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Abstract

The aim of this study was to determineif interleukin (IL) -6 and IL-8 concentrations, as
well as numbers of seminal leukocytes in a population of infertile men, some of whom
were Chlamydia trachomatis positive, were related to chlamydial infection.

Our patient group included 255 men attending for diagnostic semen analysis as part of
infertility investigations. Significantly raised levels of IL-8, but not IL-6, were found in
C.trachomatis-infected patients but not in uninfected patients. Raised IL-8 levelsin
semen were also associated with an increase in semen volume. There was arelationship
between C.trachomatis infection and lower progressive motile sperm as well as an
increase in seminal leukocytes. The overall prevalence rate for C.trachomatis was 6.2%
and more infections were detected in semen than in first void urine.

This study supports the suggestion that 1L-8 might be used as a marker for male genital
tract infection, especially when due to C.trachomatis. In this study there was a
relationship between the presence of C.trachomatisin semen and alterations of some
semen parameters. Further investigations should be performed to understand the

disparities of first void urine and semen testing for detection of C.trachomatisin males.

Keywords: Chlamydia trachomatis/interleukin-8/ interleukin-6/semen quality.
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I ntroduction

Chlamydia trachomatis causes the most prevalent sexually transmitted bacterial infection
and affects more than 90 million people annually worldwide (Norman, 2002). In general
it is assumed the effect of C.trachomatis on female reproduction (Keck et al, 1998) is
more important than chlamydial infectionsin men. In an attempt to link chlamydial
infectionsin man with male reproductive problems, a number of studies have investigated
the relationship between infection and semen quality. While some studies have shown
that infection is associated with poorer semen quality (Custo et al, 1989; Wolff et al,
1991; Witkin et al, 1995; Cengiz et al, 1997), others have claimed that thisis not the case
(Gregoriou et al, 1989; Nagy et al., 1989; Eggert-Kruse et al, 1990; Soffer et al, 1990;
Dieterle et al, 1995; Eggert-Kruse et al, 1996; Weidner et al, 1996; Eggert-Kruse et al,
1997; Habermann et al, 1999; Hosseinzadeh et al, 2004). However, it isdifficult to make
like for like comparisons between many of these studies since the methodology for
C.trachomatis detection as well as the techniques of semen analysis used, are not always
comparable (Pacey and Eley, 2004). Irrespective of the findings between chlamydial
infection and semen quality, there has been areport stating that the function of human
spermatozoa can be significantly affected by direct exposure to C.trachomatis (Eley et
al., 2005a). This may contribute to sub-fertility in infected individuals by aroute that is
independent of any damage to the reproductive epithelium (Pacey and Eley, 2004). Other
evidence has focused on epididymitis which in young men is often attributable to
C.trachomatis (Eley et a., 1992). Epididymitisisthought to be important because fertility

might be affected due to inflammation and obstruction, especially where both testes are
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affected (Oriel and Ridgway, 1983). As well as creating a physical blockage to the
movement of sperm, C.trachomatis can also cause epithelial damage that reduces
spermatogenesi s, induces immunological responses that destroy or hinder sperm, and

reduces the female partner’ s fertility (Gonzalex et al., 2004).

Higher numbers of leukocytes (>1x10° per ml) are thought to be asign or marker of
microbiologically-induced inflammation (WHO, 1999). Nevertheless, thereis much
controversy as to whether leukocytospermiais closely related to the presence of
pathogenic micro-organisms (Trum et al, 1998) and whether markers such as
leukocytospermia can be interpreted as an aid for the diagnosis of infectionsin
asymptomatic patients (Barratt et al, 1990; Eggert-Kruse et al, 1992; Tomlinson et a,
1992; Aitken et al, 1995; Kiessling et al, 1995; Y anushpolsky et al, 1996). A number of
studies have specifically excluded a correlation between leukocytospermia and semen
quality (Eggert-Kruse et al, 2001; Ludwig et al, 2003). However, as the commonly used
method for diagnosis of leukocytospermia only detects granulocytes that are intact,
degranulated granulocytes could be missed (Kopa et al, 2005) suggesting that additional
markers of inflammation such as cytokines in the seminal plasma may be of valuein

diagnosing infectionsin semen.

