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Objective: To investigate the prevalence of herpes simplex virus (HSV), cytomegalovirus (CMV), and
Epstein-Barr virus (EBV) in the semen of men with fertility problems.

Design: A descriptive clinical study.

Setting: Outpatient infertility clinic of a private hospital.

Patient(s): One hundred thirteen men attending an infertility clinic in Athens.

Intervention(s): Semen samples were collected by masturbation.

Main Outcome Measure(s): Detection of HSV, CMV, and EBV in semen by a nested polymerase chain
reaction technique. Complete spermogram including sperm count, motility, pH, viscosity, and morphology.

Result(s): Viral DNA was detected by the nested polymerase chain reaction technique in 64 (56.6%) of 113
semen samples. Specifically, HSV DNA was detected in 56 (49.5%) semen samples, EBV DNA in 19 (16.8%)
semen samples, and CMV DNA in 8 (7.1%) semen samples. HSV was significantly related to low sperm count
and poor motility. In contrast, CMV and EBV did not show any association with sperm concentration and
motility.

Conclusion(s): Herpes simplex virus seems to play a significant role in male infertility, and its early detection
by the nested polymerase chain reaction technique will permit successful antiviral therapy to increase the
possibility for fertility restoration and long-term protection of the sperm quality. Finally, the detection of
herpes viruses within semen will allow better control of the transmission of these viruses. (Fertil Steril� 2003;
79(Suppl 3):1566–70. ©2003 by American Society for Reproductive Medicine.)
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Infertility is a major problem of modern
medicine as it affects almost 20% of reproduc-
tive-aged couples. The cause of this problem is
attributed to the male partner in nearly 40%–
50% of these cases (1, 2). The most common
disorder associated with male infertility is var-
icocele, which accounts for 35% of the cases.
Endocrine disorders, spermatic duct obstruc-
tion, antisperm antibodies, gonadotoxins,
drugs, cryptorchidism, infection, sexual dys-
function, and ejaculatory failure are less com-
mon causes, account�ng for �5% of male in-
fertility cases (3). In �50% of male infertility
cases, the etiology remains unknown, and the
infertility is classified as idiopathic. Idiopathic
infertility represents a serious situation as it
affects a high percentage of infertile men who

cannot be successfully treated by the empirical
therapeutic modalities currently applied (3, 4).

In a few studies, the relation of viruses such
as human papilloma virus and adeno-associ-
ated virus to male infertility has been investi-
gated (5, 6). Herpes simplex virus (HSV) DNA
has been detected by polymerase chain reaction
(PCR) technique in the sperm of men with
genital HSV infection (7, 8), and in one study,
it was also associated with infertility (9). In a
previous study (10) we examined HSV in se-
men of infertile men by the in situ hybridiza-
tion technique, and we localized HSV DNA
within spermatozoa. Consequently, we thought
it would be interesting to apply the sensitive
nested PCR technique for the detection of HSV
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as well as other members of the herpesvirus family, such as
cytomegalovirus (CMV) and Epstein-Barr virus (EBV), in
the semen of men with fertility problems.

MATERIALS AND METHODS

Samples
Semen samples were collected by masturbation from 113

men who were attending the infertility clinic at the Mitera
Maternity and Surgical Center of Athens because of couple
fertility problems. From those men, an informed consent was
obtained to search for HSV, CMV, and EBV. None of the
studied men or their wives had reported any clinically con-
firmed genital herpetic infection in their medical history. In
all cases, complete spermogram was performed, including
sperm count, motility, pH, viscosity, and morphology.

DNA Extraction From Semen Samples
After collection each semen sample was processed by

centrifuge at 2,500 rpm for 10 minutes. The supernatant was
removed and the pellet was transferred to an Eppendorf tube.
DNA extraction was performed using the protocol of EPI-
CENTRE DNA extraction kit (MasterPure DNA Purification
kit, Madison, WI).

