chronic bacterial prostatitis, nonbacterial pros-

tatitis, and prostatodynia. Presence of bacteriuria is the

sine qua non for diagnosis of bacterial prostatitis. Acute

bacterial prostatitis is associated with acute lower urinary

tract symptoms, bacteriuria, and, often, with signs and

symptoms of a systemic illness. The prostate is “hot” and

exquisitely tender on physical examination. Chronic bac-
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terial prostatitis is associated with recurrent episodes of

bacteriuria caused by the same organism. Expressed pro-

static secretions are purulent in acute and chronic bacte-

rial prostatitis, reflecting infection of the prostate gland.

Although the great majority of the urological literature

concerns men with bacterial prostatitis, such patients rep-

resent 10% of the overall population of men with pros-

tatitis syndromes (Krieger and Egan, 1991; de la Rosette

et al, 1993).

Most men with symptomatic prostatitis do not have

bacteriuria. These men have two other chronic prostatitis

syndromes-nonbacterial prostatitis and prostatodynia

(Krieger and McGonagle, 1989). Men with nonbactenal

prostatitis have symptoms and inflammation in their pro-

static secretions, but they do not have either bacteriuria

or a bacterial pathogen that repeatedly “localizes” to the

prostate on segmented lower urinary tract cultures. In

contrast, men with prostatodynia have symptoms but have

normal expressed prostatic secretions. The urological ap-

proach to prostatitis has at least two major limitations

(Krieger and Egan, 1991). First, therapy is unsatisfactory

for most men with prostatitis syndromes because we have

limited insight into the causes of the most common syn-

dromes. Second, findings in expressed prostatic secretions
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of men with nonbacterial prostatitis and prostatodynia

have not been shown to correlate with symptoms, re-

sponse to treatment, or other physiological parameters.

In the male fertility literature, diagnosis of “prostati-

tis,” “prostato-seminal vesiculitis,” “male accessory

gland infection,” or “epididymo-prostato-vesiculitis,”

depends on seminal fluid analysis (El Bayoumi et al,

1982; Comhaire et al, 1986; Anderson, 1990; Christiansen

et al, 1991; Aitken et al, 1994; Branigan and Muller,

1994). Men with �l06 leukocytes/mi of semen, or >6

leukocytes per 100 sperm, are usually considered to have

“leukocytospermia” (also known as “pyospermia”), a

finding that suggests prostatic or lower genital tract in-

flammation. There are major problems with this approach

to prostatitis. Investigators have seldom described the

symptoms or physical findings in their subjects. Although

leukocytes in semen may come from many sites in the

lower urogenital tract, investigators have seldom evalu-

ated other sites, such as the urethra, for signs or symptoms

of inflammation. Finally, the potential relationship be-

tween seminal inflammation and infection is incompletely

defined (Purvis and Christiansen, 1993).

The purpose of this study was to correlate findings in

seminal fluid and expressed prostatic secretions from a

selected population of men attending our prostatitis clinic.

Subjects were evaluated according to a standardized pro-

tocol, including evaluations to ensure that they did not

have urethral inflammation or infection with common

urogenital pathogens. By comparing the results of uro-

logic and male fertility approaches, we hoped to gain in-

sights in the pathophysiology of these conditions and to

define new directions for future research. Our hypothesis

was that men with objective evidence of inflammation in

their expressed prostatic secretions, i.e., nonbactenal

prostatitis, would be more likely to have seminal inflam-

mation than men who had uninflamed prostatic secretions,

i.e., those with prostatodynia.

Materials and Methods

Patients

Subjects were recruited from men attending the Prostatitis Clinic

at the University of Washington Medical Center. Study subjects

were over 18 years old, spoke English, and were able to provide
informed consent. Potential subjects were offered a standardized

evaluation for infectious, inflammatory, structural, and function-
al conditions associated with prostatitis. The protocol was ap-
proved by the University of Washington Human Subjects Com-
mittee.

