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Background: About 15% of male infertility is due to genital tract infection and inflammation, some
of them have no clinical symptoms, but manifested as leukocytospermia (LCS). Leukopenia will lead to
functional impairment of male sperm and integrity damage of sperm morphology. A large amount of reactive
oxygen species (ROS) produced by leukocytes can damage sperm nuclear DNA. The aim of this study was
to investigate the correlation between leukocyte subsets and sperm DNA fragmentation rate in semen of
infertile men with asymptomatic infection of genital tract.

Methods: One hundred and eight cases of infertile men were enrolled, who were admitted to our hospital
from May 2016 to September 2018, and all had genital tract infections. After routine sperm analysis, real-
time PCR was performed for detecting the infection of chlamydia trachoma (CT) and Ureaplasma urealyticum
(UU). Furthermore, total leukocyte count in semen was evaluated by detection of CD45 molecules using
immunocytochemistry. Flow cytometry was used for subset analysis, monocyte/macrophages were evaluated
by CD14, and activated macrophages were evaluated by HLA-DR antigen. Sperm DNA fragmentation index
(DFI) were evaluated by SCD method and 8-hydroxydeoxyguanosine (8-OHdG) expression were evaluated
by chromatin diffusion method and TUNEL method; the correlation analysis was conducted between semen
leukocyte subsets, sperm DNA fragment rate and conventional semen parameters.

Results: There was a significant correlation among the concentrations of cells expressing HLA-DR
antigen and those expressing CD14 (P<0.01), but the concentrations of differential leukocyte subsets all had
no significant correlation with sperm DFI, the percentage of 8-OHdG-expressing cells and routine semen
parameters. The percentage of 8-OHdG-expressing sperm was positively correlated with the percentage of
sperm fragments (r=0.42, P<0.01), and negatively correlated with sperm concentration (r=-0.32, P<0.01).
After adjustment for possible confounders including age, abstinence time and smoking, the percentage of
8-OHdG-expressing sperms independently associated with sperm concentration (B=-0.30; P=0.006) and DFI
(B=0.180, P=0.06).

Conclusions: Among infertile men with genital tract infection, the sperm DFT is associated with decreased

semen quality and not the concentration of differential leukocyte subsets.
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Introduction

Leukocytospermia (LCS) or pyospermia is often defined
as human semen with more than one million leukocytes
in 1 mL volume, and has been proposed as an indicator
for genital tract infection and inflammation (1). Although
not all infections have elevated levels of semen leukocytes,
and other reported causes also lead to LCS (2,3), some
prospective studies have shown that LCS alone exert
adverse effects on the function and morphology integrity
of sperms (3-7). Moubasher et al. (1) showed that LCS has
a high correlation with sperm deformity index (SDI), the
destruction of the acrosome, the missing of middle segment
and the abnormality of tail. Immunocytochemistry uses
monoclonal antibodies to specifically bind to leukocyte
surface antigens. It is the gold standard for accurate
assessment of leukocyte concentration in clinical studies.
Until now broad-spectrum antibiotics and antioxidants
have been routinely used to treat male infertility caused
by LCS, for they can eliminate infection and reduce the
reactive oxygen species (ROS) released by leukocytes
during inflammatory reactions (8,9). Leukocytes activated
by inflammation produce 100 times more ROS than
unactivated leukocytes (10). Inconsistent results were
obtained about the affection of inflammation on sperm
concentration, activity and other routine parameters,
but inflammation would damage sperm DNA (3,11,12).
Immature sperm, especially those with deformed head and
cytoplasmic retention are also the main sources of ROS (13).
Mature hindrance of sperm leads to an accumulation of
enzymes including glucose-6-phosphate dehydrogenase
(G6PD) and nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, G6PD-derived NADPH is oxidized
by NADPH oxidase, and produce large amounts of ROS
(14-16). When sperm nuclear DNA undergoes oxidative
stress, unsaturated fatty acids are enriched in sperm plasma
membrane, which can react with ROS scavenging enzymes,
thus destroying the fluidity and integrity of the sperm
plasma membrane, and ultimately leading to damage of
sperm nuclear DNA (16). Sperm mitochondrial DNA
has poor self-healing ability and is sensitive to oxidative
stress, for lacking protection of protamine and DNA-
binding proteins, so its DNA damage is more common
(16-19). Wright et al. (20) proved the semen contained
higher concentration of H,0, when more sperms of high
DNA damage in it. 8-hydroxydeoxyguanosine (8-OHdG)
is the most suitable biomarker for detecting oxidative