PCR Amplification Reactions
All the samples were examined for the presence of HSV,

CMV, and EBV DNA by the nested PCR technique using
one set of outer primers for primary PCR and one set of inner
primers for nested PCR (Table 1). About 3–5 �L of ex-
tracted DNA of each sample was initially amplified in a
reaction solution of 50 �L containing 25 mM MgCl2, 0.25

�� of each primer, 200 �M of each dNTP, 1� PCR buffer
(50 mM KCl, 10 mM Tris-HCl, pH 8.3, at 22°C), and 2.5 U
Taq Polymerase (EPICENTRE MasterAmp Taq DNA poly-
merase). The same reaction mixtures were applied for nested
PCR using 2 �L of the primary PCR product as template.

For HSV, the primary PCR mixture was heated for 5
minutes at 95°C and then subjected to 40 cycles of amplifi-
cation in the following conditions: denaturation at 95°C for
45 seconds, annealing at 60°C for 45 seconds, and elonga-
tion at 72°C for 1 minute. For nested PCR, the mixture was
heated for 5 minutes at 95°C and then subjected to 40 cycles
of amplification in the following conditions: 95°C for 45
seconds, 57°C for 45 seconds, and 72°C for 45 seconds.

For CMV, the primary PCR mixture was heated for 5
minutes at 95°C and then subjected to 40 cycles of amplifi-
cation in the following conditions: denaturation at 95°C for
45 seconds, annealing at 50°C for 45 seconds, and elonga-
tion at 72°C for 75 seconds. For nested PCR, the mixture
was heated for 5 minutes at 95°C and then subjected to 40
cycles of amplification in the following conditions: 95°C for
45 seconds, 58°C for 45 seconds, and 72°C for 45 seconds.

For EBV, the primary PCR mixture was heated for 5
minutes at 95°C and then subjected to 40 cycles of amplifi-
cation in the following conditions: 95°C for 45 seconds,
53.5°C for 45 seconds, and 72°C for 60 seconds. For nested
PCR, the mixture was heated at 95°C for 5 minutes and then
subjected to 35 cycles of amplification in the following
conditions: 95°C for 45 seconds, 54°C for 45 seconds, and
72°C for 45 seconds. All the primary PCR and nested PCR

T A B L E 1

List of primers used in the detection of HSV, CMV, and EBV.

Virus Gene Sequence
PCR product
(base pairs)

HSV HSV-1 DNA pol gene
(UL30 gene)

Outer primers:
5�-CCC GTG GTG GTG TTC GAC TTT GCC-3�

544

5�-GCA CAA AGA TGG AGT CCG TGT CCC-3�
Inner primers: 154

5�-TTC TTC GTC AAG GCT CAC GTG CG-3�
5�-CCG AGT TAC ACA CGA CCT TGA TGG C-3�

CMV Major immediate-early
protein (IE) gene

Outer primers:
5�-GCA ACG AGA ACC CCG AGA AAG-3�

698

5�-AAG CCA TAA TCT CAT CAG GG-3�
Inner Primers: 222

5�-GCG GCA TAG AAT CAA GGA GCA CAT G-3�
5�-CAA GCC ATC CAC ATC TCC CGC-3�

EBV EBNA-2 gene Outer primers: 556
5�-ATC CTT GCA CTT AGC CAA GC-3�
5�-TCC AGA TGT GTC TCC CTT CT-3�

Inner primers: 190
5�-CCA GTA GCA TCT CTG TCT GG-3�
5�-GAA CCA TCC TCG TCC TCA TC-3�
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reactions ended with an elongation step at 72°C for 10
minutes.

The PCR products were examined by electrophoresis in a
2% agarose gel and photographed on an ultraviolet light
transilluminator.

Positive Controls
As positive controls, we used DNA extracted from HSV-

1–infected and HSV-2–infected Vero cells, from CMV-in-
fected MRC-5 cells, and from EBV-infected �95.8 cells.

Statistical Analysis
Statistical analysis was performed by using the SPSS

statistical software package (SPSS Inc., Chicago, IL). Com-
parison of the mean sperm count and motility between vi-

rally infected and noninfected samples was performed by
analysis of variance (ANOVA). A P value of �.05 was
accepted as statistically significant.

