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The current WHO 2010 manual for human semen analysis defines leukocytospermia as the presence of peroxidase-positive
leukocytes at a concentration >1x10%mL of semen. Granular leukocytes when activated are capable of generating high levels
of reactive oxygen species in semen resulting in oxidative stress. Oxidative stress has been correlated with poor sperm qual-
ity, increased level of sperm DNA fragmentation and low fertility potential. The presence of leukocytes and pathogens in the
semen may be a sign of infection and/or localized inflammatory response in the male genital tract and the accessory glands.
Common uro-pathogens including Chlamydia trachomatis, Ureaplasma urealyticum, Neisseria gonorrhoeae, Mycoplasma
hominis, and Escherichia coli can cause epididymitis, epididymo-orchitis, or prostatitis. The relationship between leukocyto-
spermia and infection is unclear. Therefore, we describe the pathogens responsible for male genital tract infections and their
association with leukocytospermia. The review also examines the diagnostic tests available to identify seminal leukocytes.

The role of leukocytospermia in male infertility and its management is also discussed.
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INTRODUCTION

Leukocytes represent an important percentage of
non-sperm cells in semen of both fertile and infertile
men [1]. Around 50% to 60% of leukocytes are polymor-
phonuclear (PMN) granulocytes originating from the
prostate and/or seminal vesicles (Fig. 1) [2,3], while a
lower percentage are macrophages (20%—-30%) and T-
lymphocytes (2%—5%) [2].

In semen, leukocytes are involved in the orchestra-
tion of an inflammatory response through the synthe-
sis of cytokines, and other leukocyte-derived pro-in-
flammatory mediators like nitric oxide, prostaglandins
and chemokines [4,5]. The inflammatory response re-
sults in the elimination of the pathogens and apoptosis
of immature or abnormal spermatozoa by phagocytosis
and production of reactive oxygen species (ROS) (Fig.
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2, 3) [1,6-9]. The activation of leukocytes results in the
generation of a 1,000-times more ROS than the amount
released by spermatozoa [10].

The World Health Organization (WHO) 2010 labora-
tory manual [11] defines a seminal leukocyte concen-
tration of greater than 1x10° cells/mL as “leukocyto-
spermia”. It is assumed that a leukocyte concentration
higher than this cut-off value is a possible indication
of male genital infection with possible infertility; how-
ever, this value is one that is suggestive as there is a
broad “grey zone”. Some studies have linked leukocyto-
spermia to male infertility [7,12,13] while others could
not find an association [14,15]. Nevertheless, the pres-
ence of elevated seminal leukocytes is a very useful
clinical parameter in the andrological assessment of
male fertility potential. This article aims to review the
evidence supporting an association of leukocytospermia

Macrophage

Fig. 1. Common leukocytes found in the
semen.
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Fig. 2. Sources of reactive oxygen species (ROS) in semen (A) leuko-
cytes and (B) abnormal spermatozoa with residual cytoplasm. Diff-
Quik stain was used and observed under bright field at 1,000x mag-
nification using 100X objective and 10x eye-piece.
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with male accessory gland infection (MAGI) and male
genital tract infection (MGTTI). The focus is to provide
clear indications for the laboratory assessment of leu-
kocytes, step-by-step protocols, troubleshooting, and the
importance of quality control, quality assurance and
competency assessment. Furthermore, the clinical rel-
evance of leukocytospermia in male infertility along
with the management of these patients are reviewed
through clinical scenarios. Competency assessment is
performed to evaluate the laboratory staff’s knowledge
and skills to perform the Endtz test correctly. The as-
sessment is done annually using competency checklist
for Endtz test.
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Fig. 3. Mechanism of reactive oxygen
species (ROS) production in semen. RNS:
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reactive nitrogen species, LPO: lipid per-
oxidation.
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MALE GENITAL TRACT INFECTIONS

1. Prevalence

The term MAGI or male accessory gland infections
indicates infection/inflammation of accessory glands
such as the prostate, seminal vesicles and Cowper’s
glands [16]. This needs to be differentiated from the
more general MGTI, which refers to the involvement
of the entire male genital tract. Generally, the presence
of an elevated number of leukocytes and/or pathogens
in semen as well as inflammatory signs in the male
genital tract are indicators of the presence of MGTL
Inflammation of the excurrent duct system that are
neither anatomical parts of the male reproductive
system nor are considered accessory glands are not in-
cluded in the original definition of MAGI. Since a clear
distinction cannot be made between specific localized
infections [17], the term MGTI was introduced, which
encompasses the entire reproductive tract [18]. While
the presence of leukocytes appears to have only a weak
discriminating power, elevated levels of seminal PMN
granulocyte elastase (>230 ng/mL) and pro-inflam-
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matory cytokines such as interleukin (IL)-6 and IL-8
are more helpful in the diagnosis and management of
MAGI [1,19-21].

