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STUDY QUESTION: Are the European Association of Urology (EAU) guidelines for performing semen culture accurate enough for
detecting a positive semen culture in Caucasian-European infertile men?

SUMMARY ANSWER: The majority (80%) of asymptomatic infertile men with a positive sperm culture may miss a proper diagnostic
assessment when relying on EAU guidelines; no single parameter can assist in medical decision-making.

WHAT IS KNOWN ALREADY: The EAU guidelines suggest performing semen culture in case of increased leukocytes in semen (>106

peroxidase positive white blood cells/ml, i.e. leukocytospermia).

STUDY DESIGN, SIZE, DURATION: A cross-sectional validation study including 523 infertile men was carried out during 2010–2018.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Infertile men who were asymptomatic for genital infections were enrolled at a
single academic center, and a semen culture was obtained in every case. A concentration of >103 cfu/ml urinary tract pathogens in the ejacu-
late was considered indicative of significant bacteriospermia. Semen analysis values were assessed on the basis of 2010 World Health
Organization reference criteria. EAU guidelines for semen culture were used to predict positive semen culture in our cohort and thus vali-
dated. Moreover, we tested the predictive performance and accuracy of several clinical parameters and compared them to EAU guidelines.

MAIN RESULTS AND THE ROLE OF CHANCE: A positive semen culture was found in 54 men (10%). The application of EAU guide-
lines would have missed 43 out of 54 (80%) positive semen cultures with 120/131 (92%) useless examinations. EAU guidelines specificity,
sensitivity and discrimination were 74%, 20% and 47%, respectively. When trying to improve positive semen culture prediction, we were
unable to find any informative baseline parameter except for serum neutrophil-to-lymphocyte ratio (odds ratio 1.70 (95% CI 1.04–2.77)),
although without any improvement in terms of discrimination (P¼ 0.10).

LIMITATIONS, REASONS FOR CAUTION: The study was limited by the lack of a control group of fertile men its retrospective na-
ture. Moreover, monoclonal antibodies were not used for leukocyte assessment.

WIDER IMPLICATIONS OF THE FINDINGS: Since it is not possible to identify infertile men at risk of semen infection, further studies
are needed to tailor the execution of semen culture.
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..Introduction
The assessment of the infertile male is a complex diagnostic process re-
quiring multidisciplinary competence, ranging from endocrinology and
urology to genetics (Practice Committee of the American Society for
Reproductive Medicine, 2015; Hwang et al., 2018; Jungwirtht et al.,
2018). Though international guidelines (Practice Committee of the
American Society for Reproductive Medicine, 2015; Hwang et al., 2018;
Jungwirtht et al., 2018) assist this process, we are still far from having
standardized and thoroughly evidence-based criteria for the evaluation
of the infertile male. Recently, it has been shown that it is possible to
achieve better precision during the diagnostic work-up in terms of both
genetics and endocrine assessment (Ventimiglia et al., 2016a,b, 2017).
This is not of limited importance, since more precision directly trans-
lates into a reduced rate of misdiagnosis, lower anxiety related to un-
necessary diagnostics, more efficient result allocation and, ultimately,
fewer idiopathic cases (Ventimiglia et al., 2016b; Verkuijlen et al., 2016).

In this regard, it is not yet clear which infertile patients benefit the
most from a semen culture assessment. The European Association of
Urology (EAU) guidelines recommend performing a semen culture
when there is >106 peroxidase-positive white blood cells per milliliter
of ejaculate (a condition known as leukocytospermia), an indicator of
active inflammation (Jungwirtht et al., 2018). However, to the best of
our current knowledge, this recommendation has never been vali-
dated. For these reasons, we sought to validate retrospectively the
EAU guidelines in terms of semen culture in infertile men, seeking pos-
sible improvements of the predictive capability.

Materials and methods

Study population
The analyses included a homogeneous cohort of 523 White European
men belonging to primary infertile couples assessed between 2010 and
2018 at a single academic center. Approval was given by the local
Ethical Committee and written informed consent was obtained from
each patient. Two semen samples were analyzed for every patient and

evaluated according to the 2010 World Health Organization (WHO)
guidelines. Male factor infertility (MFI) was defined and identified as at
least one abnormal sperm parameter value in at least two consecutive
semen analyses and after a comprehensive gynecological evaluation of
the female partners.

