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Is semen polymorphonuclear leucocytes count a good
predictor of male genital tract infection?

Lihang Chen?, vwp, Su Ling Yu?, rFrcoa, Hemashree Rajesh?, mrcoa

INTRODUCTION This study aims to evaluate whether an increased polymorphonuclear leucocyte (PMN) count in
semen is a good predictor of male genital tract infection, which is detected by semen culture.

METHODS A retrospective cross-sectional study examining the semen of 388 men was conducted at the in vitro
fertilisation centre of a tertiary hospital. We compared the culture results of 109 men with increased semen PMN count

against those of 279 men with normal semen PMN count.

RESULTS There was no significant difference in the percentage of positive cultures between men with increased
PMN count in their semen and those without PMN count elevation (original sensitivity 20.8%, specificity 70.3%;
p = 0.1289). The overall percentage of positive semen cultures among all 388 patients was 18.6%.

CONCLUSION Based on the positive cultures of significant organisms in the semen of our cohort, an increased
semen PMN count is not a good predictor of genital tract infection in men.
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INTRODUCTION

An increased polymorphonuclear leucocyte (PMN) count
in semen has long been associated with male genital tract
infections such as urethral, epididymis and prostate infections.
The 2010 World Health Organization (WHO) laboratory manual
for the examination and processing of human semen lists the
threshold for normal semen analysis as less than 1.0 x 10°
peroxidase-positive cells (i.e. PMN)/mL." Leucocytospermia
often indicates an inflammatory condition, and is associated
with possible infection and poor sperm activity. Bezold et al?
have concluded that bacteriospermia, especially in sexually
transmitted diseases, is a likely cause of male infertility and
may jeopardise the pregnancy rate for in vitro fertilisation (IVF).
Therefore, the detection of bacteriospermia is of high importance.
Cumming and Carrell have concluded that it is more cost-
effective and prudent to first perform reflexive culture for
leucocytospermic patients before proceeding with IVF.?®)
However, Lackner et al has shown that an increased PMN has
low sensitivity and specificity in predicting bacteria in semen.”
One study has also demonstrated a 50% false positive rate in
culture due to contamination during semen collection.® Thus,
although it is common practice to order semen culture when
PMN is increased, leucocytospermia is a poor marker for
bacteriospermia or impaired semen quality. Directly detecting
bacteria in semen is not feasible since it requires a Gram stain,
which is not commonly used in semen analysis,"” and has a high
false negative rate. Cross-sectional studies by Lackner et al®
and Gdoura et al” have also compared the culture positivity
of the semen of patients with and without leucocytospermia.
Since there has been no published studies on the Singapore
population so far, we aimed to determine whether an increased

PMN count in semen is a good predictor of the presence of
male genital tract infection, which is detected by semen culture.

METHODS
Between January 2005 and February 2011, we conducted
a retrospective evaluation of a total of 388 men (aged 20-50
years) who had undergone semen analysis at the Centre for
Assisted Reproduction (CARE) in Singapore General Hospital,
Singapore. It is the practice of the hospital to order a semen
culture for every man prior to IVF. Men with a sperm concentration
< 5 million/mL were excluded from the study. Of the 388 men,
109 had increased PMN count and 279 had normal PMN count.
All semen was collected by masturbation, after ejaculation
of old sperm and abstinence for at least three days. Semen
samples were collected under standard instructions — the penis
was to be washed and dried thoroughly before the collection
of semen in a sterile container. Specimens were sent to the
laboratory within an hour of collection and analysed according
to the 1999 WHO laboratory manual.® PMN count was
analysed using peroxidase staining with benzidine dye at the
CARE laboratory. This test is useful for the initial screening for
granulocytes, as granulocytes characteristically express the
peroxidase enzyme. Well-prepared samples were mixed
with a working solution before being vortexed and incubated
for 20-30 minutes for staining. Counting of the cells and
conversion into standard units were done using computer-aided
sperm analysis. This analysis is able to easily distinguish PMN
from other multinuclear components (e.g. spermatids) in the
semen specimen. Measurement of sperm concentration and
differentiation of spermatozoa from particulate debris were also
done using computer-aided sperm analysis. The cutoff value for
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Table I. Semen PMN and culture results before and after adjustment for contamination.

