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Abstract Male infertility is one of the major challenging and prevalent diseases
having diverse etiologies of which bacteriospermia play a significant role. It has
been estimated that approximately 15% of all infertility cases are due to infections
caused by uropathogens and in most of the cases bacteria are involved in infection
and inflammation leading to the development of bacteriospermia. In response to
bacterial load, excess infiltration of leukocytes in the urogenital tract occurs and
concomitantly generates oxidative stress (OS). Bacteria may induce infertility either
by directly interacting with sperm or by generating reactive oxygen species (ROS)
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and impair sperm parameters such as motility, volume, capacitation, hyperactiva-
tion. They may also induce apoptosis leading to sperm death. Acute bacteriospermia
is related with another clinical condition called leukocytospermia and both compro-
mise male fertility potential by OS-mediated damage to sperm leading to male
infertility. However, bacteriospermia as a clinical condition as well as the mecha-
nism of action remains poorly understood, necessitating further research in order to
understand the role of individual bacterial species and their impact in male infertility.

Keywords Uropathogens - Bacteriospermia - Infection - Inflammation -
Leukocytes - ROS - Sperm parameters - Infertility

7.1 Introduction

In the third decade of twenty-first century infertility remains one of the major chal-
lenging and highly prevalent global health conditions [1]. Male infertility is a mul-
tifactorial disorder and male urogenital infection is considered one of the major
contributors to male infertility accounting approximately 15% of all male infertility
cases [2]. Acute or chronic male urogenital tract infection is mediated by microor-
ganisms particularly bacteria and it affects various parts of the male reproductive
system such as testis, epididymis, and male accessory sex glands leading to impair-
ment of sperm production, maturation, and movement in the seminal tract [3].
Pathogenic bacteria gain access to the male urogenital tract by sexually transmitted
infection, intracanicular spread of bacteria from urine infection or hematogenous
seeding of bacteria from urogenital organs [4, 5]. Development of bacteriospermia
and concomitant increment of leukocytes in the male urogenital tract due to infec-
tion and inflammation may impair the fertility potential of a man through multiple
mechanisms, such as deterioration of spermatogenesis, reduction in sperm motility,
genital tract obstruction and/or dysfunction, and oxidative stress (OS) [5, 6].
Excessive bacterial colonization and successive infection in the urogenital tract
impair male fertility through sperm adhesion, interaction and/or forming sperm
agglutination thus reducing sperm motility and lowering the chance of sperm—
oocyte fusion [7]. Moreover, bacterial infection causes chronic persistent inflamma-
tion and leukocyotspermia leading to increment of pro-inflammatory cytokines and
reactive oxygen species (ROS) in the urogenital tract which ultimately contribute to
the development of OS-associated male infertility [8, 9]. In bacteriospermia, preva-
lence of bacterial species varies depending on the population types, whereas their
mechanism of action in male infertility is still understood poorly. A study conducted
on Canadian population found 22 species in bacteriospermic ejaculates and the
most prevalent bacteria were Enterococcus faecalis (56%) followed by Escherichia
coli (16%), group B Streptococcus (13%), and Staphylococcus aureus (5%). These
four bacterial species contribute up to 90% of all identified bacterial species [5].
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Similarly, a study from India reported a total of 7 bacterial species from bacterio-
spermic ejaculates, and the most dominant species was E. faecalis (30%) followed
by Coagulase negative Staphylococcus (23.33%), S. aureus (20%), E. coli (10%),
Klebsiella pneumoniae (6.66%), Proteus sp. (6.66%), and Citrobacter sp. (3.33%)
[10]. Another study on Czech population reported predominance of three species
i.e., Staphylococcus sp., Streptococcus sp., and E. coli from abnormal semen sam-
ples of 116 infertile men [11]. The presence of bacterial species in the urogenital
tract of bacteriospermic men and leukocytes response is still poorly understood. The
bacteria may utilize multiple patho-mechanisms and develop OS thus contributing
to the compromise of male fertility potential. This chapter mainly focuses on the
role of bacteriospermia and OS in male infertility.