Definitions and Selection Criteria

We used classification schemes employed in both urology and
in male fertility. The urologic literature concentrates on evalua-
tion of men with lower genitourinary tract symptoms using seg-

mented specimens obtained in a standardized fashion (Stamey,

1980; Krieger and McGonagle. 1989). These specimens include
first-void urine, mid-stream urine, expressed prostatic secretions,

and post-massage urine samples, as described below. A uropath-

ogenic organism “localizes” to the prostate when there is a ten-

fold increase in concentration from the first void urine to the

post-massage urine or the expressed prostatic secretion sample.
Men with acute and chronic bacterial prostatitis have bacte-

riuria caused by the same uropathogen that localizes to their

prostates, and they have inflamed prostatic secretions (Anderson

and Weller, 1979; Stamey, 1980). Men with bacterial prostatitis,
acute or chronic, were excluded from this study. This study was

limited to the great majority of men with prostatitis who did not

have bacteriuria, including nonbacterial prostatitis and prostato-

dynia. Men with nonbacterial prostatitis have inflammation in
their prostatic secretions whereas men with prostatodynia do not.

The male fertility literature concentrates on seminal fluid anal-

ysis. Various terms include “leukocytospermia” (Wolff et al.
1990; Gonzales et al, 1992; Branigan and Muller, 1994; Yan-
ushpolsky et al, 1995), “prostato-seminal vesiculitis” (El Bay-

oumi et al, 1982; Comhaire et al, 1986; Christiansen et al, 1991;
Purvis and Christiansen, 1993), and “male accessory gland
infection” (Comhaire et al, 1986; Purvis and Christiansen,

1993). To limit the potential for confusion, our preferred usage
was “seminal inflammation.” Subjects were considered to have

seminal inflammation if they had � 10 leukocytes/mI of semen.

Clinical and Microbiological Methods

This study was limited to men with chronic prostatitis, defined
as symptoms for at least 3 months (Krieger and Egan, 1991).

All studies were done while the subject was off all antimicrobial
and anti-inflammatory therapy for at least 4 weeks. Patients were

evaluated during a series of three visits.
During the first visit the patient had a standardized history

and physical examination, including review of previous cultures

and treatment. Men who had had previous prostate surgery were
excluded from the study. Urethral samples were obtained for
gram-stained urethral smear and cultures for Neisseria gonor-

rhoeae using modified Thayer-Martin medium (Bowie et al,

1977), Chlamydia trachomatis using cyclohexamide-treated Mc-

Coy cells (Stamm et al, 1983). Trichomonas vaginalis using
modified Diamond’s medium (Krieger et al, l988b), and genital

mycoplasmas using A7 agar plates and broth medium (Kenny,
1991). Potential subjects were excluded from the study if they
had urethntis (�5 leukocytes/400X microscopic field of the ure-

thral smear) or a positive urethral culture for N. gonorrhoeae,

C.trachomaris, or T. vagina/is. Men with Mycoplasma hominis

or Ureaplasma urealyticum were included in the study if their
symptoms persisted after completion of antimicrobial treatment.

At least 2 weeks later, the patient was instructed to return with
a full bladder and not having ejaculated for at least 3 days. At

this visit, each patient was reevaluated clinically and had a lower

urinary tract localization study, following established methods

(Krieger and McGonagle, 1989). Leukocytes in expressed pro-

static secretions were enumerated by hemocytometer counts. The

patient was asked to provide a semen sample at this visit, if

possible. Patients who could not provide a semen sample in the

clinic were asked to return with a fresh (<2 hours old) specimen.
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At the third visit, the patient had a urinary flow study and

determination of post-void residual urine using a dedicated ul-

trasound instrument (Krieger et al, l988a). Patients with objec-

tive evidence of lower urinary tract obstruction or functional

abnormalities underwent appropriate urological evaluation. Men

with clinically significant structural abnormalities, i.e., small cal-

iber urethral strictures, were excluded from the study.