About 15% of the male infertility cases are linked
to MGTIs, which would cause an abnormal increase
in leukocyte counts in the ejaculate [22,23]. MGTIs are
the third most common cause of male infertility after
idiopathic infertility (28.4%) and varicocele (18.1%), al-
though a prevalence of up to 36.7% has been previously
reported [1,24,25]. Chlamydia trachomatis, Escherichia
coli, and Neisseria gonorrhoeae are the most common
causes of infection, resulting in an excessive accumula-
tion of leukocytes within the male genital tract. These
pathogens as well as their mediators can result in vari-
able degree of damage to the testis and epididymis [26].

2. Pathogenesis of inflammation of the genital
tract
Inflammation of the genital tract can affect semen

quality and lead to deterioration of spermatogenesis,
impairment of sperm function and obstruction of the
seminal tract [27] Secretory functions of the accessory

Inflamed

Fig. 4. Schematic showing normal and
inflamed prostate, epididymis and the
testis. (A) Normal and inflamed prostate
with compressed urethra. (B) Normal
and inflamed testis and epididymis.
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glands can be adversely altered by inflammatory con-
ditions [1,27,28].

Although still under debate, a strong association has
been reported between infected semen and the pres-
ence of leukocytes in semen and male infertility [28-31].
Dysregulation of spermatogenesis due to the presence
of microorganisms and activation of seminal leukocytes
can impair semen quality [28,31]. Pro-inflammatory cy-
tokines such as tumor necrosis factor-o. (TNF-o), IL-1a,
IL-6 or IL-8 released by leukocytes can lead to an in-
flammatory response [28,32,33] consequently affecting
semen quality [27].

Prostatitis is the most common urological disorder
in younger and middle-aged men with a prevalence of
4% to 11% (Fig. 4A) [34]. Epididymitis either acute or
subacute can present with unilateral or bilateral swell-
ing of the scrotum. Chronic epididymitis is more com-
mon (Fig. 4B). Prostatitis and epididymitis can lead to
seminal tract obstruction secondary to scarring of the
epididymis, vas or ejaculatory duct resulting in oligo-
zoospermia or azoospermia [26]. The inflammation can
spread to the testis as ‘epididymo-orchitis’ and can be
associated with high rates of infertility and in extreme
cases can be a cause of testicular atrophy and sper-
matogenic impairment or even arrest [35]. Urethritis
can be caused by both sexually transmitted and non-

sexually transmitted pathogens [1,36-38].

Chlamydiagttachomatis

Ureaplasma urealyticum

> _Mycoplasa anihig ©2021
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3. Infection due to pathogenic bacteria

The most prevalent pathogens in the male reproduc-
tive tract, including Chlamydia trachomatis, Ureaplas-
ma urealyticum, Neisseria gonorrhoeae, Mycoplasma
hominis, and Mycoplasma genitalium, are sexually
transmitted (Fig. 5) [22]. Escherichia coli is another
common pathogen particularly responsible for epidid-
ymo-orchitis and prostatitis in 65% to 80% of the cases
[22]. These pathogens can affect the sperm fertilizing
capacity and cause asymptomatic inflammation in the
urogenital tract [39]. They can also cause an acute in-
flammatory response with a flow of leukocytes into the
genital tract leading to deterioration of spermatogen-
esis, impairment of sperm function [40], and increase in
production of ROS [41].

Another important aspect of MGTI is that these
infections often present asymptomatically [22,42-44]
in about 50% of men [45] and this percentage may be
higher in young, sexually active men [46]. Such silent
infections may remain undetected and untreated and
can lead to severe complications and/or infertility and
can be transmitted to their sexual partner(s) [47-51].
However, there are reports of elevated ROS and re-
duced total antioxidant levels in men with asymptom-
atic urogenital infections. These patients may benefit
from antibiotic therapy and thereby improve their se-
men parameters [49].