7.2 Oxidative Stress (OS) and Fertility Pattern in the Male

The reproductive organs of the male including testes, epididymis, vas deferens, and
accessory glands are mainly involved in the formation, storage, and ejaculation of
sperm. They also produce androgens that help in the development and maintenance
of male fertility potential [12]. Impairment of reproductive organs due to low hor-
mone synthesis, Klinefelter syndrome, cryptorchidism, autoimmune disorder, expo-
sure to radiation, altered lifestyle, infection, OS, trauma, etc., may lead to male
infertility [13, 14]. Male infertility is a multifactorial disorder and OS is considered
as one of the major contributors to the disease. It is defined as an imbalance between
the levels of ROS and antioxidants in the semen [15]. Free radicals are the unpaired
electron containing molecules which are highly reactive against lipids, amino acids,
and nucleic acids [16]. Prime sources of ROS in the semen include excessive leuko-
cytes, immature sperm, varicocele, exposure to toxins such as radiation, smoking,
alcohol consumption, etc. Excess ROS in the semen can overwhelm the antioxidant
defense leading to concomitant development of OS and cause sperm dysfunction
and/or death, and ultimately infertility in men [13]. However, optimum levels of
ROS are crucial for facilitating sperm hyperactivation, motility [17], capacitation,
and acrosomal reaction [16]. Controlled production of ROS in the sperm at the time
of capacitation process increases the amount of cyclic adenosine 3’,5’- monophos-
phate (cAMP) that facilitates the hyperactivation of the spermatozoa. Hyperactivation
is very crucial because only the hyperactivated sperm have increased motility to
undergo the acrosomal reaction that may lead to successful fertilization [18].
Excessive leukocytes in respone to inflammation and immature sperm are the main
source of ROS generation and mature sperm are highly susceptible to ROS due to
the presence of polyunsaturated fatty acids in their membranes [19]. Uncontrolled
rise in the level of ROS initiates lipid peroxidation (LPO) of the sperm membrane
where up to 60% of the fatty acids are reduced thus altering the membrane fluidity,
disrupting the activity of enzymes and membrane receptors which may ultimately
lead to abnormal fertilization [20]. OS and elevated levels of ROS have also been
associated with impaired sperm parameters such as motility, concentration, and
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Fig. 7.1 Bacteriospermia induce infection and inflammation in the urogenital tract of men and
concomitantly increases leukocytes infiltration in the infected location. Both bacteriospermia and
leukocytes increase ROS in urogenital tract leading to OS. ROS can cause sperm agglutination and
reduce sperm motility. On the contrary OS damages sperm morphology, sperm DNA, mitochon-
drial DNA and reduce sperm acrosomal integrity, cause premature capacitation, induces lipid per-
oxidation and apoptosis in sperm which ultimately contribute to male infertility. ROS- reactive
oxygen species, OS- oxidative stress, DNA- deoxyribonucleic acid

morphology - which are the important indicators of a male’s fertility potential.
Diminishing sperm motility is a result of a cascade of events including LPO of the
plasma membrane, which affects axonemal protein phosphorylation and sperm
immobilization [21, 22]. High levels of ROS cause significant sperm morphological
abnormalities like head, neck, and tail deformities and retention of cytoplasmic
droplets leading to male infertility [23]. OS also facilitates sperm DNA damage by
fragmenting the single- and double-stranded DNA, direct oxidation of DNA bases,
and by DNA mutations [24]. Furthermore, excessive generation of ROS directly
disrupts the mitochondria electron transport chain (ETC) and has the ability to dam-
age mitochondrial DNA which ultimately activates the stress response gene by
altering the mitochondrial physiology and promote apoptosis by disrupting cell
division [24, 25]. Low sperm motility due to mitochondrial dysfunction can also
cause asthenozoospermia [24]. OS results into functional and metabolic disorder in
germ cells, too [26]. Moreover, uncontrolled ROS can modify the protein status by
oxidative reaction and generate aldehydes and ketones which reflect a negative
effect on spermatogenesis and overall fertility of the male [27] (Fig. 7.1).
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7.3 Bacteriospermia and Male Infertility

Infertility is defined as a disease of the reproductive system characterized by the
failure of a couple to establish a clinical pregnancy after one year or more of regular
unprotected sexual intercourse [28]. Like females, the males are more or less equal
contributors to the infertility cases with a prevalence of 30-50% of all cases reported
globally [29]. However, the prevalence varies according to the geographical regions
as higher prevalence has been documented from Central and Eastern Europe, Africa,
the Middle East, and South and Central Asia [1, 30]. Compromised fertility poten-
tial of the male may be attributed to multiple factors including anatomical abnor-
malities of the reproductive system, cryptorchidism, ejaculatory duct dysfunction,
genetic and hormonal imbalance, varicocele, leukocytospermia, gonadal toxicity,
environmental pollutants, male urogenital tract infections, and bacteriospermia,
among others [9, 31]. Male urogenital infections are caused by microorganisms that
include bacteria, virus, protozoa, and fungi. Among these, infections mediated by
bacteria is the most prevalent one leading to the impairment of both sperm quality
and function as well as seminal tract obstruction [32]. Both infection and inflamma-
tion can reduce spermatogenesis and deteriorate sperm quality and function [29]
leading to an array of clinical conditions such as oligozoopspermia, asthenozoo-
spermia, azoospermia, and dysfunction of male accessory glands [29]. Bacterial
infection and inflammatory responses have been linked with poor male fertility
potential; however, the exact mechanism remains inadequately understood. In case
of chronic bacterial infection inflammatory responses may be asymptomatic but can
still impose a long-lasting negative effect on sperm function, motility, count and
spermatogenesis, and affect the permeability of the vas deferens and/or ejaculatory
duct or may even induce apoptosis of spermatozoa [33-35].

