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Introduction

Chlamydia trachomatis is an unusual bacterium having a

unique developmental cycle comprising infectious, non-

metabolically active elementary bodies and non-infectious,

metabolically active reticulate bodies. It is responsible for

the most common sexually transmitted bacterial infection

worldwide, affecting more than 90 million people [World

Health Organisation (WHO), 2001] and has been known

for some time to have a significant impact on human

reproduction (Paavonen & Eggert-Kruse, 1999). However,

the role of C. trachomatis in male infertility is still contro-

versial (Ochsendorf, 2008).

To try and shed further insight into its effects, a

number of studies have specifically looked at the rela-

tionship between chlamydial infection and semen qual-

ity. Some studies have shown that C. trachomatis

infection is associated with poorer semen quality (Custo

et al., 1989; Wolff et al., 1991; Witkin et al., 1995;

Cengiz et al., 1997; Al-Mously et al., 2009), whereas others

have claimed that it is not (Gregoriou et al., 1989; Nagy

et al., 1989; Eggert-Kruse et al., 1990, 1996, 1997; Soffer

et al., 1990; Dieterle et al., 1995; Weidner et al., 1996;

Habermann & Krause, 1999; Hosseinzadeh et al., 2004).

More recently, mostly in vitro investigations have shown

that elementary bodies of C. trachomatis can adversely

effect sperm function and stimulate the tyrosine phos-

phorylation of sperm proteins (Hosseinzadeh et al.,

2000), lead to premature sperm death (Hosseinzadeh

et al., 2001), stimulate an apoptosis-like response in

sperm (Eley et al., 2005a; Satta et al., 2006), which lead

to increased levels of sperm DNA fragmentation (Satta

et al., 2006; Gallegos et al., 2008). Many of these experi-

ments have contributed to the concept that exposure to

elementary bodies of C. trachomatis can damage sperm

and that this can provide a possible explanation of the

pathogenesis of the organism in male infertility (Pacey

& Eley, 2004; Eley et al., 2005b).
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Summary

Chlamydia trachomatis is an important bacterial cause of infertility. In men,

the recommended specimen for diagnosing chlamydial infection is urine, with

little or no emphasis placed on testing semen. A systematic review of the litera-

ture was conducted to search for studies in which men undergoing investiga-

tions for infertility produced both samples of urine and semen that were tested

concurrently for C. trachomatis. An analysis of these studies was then per-

formed. From 322 papers identified from the US National Library of Medicine

PubMed database, 14 were selected for a detailed review and 11 were analysed

further. Overall, the size of the study groups was only modest and differences

between the studies included variation in geography and test methodology,

especially whether commercial testing systems had been used. There was also a

lack of consistency with regard to including men with azoospermia. Patients

were typically 30–35 years old and the median duration of infertility was about

4 years. Of those patients positive for C. trachomatis in the 11 studies, 56%

could be detected in both semen and urine, 20% only in urine and 23% only

in semen. Deficiencies in existing studies would not allow for a meta-analysis,

emphasizing the need for further research in this area for which a number of

recommendations are made.
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Current screening recommendations for C. trachomatis

in an infertile couple are vague and unhelpful. In the

United Kingdom, the Royal College of Obstetricians and

Gynaecologists Evidence-based Clinical Guidelines

(RCOG, 1999) and the National Institute for Health and

Clinical Excellence (NICE, 2004) recommend that before

undergoing uterine instrumentation, women (presumably

in an attempt to prevent spread of infection) should be

offered screening for C. trachomatis using an appropri-

ately sensitive technique. If the result of a test for

C. trachomatis is positive, women and their sexual part-

ners should be referred for appropriate management with

treatment and contact tracing. In the United States, the

Institute for Clinical System Improvement or ICSI (2004)

describes symptoms of a possible genital tract infection in

men, although no further information is provided to help

investigate the cause. Both the European Association of

Andrology (Dohle et al., 2010) and the Male Infertility

Best Practice Policy Committee of the American Urologi-

cal Association and the Practice Committee of the Ameri-

can Society for Reproductive Medicine (2006) comment

on the finding of significant numbers of leucocytes in a

urethral smear, first void urine (FVU) or semen as indica-

tive of a possible genital tract infection, but give no

information as to how it should be investigated further.

The only more specific advice is found in Dohle et al.

(2010) and is from an older reference of Taylor-Robinson

(1997) who states that despite modern DNA detection

techniques, the ideal diagnostic test for C. trachomatis in

semen has not yet been established.