RESULTS
Viral DNA was detected by the nested PCR technique in

64 (56.6%) of 113 semen samples. Specifically, HSV was
detected in 56 (49.5%), EBV in 19 (16.8%), and CMV in 8
(7.1%) semen samples, respectively (Figs. 1–3). The simul-
taneous presence of two DNA viruses was detected in 18
(16%) semen samples. Specifically, HSV and EBV DNA
were detected in 14 (12.4%) samples, and HSV and CMV
DNA, in 4 (3.6%) samples. DNA of all three viruses was
found in only 1 (0.9%) semen sample.

By the first PCR, only four cases were positive for HSV
and none for CMV and EBV, whereas all viral cultures were
positive for the first and second PCR. Regarding HSV, the

F I G U R E 1

Nested PCR detection of HSV in semen samples. The am-
plified products were visualized in 2% agarose gel. M �
molecular weight marker; p � primary PCR; n � nested PCR;
N � negative control (no DNA); P1, P2 � PCR product from
HSV1-positive and HSV2-positive controls (both primary
PCR and nested PCR products are shown); 1, 3, 4 � PCR
product from 3 HSV-positive semen samples (only nested
PCR product is evident); 2 � HSV-negative semen sample.

Kapranos. HSV, CMV, and EBV in semen. Fertil Steril 2003.

T A B L E 2

Mean sperm count in virally infected and noninfected semen samples.

Viral DNA N (%)
Mean sperm count

(million/mL) SD Pa

HSV� 56 (49.5%) 19.8 25.6 .000003
HSV� 57 (50.5%) 54.5 47.3
EBV� 19 (16.8%) 34.5 35.6 .85
EBV� 94 (83.2%) 36.4 42.2
CMV� 8 (7.1%) 46.9 45.9 .43
CMV� 105 (92.9%) 35.3 40.7
a Analysis of variance.

Kapranos. HSV, CMV, and EBV in semen. Fertil Steril 2003.

F I G U R E 2

Nested PCR detection of CMV in semen samples. M �
molecular weight marker; p � primary PCR; n � nested PCR;
N � negative control (no DNA); P � PCR product from
positive control; 1, 3 � two CMV-positive semen samples; 2,
4 � two CMV-negative semen samples.

Kapranos. HSV, CMV, and EBV in semen. Fertil Steril 2003.
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PCR method was thought to be unable to discriminate be-
tween HSV1 and HSV2, as both viral cultures were strongly
positive using the HSV1 DNA polymerase gene primers.

Table 2 shows the mean sperm count of virally infected
and non-infected semen samples. According to the results,
the presence of HSV was significantly associated with low
sperm count. More specifically, the mean sperm count of
HSV-positive semen samples was 19.8 million per milliliter,
and that of HSV-negative ones was 54.5 million per milliliter
(P�.000003). In contrast, EBV and CMV infection did not
show any influence on sperm count.

Table 3 presents the mean sperm motility and HSV,
CMV, or EBV infection. The mean sperm motility of HSV-
positive semen samples was significantly lower (39.1%)
compared with that of HSV-negative semen samples
(48.6%) (P�.0054). In contrast, the presence of CMV or
EBV did not show any association with poor motility.

DISCUSSION
At the onset of the new millennium, despite improvements

in assisted reproduction technology, infertility continues to be a
serious social problem (11). In an effort to investigate the
causes of male factor infertility, which in about half of the
cases are unknown, we explored the role of HSV, CMV, and
EBV using PCR technology. According to our findings,
56.6% of the examined semen samples from males with
fertility problems harbored at least one of the investigated
viruses. However, HSV seemed to be the most important as
it was found to be detected much more commonly than CMV
and EBV and was significantly related to both parameters of
poor sperm quality, namely low count and motility.

