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Abstract
Objective—To determine the prevalence of pathogens that cause sexually transmitted infections
(STIs) in semen from asymptomatic male infertility patients with and without leukocytospermia
(LCS), and associations between STIs, inflammatory markers and other semen variables.

Design—Retrospective, controlled study.

Setting—Center for Reproductive Medicine, Brigham and Women's Hospital, Boston,
Massachusetts.

Patient(s)—241 male infertility patients undergoing routine semen analysis; 132 with LCS, and
109 without LCS.

Intervention(s)—None

Main Outcome Measure(s)—DNA from STI pathogens [human papillomavirus (HPV),
cytomegalovirus (CMV), herpes simplex virus (HSV), human herpes virus type 6 (HHV-6), Epstein-
Barr virus (EBV), hepatitis B virus (HBV) and Chlamydia trachomatis (CT)], routine semen
parameters and markers of accessory gland and epididymal function and inflammation.

Results—STI DNA was detected in 45/241 (18.7%) of the samples (CMV 8.7%, HPV 4.5%,
HHV-6 3.7%, HSV 3.7%, CT 2.5%, EBV 0.4%, and HBV 0%), with no difference in prevalence
between LCS and non-LCS groups. STI DNA in semen was associated with a decrease in sperm
concentration, motile sperm concentration, total sperm count and neutral α-glucosidase
concentration, whereas LCS was associated with a decrease in total sperm count, % normal forms
and fructose concentration.
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Capsule: Sexually transmissible pathogens were detected in 19% of semen samples from infertility patients seeking routine semen
analyses; their presence was not associated with leukocytospermia, but was associated with reduced semen quality.
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Conclusion(s)—STI pathogen DNA was detected in semen from a high percentage of
asymptomatic male infertility patients and was associated with poor semen quality. Efforts to
diagnose and treat subclinical genital tract infections should be intensified.

Keywords
Infection; virus; Chlamydia trachomatis; PCR; infertility; semen; leukocytospermia; cytokines

Introduction
Sexually transmitted infections (STIs) are of major concern to clinicians and researchers in the
field of reproductive medicine. Many STI pathogens cause incurable, often fatal diseases, and
have been transmitted through insemination procedures (1-3). Furthermore, several of these
pathogens can be transmitted from infected mothers to the fetus or newborn (2-5). Men can
harbor subclinical infections in the genital tract over extended periods of time. Several viruses,
including cytomegalovirus (CMV), Epstein-Barr virus (EBV), human papillomavirus (HPV),
hepatitis B virus (HBV), hepatitis C virus (HCV), herpes simplex virus type 2 (HSV-2), human
herpes virus type 6 (HHV-6), and human immunodeficiency virus type 1 (HIV-1), as well as
the intracellular bacterium, Chlamydia trachomatis (CT), have been detected in semen from
asymptomatic men (5-8).

Leukocytospermia (LCS), also known as leukospermia, pyospermia or pyosemia, is a term
used to designate abnormally high concentrations of white blood cells (WBC) in semen (9)
and has been defined by the World Health Organization (WHO) as greater than 106 white blood
cells (WBC) per mL semen (10). The prevalence of LCS in male infertility patients varies from
2% to 40% in published reports (9,11-13), and elevated concentrations of WBC in semen have
been associated with reduced sperm function and quality (9,13-23).

Although it is widely assumed that LCS is an indicator of genital tract infection, bacteria have
been detected in only a minority of leukocytospermic samples (11,24,25). In addition, antibiotic
therapy for the treatment of LCS has produced conflicting results (26-30). Thus, there has been
little evidence for a strong relationship between bacterial infection in the male genital tract and
LCS (11). However, CT, an intracellular parasite which is the most prevalent sexually
transmitted bacterial pathogen in industrialized nations (31), has been associated with LCS. A
recent study utilizing nested plasmid polymerase chain reaction (PCR) found both significantly
higher seminal WBC concentrations and a greater prevalence of LCS in men who were positive
for CT DNA (32).

Although viral STIs are also common and can persist for years often without symptoms, they
have not been systematically studied as an etiologic factor in LCS. HIV-1 levels in semen have
been associated with LCS (33,34). More recently, Krause and colleagues (12) compared the
prevalence of CMV, EBV and HSV antibodies in serum of men with and without LCS. HSV
IgM seropositivity was associated with LCS, but an additional smaller experiment reported by
the investigators that utilized PCR to detect HSV DNA in semen failed to identify any positive
samples (12).