Semen analysis Culture before adjustment

Culture after adjustment

Positive® Negative Total Positive* Negative Total
Positive PMN* 18 91 109 15 94 109
Negative PMN 68 211 279 57 222 279
Total 86 302 388 72 316 388

Data is presented as number of patients. *Positive PMN is defined as > 1.0 x 106 PMN/mL of semen. 'Positive culture indicates detection of microorganism
in patient’s semen sample, values also include PCR-positive patients. fPositive culture indicates detection of pathogenic microorganism in patient’s

semen sample. PMN: polymorphonuclear leucocyte

PMN used in our pathology lab is 1.0 x 10° PMN/mL, which is
the value suggested in the 1999 WHO laboratory manual.®

Using freshly prepared blood agar and chocolate agar with
1% isovitalex, semen samples were cultured to detect aerobic
and anaerobic bacterial species by incubation for 48 hours
in 5% CO; in air at 37°C. In addition to Gram-staining and
microscopic inspection of the isolated colonies, the bacterial
species were identified using the computerised OmnilLog
Combo system (Biolog Inc, California, USA) in the pathology
department of Singapore General Hospital, Singapore.
All the semen samples were analysed for the presence of
Ureaplasma (U.) spp. (including U. urealyticum and U. parvum),
Mycoplasma hominis, and Chlamydia trachomatis by
polymerase chain reaction (PCR) at the pathology department.
To determine the difference between groups, data were
analysed by chi-square test using the Statistical Package for
Social Sciences version 15.0 (SPSS Inc, Chicago, Illinois, USA).
The null hypothesis in our study is that there is no difference in
culture positivity between increased PMN and normal PMN
groups. A p-value of < 0.05 was considered significant.

RESULTS
Of the 388 men, 302 had negative cultures (Table ). The
prevalence of genital tract infection was 18.6% among the
infertile men in our cohort. Pathogenic and normal bacterial
species were distinguished by the number of isolates found
among different patients. 52 patients had one bacterial isolate,
22 had two isolates, 6 had three isolates, and 2 had four isolates
(data not shown). However, among the patients with one or two
bacterial isolates, six patients had cultures that grew known
contamination species (3 alpha-haemolytic Streptococcus
isolates, 2 Staphylococcus aureus isolates and 1 Staphylococcus
lugdunensis isolate) and hence were considered to have
normal flora. Therefore, 14 cultures (the 6 that grew known
contamination species and the 8 that had more than two
isolates) were regarded as false positives. The adjusted results
are summarised in Table I. The most commonly detected
bacteria were the Enterococcus spp. (30.6%), followed by
Escherichia coli (14.5%) and Group B Streptococcus (12.1%)
(Table I1). The PCR results for the Ureaplasma spp. (including
U. urealyticum and U. parvum), Mycoplasma hominis and
Chlamydia trachomatis are also listed in Table II.

Gdoura et al suggested that a PMN count
> 0.275 x 10° PMN/mL has the highest sensitivity/specificity
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Table Il. Bacterial culture and PCR results.

Positive cultures Count (%)

Enterococcus spp. 38 (30.6)
Escherichia coli 18 (14.5)
Group B Streptococcus 15 (12.1)
Proteus mirabilis 9 (7.3)
Klebsiella spp. 8 (6.5)
Citrobacter koseri 6 (4.8)
Morganella morganii 5 (4.0)
Pseudomonas aeruginosa 4 (3.2)
Acinetobacter spp. 1(0.8)
Citrobacter freundii 1(0.8)
Enterobacter spp. 1(0.8)
Proteus vulgaris 1(0.8)
Contamination spp.

Alpha-haemolytic Streptococcus 3(2.4)

Staphylococcus aureus 2 (1.6)

Staphylococcus lugdunensis 1(0.8)
Positive PCR rates*

Ureaplasma spp. 5 (4.0)

Mycoplasma hominis 4 (3.2)

Chlamydia trachomatis 2 (1.6)
Total 124

*Positive PCR rates indicate the presence of infection.
PCR: polymerase chain reaction

Table Ill. Reanalysis of semen PMN and culture results using the
cutoff PMN count suggested by Gdoura et al.(”

Semen analysis No. of patients

Positive* Negative Total
Positive PMN* 28 166 194
Negative PMN 44 150 194
Total 72 316 388

Culture results were adjusted for contamination. *Positive PMN is
defined as > 0.275 x 105 PMN/mL of semen. TPositive culture indicates
detection of pathogenic microorganism in patient’s semen sample.
PMN: polymorphonuclear leucocyte

ratio for detecting bacteria.” Hence, we reanalysed the groups,
taking a PMN count of > 0.275 x 10° PMN/mL to be positive
for PMN, and a PMN count of < 0.275 x 10° PMN/mL to be
negative for PMN. The results are presented in Table IIl. Both
sensitivity (38.9%) and specificity (47.5%) were found to be low.