damage of DNA caused by ROS (21). It was produced
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through a large number of ROS directly attacking guanine
or hydroxyl radicals attacking the C-8 on deoxyguanosine
in DNA (15,22). The sperm DNA fragment rate measured
by TUNEL or chromatin diffusion method is highly
correlated with the level of 8-OHdG, which suggesting
a relationship between oxidative stress and sperm DNA
fragments rate (23,24). As 8-OHdG can be detected in
single sperm cell, detection of 8-OHdG is beneficial to
analyzing the correlation between leukocyte levels and
sperm DNA damage in semen.

In this study, 108 infertile men with genital tract
infections were selected as subjects. Immunocytochemistry
and flow cytometry were used to determinate 8-OHdG
level, distribution of leukocyte subsets respectively, so to
explore the relationship between them.

Methods
Participants

One hundred and eight infertile men were enrolled in this
study, all visited our Andrology Laboratory of Reproductive
Medicine Center from May 2016 to September 2018, and
were 30-50 (average age 33.6+10.1) years old. Inclusion
criteria: All patients had no colds and history of special
medications in the past 3 months (such as taking anti-
oxidants and drugs affecting the immune systems),
excluding patients with abnormal testicular, epididymis, and
vas deferens, azoospermia cases were also excluded. The
study was approved by the Ethics Committee of Women’s
Hospital of Nanjing Medical University (No. 20180332)
and conducted in accordance with the Declaration of
Helsinki (as revised in 2013). All the patients provided the
written informed consent.

Sample preparation and routine semen analysis

Semen samples were obtained through masturbation
after 3-5 days of abstinence and placed into sterile plastic
containers, then putin a 37 °C incubator. After liquefaction,
partial semen samples were taken in a sterile tube for later
detection of CT-DNA and UU-DNA. Semen analysis
was performed according to the fifth edition of the World
Health Organization’s “Standard for the Inspection
and Treatment of Male Infertility”. The routine semen
analysis (such as sperm concentration, total motile sperm
and percentage of progressively motile sperm, etc.) was
performed with a semen quality detection system (WLJY-
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9000, Beijing Weili New century Science & Tech Dev. Co.
Ltd.) and matching reagents. Main technical parameters
are as follows. Image acquisition frame: low and middle
sperm concentration collected at 20 Hz, and high sperm
concentration at 7 Hz; acquisition interval: 3 ms; maximum
sperm motile velocity: 200 pm s™'; area range of spermatozoa
head detected at 7-60 pm’. Sperm motility was assessed by
straight line velocity (VSL). Features of system software:
grayscale thresholds were set to collect spermatozoa and
exclude nonsperm granules. According to the threshold set
for sperm analysis, sperm motile images were collected and
analyzed. The sperm morphology analysis was performed
by modified Pap test.

Normal parameters (25)

(I) Semen volume >1.5 mL; pH >7.2; liquefaction time
<60 min; total motile spermatozoa >39x10%an entire
ejaculate; sperm count >15x10°/mL; motility >40%;
vitality >50%; morphology: proportion of sperms with
normal morphology >4%.

(1) Sperm with normal forward movement: sperms of
grade (A + B) >32%, or sperms of grade A >25%.

Diagnostic criteria of asthenozoospermia (25)

Mild: 30% to 50% sperms at grade (A + B), or 10% to 25%
sperms at grade A.