The purpose of our study was to use powerful new molecular techniques to determine the
prevalence and quantity of DNA from several common sexually transmitted viruses and CT
in semen from asymptomatic infertility patients with and without LCS. In addition, we sought
to determine whether detection of pathogen DNA is associated with other measures of genital
tract inflammation, impaired accessory gland or epididymal function or reduced semen quality.
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Materials and Methods
Patients

This study was approved by the Institutional Review Board of the Brigham & Women's
Hospital. Male infertility patients from couples undergoing evaluation for infertility at the
Center for Reproductive Medicine at Brigham and Women's Hospital, Boston, Massachusetts
were screened for LCS (>106 PMN/mL semen) by the Endtz assay (35). One hundred thirty-
two men with LCS and 109 patients with <106 PMN/mL (“non-LCS” group) were included in
the study. None of the men was symptomatic for genital tract infections or inflammation. The
subjects ranged in age from 22 to 55.

Semen collection and analysis
Semen samples were obtained by masturbation into sterile containers after sexual abstinence
of 48 to 72 hours. Samples were subjected to semen analysis within one hour of collection and
processed for freezing within two hours of collection. Concentrations of sperm as well as sperm
motility were determined using a Hamilton-Thorne Motility Analyzer (Hamilton Thorne
Biosciences, Inc, Beverly, MA, USA). All settings used in this semen analysis have been
described previously (28). Sperm with a velocity of >10 μm/sec were considered motile. Sperm
morphology was assessed on methanol-fixed smears of fresh ejaculate stained with eosin and
thiazine under a light microscope. PMNs were counted following peroxidase staining with
Endtz-reagent (35). Whole semen was stored frozen at −70° C until used for DNA extraction
and measurement of accessory organ markers, IL-1β and PMN-elastase.

Detection of pathogen DNA in semen
DNA extraction—All preparation work for the PCR assay was performed in a “clean
room” (no post-PCR DNA products) under a laminar flow hood to minimize contamination.
Frozen semen samples were thawed and centrifuged at 2,000 × g for 5 minutes. The seminal
plasma was removed, and the cell pellet was resuspended in 1 mL of Trizol (Gibco BRL,
Gaithersburg, MD, USA). This extraction system is based on acid guanidinium isothiocyanate-
phenol-chloroform (36) which extracts DNA from somatic “round” cells and pathogens, but
not from the condensed nuclei of sperm (37). If the total round cell number in the pellet
exceeded 107, 1 mL of Trizol was used for any additional 107 round cells. The tubes were
incubated at room temperature for 5 minutes. Then 0.2 mL of chloroform per mL Trizol was
added. The tubes were mixed, incubated at room temperature for three minutes and centrifuged
at 4° C and 12,000 × g for 15 minutes. After centrifugation, the interphase layer containing the
DNA and the lower phenol phase containing protein were mixed with 0.3 mL of pure ethanol.
After incubating for 3 minutes at room temperature, the tubes were centrifuged at 4° C and
2,000 × g for 5 minutes. The supernatant containing phenol and protein was removed, and the
pellet was washed twice with 1 mL of 100 mM sodium citrate containing 10% ethanol,
incubated at room temperature for 30 minutes and centrifuged at 4° C and 2,000 × g for 5
minutes. Then the pellet was washed once with 1 mL of 75% ethanol, incubated at room
temperature for 20 minutes and centrifuged at 4° C and 2,000 × g for 5 minutes. The supernatant
was removed, the pellet was air-dried and dissolved in sterile distilled water. To remove all
insoluble material the solution was centrifuged at room temperature and 12,000 × g for 10
minutes. The supernatant was saved, and the DNA concentration was determined by OD
reading at 260 nm.

DNA standards—CMV DNA of known concentration was obtained from the National
Institutes of Health and DNA from HSV-1, HSV-2, HHV-6 and EBV with known
concentration was obtained from Advanced Biotechnologies (Columbia, MD, USA). HBV was
obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA). As the
HBV concentration in this sample was not known, HBV PCR was performed, the product was
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separated on a 2%-agarose gel containing ethidium bromide and made visible under UV-light.
The specific HBV band was cut out, and the DNA was extracted using the Quiagen Gel
Extraction Kit, a silicate-based method (Quiagen, Chatsworth, CA, USA). The fragment
concentration was determined by OD reading at 260 nm. The fragment was used as the HBV
standard. CT elementary bodies with known concentration were purchased from Advanced
Biotechnologies (Columbia, MD, USA). The DNA of the CT elementary bodies was Trizol-
extracted.

Semiquantitative PCR—PCR was performed as described by Saiki et al (38).
Oligonucleotide sequences for CMV, HHV-6, HSV-1/2 (together) and EBV were obtained
from the literature (39-43), the sequences for HBV were obtained from Boehringer Mannheim
(Penzberg, Germany). The oligonucleotides were synthesized by Genosys (The Woodlands,
TX, USA). Primers and a probe for β-actin were obtained from Genemed (South San Francisco,
CA, USA). Sequences are given in Table 1.