DISCUSSION

There was no statistically significant difference (p > 0.05) in the
number of positive cultures between patients with increased
PMN count and those with normal PMN count. Similar

conclusions were drawn by Schaeffer et al® and Berger et al."?
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Rodin et al™ and Eggert-Kruse et al'® also showed that an
increased PMN count had limited value in the diagnosis of
semen infection. A study by Cumming and Carrell did not find
any association between bacteriospermia and the severity of
PMN count.”’ Studies by Eggert-Kruse et al’® and Cardoso et al'¥
also found no association between increased PMN count
and prostate infection, or infection in other parts of the male
genital tract.

In our cohort, some patients with normal PMN levels had
positive cultures. This could be due to bacteria residing in the
urinary tract, which does not initiate a PMN reaction or an
inflammatory response. However, increased PMN count was
found in both of the patients with a chlamydial infection and
in three of the five Ureaplasma-positive patients. Only one
of the four patients, in whom a mycoplasma infection was
detected, had an increased PMN count. These results seem
to indicate that chlamydial and ureaplasma infections were
associated with an increased PMN count; however, the sample
size of the present study was not large enough for this finding to
be conclusive.

In IVF, the detection of an increased PMN count and
bacteriospermia is important because IVF procedures require
a sterile environment and good quality sperms. Virecoulon et al
proposed that repeated cultures, numbering more than two,
of the same bacterial species suggest a male accessory gland
infection that requires antibiotic treatment.™ It is, however,
important to note that patients with increased PMN count
may not necessarily have a bacterial infection; they may only
have an inflammation. For example, an increased PMN count
may occur due to the presence of a viral sexually transmitted
infection (STI), which may cause inflammation but present
with negative culture results. Additionally, Kiessling et al"®
demonstrated that PMN may function as sperm surveillance,
preventing abnormal sperms from reaching the ejaculate.
Bezold et al® showed a prevalence of 18.7% of viral STI in
asymptomatic infertile patients, highlighting the possibility
that the presence of Cytomegalovirus, herpes simplex virus or
human papillomavirus type 16 affects semen quality, resulting
in a low sperm count, poor motility or morphology, and altered
epididymal function. Another important source of PMN in
semen, according to a National Institutes of Health study
by Schaeffer et al,” is the prostate and accessory glands.
This source, however, is difficult to evaluate. We feel that
an increased PMN count is not an indicator for antibiotic
treatment, and that anti-inflammatory agents may be effective
in lowering the PMN count. Also, reactive oxygen species,
proteases and cytokines resulting from an increased PMN count
have been considered the mechanism of sperm damage in a
study by Gdoura et al.” Using a COX-2 inhibitor, Lackner et
al were able to reduce leucocytospermia and increase sperm
count in patients with abacterial leucocytospermia.

In sexual reproduction, the female genital tract has lysozymes,
phagocytes and lactic acid, which function as a natural defence

mechanism against microbial infection from semen. However,
since IVF procedures bypass the defence mechanism present in
sexual reproduction (i.e. the embryo is transferred directly into
the uterine cavity), it is crucial that semen collection is sterile and
men with a positive culture are treated, in order to reduce the
contamination rate of an IVF embryo. In our practice, patients
with a positive semen culture undergo antibiotic treatment
without further investigation. A study by Cardoso et al™
demonstrated that antibiotic treatment resulted in improved
semen quality, in the areas of total sperm concentration,
motility, viability, total motile sperm per ejaculate and PMN
concentration. The antibiotic therapy in the Cardoso study™
consisted of trimethoprim/sulfamethoxazole, ciprofloxacin,
doxycycline/minocycline, which lasted 90 days and targeted
susceptible organisms.

While a positive culture does not necessarily indicate
a genital tract infection, it is the only reliable method by
which the presence of an infection can be demonstrated.
Therefore, it is necessary to rule out false positives that arise
due to the normal flora of microorganisms present in the
male genital tract. Normal bacterial flora consists of the
Staphylococcus spp., alpha-haemolytic Streptococcus and
low titres of U. urealyticum. Isolation of these species was
considered as contamination in our study. Mycoplasma hominis
is not considered part of normal bacterial flora. Rodin et al™
suggested that asymptomatic multiple isolates from cultures
should be considered as contaminants, and Virecoulon et al®
indicated that a threshold > 104, instead of 10°, colony-
forming units/mL is better for distinguishing infection from
contamination. Additionally, Willén et al"” found that the
bacterial flora of the coronal sulcus and distal urethra are
common sources of semen contamination (71%).