Interestingly, in spite of the aforementioned UK guide-

lines, Sowerby & Parsons (2004) found that 53% of UK in

vitro fertilization (IVF) clinics neither screen the woman

nor give antibiotic prophylaxis and only 4% screen the

man. In the screening of sperm, egg and embryo donors,

recent guidance (Association of Biomedical Andrologists,

Association of Clinical Embryologists, British Andrology

Society, British Fertility Society, RCOG, 2008) has

suggested that all donors be screened for C. trachomatis

before and after donation, according to the strategy devel-

oped by the British Association for Sexual Health and HIV

(2006). However, what is not clear is how best to detect

C. trachomatis in men as many different methods have

been employed over the years. The aim of this review

was to attempt to assess the value of testing semen for

C. trachomatis in men of infertile couples.

Laboratory methods for detecting Chlamydia
trachomatis

A comparison of the different methodologies for detec-

tion of C. trachomatis is shown in Table 1 and the

strengths and weaknesses of each are discussed next.

Screening by cell culture

In the early days of C. trachomatis screening, the bacte-

rium was grown on cell monolayers inoculated with the

clinical specimen such as a urethral swab (Mardh et al.,

1980). However, with the introduction of non-invasive

samples such as urine, cell culture was too insensitive

(Taylor-Robinson & Thomas, 1991) and it was quickly

discovered that components of semen were toxic to the

growth and maintenance of the monolayer. One solution

to this toxicity problem was the dilution of the semen to

decrease the toxic effect, but this was achieved at the

expense of sensitivity to detect C. trachomatis (Tjiam

et al., 1987).

Other non-molecular methods

Other non-molecular methods include the detection of

C. trachomatis antigen by either enzyme immunoassay (EIA)

test or direct immuno-fluorescence (DIF). The method of

EIA was widely applied to the testing of semen and urine

(Wolff et al., 1994; Cengiz et al., 1997), but was found to

have poor overall sensitivity (Black, 1997) because of

cross-reactivity with antigens from staphylococci, Bactero-

ides species and Escherichia coli (Eggert-Kruse et al., 1995;

Ivanov et al., 2009). Using DIF, the visual identification

Table 1 A comparison of different methodologies for detection of Chlamydia trachomatis in clinical specimens

Sensitivity Specificity Ease of test Speed of test Cost

Culture +++ ++++ + + ++++

Enzyme immunoassay ++ ++ ++++ +++ ++

Direct immunofluorescence +++ +++ ++ ++++ ++

Electron microscopy + +++ + + ++++

Immunoperoxidase staining ⁄ in situ hybridization ++ +++ ++ + +++

Serological (serum ⁄ semen) usually IgG, IgA antibodies ++ ++ ++ ++ +++

NAATs, e.g. PCR, LCR, SDA, TMA, real-time PCR and multiplex PCR ++++ ++++ +++ ++ +++

NAAT, nucleic acid amplification testing; PCR, polymerase chain reaction; SDA, strand displacement amplification; TMA, transcription-mediated

amplification; Ig, immunoglobulin; + to ++++, low to high scores.
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of fluorescent elementary bodies (which are only just visi-

ble under light microscopy) in clinical samples is subject

to error and difficult to control for quality. Moreover, the

performance of the test is dependent on the number of

elementary bodies that are used to define a positive sam-

ple (Thomas et al., 1993). Interestingly, the incidence of

C. trachomatis in semen samples using DIF in two studies

was 21.7 and 41.6%, respectively (Jungwirth et al., 2003;

Veznik et al., 2004), highlighting the difficulty of applying

this test to screen clinical samples, rather than using it as

a confirmatory test (Ostergaard & Moller, 1995).

In a small number of studies, electron microscopy has

been used and this has shown a close association between

chlamydial elementary bodies and spermatozoa (Villegas

et al., 1991; Erbengi, 1993) and later studies appear to

suggest that C. trachomatis can be internalized by sperm

(Vigil et al., 2002; Gallegos-Avila et al., 2009). However,

whilst such results are of academic interest, the expense

and technical expertise required largely preclude its use in

routine diagnostic procedures. Finally, immunoperoxidase

(IP) staining allows for direct detection of chlamydial

antigen, usually in tissue specimens, and was used in a

single study to examine the semen of male sexual partners

of women with laparoscopic diagnosis of pelvic inflam-

matory disease or bacterial vaginosis (Toth et al., 2000).