Quantitation of the pre-PCR copy number was done using an external standard curve and
internal controls of similar size (mimics). Internal controls were constructed using the PCR-
MIMIC-Construction Kit (Clontech, Palo Alto, CA, USA).

During PCR, the synthesized fragments were labeled with digoxigenin (dig) using dig-labeled
nucleotides provided in the PCR ELISA Dig Labeling Kit (Boehringer Mannheim,
Indianapolis, IN, USA), in which 5% of dTTP are labeled with dig as dig-dUTP. The final
PCR-mixture contained 12.5 mM TRIS pH 8.3, 62.5 mM KCL, 200 μM each of dATP, dCTP
and dGTP, 190 μM dTTP and 10 μM dig- dUTP, 2.5 mM MgCl2, 1 μM of both primers, 200
DNA-copies of internal controls and 1.0 unit of Taq polymerase in a total of 40 μL. For a
negative control reference group, we used semen from twelve commercial donors that had
tested negative for antibodies against CT in semen, for antibodies against HSV-1, HSV-2,
CMV, HIV-1 and HIV-2 in blood, and for HBV surface antigen in blood. These specimens,
provided as frozen aliquots, were a gift from the New England Cryogenic Center, Boston, MA,
USA. Other negative controls for the PCR assay were: 0.4 μg of herring sperm DNA and sterile
distilled water (reagent control). β-actin PCR was performed as a positive control to assure
DNA quantity and quality.

PCR consisted of a first heating step (95° C for 5 minutes), 37 amplification cycles, and a final
extension step at 72° C for 7.5 minutes. One amplification cycle consisted of these parameters:
for CMV and CT, 95° C for 15 sec/60° C for 60 sec; for HSV1/2 and HHV6, 95° C for 15 sec/
55°C for 60 sec; for EBV, 95°C for 15 sec/47°C for 30 sec/72°C for 30 sec; for HBV 95°C for
15 sec/52°C for 30 sec/72°C for 30 sec; for β-actin 95°C for 15 sec/55°C for 30 sec/72°C for
90 sec.

To decrease nonspecific amplification occurring during the first PCR-cycle, a hot start
technique was used. A piece of wax (Ampliwax, Perkin-Elmer, Norwalk, CT, USA) was added
to 13 μL of the initial PCR mix containing MgCl2, primers, nucleotides and part of the buffer,
and this solution was heated to melt the wax. After the wax had solidified, a second mix (7
μL) containing Taq polymerase (Boehringer), the same amount of internal controls per tube
and the remaining amount of the buffer was added, and finally 20 μL of template DNA
(standard).

An external standard curve was established from the DNA standards ranging from 4 to 40,000
copies of the specific DNA per PCR-tube.

PCR ELISA—The PCR ELISA Dig Detection Kit (Boehringer) was used to quantify the PCR
products. Aliquots of the PCR-product were denatured with 20 μL denaturation solution in a
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microcentrifuge tube. After 10 minutes 200 μL of the hybridization solution containing 7.5
pmol of biotinylated probe per mL were added. Of this solution, 200 μL were added to one
well of an avidin-coated microplate and incubated at 55° C for 3 hours. Then the well was
washed five times with 375 μL washing buffer, and 200 μL of a 1:100 diluted peroxidase
labeled anti-dig-antibody were added. The plate was incubated at 37° C for 30 minutes, washed
5 times, and 200 μL of ABTS-solution were added and incubated at room temperature for 10
minutes. The reaction was stopped by adding 100 μL of 1 M hydrochloric acid. The OD was-
measured immediately at a wavelength of 405 nm.

For every external DNA standard and sample, three different aliquots were processed: For
CMV, CT, EBV, HSV-1/2 and HBV, aliquots 1 and 2 contained 0.25 and 10 μL of PCR-
product, respectively, and were hybridized with the template-specific probe. Aliquot 3,
containing 1.0 μL PCR-product, was hybridized with the mimic- specific probe. The
corresponding volumes for HHV-6 were 1, 20 and 10 μL. For detection of β-actin 15 μL of
PCR-product were hybridized with the β-actin-specific probe. To increase pipetting accuracy
of these small volumes, the PCR-product was diluted appropriately with distilled water so that
a minimum volume of 5 μL was pipetted.