According to the World Health Organization (WHO), bacteriospermia can be
defined as the presence of more than 10° bacterial/ml of ejaculate and such condi-
tion is generally used as an indicator of active urogenital infection in men [36].
Bacteriospermia is associated with excessive generation of leukocytes in the male
urogenital tract and concomitant OS. Moreover, bacteriospermia is a substantial
cause of male infertility as it is associated with sperm DNA fragmentation, poor
sperm motility and count, [37], genital tract dysfunction, deterioration of spermato-
genesis [5], and poor assisted reproductive technology (ART) outcomes [38].

Sperm has the ability to recognize bacterial endotoxin, glycoprotein, and lipo-
polysaccharide by toll-like receptors (TLR-2 and TLR-4) expressed in the plasma
membrane. Activated TLRs trigger local inflammatory response, create obstruction,
and ultimately induce male infertility [39]. Inflammatory response also triggers
excessive infiltration of leukocytes that may lead to the development of a clinical
condition referred to as leukocytospermia. It is characterized by the presence of
more than 1 x 10° leukocytes/ml of ejaculate [36]. Excess seminal leukocytes also
trigger overproduction of ROS and introduce an imbalance between antioxidant and
free radicals resulting in OS [40]. Elevated OS may cause significant biological and
biochemical changes in the outer and inner mitochondrial membranes of sperm,
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Fig. 7.2 Role of bacteriospermia in male infertility. Bacteriospermia initiates host immune
response that concomitantly increases leukocytes in the male reproductive tract leading to produc-
tion of reactive oxygen species (ROS) such as OH and H,0,, and proinflammatory cytokines.
Some bacterial species also produce ROS leading to overproduction of ROS that cause sperm DNA
damage, lipid peroxidation (LPO), and inhibits mitochondrial ATP production, which are in turn
associated with reduction of sperm motility, inhibition of acrosome reaction ultimately contribut-
ing to male infertility

which may in turn negatively affect sperm morphology, acrosome integrity and pro-
mote premature capacitation [37]. Moreover, excess ROS produced by leukocytes
can stimulate LPO in polyunsaturated fatty acids of sperm membrane [41]. On the
contrary, ROS has been linked directly to sperm agglutination, reduced sperm motil-
ity and increased DNA fragmentation, enhanced apoptosis in mature sperm, and
increased risk of compromised male fertility [5] (Fig. 7.2).

7.4 Bacteria-Associated Male Urogenital Infection

7.4.1 Urinary Tract Infection (UTI)

Urinary tract infections (UTIs) are considered as the most common bacterial infec-
tions in the urogenital tract of the male. Infection in the lower urinary tract is char-
acterized by cystitis and in the upper urinary tract it is characterized by pyelonephritis
where patients easily develop bacteremia. Cystitis is associated with dysuria and
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Table 7.1 Common bacterial species implicated in bacteriospermia and their effect on
semen quality

Bacteria Effect References

Escherichia coli Sperm tail defect, immobilization, impaired acrosome [65,99]
reaction

Chlamydia Low progressive motility and sperm DNA damage [76]

trachomatis

Pseudomonas Reduced sperm motility, sperm morphological deformities, [69, 70,

aeruginosa necrosis, and apoptosis. Induced sperm mitochondrial 71]
damage

Neisseria Low sperm motility, sperm agglutination, and apoptosis [80, 82]

gonorrhoeae

Staphylococcus Low semen volume, sperm motility, concentration, vitality, [83]

aureus and normal morphology

Ureaplasma Hyperviscous semen, low pH, sperm count, and concentration | [90]

urealyticum

Klebsiella Low progressive motility, high LPO, and apoptosis leading to | [98]

pneumoniae sperm death

Mycoplasma Low sperm motility [35]

genitalium

Mycoplasma Low progressive motility, total sperm motility, count, and [96]

hominis normal morphology

pollakisuria while pyelonephritis involves flank pain and fever along with the symp-
toms of cystitis [42]. In case of diabetic patients, stone-associated obstructed pyelo-
nephritis is a major risk factor for fatal septic shock [43]. Common causal agents of
UTIs include uropathogens such as E. coli, K. pneumoniae, Staphylococcus sapro-
phyticus [44], Proteus mirabilis, and E. faecalis [45] (Table 7.1).