Cytokines are regulatory proteins produced by leukocytes and other cells that control
inflammation. Certain pro-inflammatory cytokines such as interleukin (IL)-6 and IL-8 are
involved in inflammatory processes. Previous studies have investigated levels of seminal

IL-6 and/or IL-8 in infertile patients and controversy exists as to whether elevated
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cytokine levels are related to semen quality (Comhaire et a, 1994; Dousset et al, 1997,
Eggert-Kruse et a, 2001; Kopa et a, 2005). To our knowledge, there has been no study
in which levels of I1L-6 and IL-8 have been measured in semen from males infected with
C.trachomatis, and compari sons made with a group shown not to be infected with
chlamydia. This focus on C.trachomatis infected patients was suggested by Eggert-Kruse
et al., (2001) who found one sub-fertile male who was positive for C.trachomatis and had
high IL-6 and IL-8 concentrationsin seminal plasma. Therefore, the purpose of the
present study was to determine concentrations of I1L-6 and IL-8 in seminal plasma as well
as numbers of seminal leukocytes in male partners of infertile couples, some of whom

were C.trachomatis positive, and relate the findings to semen quality.

M aterials and M ethods

Patient recruitment and sample collection

A total of 255 consecutive men attending the Avesina Research Institute in Tehran, Iran
for diagnostic semen analysis were recruited to the study. Ethical approval for the use of
semen samples in this study was granted by the 15™ session of the Ethical Committee for
Researchesin Medical Sciences (Feb 23 2004) at the Avesina Research Institute,
Tehran. All men were from primary care and undergoing semen analysis as part of a
work-up for infertility investigations with their partner after failing to conceive after 1
year of unprotected intercourse. None of the men reported any symptoms of genitourinary
infections and were therefore considered asymptomatic of sexually transmitted disease.

There were no age restrictions for inclusion in the study, although individuals with a
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history of chemotherapy or radiotherapy treatment, or a vasectomy, or an abnormally low
semen volume and with any retrograde g aculation or hypogonadotropic hypogonadism

were excluded.

Prior to semen analysis, the men were provided with written information on the study and
reguested to abstain from sexual intercourse for at least 48 h, but no longer than 5 days,
before attending the clinic. A record was made of the number of days of abstinence at the
time of sample production. All semen samples were produced on site and collected into
standard containers previously shown to have no cytotoxic effects on human
Spermatozoa, according to the methods outlined in WHO (1999). In addition, all men
were asked to bring 20ml of first void urine (FVU) in a sterile pot to the clinic for

detection of C.trachomatis.

Semen quality

Immediately following semen production, the sample was placed in an incubator and
allowed to liquefy at 37°C for up to 30 min before analysis. Semen analysis was
performed according to WHO (1999) guidelines with all measures of semen quality being
completed within 1h, apart from sperm morphology which was completed later after
slides had been stained. Sperm morphology was observed on Papanicolaou-stained
smears by an experienced technician according to WHO (1999) criteria. The presence of
leukocytes in semen was determined within 1h by the peroxidase test as recommended by
WHO (1999). Peroxidase positive cells (leukocytes) which were brown and round in

shape were counted, using a haemocytometer. Throughout the study, the laboratory was a
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member of an external quality assessment scheme for andrology (UK NEQAS, St.

Mary’ s Hospital, Manchester, U.K.).

Sample transportation from Tehran to Sheffield

Following semen analysis, both semen and FVU samples were lyophilized in
microcentrifuge tubes and transportation of the lyophilized samplesto Sheffield was
carried out in carrier vessels (Airsea container Ltd, Birkenhead, U.K.) at room
temperature. Lyophilization using an Alpha 1-2 Id plus (Martin Christ, Osterode am Herz,
Germany) was carried out according to the manufacturer’ s instructions. In Sheffield, both
semen and FVU samples were reconstituted with sterile, endotoxin-free water based on
their initial volume and tested immediately as described below.

Strand Displacement Amplification (SDA) for C.trachomatisin semen and urine
Four ml of reconstituted urine or 200ul of reconstituted semen were tested by SDA
(Becton Dickinson, Cowley, U.K.) at the Northern General Hospital. Sheffield, U. K. The
laboratory is a member of the NEQAS scheme for microbiology and where thistest is
routinely performed on clinical samples for the Sheffield Teaching Hospitals NHS
Foundation Trust. Positive results were confirmed by retesting the sample with the same
SDA test. SDA isa DNA amplification system, the BDProbeTec ™ ET, based on
simultaneous strand displacement amplification and real-time fluorescence detection. The
system uses sealed microwells to minimize release of amplicons to the environment. The
following nested PCR confirmatory test was performed as although commercial NAAT's

such as SDA have now become the method of choice for routine C.trachomatis detection
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(Hamdad and Orfila, 2005; Gaydos €t al., 2008), these methods have rarely been applied

to testing of semen.