Calculation—Net-ODs were calculated by subtracting the OD of the negative control DNA
from the measured ODs of the external template standards as well as from template and mimic
products from experimental samples. Next, a template-OD:mimic-OD ratio was obtained by
dividing the net-OD from the well with aliquot 1 (low volume hybridized with the template-
specific probe) by the net OD from the well with the corresponding aliquot 3 (hybridized with
the mimic-specific probe). An additional ratio was obtained by dividing the net OD from the
well with aliquot 2 (high volume hybridized with the template-specific probe) by the mimic
net OD; this second value was utilized to improve the sensitivity of the PCR method and
quantification in the lower end of the range.

Standard curve and quantification of samples—The template:mimic ratios of the
standards were plotted against the log of the known template-copy number. The number of
pre-PCR copies in experimental samples could be determined by calculating the
template:mimic ratio, and comparing to values on the standard curve.

Definition of negative and positive samples—As the coefficient of variation of 10
negative controls was 10%, and huge differences were observed between negative and low-
positive samples, a signal was considered positive if the OD was at least twice the OD of the
negative control. A sample was considered negative when the OD-signal for the template was
below the threshold, and there were positive signals for the mimics and β-actin. A sample was
considered positive with a positive template signal (and the negative control being negative).

Detection of HPV—HPV was detected by a primer screening method (filter paper blot)
followed by subtype analysis by RFLP as previously described (44).

Determination of IL-1β and biochemical markers
Interleukin-1β (IL-1β)—IL-1β, a proinflammatory cytokine primarily secreted by
macrophages and epithelial cells, has been associated with LCS, accessory gland inflammation,
CT infection, and decreased sperm parameters (45-49). We measured concentrations of
IL-1β in seminal plasma using a commercially available ELISA kit (Genzyme, Cambridge,
MA, USA) following the manufacturer's protocol. Ten microliters of seminal plasma were
diluted with 90 μL of provided sample diluent. Two standard curves were run: 1) the usual
IL-1β standards diluted in provided sample diluent, and 2) the same IL-1β standards diluted in
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seminal plasma from a healthy non-LCS man. The standard curves were always the same,
indicating that seminal plasma does not interfere with IL-1β detection in this assay system.

PMN-elastase—PMN-elastase, an enzyme secreted by activated PMNs (50), and a marker
for male genital tract inflammation (51,52), was measured in seminal plasma using a
commercial ELISA (PMN-Elastase ELISA, courtesy of Merck, Darmstadt, Germany) as
previously described (49).

Fructose—Fructose, a marker for seminal vesicle function (10), was determined according
to the WHO manual (10), using a modified hexokinase method (Boehringer Mannheim,
Indianapolis, IN). Fructose levels above 13 μmol per ejaculate (2.34 mg/ejaculate) are
considered normal (10).

Citrate—Citrate, a marker for prostatic function (53), was determined according to the
ultraviolet method recommended by WHO (53) using a commercial test kit (Boehringer
Mannheim, Indianapolis, IN). According to WHO (53), citrate levels above 52 μmol per
ejaculate (9 mg/ejaculate) are considered normal.

Neutral α-glucosidase—Neutral α-glucosidase, a marker for epididymal function (10,54),
was determined according to Chapdelaine (55), using the principle of a protocol developed by
Cooper et al. (54). To facilitate the processing of a large number of samples, the whole assay
was performed in uncoated microtiter plates. Eight μL seminal plasma and 100 μL p-
nitrophenyl-glucopyranoside solution [5 mg/mL in potassium phosphate buffer (KH2P04/
K2HP04) 100 mM pH 6.8 containing 1% sodium dodecyl sulfate] were incubated in the wells
of a microtiter plate at 37°C for one hour as triplicates. The reaction was stopped by 200 μL
sodium carbonate solution 0.5 M, and ODs were measured in a microtiter plate reader at 405nm.
The OD of the blank (8 μL of a seminal plasma pool, 4 μL castanospermine 10 mM, 100 μL
substrate solution) was subtracted. Glucosidase activity (mU/mL) was calculated by dividing
the sample OD by the slope of a p-nitrophenol standard curve (expressed as OD per μM) and
multiplying by 0.6417. Neutral α-glucosidase levels above 20 mU per ejaculate are considered
normal (10).

Statistical Analysis
For continuous data, non-parametric statistical tests were utilized or data were logarithmically
transformed prior to parametric analysis when the assumptions of normal distribution and/or
homogeneity of variance were not fulfilled. Specifically, the Mann-Whitney U test was used
for comparison of two groups and the Spearman Rank Correlation Coefficient was used to
determine the correlation between two variables. One-factor analysis of variance (ANOVA)
or the Kruskal-Wallis one-way ANOVA was used for comparisons of more than two groups.
Two-factor analysis of variance was performed to examine the two independent variables, LCS
(+/-) and STI pathogen DNA detection (+/-). Fisher's PLSD or Dunn's Multiple Comparison
tests were utilized for post hoc pairwise comparisons. The Fisher Exact test and the Fisher-
Freeman-Halton test were utilized for analysis of categorical variables. Data were analyzed by
StatView (version 5.0.1, SAS Institute, Cary, NC) and StatXact (version 6, Cytel Software
Corporation, Cambridge, MA) statistical software. In all cases, statistical significance was
assumed when P<0.05.

