Detection and identification of bacterial DNA in semen
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Objective: To detect and identify bacteria in semen by sequencing polymerase chain reaction (PCR)-amplified
ribosomal RNA gene regions (rDNAs).

Design: Bacterial rDNAs were detected by PCR amplification of semen DNA. Conditions were adjusted to detect
only abundant organisms, no fewer than 20,000 bacteria/mL of semen.

Setting: Clinical andrology laboratory and academic research laboratories.

Patient(s): Men undergoing fertility evaluation (n = 29) or vasectomy (n = 5).

Intervention(s): None.

Main Outcome Meaure(s): Frequency of bacterial IDNA—positive specimens, relationship of rDNAS to bacteria in
GenBank, and correlation with semen cells.

Result(s): Twenty-five (56%) of the specimens from 22 (65%) of the men were positive. A total of 141 bacterial
rDNA sequences were compared with GenBank data for identification. The largest group matched gram-positive
anaerobic cocci (Peptoniphilis, Anaerococcus, Finegoldia, Peptostreptococcus spp.) in 13 specimens, followed by
Corynebacterium spp. in 10 specimens, Staphylococcus, Lactobacillus, and Streptococcus spp. in 7 specimens
each, Pseudomonas spp. in 4 specimens, and Haemophilus and Acinetobacter spp. in 2 specimens each. The
rDNA-positive specimens averaged 59 =+ 13 million sperm/mL, 46 + 5% of which were motile, not statistically
different from the rDNA-negative specimens (77 £ 16 million/mL, 47 £ 5% motile). Normal sperm forms
were lower in the rDNA-positive (10 £ 1.1%) than in the rDNA-negative specimens (22 £ 2%), and lympho-
cytes/monocytes were fivefold lower in the rDNA-positive specimens (0.4 £ 0.2 million/mL) than in the negative
specimens (1.9 + 0.7 million/mL).

Conclusion(s): Abundant bacteria in semen are not commensal, arise from infection in the male genitourinary
tract, may influence fertility, and may reflect an inadequate cellular immune response. (Fertil Steril® 2008;90:
1744-56. ©2008 by American Society for Reproductive Medicine.)
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Ribosomal RNA gene sequences (rDNAs) are useful markers
for the identification of bacteria, because they contain se-
quences that have evolved according to species. Comparisons
of bacterial diversity by genotype and cultured phenotype in
a variety of environmental samples has led to estimates that
fewer than 1% of microorganisms have ever been cultured
(1, 2). The diagnostic and treatment value of detecting and
identifying bacteria in clinical specimens by genotype
instead of phenotype is, therefore, becoming widely appreci-
ated (2, 3).

One approach takes advantage of highly conserved
regions of ribosomal genes that bracket species-specific
regions. Polymerase chain reaction (PCR) amplification
with primers to conserved regions results in PCR amplicons
of the species-specific regions, which can be sequenced and
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compared with reference microbial gene banks for identifi-
cation (3).

This genotypic diagnostic approach holds particular prom-
ise for clinical specimens such as semen, for which both
aerobic and anaerobic microorganisms are of interest and
may not be detected by routine culture methods. The PCR de-
tection of fastidious anaerobic organisms in culture-negative
urine specimens from renal transplant patients exemplifies
this approach (4). Bacterial infection in male organs that
contribute to an ejaculated semen specimen (testis, epididy-
mis, vas deferens, ampulla, seminal vesicles, prostate, and
urethra) may be important for a number of male diseases,
including infertility and prostatitis. To be clinically useful,
the PCR strategy should distinguish between common flora
(commensals) and pathogenic infection.

To begin to understand the incidence and nature of abun-
dant microorganisms in semen, we conducted a study of 45
semen specimens from 34 men. The five men undergoing
vasectomy collected specimens before and after the proce-
dure, providing an opportunity to compare a complete spec-
imen with one minus contributions from the testis and
epididymis. To avoid detection of commensals, we designed
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the PCR conditions to detect only abundant organisms, on the
order of 200 per 10 uL of semen, the volume of a standard
bacteriologic loop. The PCR products were sequenced di-
rectly; if the sequences indicated the presence of multiple or-
ganisms, the PCR was repeated and the products ligated and
cloned for sequencing. The rDNA sequences were compared
with GenBank by BLAST for identification of organisms.
Bacterial rDNA remnants in laboratory reagents and plastic-
ware were identified by repeat assays with reagents only, and
those sequences eliminated from the patient database.

METHODS AND MATERIALS
Semen Specimens

Twenty-nine men undergoing infertility evaluation and five
men undergoing vasectomy collected semen specimens for
this study, which was reviewed and approved by the Human
Subjects Committee, Faulkner Hospital. Fifteen men under-
going infertility evaluation collected specimens either in
a fertility condom (Male Factor Pak), delivered to the labora-
tory within 1 hour, or collected at the laboratory by masturba-
tion into a sterile urine container. Routine semen analyses
were performed as described (6), including measurement of
volume, viscosity, sperm count, round cell count, and per-
centage motility. The five men undergoing vasectomy col-
lected specimens before and after vasectomy. Fourteen
specimens were divided as described below and delivered
for evaluation by overnight courier.

Isolation of DNA From Semen Specimens

Aliquots (0.5 mL) of the semen specimens were adjusted to
3.0 mol/L to 3.5 mol/L guanidium isothiocyanate, 5 mmol/L
to 15 mmol/L EDTA, and 50 ug/mL to 200 pug/mL Poly A
carrier (Sigma Aldrich, St. Louis, MO). The semen-guani-
dium mixture was centrifuged at 8,000g for 6 minutes to pel-
let unlysed sperm heads, and 200 uL of the supernatant was
added directly to the AVL solution provided in the Qiagen
QIAamp viral RNA mini-isolation kit (Valencia, CA) and
stored at —80°C until use.

The DNA was isolated in a designated area of the lab, sep-
arate from all other PCR setup, amplification, cloning, and
storage areas. Fifty microliters of the AVL mixture (equiva-
lent to approximately 10 uL of the original specimen) were
Qiagen column purified according to the manufacturer’s in-
structions and eluted in 30 uL of mouse embryo—tested water
(Sigma-Aldrich). The 30-uL. DNA eluate was used directly
for PCR amplification. For each experiment, a no-DNA
PCR control was created by parallel column purification of
AVL buffer without semen. Approximately 10% of such reac-
tion blanks yielded detectable PCR products, which were
routinely analyzed for rDNA sequences.

Bacterial DNA From Control Samples

Aliquots (one bacteria loopful from a culture plate) of bacte-
rial cultures, kindly provided in a blinded fashion by Peter
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Al-Achi, Assistant Laboratory Supervisor of the Microbiol-
ogy Teaching Laboratory, Northeastern University, were
placed directly into 800 uL of Qiagen AVL buffer for trans-
port and storage. The DNA was extracted from 50-uL
aliquots of each bacteria-AVL solution as described in the
preceding and used directly in the PCR.

The sensitivity of PCR detection of bacteria in the semen
specimens was determined by end-point dilution of Escheri-
chia coli into 50 uL aliquots of two specimens that tested
negative. Fewer than 250 copies of E. coli DNA did not yield
a visible PCR band in the PCR assay conditions described
subsequently.

Immunostaining

Fixed semen cells (7) from 0.5 mL to 1.0 mL of each semen
specimen were recovered by centrifugation, washed twice
with phosphate-buffered saline (Sigma-Aldrich), plated
onto slides, and immunostained with two commercially
available monoclonal antibodies against leukocyte common
antigen: CD45, HLe-1 (Becton Dickinson, San Jose, CA)
and LCA (Dako, Carpinteria, CA). Total leukocytes in the se-
men specimen were calculated from percentage of immune-
positive cells obtained by counting at least 200 nonsperm
cells on the slides stained with HLe-1, and total lympho-
cytes/monocytes were calculated in the same way on the
slides stained with LCA (7).