Despite all 28 semen cultures (see before) for C. tracho-

matis being negative, there was an overall IP chlamydial

positivity rate of 36%.

Detection of Chlamydia trachomatis antibodies

The identification of chlamydial antibodies is clearly an indi-

rect approach to detect C. trachomatis in any clinical speci-

men. However, sadly, there is no single sensitive and specific

C. trachomatis antibody test that has been consistently used

to investigate chlamydial serology (Johnson & Horner,

2008). Amongst commercially available assays, there are

often variable sensitivity and specificity as there may be

cross-reactivity with Chlamydophila (Chlamydia) pneumo-

niae (Gijsen et al., 2001) – a common respiratory pathogen.

It is obvious therefore that there are several limitations with

the use of chlamydial serology (in whatever test specimen)

in general to detect the presence of C. trachomatis.

Until recently, there was no consensus on the detection

of chlamydial immunoglobulin (Ig)G and IgA in serum

and the presence of C. trachomatis in the male genital

tract. It was generally believed that detection of serum

IgG and IgA was of no diagnostic value in male infertility

(Wolff et al., 1994; Dieterle et al., 1995). Studies by

Radouani et al. (1996), Weidner et al. (1996) and Levy

et al. (1999) confirmed a lack of correlation between sero-

logical results and direct detection of C. trachomatis in

semen. However, three recent studies (Idahl et al., 2004,

2007; Joki-Korpela et al., 2009) have shown that the pres-

ence of C. trachomatis IgG and IgA antibodies in serum

from the male partner of an infertile couple was not only

correlated with pregnancy (as confirmed by routine ultra-

sound at gestation weeks 15–17) but also associated with

subtle negative changes in semen characteristics.

The role of chlamydial IgG and IgA antibodies in

semen and their relationship with semen quality are per-

haps more controversial. Many studies have shown no

association (Eggert-Kruse et al., 1997, 1998; Habermann

& Krause, 1999; Penna Videau et al., 2001; Liu & Zhu,

2003), whereas others studies have shown that there is

one (Wolff et al., 1991; Ochsendorf et al., 1999). A more

recent study also showed no relationship between past or

present C. trachomatis infection, defined by positive direct

and serological markers (in either serum and ⁄ or semen),

and quality of semen defined according to WHO parame-

ters (de Barbeyrac et al., 2006). However, a new, large

study which looked at C. trachomatis infection in young

prostatitis patients found a strong correlation between

mucosal anti-C. trachomatis IgA and sperm concentration,

sperm motility and normal morphology (Mazzoli et al.,

2010). Perhaps the fundamental problem is the presence

of chlamydial IgG or IgA antibodies in serum or semen

does not allow a distinction between past or present geni-

tal infection (Dieterle et al., 1995). Therefore, an appro-

priate current summary suggests that the determination

of C. trachomatis antibodies in serum or seminal plasma

seems to be of limited diagnostic value in male infertility

work-up (de Barbeyrac et al., 2006).

Molecular methods

Early methods to detect C. trachomatis DNA in clinical

specimens used in situ hybridization (ISH). In a study of

94 semen samples, C. trachomatis was detected in eight

(9%) cases (Yoshida et al., 1994). However, the technique

is not particularly sensitive and does not really lend itself

to a routine diagnostic application. Therefore, once

nucleic acid amplification testing (NAAT) became widely

available (see next), ISH was superseded.

A systematic review in 2002 established that both poly-

merase chain reaction (PCR) and ligase chain reaction

(LCR) showed better sensitivities than non-molecular

methods (Watson et al., 2002). The authors also con-

cluded that these NAATs used on non-invasive samples

such as urine were more effective in detecting asymptom-

atic chlamydial infection and that these tests performed

well in low prevalence populations. Skidmore et al.

(2006) document the two NAATs currently in widespread

use in the United Kingdom: the Becton Dickinson Probe-

Tec (Oxford, UK), which uses strand displacement ampli-

fication (SDA) technology (Spears et al., 1997), and the
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Roche Cobas Amplicor PCR (West Sussex, UK), which is

now being superseded by a real-time PCR method, the

Roche Cobas Taqman CT. A third NAAT currently avail-

able in the United Kingdom is transcription-mediated

amplification (TMA) by GenProbe (Manchester, UK)

(Pasternack et al., 1997). It is now generally accepted that

in C. trachomatis detection, NAATs have become the

method of choice (Hamdad & Orfila, 2005; Gaydos et al.,

2008), so much so that they must be used in the UK

national chlamydia screening programme (Department of

Health, 2003).