Results
As shown in Table 2, the overall prevalence of STI DNA in semen of infertility patients was
18.7%. LCS and non-LCS groups had similar STI DNA detection rates (18.9% for LCS samples
and 18.3% for non-LCS samples, P>0.10, Fisher Exact Test). CMV was the most prevalent
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pathogen detected (8.7%), followed by HPV (4.5%), HSV (3.7%), HHV-6 (3.7%) and CT
(2.5%). EBV DNA was detected in only one sample; HBV DNA was not detected in any semen
sample. HPV was subtyped with a RFLP panel that differentiated 18 HPV subtypes: 3 HPV-
positive samples were HPV-16, a subtype associated with cervical cancer; the remaining 5
samples were indeterminate. Eight of the 45 pathogen-positive samples contained DNA from
more than one pathogen (4 in the LCS group and 4 in the non-LCS group). One of these samples,
from the LCS group, was positive for 3 pathogens; the other seven co-infected samples were
positive for 2 pathogens. Five of the eight co-infected samples were positive for HPV, 4 were
positive for CMV, and 4 contained CT.

The copy numbers of pathogen DNA per ejaculate showed a large range (Table 2). Overall,
CMV DNA copy numbers ranged from 110 to 12,000,000 copies per ejaculate, HSV from 300
to 22,000, and HHV-6 from 250 to 81,000,000. The only EBV-positive sample contained 210
copies. None of the twelve reference semen samples from seronegative sperm donors were
positive for STI pathogens with the exception of one, a sample from a CMV-seronegative
donor, which contained a low amount (950 copies) of CMV DNA.

Table 3 shows the results of two-factor ANOVA examining both LCS and STI pathogen DNA
as independent variables. Samples with detectable DNA for any of the STI pathogens (n=45)
had significantly decreased motile sperm concentration, total motile sperm count, and neutral
α-glucosidase concentration (P<0.05 for all variables). Sperm concentration was also reduced
in STI pathogen-positive samples but this effect was not statistically significant (P<0.10). LCS
was associated with a statistically significant decrease in total sperm count, % normal forms
and fructose concentration (P<0.05 for all variables). As expected, the three inflammation
variables, PMN concentration, PMN elastase concentration and IL-β concentration in semen
were significantly elevated in the LCS groups (P<0.0001 for all variables). A significant
interaction between LCS and STI was revealed for motility; motility in the LCS-/STI+ group
was significantly decreased in comparison to the other groups (P<0.05).

When individual STI pathogens were analyzed, most of the pathogens were associated with
reduced sperm concentration, although this decrease was only statistically significant for the
HSV+ group [HSV+ group=34.0 (7.0-109.0), median (range) × 106/mL, vs. No Pathogen
group=77.0 (0-379.0), P<0.05. Mann-Whitney U test]. Sperm motility was also significantly
reduced in the HSV+ group [HSV+ group=39.0 (7.0-73.0), median (range) %, vs. No Pathogen
group=58.0 (2.0-97.0), P<0.05. Mann-Whitney U test]. Paradoxically, motility was
significantly increased in the HHV6+ group [HHV6+ group=79.0 (50.0-97.0), median (range)
%, vs. No Pathogen group=58.0 (2.0-97.0), P<0.01. Mann-Whitney U test]. Most of the
pathogens were also associated with reduced total sperm counts, although this decrease was
only statistically significant for the HPV+ group [HPV+ group=139.3 (13.0-214.5), median
(range) × 106, vs. No Pathogen group=171.8 (0-1,340.0), P<0.05. Mann-Whitney U test]. Most
pathogens were associated with reduced motile sperm concentrations, although this decrease
was only statistically significant for the HSV+ group [HSV+ group=22.2 (0.6-43.7), median
(range) × 106/mL, vs. No Pathogen group=47.3 (0.2-306.2), P<0.05. Mann-Whitney U test].
Total motile sperm count was also reduced in samples with DNA for most of the pathogens,
although this decrease was only statistically significant for the HSV+ group [HSV+ group=29.8
(0.9-153.1), median (range) × 106, vs. No Pathogen group=108.0 (0.6-1,165.8), P<0.05. Mann-
Whitney U test.