A significant association between HSV and infertility was
also observed by El Borai et al. (9), who detected HSV DNA
in 24% of semen samples from infertile men using a nested
PCR technique. Moreover, Wald et al. (8), using PCR, found
HSV DNA in the semen samples of 7 (47%) of 15 men with
genital HSV-2 infection, whereas none of the samples was
positive by culture. The authors attributed the presence of the
virus to potential contamination of the semen sample during
collection. However, according to our findings (10), by ap-
plying the in situ hybridization technique, we found HSV to
be detected within the spermatozoa themselves, which is
evidence against contamination as a cause.

Experimental studies with transgenic mice elucidate the
relation between HSV and infertility. According to Huttner
et al. (12), the expression of HSV thymidine kinase in testis
of transgenic mice was associated with defects in spermat-
ogenesis characterized by acrosomal aberrations, structural
abnormalities in the neck, and flagellum of the spermatozoa
and developmental arrest. Moreover, in revertant mouse
males, the decrease of HSV thymidine kinase levels resulted
in marked reduction of spermatozoa abnormalities and res-
toration of fertility (12, 13).

The implication of HSV in male infertility and the facility of
its detection by the use of nested PCR technique allow impor-
tant therapeutic interventions, as was confirmed in our prelim-
inary trial of three men that resulted in successful pregnancies

F I G U R E 3

Nested PCR detection of EBV in semen samples. M � mo-
lecular weight marker; p � primary PCR; n � nested PCR; N
� negative control (no DNA); P � primary PCR and nested
PCR product from positive control; 2 � EBV-positive semen
sample; 1, 3 � two EBV-negative semen samples.

Kapranos. HSV, CMV, and EBV in semen. Fertil Steril 2003.

T A B L E 3

Mean sperm motility in virally infected and noninfected semen samples.

Viral DNA N (%) Mean sperm motility (%) SD Pa

HSV� 56 (49.5%) 39.1 19.1 .0054
HSV� 57 (50.5%) 48.6 13.9
EBV� 19 (16.8%) 42.3 12.2 .74
EBV� 94 (83.2%) 43.9 18.4
CMV� 8 (7.1%) 47.7 13.8 .52
CMV� 105 (92.9%) 43.3 17.7
a Analysis of variance (ANOVA).

Kapranos. HSV, CMV, and EBV in semen. Fertil Steril 2003.
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after antiviral therapy (10). Similar findings had been pub-
lished by Kundsin et al. (14), who reported successful preg-
nancies in 5 of the 12 infertile couples after acyclovir treat-
ment. The above clinical observations, although few in
number, offer further support to the role of HSV in male
infertility.

The significance of herpes viruses infection for IVF tech-
niques is obvious, as their presence could probably be respon-
sible for the high rate of fertilization failure observed by the use
of low-quality semen from infertile males (15, 16). Moreover,
CMV DNA has been detected by PCR in 5.1% of cryopre-
served semen samples (17), with a serious risk for transmis-
sion and developmental abnormalities of the fetus because of
elimination of natural spermatozoa selection. Consequently,
it would be useful to analyze semen specimens for herpes
viruses, and especially HSV, by PCR, before any interven-
tion by assisted reproduction techniques is planned.

It is important to emphasize that herpes viruses may long
persist within the semen in a very low copy number, without
causing symptoms and without yielding positive cultures.
This has been found even in the case of men with genital
herpes in whom the virus failed to be isolated in the semen
by tissue culture (8, 18, 19). Nevertheless, the acquisition of
HSV through artificial insemination from an asymptomatic
semen donor has been reported (20). Consequently, we can-
not be sure about the critical viral load for HSV transmis-
sion, because it has been found that PCR-positive and cul-
ture-negative women can infect neonates during delivery
(21). It is evident that the sensitive nested PCR technique is
more suitable than viral culture for the detection of asymp-
tomatic chronic HSV infection.

In conclusion, the findings of the study indicate that HSV,
by affecting the most important factors of semen quality,
plays an important role in male infertility. The early detec-
tion of this virus by the nested PCR technique will permit the
suitable antiviral therapy to increase the possibility of fertil-
ity restoration and long-term protection of sperm quality.
Finally, the detection of herpes viruses within semen will
provide better control of the transmission of these viruses.
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