Polymerase Chain Reactions

Primers for the PCR amplifications were designed for specific
regions of the bacterial genes encoding 16S ribosomal RNAs.
The regions chosen contained two highly conserved sequence
sites that bracket species-specific variable regions and have
been used to detect a wide range of bacteria, including mico-
plasms and ureaplasms. The sequence for the forward primer,
AACTGGAGGAAGGTGGGGAT (Invitrogen, Grand Island,
NY), is analogous to E. coli (AE000474) bases 1446—1465;
the sequence for the reverse primer, AGGAGGTGATC
CAACCGCA, is analogous to E. coli bases 1798-1816.
The PCR amplicon is approximately 365 bases long. A PCR
strategy was developed to limit the sensitivity of detection to
abundant organisms and to avoid detection of bacterial DNA
remnants in laboratory reagents. The PCR cycling was car-
ried out with Tag polymerase (Applied Biosystems, Roche,
Branchburg, NJ), 0.75 U to 1.5 U; 50 pmol of each primer;
200 pwmol eachof dATP, dCTP, dGTP, and TTP; 1.5 mmol/L
MgCl,; 20 mmol/L Tris-HCI (pH 8.3 at 25°C); 20 mmol/L
KCI; 100 ug/mL bovine serum albumin; 0.05% NP40; and
3.5% ethylene glycol in a total volume of 100 uL. Cycling
strategy was: 95°C for 4 minutes, followed by 30 cycles of
95°C, 55°C, 72°C, 30 seconds each, with a final 7-minute
extension at 72°C. The PCR products were visualized by
ethidium bromide (Continental Lab Products, Carlsbad,
CA) staining of product DNAs after electrophoresis through
2.3% agarose gels in TBE buffer (BioRad). Products detected
were purified through Qiagen PCR product purification
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columns, and submitted to the Beth Israel Deaconess Medical
Center gene sequencing core laboratory for sequencing in the
forward, and sometimes the reverse, direction. Gene
sequences containing more than 3% ambiguous bases were
discarded. Sequences were edited with Sequencer for the
Macintosh, trimmed to 320 bases (E. coli bases 1475-1795)
and submitted to GenBank BLASTn search (www.ncbi.nih.
gov) for comparison with known bacterial sequences. Gene
sequences with fewer than 95% identical bases were not con-
sidered a match. Specimens yielding PCR products with
>3% ambiguous bases were assayed again and the PCR prod-
ucts cloned into the TOPO-2 cloning kit according to the
manufacturer’s instructions before sequencing. At least 10
colonies were PCR amplified for sequencing. The sequences
included in this report are GenBank accession numbers
DQ859182 to DQ859258.

Statistical Analysis

Groups of data were compared by unpaired Student ¢ test in
Excel; P values greater than .02 were not considered to be
statistically significant.

RESULTS

Assay Strategy

The assay strategy was designed to address three issues: 1)
accurately identify bacteria; 2) avoid detection of commen-
sals; and 3) distinguish laboratory reagent contaminants
from bacterial rDNA in clinical specimens (8). The latter
two problems arise because of the sensitivity of PCR ampli-
fication, which under standard assay conditions can amplify
one DNA target sequence up to 10 million—fold in a single
reaction (9).

An initial test of the assay strategy resulted in accurate
identification from PCR products of five blinded test bacteria
(Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
epidermidis, Citrobacter freundii, and Streptococcus pyo-
genes) with greater than 98% identity to their respective ribo-
somal gene sequences in GenBank. This outcome supported
the possibility of identifying semen bacteria from direct
sequencing of PCR products.

bacteria; lane 15 is the no-DNA PCR control sample.
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To decrease detection of reagent contaminants and com-
mensals, the PCR reaction was adjusted to detect no fewer
than 200 microorganisms in the 10 uL of semen. Because
there are multiple copies of the rRNA gene in bacteria, the ac-
tual target number of sequences amplified ranged from 1,000
to 1,400. To control for laboratory reagent contaminants,
multiple PCR reactions with no added DNA were carried
out. Greater than 0.75 U of Tag polymerase in the PCR reac-
tion resulted in a faint band in approximately 12% of the no-
DNA controls. The cloned no-DNA control sequences
(DQ859258, DQBS59257) matched members of the genera
Acidovorax and Leptothrix reported to be detectable DNA
remnants in laboratory reagents (8).

Semen Bacteria

Overall, 25 (56%) of the 45 semen specimens were positive
for bacterial rDNAs from greater than 20,000 organisms/mL
(examples in Fig. 1). The positive specimens were produced
by 22 (65%) of the 34 men. Eleven of the 15 men contributing
fresh specimens had at least one that tested positive for bacte-
ria (Table 1). Similarly, 11 of the 19 men contributing speci-
mens that were shipped to the laboratory had at least one
positive for bacterial rDNA (Table 2). Interestingly, only two
of the prevasectomy semen specimens, but all five of the post-
vasectomy specimens, were positive for bacteria (Table 2).

Only 7 of the 26 positive specimens yielded PCR products
that were unambiguously sequenced and matched in Gen-
Bank without cloning. One was in a prevasectomy specimen
(#28, DQ859243; Table 2) and matched to Corynebacterium
pseudogenitalium; one was in a postvasectomy specimen
(#31, DQ859218; Table 2) and matched to Lactobacillus in-
ers. The other five were in infertility specimens and matched
to: Streptococcus mitis (#1, DQ859216; Table 2), Staphylo-
coccus epidermidis/haemolyticus (#2, DQ859231, #13, DQ
859246; Table 1), Lactobacillus crispatus (#19, DQ859217,
Table 1), and Alcaligenes faecalis (#38, DQ859231; Table 2).
That these organisms were identified directly from PCR prod-
ucts was taken to mean that they were the most abundant organ-
isms in the specimen, not that they were the sole organisms;
most were also present in other specimens with a mixture
of bacteria whose identifies were resolved by cloning.

FIGURE 1

Polymerase chain reaction (PCR) detection of semen bacteria. Photo of ethidium bromide-stained agarose gel
containing PCR products from 14 semen specimens. Lanes 7 and 10 were from specimens with undetectable
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TABLE 1

Semen cells and bacteria detected in fresh specimens.

Specimen
no.

Sperm
count®

%

motile?