Neutral α-glucosidase concentration was significantly reduced in CT+ and HSV+ samples [CT
+ group=9.2 (1.7-28.5), median (range) mU/mL, HSV+ group=7.2 (1.7-44.9), vs. No Pathogen
group=16.7 (1.2-86.6), P<0.05. Mann-Whitney U tests]. Similar reductions in neutral α-
glucosidase concentration for CMV+ and HPV+ samples approached statistical significance
(P<0.10, Mann-Whitney U test). Citrate concentration was significantly reduced in HSV+
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samples [HSV+ group=2.8 (1.4-5.3), median (range) mg/mL, vs. No Pathogen group=3.8
(0.8-15.3), P<0.05. Mann-Whitney U test]. Mean values for the male sex accessory gland/
epididymal markers in semen samples without any detectable pathogens exceeded their
respective WHO reference values (10,53).

STI co-infection (samples containing DNA from more than one pathogen) and STI copy
number were not associated with a further alteration in any of the semen variables (all P's>0.10,
one-factor ANOVA).

Concentrations of accessory gland/epididymal function markers that were significantly
correlated with semen parameters by Spearman Rank Correlation Coefficients included:
neutral α-glucosidase with sperm concentration (rho=+0.53, P=0.0001), motile sperm
concentration (rho=+0.46, P=0.0001), total motile sperm (rho=+0.34, P=0.0001), and total
sperm count (rho=+0.35, P=0.0001); and citrate (mg/ejaculate) with total sperm count (rho=
+0.29, P=0.0001).

By Spearman Rank Correlation Coefficients, all three inflammation variables were
significantly correlated with one another: PMN-elastase and PMN concentration (rho=+0.78,
P=0.0001), IL-1β and PMN concentration (rho=+0.71, P=0.0001) and IL-1β and PMN-elastase
concentration (rho=+0.73, P=0.0001).

Detection of STI DNA and markers of inflammation were not associated with differences in
semen volume or patient age.

Discussion
The importance of genital tract microorganisms as an etiologic factor in male infertility is still
a controversial topic (5,11,31). The purpose of this study was to determine the prevalence of
several common sexually transmitted pathogens in healthy, male, infertility patients, and study
their relationship to LCS and other markers of genital tract inflammation, and to semen quality
parameters. For this study, we chose 6 common STI viruses and 1 intracellular bacterium that
can chronically infect the male genital tract, often without causing symptoms. Two other
common sexually transmitted pathogens were not included in the study: HIV-1 was not studied
because it is a retrovirus and requires a different processing and assay system; Neiserria
gonorrhea was not studied because its infection is usually symptomatic in men.

CMV is a member of the herpesvirus family and can cause a variety of teratogenic effects in
newborns as well as a clinical illness in adults resembling infectious mononucleosis (56). Its
presence and persistence in semen has been reported previously (57-60). In the current study,
CMV was the most frequently detected pathogen in semen of infertility patients (8.7%) with
copy numbers ranging from 110 to 12 million. Detection of a low level of CMV DNA in semen
from one of the CMV-seronegative commercial sperm donors could reflect a recent infection
in this individual. We did not observe a significant association of CMV DNA with semen
parameters in this study, although there was a trend for lower motile sperm and α-glucosidase
concentrations in the CMV-infected group, indicating that CMV infection could have a modest
effect on semen quality, perhaps by affecting epididymal function. Previous studies have not
shown an association of CMV infection with a reduction in semen parameters (7,59).

Herpes simplex virus mainly affects epithelial surfaces and is a major cause of genital ulcers.
Whereas primary infection usually occurs through direct or indirect contact with herpetic
lesions (61,62), HSV-1 and -2 have been detected in semen (7,60,63) and on sperm (64), and
transmission of HSV-2 has occurred through donor insemination (2). The detection rate of
HSV-1/2 DNA in ejaculates from infertility patients in the current study was relatively low
(3.7%). However, HSV was associated with the strongest effect of any of the pathogens on
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semen parameters. HSV DNA+ samples had significantly reduced sperm concentration, sperm
motility, motile sperm concentration, total motile sperm count, neutral α-glucosidase and
citrate concentrations. This is consistent with earlier studies that found associations between
HSV-1 or -2 in semen and low sperm count and poor motility (7,64), as well as infertility
(65). Antiviral treatment of male infertility patients positive for HSV in semen has resulted in
successful pregnancies (64,65). Thus, HSV-infection of the male genital tract could explain
some cases of male infertility, due to its association with decreased semen quality. Our study
showed decreased concentrations of neutral α-glucosidase and citrate in HSV-positive samples,
suggesting that the effect on fertility may be due to impaired epididymal and prostate function.