Nested plasmid PCR confirmatory testing for C.trachomatisin semen and urine
DNA extraction was carried out on semen and urine samples which tested positive for
C.trachomatis by SDA, using a QlAamp DNA Mini Kit (Qiagen, Hamburg, Germany)
according to the manufacturer’ s instructions. The extracted DNA was stored at -20°C
until nested PCR analysis. Initially the extracted DNA was tested for [3-globin according
to the method of Saiki et al., (1985) to check there were no PCR inhibitorsin the
samples. When samples were shown to be 3-globin positive, they were tested by the
nested PCR method using primers directed against the cryptic plasmid, as described
previously (Hosseinzadeh et al, 2004). Products were analysed by gel electrophoresisin
1.5% agarose with ethidium bromide staining. Each PCR run included C.trachomatis
DNA as a positive control. The amplicon was sequenced and compared to GenBank

accession number 144462.

Human interleukin-8 (IL-8) immunoassay on semen samples

Each recongtituted sample of seminal plasmawas diluted 1:4 prior to testing. 100l of
each diluted sample were tested using a commercial quantitative sandwich enzyme
immunoassay (R+D Systems, Abingdon, U.K.) according to the manufacturer’s
instructions. A monoclonal antibody specific to IL-8 had been pre-coated onto a
microplate. Standards and samples were pipetted into the wells and any IL-8 present

bound by the immobilized antibody. After washing to remove any unbound substances,
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an enzyme-linked polyclonal antibody specific for IL-8 was added to the wells.
Following a further washing step to remove unbound antibody-enzyme reagent, a
substrate solution was added to the wells for 30 min and colour developed in proportion
to the amount of 1L-8 bound in the initial step. The colour development was stopped by
adding 50ul stop solution to each well and the intensity of colour measured. A standard
curve was constructed for each 96 - well plate by plotting the mean absorbance for each
standard on the y—axis against the concentration on the x-axis. abest fit curve was drawn

through the points on the graph. The minimum detectable level was 1.5pg/ml.

Human interleukin-6 (IL-6) immunoassay on semen samples

Each sample of reconstituted seminal fluid was diluted 1:2 prior to testing. 100ul of each
diluted sample were tested using a commercial quantitative sandwich enzyme
immunoassay (R+D Systems, Abingdon, U.K.) according to the manufacturer’s
instructions. Essentially the assay method was as described above for I1L-8 but aluminol,
rather than a colorimetric substrate was used. This necessitated the use of a microplate
luminometer to measure the intensity of the light emitted. The minimum detectable level

was 0.7pg/ml.

Statistical analysis
Data were processed using SPSS 12.0 for Windows (SPSS Inc., Chicago, USA).
Independent Student’ s t-tests or Mann-Whitney tests were employed depending on

whether data were normally distributed or not. A P value of <0.05 was accepted as
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significantly different. Pearson or Spearman correlation coefficients were appropriately

used to investigate the correlation between variables.

Results

A total of 16 subjects (6.2%) were found to be positive for C.trachomatisin semen and
urine samples and/or in samples positive by SDA and confirmed by PCR (Table 1). Using
SDA, 18 (7.1%) subjects gave positive semen samples whilst nine (3.5%) showed
positive urine samples. PCR confirmed the SDA resultsin 16 semen samples with one
sample insufficient for testing, and in six of the urine samples with two samples
insufficient for testing. None of the samples were identified as positive for Nucleic Acid

Amplification Test (NAAT) inhibitors.

The median seminal plasma concentration of IL-8 was 400 (range 70-12,000) pg/ml.
Concentrations of >788 pg/ml, defined as high levels of IL-8 (based on 75% percentile)
were found in 62 samples. When the median IL-8 concentrationsin C.trachomatis-
infected and non-infected groups were compared, a statistical significant difference
(P<0.05) was found (Table 2), with IL-8 concentrations significantly greater in C.
trachomatis-infected, as compared to uninfected, individuals. In six samples, insufficient

semen was available for testing.

The median seminal plasma concentration of IL-6 was 6.1 (range 1-150) pg/ml.

Concentrations of >13.5 pg/ml, defined as high levels of 1L-6 (based on 75% percentile)
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were found in 62 samples. When median IL-6 concentrations in C.trachomatis infected
and non-infected groups were compared, there was no statistical significance between

them (Table 2). In six samples, insufficient semen was available for testing.

A degree of correlation was seen between IL-8 and IL-6 concentrations (r=0.376,
P<0.001) with respect to all samples tested. The presence of C.trachomatis had no effect

on this correlation.