The first NAAT to be used successfully for the detection

of C. trachomatis in semen was PCR (Van den Brule et al.,

1993) using in-house methodology. This has been used

subsequently in a number of studies (Ochsendorf et al.,

1999; Hosseinzadeh et al., 2004; Gdoura et al., 2008). Since

then, PCR has been developed commercially and hence the

method is standardized, as for example, in the Roche

Cobas Amplicor PCR, which also has an in-built control

for specimen inhibitors (as LCR has; Hamdad-Daoudi

et al., 2004; de Barbeyrac et al., 2006). A more recent

development has been the introduction of real-time or

quantitative PCR, which allows detection of C. trachomatis

DNA copy numbers (Al-Mously et al., 2009). In the 1990s,

the LCR, which was a commercial system (Abbott), also

proved to be successful in detecting C. trachomatis in

semen (Eggert-Kruse et al., 1997, 2002a,b; Fujisawa et al.,

1999). However, LCR was recently discontinued and is no

longer available.

Choice of test specimen

First void or first catch urine (usually first 15–50 mL) has

been shown to be an acceptable specimen, for the detec-

tion of C. trachomatis genital infection in men, since the

early 1990s (Chernesky et al., 1990). Apart from the

above changes in methodology for improved C. trachoma-

tis detection in urine, other factors have emphasized the

advantages of using urine. It has been known for a while

that NAAT inhibitors can be present in many clinical

specimens, especially urethral swabs, although they are

quite rare in urine (Toye et al., 1998). Moreover, a recent

study has shown that there is no significant difference in

organism load between FVU and urethral swabs in men

when assessed by quantitative PCR (Michel et al., 2007).

Therefore, detection of C. trachomatis in urine is advanta-

geous as the sample is self-taken, non-invasive, produces

a high organism load and has a low incidence of NAAT

inhibitors. However, in an infertility setting, semen is a

readily available fluid and therefore we approached this

review by raising the question whether semen could be a

valid test specimen. We particularly wanted to study the

detection of C. trachomatis in patients who had provided

samples of urine and semen, so that a direct comparison

could be made between urine, which is the recommended

specimen, and semen. The decision to focus on this topic

was influenced by our own research findings (e.g. Eley

et al., 2005b) as well as the apparent lack of helpful

advice in the literature on whether and how to test semen

for C. trachomatis.

Materials and methods

A literature search was performed of the US National

Library of Medicine PubMed database using the key-

words: Chlamydia trachomatis AND male infertility (8

October 2009). This returned 322 publications that were

selected for further review if they met the following crite-

ria: (i) the study population comprised men undergoing

investigations for infertility; (ii) a urine specimen was

tested in parallel with a semen sample for C. trachomatis.

Studies were excluded if: (i) only serological tests (either

serum and ⁄ or semen) were performed; (ii) only semen or

urine samples were tested.

Briefly, the first reviewer (A. Eley) scanned the abstracts

and ⁄ or full papers using the criteria described before and

categorized them into two libraries: ‘papers for further

analysis’ and ‘papers not relevant’. A total of 14 papers

were selected for a detailed review and the second

reviewer (A. A. Pacey) assessed these papers for inclusion

in the study and confirmed those papers that were not

relevant.

Results

When details of the 14 studies (Table 2) were analysed, a

number of key features were observed. First, a majority of

papers were more than 5 years old and this has an obvi-

ous bearing on the results of new diagnostic developments

in the detection of C. trachomatis. Secondly, common

features of men patients were that their mean or median

ages were from 30 to 37 years. The median duration of

infertility for the couples, where reported, was about

4 years and sexual abstinence prior to testing (when

mentioned) was between 3 and 5 days (data not shown).

One important difference between the studies was that

in only four were there details of whether patients were

being investigated for primary or secondary infertility. In

those where details were included, the proportion of

patients with secondary infertility ranged from 21% to

49%. This may be of some relevance as it has been

reported that there is an increased risk of C. trachomatis

infection in patients with secondary infertility (Malik

et al., 2009).

A further difference in the studies was the lack of consis-

tency with regard to including men with azoospermia.

Some studies included these men (Bornman et al., 1998;
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Fujisawa et al., 1999; Gdoura et al., 2008), whereas in

others, they were excluded (Eggert-Kruse et al., 2002a,b;

de Barbeyrac et al., 2006) or not mentioned (Eggert-Kruse

et al., 1997; Ochsendorf et al., 1999; Bollmann et al., 2001;

Mania-Pramanik et al., 2001; Hamdad-Daoudi et al., 2004;

Kokab et al., 2010). In cases of obstructive azoospermia,

sexually transmitted disease-associated infections have been

considered a possible risk factor (Eggert-Kruse et al., 2003)

and hence large numbers of azoospermic patients in a study

could have a bias on the findings.