7.4.2 Male Accessory Gland Infection (MAGI)

Male accessory tract infection (MAGI) occurs due to the spreading of microorgan-
isms via epididymis, deferent duct, prostate gland, seminal vesicles, testis, and ure-
thra [42]. Epididymitis is considered as an inflammatory condition in epididymis,
which is characterized by pain and acute unilateral or bilateral swelling of the scro-
tum and involvement of testicular inflammation along with epididymis, which is
termed as epididymo-orchitis [46]. Bacterial epididymitis is commonly associated
with low sperm count, stenosis in epididymal duct, and impairment in sperm func-
tion ultimately leading to male infertility. Occurrence of azoospermia is often asso-
ciated with unclear unilateral epididymitis [47]. The most common bacteria involved
in such infection are Chlamydia trachomatis, Escherichia coli, and Neisseria gon-
orrhoeae [48]. Prostatitis is another common urological inflammatory disease
among men of all age groups and it affects sperm motility, count and morphology
[47]. Typical features of prostatitis include voiding disturbances, sexual
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dysfunction, and chronic pelvic pain which are most prominent signs of prostate
inflammation. Prostatitis is classified into four categories - i) chronic bacterial pros-
tatitis, ii) acute bacterial prostatitis, iii) chronic prostatitis, and iv) asymptomatic
inflammatory prostatitis [49]. The most common bacteria associated with prostatitis
are Chlamydia trachomatis, Escherichia coli, Ureaplasma urealyticum, Nesisseria
gonorrhea, and Klebsiella sp. [50]. On the contrary, urethritis is the inflammation of
urethra and the most prevalent bacteria associated include Chlamydia trachomatis,
Neisseria gonorrhoea, and Ureaplasma urealyticum [S1]. Urethritis can be divided
into two types i) non-gonococcal urethritis, and ii) gonococcal urethritis [52].
Urethritis is commonly associated with penile itching, dysuria, urethral discharge
[53], and seminiferous tubular necrosis [54].

7.4.3 Sexually Transmitted Infection (STI)

Sexually transmitted infections (STIs)-mediated male infertility depends mainly on
the local prevalence of sexually transmitted diseases (STDs). Prevalence of STDs
are more prominent in Africa or South-East Asian regions compared to Western
countries [55]. Most common bacteria associated in STIs include Chlamydia tra-
chomatis, C. trachomatis, Chancroid haemophilus, Calymmatobacterium granulo-
matis, Neisseria gonorrhoea, Treponema pallidum, and Ureaplasma urealyticum
[55]. Men with gonorrhoeic urethritis commonly develop urethral strictures and
unilateral epididymo-orchitis [54].

7.5 Prevalence of Bacteriospermia-Associated
Male Infertility

Approximately 48.5 million couple face the challenge of infertility globally after
having unprotected intercourse for one year or long [56]. Approximately 15% of
male infertility is linked with microorganisms-mediated UTIs [2]. Among the bac-
terial species responsible for bateriospermic condition in male, E. coli is the most
prevalent and frequently isolated from the semen of infertile men accounting for
65-80% cases of male infertility [2]. E. coli is associated with the infection of the
prostate, seminal vesicle, urethra, epididymis, and testis [37]. The second most
prevalent bacterium is Chlamydia trachomatis, an obligate pathogen involved in
30-40% of urethritis cases [57]. According to WHO, C. trachomatis may cause up
to 92 million urogenital tract infections per year [58]. U. wurealyticum and
Mycoplasma genitalium are other two bacterial species frequently present in bacte-
riospermic semen. U. urealyticum can contribute to 10-40% of all cases [59]. The
two most common Mycoplasma species are M. hominis and M. genitalium that are
responsible for 10.8% and 5% of all infection associated male infertility,
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respectively [60]. According to WHO, sexually transmitted infections caused
by N. gonorrhoeae represented 106.1 million of cases globally which have been
associated with epididymitis, urethritis, and prostatitis along with abnormal urethral
discharge [61].

7.5.1 Escherichia Coli

The most common bacteria isolated from the semen of bacteriospermic male is
E. coli, which possibly causes asexually transmitted epididymo-orchitis and is
responsible for acute or chronic prostatitis leading to male infertility, too [2]. Semen
analysis of 88 infertile male patients revealed the dominance of E. coli (10.22%)
followed by Staphylococci (9.09%), Enterococci (5.88%), Staphylococcus aureus
(2.27%), Gonococci (2.27%), and Klebsiella sp. (1.13%), [62].

Binding of E. coli with sperm leads to agglutination of sperm and induces dam-
age in plasma membrane resulting in swelling of midpiece and tail invagination,
which promote the rate of immobilization of sperm [63]. Interaction between E. coli
and sperm is mediated by mannose binding receptors present on E. coli and man-
nose residues present on the sperm surface that can bind with type 1 fimbriae on
E. coli [64]. An in vitro study confirmed that incubation of sperm with E. coli
reduces the ability of sperm acrosomal reaction [65] and mitochondrial membrane
potential [66]. Thereafter, Fraczek et al. 2012 [67] confirmed that binding of sperm
with E. coli can alter sperm membrane stability and mitochondrial activity which
increase the chances of male infertility. Lipopolysaccharide and porin protein of
E. coli can produce cellular lysis in sperm and promote infection leading to tempo-
rary sterility [68].