Diagnostic work-up
A detailed patient history and physical examination were obtained for
every patient. Comorbidities were scored with the Charlson
Comorbidity Index (CCI), as previously described in infertile men
(Ventimiglia et al., 2015). Further work-up included hormonal assess-
ment (including, total testosterone and FSH), semen analyses (detailing
sperm leukocyte concentration, peroxidase test (Ricci et al., 2000))
and semen culture. Semen analyses were performed in accordance
with the WHO laboratory manual for the Examination and processing
of human semen (Fifth edition) (World Health Organisation, 2010).
The SEMinal QUAlity studies (SEMQUA) checklist was followed to im-
prove accuracy and transparency of the study. Both an internal and ex-
ternal quality control program, according to the European Society of
Human Reproduction and Embryology (ESHRE) guidelines, has been
established in the laboratory in order to control for random and sys-
tematic errors and interlaboratory differences (Sánchez-Pozo et al.,
2012). All the laboratory personnel were trained according to the
SEMinal QUAlity studies Special Interest Group in Andrology Basic
Semen Analysis Course (Sánchez-Pozo et al., 2012). According to our
internal diagnostic work-up, semen culture was performed for every
man after exclusion of clinically evident urethritis and bladder infection.
Real-time PCR was used to identify Chlamydia trachomatis and
Ureaplasma urealyticum in the semen (NIMBUS, Seegene, South
Korea). A concentration of >103 cfu/ml urinary tract pathogens in the
ejaculate was considered indicative of significant bacteriospermia.

Statistical analyses
Statistical analyses consisted of several steps. First, we assessed the
prevalence of leukocytospermia and positive semen culture in our co-
hort. Second, we retrospectively validated the predictive performance

WHAT DOES THIS MEAN FOR PATIENTS?
The presence of bacteria in the semen of infertile men has been linked to poor sperm quality and quantity, and infections of the male uro-
genital tract may be curable causes of male infertility.

Current guidelines (which have not been fully validated by researchers) recommend measuring bacteria in a semen sample when there
are more than a million leukocytes (white blood cells of the immune system that help to fight infection) per milliliter of ejaculate: a condi-
tion known as leukocytospermia. This approach is based on the idea that a bacterial infection would trigger an inflammatory response, eas-
ily identified by an increase in the number of leukocytes in semen.

We set out to validate these guidelines in infertile men by using semen culture, also seeking possible improvements in the ability to pre-
dict which infertile men have a bacterial infection.

This is important because more accurate tests will mean a reduced rate of misdiagnosis, lower anxiety for patients if unnecessary tests
can be avoided, and it will help to identify those infertile patients who will benefit most from a semen culture assessment.

The results of the study, which included 523 White European men from infertile couples, showed that high levels of leukocytes in semen
did not always predict a bacterial infection. In fact following the current guidelines in our study would have led to us miss 80% of the
infected semen cultures and perform 120 examinations that would not have helped the patient.

We have therefore shown that the current criteria do not appear to be reliable, and there is a need for further research to improve the
criteria for testing as well as the methods used.

2 Ventimiglia et al.
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.
of EAU guidelines in terms of positive semen culture, estimating their
sensitivity, specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and discrimination. Third, we graphically explored the
association between continuous values of semen leukocyte concentra-
tion and the multivariable probability (adjusted for age, BMI, CCI and
sperm concentration) of positive semen cultures by the using a locally
weighted scatterplot-smoothing approach in order to detect a possible
non-linear relationship. Fourth, we developed a logistic regression-
based model in order to predict positive semen culture according to
age, BMI, CCI, patient sperm concentration and neutrophil-to-
lymphocyte ratio (NLR). Eventually, decision curve analysis (DCA)
(Van Calster et al., 2018) was used to determine the clinical net-
benefit of the EAU guidelines, leukocyte concentration and the pro-
posed predictive model. All statistical tests were two-sided with a sig-
nificance value set a 0.05. The analyses were conducted using R: A
language and environment for statistical computing (R Foundation for
Statistical Computing, Vienna, Austria).

Results
Table I details descriptive statistics of the whole cohort of patients.
Overall, isolated MFI and mixed infertility were observed in 354 (68%)
and 169 (32%) men, respectively. A positive semen culture was found
in 54 (10%) patients, whereas 131 (25%) men had leukocytospermia
at semen analysis. The pathogen U. urealyticum was found more often
(n¼ 16, 30%) than C. trachomatis (n¼ 4, 7%). No significant difference
in the proportion of men with leukocytospermia was found between
men with positive and negative semen cultures (11/54 (21%) vs 120/
469 (26%), respectively, P¼ 0.55 v2 test).

The strict application of EAU guidelines to our population would
have missed 43 out of 54 (80%) positive semen cultures, representing
120/131 (92%) useless examinations. Overall, EAU guideline specific-
ity, sensitivity, PPV and NPV were 74%, 20%, 8% and 89%, respec-
tively (Fig. 1A). EAU guidelines discrimination was 47%.

