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Abstract Inflammation and male genital tract infections could interfere with the spermatogenesis process and lead
to damages in sperm quality, as well as to seminal tract obstruction, being thus considered two of the most important
causes of male infertility. Therefore, currently, there is an acute need for a better standardization of the methodology
used in the clinical practice to detect and identify microorganisms infecting the male urogenital tract and also for the
correct diagnosis of inflammatory processes correlated with male infertility. This paper aims to review some of the
physiological changes of the main determinants of sperm quality induced by inflammatory and infectious processes,

such as increased seminal leucocytes, oxidative stress and cytokines production.
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Introduction

Inflammation and male genital tract infections represent
two of the most common causes of male infertility, which
are widely investigated worldwide. Because they can
induce important damages during spermatogenesis
process, impair sperm quality and lead to seminal tract
obstruction, such conditions should be early diagnosed,
since early antibiotics and anti-inflammatory treatments
may improve healing and restore fertility. Even though a
relationship between infection and infertility has been
postulated since 1970s, most studies to offer valid
evidence on this field have been published over the last
two decades (Rowe, 2000). Epidemiological studies show
that male genitourinary tract infections represent 15% of
infertility causes (Pellati et al., 2008). Inflammation, as
well as acute and chronic infections of the male
reproductive system can compromise the function of the
sperm cells and the whole spermatogenetic process
(Henkel et al., 1998; Sanocka-Maciejewska et al., 2005),
causing gqualitative and quantitative changes in sperm.
Recent studies have shown that the presence of bacteria
in sperm samples can compromise its quality. Seminal
material contaminating bacteria generally originate from
the urinary tract or may be transmitted through sexual
contact (Purvis et al., 1993). These bacteria could induce
a decrease in sperm quality parameters, sperm count
decrease, morphological alterations, and decreased
motility.

Pathogenic significance of
count in the seminal fluid

leucocytes

In the vast majority of sperm samples, leukocytes,
predominantly neutrophils are normally present in 0.5 -
10° / ml of sperm counts (Aitken et al., 1994; Aitken et
al., 1998). A mild leucospermia may be also encountered
(1-2 x 10° leukocytes / ml sperm), while in the case of an
infectious process, the leukocyte count exceeds 5 x 10° /
ml (WHO 1992). A significant increase in leukospermia
is thus indicative for an infectious process and this
condition could highly influences fertility capacity. The
leukospermia (Fig. 1) has a frequency of about 29%
among infertile men. Granulocytes are the most prevalent
(50-60%), followed by macrophages (20-30%) and T
lymphocytes (2-5%) (Stanislavov 1999). Immature germ
cells, spermatids and sperm cells are also present in the
ejaculate of most infertile men (Gonzales et al., 1992).
Seminal leucocytes have testicular origin in the epididym
and prostate, and the contribution of seminal vesicles is
minimal (Simbini et al., 1998). Leucospermia seems to be
correlated with a decreased number and motility of the
sperm, which could lead to infertility (Tolbert et al.,
1987). Also it increases the number of spermatozoa with
abnormal morphology (Wolff et al., 1999).
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Fig. 1. Microscopic image of Giemsa stained smear from a
sperm sample with leukospermia: leukocytes and spermatozoa
heads with abnormal morphology and size (Carl Zeiss
AxioVision Imaging System, Obj. 100X).

Fig. 2. Microscopy images of sperm smears stained with eosin
nicrosin, containing spermatozoa with abnormal morphology:
A: macrocephalous head; B: bicephalous spermatozoon; C:
bicephalous spermatozoon with thick midpiece insertion and
completely coiled tail; D: incomplete acrosome; E: misaligned
midpiece; F: thick midpiece insertion; G: abnormal residual
cytoplasm; H: bicephalous spermatozoon with and abnormal
residual cytoplasm; 1. coiled tail (Carl Zeiss AxioVision
Imaging System, Obj. 100X).

