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Abstract
Purpose To study the effector mechanism against pathogens of polymorphonuclear neutrophils (PMN) and macrophages, called
ETosis, involving the release of extracellular traps (ETs) in patients with acute epididymitis. To assess the different ET pheno-
types present in semen samples and to identify correlations between ETosis and clinical parameters.
Materials and methods Samples from patients diagnosed with acute epididymitis were examined and compared with samples from
uninfected controls. Biochemical analyses of seminal fluid included determination of peroxidase, α-glucosidase, fructose, and elastase
levels. ETosis in semen was determined through presence of citrullinated histones, global histones, and extracellular DNA. Different
ETosis phenotypes such as spread ETs, aggregated ETs, and diffuse ETs were identified by co-localisation of extruded DNA with
myeloperoxidase and global histones. Anti-CD15+ and anti-CD68+ antibodies were used to identify different cell lines.
Results Revealed a high number of ETs compared with the control group. The mean number of CD15+PMN and CD68+

macrophages was higher in the acute epididymitis group. ETosis increase in ejaculates correlated with clinical parameters such
as enhancement of elastase concentrations and diminution of fructose in the semen.
Conclusions This work shows for the first time the presence of ETs and their components in semen from patients with acute
epididymitis. The presence of infections is an important factor for induction of ETs in semen. Furthermore, the presence of
ETosis in ejaculates is suggestive of developing infectious processes and might possibly have a diagnostic value.
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Introduction

Infertility, with a prevalence of 48.5 million couples world-
wide, is attributable to male factors in 50% of cases; 15% of
these are caused by bacterial infections of the male

reproductive tract [1]. Although infection/inflammation is
usually asymptomatic during the andrological workup of pa-
tients presenting with subfertility/infertility, they frequently
could harbour opportunistic infections that commonly are dif-
ferent to classical STDs [2]. In addition to asymptomatic
inflammation/infection of the urogenital tract, acute symptom-
atic bacterial infections (prostatitis, epididymitis) are impor-
tant. In this context, acute bacterial epididymitis resulting
from bacterial ascension through the urogenital tract is the
most common infection; it might be caused by sexually trans-
mitted diseases (e.g. Chlamydia trachomatis) as well as typi-
cal uropathogens (e.g. Escherichia coli) in males of reproduc-
tive age [3].

We know that not all male accessory gland infections cause
leucocytosis; however, many of them have been associated
with a massive presence of leucocytes in the semen [4].
Infiltration of leucocytes into the seminal fluid has been asso-
ciated with altered sperm function, reduced sperm motility,
impaired acrosome reaction, and reduced capacity to fuse with
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the oocyte [5–7]. Presence of leucocytes in semen has been
described as one of the main causes for the loss of sperm
quality; reactive oxygen species (ROS) are the principal mol-
ecules involved in causing this damage [8]. Although the clas-
sical effector mechanisms of leucocytes, i.e. phagocytosis,
degranulation, and ROS production, have been described pre-
viously in great detail [9–11], release of extracellular traps
(ETs) from polymorphonuclear leucocytes (PMN) may also
be involved andmight explain reductions in sperm quality and
progressive motility, and even fertility problems as demon-
strated elsewhere [12]. Among leucocytes, neutrophils play
a key role in early host innate immune response; they are the
most abundant cells in the blood and form the first line of
defence [13]. Monocytes and macrophages carry out the same
functions in cases of chronic urogenital infections [14]. The
most recently described effector mechanism of these cells is
NETosis/METosis, characterised by citrullination of nuclear
histones by the enzyme peptidylarginine deiminase 4 (PAD4).
In this post-translational modification, arginine residues are
changed into citrullin and highly condensed chromatin chang-
es into its decondensed form; the process concludes with the
release of neutrophil extracellular traps (NETs) and
macrophage/monocyte-derived extracellular traps (METs),
known generically as extracellular traps (ETs) or ETosis pro-
cess (mechanism of PMN that releases ETs) [15–17]. ETs are
sticky, fibrous extracellular DNA structures decorated with
histones (H1, H2A/H2B, H3, H4) and other granule compo-
nents such as neutrophil elastase (NE), myeloperoxidase
(MPO), permeability-increasing protein, cathepsin G,
lactoferrin, metalloproteinase-9, pentraxin, and LL-37. ETs
are highly effective antimicrobial structures, capable of cap-
turing and eliminating foreign agents such as bacteria, fungi,
viruses, and large-sized parasites [15, 18–20]. To date, differ-
ent in vitro, ex vivo, and in vivo studies in the reproduction of
domestic animals have been published, showing signalling
pathways in detail and highlighting the biological importance
of ETosis against sperm and pathogens [21]. However, little is
known to date about their role in human reproduction, and
much less about their pivotal role in the immunopathogenesis
of infectious diseases of the male urogenital tract [21, 22].