Pathogens including Chlamydia, Ureaplasma, My-
coplasma, Enterobacteriaceae as well as Gram-positive

Cleveland
Clinic

Fig. 5. Examples of the most prevalent sexually transmitted pathogens in the male reproductive tract. Among these, Neisseria gonorrhoeae,
Chlamydia trachomatis, and Escherichia coli are the most common causes of male accessory gland infection (MAGI).

www.wjmh.org 5
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coccl have been detected by either polymerase chain
reaction (PCR) or cultures and their effect on sperm
have been examined [52]. Cultures of Chlamydia, Urea-
plasma, Mycoplasma, Enterobacteriaceae have low
sensitivity and hence are detected using PCR, whereas
Enterobacteriaceae as well as Gram positive coccl can
be detected using specific culture methods [562]. Esch-
erichia coli, Staphylococcus aureus, Ureaplasma urea-
Iyticum, or Mycoplasma hominis have been shown to
negatively affect various semen parameters and sperm
function such as sperm count, motility, or mitochon-
drial membrane potential [39,53-58]. Sperm concentra-
tion and motility have been found to differ between
Ureaplasma-positive and negative patients [59]. In
infertile men, those with seminal infections with Urea-
plasma had significantly lower mean sperm concentra-
tion and vitality compared to those who were negative.
However, these differences were not clinically signifi-
cant [59]. Lower sperm vitality was reported in cases
of Chlamydia infection, but there was no significant
difference in the prevalence of Chlamydia between
fertile and infertile men [59,60]. Mycoplasma, Entero-
bacteriaceae and Gram-positive cocci did not signifi-
cantly affect semen parameters. Sperm concentration
was significantly lower in the bacteria positive group
but higher than the WHO reference range (15x10°/mL)
[62,61]. There is a reported lack of association of Urea-
plasma and Mycoplasma with poor semen quality [62-
64].

LEUKOCYTOSPERMIA AND SEMINAL
OXIDATIVE STRESS

Leukocytospermia is found in 10% to 20% of infer-
tile men [3]. There are numerous reports indicating
that leukocytospermia has a negative impact on male
fertility [7,12,13,29]. MGTI and leukocytospermia have
been reported to be associated with high levels of ROS
which in turn may cause a decline in sperm parame-
ters including sperm concentration and motility [65]. A
study (n=472) examined 3 different groups of men: men
with no seminal leukocytes, men with low-level semi-
nal leukocytes (range 01-<1.0x10° WBC/mL), and men
with leukocytospermia (>1.0x10° WBC/mL). The latter
study reported that the presence of even low levels of
leukocytospermia is associated with semen OS, with no
significant differences in the ROS levels between men
with low leukocyte counts (range 0.1-<1.0x10° WBC/

6  wwwwjmh.org
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mL) and those with leukocytospermia [66].

A study from our group has reported higher inci-
dence of leukocytospermia in men with ROS levels
above the cut-off level of 250 RLU/10° sperm/mL [67].
A higher prevalence of leukocytospermia in men with
high ROS levels also results in compromised sperm
function. Elevated ROS levels negatively impact sperm
functions such as sperm DNA integrity with an in-
crease in DNA fragmentation rates [67]. A 25% increase
in ROS level was associated with a 10% increase in
DNA fragmentation [67]. Moreover, the study reported
a positive association between leukocytospermia, ROS,
and sperm DNA fragmentation levels. A similar posi-
tive correlation between total ROS levels, sperm DNA
fragmentation by TUNEL assay and leukocytospermia
has also been reported [65].

ASSESSMENT OF ROUND CELLS IN
THE EJACULATE

Initial semen analysis is conducted for the estimation
of round cells on the wet preparation. The semen sam-
ple is examined using a phase-contrast microscope with
a green filter. It is necessary to have a 10x10 ocular
grid in the microscope eyepiece. A 6 pl. of well-mixed
semen sample is loaded onto the fixed cell chamber.
Round cells in the semen can be either leukocytes, im-
mature germ cells, large anucleate residual cytoplasm,
epithelial cells, or Trichomonas vaginalis. The number
of round cells in all 100 squares of the grid using 20x
objective (high power field) are counted and recorded
in multiple fields. The round cell concentration is cal-
culated as the average number of round cells per field
and multiplied with the microscope factor. This calcu-
lation will give the concentration of round cells in 10%
mL [68]. If more than 5 round cells/high power field
or a round cell concentration of >1.0x10° /mL is found,
a test for leukocytes (white blood cells; WBCs) is indi-
cated.