A bivariate analysis of the independent correlation of different semen parameters with
levels of seminal plasmalL-6 and IL-8 found that semen volume was correlated with IL-
8 (r=0.18; P<0.01) and leukocyte count was correlated with IL-6 (r=0.51; P<0.01) and

IL-8 (r=0.28; P<0.01) respectively. These results are presented in Table 3.

At semen analysis, it was found that the percent of progressively motile sperm was lower
in subjectsinfected with C.trachomatis but that there were no significant differencesin
the percent of immotile or viable sperm (P<0.05) (Table 4). The age of the subjects, the
duration of infertility and days of sexual abstinence were not significantly different
between the infected and uninfected groups (Table 4). Interestingly, C.trachomatis-
infected men had a significantly raised pH in semen (P<0.05) (Table 4), although this

difference was small and probably clinically insignificant.
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Table 4 shows that the mean seminal leukocyte counts were significantly (P<0.05)
greater in subjects showing evidence of infection with C.trachomatis (1.0 + 0.6 x 10°
leukocytes per ml) in comparison to those who did not (0.2 + 0.6 x 10° leukocytes per
ml). Moreover, 5 of 16 (31.2%) patients with C.trachomatis infection, in contrast to only
12 of 239 (5.0%) patients without C.trachomatis infection, showed leukocytospermia

according to the WHO (18) definition.

Discussion

In astudy by Eggert-Kruse et al., (2001), it was observed that in a sole C.trachomatis
positive, subfertile male, levels of both IL-8 and IL-6 were very high. Therefore, in the
current study, I1L-8 and IL-6 concentrations were examined in a larger number of
C.trachomatis positive patients to observe any possible association between
C.trachomatisinfection and raised IL-8 and IL-6 levelsin semen. The findings showed
significantly raised levels of 1L-8, but not IL-6, in semen from patients who were
C.trachomatis positive. In arecent in vitro study (Al-Mously and Eley, 2007), it was
suggested that raised IL-6 and IL-8 levels might be useful as a marker for upper genital
tract infection, especially prostatitis. Therefore, increased IL-8 levelsin C.trachomatis
infected patients in the current study suggest these infections are more likely derived
from the upper genital tract, which correlates with the observation of lower progressively
motile sperm observed in C.trachomatis infected men. However, the lack of high levels
of immotile sperm in the g aculates of C.trachomatis-infected men, suggests that the

mechanism of C.trachomatis mediated sperm death observed in vitro (Hosseinzadeh et al,
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2001; Hosseinzadeh et al, 2003; Eley et al, 2005b) may differ from that observed in vivo

in the presence of seminal plasma.

Controversy exists as to whether elevated cytokine levels are related to semen quality.
Previous studies suggested that elevated cytokine levels were not related to semen quality
(Comhaire et al, 1994; Dousset et al, 1997; Matalliotakis et al, 1998; Eggert-Kruse et al,
2001; Matalliotakis et al, 2002) although more recent studies have supported such a
relationship (Furuya et al, 2003; Kopa et al, 2005). The advantage of the present study is
that it isthefirst to specifically investigate levels of both IL-6 and IL-8 in semen from
C.trachomatis infected and non-infected patients. Of course, it isrealised that since other
mi cro-organisms could be present in semen, and that these may also be responsible for
altered cytokine levels, this could be a complicating factor in interpretation of the results.
However, Eggert-Kruse et al, (2001) found no relationship between a wide range of
bacteria present in semen samples and interleukin concentrations and Bezold et al, (2007)
showed that pathogen DNA in semen was hot associated with inflammatory markers.
Nevertheless, the fact that a relationship between raised IL-8 levels and semen volume
was found would lean towards our previous findings of increased semen volume levelsin
C.trachomatis-infected patients (Hosseinzadeh et al, 2004), which was not observed in
our present study. Not surprisingly, raised IL-6 and IL-8 levels were associated with an
increased leukocyte count in semen as both these cytokines have neutrophil chemotactic
and activating factors (Eggert-Kruse et a, 2001). No other semen parameters were

associated with raised levels of either IL-6 or IL-8.
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In our previous UK study which investigated the presence of C.trachomatisin semen of
men with asymptomatic chlamydial infection who were undergoing infertility
investigations, a prevalence of 4.9% using NAATSs was observed (Hosseinzadeh et al,
2004). The prevalence rate of 6.2% in the current study involving Iranian men was
therefore similar. An earlier study which investigated the presence of C.trachomatis using
cell culture in male patients attending a Genito-urinary medicine clinic in Tehran showed
aprevalence rate of 8.8% (Darougar et al, 1982), while a more recent study conducted on
women attending Obstetrics and Gynaecology clinicsin Tehran gave an overall
prevalencerate of at least 6.4% using both SDA and PCR testing (Chamani-Tabriz,
2007). This suggests that the level of C.trachomatis infection in adult males and females

in Iran isrelatively high and comparable to the UK.