Moderate: 30% to 50% sperms at grade (A + B), and
sperms of grade A <10%.

Severe: Sperms of grade (B + C) <30%, and absence of
grade A sperms.

CT-DNA and UU-DNA tests

Real-time quantitative PCR was performed to determine
NG-DNA, CT-DNA, and UU-DNA levels by using
commercially available kits (DAAN Gene, Guangzhou,
China) and cycler Prism 7500 (ABI, USA), the PCR
program was carried out as follows: 93 °C for 2 min, 1 cycle;
93 °C for 45 s and 55 °C for 60 s, 10 cycles; 93 °C for 30 s
and 55 °C for 45 s, 30 cycles. For each experiment, the
standard curve was constructed using the standard in the kit.
Negative and blank control groups were set. The quantified
data was software-analyzed. The level of pathogen
>500 copy/mL was considered positive, <500 copy/mL was
negative.
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Determination of semen leukocytes by
immunocytochemistry assessment of sperm 8-OHdG

According to WHO recommendations (World Health
Organization, 2010), round cells were recognized as
leukocytes by detecting the pan-leukocyte CD45 antigen
with a monoclonal anti-CD45 antibody and an avidin-
biotin immunoperoxidase staining. The concentration of
leukocytes (10°/mL) in semen was obtained by multiplying
the percentage of CD45-stained round cells. After that,
each sample was washed twice (400 g for 10 min) in
PBS containing 0.1% human serum albumin (HSA) and
divided into three aliquots for subsequent flow cytometric
assessment of leukocyte subsets, sperm DNA fragmentation,
and sperm 8-OHdG expressions, respectively, as described
below.

The generation of the oxidized base adduct, 8-OHdG
was detected as a biomarker for oxidative genomic
damage (26). For the assay, samples were washed twice in PBS,
the pellet was then resuspended in dithiothreitol 2 mM) and
incubated at 37 °C for 45 min. After centrifugation at 600
for 5 min, samples were fixed in paraformaldehyde (4% in
PBS for 15 min at 4 °C).

Fixed cells were washed and split into two aliquots
subsequently incubated (1 h at 37 °C) in 100 pL 0.1%
sodium citrate/0.1% Triton X-100 containing a mouse anti-
8-OHdG monoclonal antibody (Santa Cruz Biotechnology),
diluted in a PBS solution with 2% HSA (test sample,
2 pg/mL) or a mouse IgG2a (isotype control, 2 pg/mL).
After washing twice, spermatozoa were incubated in the dark
(1 h at RT) with a FITC-conjugated goat anti-mouse IgG
antibody (Santa Cruz Biotechnology) diluted 1:100 in PBS.
Then, samples were washed twice, resuspended in 500 mL
PBS and stained with PI (50 mg/mL in PBS) for 15 min
at RT in the dark before flow cytometric analysis. Positive
controls were prepared by incubating samples for 1 h at
RT with H,O, 2 mM) and FeCI24H20O (1 mM) in a final
volume of 200 IL of PBS, as previously described, before
fixation procedure (27).