% normal
forms®

Nonsperm
cells®

Leukocytes®

Lymphocytes/
monocytes’

Bacterial rDNA®

1

10
11
12
13

14

15
16

17
18

19

20
21

44
101

65

27

79

41

25

168
100
122
62
25

30

170
31

113
30

12

33
42

21 (1
28 (2)

=

72 2)

45 (20)

70 2)

56 (2)

72
73
70
20
35
47
43

ScEIES
SICICIECICES

~

44 (2)

31(2)

67 (3)
50 (2)

5 (0)

18 (8)
27 (
10 (3

()
= =

0.5
3.8

2.9

1.9

1.0

1.1
24
13

4.8

3.5

12
1.9

1

0.5
3

0.1
1

1.2

0.4

0.2

<0.1

0.9

0.2
14

3.5
3.5

1.5

0.3

0.4
915

<0.1
<0.1

0.1

<0.1

<0.1

<0.1

<0.1
<0.1
<0.1
31
22
2.7
1.1

0.4

3.5

5.8

0.4

0.1

<0.1
0.3

Streptococcus mitis 96, AF543291

Staphylococcus epidermidis 95,
CP000029

Peptoniphilis harei 93, YO7839

Finegoldia magna 98, Ab109771.1

Anaerococcus prevoti 96, AF542232

Anaerococcus vaginalis 98,
AF542229

Pseudomonas putida 98, Af131103

Finegoldia magna 98, Ab109771.1

Corynebacterium
tuberculostearicum 98,
AF438050

Finegoldia magna 100, Ab109771.2

Peptoniphilus harei 98, YO7839

Finegoldia magna 100, Ab109771.2

Peptoniphilus harei 98, YO7839

Peptostreptococcus anaerobius 99,
AY326462

Streptococcus pneumoniae 99,
AE008552

undet

Finegoldia magna 96, Ab109771.2

undet

undet

undet

undet

Staphylococcus haemolyticus 98,
APQ006716

Finegoldia magna 98, Ab109771.2

Lactobacillus gasseri 99,
AF243156.1

Lactobacillus crispatus 97,
AF257097

Corynebacterium striatum 97,
X844442

Anaerococcus prevoti 98, AF542232

Anaerococcus vaginalis 98,
AF542229

Pseudomonas putida 99, AF131103

Acinetobacter junii 99, AB10144

undet

undet

Finegoldia magna 98, AB109771.1

Corynebacterium
tuberculostearicum 96,
AJ438050

Anaerococcus prevoti 97, AF542232

Staphylococcus epidermidis 98,
CP000029

Lactobacillus crispatus 98,
AF257097

undet

undet

Note: Each of the specimen sets, nos. 5-7, 10-12, and 15-17 are from one man.

& Sperm/mL semen.

b Percentage of sperm moving; number in parentheses is speed of forward motion on a scale of 1 to 4.

¢ Sperm morphology according to World Health Organization criteria; number in parentheses is Kruger strict criteria.
9 Round cells/mL of semen.

¢ Round cells staining red-brown with monoclonal antibody HLe-1 directed against all leukocytes.

fRound cells staining red-brown with anti-CD45 antibody LCA binding lymphocytes and monocytes.

9 Bacteria species identified as highest match in GenBank followed by percentage identity to the accession number.
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TABLE 2

Semen cells and bacteria detected in shipped specimens.

Specimen Sperm/mL Nonsperm

no.? (mill)®  cells/mL°® Leukocytes® Lymphocytes® Bacterial rDNA
22 88 0.9 0.7 0.5 undet
23 <0.1 <0.1 <0.1 <0.1 Finegoldia magna 96, AB109771

Streptococcus pneumoniae 98, AE008532
Aerococcus urinae 99, AY422717

24 129 5.7 24 0.4 Finegoldia magna 96, AB109771
Streptococcus pneumoniae 98, AE008532
Staphylococcus epidermidis 99, AY728198
Aerococcus urinae 99, AY422717
Corynebacterium pseudogenitalium 99, AJ439348

25 <0.1 <01 <01 <0.1 Anaerococcus prevoti 98, AF542232
Acinetobacter junii 99, AB10144

26 184 10.8 5.6 4.4 undet

27 <0.1 2.5 1.1 <0.1 Finegoldia magna 96, AB109771

Corynebacterium pseudogenitalium 96, AJ439348
Lactobacillus iners 99, Y16329
Neisseria weaveri 97, L10738

28 215 5 2.5 1.0 Corynebacterium pseudogenitalium 96, AJ439348

29 0.1 2 1.2 0.1 Corynebacterium pseudogenitalium 96, AJ439348
Streptococcus pneumoniae 98, AE008552

30 147 21.5 6.7 3.1 undet

31 0 0.8 <0.1 <0.1 Lactobacillus iners 97, Y16329

32 23 4.6 2.3 2.1 undet

33 22 2.7 1.6 1.1 undet

34 8.2 1.6 1.6 1.2 undet

35 14 1.3 2.4 1.4 undet

36 75 1.8 0.5 0.4 Haemophilus influenzae 97, AF224308
Streptococcus pneumoniae 98, AE008552

37 18 1.3 0.5 0.4 undet

38 2.9 0.3 nd nd Alcaligenes faecalis 98, AF155147

39 48 5.3 0.7 0.3 Streptococcus pneumoniae 98, AE008552
Staphylococcus epidermidis 99, CP000029
Pseudomonas putida 99, AF131103

40 58 2.8 2.2 1.0 undet

41 0.7 0.5 nd nd undet

42 6.9 1.5 0.7 0.3 Haemophilus parainfluenza 100 M75081
Lactobacillus iners 97, Y16329
Staphylococcus haemolyticus 98, AP006716

43 8.1 2 1.3 0.5 undet

44 62 4 1.1 0.5 Finegoldia magna 96, AB109771

Anaerococcus prevoti 98, AF542232
Peptoniphilus harei 97, YO7839
Corynebacterium pseudogenitalium 96, AJ439348
Pseudomonadales putida 98, AF131103
Staphylococcus epidermidis 99, CP000029

45 27 3.2 0.5 <0.1 Anaerococcus vaginalis 98, AF542229
Streptococcus pneumoniae 98, AE008552

& Each of the specimen pairs nos. 22 and 23, 24 and 25, 26 and 27, 28 and 29, and 30 to 31 is from one man, with the first
sample before and the second sample after vasectomy.

P Sperm/mL of semen specimen.

¢ Nonsperm cells/mL semen specimen.

9 Asin Table 1.
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Cloning the PCR products in the remaining 19 positive
specimens introduced the possibility of detecting less abun-
dant bacterial species, such as those present in assay reagents,
as has been described earlier (8). We controlled for this by
cloning and analyzing PCR products produced in multiple
no-DNA assay controls. The two bacterial species consis-
tently amplified in the positive assay reagent controls, Acid-
ovorax and Leptothrix, were also cloned from 8 of the 19
bacterial rDNA—positive semen specimens and were elimi-
nated from the patient data set. Other organisms, either not
identified or possible chimeras of more than one organism,
were also cloned from seven semen specimens and were
also not included in the patient data set.

Overall, 149 rRNA gene sequences were analyzed, 78 of
which (Table 3) were included in Tables 1 to 4. They fell
into 14 groups according to GenBank matches. Corynebacte-
ria, Staphylococcus, Aerococcus, Lactobacillus, Streptococ-
cus, Anaerococcus, Finegoldia, Peptoniphilus, Neisseria,
and Acinetobacter were genera identified in the vasectomy
specimens (Tables 2 and 4). Aerococcus and Neisseria were
genera not detected in the infertility specimens (Table 4),
but several species not present in the vasectomy specimens
were present in infertility specimens (Tables 1 and 4): Lacto-
bacillus gasseri/crispatus (#14, #19), Peptoniphilus harei
(#3, #5, #6, #44), Alcaligenes faecalis (#38), Haemophilus
influenza (#36, #42; Table 2), and Pseudomonas putida
(4, 15, 39, 44).

The boxshade analysis of the sequences referenced to E. coli
(Table 3) reveals surprising homogeneity among the species
detected in multiple semen specimens. Approximately
one-third of the sequences identified were gram-positive an-
aerobic cocci (GPAC): Peptoniphilis harei, Anaerococcus,
Finegoldia magna, and Peptostreptococcus anaerobius. Inter-
estingly, the GPAC-positive vasectomy specimens contained
one form each, either Finegoldia magna or Anaerococcus,
whereas the GPAC-positive infertility specimens contained
two to four species each, including Finegoldia magna in eight
of the nine. It is important to note that although GPAC were the
most abundant bacterial forms detected, none were amplified
as a dominant species, all were present as part of a mixture
of bacteria.