Semen Processing, Staining, and Analysis

Samples were collected by masturbation into sterile containers
(polypropylene, nontoxic to sperm) after 3-7 days of sexual ab-

stinence and examined within 2 hours. All semen analyses were
performed in the Male Fertility Laboratory in the University of

Washington Department of Urology. Analysis time, liquefaction,

viscosity, color, volume, and pH were recorded. A wet drop of

5-6 p.! was examined using phase-contrast microscopy for pro-
gressive motility, rapid and linear motility, subjective speed and
progress, “round cells” per high-power field (hpf), and sperm

agglutination, by counting at least 100 sperm or 25 fields. If

motility was <25%, a live-dead stain was performed. Concen-

tration was measured using immobilized sperm in a hemocyto-

meter. During the latter portion of the study, computerized strict
criteria morphology on Papanicolaou-stained thin smears was
performed using the Hamilton Thorne Research (Beverly, Mas-

sachusetts) “Dimensions” program. For each semen analysis, a
thin smear was stained using modified Bryan-Leishman stain and

examined for sperm and leukocyte morphology according to the
World Health Organization (WHO) protocol (Couture et a!,

1976; World Health Organization, 1992). This method allows
discrimination of leukocytes from immature sperm forms. Leu-
kocyte types were enumerated per 100 sperm. Then the concen-

trations (millions/ml) of total leukocytes and each leukocyte sub-
set (polymorphonuclear cells, lymphocytes, and monocytes)
were calculated by multiplying the leukocytes per 100 sperm

times the sperm concentration and dividing by 100. We found

excellent agreement between this staining and evaluation of the

same samples by monoclonal antibody HLe-l (panleukocyte)-

stained slides (Branigan and Muller, 1994). Weekly quality con-

trol was provided by cryopreserved aliquots of semen or by se-

men samples from normal donors.

Statistical Analysis

The Mann-Whitney U-test was used to compare continuous mea-

surements for different groups of subjects. The chi-square test

was used to compare data in contingency tables, where the data

in the rows and columns represented independent observations.
McNemar’s test was used to evaluate data in contingency tables

if the rows and columns were not independent.

Results

Characteristics of the Study Population

We evaluated a total of 231 men who did not have acute

or chronic bacterial prostatitis. Of these 231 men, 164

(71%) had lower urinary tract localization studies, and

133 (51%) provided semen samples. The median time

until semen analysis was 35 minutes (range 15-120 min-

utes), and the time interval had no significant effect on

the proportion of abnormal findings (data not shown).

One hundred patients who did not have urethritis or sig-

nificant lower urinary tract obstruction provided both

lower urinary tract localization studies and semen sam-

ples, representing 34% of the 231 men in the overall pop-

ulation. The median interval between the semen analysis

and evaluation of the expressed prostatic secretions was

0 days (mean ± 1 standard deviation [SD] 3.2 ± 9.0

days). The median interval was 0 days for men with non-

bacterial prostatitis (mean 1.0 ± 3.2 days) and 0 days

(mean 2.9 ± 7.9 days) for men with prostatodynia (not

significant). The median interval was also 0 days for men

with or without seminal inflammation (not significant).

The mean age (± SD) for the overall population was

38.0 ± 12.1 years (range 18-77), compared to 35.7 ±

11.0 years for the men who had lower tract localization

studies, 38.0 ± 12.5 years for men who provided semen

samples, and 35.9 ± 11.4 years for subjects who provided

both localization studies and a semen specimen. None of

the age differences was significant. Of the 231 men in the

overall population, 197 (85%) were white, 15 (6.5%)
were black, 10 (4.3%) were Asian or Pacific islanders, 5

(2.2%) were Hispanic, 1 (0.4%) was a Native American,

and 4 (1.7%) were members of other groups. Of the 100

men who provided both lower urinary tract localization

and semen samples, 81 were white, 7 were black, 7 were

Asian or Pacific islanders, 2 were Hispanic, 1 was Native

American, and 2 were members of other groups (not sig-

nificantly different from the overall population). These

distributions were similar to the overall racial distribution

of men attending the Urology Clinic at University of

Washington Medical Center.