QUANTIFICATION OF WHITE BLOOD
CELL IN SEMEN

1. Immunochemistry - the gold standard
Monoclonal antibodies against the common leuko-

cyte antigen CD45 or CD53 can detect granulocytes,
lymphocytes, and macrophages concurrently [69-72].
Ricci et al [73] compared a flow cytometric immunocy-
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tological method using CD45 and CD53 with the simple
peroxidase test and found positive correlations. Immu-
nocytology is highly specific and recognized as the gold
standard for diagnoses of leukocytospermia. However,
it is impractical for daily use and if used with a flow
cytometer it is relatively expensive. Major drawbacks
include the lack of standardization of the exact im-
munohistological staining method and the exact mono-
clonal antibodies to be used, and are time-consuming if
performed manually [23,73,74]. Both American Society
for Reproductive Medicine (ASRM) and American
Urological Association (AUA) recommend immunohis-
tochemistry as a confirmatory diagnostic test for leu-
kocytospermia [75].

2. Seminal granulocyte elastase test

Elastase is a protease released by PMN leukocytes
during the inflammatory process [76,77]. It is measured
by immunoassay in seminal plasma, Ela/al-PI at a
cut-off level of greater or equal to 230 ug/L, which is
useful in the detection of genital tract inflammation.
The prevalence of increased seminal Ela/ol-PI in in-
fertile men 1is significantly higher than that observed
in fertile men [78]. Seminal granulocyte elastase mea-
surement by an enzyme-linked immunosorbent assay
(ELISA) allows discrimination between inflammatory
versus non-inflammatory processes. Since PMN-elastase
is liberated during phagocytosis or disintegration of
granulocytes, there is a strong correlation of leukocytes
with elastase [77,79]. Elastase concentrations have been
shown to negatively correlate with sperm motility
(p<0.05), progressive motility (p<0.05) as well as sperm
morphology (p<0.05) [79]. Granulocyte elastase is a reli-
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Fig. 6. O-Toluidine stained cells showing positive (P) and unstained
negative (N). 400x magnification using 40x objective and 10X eye-
piece.
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able screening test for silent genital tract inflamma-
tion [80]. The age-related prevalence of male genital
tract inflammation (as defined by PMN-elastase >250
ng/ml) has been reported by Henkel et al [25]. The
measurement of granulocyte elastase in semen pro-
vides information on the number of granulocytes and
their inflammatory activation. However, commercial
granulocyte elastase enzyme immunoassays are expen-
sive [81]. The value of routine determination of PMN
elastase in semen and/or serum samples is limited
when used as a single parameter to screen for subclini-
cal infection/inflammation in males undergoing infer-
tility investigation [82].

3. Peroxidase tests

1) Ortho-toluidine test

Peroxidase in granulocytes catalyzes the reaction
of ortho-toluidine (o-toluidine) and hydrogen peroxide
(H,0,) [11]. Granulocytes stain brown as peroxidase-
positive cells, while peroxidase-negative cells are un-
stained (Fig. 6). Both WHO and European Association
of Urology (EAU) recommend performing peroxidase
test for confirming wet mount microscopy findings
[11,75]. Briefly, the working solution consisting of 10
mL 0.25% o-toluidine in phosphate buffer, pH 6.0, is
mixed with 10 uL. 30% H,0,. The semen sample is di-
luted with physiological saline solution in a ratio of 1:10
and 100 uL of diluted semen sample mixed with 100 uLi
of the working solution. The mixture is incubated for
20 minutes at 37°C. Peroxidase-positive leukocytes are
counted using an improved Neubauer chamber under
400x magnification.

2) Endtz test

Peroxidase-positive granulocytes (neutrophils and
macrophages) can also be detected by the Endtz test
[83]. Peroxidase present in the granulocytes oxidizes
benzidine derivative which precipitates to give a brown
color. This test recognizes granulocytes present in the
semen. However, it cannot identify non-peroxidase-rich
WBCs. The inflammatory process induces the release
of myeloperoxidase. This results in loss of peroxidase
enzyme activity in granulocytes making them unde-
tectable [72]. The Endtz test is a simple, quick and most
commonly used test in diagnostic Andrology laborato-
ries.

www.wjmh.org 7
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ASSESSMENT OF WHITE BLOOD
CELLS BY ENDTZ TEST

1. Principle and procedure of Endtz test

Round cells present in the ejaculate contain granu-
locytes such as neutrophils, PMN leukocytes, macro-
phages, and germinal cells. Granulocytes are the pri-
mary sources of ROS which can lead to male infertility
[84]. WBCs cannot be differentiated from germinal
cells in a wet unstained preparation. This is done using
the Endtz or the peroxidase stain [68].