In the seminal material, leukocytes are the main
source of free radical production in the case of an
inflammatory / infectious process. Seminal reactive
oxygen species (ROS) production may therefore
have an intrinsic origin (residing within the sperm
cells), being released from sperm or extrinsic origin,
being released by leukocytes (Sandra et al., 2008).
Both categories can alter the DNA integrity of the
sperm. Increased ROS production can cause sperm
abnormalities: decreased sperm motility, acrosin
activity and  sperm-ovocin  fusion  capacity
modification (Lanzafame et al., 2009). Leukocytes
produce 1000 times higher amounts of ROS than
sperm cells (Plante et al, 1994). A positive
correlation between the number of seminal
leukocytes and the amount of ROS has been
reported (Aitken et al., 1994; Gomez et al., 1998;
Zini et al., 2000). The release of ROS is one of the
main mechanisms by which neutrophils destroy
pathogens, but also have the potential to cause
oxidative stress within the host cells.

Cytokines synthesized in prostate infection and
inflammation, such as IL-1, IL-6, IL-8, IL12, IL-18,
TNF-a profoundly influence the quality of seminal
material (Fraczek et al., 2007) by decreasing sperm
motility. Cytokines also disrupt the functions of the
accessory glands. IL-1 has a higher plasma concentration
in patients with infertility as compared to fertile male
(Dousset et al., 1997). IL-6 has a higher concentration in
seminal plasma of infertile than fertile patients and
inhibits the synthesis of sperm malonaldehyde in vitro
(Camejo et al., 2001). IL-8 does not influence sperm
motility or in vitro acrosomal reaction. In contrast,
seminal plasma IL-8 inhibits sperm motility (La Vignera
et al., 2014). It has been revealed that TNF-o production
is higher in patients with bacterial infections such as
Mycoplasma sp. (Gruschwitz et al., 1996). TNF-a
inhibits the in vitro sperm motility (Hill et al., 1987) and
the ability of spermatozoa to fertilize oocytes. Prostate
tissue significantly contributes to the level of cytokines in
sperm secretion.

Male genital tract

conditions

inflammatory

Male urethra is the ascending pathway of infection access
to all segments of the genitourinary tract, which are
normally sterile. This sterile condition is ensured by
micturition and ejaculation and, in particular, by the
antibacterial action of a zinc containing polypeptide
eliminated by the prostatic secretion (Azenabor et al.,

2015) .
Urethritis, also known as urethral inflammation, is a
frequent  pathologic  condition  with  various

simptomatology, depending on the severity of disease.
Urethritis may either be asymptomatic, or symptomatic,
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being associated with dysuria, urethral leakage, pruritus,
orchialgia (long term pain in the testes, considered
chronic if it persists longer than 3 months) (Tojuola et al.,
2016). Urethritis is caused mainly by sexually transmitted
pathogens. The diagnosis of urethritis is confirmed by
highlighting a large number of polymorphonuclear
leukocytes in the anterior urethra. Etiologically,
diagnostically and therapeutically, urethrites are divided
into two separate conditions: gonococcal (caused by
Neisseria gonorrhoeae) and non-gonococcal (Al-Sweih
2012). Gonorrhea — type urethritis may develop due to
infection with N. gonorrhoeae, but also with Chlamydia
trachomatis or Ureaplasma urealyticum, which are
suspected as etiological agents if the incubation period of
the primary infection is greater than that of the
gonococcal infection. Gonococcal and chlamydial
infections have been implicated in the inflammation of
the female genital tract, particularly in pelvic
inflammatory disease. On the other hand, urethritis with
Cryptococcus  neoformans, usually favored by
gonorrhoea tetracycline therapy, may occur (Moi et al.,
2015).

