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1  |  INTRODUC TION

Infertility is a global health issue affecting approximately 15% of 
couples (Mascarenhas et al., 2012) with a male factor contributing 
to almost 50% cases. Male infertility is a highly complex, multifacto-
rial disorder with a variety of causes (Barratt et al., 2017; Matzuk & 
Lamb, 2008; Nieschlag & Behre, 2001; Tremellen, 2008). For some 

time, it has been recognized that a diverse vaginal microbiome has 
a negative association with fertility. More recently, it has become 
apparent that the semen hosts a widely variable microbiota that 
not only plays a role in male infertility but can also influence the fe-
male microbiome following sexual intercourse (Farahani et al., 2021; 
Koedooder et al., 2019; Osadchiy et al., 2020). Interestingly, as with 
the vaginal microbiome, the more diverse semen microbiomes are 
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Abstract
An	imbalance	in	the	genitourinary	microbiome	is	emerging	as	a	contributing	factor	to	
male infertility. The purpose of this study was to determine whether there is an as-
sociation between genitourinary microorganisms and seminal oxidative stress, sperm 
DNA	fragmentation	and	semen	parameters.	It	included	770	men	attending	for	diag-
nostic testing for subfertility. Genitourinary microorganisms were identified in 43.0% 
men; 20.1% had microorganisms in semen; 18.7% in urine; and 5.8% had microor-
ganisms in urine and semen. Enterococcus faecalis was the most prevalent organism 
in semen (22.0% samples; 61.5% organisms) with Ureaplasma spp. (16.9% samples; 
53.3% organisms) and Gardnerella vaginalis (11.4% samples; 37.4% organisms) most 
prevalent in urine. Semen parameters were unaffected by microorganisms (p > 0.05). 
Seminal ROS were significantly higher in men with microorganisms compared to those 
without (p < 0.001), particularly when present in both urine and semen (p < 0.01). 
Microorganisms	were	associated	with	significantly	higher	DNA	fragmentation,	 irre-
spective of whether they were in semen or urine (p <	0.001).	An	imbalance	in	the	geni-
tourinary	microbiome	is	associated	with	DNA	damage	and	oxidative	stress	which	may	
have considerable consequences for achieving an ongoing pregnancy. This highlights 
the need for incorporating genitourinary microorganism screening for all men as part 
of diagnostic evaluation prior to undergoing treatment for infertility.
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more likely to be associated with infertility (Koedooder et al., 2019). 
Genitourinary infection is an attributable cause in 9.3%– 15% cases 
of male infertility (Nieschlag & Behre, 2001; Pellati et al., 2008), re-
sulting in urethritis, epididymitis, epididymo- orchitis or prostatitis 
(Naber et al., 2001; Nieschlag & Behre, 2001; Solomon & Henkel, 
2017). Men are not routinely screened for genitourinary microor-
ganisms (GM) which may be asymptomatic. Consequently, underly-
ing	microorganisms	may	remain	undiagnosed.	Almost	30%	cases	of	
male infertility remain unexplained (Nieschlag & Behre, 2001) so it is 
plausible that asymptomatic GM may contribute.