Identification of leukocyte subsets

Leukocyte subsets were determined by flow cytometry,
which allowed calculating percentages even at a very low
cell concentration, by acquiring 10,000 events or more
in each sample testing. On the forward scatter (FSC) vs.
side scatter (SSC) flow cytometric dot plot, round cells
are not fully distinguishable from spermatozoa (28), so
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it was impossible to accurately determine the percentage
of round cells expressing CD45 by flow cytometry The
concentrations of semen macrophages and activated
macrophages were calculated by the flow cytometric
percentages of CD45-positive (CD45+) cells expressing
also CD14 (macrophages) and HLA-DR (activated
macrophages) respectively. Concrete operations as follows.
Cell suspensions (70 pL) were incubated for 30 min at room
temperature (RT) with 10 pL of the following monoclonal
antibodies (mAb): (I) ECD-conjugated anti-CD45 mAb
diluted in a buffer-containing 0.2% bovine serum albumin
(BSA) (Beckman Coulter, Rome, Italy), (II) fluorescein
isothiocyanate (FITC)-conjugated anti-CD14 mAb diluted
in a buffer containing 5% BSA (Gen-probe, Diaclone,
Pantec S.r.l., Turin, Italy), and (III) phycoerythrin (PE)-
conjugated anti-HLA-DR mAb diluted in a buffer
containing 1% BSA (Gen-probe, Diaclone, Pantec S.r.L.).
After two washes in PBS (400 g for 7 min), cell suspensions
were analyzed within a few minutes at a flow cytometer
(Beckman Coulter’s Epics XL-MCL; Beckman Coulter,
Inc., Fullerton, CA, USA) equipped with a 15 mW argon-
ion laser for excitation. For each sample, 10,000 events were
recorded at a flow rate of 200-300 cells/s. The FITC, PE
and ECD fluorescence were measured in the FL-1, FL-2
and FL-3 channel, respectively. At the ECD fluorescence
(y-axis) vs. SSC (x-axis) plot, events in the lower-left corner,
representing debris and CD45-negative cells (spermatozoa
and germ-line round cells), were excluded from the analysis,
whereas events in the upper quadrant represented CD45+
cells (leukocytes). The whole gated CD45+ population
was further analyzed on the FL-1 channel to obtain the
percentage of CD45+ cells exhibiting FITC labeling of
CD14 (monocytes/macrophages). Finally, CD14-positive
(CD14+) cells were analyzed on the FL-2 channel to
calculate the proportion of monocytes/macrophages also
exhibiting the red PE fluorescence of HLA-DR antigens
(activated macrophages). The percentages of labeled cells
were immediately evaluated, using the flow cytometer
System II Version 3.0 software (Beckman Coulter, Inc.).

DNA fragmentation index (DFI)

Using the SpermFunc™ DNAf kit (BRED Life Science,
Shenzhen, China), Sperm Chromatin dispersion (SCD) test
was performed to measure the DNA fragmentation in native
and separated semen with density gradient centrifugation
(DGC). Gelled aliquots of low-melting-point agarose
in the kit were provided for semen sample processing
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in Eppendorf tubes. Eppendorf tubes were placed in a
water bath at 80 °C for 20 min to melt the agarose and
then transferred to a water bath at 37 °C for 5 min for
temperature equilibration. A total of 60 pL. semen collected
was added to and mixed with the agarose in the Eppendorf
tubes. Then, 30 pL of the semen-agarose mixture was
pipetted onto pre-coated slides in the kit, and a 22 mm x
22 mm coverslip was covered on it. The slides were placed
on a cold plate in the refrigerator (4 °C) for 5 min, allowing
the agarose to produce microgel in which the sperm cells
were embedded. The coverslips were gently removed,
and the slides were immediately immersed horizontally
in solution A and incubated for 7 min, then in solution B
for 25 min. After being washed for 5 min in a tray with
abundant distilled water, the slides were dehydrated in
gradient concentrations of ethanol (70%, 90%, 100%;
respectively) each for 2 min, air-dried, and stored at room
temperature in opaque closed boxes.

Staining for bright-field microscopy was performed
using a solution of Wright’s staining solution (BRED Life
Science, Shenzhen, China) mixed with phosphate buffer
solution (BRED Life Science, Shenzhen, China) (1:2) for
15 min under continuous airflow. Then, the slides were
washed in running water for 10 s and allowed to dry. Strong
staining was recommended to allow the periphery of the
dispersed DNA loop halos more visible. A minimum of 500
spermatozoa should be counted on each sample under the
100x magnification.

Normal spermatic DNA presents large radiate halos and
damaged spermatic DNA presents no or small halos. The
small halos mean the thickness of the halo on one side was
less than the 1/3 diameter of the head’s thinnest part. The
rate of sperm DNA fragmentation (%) = number of sperms
with fragmented DNA/the total number of sperms x100%;
<25% was considered normal.