2. Reagents - preparation of stock and
working solutions

1) Preparation of stock solution (stable for 6
months)

(1) Ethanol - 50 mL of 96%

(2) Benzidine - 0.125 g

(3) Sterile water - 50 mL

Mix these chemicals in a clean 100-mL bottle. The so-
lution should be clear and yellow. Cover the bottle with
aluminum foil and store it in the dark. If the solution
gets dark in color or forms a cloudy precipitate, discard
and prepare a fresh stock solution.

Benzidine is carcinogenic and should be handled
carefully. Gloves and a face mask must be worn to
avoid accidental inhalation when handling. The solu-

Load
microcentrifuge
tube
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tion should be prepared in a biological safety cabinet.
Any expired Endtz test solution should be discarded in
concentrated Clorox solution.

2) Preparation of working solution

(1) Mix 2.0 mL of stock solution and 25 uL of 3% H,0,
in a 6 mL polystyrene tube (use 3% H,O,or dilute 30%
stock H,0O, 1:10).

(2) Cover the tube with aluminum foil.

(3) Prepare a fresh working solution from the stock
solution every week.

3) Requirements and procedure (Fig. 7)
(1) Phosphate buffered saline (PBS)
(2) Makler counting chamber
(3) Microcentrifuge tubes
(4) Eppendorf pipette (5 ul, 20 ul,, 40 uL) tips

4) Use of Makler chamber

(1) Load a Makler counting chamber with 5 uL of the
above mixture and observe under a 10X bright-field ob-
jective lens.

(2) All granulocytes will stain dark brown and retain
their round shape.

(3) Count the cells in all 100 squares of the Makler
grid.

Observe
10x brightfield

objective lens

[ 20 pL liquefied semen ]—

| 40 pL Endtz reagent [———» Incubate —»
— |F| 5 minutes

Mix 2.0 mL stock solution
with 25 pL of 3% H,0,

[ 20 uL PBS }—

©2021 Cleveland Clinic
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Count cells in all 100 squares
All granulocytes stain dark brown

Load Makler
chamber

Endtz calculation:
#WBC x4 (dilution factor)=
10°/mL semen-10=10"/mL semen

Fig. 7. Steps in performing the Endtz
test. WBC: white blood cell.
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Fig. 8. Cells stained positive for Endtz test are indicated and are
mainly granulocytes. 100x magnification using 10x objective and
10x eye-piece.

5) Steps in performing the Endtz test

(1) Take 20 pL of liquefied semen specimen in a dark-
colored microcentrifuge tube.

(2) Add 20 pL of PBS solution and 40 uL of working
Endtz solution.

(3) Vortex and incubate at room temperature for 5
minutes.

6) Observing the stained cells
The stained cells can be observed using a bright field
microscope and a 10X objective (Fig. 8).

7) Calculations and quantitation of white
blood cells
The number of WBCs can be calculated by multiply-
ing the total number of cells by 4 to correct for the
dilution factor. The total WBCs number will be 10°/mL
semen. This number should be corrected to 10°mL by
dividing by 10.

8) Endtz calculation

WBCsx4 (dilution factor)=10°/mL semen

10’/mL semen divided by 10 to give result in 10°/mL
semen (million/mlL)

Example:

(1) Seven WBC’s are counted in 100 squares on the
Makler grid

(2) Endtz positive cellssSWBCsx4/10=7x0.40=2.8x10%
mL

Rakesh Sharma, et al: Leukocytospermia in Male Infertility I

9) Reference values and urgent values
(1) Report results as x10%/mL.

(2) We have reported that the presence of an even
lower concentration of WBCs in the ejaculate can gen-
erate high ROS levels [84] Therefore, WBC concentra-
tions >0.10x10°/mL will be considered as significant.

Any Endtz-positive test should be communicated to
the gynecologist before performing the intrauterine in-
semination (IUI).