With regard to the relationship between semen parameters and chlamydial infection, the
current study found that men infected with C.trachomatis had a lower percentage
progressive sperm motility, a higher leukocyte count and araised concentration of 1L-8
compared to men without infection. In a previous study (Hosseinzadeh et a, 2004), a
raised leukocyte count was also observed in semen from patients with a chlamydial
infection but no difference was observed in percentage motile sperm. However, the
present study is different in that urine was also examined for C.trachomatis and a newer
molecular method was used to test for C.trachomatis. Therefore, direct comparisons with
our previous study cannot be made. In the current study a much higher percentage of

patients with leukoctyospermia had C.trachomatis infection than in those without
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C.trachomatisinfection (31.2% v 5.0%, respectively); and these findings are again

similar to Hosseinzadeh et al., (2004).

Rather unexpectedly in the current study, using SDA, twice as many semen samples,
(n=18), than FVU samples, (n=9), were found to be positive for C.trachomatis. Thisisin
spite of there being insufficient semen sample left for two patientsto run confirmatory
tests (and therefore defined as negative). It is acknowledged that there can be a
discrepancy between detection of C.trachomatisin FVU and semen from the same patient
(Pannekoek et al, 2003; Gdoura et al., 2008). As suggested by Gdoura et al., (2008), the
presence of C.trachomatis DNA in FVU and its absence in semen may indicate a urethral
infection, whereas its presence only in semen may indicate an infection of the epididymis
or seminal vesicles. Itisalso generally believed that a higher number of positive results
are found in urine (Pannekoek et a, 2003; Hamdad-Daoudi et al, 2004). However, a
recent study by Gdoura et al., (2008) showed a good correlation between PCR detection
of C.trachomatisin FVU and in semen, with a marginally higher proportion of C.
trachomatis positives detected in semen (42.3%) compared to FVU (39.4%). Similarly, in
a study by Bornman et al., (1998) more semen samples (35/131) were positive for
C.trachomatis than FVU samples (33/131). These reports, along with the data presented
here, therefore raise an important question as to which is the best test specimen in males
to look for C.trachomatisinfection in the genital tract. Thisis compounded by the fact
that unlike FVU, there is no approved method of testing for C.trachomatisin semen. It is
difficult to fully understand why in our study more patients were positive for

C.trachomatisin semen than in FVU samples. One suggestion is that despite clear
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guidelines, there could have been a misunderstanding of the patients on the strict
reguirement to collect a urine sample immediately on waking and not at a later timein the
morning. However, in the light of the above findings, it is therefore suggested that further
comparative studies of C.trachomatistesting in semen and FVU be undertaken and
efforts made to determine and recommend the best test to detect the presence of

C.trachomatisin the male.

Acknowledgements
We are grateful to Ms Pegah Ebadi for coordinating transportation of clinical samples
from Tehran to the UK and to Mr lan Geary for providing technical assistance in

Sheffield.

References

Aitken RJ, Baker HWG. Seminal leukocytes: passengers, terrorists or good Samaritans?
Hum Reprod 1995;10:1736-1739.

Al-Mously N, Eley A. Interaction of Chlamydia trachomatis serovar E with male genital
tract epithelium results in secretion of proinflammatory cytokines. JMed Microbiol
2007;56:1025-1032.

Barratt CLR, Bolton AE, Cooke ID. Functional significance of white blood cellsin the
male and female genital tract. Hum Reprod 1990;5:639-648.

Bezold G, Politch JA, Kiviat NB, Kuypers IM, Wolff H, Anderson DJ. Prevalence of
sexually transmissable pathogens in semen from asymptomatic male infertility patients
with and without leukocytospermia. Fertil Steril 2007;87:1087-1097.

Bornman MS, Ramathuga TN, Mahomed MF, Greef AS, Crewe-Brown HH, Reif S.
Chlamydial infection in asymptomatic infertile men attending an andrology clinic. Arch
Androl 1998;41:203-208.



335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

16

Cengiz T, Aydoganli |, Baykam M, Mungan MA, Tuncbilek E, Dincer M, Y akupoglu K,
Akalin Z. Chlamydial infections and male infertility. Int Urol Nephrol 1997;29:687-693.

Chamani-Tabriz L, Tehrani MJ, Akhondi MMA, Mosavi-Jarrahi A, Zeraati H, Ghasemi
J, Asgari S, Kokab A, Eley A. Chlamydia trachomatis prevalence in Iranian women
attending Obstetrics and Gynaecology clinics. Pak JBiol Sci 2007;10:4490-4494.