The purpose of the present work was to determine the pres-
ence of ETosis in semen samples from men diagnosed with
epididymitis ex vivo, and to link ETosis with immunopatholo-
gy derived from patients suffering bacterial epididymitis, asso-
ciating ETosis levels with semen parameters in these patients.

Materials and methods

Reagents

All reagents were obtained from Sigma-Aldrich unless other-
wise stated.

Study population

Patients were recruited between 2015 and 2017 from an on-
going prospective study at the Urology Clinic of the Justus
Liebig University Giessen, Germany. The inclusion criterion
was acute epididymitis, defined as onset within the last 2
weeks, enlarged epididymis on palpation typically associated
with pain, epididymal hyperaemia on scrotal ultrasound, urine
analysis showing infection of the genitourinary tract, and ul-
trasound for final confirmation [3]. Semen samples were col-
lected after diagnosis and 2–7 days of sexual abstinence to
assess the seminal inflammation in the acute phase (n = 4).
Healthy fertile men (median: 44 years, range: 33–54)
requesting vasectomy were recruited from December 2016
to May 2017 as controls (n = 4).

Microbiological analysis

All patients with sexual activity within the last 12 months
received PCR screening for sexual transmission disease; it
was based on 5-mL first-void urine. For bacterial culture,
10-μL urine specimens were inoculated on MacConkey
5% sheep-blood and Sabouraud agar plates (Oxoid,
Wesel, Germany), but no cultures were performed from
semen. The cultured bacteria were identified by the
MALDI-TOF technology [3].

Collection and preparation of semen samples

Semen analysis was carried out following the WHO 2010
recommendations [23]. To develop the ET evaluations, semen
samples were immediately smeared on a sterile glass slide,
using 15 μL of each sample, and were dried at room temper-
ature. After drying, the specimens were stored at room tem-
perature (RT) until immunostaining was performed for the
detection of extracellular DNA decorated with classical com-
ponents of ET structures.

Spermiogram and biochemical analysis of semen

The semen was analysed within 1 h after sample collection; in
addition to the standard parameters (see Table 1), the
peroxidase-positive leucocytes were determined using the
protocol described by Politch et al. [23]. Briefly, 0.0375% of
H2O2 was added to 4 mL of a solution of benzidine (0.0125%
w/v of benzidine, Sigma Chemical Co., St. Louis, MO, USA,
in 50% ethanol). A total of 20 μL of ejaculates was mixed
with 20 μL of the recently prepared benzidine-H2O2 solution.
After 5 min of incubation, 160 μL of sterile PBS was added.

The peroxidase-positive cells (stained brown) were count-
ed in a haemocytometer using a phase contrast microscope
(Olympus). The number of peroxidase-positive cells was
expressed in per millilitre of ejaculate [24].
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The levels of α-glucosidase were also determined by the
hydrolysis reaction of 4-nitrophenyl α-D-glucopyranoside in
4-nitrophenol and α-D-glucopyranoside, identifying the 4-
nitrophenol by spectrophotometry. The results are presented
in milli-international units per millilitre. The acid isoenzyme
was inhibited by addition of sodium dodecyl sulphate 1% at
pH 6.8, thereby ensuring that only the neutral isoform of α-
glucosidase was measured [25]. Fructose was identified using
0.1% of resorption in ethanol. The intensity of the resulting
bright red colour was recorded at 490 nm against a blank
which did not contain fructose, using a Specol-211® spectro-
photometer (Thermo Scientific, Germany) [26]; the results
were expressed in nanogrammes per millilitre. The
granulocyte-elastase levels of the seminal plasmawere obtain-
ed by centrifuging seminal fluids at 300×g for 10 min at RT.
The concentration of neutrophil-elastase released into the
seminal plasma and bonded to the a1-protease inhibitor [27]
was determined by a commercial ELISA method and
expressed in nanogrammes per millilitre (Milenia Biotec,
Bad Nauheim, Germany).