QUALITY CONTROL,

QUALITY ASSURANCE AND
COMPETENCY ASSESSMENT IN
LEUKOCYTOSPERMIA

In order to maintain the high quality of the labora-
tory testing, a weekly positive control is used to com-
pare the results with the old and new Endtz solution.
If the results are negative, the new reagent has to be
mixed well and the control re-tested. If the test is still
negative, a new control specimen needs to be run. In
case a semen specimen is not available, an EDTA-anti-
coagulated blood specimen may be used. For this, blood
specimen 1is centrifuged to obtain the buffy coat. The
buffy coat is removed using a transfer pipette, diluted
with 2 mL of PBS buffer, and aliquoted (0.1 mL). These
aliquots may be used for one month for quality control
tests [68].

LABORATORY SCENARIOS

Some lab issues may be encountered with respect to
the Endtz test. These are described here as scenarios
with recommendations for troubleshooting.

1. Case A

1) Scenario

A 3l-year-old patient provided a semen sample for
laboratory evaluation. Upon examination, the pa-
rameters were volume: 2.0 mL; sperm concentration:
35x10°/mL; motility: 45% and round cell concentration
is 20x10°/mL. The working Endtz solution upon exami-
nation was found to have expired and was cloudy in
appearance instead of the light straw color. How would
you proceed?

www.wjmh.org 9
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2) Solution

Prepare fresh Endtz solution and perform quality
control with a known positive semen sample. If the
Endtz test is positive, the solution passes quality con-
trol. Perform the Endtz test for the patient sample and
record the results.

2.Case B

1) Scenario

No positive Endtz semen sample is available. How do
we perform the quality control for a fresh Endtz work-
ing solution?

2) Solution

The new lot of Endtz working solution should be
compared with the old lot of Endtz solution that is ex-
piring but has not expired. In case an Endtz positive
semen sample i1s not available, blood can be used to
separate the WBCs. The sample is centrifuged and the
top buffy coat that is high in granulocytes can be used.
If the sample tests positive with both new and old
Endtz solution, the new Endtz solution passes quality
control. Place a label with the lot number and the expi-
ration date and the new Endtz solution can be used to
perform the Endtz test.

RELEVANCE OF
LEUKOCYTOSPERMIA IN MALE
INFERTILITY

1. Clinical indications for semen cultures

Infections are associated with inflammation, but
it is unclear if infertile patients would benefit from
obtaining a semen culture. Ureaplasma urealyticum
and Chlamydia trachomatis are the two most common
pathogenic microorganisms in the genital tract. Both
can induce urethritis [85], whereas Chlamydia tracho-
matis can induce prostatitis [86] and epididymitis in
young men [87]. Chlamydia and Mycoplasma are dif-
ficult to culture and are diagnosed with nucleic acid
amplification testing (NAAT) such as PCR assay [52].

Peroxidase testing along with reflex semen cultures
is a better clinical tool than the peroxidase test alone
[88]. Men with subclinical asymptomatic infections and
leukocytospermia may benefit from performing semen
culture [89].

However, there are no clear guidelines on the in-

10 www.wjmh.org
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dications for semen culture [52]. There have been no
differences reported in the incidence of positive se-
men culture between fertile and infertile men [52] and
the clinical significance of positive semen cultures is
unclear [52,61,90]. In cases of suspected MAGI or a pa-
tient with a positive semen culture, prostatic massage
may be performed in order to examine the expressed
prostate secretion (EPS). The cytological examination
of EPS is often diagnostic and is followed by EPS cul-
ture [91,92]. EPS examination is an easy procedure for
urologists or andrologists and may be a “second line”
diagnostic tool in suspected cases of MAGI or MGTL
However EPS is a discomforting and expensive proce-
dure [14,93].

Some reports recommend treatment only in patients
with leukocytospermia and a positive semen culture
[62,94]. There are also no WHO guidelines on the indi-
cations for semen culture. Although leukocytospermia
has detrimental effects on semen quality, it is not a
predictor of positive semen cultures [95].

The EAU and AUA guidelines recommend perform-
ing a semen culture when the WBC is >1x10°/mL in the
ejaculate as this may be an indicator of active infection
[96]. These recommendations are based on the concept
that a bacterial infection can trigger an inflammatory
response as documented by an increase in seminal leu-
kocyte concentration [52]. The prevalence of both leu-
kocytospermia (25%) and positive semen culture (10%)
was reported in a homogeneous large cohort of white
European men presenting with primary infertility [97].