Comhaire F, Bosmans E, Ombelet W, Punjabi U, Schoonjans F. Cytokinesin semen of
normal men and of patients with andrological diseases. Am J Reprod Immunol 1994; 31:
99-103.

Custo GM, Lauro V, Saitto C, Frongillo RF. Chlamydial infection and male infertility: an
epidemiological study. Arch Androl 1989;23:243-248.

Darougar S, Jones BR, Cornéll L, Treharne JD, Dwyer RSTC, Aramesh B. Chlamydial
urethral infection in Teheran. Br JVener Dis 1982;58:374-376.

Dieterle S, Mahony JB, Luinstra KE, Stibbe W. Chlamydial immunoglobulin 1gG and
IgA antibodiesin semen and serum are not associated with the presence of Chlamydia
trachomatis DNA or rRNA in semen form male partners of infertile couples. Hum
Reprod 1995;10:315-319.

Dousset B, Hussenet F, Daudin M, Bujan L, Foliguet B, Nabet P. Seminal cytokine
concentrations (IL-beta, IL-2, IL-6, SR IL-2, sR IL-6), semen parameters and blood
hormonal statusin male infertility. Hum Reprod 1997;12:1476-1479.

Eggert-Kruse W, Bellman A, Tilgen W, Runnebaum B. Differentiation of round cellsin
semen by means of monoclonal antibodies and relationship with male fertility. Fertil
Steril 1992;58:1046-1055.

Eggert-Kruse W, Boit R, Rohr G, Aufenanger J, Hund M, Strowitzki T. Relationship of
seminal plasmainterleukin (IL) -8 and IL-6 with semen quality. Hum Reprod 2001;16:
517-528.

Eggert-Kruse W, Buhlinger-Gopfarth N, Rohr G, Probst S. Aufenanger J, Naher H,
Runnebaum B. Antibodies to Chlamydia trachomatis in semen and relationship with
parameters of male fertility. Hum Reprod 1996;11:1408-1417.

Eggert-Kruse W, Gerhard |, Naher H, Tilgen W, Runnebaum B. Chlamydial infection —a
female and/or male infertility factor? Fertil Steril 1990;53:1037-1043.

Eggert-Kruse W, Rohr G, Demirakca T, Rusu R, Naher H, Petzoldt D, Runnebaum B.
Chlamydial serology in 1303 asymptomatic subfertile couples. Hum Reprod 1997;12:
1464-1475.



380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424

17

Eley A, Oxley KM, Spencer RC, Kinghorn GR, Potter CW. Detection of Chlamydia
trachomatis by the polymerase reaction in young patients with acute epididymitis. Eur J
Clin Microbiol Inf Dis 1992;11:620-623.

Eley A, Pacey AA, Galdiero M, Galdiero M, Galdiero F. Can Chlamydia trachomatis
directly damage your sperm? Lancet Inf Dis 2005a;5:53-57.

Eley A, Hosseinzadeh S, Hakimi H, Geary |, Pacey AA. Apoptosis of gaculated human
sperm isinduced by co-incubation with Chlamydia trachomatis lipopol ysaccharide. Hum
Reprod 2005b;20:2601-2607.

Furuya Y, Akashi T, Fuse H. Soluble Fas and interleukin-6 and interleukin-8 in seminal
plasma of infertile men. Arch Androl 2003;49:449-452.

Gaydos CA, Ferrero DV, Papp J. Laboratory aspects of screening men for Chlamydia
trachomatis in the new millennium. Sex Transm Dis 2008;35:345-S50.

Gdoura R, Kchaou W, Ammar-Keskes L, Chakroun N, Sellemi A, Znazen A, Rebai T,
Hammami A. Assessment of Chlamydia trachomatis, Ureaplasma urealyticum,
Ureaplasma parvum, Mycoplasma hominis and Mycoplasma genitalium in semen and
first void urine specimens of asymptomatic male partners of infertile couples. J Androl
2008;29:198-206.

Gonzalez GF, Munoz G, Sanchez R. Update on the impact of Chlamydia trachomatis
infection on male infertility. Andrologia 2004;36:1-23.

Gregoriou O, Vitoratos N, Papadias C, Gregoriou G, Zourias PA. Therole of chlamydial
serology in infertile and subfertile men. Eur J Obstet Gynecol 1989; 30: 53-58.
Habermann B, Krause W. Altered sperm function or sperm antibodies are not associated
with chlamydial antibodies in infertile men with leukocytospermia. J Eur Acad Dermatol
Venereol 1999;12:25-29.