Identification of extracellular DNA release decorated
with global histones and citrunillated H4Cit3 in
human semen samples ex vivo

Semen samples were blocked with BSA 20% and 0.005%
saponin in sterile PBS for 30 min at RT. Then, two washes
were performed with 500 μL of sterile PBS for each sample.
Subsequently, the following primary antibodies were added:
anti-histones (anti-mouse monoclonal, clone H11-4,
MAB3422, Merck, Millipore) and anti-citrunillated H4Cit3
(anti-rabbit polyclonal, 07-596, Merck Millipore). After incu-
bation (1 h at RT), the samples were washed twice with 500
μL of PBS, and the secondary conjugated antibodies were
then added (Alexa Fluor 488 goat anti-mouse IgG [ref.
A11001, Invitrogen] for detection of global histones [H1,
H2A/H2B, H3, H4]; Alexa Fluor 405 goat anti-rabbit IgG
[ref. A31556, Invitrogen] for detection of H4Cit3). After in-
cubation for 1 h at RT in the dark, the specimens were washed
three times with 500 μL of PBS, and the DNA was stained
with Sytox Orange® (ref. 18495, Invitrogen) for 20 min in the
dark. Finally, the samples were washed twice with 500 μL of
PBS and mounted face down on a glass coverslip (Nunc) to
which one drop of anti-fading mounting medium
(Fluoromount G®, ref. 495802, Invitrogen) was added. The
WHO in its manual evaluates the presence of leucocytes in
semen expressing it in per millilitre of ejaculate; therefore, it is
independent of the volume; the same criteria were used to
evaluate ET formation in this work [23]. The samples were
viewed using an Olympus IX81® inverted fluorescence mi-
croscope equipped with a XM10® digital camera (Olympus).

To identify global histones (i.e. H1, H2A/H2B, H3, H4)
and citrunillated histone H4 (H4Cit3), these proteins wereTa
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viewed simultaneously by immunofluorescence microscopy
(IFM) analysis. Twenty-five power vision field pictures were
taken per seminal smear at × 40 magnification. The presence
of ETs showing co-localisation of DNA with global histones
and H4Cit3 was assessed individually using the ImageJ®
analysis program. Results were expressed as the mean number
of ET-positive events for global histones (green fluorescence)
and the mean number of cells positive for H4Cit3 (blue
fluorescence).

Assessment of different phenotypes of ETs

To reveal the different ET phenotypes, such as spread ETs
(sprETs), diffuse ETs (diffETs), and aggregated ETs
(aggETs), double immunofluorescence staining was per-
formed following the steps as described above. The following
antibodies were used: to mark human MPO, the monoclonal
anti-MPO antibody (ref. 11073 anti-rabbit, Biorbyt orb) was
used, and thereafter incubated in the presence of the second
antibody conjugated with Alexa Fluor 405 (anti-rabbit ref.
A31556, Invitrogen). At the same time, the anti-global histone
antibody was used (ref. MAB 3422 clone H 11-4 anti-mouse,
Invitrogen), conjugated with Alexa Fluor 488 anti-mouse an-
tibody (Molecular Probes). To view the leucocyte nuclei and
the DNA released into the extracellular space, Sytox Orange®
(dilution 1:2000) was used in PBS 1×. The samples were
analysed using an Olympus IX81® inverted fluorescence mi-
croscope equipped with an Olympus XM10® digital camera.
Visualisation of sprETs, diffETs, and aggETs was analysed
microscopically using four images selected at random for each
group and morphologically classified according to Muñoz-
Caro et al. [19, 28]: (i) diff ETs composed of network of
decondensed extracellular chromatin, spotted with compact,
globular antimicrobial proteins of 15–20 μm diameter; (ii)
sprETs, which consist of structures in the form of soft, elon-
gated bands of decondensed chromatin with antimicrobial
proteins composed of fine fibres of 15–17 μm diameter; and
(iii) very high density, stable released NETs forming aggre-
gates and defined as aggETs [29]. In each sample, all these
phenotypes were counted and compared with the uninfected
control group. The data obtained were expressed in mean
numbers of sprETs, aggETs, and diffETs in the epididymitis
group and the uninfected control group.