Although there were differences in the bacteria species
detected in the vasectomy specimens relative to the infertility
specimens, there were no quantitative differences in the
average number of species, with a mean of 2.3 for the infer-
tility specimens and 2.4 for the vasectomy specimens.

Semen Bacteria and Semen Analysis

There were no statistically significant differences in average
sperm count, percentage motile sperm, or their forward
progression between the bacterial IDNA—positive and —nega-
tive specimens delivered fresh to the laboratory (Table 1).
There were, however, more normal sperm forms (Table 1)
in the bacterial rDNA—negative specimens (22 £ 2%) than
in the positive specimens (10 &+ 1.2%; P=.01).

Fertility and Sterility®

The bacterial rDNA-negative groups (Tables 1 and 2)
contained more than twice as many nonsperm cells (NSCs)
as the bacterial rDNA—positive group (6.3 million/mL and
3.2 million/mL, respectively). The immunostain results
revealed that the increase in NSCs was principally due to leu-
kocytes. The monoclonal antibodies used in this study against
the pan-leukocyte marker CD45 distinguish the subset of
lymphocytes/monocytes (LC positive) from all leukocytes,
including polymorphonuclear cells (HLe-1 positive). There
were threefold more HLe-1-positive leukocytes (3.4 + .6
million/mL) in the bacterial IDNA-negative specimens than
in the positive specimens (1.2 + 4 million/mL) and fivefold
more LC-positive leukocytes in the bacterial IDNA-negative
specimens (1.9 = 0.4 million/mL) than the positive speci-
mens (0.4 £ 0.1 million/mL; P=.02). Importantly, some bac-
teria-positive specimens had elevated leukocytes (e.g., #15),
whereas others had marked elevations in immature sperm
forms (e.g., #5).

Response to Antibiotic Therapy

Three men were placed on antibiotic therapy after an initial
semen analysis (specimens #5, #10, and #15; Table 1).
Each man submitted repeat semen specimens (#6, #11, and
#16, respectively; Table 1) after 2 weeks to 3 weeks of anti-
biotic therapy and a third follow-up specimen (#7, #12, and
#17; Table 1) one month to two months after a second round
of antibiotic therapy.

Two of the semen specimens from the first patient (#5—#7,;
Table 1) were positive for the same bacterial rDNA, indicat-
ing that 3 weeks of antibiotics were not sufficient to clear the
bacteria; the third specimen tested negative. Direct sequenc-
ing of PCR products from the first two specimens revealed
a mixture of bacteria. Cloning the PCR products resolved
the mixture into Streptococcus pneumoniae and three
GPAC (Finegoldia magna, Peptoniphilus harei, and Peptos-
treptococcus anaerobius; Table 1). Interestingly, most of
the NSCs from this patient did not immunostain positively
for leukocytes but exhibited characteristics of immature
germ cells. The antibiotic therapy appeared to reduce the
numbers of both sperm and NSCs, and the third, bacterial
rDNA-negative, specimen had more morphologically normal
sperm than the previous specimens (Table 1). This suggests
that the bacteria may have been in the germ cell compartment
and that they may have interfered with germ cell maturation,
as has been suggested (10).

None of the semen specimens from the second man (#10—
#12) were positive for bacteria in this study, although most of
the NSCs immunostained positive for leukocytes and their
numbers were markedly reduced after two rounds of antibi-
otics with some improvement in sperm motility. The PCR
primers used in this study would detect mycoplasms and ure-
aplasms as well as most bacteria (3), but the negative findings
suggest that this patient’s semen contained either a lower con-
centration of bacteria or a microorganism whose rDNA was
not amplified by these primers, such as yeast.
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TABLE 3

Boxshade of semen rDNA sequences relative to Escherichia coli.
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19 oo GCAG-TAC. .
31 —=—AGTNNAAG.CCTATTA.CT. . e e v veeeeeennnnnennns ACGG-TAC. .
27-7 === o000 © coo0Woooo0cc0000000c000000000 ACGG-TAC. .
42-6 === 0000 © 0006 0006000000000000060000 ACGG-TAC. .
14-2 oo cocccoaocooocoonona0os ACGG-TAC. .
Haemophilus influenza/parainfluenza

36-9 —TCATCAT.G. -TACGAGTA.C...T. -T.-TAC.GAG.G. .
36-10 —--—-.AT.ATTG.CCTTACGAGTA.GCT. oo 5 oo .T.-TAC.GAG.G.TG....
42-3 S cceoooocoooaoon G- cooccnooccoaconocccancono EE e RN CRC A Gl R
Pseudomonas putida

44-2 STERMCAIT (G S MACE, ST s oo coonccaocoononoa00 TCGG--AC.GAG.G.TT. .
44-7 —TCATCAT.A.TG.TACGT.T..A -...TCGG--AC.GAG.G.TT..
S 0 o ..T.GT.GGTAC.GAG.G.TT..
4-8 -...TCGG-TAC.GAG.G.TT..
15-8 - TCGG-TAC.GAG.G.TT. .
39-8 - TCGG-TAC.GAG.G.TT. .
Alcaligenes faecalis

38 ---—-T.GTC.ATGCC.T.TGG.T.GGG.T...AC.TCT......

a
Q@
>
@
aQ
=

Q
H
B33

-N..

TCGG-TAC.GAG.G.TT..C.

.AA.
-AA
.AA.
-AA
AR
.AA
.AA.
AR
.AA.
.AA.
.AA
.AA.
.AA

P T S T S S S

.GCTAAT..CTTA.

- oG [ CMCAG S o=

o o CET,,
e o
€' o

-.GCCAATC.
.GC-AATC.
.GCCAATC.
.GCCATTC.
.GCCAATC.
.GCCAATC.
.GCCAATC.
.GCCAATC.
.GCCAATC.
.GCCAATC.
.GCCAATC.
.GCCAATC.
.GCCAATC.

.GCCATTC.

- .ACCGA. .
.ACCGA. .
.ACCGA. .
-..ACCGA. .

. .ACCGA.
- .ACCGA..

..CCGA..

-CTAAGTC.
.CTAAGTC.
-CTAAGTC.

.CGTAGTC.

CTCAGT. .
C @mEr o
C.CAGT. .

CAGT. .
.CAGT. .
-CAGT. .
.CAGT. .
-CAGT. .
.CAGT. .
.CAGT..

C.AGTTCG
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!
C.AGTTCG!

T.AGTTCG

EMTR=, g 4

cEMCA=, 5
cEMCRA=, S5 o
.CTCA-..T
cEMCRA=, S5 o
EMCA=, 5
B

CGTAGTC.
CGTAGTC.
CGTAGTC.
CGTAGTC.

CGTAGTC.

CGTAGTC.

.CAGT. .-

TCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCATACAAAGA--GAAGCGACCTCGCGAGAGCAAGCGGACCTCATAARAGTGCGT--CGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATC-GCTAGTAATCGTGGATCAGAATGCCACGGTG

...... Tolcooccnonccoa@aMonccao Ml o cEMe coonccooo @ ooooconc MG -G,
000000 ToCoooocooooooo GRS B 6 o@oTocoosocooooo CRccoooccosos MEooooo
“oocooo ToCoooccooocooo G Bl 5 o€ oMo coooocoooos CAcccooccooos MCoocoo
SCEEEEE ToCcooccnoacconn Cocoooaos MM L oG s s h oo oo a0 CRccccoocoo0e MCoccan
- .G.