7.5.2 Pseudomonas Aeruginosa

Infertility in men is frequently associated with uropathogenic microbes.
Pseudomonas aeruginosa, a Gram-negative pathogenic bacterium is a possible
cause of male infertility. 3-oxododecanoyl-L-homoserine lactone, a signaling mol-
ecule secreted from P. aeruginosa has been reported to possess detrimental effects
on spermatozoa [69]. Incubation of sperm with P. aeruginosa has been shown to
reduce sperm motility in a dose-dependent manner, and this bacterial signaling mol-
ecule acts on the acrosome of spermatozoa and promote premature acrosomal loss
through a calcium dependent mechanism. P. aeruginosa infection can also lead to
apoptosis and necrosis of sperm without affecting immune cells [69, 70]. A cyto-
toxic molecule, exotoxin A, released from P. aeruginosa induces chromosomal
aberrations and sperm abnormalities including two heads, amorphous head, head
without hook, banana head, coiled tail, and divided tail, which is believed to occur
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due to toxic effect of the protein on the sperm tail [70]. Porin, another protein
secreted from the membrane of P. aeruginosa, is toxic to sperm and has been shown
to induce apoptosis directly in the epithelial cell line of seminal vesicles of rats.
Porin causes mitochondrial damage after binding with sperm and impairs sperm
motility, too [71].

7.5.3 Chlamydia Trachomatis

Chlamydia trachomatis is an obligate intracellular Gram-negative bacterium [72]. It
has species-specific lipopolysaccharide (LPS) antigen, other species-specific and
immune-specific antigens as investigated through immunofluorescence. Its biphasic
life cycle consists of an elementary and reticulate body [73]. This pathogen causes
urethritis in the male and untreated infection of C. trachomatis in the male leads to
epididymitis and prostatitis. Most of the time C. trachomatis infection remains
asymptomatic in the male and may contribute up to 50% of infection [72].
Co-incubation of C. trachomatis with sperm promotes reduction of motile sperm
and increases premature sperm death. LPS from C. trachomatis has also been shown
to generate sperm apoptosis inducing molecules and can alter all other essential
sperm parameters, too [74]. IgA Chlamydial antibodies promote LPO of sperm
membrane which alter membrane fluidity, membrane-associated enzyme activities,
capacitation, and acrosome reaction [75]. Furthermore, Chlamydial infection
increases the level of interleukin (IL-8) in semen, which acts as a biomarker of
MAGI [76]. C. trachomatis-induced infection also increases the rate of sperm DNA
fragmentation and alters sperm morphology [77]. If the infection caused by the
pathogen remains untreated it may cause long-term damage to organs of the male
reproductive system such as the ejaculatory ducts, seminal vesicles, and spermato-
gonial cells [78].

7.5.4 Neisseria Gonorrhoeae

These Gram-negative, immotile diplococci cause the common UTI and develop
gonorrhea which in turn alters testicular functions and promotes male infertility.
This pathogen is responsible for about 86.9 million of gonorrhea cases globally
[79]. Leukocytospermia is associated with gonorrhea which enhances the cytokines
and ROS resulting in the impairment of spermatogenesis and sperm function [80].
Asymptomatic infection in the male with gonorrhea does not alter sperm count,
semen volume, and sperm morphology but citric acid level drops in the male with
gonorrhoea [81]. Movement of this pathogen is facilitated by the presence of pili on
their surface that also help them cling onto other cells [80]. Bacterial pili type IV
(T4P) and LPS can bind to sperm and asialoglycoprotein receptor on the sperm



7 Bacteriospermia and Male Infertility: Role of Oxidative Stress 151

surface thereby facilitating the binding. Binding of N. gonorrhoeae LPS on the
sperm cell surface receptor can also cause sperm cell death by inducing apopto-
sis [82].

7.5.5 Staphylococcus Aureus

The ubiquitous Gram-positive bacterium, Staphylococcus aureus is mostly found in
the male genital tract. S. aureus infection has been associated with impairment of
sperm motility and semen volume and increasing semen pH [83, 84]. Dominance of
this pathogen in the semen of infertile patients has been confirmed with a prevalence
of 68.2-75% in some cases [85, 86]. Incubation of S. aureus with sperm causes
sperm agglutination and reduction of motility [87]. According to a recent report,
16% of infertile men may face the challenge of infertility due to S. aureus infection
with abnormal semen fluid density, sperm abnormal morphology, and reduced
sperm motility [88].