Identification of seminal macrophages and
neutrophils

To identify macrophage and neutrophil populations, seminal
smears from each cell suspension were prepared and are de-
scribed in the “Collection and preparation of semen samples”
section. Mouse anti-human monoclonal antibody CD68-FITC
(RRID: AB 795842; Thermo Fisher Scientific) was used to
identify macrophages, and mouse anti-human monoclonal

antibody (ref. 11-0159-42; Thermo Fisher Scientific) to iden-
tify neutrophils according to Schulz et al. [21]. After incuba-
tion (1 h, RT) in darkness, samples were washed three times
with sterile PBS and mounted face down on glass coverslips
(Nunc) and one drop of anti-fading mounting buffer
(Fluoromount G®, ref. 495802, Invitrogen) was added. In
total, 200 cells were viewed per power vision field with × 40
magnification using an inverted IX81® inverted fluorescence
microscope (Olympus) equipped with an XM10® digital
camera (Olympus). The results were presented as the mean
number of CD15+ cells and the mean number of CD68+ cells.

Statistical analysis

As the data analysed did not present normal distribution, the
Mann-Whitney-Wilcoxon test was applied to compare the epi-
didymitis group with the control group. Differences were con-
sidered significant at P value < 0.05. The statistical analyses
were performed using the GraphPad Prism® program. The
data were expressed as box plot with median and interquartile
range. The Spearman correlation test was applied between the
following variables: level of elastase and peroxidase-positive
cells; level of fructose and peroxidase-positive cells; levels of
fructose and elastase; level of ETs and sperm concentration;
level of ETs and peroxidase-positive cells; level of ETs and
fructose; level of ETs and elastase.

Results

Spermiogram findings and biochemical semen
analysis

The principal date of the spermiogram and biochemical anal-
ysis of seminal fluids are shown in Table 1 which summarises
the macroscopic and microscopic findings of the semen sam-
ples and identification of the microorganisms founded in
urine. All the samples diagnosed with acute epididymitis de-
rived from microbial infections (i.e.Ureaplasma urealyticum,
Chlamydia trachomatis, and E. coli). All the samples with
infection presented leucocytospermia (leucocyte counts > 1
million).

Epididymitis patients present different phenotypes of
neutrophil- and macrophage-derived ETs

Staining with Sytox Orange® confirmed the classical nature
of DNA-enriched ET-like structures extruded from CD15+-
stained neutrophils and CD68+-positive macrophages.
Furthermore, co-location studies revealed presence of MPO
and global histones (i.e. H1, H2A/H2B, H3, and H4) simulta-
neously in these ET structures (Fig. 1a–c), induced most prob-
ably by the different microorganisms found in the ejaculates
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obtained from epididymitis patients (Fig. 1d). Quantitative
analyses of diverse ET phenotypes resulted in larger mean
numbers of sprETs (5.75; SEM = 0.478), aggETs (9.5; SEM
= 1.555), and diffETs (5.25; SEM= 0.8539) in semen samples
of patients with epididymitis when compared with those in
semen samples from uninfected donors, where the mean num-
bers were as follows: 2.25 (SEM = 0.629), 4.5 (SEM =
0.6455), and 0.75 (SEM = 0.478), respectively (p < 0.05).

Presence of extracellular DNA, global histones, and
H4Cit3 in semen samples from epididymitis patients

The samples from epididymitis patients showed that the pres-
ence of microorganism infections such as U. urealyticum, C.
trachomatis, and E. coli significantly increased the formation
of ETs in neutrophils and macrophages present in the ejacu-
lates (P < 0.05). Quantification of cells positive for classical

ET-derived proteins, such as global histones (epididymitis
group SEM = 9.652; control group SEM = 0.853) and
H4Cit3 (epididymitis group SEM = 2.658; control group
SEM = 0.629), showed a larger number of these proteins in
the epididymitis group than in the control group (P < 0.05)
(Fig. 2a, b). Likewise, the images of the semen samples where
epididymitis had been diagnosed showed a greater presence of
extracellular DNA released by neutrophils and macrophages
than the control group (Fig. 2c).