Statistical analysis

Statistical analysis was performed using SPSS 19.0 software.
Non-normal data were expressed as median and inter-
interquartile range and analyzed using non-parametric
statistical analysis. Spearman correlation coefficient was
used to evaluate the correlation between variables. The
Wilcoxon rank-sum test was used for comparison of
categorical data between two groups. Kruskall Wallis H
test was performed for comparison between multi-groups.
Multiple regression analysis was used to evaluate the
independent contribution of semen and clinical parameters
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Table 1 Clinical data and semen parameters of males with genital
tract infection (n=108)

Variable Median [range] or n (%)
Age (year) 36 [31-41]
Smoking 53 (49.1)
Abstinence time (d) 4 [3-6]

Semen volume (mL) 3.5 [2.5-4.6]
Semen pH 7.5[7.5-7.9]
Sperm concentration (x10°/mL) 35 [13.6-76]

Total motile sperm (><106/mL) 52.0 [17-150.00]

Oval-headed sperm (%) 7 [3-14]
SCD sperm (%) 18 [9-35]
CD14+ cells (x1 06/mL) 0.06 [0.02-0.90]
HLA-DR+ cells (><106/mL) 0.02 [0.00-0.11]
8-OHdG sperm (%) 6.3 [2.2-14.0]

CD45+ cells (x10°/mL) 0.77 [0.30-1.68]

for predicting the aberrant expression of sperm 8-OHdG.
Significant level: a =0.05.

Results

Analysis of leukocyte subsets and semen parameters in
semen

Table 1 shows semen parameters of 108 ejaculates from
male partners of subfertile couples asymptomatic for a
genital tract infection. The recruited participants ranged in
age from 31 to 41 years old with a median age of 36 years.
Sperm concentration in all sample ranged from 13.6 to
76.0x10°/mL with a median concentration of 35x10%/mL.
The median levels (ranges) of the other relevant parameters
(total motile sperm, oval- headed sperm, SCD+ sperm,
CD14+ cells and 8-OHdG+ sperm) are 52.0 (17-150.00)
x10°/mL, 7% (3-14%), 18% (9-35%), 0.06 (0.02—
0.90)x10°/mL, and 6.3% (2.2-14.0%), respectively, see
Tuble 1.

Semen parameters described according to groups divided by
the different concentration of CD45+cell

There was no significant correlation between the
concentrations of different leukocyte subgroups and
the percentage of 8-OHdG-positive (8-OHdG+) cells.
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According to the concentration (quartile value) of CD45+
cell in semen, 108 cases were divided into 4 groups [I:
0.3x10%mL; I (0.3-0.7)x10%mL; IIT: (0.7-1.5)x10%/mL;
IV: >1.5x10°/mL)], intergroup comparison was performed.
There were no statistical significant differences on sperm
DNA fragment rate and 8-OHdG level among different
groups. Although no statistical difference on sperm
morphology was found between III and IV, significant
difference existed between I and II. The concentration
of CD14+ and HLA-DR-positive (HLA-DR+) cells
significantly increased along with the concentration of
CD45+ cell (P<0.01), and CD45+ cell concentration was
highly correlated with the levels of CD14+ and HLA-DR+
cell (r=0.85, P<0.01; r=0.77, P<0.01), see Tuable 2.

Correlation between sperm DNA fragmentation rate and
sperm 8-OHdAG semen parameters

According to the median percentage of 8-OHdG+ sperm,
108 specimens were divided into two groups. High-level
of 8-OHdG was associated with increased sperm DNA
fragment rate and decreased sperm concentration (P<0.01),
but not with the percentage of forward-moving sperm or
normal morphology sperm, these results were consistent
with our expected, see Tuble 3.