Human papillomaviruses represent a group of small DNA viruses that induce epithelial cell
proliferation. More than 35 types of HPV infect the genital tract. DNA from HPV 16, 18, 31
and 45 have been associated with invasive squamous cell cancers of the genital tract and anus
(66,67). HPV is primarily transmitted through direct epithelial contact (62), but high risk HPV
types have been detected in both semen and spermatozoa (68-71), as well as in the vas deferens
(72). In the current report, 3 out of the 8 cases that tested positive for generic HPV DNA were
subtyped as HPV-16 (the other 5 cases were indeterminate). HPV DNA was not associated
with LCS but was associated with a significant decrease in total sperm count, and a statistically
non-significant trend for lower total motile sperm count and neutral α-glucosidase
concentrations. A previous study reported an association between HPV and reduced sperm
motility (70), while another study did not find any affects on sperm quality (71). Thus,
additional research is needed to determine whether HPV infection contributes to male
infertility.

CT infects the genital tract and eye, and has been associated with conjunctivitis and pneumonia
in infants infected via the birth canal (73,74). Our study found CT DNA in semen from 2.5%
of infertility patients, with copy numbers ranging from 8,300 to 590,000. This prevalence rate
is consistent with earlier publications (32,75,76). CT DNA was associated with a significant
decrease in neutral α-glucosidase concentration (and a trend towards lower total sperm and
total motile sperm counts). Other studies have shown that men with CT in semen have reduced
sperm concentration, motility, velocity, viability, morphology, acrosome reaction and citrate
(77-80). Spermatozoa incubated with elementary bodies of CT had decreased motility and
increased cytotoxicity (81); these effects have been attributed to lipopolysaccharide (82). Thus,
CT infection of the male genital tract may contribute to male infertility.

EBV, a member of the herpesvirus family, causes infectious mononucleosis and has been
associated with Burkitt's Lymphoma (83). EBV is found in semen (7,60) and is thought to be
sexually transmitted (84,85). In the current study, EBV was detected in only one sample. The
low detection rate probably reflects the low prevalence of EBV infection in this country, and
the fact that the virus' primary host cell, the B-lymphocyte, represents only a small minority
of all WBC in semen (11,86). Previous studies have reported a higher prevalence of EBV in
infertility patients in Europe, although no association of seminal EBV with reduced semen
quality has been found (7,60).

HBV is the cause of hepatitis B, an infection of the liver often progressing into a chronic
inflammatory condition associated with liver cell carcinoma (87). HBV is transmitted through
infected bodily fluids such as blood and semen (87,88), and has been transmitted by artificial
insemination (3). As HBV is not endemic in North America, and infertility patients as a group
do not engage in high-risk behaviors such as intravenous drug use, a low prevalence of HBV
was expected. Indeed, HBV DNA was not detected in any of the semen samples from our study.
These data suggest that HBV does not contribute substantially to male infertility in North
America, except perhaps in high-risk groups. However, HBV infection is endemic in other
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areas of the world, and its potential contribution to male infertility should be studied in these
regions.

HHV-6, another member of the herpesvirus family, has been detected in semen (60), and is
causally associated with exanthema subitum (89), acute febrile diseases and seizures in young
children (90,91), and EBV- and CMV-negative cases of mononucleosis in young adults (92,
93). In this study, HHV-6 DNA was detected in 3.8% of semen samples, and often occurred
in high copy numbers (up to 81,000,000). None of the semen parameters measured in our study
was adversely affected by HHV-6 infection; in fact, sperm motility was paradoxically higher
in HHV-6-positive samples. Therefore, our data indicate that genital tract HHV-6 infection
does not contribute significantly to male infertility.

Overall, STI DNA was detected in 45/241 (18.7%) of the samples, with no difference in
prevalence between LCS and non-LCS groups. STI DNA and LCS were independently
associated with poor semen parameters. STI DNA was associated with a significant decrease
in sperm concentration, motile sperm concentration, total sperm count and neutral α-
glucosidase concentration. Eight of the STI+ samples contained DNA from more than one
pathogen, but STI co-infection was not associated with a further reduction in semen quality.
LCS was associated with decreased sperm count, % normal forms and fructose concentration,
a measure of seminal vesicle function. Thus, the present study confirms and extends earlier
reports that STIs and LCS are associated with poor semen quality (7,13,45,48,49,51,64,65,
70,77-82).