Prostatitis is considered to be the most common
urological problem in men under 50 and the third most
common urological diagnosis in men over 50 years old
(Nickel 1998). The overall prevalence of prostatitis
worldwide is estimated to be of 14% in men over 50
years old (Mehik et al., 2000). Four types of prostatitis
have been described: i) acute bacterial prostatitis, ii)
chronic bacterial prostatitis, iii) chronic pelvic pain
syndrome and iv) asymptomatic inflammatory prostatitis
(Krieger et al., 1999). Prostatitis is plays an important
role in male infertility, and efficient treatment may
restore the reproductive function. Prostatitis profoundly
influences the quality of sperm (Marconi et al., 2009).
Bacterial prostatitis induces severe changes in sperm
morphology and motility (Menkveld et al., 2003) and
reduce the volume of prostate secretion (Weidner et al.,
1999). Prostatitis is associated with decreased prostate
excretion, including decreased citric acid, a-glucosidase,
fructose, and decreased zinc secretion (Marconi et al.,
2009). Sexual dysfunctions including ejaculatory and
erectile dysfunction have been also associated with
prostatitis (La Vignera et al., 2012). Prostatitis is also
incriminated for early ejaculation, and appropriate
treatment can relieve all mentioned symptoms, and
restore damaged fertility.

Epididymitis is an ascending inflammation that occurs as
a result of prostatitis or urethritis. Favorable factors are
local trauma, especially under bacteriuria conditions.
Epididymitis is usually caused by a bacterial infection
localized in the urethra, bladder, prostate, which
disseminates in the epididym. The most common causes
of epididymitis are sexually transmitted infections (in
sexually active adults) and urinary tract infections
(especially in children). Etiologically, non-specific
bacterial epididymitis is frequently caused by members of
the  Enterobacteriaceae = family,  followed by

pseudomonads and occasionally by Gram-positive
strains. Sexually transmitted epididymitis is most
frequently produced by N. gonorrhoeae, while systemic
epididymitis is occuring in tuberculosis, blastomycosis
etc. In men over 35 years of age the most common cause
of acute epididymitis is the benign prostatic hypertrophy
which prevents the normal urinary flow from the bladder
and causes infections that spread outwardly in the
epididym. Other factors that cause epididymitis are the
use of urinary catheters in critical care patients. More
rarely encountered is the noninfectious epididymitis that
is a consequence of testicular trauma and of the use of
amiodarone. Acute epididymitis is an inflammation of the
epididymis that occurs in men aged 19-25 years causing
pain and swelling of the scrotum. Most cases are caused
by sexually transmitted infections. Major complications
are chronic epididymitis, infertility and testicular abscess.
Epididymitis diminishes sperm production to aspermia
and necrospermia and directly correlates to infertility.
Loss of spermatogenesis is associated with high follicle-
stimulating hormone levels (Yuan et al., 2013).