- -G.

',

.G.
.G.
.G.
.G.

G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA. .
G-AT.GTA. .
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.
G-AT.GTA-.

==cococoo T..G...A...... C..A....... CT...G.T.A.......... CA........... TG.....

.GC..CG.

slelerslelels

.GC..CG.

.GC..CG.

.......... .GC..CG.

.......... .GC..CG.

.......... .GC..CG.

SGL SO - AGELNCGS

T..Geueeueanann CT-A.. .GC..CG.

c0oc€ococoooococnooos G. BUGH

5 (O S S S S S S S 5 G. SCGY

....... Coolcocoooocoaloolo RUGH

CLUlGL oo ol (o5 leis SCGH

coo@oo@sccooocnoo Co oo RUGH

«eCo.TeGuvnnveennn C..A. -CG.

BEER

.CG.

BEEh

BEEh

.CG.

.CG.

.CG.

.CG.

.CG.

—eee.CiCuiieiinnenannnn GeGiveeereornreoanaononaoans Covvnnnn —-ATGT..CG.
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TABLE 3

Continued.

E. Coli (J01695)
Acinetobacter junii
15-10
25-7
25-8
Corynebacterium pseudogenitalium
44-10

27-2

4-5

4-7

18-3

27-4

14-10

29-9)

28

24-4

14-7

Staph

13

42-8

24-10

24-1

44-1

39-7

18-9

2

Neisseria weaveri
27=3

—TCATCAT. .
== HETHEEE

Aerococcus urinae
24-2
23-10

E. Coli (J01695)

Peptoniphilis harei
3=10 500
44-4 coo
6-2 ° 5
5-10 soo@cccoacccocccoos
Anaerococcus vaginalis/prevoti
1l4-6 B
4-3 -
45-3 B
44-5 .
14-5 B
18-4 -
25=5 soo
I=1 soo
Finegoldia magna
8-5 soo
8-8 cco
23=2 soo
I=9 cco
44-6 cco
4-1 cco
18-2 cco
14-4 -
6-1 -
23=3 o
5=2 -
24-3 o
27-1 coo

TCGG-TAC. .AG

TCGG-TAC..AG.G.TT..T..ACA....TGTG.T..
TCGG-TAC..AG.G.TT..T..ACA .TGTG.T..
.G.TT..T..ACA....TGTG.T..
.GC.G-A.CA.AT.T...GTGG.C.
.GCCG-A.CA..T.T...GTGG. ..
.GC. ..ACT.T...GTGG...
.GC.C-G.GA..T.T...GTGG. ..
.C.CC.AC.A..T.T...GTGG. ..
.GCN--NCGA.AT.T...GTGG. ..
GACA.AT.T...GTGG...
..ACT.T...GTGG. ..
< .ACT.T...GTGG...
..ACT.T...GTGG. ..
GITG=. . JIGCT. T GIGG. ..
...C.TGCGARAA.CGCGAGT. ....

.C.-GCGAAA.CGCGAGT. .

- .~GCAGCGAAA.CGCGAG.T.

.—~GCAGCGAAA.CGCGAG.T.

- .—~GTAGCGAAA.CGCGAGT. .

o cooo AAC

...GAG.G.

. .AAT.CCC-G.
- .AAT.CCC-G.
. .AAT.CCC-G.
- -AAT.CCC-G.

.CAAT.CCC-G.
.CAAT.CCC-G.
.CAAT.CCC-G.
.CAAT.CCC-G.
.CAA..CCC-G.
.CAAT.CCC-G.
.CAAT.CCC-G.
.CAAT.CCC-G.

.A.AAT.CCC-G.
. .CAAT.CCC-G.
.A.AAT.CCC-G.
.A.RAAT.CCC-G.
.A.DAT.CCC-G.
.A.RAAT.CCC-G.
.A.DAT.CCC-G.
-A.DAT.CCC=G.
.A.DAT.CCC-G.
-A.DAT.CCC=G.
.A.DAT.CCC-G.
SA.DAT.CCC=GL.
-A.AAT.CCC-G.

- .~GCAGCGAAA.

AGCCTGT.AGC. .A
AGCCTGT.AGC. .A.
AGCCTGC.AGC. .A.
AGCCTGC.AGC. .A.

AGCCTGT.AGCG.A.
AGCCTGT.AGCG.A.
AGCCTGT.AGCG.A.
AGCCTGT.AGCG.A.
AGCCTGT.AGCT.A.
AGCCTGT.AGCG.A.
AGCCTGT.AGCG.A.
AGCCTGT.AGCG.A.

AGCCTGT.ACCT.AT
AGCC.AT.GCCT.A.

AGCCTGT.ACCT.AT.
AGCCTGT.ACCTCAT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.
AGCCTGT.ACCT.AT.

AGCCTGT.ACCT.AA

.CG.AA.TA--GCAGCAGTCGA

TA.T. .CGTAGTC.-
TA.T.. .CGTAGTC.-
TA.T. .CGTAGTC.-
Al «eT....T..

«..T....T..
.C.T....T..
.C.T....T..
.C.T....T..
. C.T....T..
. .GC.CG.AALLCGGCLT. .. oT .
.G.TG....CCG.C...T....T..
.G.TG....CCG.C...T....T..
.G.TG....CCG.C...T....T..

L
HEaHEaaA3a3333

.CTCAGT. .
.CTCAGT. .
SICECAGPE
.CTCAGT. .
BICE CAGIPE
.CTCAGT. .
FICE CAGPE
-CTAAGT. .

CGTAA.TA--GCAGCAGTCGA.
C..A..GAA-GCAGCAGTCGA.
C.TA..GAA-GCAGCAGTCGA.

CATT-AG.ACGCAGCAGTCGA.
CATT-AG.ACGCAGCAGTCGA.
C.TTTAG.ACGCAGCAGTCGA.
C.TTTAG. .CGC.GAGTCTGA.
C.TTTAG. .AGCAGCAGTCGA.
CGATT-G.ACGCAGCAGTCGA.
CAATA---..GCGCCGAGT.G.
CATTTAG.ACGCAGCAGTCGA.

.G-
CG.AA:
-

-GAGCAGT.G.
.GAGTCGT.G.
-GAGCAGT.G.
.GAGCAGT.G.
.GAGCAGT.G.
-.GAGCAGT.G.
.GAGCAGT.G.
-.GAGCAGT.G.
-AGCAGTC.G.
-.GAGCAGT.G.
.GAGCAGT.G.
—-AGGAGCAGT. .
-A.GAGCAGT.G.AGG.

...TGA.GTC-
... IGALGIC=
o ...TGA.GTC-
.......... TGA.GTC-

CG-- AG....

TCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCATACAAAGA--GAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGT--CGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATC-GCTAGTAATCGTGGATCAGAATGCCACGGTG

..CG.
.CG.
.CG.

.CG.

.CG.
.CG.

.C--ATACT.CG.

B TC.GCA.GC. .CG.
«..——TC.GGA.GC..CG
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TABLE 3

Continued.