Ventimiglia et al [97], conducted a study on 523 men
with no symptoms of genital infections. All these men
underwent semen culture. A positive semen culture
was found in 54 men (10%) whereas 131 (25%) men
had leukocytospermia at semen analysis. However, the
majority of the positive semen cultures (43 out of 54
or 80%) did not have associated leukocytospermia and,
moreover, by applying the EAU guidelines, positive
semen cultures would be missed, resulting in 120/131
(92%) useless examinations. The majority of the false
positive cultures are mainly due to contamination dur-
ing the sample collection. Therefore, the strict aseptic
conditions during sample collection should be followed
according to the WHO to avoid such dilemma [11,97].
Hence, leukocytospermia alone has little diagnostic
value in the detection of bacteriospermia and impaired
semen quality [95] and is not a predictive factor of posi-
tive semen culture [97]. Overall, these studies suggest
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that it is not possible to identify men at risk of semen
infection. Infertile men with leukocytospermia and a
positive semen culture should be treated with a course
of antibiotics [98].

2. Leukocytospermia in varicocele patients

Varicocele can result in a high degree of leukocytes
in the semen [75]. An increased number of semen
lymphocytes is more frequent in subfertile men and
males with varicocele compared to fertile males [99].
Although the Endtz test measures only granulocytes,
measurement using flow cytometry has shown the
presence of a significantly higher number of CD4+
helper T-lymphocytes in the varicocele group compared
to the control group [100]. This may explain why pa-
tients with varicocele have increased cytokine levels
in the seminal fluid even when sperm concentration is
normal.

3. Leukocytospermia in smokers

The association between cigarette smoking and leu-
kocytospermia is well established [101,102]. This positive
correlation increases with the degree of smoking i.e.
mild (p=0.241); moderate (p=0.025); and heavy smok-
ers (p=0.001) [103]. Activated leukocytes can result in
elevated seminal levels of ROS which can overpower
the antioxidant defenses and result in oxidative stress
[104,105]. Metabolites in tobacco can trigger the in-
flammatory response and activate the infiltration of
leukocytes into the seminal plasma [106]. A study com-
paring non-smokers, ex-smokers and smokers, reported
that smokers were significantly (p<0.001) younger and
had higher levels of round cells in their ejaculates
(p=0.003). Moreover, the percentage of leukocytosper-
mic ejaculates was higher in smokers (p<0.001) [107]. A
significant negative correlation between the number of
leukocytes and total and progressive motility has also
been reported among smokers [93].

4. Leukocytospermia in spinal cord injury
Increased numbers of leukocytes, especially granu-
locytes have been reported in retrograde ejaculates
collected from men with spinal cord injury (SCI), likely
secondary to urinary tract infections [108,109]. This
is reflected by a significant positive correlation be-
tween leukocyte concentration and levels of ROS in
these men [110]. Leukocyte concentrations higher than
5x10°/mL were positively correlated with high levels
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of ROS (p=0.02). Antegrade specimens showed higher
concentrations of leukocytes than retrograde speci-
mens (p<0.03) [110]. It is estimated that 60% to 70% of
men with SCI have abnormal levels of leukocytes in
the ejaculate with a direct negative impact on sperm
motility, sperm viability, sperm morphology and an
increase in the level of sperm DNA damage [109,111]. In
some men with SCI, the average level of sperm DNA
fragmentation is even higher than the control cohort,
reaching values close to 100% [111]. Additionally, when
urinary tract infections are diagnosed in SCI patients,
the presence of macrophages and neutrophils is signifi-
cantly increased [109].

CLINICAL MANAGEMENT OF
LEUKOCYTOSPERMIA

A number of clinical scenarios may be encountered
in the management of infertile men with leukocyto-
spermia, infection and high levels of ROS. Two com-
mon scenarios are described below.

1. Case A

1) Scenario

A patient being evaluated for infertility has a semen
analysis and semen culture done. The report shows a
positive semen culture, but the semen analysis is nega-
tive for leukocytospermia.

2) Management strategy

(1) WHO recommends strict hygiene and urinating
before providing a semen sample to prevent bacterial
contamination. It has been reported that false positive
semen cultures results will turn out negative when the
semen was collected using proper aseptic precautions.

(2) Skin flora contamination may be unavoidable.
This is because up to 71% of bacterial strains colonizing
the coronal sulcus can also be found in the distal ure-
thra [112].

(3) Controversial - no significant difference in the
presence or absence of bacteriospermia seen in patients
and their ability to establish pregnancy [52].