Male genital tract infections and infertility

According to the WHO, seminal fluid infection is
confirmed by the presence of significant bacteriospermia
(> 10° bacteria / ml), and detection of N. gonorrhoeae, C.
trachomatis, U. urealyticum; leucocytospermia (> 10°
leukocytes / ejaculated ml). In clinical practice, if one of
the mentioned criteria is not met, most practitioners
consider that seminal bacteria isolation only reflects
accidental contamination (Okon et al., 2005). Since the
ejaculate is a mixture of secretions derived from the
urogenital tract and male accessory glands, the
cultivation of seminal secretion represents an efficient
method to identify the presence of bacteria in all seminal
tract levels (De Francesco et al., 2011). However, in the
current practice, the microbiological examination of the
gjaculate can result in false - positive or - negative
results, either due to the presence of commensal
microorganisms (i.e. bacteria on the gland, foreskin or
hands of the patient), or because of bacteria colonizing
the anterior urethra epithelium (Askienazy-Elbhar 2005).
In order to increase the utility of the microbiological
examination of the urogenital tract in the screening of
male infertility, many samples must be analyzed, i.e.
gjaculate, urine, urethral secretion and ballo-preputial
secretion and research should be extended to assess all
possible microorganisms that can alter sperm function
(La Vignera et al., 2011; Leterrier et al., 2011). Although
numerous microbial species could colonize skin and
mucosa and may act as opportunistic pathogens, most
common microorganisms that induce loss of sperm
motility and morphological defects are Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa,
Proteus mirabilis and, to a lesser extent, Mycoplasma
hominis (Ali Nabi et al., 2013; Rana et al., 2016) .
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Gram negative bacteria, as well as known sexually
transmitted etiological agents are recognized true
pathogens of the prostate, while other prostate
microorganisms that are occasionally detected in the
urogenital tract are considered "non-pathogenic”,
"opportunistic pathogens™ or "occasional pathogens"
(most of them are common Gram positive bacterial
species, such as Enterococcus faecalis, S. aureus, S.
epidermidis, anaerobic species) (Kriger et al., 1999). The
main difficulties in the interpretation of microbiological
laboratory data in spermoculture and uroculture are: the
presence of contaminant microbiota, the presence of
bacteriostatic or bactericidal substances in prostatic
secretions and prior antibiotic treatment. The
microbiological examination of seminal liquid is
focussed on the following groups of microorganisms: i)
Gram  negative  bacteria  belonging to the
Enterobacteriaceae family (such as E. coli, Morganella
morganii, Klebsiella pneumoniae, P. aeruginosa, P.
mirabilis, P. vulgaris); ii) Gram negative non-fermenting
bacilli (P. aeruginosa); iii) Gram-positive, catalase
positive opportunistic microorganisms (S. aureus, S.
haemolyticus, S. epidermidis); iv) Gram positive, catalase
negative opportunistic microorganisms (Ent. faecalis); V)
Gram negative pathogenic strains (N. gonorrhoeae); vi)
obligate intracellular bacteria (C. trachomatis); vii)
Mycoplasma and Ureaplasma genera (M. hominis, M.
genitalium, U. urealyticum, U. parvum); viii) spirochetes
(Treponema pallidum); ix) anaerobic bacteria; x) fungi
(Candida albicans); xi) viruses: human papilloma virus
(HPV), herpes simplex virus (HSV), cytomegalovirus
(CMV), acquired immunodeficiency virus (HIV) (Seo et
al., 2016).

Gram negative bacteria in general, but also Ent. faecalis,
U. urealyticum and S. epidermidis have a negative
influence on sperm motility, because bacterial cells
adhere to sperm mannose receptors through their pilli and
inhibit their normal function (Villegas et al., 2005).

E. coli colonizes the prostate and produces acute or
chronic prostatitis and epididymitis. Prostate infection
with E. coli stimulates the synthesis of specific antibodies
to sperm components, resulting in agglutination and
infertility. The presence of sperm agglutinates in the
gjaculate of a patient with piospermia indicates the clear
presence of an E. coli infection. E. coli infection could
induce besides loss of mobility, apoptosis and sperm
necrosis. Infection with Pseudomonas sp. produces a
progressive decrease in sperm cells motility (Basu 2005).
S. aureus is involved in primary infertility of both men
and women (Momoh et al., 2011). It was isolated from
68.2% samples of infected seminal fluid in recent
screening tests (Emokpae et al., 2009; Okon et al., 2005).
Chronic infection with the opportunistic pathogen S.
aureus damages sperm fertilization capacity. However,
most clinicians still consider it to be an unharmful
contamination because sperm that passes through the
genital tract is currently contaminated with Gram positive
strains  (staphylococci, streptococci and dipteroids).