7.5.6 Ureaplasma sp.

The most prevalent species of the genus Ureplasma are U. urealyticum and U. par-
vum, and their prevalence in the semen of infertile men is 9% and 3%, respectively
[89]. U. urealyticum is a main causative agent of prostatitis and epididymitis in the
infertile male. U. urealyticum infection is also associated with low semen concen-
tration and pH, and high seminal viscosity [90]. Infection reduces the level of semi-
nal plasma alpha-glucosidase but not the levels of acid phosphatase and fructose in
the seminal plasma [91]. U. urealyticum may also attach massively to sperm at the
midpiece leading to looped tangling of tails and multiple agglutination thereby
causing sperm immobility [92]. U. urealyticum infection increases seminal ROS
level, too, thus causing LPO and sperm DNA fragmentation. It also reduces sperm
fertilization capacity [93]. Metabolic products of U. urealyticum are able to gener-
ate ROS such as H,0, and hydroxide anion (OH-) which are highly toxic to sperm.
Furthermore, U. urealyticum infection decreases the amounts of essential microele-
ments such as zinc and selenium, which are crucial for antioxidant defense mecha-
nism of semen [93].

7.5.7 Mycoplasma sp.

Mycoplasma genitalium is another pathogen frequently isolated from the urogenital
tract and is one of the potent causative organisms of urethritis in the male [94]. This
bacterium has the ability to interact directly with the sperm and render them
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immobile [35]. The prevalence of M. genitalium has been reported between 19 and
41% in patients with urethritis [95]. Another species M. hominis has shown strong
interaction with sperm parameters such as reduced motility, deformed morphology,
and low count in infected men [96]. Also, M. genitalium has the capability to bind
with the head, neck, and tail regions of the sperm and render sperm bulky thus
reducing the capacity of travelling in the reproductive tract of the female [94].

7.5.8 Klebsiella Pneumoniae

The Gram-negative bacterium Klebsiella pneumoniae is another important caus-
ative organism of MAGI and are responsible for 2.3% of male infertility [97]. The
pathophysiology of K. pneumoniae infection is not clearly understood due to the
lack of evidence. However, K. pneumoniae infection impacts sperm parameters
negatively and may also be a cause of necrozoospermia [10]. K. pneumoniae may
impair male fertility by altering progressive motility, LPO, and apoptosis leading to
sperm death [98].

7.6 Bacteriospermia and ROS-Mediated Damage

Human body has mainly three defense systems for protecting against invasion by
foreign particles: 1) tight junctions between skin epithelium, ii) innate immune
response, and iii) adaptive immune response. Bacteria potentially infect the biologi-
cal system through tissue barrier [100]. In the male, bacteria are considered respon-
sible in 50% cases of prostatitis including 10% cases of chronic prostatitis [101].
Among infertile men, 11.6-45% cases occur due to urethral discharge as a marker
of infection [59]. All bacterial inflammation associated with response to influx of
leukocytes result in increase in ROS formation [102]. ROS are highly reactive
chemical molecules including oxygen ions, peroxides, and hydrogen peroxide
(H,0,), which contribute to male infertility by causing damage to sperm membrane
and sperm DNA [103]. The huge amount of polyunsaturated fatty acids (PUFAs)
present in the plasma membrane gives membrane fluidity to spermatozoa. The ROS
directly attack the unconjugated double-bond groups of the PUFAs and generate a
radical chain reaction pathway [104] resulting in the formation of 4-hydroxynonenal,
malondialdehyde, and acrolein.

These reactive aldehydes undergo further reaction with hydrophilic amino acids
in the protein which leads to mitochondrial dysfunction and leakage of further ROS
from inner membrane of mitochondria [100, 105]. The direct damage of mitochon-
dria through ROS decreases the energy availability which deteriorates the motility
of sperm and alters normal sperm morphology and induce premature capacitation
[102]. ROS directly attack the protamines-coated purine, pyrimidine bases and
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deoxyribose bases of sperm [106], which induce apoptosis of sperm cell and cause
sperm death [107]. ROS also can induce apoptosis in sperm by altering the intercel-
lular calcium ion concentration, which ultimately leads to infertility in the male
[108]. In relation to higher level of ROS in semen, cytochrome c, and caspases 9 and
3 levels also increase simultaneously indicating apoptosis in the infertile male [109].
Bacteriospermia can also induce mitochondria-dependent apoptosis in sperm which
increases the percentage of fragmented DNA in sperm and decreases mitochondrial
transmembrane potential. These reports indicate negative alterations in sperm den-
sity, motility and morphology which ultimately contribute to male infertility [67].
Also, anti-bacterial IgA antibody forms in response to Chlamydial infection which
is associated with increased ROS [75]. When the amount of ROS exceeds the anti-
oxidant defense mechanism of semen, sperm membrane may undergo LPO and is
associated with decreased flexibility of sperm and premature capacitation.
Overproduction of free radicals negatively affects spermiogenesis and promotes the
release of abnormal spermatozoa with excess cytoplasmic retention from the germi-
nal epithelium. Enzymes of additional cytoplasm activate plasma membrane redox
system and promote further production of ROS resulting in the loss of sperm motil-
ity and fertilizing capacity [110].