Seminal Fluid Inflammation Compared With
Chronic Prostatitis Syndromes

Of the 100 men who had both semen analyses and ex-

amination of expressed prostatic secretions, 21 had non-

bacterial prostatitis and 79 had prostatodynia. The median

concentration of leukocytes was 2.5 X 106/ml (range 1.0-

36.0 X 106/ml) in the expressed prostatic secretions of

men with nonbacterial prostatitis, including a median of

1.2 X 106 polymorphonuclear cells (range 0-10.0 X l0/

ml) and a median of 1.0 X l06/ml other leukocytes (range

0-28.9 X 106/ml). The median concentration of leuko-

cytes was 0.1 X 106/ml (range 0-0.9 X 106/ml) in the

expressed prostatic secretions of men with prostatodynia,

including a median of 0.1 X 106 polymorphonuclear cells

(range 0-0.9 X 106/mi) and a median of 0/mi other leu-

kocytes (range 0-0.4 X l06/ml).

Mean concentrations of total seminal leukocytes, sem-

inal polymorphonuclear leukocytes, and other leukocytes

were all higher in men with nonbacterial prostatitis than
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FIG. 1. Box diagram showing the median (line within box), 25th percentile (upper margin of box), 75th percentile (lower margin of box), SD (error
bars), and outliers (circles). There was no statistically significant difference in the concentration of seminal leukocytes between the men with seminal
inflammation who had NBP and those who had PD. There also was no significant difference in the concentration of leukocytes among men who did
not have seminal inflammation between the men with NBP and those with PD.
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Table 1. Seminal fluid leukocyte concentrations in 10 0 men with chronic nonbacterial prostat: tis and prostatodynia

Seminal fluid leukocytes

Population

Nonbacterial prostatitis Prostatodynia
(x106/mI) (N= 21) (N= 79) Significance*

Total
Median 0 0 0.48
Range 0-24.8 0-28.1

Polymorphonuclear cells
Median 0 0 0.90
Range 0-24.8 0-23.4

Other leukocytes
Median 0 0 0.31
Range 0-4.3 0-9.6

* P valu e determined using the Mann-Whitney U-test.

in men with prostatodynia, but none of these differences

was significant (Table 1). These findings did not change

substantially when we used a number of other definitions

for inflammation in the expressed prostatic secretions

(e.g., �5.0 X 106 leukocytes/ml, �7.5 X 106 leukocytes/

ml, �2.0 X 106 leukocytes/ml, or �2.5 X 10 leukocytes/

ml) and/or the seminal fluid (e.g., �5.0 X 106 leukocytes/

ml, �2.0 X 106 leukocytes/ml, �3.0 X 106 leukocytes/

ml, � 5.0 X 106 leukocytes/ml, � 1 leukocyte/l00 sperm,

or �10 leukocytes/100 sperm; data not shown).

Of the 21 men with nonbacterial prostatitis, 6 (29%)

had seminal inflammation and 15 (7 1%) had seminal leu-

kocyte concentrations <106/ml (Fig. 1). Of the 79 men

with prostatodynia, 17 (22%) had seminal inflammation

and 62 (78%) had seminal leukocyte concentrations <106/

ml (not significant).

Classified according to seminal fluid findings, 23 of the

100 men had seminal inflammation and 77 did not. Of

the 23 men with seminal fluid inflammation, 6 (26%) had

nonbacterial prostatitis, with a mean (± SD) leukocyte

Seminal Fluid Leukocytes in Men with Nonbacterial
Prostatitis (NBP) and Prostatodynia (PD)

Seminal Fluid Leukocytes

E1

<10A6/mL
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Table 2. 5eminal fluid parameters in 100 men with nonbacterial
prostatitis and prostatodynia (classified by presence or absence of
inflammation in expressed prostatic secretions)

Nonbacterial

Parameter

prostatitis
(N = 21)

Prostatodynia
(N = 79)

Signifi-
cance

Volume (ml)

Median 2.4 2.5 0.88*
Range 0.5-7.8 0.3-6.5

Sperm/mI (x108)
Median 62.0 69.0 >0.99*

Range 0-425.0 0-888.0

Total count (x106)

Median 155.0 136.8 0.83*
Range 0-750 0-2,208.6

Viscosityt
Median 4 4 0.90f
Range 2-4 1-4

Motility (%)
Median 45.0 60.0 0.08*
Range 0-94.0 0-100

Subjective speedt
Median 3 4 0.03
Range 0-4 0-4

Forward progresst
Median 3 3 0.23
Range 0-4 0-4

Agglutinationt
Median 0 0 0.84t
Range 0-1 0-4

Normal morphology 11/18(61%) 31/68(46%) 0.24f

* Determined using the Mann-Whitney U-test.