Correlation of semen parameters with the percentage of
8-OHdG+ or SCD-positive (SCD+) sperm, respectively

The two groups had different concentration of leukocyte,
and the 8-OHdG sperm rate was positively correlated with
the sperm DNA fragment percentage (r=0.42, P<0.01),
but negatively correlated with the sperm concentration
and the total number of active sperm (r=-0.32, P<0.01;
r=-0.39, P<0.01). The percentage of 8-OHdG+ sperm was
not associated with age, percentage of forward-moving
sperm, the percentage of normal morphology sperm,
and concentrations of different leukocyte subsets. The
percentage of sperm DNA fragments correlated with the
normal morphology sperm, the correlation coefficients (all
had P<0.01) were -0.43, -0.30 and -0.28 respectively, see
Table 4.

Multivariate correlation analysis of 8-OHdG+ sperm
percentage

Multiple regression analysis showed that there was a
significant correlation between sperm concentration and
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Table 2 Comparison of general clinical data of patients with different concentrations of CD45 cells
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Variable [ I 1] v P

Age (year) 34.0 (31.6-39.1) 35.5 (35.2-41.2) 35.0 (31-40) 36.0 (32.0-38.0) 0.07
Abstinence time (d) 3.8 (3.0-4.8) 3.9 (3.1-4.9) 4.8 (3.1-4.9) 5.0 (3.1-5.1) 0.16
Semen volume (mL) 3.28 (2.8-5.1) 3.3 (2.5-4.8) 3.6 (2.6-5.9) 3.7 (2.2-5.0) 0.80
Semen pH 7.5(7.5-7.8) 7.6 (7.6-7.9) 7.5(7.5-7.7) 7.8(7.7-7.9) 0.09
Sperm concentration (x10°/mL) 30.0 (20.0-54.2) 15.0 (5.0-56.0) 37.5(11.5-98.2) 65 (12.5-108.6) 0.20
Progressively motile sperm (%) 50.5 (37.5-60.0) 36.0 (25.8-51.5) 50.0 (39.5-63.3) 52.2 (37.0-61.5) 0.10
Total motile sperm (x10°/mL) 46.8 (20.8-103.9) 46.9 (4.5-80.0) 77.5(12.3-192.7)  77.6 (16.0-156.8) 0.08
Oval-headed sperm (%) 11.8 (3.9-21.5) 3.0 (2.5-6.1)’ 6.8 (6.0-15.0) 7.9 (4.5-15.5) 0.03
SCD+ sperm (%) 15.6 (8.5-35.5) 23.8 (17.2-40.0) 23.5 (18.0-36.6) 18.2 (6.8-33.5) 0.31
8-OHdG+ sperm (%) 7.1(1.5-12.3) 3.0 2.1-15.1) 6.9 (2.0-15.1) 5.2 (3.0-18.6) 0.81
CD14+ cells (x10°/mL) 0.02 (0.00-00.3)" 0.03 (0.03-0.08)" 0.13 (0.10-0.50)" 0.85 (0.61-27.0) <0.01
HLA-DR+ cells (x10°/mL) 0.01 (0.01-0.02)" 0.00 (0.00-0.03)" 0.02 (0.01-0.15)" 0.13 (0.06-0.50) <0.01

Values are expressed as median (interquartile range); through, P<0.05 at adjusted post hoc analysis: i, compared to quartile II; “, compared
to quartile IV; " compared to all; i compared to quartiles lll, IV; \, compared to quartile IV.

Table 3 Comparison of clinical data and routine parameters between two groups of high or low percentage of 8-OHdG

8-OHdG+ 35.5 (32.00-41.0)

Variable P
Low (n=52) High (n=56)