Finally, the majority of studies focused on only detect-

ing C. trachomatis, whereas in five studies (Eggert-Kruse

et al., 1997, 2002a,b; Rosemond et al., 2006; Gdoura

et al., 2008), other organisms leading up to a full micro-

biological screen were investigated. Apart from the disad-

vantages of workload and cost, full microbiological

screens are potentially useful as they shed light on possi-

ble interactions between organisms which may be of

interest in trying to determine pathogenesis.

Of the 14 studies identified as being suitable for inclu-

sion in the review (Table 2), three were omitted for

detailed analysis (i.e. Bollmann et al., 2001; Eggert-Kruse

et al., 2002a,b). In the case of Bollmann et al. (2001), no

details were provided as to the identity of patients posi-

tive for C. trachomatis in semen (3 ⁄ 77) and urine (3 ⁄ 66);

any comparisons therefore could not be made. However,

despite no statement made in the manuscript on whether

the urine was FVU, this was confirmed to have been first

catch urine (U. Gobel, personal communication).

Whereas, in the studies of Eggert-Kruse et al. (2002a,b),

despite the overall C. trachomatis prevalence given (1.0

and 1.9%, respectively), there was no breakdown of how

many individual semen and ⁄ or FVU samples were posi-

tive. When the remaining 11 studies were examined in

Table 2 Summary of studies on detection of Chlamydia trachomatis in urine and semen of infertile and subfertile men

Authors ⁄ date

Country

of study

Patients Methodology Semen Urine Semen + urine

Age (years)
Extraction

method Test

%

positive C I FVU

%

positive C I

%

positiveMean Median Range No.

Bollmann et al.,

2001

Germany NK 30 19–58 77 a LCR 3.89 x 0 4 4.54 x 0 NK

Bornman et al.,

1998

South Africa 33 NK 25–51 131 – EIA 26.71 De – 4f 25.19 D – 34.35

de Barbeyrac et al.,

2006

France 35 NK NK 260 b Amplicor 0.38 x 7 4 0.76 x 1 1.15

Eggert-Kruse et al.,

1997

Germany NK 33 21–53 150 a LCR 0.66 x NK 4 0 x NK 0.66

Eggert-Kruse et al.,

2002a

Germany NK 34 19–59 256 a LCR NK x NK 4 NK x NK 1.86

Eggert-Kruse et al.,

2002b

Germany NK 34 22–53 202 a LCR NK x NK 4 NK x NK 1.00

Eggert-Kruse et al.,

2003

Germany NK 33 NK 707 a LCR 0.70 X NK 4 1.55 X NK 1.83

Fujisawa et al.,

1999

Japan NK NK NK 98 a LCR 1.02 x NK 4 0 x NK 1.02

Gdoura et al.,

2008

Tunisia 37 NK 26–58 104 c In-house

PCR

42.30 x 0 4 39.42 x 0 43.26

Hamdad-Daoudi

et al., 2004

France NK 33 24–44 111 b Amplicor 2.70 S 8 4 5.40 S 4 6.30

Kokab et al., 2010 Iran 35 NK NK 255 NK SDA 7.05 S+D 0 4 3.52 S+D 0 7.05

Mania-Pramanik

et al., 2001

India 31 NK 25–38 15 – EIA 13.33 Dup – 4 33.33 Dup – 33.33

Ochsendorf et al.,

1999

Germany NK 33 25–55 125 d In-house

PCR

1.60 x NK 4 1.60 x NK 2.40

Rosemond et al., 2006 France NK NK NK 100 b Amplicor 1.0 X 9 4 0 X NK 1.0

LCR, ligase chain reaction; SDA, strand displacement amplification; Amplicor, Roche Cobas polymerase chain reaction (PCR); EIA, enzyme immu-

noassay; FVU, first void urine; C, confirmation (S, same test; D, different test; Dup, duplicate testing); I, inhibitors (number positive);

NK, not known; 4, correct; X, absent.
aHeating at 95–100 �C for 20 min; blysis buffer and heating at 90–95 �C for 10 min; ccetyltrimethylammonium bromide (CTAB) ⁄ phenol-

choloroform ⁄ isoamyl alchohol; dCelite and GIT (guanidinethiocyanate ⁄ Tris-HCl ⁄ EDTA ⁄ Triton-X) lysis buffer; e7 ⁄ 35 confirmed; furine collected at

least 2 h after previous micturition.
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more detail, it was clear that in all of them except that of

Ochsendorf et al. (1999), the numbers of samples positive

for C. trachomatis in semen were different from those

positive in FVU. On further examination of the work of

Ochsendorf et al. (1999), it was realized that the data

reported for the number of positive specimens in FVU

and semen were not from the same cohort, thereby not

allowing us to make the same comparison.