Recent studies reported that Ent. faecalis is responsible
for about 53% cases of sperm infection, Micrococcus sp.
from 20% and o-hemolytic streptococci from 16% of
infected sperm samples. The increased presence of
urogenital tract infections caused by Ent. faecalis is
associated with compromising the quality of sperm, its
density and morphology of the cells. The presence of a-
hemolytic micrococci and streptococci does not appear to
exert any adverse effect on the quality of the sperm.
Although no significant effect of enterococci on sperm
motility has been observed, some researchers have
reported a negative influence on the membrane integrity
of the spermatozoa head, neck and mid-region, possibly
mediated by hemolysin, a virulence factor of enterococci.
Streptococcus sp. is the etiological agent of non-
gonococcal urethritis and epididymitis (Kim et al., 2017).
N. gonorrhoeae is an important agent of sexually
transmitted infections. It produces urogenital tract
infection - simple gonococcal infection, colonization of
urethral mucosa in man (urethritis), and endocervix and
urethra in women (urethritis, cervicitis). N. gonorrhoeae
is the second major cause of urethritis after C.
trachomatis. Gonococcal urethritis has several clinical
forms. Over 70% of infections have acute evolution, with
marked dysuria and frequent purulent urethral discharge,
and approximately 5-10% of cases develop inapparently.
Untreated gonorrhoea leads to complications (canal and
lymphatic spread to the prostate and epididym) and
sequelae (i.e. urethral strictures) may occur. The infection
can be generalized (systemic) by blood, and the joints can
also be affected. After infection, immunity is not
protective, and repeated infections are common. The
absence of protective immunity is due both to the
antigenic heterogeneity of the infectious agent and to the
short half-life of antibodies in mucosal secretion
(Chifiriuc et al., 2011). C. trachomatis is the common
agent of sexually transmitted infections with a similar
prevalence in males and females (Brunham et al., 2005).
The infection may be asymptomatic (subclinical) or
induces inflammatory response (Brunham et al., 2009).
There are 15 serological variants, all involved in human
pathology, which is very diverse, including trachoma,
venerian lymphogranulomatosis (Nicolas Favre's disease)
with tropism for the lymphatic system, acute urethral
syndrome, bartolinitis, endometritis, salpingitis, pelvic
inflammatory disease, ectopic pregnancy, infertility,
perihepatitis, neonatal pneumonia and rarely vaginal,
pharyngeal and neonatal enteric infections. In men
especially acute urethritis can lead to chronic urethritis,
prostatitis, epididymitis, Reiter's syndrome, infertility
(Synevo 2010). Among infertile men there is a variation
in C. trachomatis infection rate ranging from 0-90.3%.
The prevalence of Chlamydia infection is however
underestimated due to its asymptomatic behaviour
(Senior, 2012), being estimated to be present in up to
75% in women and 50% in males, resulting in repeated
transmissions (Cunningham, et al., 2008). Ejaculate
testing for C. trachomatis is a relatively recent concept