Age (year) 35.6 (31.3-40.0) 35.5 (32.00-41.0) 0.55
Smoking, n (%) 28 (46.3) 31 (62.0) 0.53
Abstinence time (d) 4.2 (3.2-5.3) 4.1 3.3-5.2) 0.58
Semen volume (mL) 3.1 (2.5-4.5) 3.3 (2.7-4.8) 0.47
Semen pH 7.5 (7.5-7.9) 7.6 (7.6-7.9) 0.89
Sperm concentration (x106/mL) 52.3 (28.6-105.7) 31.0 (8.9-56.0) 0.008
Progressively motile sperm (%) 50.0 (31.0-56.0) 51.6 (39.3-62.5) 0.36
Total motile sperm (x1 06)* 65.8 (23.0-160.0) 39.2 (9.0-109.8) 0.03
Oval-headed sperm (%) 8.2 (3.3-16.2) 8.3 (3.1-17.0) 0.45
SCD+ sperm (%) 13.5(8.1-20.2) 25.5(10.6-39.9) <0.01
8-OHdG+ sperm (%) 2.3(1.1-3.8) 12.8 (11.5-25.9) <0.01
HLA-DR+ cells (x1 Oe/mL) 0.02 (0.02-0.12) 0.03 (0.01-0.08) 0.51
CD45+ cells (x1 06/mL) 0.82 (0.38-1.58) 0.85 (0.30-1.60) 0.96

Values are expressed as median (interquartile range). *, Wilcoxon Rank sum test.
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Table 4 Correlation of semen parameters with the percentage of
8-OHdG+ or SCD+ sperm, respectively

8-OHdG+ sperm SCD+ sperm
Parameter
r P r P
Sperm concentration -0.32 <0.01 -0.43 <0.01
Progressively motile sperm -0.02 0.56 -0.30 <0.01
Total motile sperm -0.39 <0.01 -0.42 <0.01
Oval-headed sperm 0.03 0.69 -0.28 <0.01
SCD+ sperm 0.42 <0.01 - -
CD45+ cells 0.05 0.60 0.05 0.67
CD14+ cells 0.12 0.15 0.26 0.23
HLA-DR+ cells 0.02 0.90 0.005 0.85

Table 5 multivariate correlation analysis of 8-OHdG+ sperm

percentage

Correlated factor B P
Sperm concentration -0.30 <0.01
SCD+ sperm 0.18 0.06
Age -0.29 0.36
Smoking 0.06 0.42
Abstinence -0.28 0.49

percentage of sperm DNA fragments after adjusting for
age, abstinence time and smoking factors (r=-0.30, P<0.01;

r=0.18, P=0.06), see Tuble 5.

Discussion

Genital tract infection, usually presenting as non-
gonococcal urethritis, is often caused by mycoplasma and
chlamydia. Most sufferers with infection-induced infertility
present no symptoms (29,30). According to epidemiological
analyses, in Asia, the prevalence of genital tract infection
by mycoplasma is high in Iran, followed by India (6.0%)
and low in Vietnam (0.8%); In Europe, this prevalence
stays at 1.1-7.1% (31,32). But in China, it reaches 17.7%
and even higher in people who do not use condoms during
intercourse for more than three months or have other
sexually transmitted diseases (STD) (33,34). Another
research concludes that this infection can prolong sperm
liquefaction and lower sperm quality, two processes leading
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to male infertility (35).

The influence of semen leukocytes on the quality of
semen has been controversial. Through a lot of research,
the conclusions are different (2,3). It is reported in the
literature that leukocytes have adverse effects on sperm
parameters, sperm function and male infertility, compared
with normal fertility group (3-7). The number of leukocytes
in infertile males increased significantly. Studies by Arata
de Bellabarba er 4/. (36) have shown that semen leukocytosis
leads to a decrease in semen volume, decreased sperm
density, viability, fertilization ability, and can also lead
to sperm cell chromatin changes, sperm DNA damage,
immature spermatogenic cells and abnormal sperm
counts. An article published in the authoritative journal
Fertility & Sterility of Reproductive Biology states that when
the number of leukocytes in semen is less than 1x10%/mL,
leukocytes can improve the fertility of sperm and the clinical
pregnancy rate of in vitro fertilization (IVF); once the number
of leukocytes in semen is greater than 1x10°%/mL, that is,
the IVF clinical pregnancy rate of patients with LCS is
significantly reduced (37). Several studies have shown that
the use of leukocyte-specific antibodies such as CD45
to detect semen leukocyte level, the results show that
CD45+ cell concentration and sperm parameters have
no significant correlation in semen of infertile men with
asymptomatic genital tract infection (38-41), these are in
line with the recent research results of Liu (25). In this
study, macrophage and activated macrophage of leukocyte
subsets were detected based on surface biomarker CD14
and HLA-DR antigen, both their concentrations had no
correlations with semen routine parameters (Z7uble 2). This
was inconsistent with the result reported by Pelliccione
et al. (42), their research gained a negative correlation
between semen routine parameters and HLA-DR+ cells.
It may be necessary to increase the sample size to further
reveal the relationship between activated macrophages and
semen quality. The potential impact of semen leukocytes
on male fertility remains unclear, but in many literatures it
reported that elevated leukocytes are indeed associated with
low fertilization rate and low cleavage rate during IVF or
intracytoplasmic sperm injection (ICSI) (43). Simultaneously,
different subsets of semen leukocytes are associated with
IVF or ICSI and natural pregnancy abortion (44). The
concentration of CD45+ cell was negatively correlated with
the fertilization rate of MII eggs (45).