t Scored on a scale of 0-4.
1 Chi-square test.
§ Based on automated analysis using the Hamilton Thome IVOS com-

putenzed sperm analyzer and ‘Dimensions” program.

concentration of 8.6 ± 9.4 X 106/ml of semen, and 17

(74%) had prostatodynia, with a mean leukocyte concen-

tration of 6.2 ± 7.0 X l06/ml of semen (not significant).

Of the 77 men who did not have seminal inflammation,

15 (19%) had nonbacterial prostatitis, with a mean leu-

kocyte concentration of 0.1 ± 0.2 X 106/ml of semen,

and 62 (81%) had prostatodynia, with a mean leukocyte

concentration of 0.1 ± 0.2 X 106/mi of semen (not sig-

nificant).

Seminal Fluid Analysis in Men With Nonbacterial
Prostatitis and Prostatodynia

Men with nonbacterial prostatitis had lower values for

several parameters associated with motility (Table 2). The

median proportion of motile sperm was 45% for the 21

men with nonbacterial prostatitis, compared to a median

of 60% for the 79 men with prostatodynia (P = 0.08).

The median sperm subjective speed score was 3 for the

men with nonbacterial prostatitis, compared to a mean of

4 for the men with prostatodynia (P = 0.03). Mean for-
ward progress was also lower for the men with nonbac-

terial prostatitis, although this difference did not approach

statistical significance. There was no significant differ-

ence between men with nonbacterial prostatitis and pros-

tatodynia in volume, sperm concentration, total sperm

count, viscosity, agglutination, or the proportion of sperm

with normal morphology.

Leukocyte Concentrations in Expressed
Prostatic Fluid of Men With and Without
Seminal Inflammation

We compared findings in expressed prostatic secretions

and seminal fluid in our population of men with chronic

nonbacterial prostatitis and prostatodynia. Among the 23

men with seminal inflammation, the median concentration

of leukocytes was 4.4 X l06/ml (range 1.0-28.1 X l0/

ml), including a median of 2.1 X 106 polymorphonuclear

cells (range 0-24.8 X l06/ml), and a median of 0 other

leukocytes (range 0-9.6 X l06/ml). Among the 77 men

without seminal inflammation, the median concentration

of leukocytes was 0 (range 0-0.9 X 106/ml) in the seminal

fluid, including a median of 0 polymorphonuclear cells

(range 0-0.9 X 106/ml), and a median of 0 other leuko-

cytes (range 0-0.8 X l06/mI). There was no significant

difference in the concentrations of total, polymorphonu-

clear, or other leukocytes in the expressed prostatic se-

cretions of men with and without seminal inflammation

(Table 3).

Seminal Fluid Analysis in Men With and
Without Seminal Inflammation

Men with chronic prostatitis and seminal inflammation

had higher concentrations of sperm/mi (median 122 X

106/mi, compared to 55 X 106/ml for men without seminal

inflammation, P < 0.0001), higher total sperm counts

(median 230 X 106, compared to 55 X 106 for men with-

out seminal inflammation, P = 0.001), and a higher pro-

portion of normal morphology (62%, compared to 37%

for men without seminal inflammation, P < 0.05; Table

4). There was no significant difference between men with

and without seminal inflammation in volume, viscosity,

motility, subjective speed, forward progress, or aggluti-

nation.