Rodin et al, in their study, found Streptococcus viridians
(15.4%) and Staphylococcus (25.4%) to be the commonly
isolated normal bacterial flora from positive semen cultures.®”
However, the present study had a contamination rate of only
4.9%, which could be attributed to strict instructions regarding
hygiene at collection. Clear written and spoken instructions
were given prior to sample collection, as recommended in the
2010 WHO laboratory manual.”’ To reduce the contamination
rate, the 2010 WHO laboratory manual recommends good
hygiene practices before collection of the semen sample after
urination, in addition to washing the penis and hands with soap
and disinfectant.” Virecoulon et al™ suggested that in order to
achieve sterile semen collection, cleansing of the lower urinary
tract via urination after adequate water intake is required prior
to semen collection. Also, patients in the Virecoulon study
applied bactericidal and antifungal soap on their penis and
rinsed it off with sterilised saline to minimise contamination.
This method proved effective as none of their cultures had
Staphylococcus aureus as a contaminant.

The prevalence of bacteriospermia in semen samples varies
across different studies — 51%" in Cottell et al’s study, 35.7%%
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and 51.1%® in Lackner et al’s studies, 56.9%"” in Gdoura et
al’s study, and 63.9%"" in Rodin et al’s study. The prevalence
of bacteriospermia in the present study was 18.6%, which is
much lower than those previously reported. The most common
species detected differs from study to study — Chlamydia
trachomatis (41.4%) was common in Gdoura et al’s study,” while
Staphylococcus (25.4%) was the main culprit in Rodin’s study.™
In the present study, Chlamydia trachomatis was detected in
1.6% of patients. Interestingly, both Eggert-Kruse et al®® and
Willén et al"” observed no difference between the species
isolated from semen samples of fertile and infertile couples.
The effect of bacteriospermia on sperm quality and treatment
requirement depends on the bacterial species isolated. Since the
detection of Streptococcus viridans and Enterococcus faecalis is
usually associated with urogenital tract infection, which results
in low sperm parameters, Rodin et al'” have suggested that
those infections be treated. Cardoso et al™ investigated other
parameters such as urethral swab, urine and prostate fluid as
possible methods of detecting infection in the male genital
tract; their results showed the detection of mainly two species:
Enterococcus faecalis (six out of 29 patients’ prostate fluid
tested positive) and Arcanobacterium haemolyticum (three
patients tested positive). In our study, the most common
isolates were Enterococcus and Escherichia coli, and five cases
with Ureaplasma spp. were detected. Rodin et al™ showed
that low titres of Ureaplasma (< 10%) had no relationship with
leucocytospermia and the quality of sperm, while Berger et al"?
and Zheng et al"® showed that high titres (> 10¢) of
U. urealyticum affects the quality and activity of sperms.

According to the 2010 WHO laboratory manual," there is
controversy concerning the cutoff value of PMN for diagnosis.
Whether the recommended threshold value of 1.0 x 10° PMN/mL
is considered too high or too low depends on various
conditions, such as semen quality, results of IVF, presence
of bacteria in the semen, and sperm response to reactive
oxygen species. Gdoura et al suggested that a cutoff value of
0.275 x 10° PMN/mL has a better sensitivity/specificity ratio
in predicting the presence of bacteria in semen.” However,
this finding was not supported in our study, which found the
sensitivity of the 0.275 x 10° PMN/mL cutoff value to still
be low and not of diagnostic value. Reinhardt et al’ and
Kopa et al®” have recommended including the determination
of biochemical markers of inflammation, like granulocyte
elastase or interleukin 6. Eggert-Kruse et al found no significant
association between serum and semen PMN elastase with
infertility,"® but in another study showed that the presence
of albumin in semen samples might be a valuable marker for
subclinical infection-inflammation of the male genital tract,
making it a suitable marker in screening for infertility. Since
leucocytospermia can impair sperm motility and quality,
Schaeffer et al® concluded that leucocytospermia is a predictor
for implantation, clinical pregnancy and live birth rate in
intracytoplasmic sperm injection.
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In conclusion, the present study showed that an increased
PMN count in semen is not a significant predictor for male semen
infection, as it has unsatisfactory sensitivity and specificity.
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