About 95% of semen leukocytes are neutrophils and
macrophages, which produce ROS to induce oxidative
stress, induce apoptosis and lead to decreased sperm count
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and damaged sperm. The damage of plasma membrane
reduces sperm motility and fertilization, leading to
male infertility. The possible mechanism is that the
mitochondrial sheath located in the middle of sperm is
the energy supply center for sperm movement. When
leukocytes in semen increase, the release of ROS can
cause lipid peroxidation of unsaturated fatty acids in the
inner and outer membranes of sperm mitochondria, ATP
synthesis reduced, ultimately affecting semen quality, leads
to decreased sperm acrosome reaction and egg cell fusion.
Recently, studies have shown that sperm DNA fragments
are more easily detected in semen of patients with LCS,
and LCS can induce sperm DNA damage and has a cascade
effect (4,46). Excessive generation of reactive oxygen species
can stimulate the expression of 8-OHdG, and 8-OHdG,
as an oxidative adduct, is a sensitive indicator of the degree
of peroxidation and ROS formation (30). 8-OHdG as a
biomarker of DNA damage, expresses at the single sperm
cell level can be detected by immunofluorescence staining
and flow cytometry (47). The result of this study shows
that 8-OHdG level is closely related to sperm DNA
damage measured by chromatin diffusion method. Semen
8-OHdG immunofluorescence expression and sperm DNA
fragmentation associated with decreased sperm quality, but
not related to differential leukocyte subsets, suggesting that
oxidative stress-induced sperm DNA damage may be related
to sperm structural function impairment, and supporting
hypothesis that sperm DNA damage is related to errors that
occur during spermatogenesis (7uble 3).

Aitken et 4l. (48) showed that less chromatin amination
during spermatogenesis resulted in the formation of more
fragile sperm and eventually formed defective sperm in
the testes. Exposure to ROS enhanced oxidative damage
and promotes mitochondrial apoptosis in sperm, increased
the percentage of DNA fragments in defective sperm,
and 8-OHdG expression was associated with sperm DNA
fragmentation and low sperm concentration (Tuble 4). After
adjusting age, abstinence time and smoking factors, sperm
concentration and sperm fragment percentage can affect
19% of sperm 8-OHdG changes. Oxidative stress leads
to increased sperm damage rate, which is mainly reflected
in the significant increase of sperm 8-OHdG level, which
affects its potential fertilization ability (Tuble 5). Still, there
are some limitations, for one is that the number of cases in
this study was relatively small.

In conclusion, Chlamydia trachomatis and Ureaplasma
urealyticurn (UU) are important pathogen of sexually
transmitted diseases, which can directly or indirectly affect

© Annals of Palliative Medicine. All rights reserved.

sperm quality. Sperm DNA damage in infertile males with
asymptomatic genital tract infection is associated with
decreased semen quality, but not with differential leukocyte
subsets.
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