Leucocyte subpopulations in semen samples of
epididymitis patients

The number of leucocyte subpopulations positive for CD15
([CD15+], neutrophils) and for CD68 ([CD68+], macro-
phages) was assessed in semen samples of epididymitis pa-
tients and compared with that of the control group (Fig. 3).

Fig. 1 Microscope epifluorescence images showing the different
phenotypes of ET structures (sprETs, diffETs, aggETs) in semen
samples from epididymitis patients: DNA (red stain, Sytox Orange);
MPO (blue stain, Alexa Fluor 405); global histones (green stain, Alexa
Fluor 488) and negative controls of immunofluorescences. Graphs a, b,

and c are box plot with median and interquartile range differences of
quantification of the different phenotypes of ETs represented in the
images comparing semen samples from epididymitis patients and
control group. *P < 0.05
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The results showed a mean of 44 (SEM = 7.106) CD15+ cells
in the study group. This number was significantly higher (P <
0.05) than the mean observed in the control group, where
15.75 (SEM = 2.394) CD15+ cells were counted (Fig. 3a–c).
The number of CD68+ was also observed to be higher (16.5;
SEM = 3.476) (P < 0.05) in the epididymitis group, whilst the
mean cell count of CD68+-positive cells in the control group
was 3 (SEM = 0.9129) (Fig. 3b, c).

Correlation of semen parameters and levels of ET
release

Correlation analyses (Table 2) showed a strong correlation (P
= 0.0027, r = 0.7785) between the levels of elastase and the
percentage of peroxidase-positive cells. The fructose levels
presented a moderate correlation with the percentage of
peroxidase-positive cells (P = 0.132, r = 0.5988). There was
a strong correlation between the levels of elastase and fructose
(P = 0.27, r = 0.7857). Comparison of data between the levels

of ETs detected in the samples and the sperm concentration
showed a strong negative correlation (P = 0.057, r = −
0.7109). Comparison of data between the ET levels and the
percentage of peroxidase-positive cells showed a weak corre-
lation (P = 0.0481, r = 0.2927). Comparison of the same data
with fructose levels showed a strong negative correlation (P =
0.01, r = − 0.7857), and with elastase levels, they showed a
very strong correlation (P = 0.001, r = 0.9398).

Discussion

Sperm-mediated ET formation by seminal neutrophils and
macrophages in vitro and ex vivo was recently reported to
occur in different mammal species including humans [12,
21, 22, 30, 31]. Here we investigated for the first time the
possible interactions of human neutrophils/macrophages in
semen samples obtained from acute epididymitis patients,

Fig. 2 Microscope
epifluorescence images showing
semen from patients with
epididymitis, (a) marking DNA
with Sytox Orange (red); (b)
Alexa Fluor 488 marking global
histones (green); (c) Alexa Fluor
405 marking H4Cit3 (blue); and
(d) a merge of channels.
Magnification × 20. Graphs a and
b show box plot with median and
interquartile range differences of
cells stained positive to global
histones and citrullinated histones
(H4Cit3), respectively. *P < 0.05
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analysing the molecular and morphological characteristics of
seminal ETs ex vivo.

New evidence indicates adverse effects of neutrophils and/
or macrophages on sperm function after exposure to extruded
ETs [12, 21, 22]. Although it is known that seminal fluid
contains macrophages and neutrophils as well as spermatozoa
[32]. These professional phagocytes recruited into the focus of

inflammation empty their granule contents, releasing peptides/
proteins such as elastase, MMP9, pentraxin,MPO, lactoferrin,
cathepsin, and peroxidase described previously during de-
granulation process [33]. Today, it is well-known that ETs
have a high content of these enzymes, which are released into
the extracellular space together with other antimicrobial pro-
teins, DNA, and histones (e.g. H2A) originating mostly from
the nucleus [15]. This translates into increased extracellular
elastase in the seminal plasma, which can also be explained
by the presence of ETosis—most probably triggered by mi-
croorganisms in the epididymis as shown in this study.