Semen leukocyte concentration was not associated with positive se-
men culture (adjusted odds ratio (OR) (95% CI): 0.99 (0.97� 1.01));
this lack of association was observed for all the leukocyte thresholds
studied (Fig. 1B). When we tried to predict the presence of a positive
semen culture by the application of the aforementioned logistic regres-
sion model, we were not able to find any informative baseline parame-
ter except for serum NLR (OR 1.70 (1.04–2.77)). The discrimination
of this logistic regression model was 59%, not significantly different
from EAU guidelines (P¼ 0.10 at DeLong’s test). DCA showed that
EAU guidelines and continuously coded semen leukocyte concentra-
tion had a non-superior net benefit in terms of diagnosing positive se-
men cultures compared with either ‘screen-all’ or ‘screen-none’
strategies (Fig. 1C); moreover, the logistic regression model including
NLR was only marginally superior to EAU guidelines in terms of net-
benefit (Fig. 1C).

Discussion
In this study, we have assessed and reported the prevalence of both
leukocytospermia (25%) and positive semen culture (10%) in a homo-
geneous large cohort of White European men presenting for primary

couple’s infertility at a single academic institution. Leukocytospermia
did not emerge as an informative predictive factor of positive semen
culture. Therefore, the hypothetical application of EAU guidelines in
our cohort would have led both to missing 43/54 (80%) of positive
semen cultures and performing 120/131 (92%) useless examinations.
Moreover, none of the evaluated parameters (namely age, BMI, CCI
and sperm concentration) could properly identify men at risk of having
a positive semen culture.

The diagnostic work-up in the infertile male may be a challenging
process. Though several improvements have been reported in recent
years (Tournaye et al., 2016), the way we assess and treat infertile
couples still remains unsatisfactory in a relevant proportion of cases
(Olesen et al., 2017). During this process, it is not clear when a semen
culture should be performed and who should be the most appropriate
candidate for this examination, especially among asymptomatic men.
EAU guidelines recommend the performing semen culture in men with
leukocytospermia (Jungwirtht et al., 2018), whereas the American
Society for Reproductive Medicine recommendations do not provide
specific statements in this regard (Practice Committee of the
American Society for Reproductive Medicine, 2015; Hwang et al.,
2018). In this context, the EAU findings are based on the pathophysio-
logical concept that a bacterial infection would trigger an inflammatory
response, easily documented by an increase in semen leukocyte con-
centration (Jue and Ramasamy, 2017). However, this concept has
never been systematically validated. The rationale for the identification
of semen pathogens in asymptomatic infertile men is not fully clear.
There are claims stating that infections of the male urogenital tract are
potentially curable causes of male infertility (Liu et al., 2002; Sanocka
et al., 2004). Semen pathogens have been associated with decreased
sperm concentration and progressive motility, lower chromatin con-
densation and a higher rate of protamine1/protamine2 ratio abnor-
malities (Zeyad et al., 2018). In the clinical setting, asymptomatic C.
trachomatis infection is found to be more common in infertile men
than in fertile controls, and subsequent antibiotic treatment is associ-
ated with improved semen parameters and reduced levels of reactive
oxygen species in the infertile cohort (Ahmadi et al., 2018b). Similar
results are observed in asymptomatic infertile men with evidence of
seminal Mycoplasma genitalium (Ahmadi et al., 2018a). Such results
would suggest the systematic screening for, and treating, asymptomatic
semen pathogens; however, it should be noted that these studies have
not been replicated, and provide rather poor evidence. Moreover, the
possible detrimental impact on reproduction owing to extensive antibi-
otic use in asymptomatic infertile men should be taken into account,
both in terms of negative effects on semen parameters values and the
increased risk of inoculating the female partner’s reproductive tract
with antibiotic-resistant bacteria (Schlegel et al., 1991; Liversedge et al.,
1996).

The setting where a semen culture is obtained might influence its
results, mainly because of possible contamination. The WHO guide-
lines recommend washing the hands and penis with soap in order to
reduce the risk of contamination of the specimen with commensal
organisms from the skin (World Health Organisation, 2010); this user-
friendly recommendation was always used in our study for obtaining
semen samples. This procedure has been questioned by Kim and
Goldstein (Kim and Goldstein, 1999), who showed that an antibacte-
rial skin preparation consisting of a shower followed by perineal, penile
and hand washing with 4% chlorhexidine and 10% povidone-iodine

Assessing guidelines for semen culture 3



..

..

..

..

..

..