Peptostreptococcus anaerobius

6-4
E. Coli (JO1695) AATACG: —TTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTT-—-ACCACTTTGTGATTCATGACTGGGG-TGAAGTCGTAACAAGGTAACCGTAGGGGAAC—
Streptococcus pneumoniae/mitis
36-1 MG M N oG o A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CGTAA.GA.C.AGCC..GC.T.AGG. .G.
36-3 MG M @ S A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CATTT.GA.C.AGCC..GC.T.AGG. .G
24-17 TGA.TA..CGT.C..G.. A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CGTAA.GA.C.AGCC..GC.T.AGG. .G.
45-10 MG CEN - s G o A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CGTAA.GA.C.AGCC..GC.T.AGG. .G.
39-4 TGA.TA..CGT.C.-G. A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CGTAA.GA.C.AGCC..GC.T.AGG. .G.
29-8 MG M @ s G o A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CGTAA.GA.C.AGCC..GC.T.AGG. .G.
6-6 TGA.TA..CGT.C..G.. A....TT..-AAC.CCCG.AGTC.GT.AGGT.A.CGTAA.-A.C.AGCC..GC.T.AGG. .G.
23-4 TGA.TA..CGT.C..G.. A....TT..-AAC.CCCG.AGTC.GT.AGGC.A.CGTAA.-A.C.AGCC..GC.T.AGG. .G.
1 TGA.TA..CGT.C..G.. A....TT..-AAC.CCCG.AGTC.GT.GGGT.A.C.TTA.GA.CA..CG...-.T.AGG. .G.
L X 3 .
14-9 TGA.TA..CGT.C..G.. .C-AATGCCC..AGCC.GT.GCCT.A.C.TC..GAA.GAGCC.GTCTA.GGCA.G.
19 TGA.TA..CGT.C..G.. .C-AATGCCC..AGCC.GT.GCCT.A.C.TC..GAA.GAGCCCGTCTA.GGCAAG.
31 TGA.TA..CGT....G.. ...A.CGCCCG.AGCC.GC.GGAT.A.CG--AA...AGT.AGCCGT.T.AAGC.G.
27-17 TGA.TA..CGT.C..G.. ..~AACGCCCG.AGCC.GC.GGAT.A.CG--AA..-AGT.AGCCGT.T.AGGC.G.
42-6 TGA.TA..CGT.C..G.. . .~AACGCCCG.AGCC.GC.GGAT.A.CG--AA...AGT.AGCCGT.T.AGGC.G. o
14-2 TGA.TA..CGT.C..G.. ..-AAC.CCC..AGCC.GT.GGAT.A.C.TTAT...AGT.AGCCGT.T.AGG.AG..CAG....
H o r
36-9 .-G.AGTA.ATAGC.T.A.C.TC..G...GCG...TAC.ACGGA. .-
36-10 .-G.AGTA.ATAGC.T.A.CC.AA.GA..GCG...TAC.ACGG.AT-
42-3 .-G.AGTA.ATAGC.T.A.C.TC..G...GCG...TAC.ACGG.AT-
Pseudomonadales putida
44-2 TERA IR 6 c@Ec 0 0000000600006000600006000660000000660000000G000 CC.-G.AGTA.CTAG.CT.A.C.TC..GA. .ACGCG. .TAC.ACGG.GI=" s - cceeeeoscosonsaoneosaossosssss
44-7 TGRSR - €& - o oo coonnonoooooncoooco0o0cca0ccnoacc00c 0000000 CC.AG.AGTA.CTAG.CT.A.C.TC..G...ACGG..TAC.ACGG.GTA.
30=5 TGRSR o @& - o oo cnoonon00o000c0000c00060a00CN00G000C00005000 CC.-G.AGTA.CTAG.CT.A.C.TC..GA..ACGG..TAC.ACGG.GT-.
4-8 TERMES - @& - o oo coonncnoooooncoo0co0o0cca0ccnoacc00c o000 000 CC.-G.AGTA.CTAG.CT.A.C.TC..GA..ACGG..TAC.ACGG.GT-.
15-8 TGRSR @& - o oo cnoonon00o000c0000c000c0a00CN00GC00C0000G000 CC.-G.AGTA.CTAG.CT.A.C.TC..GA..ACGG..TAC.ACGG.GT-.
39-8 TERMES - @& . c oo coooncnoooooncooocooo0cca0ccnoacc00c 0000000 (CIC o =G - AEA L TG CW A (© ST S -G o o ACEE - SIAC  ACEE G~ o oo ooccoonooaonooono0ao0c00000000
Alcaligenes faecalis
38 MERME o G b s ono T 6 56000000000000000600000006000060000 A MERT o =(E o G  GIAGITE 2 CEIAVA G, o ECET STAC - ACEEEo=ccoco00000000000000000000600000000 Geoooo Mo ccn=0o
Acinetobacter junii
15-10 MEAMRS o c@&Ec 6 c00co00n0000000060000000000000000000000 Mo ccnoo CC.-G.AGTA.GTAG.CT.A.CG.AA.GA..ACGC..TAC.ACGG.GT-.GCCG
25=7) TGRSR - @& .- oo cocn0on00oo0000n00000000000000 000000 Moo cooo CC.-G.AGTA.GTAG.CT.A.CG.A-.GA..AC.C..TAC.ACGG.GT-.GCCG B
25-8 MEAMRS o @G ccncoco00n0000000060000000000000600000000 Mo ccnoo CC.-G.AGTA.GTAG.CT.A.CG.AA.GA..ACGC..TAC.ACGG.GT-.GCCG B
Corynebacterium pseudogenitalium
44-10 TGA.TA B -...AA...T...RAA..CCC-G.AGCC.GT.GCC..A...GTTA---.G.AGC.CG-.G.AGG. .G
27=2 TGA. ..AA...T...AA..CCC-G.AGCC.GT.GCC..A...GTTA---.G.AGC.CGT.G.AGG. .G
4-5 TGA. ..AA...T...AA..CCC-G.AGCC.GT.GCCC.AAC.T.TT--A.G.AGC.CGT.G.AGG. .G
4-7 TGA. ..AA...T...AA..CCC-G.AGCC.GT.GCCC.AAC.T.TT--A.G.AGC.CGT.G.AGG. .G
18-3 TGA. ..AA...T...AA..CCC-G.AGCC.GT.GCCC.AAC.T.TT--A.G.AGC.CGT.G.AGG. .G
27-4 GTG. ..AA...T...AA..CCC-G.AGCC.GT.GCC..A...GTTA---.G.AGC.CGC.G.AGG. .G
14-10 TGA. ..AA...T...AA..CCC-G.AGCCAGT.GC.C.AAC...TTT-A.G.AGC.TGT.T.AGG. .G
2E=F) TGA. ..AA...T...AA..CCC-G.AGCC.GT.GCCC.AAC.T.TT--A.G.AGC.CGT.G.AGG. .G
28 TGA. ..AA...T...AA..CCC-G.AGCC.GT.GCCC.AAC.T.TT--ANG.AGC.CGT.N.AGG. .G. .
24-4 TGA. a ..AA...T...AA..CCC-G.AGCC.GT.GCCC.AAC.T.TT--A.G.AGC.CGT.G.AGG. .G.
14-7 TGA. coo .C.AA...T...AA..CCC-G.AGCTTGT.GC.T.A.C.TTTTG. . .G.AGC.AGGTG. .GG. .G. .
P
13 oo My A o EET, o oo o @M (CE, o MG nBEE, cCo o CaR. o o oMo n s o0 MG ENMC=cccoo0nn000 Gooooo MC-Cro=s
42-8 500 /A, SCEC. - - q oo o@MA . (C6, o Mo GnaEE, cCo AR 5 Mo nso0 MR ENMC=cccco000000 GoaCosMTocna=0s
24-10 o000 o/, o ECC oo o@I . (CE, o MG R BEE, cCo AR, o o Mo 0o 00 MG/ -ENMC=cccoo0nn000 Gooooo MCs o no=0
24-1 ...TT..AA..CCC. - - CTA..CGLLLTUGLAGGEL.GL . CAAL LT o MEAENMC=ccccc000000 (G MCocoa=0
44-1 000l s o AR, L, oo @I (CE, o MG R REE, cCo o CAR, o o oMo n s oo MG ENMC=cccoocnn000 G a cMCocoaT0
39-7 .. .TT..AA..CCC. - .. CTA..CGL LT GLAGG..G..CAA. .. LT oL MEAENMC=cccco000000 (G MEocoa=0
18-9 o 00Tl o/AVA, o CCC o o ...CTA..CG..TCGA.GG.A.G..CAA o 00 MEMEMC=ccoccno0000 @ o MCocoo=0
2 00 oM oV CEC: 66 0€C6 0 a@oMEs 0000 ALTTL .U CTALLICG. L TLG.AGG. .G o CAAL DL TGA.GTC-CGT.AC.A.GT.G.CCGTATCGGAA
Neisseria weaveri
27-3 TGA.TA. GGAT.CC.=G.AGTA.GTAGGGT.A.CG.AR.GA.C.CGC. . TACLACGG.AT=LIC. ... oL
Aerococcus urinae
24-2 TGA.TA..CGT.C..G ....TT..-AAC.CCTG.AGTC.GT.AGGT.A.C.TT....CCA.GCC..GC.G.AGG..G..CAG o o
23-10 TGA.TA..CGT.C..G ...TC..-AAC.CCCG.AGCC.GT.GAGC.A.CC.TT.G..AGCTAGCCGT.G.AGG..G...GG....T . DQ859256
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TABLE 4
Distribution of bacteria among semen specimens testing positive.
Infertility Group A Vasectomy Group B
1]2]3[4]5]6[8[13[14[15]18][19][[23[24]25[27[28]29]31][[36]38]39[42]44][ 45
Phylum: Actinobacteria
Class: Actinobacteria
Organism:
Corynebacterium
pseugogenitalium/ X X X X XXX X
tuberculostearicum/ striatum
Phylum: Firmicutes
Class: Bacilli
Organism: Staphylococcus
epidermidis/haemolyticus X X X X XXX
Aerococcus urinae X| X
Lactobacillus iners X X X
Lactobacillus gasseri X
Lactobacillus crispatus X X
Streptococcus mitis/
pneumoniae X X XX X X X X
Class: Clostridia
Organism: Anaerococcus prevoti/
vaginalis XX X X X X[ X
Finegoldia magna X X| X X X X| X X X
Peptoniphilus harei X X| X X
Peptostreptococcus
anaerobius
Phylum: Proteobacteria
Class: Betaproteobacteria
Organism: Alcaligenes faecalis X
Neisseria weaveri X
Class: Gammaproteobacteria
Organism: Haemophilus influenzae X X
Acinetobacter X X
calcoaceticus/junii
Pseudomonas putida X X X X
Note: Infertility Group A refers to specimens by number as listed in Table 1. Vasectomy and Group B refer to specimens
listed in Table 2. Bold X’s indicate organisms identified by sequencing PCR products; organisms in bold were not
present in vasectomy specimens.
Kiessling. Bacteria in semen. Fertil Steril 2008.