LCS was strongly associated with elevated levels of the inflammatory markers, PMN-elastase
and IL-1β, a proinflammatory cytokine produced by activated macrophages, epithelial cells
and other cell types (94). Similarly, concentrations of all three inflammation markers (PMNs,
PMN-elastase and IL-1β) were significantly correlated with one another, which was expected,
as both PMNs and macrophages are important participants in inflammatory responses, and
because numbers of PMNs and macrophages in semen are highly correlated (9,45,48,49,86).
STI DNA was not associated with elevations in any of these inflammation markers.

The present study also revealed significant correlations between semen parameters and levels
of accessory gland and epididymal function markers, which highlights the relationship between
semen quality and normal genital tract function (10,53,95). LCS was associated with a
reduction in fructose concentration, suggesting that LCS may affect seminal vesicle function.
Pathogen DNA was associated with reduced levels of neutral α-glucosidase, suggesting that
subclinical infections affect epididymal function. In the case of one pathogen, HSV, citrate
concentrations were also significantly reduced, suggesting an effect of this pathogenic virus
on prostate function. Of all the pathogens studied, HSV was associated with the strongest
effects on both semen quality and levels of accessory gland/epididymal function markers.

In conclusion, using sensitive molecular assays, we detected an unexpectedly high prevalence
of sexually transmitted pathogens in semen from asymptomatic infertility patients. Pathogen
DNA was not associated with LCS or other markers of inflammation, but was associated with
decreased semen parameters and signs of reduced epididymal and prostate function. These
findings indicate that asymptomatic infections of the male genital tract are common and may
contribute to male infertility. Because they also threaten the health of partners and offspring,
efforts to diagnose and treat subclinical genital tract infections should be intensified.
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Table 1
Oligonucleotide Sequences

Name Sequence (5′-3′)

Chlamydia-upstream CCTGTGGGGA ATCCTGCTGA A

Chlamydia-downstream GTCGAAAACA AAGTCWCCRT AGTA

Chlamydia-probe AAACCTTCCC AYAGAATTCC GTCGATCATA AGGCTTGG

CMV-upstream CCGCAACCTG GTGCCCATGG

CMV-downstream CGTTTGGGTT GCGCAGCGGG

CMV-probe TTCTTCTGGG ACGCCAACGA CATCTACCGC ATCTTCGCCG

HSV-upstream CATCACCGAC CCGGAGAGGG AC

HSV-downstream GGGCCAGGCG CTTGTTGGTG TA

HSV-probe CTTTGTCCTC ACCGCCGAAC TGAGCAGACA CCCGCGCGCG

HHV6-upstream GTATCCCGAC GGCAGAGGTT

HHV6-downstream TTAAACAGCC GTTGTCAGGG

HHV6-probe GAGATTCTGG AATCGAGCAC

EBV-upstream CCAGAGGTAA GTGGACTT

EBV-downstream GACCGGTGCC TTCTTAGG

EBV-probe TTCTGCTAAG CCCAAC

Actin-up stream ATGGATGATG ATATCGCCGC G

Actin-downstream CTAGAAGCAT TTGCGGTGGA CGATGGAGGG GCC

Actin-probe GGCTGGGGTG TTGAAGGTCT CAAACATGAT

MIMIC-probe CAATCAGCTC ACGAAACTTG

All probes were 5′-biotinylated. The oligonucleotide sequences for HBV were obtained from Boehringer Mannheim, Germany.
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Table 2
Pathogen prevalence and amount in semen samples

Pathogen LCSa Non-LCSb Total

Any Pathogen

 Prevalencec 25/132 (18.9) 20/109 (18.3) 45/241 (18.7)

HPV

 Prevalence 3/70 (4.3) 5/109 (4.6) 8/179 (4.5)

C. trachomatis

 Prevalence 3/132 (2.3) 3/108 (2.8) 6/240 (2.5)

 Ranged 10,000-460,000 8,300-590,000 8,300-590,000

CMV

 Prevalence 14/132 (10.6) 7/109 (6.4) 21/241 (8.7)

 Range 110-580,000 3,200-12,000,000 110-12,000,000

HSV-1/2

 Prevalence 4/132 (3.0) 5/109 (4.6) 9/241 (3.7)

 Range 510-15,000 300-22,000 300-22,000

HHV-6

 Prevalence 5/132 (3.8) 4/109 (3.7) 9/241 (3.7)

 Range 250-81,000,000 4,400-1,500,000 250-81,000,000

EBV

 Prevalence 1/132 (0.8) 0/108 (0) 1/240 (0.4)

 Range 210 ---------- 210

HBV

 Prevalence 0/132 (0) 0/109 (0) 0/241 (0)
a
Leukocytospermic (≥106 PMN/mL)

b
Non-leukocytospermic

c
number of positive samples/total number (percentage) of analyzed samples

d
DNA copy number per ejaculate
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