..

..

..

..

..

..

..

.
was less frequently associated with semen cultures harboring enteric
organisms. Unfortunately, this promising approach was never adopted
by other groups and therefore we lack further corroborating data. We
also tried to restrict our analyses to non-enteric organisms, and our
results remained substantially unchanged (data not shown).

Our study is not devoid of limitations. First, the aforementioned
lack of an antibacterial skin preparation might have inflated the propor-
tion of men with positive semen culture due to contamination; how-
ever, this kind of preparation is not currently recommended by

international guidelines, and therefore is not easily implementable out-
side the research setting. Second, several lifestyle factors (Saleh et al.,
2002; Maneesh et al., 2006; Cocuzza et al., 2008), could be implicated
in increasing the semen leukocyte concentration, thus contributing to
possible unmeasured confounding. Third, more accurate methodology
for sperm leukocyte assessment has been reported combining flow cy-
tometry and monoclonal antibodies (anti-CD45, anti-CD53), possibly
providing more informative insights (Ricci et al., 2000). The lack of cer-
tified and unquestionable modifiers of semen leukocyte concentration

............................................................................................................................................................................................................................

Table I. Descriptive characteristics of the study population of infertile men.

Positive semen culture Negative semen culture Overall
n 5 54 n 5 469 n 5 523

Age (years)

Median (IQR) 38 (33–42) 36 (34–40) 37 (34–40)

BMI (kg/m2)

Median (IQR) 25 (24–28) 25 (23–27) 25 (23–27)

BMI (kg/m2)

<25 27 (50) 234 (50) 261 (50)

25–29.9 18 (33) 195 (42) 213 (41)

>30 9 (17) 40 (9) 49 (9)

CCI, n (%)

0 52 (96) 441 (94) 493 (94)

1 0 (0) 18 (4) 18 (3)

2þ 2 (4) 10 (2) 12 (2)

Mean testicular volume (Prader)

Median (IQR) 15 (12–25) 18 (14–20) 18 (14–23)

Infertility type, n (%)

Primary 48 (89) 410 (87) 458 (88)

Secondary 6 (11) 59 (13) 65 (12)

Infertility factor, n (%)

MFI 36 (67) 318 (68) 354 (68)

Mixed 18 (33) 151 (32) 169 (32)

Total testosterone (ng/ml)

Median (IQR) 4.2 (3.0–5.6) 4.7 (3.6–5.9) 4.7 (3.5–5.9)

FSH (mU/ml)

Median (IQR) 5.5 (3.1–9.3) 4.3 (2.9–7.8) 4.4 (2.9–8.0)

NLR

Median (IQR) 1.84 (1.51–2.35) 1.58 (1.27–2.06) 1.59 (1.28–2.08)

Sperm concentration (106/ml)

Median (IQR) 19 (4–45) 20 (4–48) 19 (4–48)

Azoospermia, n (%)

No 48 (89) 432 (92) 480 (92)

Yes 6 (11) 37 (8) 43 (8)

Semen leukocytes (106/ml)

Median (IQR) 299 (69–900) 400 (120–1000) 400 (112–997)

Leukocytospermia, n (%)

No 43 (80) 349 (74) 392 (75)

Yes 11 (20) 120 (26) 131 (25)

CCI, Charlson Comorbidity Index; IQR, interquartile range; MFI, male factor infertility; mixed, infertility with a mixed male-female factor; NLR, neutrophil-to-lymphocyte ratio.

4 Ventimiglia et al.
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..prevents not only us, but every researcher working in the field, from
disentangling this issue. Unfortunately, if this study suggests that the
way international guidelines currently recommend us to perform a se-
men culture during MFI work-up is not satisfying, we have not been
able to suggest a better diagnostic algorithm owing to the lack of infor-
mative predictors. However, the introduction of sperm DNA fragmen-
tation analysis as well as other proxy markers in the clinic might
provide useful insights in this regard (Pratap et al., 2019). More specifi-
cally, analysis of the direct detrimental effects produced by pathogens,
rather than its epiphenomenon (i.e. leukocytospermia), might turn out
to be more clinically manifest. Until sound and consistent studies finally
solve this intricate issue, we will lack the evidence-based common
ground to rely on when selecting the best candidate for semen culture
in our daily clinical practice.

Conclusion
The vast majority (80%) of asymptomatic infertile men with a positive
sperm culture may not have a proper diagnostic assessment when re-
lying on EAU guidelines. No single baseline parameter was found to
assist with medical decision-making to improve diagnostic accuracy.
We believe that further studies are needed to identify the most appro-
priate patients for sperm culture.
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