The first semen specimen from the third patient (#15; Table
1) was positive for bacteria and the two specimens (#16 and
#17) after antibiotic therapy were negative. Two bacteria
were identified, Pseudomonas putida and Acinetobacter junii.
Antibiotic therapy did not bring about a significant change in
the numbers of leukocytes in the semen specimens from this
patient even though the bacterial signal was eliminated.

DISCUSSION

This study supports the potentially high clinical value of PCR
amplification of bacterial rDNA in semen specimens to help
monitor the health of male genitourinary organs. The PCR
amplification of semen DNA to detect bacteria was previ-
ously reported by Jarvi et al. in 1996 (11), and a study of ex-
pressed prostatic secretions (EPS) was reported by Tanner

Fertility and Sterility®

et al. in 1999 (12). Those studies provided valuable back-
ground information which agrees in several important
respects with the results of the present study.

First is the frequency of positive specimens: 66% of 39
men with no symptoms of urinary tract infection in the Jarvi
study, 68% of EPS specimens from the 25 men in the Tanner
study, and 65% of the 34 men in the present study. The PCR
results were in contrast to the culture results: only 27% of the
specimens from the infertile men and none of the sperm
donor specimens were culture-positive in the Jarvi study,
and only 41% of the 17 patients with chronic prostatitis had
culture-positive EPS in the Tanner study.

Second is the nature of the bacteria detected by PCR.
Importantly, Escherichia coli was not detected by PCR in
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the Jarvi study nor in the present study, and in only 3 of 17
specimens in the Tanner study, although it is generally
thought to be a common male genitourinary tract pathogen
(13). This suggests that although E. coli may be present in se-
men, the numbers of organisms are too few to compete in the
PCR reactions, but that they are more readily cultured than
other organisms such as GPAC.

The PCR products from four specimens in the Jarvi study
were sequenced and compared with GenBank for identifica-
tion. An average of 9 (range 6 to 11) bacterial species were
detected per specimen. At that time, the most common organ-
isms did not have matches in GenBank, but were most closely
related to Peptostreptococcus species, along with two species
of Streptococcus and one Corynebacterium, in agreement
with the results reported here. Multiple organisms, most com-
monly Corynebacteria, Staphylococcus, and Streptococcus,
were also identified for each positive EPS specimen in the
Tanner study, an average of 5 (range 2 to 12) for the prostatitis
patients and an average of 2.5 (range 2 to 5) for the asymp-
tomatic controls (12).

Third, there is agreement between the Jarvi study and the
results reported here that the detection of bacteria does not
correlate with elevations in semen leukocyte counts, an ob-
servation also reported by others, including a recent study
published while the present work was in progress (14).

Several earlier studies designed to culture both aerobic and
anaerobic organisms from semen of asymptomatic men have
been reported. A 1979 study by Rehewy et al. (15) yielded
bacterial growth from 54% of 26 specimens from fertile
men and 73% of 83 infertile men. Five organisms were cul-
tured from the fertile men: Staphylococcus epidermidis,
Staphylococcus aureus, Corynebacterium, Mycoplasma hom-
inis, and Ureaplasma urealyticum. In contrast, the specimens
from infertile men yielded the same five organisms, plus E.
coli: Klebsiella pneumoniae, Proteus mirabilis, Pseudomo-
nas aeruginosa, Candida albicans, Bacteroides fragilis,
Peptostreptococcus, Eubacterium, and three species of Strep-
tococcus.

A 1990 study designed to culture both aerobic and anaero-
bic organisms from semen of asymptomatic men undergoing
infertility evaluation, reported by Hillier et al. (16), detected
organisms in 97% of 37 specimens. They initiated culture
“within 5 minutes of sample collection.” They observed an
average of 5.2 organisms per ejaculate. They reported that mi-
croorganisms that “colonize the skin” (coagulase-negative
staphylococci, “diphtheroids” (a term for Corynebacteria)
were recovered from all positive semen specimens, suggest-
ing to these authors that they commonly inhabit the distal ure-
thra. Lactobacillus, Gardnerella, Clostridium, Bacteroides,
E. coli, Enterococcus, and Peptostreptococcus also were cul-
tured. Importantly, those authors also noted the lack of corre-
lation between the presence of bacteria and elevations in
semen leukocytes.

A more recent study cultured aerobic organisms from 299
semen specimens (14), of which 64% were positive. Staphy-
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lococus spp., Streptococcus viridans, and Enterococcus
faecalis were the most commonly cultured species, in basic
agreement with the aerobic species detected by PCR in the
present study. Importantly, that study also found no positive
correlation between leukocytospermia and bacterial growth
and no influence of bacteria on sperm count or motility; the
researchers also found a negative correlation between normal
sperm forms and the presence of bacteria.