7.7 Management of Bacteriospermia in the Infertile Male

According to European Association of Urology (EAU) guidelines, a urine culture is
the first step towards the detection of bacteria or any type of microorganism present
in the male urogenital tract. Besides this, history of disease, symptoms check, and
physical examination are carried out as a part of routine diagnosis. Additionally, the
presence of leukocytes, erythrocytes, and nitrite are investigated for better evalua-
tion [111]. Whereas according to WHO, semen analysis is of utmost importance to
detect the MAGI [36]. Four-glass and two-glass tests can also be performed along
with semen analysis for the diagnosis of localization of inflammation [46, 112].
Blood count including C-reactive protein (CRP), prostate-specific antigen (PSA),
and hormone status (follicle stimulating hormone - FSH, luteinizing hormone-LH,
and testosterone) are also recommended for the detection of acute urogenital inflam-
mation [46]. In the case of acute cystitis, preliminary diagnosis can be done on the
basis of clinical symptoms including lower abdominal pain [113] and newly devel-
oped dysuria, polyuria, and urinary urgency [114]. For the evaluation of acute cys-
titis, laboratory diagnosis include urine dipstick test and antibiotic susceptibility test
by using cultured pathogens and microscopic analysis [115]. Urine culture test is
performed for the diagnosis of acute pyelonephritis in the laboratory; however,
sometimes blood culture can be done in cases of acute pyelonephritis [116, 117].
Bacteria- or any microorganism-mediated urinary tract obstruction can also be
screened by computed tomography (CT), ultrasonography, and intravenous pyelog-
raphy of kidney, bladder, and ureter [118]. Acute bacterial prostatitis is diagnosed
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on the basis of clinical symptoms such as heat around the prostate, soft and swollen
state of prostate, frequent urination, painful urination, genital pain, chill, and joint
pain along with fever [119].