0
)
3)
c
©
)
)
[
©
S
0]
S
2
28]
=
c
S
'©
©
o
©
=
28]
=
%)
=
Y
>
@)
o

38 Silea et al., / Rev. Biol. Biomed. Sci. 2018 1 (1) 34-42

and currently there is no approved methodology, the role
of seminal testing being unknown. The presence of C.
trachomatis in seminal material is believed to indicate an
upper genital tract infection (Eggert-Kruse et al., 1997,
Gdoura et al., 2008; Kokab., et al., 2010; Gallegos-Avila
et al., 2008). The main localization of Chlamydia
infection is urethra (Mulcahy et al., 1987) with
subsequent evolution in epididym and testis (Trojian et
al., 2009). The presence of the microorganism in urethral
specimens, but its absence in seminal samples indicates
an asymptomatic lower tract infection with less relevance
to fertility. However, positive chlamydial DNA tests in
seminal and negative chlamydial DNA samples in
urethral samples indicate that the infectious agent is
located in the male secretory glands, serving as an
indicator for invasive infection (Wolff et al., 1994).
Urogenital infection with Chlamydia induces 1gG and
serum IgA synthesis, which persists for years
(Puolakkainen et al., 1986). IgA and IgG anti-Chlamydia
in the male serum are associated with decreased quality
of seminal material (Cengiz et al., 1997; Joki-Korpela et
al., 2009). Asymptomatic infection with Chlamydia may
be the cause of unexplained infertility (Greendale et al.,
1993). The presence of anti-C. trachomatis IgA correlates
with lipid peroxidation in the sperm membrane (Segnini
et al., 2003). C. trachomatis lipopolysaccharides induce
sperm necrosis (Hosseinzadeh et al., 2003). Chlamydia-
infected spermatozoa have different nuclear changes,
including chromatin  structure, microdeletions,
chromosomal rearrangements, aneuploids and DNA
fragmentation (Hosseinzadeh et al., 2003). Chlamydia is
more frequently isolated in young patients compared to
M. genitalium (Jensen et al.,, 2004). Rarely the two
species coexist in an infectious process (Moi et al., 2009).
In 30-80% of cases with non-gonococcal urethritis none
of these microorganisms are detected. In heterosexual
men under 35 years old, acute epididymitis is caused by
Chlamydia sp. or N. gonorrhoeae, with orchitis and
prostatitis leading to damage to the canicular system,
testicular atrophy and obstructive azoospermia (Gallegos
et al., 2008; Stephens et al., 2011). Epididymis has a role
in functional sperm maturation, and infection with these
microorganisms influences the sperm quality (Greendale
et al.,, 1993). In the case of chronic prostatitis, the
infection leads to decreased motility, density, and
morphological changes of spermatozoa (Eley et al.,
2005).

Ureaplasma is a component of the normal microbiota, in
70% of sexually active individuals, males and females,
being usually commensal to the inferior genital tract
mucosa, and their presence is not associated with clinical
manifestations (Dorobat 2006). They could contaminate
the semen during ejaculation. Of the total non-
gonococcal urethritis, 20-25% are caused by M. hominis,
U. urealyticum and M. genitalium. These agents colonize
the vagina of women who have contact with several
partners. In the in vitro fertilization systems, the presence
of U. urealyticum in either the seminal material or the

female genital tract leads to an increase in the failure rate
(Montagut et al., 1991; Reichart et al., 2000).
Ureaplasmas are also etiological agents of male infertility
(Radhonane et al., 2007). U. urealyticum was detected in
76% of sperm samples of men with unexplained
infertility (Emokpae et al., 2009). The mechanism by
which this pathogen damages the quality of sperm is not
known however the spermatozoids immobilization has
been demonstrated (Lee et al., 2013).

C
Fig. 3. Microscopy images of sperm smears stained with eosin
nicrosin. A: isolate agglutination; B: moderate agglutination;
C: intensive agglutination (Carl Zeiss AxioVision Imaging
System, Obj. 100X).

M. hominis has been associated with bacterial vaginosis,
pelvic inflammatory disease, post-partum fever and post-
abdominal fever and a number of other severe
gynecological disorders (Yoshida et al., 2003). However,
the role of M. hominis in the etiology of non-gonococcal
urethritis and infertility is rarely investigated (Pannekoek
et al.,, 2003). M. genitalium can be isolated from the
urethral specimens of men with non-gonococcal
urethritis, but its role in the development of non-
gonococcal urethritis is not established due to the
difficulty of isolation (Jensen et al., 2004). The role of T.
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pallidum in infertility is unclear, but it is well known that
it diminishes sperm motility and causes agglutination
(Antal et al., 2002) (Fig. 3).

Conclusions

Inflammation and / or infection of male auxiliary sexual
glands have a strong influence on male fertility.
Clinicians should be aware of the physiological changes
of the main determinants of sperm quality induced by
seminal leucocytes, oxidative stress and cytokines. In
addition, there is an acute need for a better
standardization of the methodology used in clinical
practice to detect and identify microorganisms infecting
the male urogenital tract, which cause severe health
conditions and are responsible for high infertility risks.
Large cohort studies are required in order to establish
statistically significant correlations between different
infections and the sperm quality parameters, while
indepth research is needed to unravel the intimate
mechanisms by which different microbial components
affect the sperm quality.
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