Table 2 shows that, of the 11 remaining studies, there

are some important variations between them with regard

to: (i) numbers of patients in the study; (ii) the categori-

zation of patients; (iii) the geographical location of stud-

ies; and (iv) the diagnostic test used. Briefly, with the

exceptions of the very small study of Mania-Pramanik

et al. (2001) which examined only 15 men and the large

study of Eggert-Kruse et al. (2003) which examined 707

men, all other studies looked at relatively modest size

patient groups (i.e. between 98 and 260 men). Perhaps a

more obvious difference between the studies was the cate-

gorization of patients, who are documented as either (i)

infertile men; (ii) infertile couples; or (iii) subfertile cou-

ples (data not shown). However, it is not clear how these

categories were defined and whether they represent simi-

lar or dissimilar subjects. With regard to the geographical

location of the 11 studies, it is interesting that there is lit-

tle difference in the proportion of C. trachomatis-infected

individuals throughout northern Europe, Iran and Japan

(combined semen ⁄ FVU mean of 2.7%), but much higher

incidence of C. trachomatis infection is seen in Tunisia

(combined semen ⁄ FVU of 43%), South Africa (combined

semen ⁄ FVU of 34%) and India (combined semen ⁄ FVU

of 33%). This may be in part related to the method of

detection used. The oldest method used in these 11 stud-

ies was EIA (Bornman et al., 1998; Mania-Pramanik et al.,

2001), which is known to have lower specificity and sensi-

tivity than NAATs (Black, 1997). However, even the

majority of the NAATs used here were by today’s stan-

dards quite outdated. In the NAAT studies, commercial

test systems were used in all but two (i.e. Ochsendorf

et al., 1999 and Gdoura et al., 2008 who used an in-house

PCR system) and interestingly, in some of these studies,

no C. trachomatis was detected and the overall prevalence

was consistently low (Eggert-Kruse et al., 1997; Fujisawa

et al., 1999; Rosemond et al., 2006). It should also be

noted that in-house PCR is often not a standardized

method as in commercial systems, where there are inter-

nal controls for extraction and amplification and this has

a direct bearing on comparability of test results.

When the incidence of C. trachomatis infection in the

semen and urine samples of the 11 papers was examined

in more detail (Table 3), we observed that in 56% of

patients, C. trachomatis could be detected in both semen

and FVU, whereas 20% of patients were positive only in

FVU and 23% of patients positive only in semen. This

clearly emphasizes that a large number of C. trachomatis

infections in these patients would remain undetected if

semen samples were not tested.

Discussion

To date, it has generally been considered that a sample of

urine from a man is a suitable specimen for determining

whether or not he currently has C. trachomatis infection

of the urethra (Wisniewski et al., 2008). However, an

obvious alternative test specimen to consider in an infer-

tility setting is semen, as this is already available when the

patient has a semen analysis. Moreover, the analysis of

semen may provide additional information about whether

there is a chlamydial infection of the testicles and epidid-

ymis. It has been recorded how transmission of C. tracho-

matis by donor insemination is possible (Nagel et al.,

1986; Van den Brule et al., 1993) and we are aware of the

fact that this organism has the ability to adhere to sperm

(Wolner-Hanssen & Mardh, 1984) and is not always

removed from sperm by density centrifugation prior to

intrauterine insemination (IUI) or IVF ⁄ intracytoplasmic

sperm injection (ICSI) (Al-Mously et al., 2009). Sperm–

chlamydia interaction may be an unrecognized cause of

fertilization failure during IVF (Pacey & Eley, 2004), and

therefore supports the argument that testing semen for

C. trachomatis may be of value in some settings.

If we accept the argument that testing of semen for

C. trachomatis may provide additional information on the

chlamydial status of the man, we need to know how best

to perform such a test. However, it is clear from the

literature that there is no approved methodology for

testing of semen for C. trachomatis (Chernesky, 2005;