Discussion

Data obtained from this study argue against our hypoth-

esis that men with nonbacterial prostatitis were more like-

ly to have seminal inflammation than men with prosta-

todynia. In this carefully defined population, there was

poor correlation between inflammation in the expressed

prostatic secretions and inflammation in the semen. Al-

though mean concentrations of seminal leukocytes were

higher in men with nonbacterial prostatitis than in men
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Table 3. Expressed prostatic fluid leukocyte concentrations in 100 men with nonbacterial prostatitis and prostatodynia

Population

Expressed prostatis fluid leukocytes Seminal inflammation No seminal inflammation
(x106/ml) (N = 23) (N = 77) Significancet

Total
Median 0.4 0.1 0.11

Range 0-24.0 0-36.0
Polymorphonuclear cells

Median 0.1 0.1 0.20
Range 0-10.0 0-92.1

Other leukocytes
Median 0 0 0.33
Range 0-24.0 0-29.0

* Seminal inflammation was defined at 10 leukocytes/mI of seminal fluid.

t P value determined using the Mann-Whitney U-test.

with prostatodynia, none of the differences approached multiple causes of infertility. We evaluated men attending

significance. Overall, 29% of the 21 men with nonbac- a chronic prostatitis clinic and excluded men with signif-

terial prostatitis had seminal inflammation, compared with icant obstructive lesions or bacterial prostatitis, whether

22% of the 79 men with prostatodynia. acute or chronic. These men had various genitourinary

Awareness of a number of issues helped us define the tract symptoms (to be described in detail in another pub-

population of men in this study. Previous studies often lication) and were willing to undergo a series of uncom-

included men with varied urological conditions or with fortable evaluations. None of the 100 men in this study

Table 4. Seminal fluid parameters in 100 men with nonbacterial prostatitis and prostatodynia (classified by presence or absence of
seminal inflammation)

Seminal inflammation No seminal inflammation
Parameter (N = 23) (N = 77) Significance

Volume (ml)

Median 2.4 2.5 0.27*

Range 0.8-4.0 0.3-6.5

Sperm/mI (x106)
Median 122.0 55.0 <0.0001

Range 15.0-614.0 0-888.0

Total count (x106)
Median 230.0 85.0 0.001*

Range 34.4-1,788.0 0-1,776.0

Viscosityt

Median 4 4 0.36t
Range 1-4 1-4

Motility (%)
Median 60.0 50.0 0.73t

Range 0-88.0 0-100
Subjective speedt

Median 4 3 0.80t

Range 0-4 0-4
Forward progresst

Median 4 3 0.19f

Range 0-4 0-4
Agglutinationt

Median 0 0 0.26t
Range 0-4 0-2

Normal morphology 13/21(62%) 21/57 (37%) 0.048t

* Mann-Whitney U-test.
f Scored on a scale of 0-4.

Chi-square test.
§ Based on automated analysis using the Hamilton Thome IVOS computerized sperm analyzer and “Dimensions” program.
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were undergoing evaluation for infertility. In this regard

our population corresponds to the most common clinical

definition of prostatitis, rather than definitions based on

seminal fluid evaluation.

The potential relationships between infection and most

cases of prostatitis and seminal inflammation remain con-

troversial. Some investigators had identified urethral

pathogens, such as C. trachomatis and ureaplasmas, in

�20% of men with prostatitis syndromes (Bruce et ai,

1981; Brunner et al, 1983; Weidner et a!, 1985, 1988;

Bruce and Reid, 1989). Isolation of C. trachomatis was

reported from prostatic cells in 10 of 30 men with “non-

acute abacterial prostatitis” and positive urethral cultures

(Poletti et al, 1985). Persistent C. trachomatis infection

(identified in urethral swabs after prostatic massage) was

associated with treatment failure in 11 men with “urethro-

prostatitis” (Chiarini et al, 1994). C. trachomatis was as-

sociated with inflammation in pathological specimens re-

moved for treatment of lower urinary tract obstruction

(Shurbaji et al, 1988; Abdelatif et al, 1991). Ureaplasmas

(Weidner et a!, 1980, 1985) and T. vagina/is have also

been associated with prostatitis syndromes (Kuberski,

1980). Other investigators (Shortliffe et al, 1992), includ-

ing previous reports from our group (Berger et a!, 1989;

Krieger and Egan, 1991), seldom found C. trachomatis in

men with symptoms of prostatitis and identified genital

mycoplasmas as often in controls as in men with symp-

toms. Although antimicrobial agents are prescribed com-

monly for management of men with seminal inflammation

and their sexual partners (El Bayoumi et ai, 1982; Com-

haire et al, 1986; Purvis and Chnstiansen, 1993; Branigan

and Muller, 1994; Yanushpolsky et al, 1995), most studies

did not include urethral cultures for organisms that may

be associated with seminal inflammation. To limit the po-

tential confounding role of urethral pathogens, we eval-

uated all subjects with cultures for N. gonorrhoeae, C.

tracho,natis, and T vagina/is, in addition to lower urinary

tract localization studies for bacterial prostatitis. All sub-

jects were also screened for urethritis by gram-stained

urethral smears. Subjects with any of these organisms or

evidence of urethritis were excluded from this study.