For the initial management of bacteriospermia in the male, clinicians usually
prefer two common guidelines - the American Urological Association (AUA) guide-
line and the European Association of Urology (EAU) guideline [120]. However,
these are inadequate to provide the complete management strategy to treat bacterio-
spermia in the infertile male. Most of the times the chronic or acute bacterial infec-
tions are treated using a broad spectrum of antibiotics as an only effective medication
against bacterial infections, without considering the partial effects of antibiotic
therapy in the human body that may include nausea, bloating, vomiting, diarrhoea,
abdominal ache, low appetite, and allergic surge. Additionally, high use of antibiot-
ics increases the risk of bacterial resistance [121]. However, for management of
bacteria mediated chronic urogenital infections and inflammations oral supplemen-
tation of ciprofloxacin, norfloxacin, ofloxacin are commonly recommended by cli-
nicians [50]. Oral administration of either ciprofloxacin or fosfomycin and
cefpodoxime proxetil, cefcapene pivoxil, cefdinir, nitrofurantoin, cefditoren piv-
oxil, cefixime, pivmecillinam and amoxicillin/clavulanate are prescribed for domes-
tic cases of acute uncomplicated cystitis [119]. Whereas in case of complicated
cystitis caused by Gram-negative rods and Gram-positive cocci, recommended anti-
bacterial medications include LVFX (levofloxacin), CPFX (Ciprofloxacin
Hydrochloride), TFLX (Tosufloxacin), STFX (Sitafloxacin), CVA/AMPC
(Clavulanate/Amoxicillin), SBTPC (Sultamicillin), and sometimes CFDN
(Cefdinir), CPDX-PR(cefpodoxime proxetil), and CFPN-PI (Cefcapene pivoxil
hydrochloride) can also be used as alternative to antibiotic therapy [122]. Similarly,
for the treatment of acute pyelonephritis supplementation of ciprofloxacin [123],
levofloxacin [124], and trimethoprim/sulfamethoxazole are recommended [125]. In
order to treat specific bacterial infection, medications can be of use after diagnosis.
In the case of E. coli infection ciprofloxacin, amoxicillin, and aminoglycosides are
the commonly used antibiotics [126]. In the case of N. gonorrhoeae and C. tracho-
matis infection tetracyclines form the most effective and widely prescribed antibiot-
ics [111]. An initial intravenous administration of MINO for 3 to 5 days can be used
to manage severe infections caused by C. trachomatis [122]. Plumbago zeylanica
[127] and Piper lanceaefolium can be used as alternative or supplementary herbal
medicine for infection of N. gonorrhoeae [128]. For the treatment of Klebsiella sp.
mediated infection, empirical therapies include the use of trimethoprim-
sulfamethoxazole and fluoroquinolones [129].Moreover, extract from the plant
Aframomum melegueta has been used against Klebsiella sp. infection which may
also be used as a supplementary or alternative medicine after proper toxicological
evaluation [130]. A wide variety of African traditional herbs including Kigellia afri-
cana, Ballota africana, Carpobrotus edulis, and Pelargonium fasiculata are used in
the management of K. pneumoniae infection [131]. In the case of Staphylococcus
aureus infection, nafcillin [132], and imipenem have demonstrated more effective
antibacterial medicine [133]. Nigerian traditional medical practitioners also recom-
mend the use of medicinal plants such as Acalypha wilkesiana, Ageratum
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conyzoides, Bridella ferruginea, Ocimum gratissimum, Phylantus discoideus, and
Terminalia avicennioides against S. aureus infection [134]. In Persian and European
traditional medicines the fruit of Apium graveolens is used against uncomplicated
urinary infection [135]. Current findings suggested that phthalide, an active com-
pound isolated from show strong antiadhesive activity against the uropathogen
E. coli [135]. Essential oils from Ocimum gratissimum, Salvia officinalis, and
Cymbopogon citratus have the ability to neutralize the infections mediated by
K. pneumoniae, E. coli, and Enterobacter sp. Similarly, chloroform, ethanol, metha-
nol, and petroleum ether extract of Callistemon lanceolatus have been found effec-
tive in cases of S. aureus, E. faecalis, E. coli, and K. pneumoniae infection [136,
137]. Vaccinium macrocarpon popularly known as cranberry is considered one of
the potent plant products that can inhibit bacterial attachment to the uroepithelial
cells thus reducing bacterial load in the urogenital tract [138]. An in vitro study
from India confirmed that aqueous, ethanolic and chloroform extracts of Hybanthus
enneaspermus possess strong antibacterial activity against common uropathogens
including E. coli, P. aeruginosa, K. pneumoniae, E. faecalis, and S. aureus [139].
Another potent candidate herb is Moringa oleifera that is used widely in the man-
agement of various human ailments and showed strong antibacterial action against
E. coli, P. aeruginosa, and S. aureus infections [140]. One of the major mechanisms
of bacteriospermia associated male fertility is through the production of ROS by
bacteria directly or by initiating leukocytes response at the site of infection [5]. The
potent herbal candidate that may be used in the management of OS-induced dam-
ages include Tribulus terrestris - a highly antioxidant rich herb that can neutralize
ROS action and, also prevent membrane lipid peroxidation [141]. Similarly, a bio-
active molecule thymol from Trachyspermum copticum also exerts strong antioxi-
dant activity against ROS-induced OS [142]. Other potent herbs that can be utilized
to minimize ROS-mediated damages to the male reproductive system are
Cinnamomum verum [143], Terminalia chebula [144], Ocimum sanctum [145],
Juniperus communis [146], and Taraxacum officinale [147].

The best advantage of herbal medicine over conventional antibiotic use is that the
bacteria do not develop any sort of resistance against them. Also, medicinal herbs
contain a wide range of bioactive molecules which are responsible for the medicinal
property and synergistic effect [138]. However, further experiments are needed to
validate the effectiveness and toxicity of the herbal medicines as well as the identi-
fication of specific bioactive compounds and their exact mechanism of action for
future potential use in the clinical management of bacteriospermia.

7.8 Conclusions

Male infertility is a minacious global health threat that has not been clearly under-
stood till date and more research is needed to perceive the underlying etiologies and
proper management of the disease [148]. Bacteriospermia is one of the significant
etiologies of male infertility that develops as a result of chronic or mild bacterial
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infection of the male urogenital tract. The mechanism of infection of bacteria varies
from species to species, thus in order to develop better treatment approaches, iden-
tification of virulence determinants (that help bacteria in initial attachment and dis-
ease development including adhesin molecules, siderophores, and urease) is
essential. This may also help develop vaccination for preventing bacterial infection
in the male reproductive system [45]. Moreover, establishment of better prevention
strategy for bacteriospermia may be achieved by switching towards the use of tradi-
tional herbal medicine as alternative or complementary medicine. Traditional herbs
such as Acalypha wilkesiana, Ageratum conyzoides, Bridella ferruginea, Ocimum
gratissimum, Phylantus discoideus, Terminalia avicennioides [134], and
Aframomum melegueta have been used in the management of male UTIs particu-
larly against common uropathogens that are responsible for bacteriospermia [130].
Similarly, bacteriospermia-mediated OS can be restrained by the use of antioxidant
rich extract of Tribulus terrestris, Trachyspermum copticum, Cinnamomum verum,
Terminalia chebula, Ocimum sanctum, Juniperus communis, and Taraxacum offici-
nale. However, detailed toxicological studies of these herbs are needed prior to use
either as an alternative or complementary medicine for effective clinical manage-
ment of bacteriospermia.
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