Hamdad-Daoudi F, Petit J, Eb F. Assessment of Chlamydia trachomatisinfection in
asymptomatic male partners of infertile couples. JMed Microbiol 2004,53:985-990.

Hamdad F, Orfila J. Diagnosis of urogenital infection by Chlamydia trachomatis.
Contribution of genetic amplification techniques. Prog. Urol 2005;15:598-601.

Hosseinzadeh S, Brewis IA, Eley A, Pacey AA. Co-incubation of human spermatozoa
with Chlamydia trachomatis serovar E causes premature sperm death. Hum Reprod 2001,
16:293-299.

Hosseinzadeh S, Eley A, Pacey AA. Semen quality of men with asymptomatic
chlamydial infection. J Androl 2004;25:104-109.



425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443

445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

18

Hosseinzadeh S, Pacey AA, and Eley A.Chlamydia trachomatis-induced death of human
spermatozoa is caused primarily by lipopolysccharide. JMed Micro 2003;52:193-200.

Keck C, Gerber-Schafer C, Clad A, Wilhem C, Breckwoldt M. Seminal tract infections:
impact on male fertility and treatment options. Hum Reprod Update 1998;4:891-903.

Kiessling AA, Lamparelli N, Yin HZ, Siebel MM, Eyre RC. Semen leukocytes: friends
or foe. Fertil Steril 1995;64:196-198.

Kopa Z, Wenzel J, Papp GK, Haidl G. Role of granulocyte elastase and interleukin-6 in
the diagnosis of male genital tract inflammation. Andrologia 2005;37:188-194.

Ludwig M, Vidal A, Huwe P, Diemer T, Pabst W, Weidner W. Significance of
inflammation on standard semen analysis in chronic prostatitis/chronic pelvic pain
syndrome. Andrologia 2003;35:152-156.

Matalliotakis I, Arici A, Goumenou A, Koumantakis G, Selam B, Matalliotakis G,
Koumantakis E. Distinct expression pattern of cytokinesin semen of men with genital
infection and oligo-terato-asthenozoospermia. Am J Reprod Immunol 2002;48:170-175.

Matalliotakis|, Kiriakou D, Fragouli I, Sifakis S, Eliopoulos G, Koumantakis E.
Interleukin-6 in seminal plasma of fertile and infertile men. Arch Androl 1998;41:45-50.

Nagy B, Corradi G, VajdaZ, Gimers R, Csomer S. The occurrence of Chlamydia
trachomatis in the semen of men participating in an IVF programme. Hum Reprod 1989;
4:54-56.

Norman J. Epidemiology of female genital Chlamydia trachomatis infections. Best Prac
Res Clin Obstet Gynecol 2002;16:775-787.

Oriel JD, Ridgway GL. Genital infectionsin men. Br Med Bull 1983;39:133-137.
Pacey AA, Eley A. Chlamydia and male fertility. Hum Fertil 2004;7:271-276.

Pannekoek Y, Westenberg SM, Eijk PP, Repping S, van der Veen F, van der Ende A,
Dankert J. Assessment of Chlamydia trachomatis infection of semen specimens by ligase
chain reaction. JMed Micrabiol 2003;52:777-779.

Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich H, Arnheim N. Enzymatic
amplification of B-globin genomic sequences and restriction site analysis diagnosis of
sickle cell anaemia. Science 1985;230:1350-1354.

Soffer Y, Ron-El R, Golan A, Herman A, Caspi E, Samra Z. Male genital mycoplasma
and Chlamydia trachomatis culture: its relationship with accessory gland function, sperm
quality and autoimmunity. Fertil Steril 1990;53:331-336.



471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

19

Tomlinson MJ, White A, Barratt CLR, Bolton AE, Cooke ID. The removal of
morphologically abnormal sperm forms by phagocytes: a positive role for seminal
leukocytes? Hum Reprod 1992;7:517-522.

Trum JW, Mol BW, Pannekoek Y, Spanjaard L, Wertheim P, Bleker OP, van der Veen.
Value of detecting leukocytospermiain the diagnosis of genital tract infection in
subfertile men. Fertil Steril 1998;70:315-319.

Weidner W, Floren E, Zimmermann O, Thiele D, Ludwig M. Chlamydial antibodiesin
semen: search for “silent” chlamydial infections in asymptomatic andrological patients.
Infection 1996;24:309-313.

Witkin SS, Kligman I, Bongiovanni AM. Relationship between an asymptomatic male
genital tract exposure to Chlamydia trachomatis and an autoimmune response to
spermatozoa. Hum Reprod 1995;10:2952-2955.