Lack of correlation between nonbacterial prostatitis and

seminal inflammation might be explained by varying con-

centrations of leukocytes in expressed prostatic secretions

or in semen over time. Two recent studies suggest that

there is a high rate of resolution of seminal inflammation

after 1 month, whether subjects were treated with anti-

microbial agents or not (Branigan and Muller, 1994; Yan-

ushpolsky et a!, 1995). Wright et al (1994) conducted lon-

gitudinal studies of expressed prostatic secretion leuko-

cytes in men with prostatitis. Resolution of inflammation

in the expressed prostatic secretions occurred in only 9

(11%) of 79 men with “abacterial prostatitis” who had a

mean follow-up of 7 visits over 40 months. In our study

most lower tract localization studies and seminal fluid

analyses were done on the same day. Thus, spontaneous

resolution of inflammation in either the expressed pro-

static secretions or semen appears to be an unlikely ex-

planation for our findings.

In this study, subjects with nonbacterial prostatitis had

lower values for several parameters associated with mo-

tility, especially the median proportion of motile sperm

(45% compared with 60% for men with prostatodynia, P

= 0.08) and median sperm subjective speed (score of 3

compared with 4 for the men with prostatodynia, P =

0.03). Several earlier studies also evaluated seminal pa-

rameters in men with chronic prostatitis syndromes.

Christiansen et al (1991) evaluated men with chronic

abacteriai prostatovesiculitis “verified” by transrectal ui-

trasonography (a method with low specificity) (Braeck-

man et al, 1991; Doble and Carter, 1989). Of 50 men with

chronic prostatitis, 29 (58%) had seminal inflammation,

compared with 4 (15%) of 25 controls. Weidner et al

(1991) compared seminal findings in 102 men with non-

bacterial prostatitis and 142 men with prostatodynia. They

found no significant differences in the values of sperm

density, motility, and morphology between the groups.

Markedly different results were reported by Leib et al

(1994), who evaluated 86 patients suffering from long-

standing chronic abacterial prostatitis (not stratified by

presence of inflammation in prostatic secretions). Sperm

motility parameters, morphology characteristics, prostate

markers, and leukocyte counts were all abnormal in the

prostatitis group. Only 10% of the men with chronic pros-

tatitis were classified as normospermic compared with

60% of controls (Leib et al, 1994). Schlegel (personal

communication, 1992) also observed that treatment of

chronic prostatitis often involves exposure to drugs that

are toxic to sperm. To help control for this potential prob-

lem, men in this study were off all treatment for at least

4 weeks before their first visit and for 6-8 weeks before

lower urinary tract localization and seminal fluid studies.

The finding that nonbacterial prostatitis was associated with

reduced sperm motility fits with a number of observations

on the adverse effect of leukocytes on sperm structure or

function (Berger et a!, 1982; Maruyama et at, 1985; An-

derson, 1990; Wolff et al, 1990; Aitken et al, 1991).

Does this study provide any insights into the functional

significance of prostatitis syndromes in the male repro-

ductive tract? Men with nonbacterial prostatitis and pros-

tatodynia had similar concentrations of seminal leuko-

cytes. However, the men with nonbacterial prostatitis had

a lower proportion of motile sperm and lower sperm ve-

locity (Table 2). Thus, nonbactenal prostatitis (defined by

excessive leukocytes in the expressed prostatic secretions)

may reduce sperm function independent of leukocyte

counts in the semen. This observation was supported by

seminal fluid findings in men with and without seminal



Krieger . Prostatitis and Prostatodynia 317

inflammation; the men with chronic prostatitis and sem-

inal inflammation had significantly higher sperm counts

and a higher proportion of normal sperm morphology

than the men without seminal inflammation (Table 4).