Peeling & Embree, 2005). All that can be recommended is

Table 3 Summary of results of semen and urine testing for Chla-

mydia trachomatis in the 11 selected papers

Authors ⁄ date

Semen ⁄ FVU samples

+ ⁄ + ) ⁄ ) + ⁄ ) ) ⁄ +

Bornman et al., 1998 23 86 12 10

de Barbeyrac et al., 2006 0 257 1 2

Eggert-Kruse et al., 1997 0 149 1 0

Eggert-Kruse et al., 2003 3 694 2 8

Fujisawa et al., 1999 0 97 1 0

Gdoura et al., 2008 40 59 4 1

Hamdad-Daoudi et al., 2004 2 104 1 4

Kokab et al., 2010 9 237 9 0

Mania-Pramanik et al., 2001 2 10 0 3

Ochsendorf et al., 1999 1 122 1 1

Rosemond et al., 2006 0 99 1 0

Total (% positive) 80 (56) 1914 (0) 33 (23) 29 (20)

FVU, first void urine.
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that validated methods are used. However, this is not

very helpful to the practitioner as there are many factors

that need to be considered in the validation of a diagnos-

tic method. Ideally, it would be best to use a commercial

system so that the same methodology is universally

adopted. During the development of NAATs, the first

test used to detect C. trachomatis in clinical samples was

in-house PCR, and after a period of time, so many varia-

tions existed that it became difficult to make comparisons

between them. A particular problem with in-house PCR

is that there is a wide variation in results as typified by

the two studies used in this review (Ochsendorf et al.,

1999; Gdoura et al., 2008). The current commercial meth-

ods in use in the United Kingdom for routine detection

of C. trachomatis include real-time PCR, SDA and TMA.

However, these methods have rarely been applied to

the detection of C. trachomatis in semen and therefore

initially, there need to be studies that make comparisons

between tests and test specimens to determine which

performs better. This should include an assessment of

best methods for DNA and ⁄ or RNA extraction, as, in

commercial systems, the technical details of how this is

done are often undisclosed.

An important consideration in selecting semen as a

test specimen, if NAAT testing is used, is that it is

already known that there are more NAAT inhibitors in

semen than in urine (Hamdad-Daoudi et al., 2004; de

Barbeyrac et al., 2006). In one detailed study (which was

not included in this search; Pannekoek et al., 2003),

experiments showed low sensitivity of LCR in the detec-

tion of C. trachomatis from semen when compared with

urine. This could have been because of the presence of

inhibitory components in semen that might have inter-

fered with the LCR and was supported by the observa-

tion that none of the 19 C. trachomatis-spiked samples

from donors tested positive by LCR. In comparison,

when in-house PCR was used on the same spiked sam-

ples, C. trachomatis was detected in all of them. Further

experiments showed that DNA extracted from specimens

prior to testing by LCR greatly improved the detection

rate with 11 of the 19 C. trachomatis-spiked samples

becoming positive. This confirms the importance of

DNA extraction, as mentioned before, in improving the

performance of C. trachomatis detection in a commercial

testing system.

Therefore, it is essential that in every NAAT of semen,

there is an in-built inhibitor control. Methods such as

SDA incorporate such an internal standard (Skidmore

et al., 2006), but very few of the studies in Table 2 com-

mented on the presence of NAAT inhibitors. In those that

did, more inhibitors in semen than FVU were recorded.

In addition to the issue of NAAT inhibitors, it is impor-

tant to note that a significant proportion of men with

an infection of the upper genital tract will be asymptom-

atic and hence there may be fewer bacteria to detect

(Witkin, 2002). Therefore, test sensitivity will be of addi-

tional importance if semen is used as the test specimen.

Unfortunately, for whatever reason, we know that there

have been very large differences in the chlamydial positiv-

ity rate detected in semen from infertile men: typically

ranging from between 1% and 5% (Hamdad-Daoudi

et al., 2004; Hosseinzadeh et al., 2004) to as high as

39–42% (Witkin et al., 1993; Gdoura et al., 2008). These

differences are difficult to understand, although variations

in test methodology may be the most important factors

to consider. In a study where specimens of semen from

the same patients were assessed with two different NAAT

methods (Pannekoek et al., 2000), there were very marked

differences in the results.