Wolff H, Neubert U, Zebhauser M, Bezold G, Korting HC, Meurer M. Chlamydia
trachomatis induces an inflammatory response in the male genital tract and is associated
with altered semen quality. Fertil Steril 1991;55:1017-1019.

World Health Organization. WHO Laboratory Manual for Examination of Human
Semen and Semen-Cervical Mucus Interactions. 4™ Edition. Cambridge: Cambridge
University Press, 1999.

Y anushpolsky EH, Politch JA, Hill JA, Anderson DJ. Is leukocytospermiaclinically
relevant? Fertil Steril 1996;66:822-825.

Summary sentence: Interleukin-8 might be used as a marker for male genital tract
infection, especially when caused by C.trachomatis.



Table 1. SDA and PCR testing to detect genital chlamydial infection in male partners of

infertile couples (n=255).

Positive Negative
Urine Semen Urine Semen
SDA 9 18 246 237
PCR 6° 16° 249 239

& 2 samplesinsufficient for testing

® 1 sample insufficient for testing




Table 2. Relationship between thelevelsof IL8 and IL 6 with genital chlamydial infection in male partners of infertile couples ® (n=249).

IL-8 IL-6
Chlamydia Chlamydia Total Chlamydia Chlamydia Total
infected men uninfected men (n=255) infected men uninfected men (n=255)
(n=16) (n=239) (n=16) (n=239)

Mean + SD (pg/ml) 1,457.8+1,778.7 727.1+1,2544  7739+1301.9 228+ 312 16.3+23.3 16.7 + 23.9
Median (pg/ml) 1,000.0° 350.0° 400.0 12.0 6.0 6.1
Interquartiles, 168.8-2,275.0 150.0-637.5 150.0-788.0 2.8-25.0 2.0-12.6 2.0-135
25-75 percentile (pg/ml)
Range (pg/ml) 70.0-12,000.0 100.0-7,000.0 70.0-12,000.0 1.0-120.0 1.0-150.0 1.0-15.0

& 6samplesinsufficient for testing

® | ndependent samplet-test (p <0.05)




Table 3. Correlation between different semen parameterswith levelsof IL-6 and IL-8in

semen (N=249).

Semen parameters

Median (range) Correlation  with

Corrélation 2 with

IL-6 levels IL-8levels

Age (years) 34.0 (22.0-57.0) r=0.06, p>0.05 r=0.01, p>0.05
Duration of infertility (years) 4.0 (1.0-32.0) r=0.01, p>0.05 r=0.09, p>0.05
Semen volume (ml) 3.0 (0.1-9.6) r=-0.093, p>0.05 r=0.18, p<0.01
pH 7.6 (6.8-7.9) r=0.054, p>0.05 r=0.04, p>0.05
Sper m concentration 90.0 (0.008-750)  r=-0.001, p>0.05 r=0.05, p>0.05
(million/ml)

Progressive per cent motile 43.0 (0-85.0) r=0.06, p>0.05 r= 0.72, p>0.05
Percent immotile 39.0 (7.0-98.0) r=0.04, p>0.05 r= 0.12, p>0.05
Percent viable 93.0 (0-99.0) r=0.02, p>0.05 r=-0.07, p>0.05
Percent normal mor phology 28.0 (1.0-64.0) r=0.03 , p>0.05 r=0.04 , p>0.05
M ean leukocyte count 04 (0-5.7) r=0.51, p<0.01 r =0.28, p<0.01

(million/ml)

4 Spearman Rank Correlation Test




Table 4. The semen parameters (Mean = SD) of men with and without

C. trachomatisinfection (n=255).

Chlamydia Chlamydia Statistical
Semen parameters infected men uninfected men significance ®
(n=16) (n=239)

Age (years) 355+6.4 34.8+6.0 p>0.05
Duration of infertility (years) 85+71 57+59 p>0.05
Semen volume (ml) 29+14 32+14 p>0.05
Abstinence (days) 53+54 48+33 p>0.05
pH 7.7%x0.1 76x05 p<0.05
Sperm concentration 110.0+ 68.8 120.0+ 102.7 p>0.05
(million/ml)

Progressive per cent maotile 32.7+20.0 43.4+18.0 p<0.05
Percent immotile 45.6 + 20.3 40.3+17.9 p>0.05
Percent viable 90.2+8.8 90.4+9.7 p>0.05
Percent normal morphology 326+93 28.0+11.9 p>0.05
L eukocyte count (million/ml) 1.0+ 0.6 02+0.6 p<0.05

¢ Independent student t-test