Taken together, the data support new perspectives with
respect to semen infection:

1. Leukocytospermia is not a reliable indicator of the pres-
ence of bacteria in semen. Whether or not the bacteria repre-
sent pathogenicity in male reproductive tract organs requires
further studies, but it is clear that sperm may be exposed to
significant populations of microorganisms in the absence of
elevations in semen leukocytes. This observation is particu-
larly important for sperm destined for assisted reproduction
techniques such as intrauterine insemination or IVF. The
lack of correlation between lymphocytes/monocytes and se-
men bacteria supports the somewhat controversial concept
that at least some semen leukocytes are present in the ejacu-
late as a routine method of disposal from the epididymis (6).
The decrease in semen leukocytes in the five post-vasectomy
specimens included in this study supports this concept and
agrees with data published over 20 years ago (17).

More recent studies of the mouse epididymis revealed pop-
ulations of tissue-specific leukocytes within the gland that
sometimes appear within the lumen of the epididymal
tubules, but not in the interstitium surrounding the tubules
(18). This supports the concept that the epididymis contains
a population of leukocytes that can appear in the ejaculate
but do not communicate with the lymphatic system. It is im-
portant to discover if a similar population of tissue-specific
leukocytes exists in the human epididymis. It is tempting to
speculate that tissue-specific leukocytes in the epididymis
do not communicate with the lymphatic system to protect
spermatozoa from immune recognition but are responsible
for pathogen surveillance by mechanisms unique to the
germ cell compartment. This suggests that semen lympho-
cytes/monocytes may be a measure of normal epididymal
function, a notion in need of research. Infection within the ep-
ididymis or seminiferous tubules, perhaps subclinical, could
have a profound effect on sperm production and maturation.
Semen lymphocytes could be a measure of a robust immune
response to infection in the germ cell compartment; the pres-
ence of bacteria in semen in the absence of lymphocytes
could indicate the lack of immune response.

The increased incidence of bacteria in semen specimens
after vasectomy could be spurious because of the small sam-
ple size, or it could be due to technical considerations, such
as the sharp decrease in competitive DNA content in the se-
men specimen with the elimination of sperm. Alternatively,
it could relate to the provocative epididymal-specific defen-
sins recently described in the human epididymis (19, 20).
Defensins are a class of antimicrobial proteins of emerging
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importance in pathogen response. The epididymis of rodents
and humans have been found to express relatively high
levels of defensins, including some epididymal-specific
members. Given the findings presented here, it is tempting
to speculate that epididymal defensins may protect down-
stream tissues from bacterial infection and that abnormal
sperm may reflect bacterial infection in the epididymis, per-
haps GPAC, either innately resistant to defensins, or due to
poor production of defensins. This is an area much in need
of further research.

2. More than half of semen specimens contain bacteria in
excess of 20,000 organisms/mL, but they are not the same
organisms reported by the bacterial culture studies. More
difficult-to-culture species, such as GPAC and Corynebacte-
ria, appear to be the most common semen organisms.
Although they are commensals in skin and mucosa, GPAC
also account for about 25% to 30% of all anaerobic isolates
from anaerobic infections in humans (5), supporting the pos-
sibility that the numbers of these organisms detected in the
GPAC-positive specimens reflect infection (21, 22) and that
more than one male organ may be involved. It is possible
that at least some of the species of coryneforms reside in the
distal urethra, but this is not the likely location of GPAC.
The diversity and pathogenic importance of Corynebacteria
has become appreciated in recent years; and it is possible
that semen Corynebacteria arise from more than one male
organ (23).

Streptococcus mitis, a known commensal in the orophar-
ynx and genital tract, is also an important human pathogen
(24-26). Lactobacillus crispatus is considered to be normal
vaginal flora but of unknown significance in semen. Aerococ-
cus urinae, detected in two vasectomy specimens, iS gener-
ally associated with bladder infections in elderly patients
but can also be the cause of serious soft tissue infection (27).
Staphylococcus spp., known to be common skin commensals,
are also known pathogens (28). Acinetobacter junii is an
emerging nosocomial pathogen (29). Pseudomonas putida
is a more common genitourinary tract infection than gener-
ally appreciated (30) and was detected only in infertility pa-
tients (n = 4) in the present study. Alcaligenes faecalis and
Neisseria weaveri were each the only organism detected in
a single semen specimen; A. faecalis is a water-borne motile
rod of emerging importance in human infections (31, 32), and
N. weaveri is normal flora in the mouths of dogs but known to
cause human infections (33). Haemophilus influenzae and H.
parainfluenzae are also human commensals known to cause
infection (34).

Infection in the prostate is a common occurrence in men
and is a likely source of semen bacteria. Although the pres-
ence of inflammatory cells in semen and/or EPS has generally
been considered to be a significant clinical feature of prosta-
titis (12), the lack of correlation of semen bacteria and semen
leukocytes in several studies suggests that this may not be the
case. This notion is further supported by the profound pro-
grammed cell death initiated by prostatic factors on periph-
eral blood mononuclear cells (35), suggesting that factors

Fertility and Sterility®

produced by the gland may innately suppress a leukocyte
response to infection. Studies to detect bacterial rDNAs in
prostate tissues revealed positive signals in biopsies from
men with benign prostatic hypertrophy and clinical prostatitis
and an absence of bacteria in prostate biopsies from organ
donors with no evidence of prostatic inflammation (36). A
larger study had revealed bacterial TDNAs in the biopsies
of 77% of patients with prostatitis (37). Most prostate bacte-
rial sequences had no counterparts in GenBank at that time
but some similarities to each other and some to known labo-
ratory reagent contaminants. Taken together, the data indi-
cate there are no “normal” flora in the prostate which may
frequently be the site of bacterial infection. The role of bac-
terial infection in prostate disease is in need of further study.
Similar studies of seminal vesicles are lacking.

In summary, this genetic approach to bacteria identifica-
tion in semen provides new insights into the abundant micro-
organisms coming in contact with sperm. Both semen and
prostate PCR studies have detected organisms related to
GPAC and Corynebacteria, both bacterial groups of emerg-
ing pathogenic importance and not easily cultured. The pres-
ence of bacteria in specimens with elevations in immature
sperm forms suggests the possibility that a bacterial infection
in the germ-cell compartment, perhaps subclinical, may com-
promise normal spermatogenesis, a concept supported by
arecent electron microscopy study that identified epididymal
stereocilia in semen specimens with abnormal sperm forms
(38). The authors suggested that the shed epididymal epithe-
lial cell stereocilia was in response to unresolved epididymal
infection which was influencing the production of normal
spermatozoa. Infections in the prostate, seminal vesicles,
and urethra may not compromise normal spermatogenesis but
will add bacteria to the semen specimen, which may influ-
ence fertility and expose sexual partners to infection.

The present study raises many questions. Long-held views
about the significance and role of leukocytospermia need to
be reexamined in light of the many studies revealing a higher
incidence of bacterial detection in the absence of elevations
in semen leukocytes. Understanding the organ source of the
organisms described in the present report is needed to further
define their clinical significance and to design effective
antibacterial treatment strategies if indicated. Distinguishing
uncommon pathogens from bacterial DNA remnants in labo-
ratory reagents will be a continuing challenge, particularly in
tissue specimens handled in pathology laboratories. And the
design of streamlined assays is essential to translating these
new microbiology findings to routine clinical practice.
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