Seminal ETs ex vivo can be inferred in semen from epidid-
ymitis patients, since induction of ETs has previously been
reported for E. coli, U. urealyticum, and C. trachomatis
in vitro, with different activation times and reaction intensities
[34, 35]. Interestingly, patients with epididymitis and
leucocytospermia presented all three morphological pheno-
types of ETs (diffETs, aggETs, and sprETs) [36], with high
presence of aggETs entrapping vast amounts of spermatozoa
as has been previously described in humans in vitro and
ex vivo [12]. These different ET phenotypes were confirmed
by co-localisation of DNA-enriched extracellular structures
decorated with global histones, MPO, and H4Cit3 [15, 16].
Additionally, phenotypes of ETs are associated with different

Fig. 3 Microscope
epifluorescence images showing
the mean numbers of CD15+ and
CD68+ cells. White arrows
indicate neutrophils (a–c) and
macrophages (d–f). Yellow
arrows mark ETs. Blue dye
staining DNA with DAPI, green
dye staining global histones with
Alexa Fluor 488. Graphs a and b
show the number of CD15+ and
CD68+ cells in the semen samples
of the epididymitis and control
groups. Data are shown as mean ±
SD, *P < 0.05

Table 2 Correlation between clinical and biological parameters of
semen

Spearman’s correlation (r) P value

Elastase/peroxidase-positive cells 0.7785 0.0279*

Fructose/peroxidase-positive cells − 0.5988 0.1323

Fructose/elastase − 0.7857 0.0278*

ETs/sperm concentration − 0.7109 0.0576

ETs/peroxidase-positive cells 0.5927 0.0481*

ETs/fructose − 0.7952 0.0218*

ETs/elastase 0.9398 0.0011**

Spearman’s correlation data between the different semen analyses carried
out on epididymitis patients and healthy donors (n = 8). Single and double
asterisks represent a significant difference between the correlated data
with P value < 0.05 and < 0.001, respectively

2229J Assist Reprod Genet (2020) 37:2223–2231



leucocyte populations depending on the source cell by which
they are released. So far, neutrophils can cast all three charac-
teristic morphologies, whilst macrophages/monocytes mainly
release diffETs [22]. These morphological differences are of-
ten related with the type of stimulus, causing the formation of
different ETs [21, 22].

Interestingly, recent studies dealing with infertility in male
patients have related extrusion of aggETs with leucocytospermia
and bacteriospermia, which would stimulate both migration and
a marked response of these urogenital-derived leucocytes [37].
Conversely, presence of all three types of ETs have also been
described in human seminal fluid with no microbial infection;
these are most probably associated with other conditions—such
as chronic aseptic inflammation or immunological disorders—
which would result in the stimulation of seminal neutrophils and
macrophages [12, 21].

The findings of the present study showed that extruded ETs
can be found in samples from uninfected healthy donors, in-
dicating that base physiological concentrationsmay be present
in normozoospermic donors without producing any alteration
in their semen parameters; or that the triggered ETs are under
control or digested/removed adequately by DNases also pres-
ent in human seminal plasma [21]. Furthermore, it is known
that the spermatozoon itself constitutes a biological stimulus
for the formation of ETs [21]. It is still unclear whether sperm
motility or size would be the triggering mechanisms for
leucocyte-derived ETosis; this was not clarified by the current
study in contrast with other reports [38, 39].

In patients with epididymitis, inflammation of the seminal
vesicle glands has been seen in a high percentage of cases
(92.3%) [40]; this significantly affects gland function, reduc-
ing the secretion of different factors such as ascorbic acid,
prostaglandins, and fructose, which—among other
functions—act to reduce or prevent sperm agglutination
[41, 42]. We found low levels of fructose in the semen
samples from patients with epididymitis, correlating with
high levels of elastase and ETs, leading us to suggest that
spermatozoa might lose their defence mechanisms in pres-
ence of microbial infection. The diminution of fructose
levels, combined with other factors, may be one of the fac-
tors that make spermatozoa more likely to form aggregations
and agglutinations, principally due to the presence of ETs,
as we have seen in this study.

In conclusion, our data confirm previous observations and
show for the first time the presence of ETs and their different
structures in ejaculates ex vivo from men with acute epididy-
mitis. ETosis might correlate with other parameters, leading
us to expect that when clinical results show high levels of
elastase and low levels of fructose, the semen samples will
also present high contents of ETs. However, further studies
will be necessary to determine the implications of the presence
of ETs, and their diagnostic value for infections in the men
urogenital tract.
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