(4) A positive semen culture and leukocytospermia
should be treated.

www.wjmhorg 11
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2.Case B

1) Scenario

A patient’s semen analysis demonstrates the follow-
ing: sperm concentration: 12x10°/mL; total motility: 30%;
Endtz test value: 45x10° WBCs/mL and a negative se-
men culture. Will this patient benefit from a course of
antibiotics?

2) Management strategy

(1) If it 1s a case of oligoasthenozoospermia and leu-
kocytospermia, then:

(2) Obtain history

(3) Perform physical exam

(4) Obtain social history - Leukocytospermia has also
been attributed to factors such as cigarette smoking
and heavy alcohol use.

The patient with negative semen culture and leuko-
cytospermia should undergo urine PCR to assess for
genital tract infections (i.e. chlamydia, ureaplasma). If
the culture of a semen sample collected avoiding any
external bacterial contamination, then the patient
should be treated with the appropriate course of anti-
biotics [52].

Although a number of studies investigating the best
treatment for leukocytospermia have been conducted,
the best management strategy is still lacking. Leuko-
cytospermia may indicate infection or inflammation
of the male sex glands and urogenital tract [23,113].
Broad-spectrum antibiotics with good penetration
into the prostate have been used in the treatment of
leukocytospermia for male infertility [40]. In addition,
antioxidants that can reduce ROS produced by se-
men leukocytes have also been used in patients with
leukocytospermia [42,75]. However, there is no clear
consensus on the effects of each treatment or whether
leukocytospermia needs to be treated or not. Further-
more, only one systematic review of the antibiotic and
antioxidant use in the treatment of leukocytospermia
is available [94]. Despite some conflicting reports, a
recent systematic review concluded that antibiotics
might improve sperm parameters, the rate of resolu-
tion of leukocytospermia, the bacteriologic cure rate,
and even the pregnancy rate [94]. However, the data is
insufficient to conclude whether antibiotic and anti-
oxidants for the treatment of infertile men with leu-
kocytospermia are effective [94]. Branigan and Muller
[42] reported that frequent ejaculation (at least every
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3 days) with antibiotics was more efficient than anti-
biotics alone. Although an assessment of leukocytes is
part of the standard semen analysis as outlined by the
WHO laboratory manual [11], there is no consensus on
the guidelines for its diagnosis, clinical implications, or
treatment recommendations [75].

Definitive characterization of leukocytospermia as an
infectious or inflammatory marker and a re-evaluation
of the leukocyte concentration threshold is necessary
to provide greater levels of evidence for the manage-
ment of leukocytospermia. Several lines of evidence
suggest that the presence of ROS and leukocytes in
semen impair sperm count, motility, and morphology.
The duration of treatment and the definition of leuko-
cytospermia may also impact the success of antibiotic
therapy in improving rates of natural conception [75].
A significant improvement in the resolution of leuko-
cytospermia appears to be the result of a combination
of antibiotic therapy and frequent ejaculation for at
least one month [42,114].

RELEVANCE OF
LEUKOCYTOSPERMIA IN ASSISTED
REPRODUCTIVE TECHNOLOGY

Leukocytospermia may not be critical in an in vitro
fertilization (IVF) setting due to the sperm processing
step prior to the use of the sample in assisted reproduc-
tive technology (ART) [75,115]. A recent meta-analysis
of twenty-eight case-controlled retrospective studies
was conducted to examine the relationship between
leukocytospermia and the outcome of ART. The meta-
analysis concluded that leukocytospermia had no
impact on fertility outcomes in cases of men having
altered semen parameters and asymptomatic genital
tract infection [116]. In another study, using flow cy-
tometry for leukocyte detection, it was shown that leu-
kocytospermia does not influence IVF/intracytoplasmic
sperm injection (ICSI) outcome [117]. The authors con-
cluded that the rates of fertilization and clinical preg-
nancy were not significantly different in men with or
without leukocytospermia following ART.

CONCLUSIONS

Leukocytospermia is a significant factor associated
with high ROS levels, resulting in DNA damage and
poor sperm quality. Quantification of leukocytes in the
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semen is important as they may indicate an underly-
ing inflammation and infection of the male genitouri-
nary tract. This article clearly emphasizes the added
value of investigating leukocytospermia to diagnose
an underlying cause of male infertility, and treating
it as part of optimal male infertility management. The
peroxidase staining by Endtz test, while not the gold
standard, is simple, practical, and provides reliable re-
sults. Although leukocytospermia is not a stand-alone
good predictor of a positive semen culture, resolution
of leukocytospermia would certainly be helpful in the
management of infertile men.
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