These findings suggest that investigating the expressed

prostatic secretions may provide insights into reproduc-

tive function in men with no apparent abnormalities on

routine seminal fluid analysis.

Does this study provide any insights into the source of

leukocytes in the male reproductive tract? Potential

sources of leukocytes include the urethra, paraurethral or

Cowper’s glands, prostate, seminal vesicles, vas deferens,

epididymis, rete testis, and testis. None of the men in this

study had evidence of urethral infection or inflammation,

making a urethral source unlikely. Some men with no

leukocytes in their expressed prostatic secretions had

seminal inflammation, suggesting that such leukocytes

could originate proximal to the prostate. Other men had

inflammation in their expressed prostatic secretions with-

out seminal inflammation. This finding might reflect dif-

ferences in sampling of prostatic ducts with ejaculation

and the massage procedure used to obtain expressed pro-

static secretions. Our findings might also reflect differ-

ences in the functional state of leukocytes, such as acti-

vation status, or in the time that sperm are in contact with

leukocytes from different sources in the male lower re-

productive tract.

The methods used to enumerate leukocyte counts in

semen are subject to some discussion (Purvis and Chris-

tiansen, 1993). Many studies used total “round cell”

counts to evaluate seminal inflammation. However, dis-

tinguishing ieukocytes from immature sperm is difficult,

or impossible, without specialized staining procedures.

For example, Politch et a! (1993) found that peroxidase

or immunohistology assays were effective but that total

round cell counts proved of no value for enumerating

seminal leukocytes. To avoid this issue we included Bry-

an-Leishman staining of all seminal fluid analyses to dis-

tinguish immature sperm from seminal leukocytes (Cou-

ture et a!, 1976; Branigan and Muller, 1994).

Because sperm are the most common cellular elements,

precise determination of seminal leukocyte counts may

be subject to sampling errors. We evaluated the possibility

of sampling errors by enumerating ieukocytes per 500

sperm in seven cases of individuals who had nonbacterial

prostatitis with inflamed expressed prostatic secretions

but no seminal inflammation when leukocytes were

counted per 100 sperm. All recounts were done in blinded

fashion. Interestingly, none of these cases had >6 leu-

kocytes/100 sperm when 500 sperm were counted, but all

had leukocyte counts >0 (range 0.2-5.4/100 sperm).

When calculated using the total sperm count, three of

these seven cases had >1.0 X 106 ieukocytes/ml (1.21,

1.72, and 2.92 X l06/ml). This finding suggests that stan-

dard methods for counting seminal leukocytes and defin-

ing significant inflammation lack sensitivity.

In contrast to the debate over methods used to count

seminal leukocytes, there has been little discussion of the

technique for counting leukocytes in expressed prostatic

secretions. Direct microscopic examination of unstained

preparations is the generally accepted method. Our ex-

perience in this study was that distinction of leukocytes

from other elements in the semen is not straightforward

in every case (data not shown). We are currently evalu-

ating the utility of staining methods to increase the pre-

cision of this examination. Thus, lack of precision in

counting leukocytes in prostatic secretions or semen may

contribute to the apparent lack of correlation between in-

flammation at these sites.

In summary, we found poor correlation between stan-

dard definitions of inflammation in the expressed prostatic

secretions and in the seminal fluid. Men with nonbacterial

prostatitis had reduced quality of several seminal param-

eters associated with sperm motility. Our findings high-

light clinical and technical issues that must be considered

in designing future studies, especially enrollment of pop-

ulations with defined clinical and microbiological char-

acteristics. Studies should address inherent limitations in

currently accepted methods for evaluating both the pro-

static secretions and the seminal fluid. Rigorous methods

are necessary for lower urinary tract localization and sem-

inal fluid analyses, including special staining to distin-

guish immature sperm from seminal leukocytes. This

study illustrates the importance of investigating multiple

sites and samples, including the urethra, expressed pro-

static secretions, and the seminal fluid, to achieve a com-

prehensive understanding of male reproductive function.
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