Since the introduction of NAATs in the detection of

C. trachomatis, much discussion has taken place on how

to evaluate a new highly sensitive test when compared

with a less sensitive, older test (McAdam, 2000). One of

the ways to address this has been the introduction of a

minimum testing algorithm (Skidmore et al., 2006). Such

an algorithm recommends that every positive test be con-

firmed either by repeat on an original specimen where

available, or by repeating an original extract from the first

test. In a majority of the studies in this review (Table 2),

no confirmatory tests were performed except in the case

of Bornman et al. (1998), Hamdad-Daoudi et al. (2004)

and Kokab et al. (2010) who confirmed their results with

either the same or a different test, respectively and

Mania-Pramanik et al. (2001) who confirmed their testing

on duplicate samples. Future studies on NAATs for

semen should incorporate the guidelines of the minimum

testing algorithm. Moreover, with the recent introduction

of a new variant C. trachomatis strain (Alexander & Ison,

2008), it is important that any testing platform is able to

detect this new strain.

From a practical standpoint, if it is accepted that com-

mercial NAAT methods are the most appropriate ones to

use to detect C. trachomatis in semen, it is necessary to

consider the process of sample collection, transport and

storage of the specimen. WHO (1999) recommends an

abstinence period of 2–7 days for semen analysis, but it is

not clear if this would be appropriate for the diagnosis of

C. trachomatis infection. A fundamental difficulty with

testing of semen for C. trachomatis is the possibility that

during ejaculation, semen may become contaminated

with elementary bodies in the urethra (Ochsendorf et al.,

1999). This further complicates any comparison between

testing of semen and urine. However, once the optimal

methodology for specimen collection and transport has

been determined, it would be advantageous to measure

the chlamydial load in semen and this could be related to
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other such studies of urine (Michel et al., 2007). This

would provide useful information in longer-term investi-

gations to measure the duration of both symptomatic and

asymptomatic chlamydial infections of the upper genital

tract, as there are few data on the duration of chlamydial

infection in men (Golden et al., 2000). Using a recom-

mended and universally accepted NAAT method for

detecting C. trachomatis in semen would also allow for

studies to be conducted on the relevance of chlamydial

seminal IgA, given the current difficulties in interpreting

the studies.

Data from this review suggest that testing semen for

C. trachomatis, which should result in more antibiotic

treatment, could be related to a better clinical outcome in

terms of semen quality and pregnancy rates. To our

knowledge, there have been few studies performed to pro-

vide us with the necessary evidence. However, recent pub-

lications do support this concept. Epidemiological data

showed that men with a history of penile discharge, pain-

ful micturition and genital ulcers who did not seek ade-

quate treatment for these symptoms were more likely to

be infertile than men without the symptoms or men who

were adequately treated (Okonofua et al., 2005). In a

study by Idahl et al. (2007), C. trachomatis in the man

reduced the chance of the couple achieving pregnancy. In

the absence of randomized controlled trials, it could not

be concluded whether or not treatment with antibiotics

would increase the likelihood of conceiving spontane-

ously. However, the authors hypothesized that such treat-

ment may inherently improve the fecundity of the man.

Finally, in a study by Gallegos et al. (2008), they showed

that antibiotic therapy was successful in decreasing the

percentage of spermatozoa with C. trachomatis-induced

fragmented DNA and in a small group of patients, it was

found to improve pregnancy rates.

Conclusion

It is clear from this review that there are only dated and

relatively small, comparative studies on the detection of

C. trachomatis in semen and urine. Therefore, it has been

impossible to answer the question whether or not urine

or semen is the best specimen for testing of men of infer-

tile couples for C. trachomatis. However, from the limited

data presented in Tables 2 and 3, it is clear that a signifi-

cant number of C. trachomatis infections will be missed if

urine is the only test specimen and semen is not tested as

well. When the data for Tables 2 and 3 were collected,

statistical advice was sought to see if a meta-analysis

could be performed. However, it was concluded that this

could not be performed. Nevertheless, it is clear that: (i)

study-specific methodology affects the detection of C. tra-

chomatis and (ii) the results of the two test specimens are

not 100% concordant. The deviation from concordance

might suggest that the tests on semen detect infections

that tests on urine cannot detect. However, this pattern

of data is also consistent with a low but non-zero error

rate in both tests (semen and urine). A combination of

the two factors is also plausible. Therefore, to conclude

that testing semen gives added value could only be for-

mally assessed when the sensitivity and specificity of each

test are precisely evaluated and to date this has not been

done. Further studies are needed to compare the use of

urine and semen to diagnose C. trachomatis infection. To

assist the design of these studies, we make a number of

recommendations (Table 4).
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