Considerable evidence reveals oxidative stress (OS) plays a fun-
damental role in the pathology of male infertility, particularly in idio-
pathic	infertility	(Agarwal	et	al.,	2019;	Tremellen,	2008).	OS	results	
from an imbalance between reactive oxygen species (ROS) produc-
tion and generation of antioxidants leading to supraphysiological 
ROS levels (Tremellen, 2008). Thirty to 80% of infertile men have el-
evated	seminal	ROS	(Agarwal	et	al.,	2019).	ROS	are	generated	intrin-
sically from sperm (Bennetts et al., 2008) or extrinsically by activated 
leucocytes	 (Aitken	&	Koppers,	2011;	Keck	et	 al.,	1998;	Tremellen,	
2008). Redox homeostasis is controlled by both endogenous and ex-
ogenous antioxidants (Dias et al., 2020; Martin- Hidalgo et al., 2019). 
Consequently, a reduction in seminal antioxidant capacity results 
in	OS	 (Aitken	&	De	 Iuliis,	 2010;	 Jones	 et	 al.,	 1978).	OS	 interferes	
with a multitude of metabolic processes with significant effects on 
sperm function. ROS impair sperm mitochondrial and plasma mem-
brane integrity via peroxidative damage (Jones et al., 1978, 1979) 
simultaneously	reducing	sperm	motility	(Alvarez	et	al	2002;	Koppers	
et al., 2008). In addition, membrane lipid peroxidation produces mu-
tagenic by- products with potentially serious consequences for the 
offspring	(Aitken	et	al.,	2016;	Moazamian	et	al.,	2015).	OS	also	 in-
terferes with capacitation and fertilization and is linked with poor 
embryo	development	(Agarwal	et	al.,	2019;	Aitken,	2017;	Nieschlag	
&	Behre,	2001).	Sperm	DNA	is	a	prime	target	for	oxidative	damage,	
causing	single-		and	double-	stranded	DNA	breaks.	DNA	fragmenta-
tion is significantly elevated in infertile men (Oleszczuk et al., 2013; 
Santi et al., 2018) and is associated with failure of fertilization and 
embryogenesis both from natural conception and assisted reproduc-
tive	technology	(ART)	(Benchaib	et	al.,	2007;	González-	Marín	et	al.,	
2012; Jin et al., 2015; Osman et al., 2015; Simon et al., 2010), as well 
as	miscarriage	 (Simon	 &	 Carrell,	 2013).	 Furthermore,	 sperm	DNA	
fragmentation is linked with an increased risk of gene mutations, 
congenital	malformations	and	childhood	diseases	 (Aitken	&	Curry,	
2011;	Bisht	&	Dada,	2017;	Sakkas	&	Alvarez,	2010).	Recently,	ESHRE	
(Bender	Atik	et	al.,	2018),	EAU	(Minhas	et	al.,	2021)	and	AUA/ASRM	
(Schlegel et al., 2021) guidelines acknowledged the potential contri-
bution	of	sperm	DNA	fragmentation	towards	male	infertility.

Evidence suggests that while some microorganisms such as 
Chlamydia trachomatis (Hughes & Field, 2015) may not necessar-
ily cause any symptoms, nevertheless, they may have detrimental 
effects on fertility and pregnancy (Lundy et al., 2020; Solomon & 
Henkel, 2017). Furthermore, changes in the microbiome of the male 
reproductive tract are associated with poor fertilization and embryo 
development	 (Montagut	 et	 al.,	 1991),	 negative	 outcomes	 for	 ART	

(Ricci et al., 2018; Zeyad et al., 2018), complications during preg-
nancy and birth (Kalinderi et al., 2018) as well as recurrent miscar-
riage and adverse perinatal outcomes (Cohen et al., 2019; Howley 
et al., 2018). Bacterial microorganisms and the host inflammatory 
reaction trigger an overwhelming release of ROS in the local envi-
ronment	(Agarwal	et	al.,	2018;	Micheli	et	al.,	2016).	Therefore,	GM	
could potentially lead to infertility as a result of ROS generation and 
subsequent	DNA	damage.	Until	now,	studies	investigating	the	rela-
tionship	between	GM,	OS	and	DNA	damage	have	been	limited	and	
their inter- relationship have not been explored in depth. The aim of 
this study was to determine the prevalence of GM in a cohort of 
infertile men and determine any association with semen parame-
ters,	 leucocytes,	generation	of	OS	and	sperm	DNA	damage.	There	
is some controversy concerning the clinical value of available tests 
for	assessing	sperm	DNA	damage,	although	most	are	predictive	of	
infertility	(Javed	et	al.,	2019;	Ribas-	Maynou	et	al.,	2013).	While	SCSA	
and Comet assay are reliable and validated tests, results often dif-
fer	primarily	because	they	are	measuring	different	aspects	of	DNA	
damage. Comparisons between tests are difficult to interpret as they 
are not consistently performed on the same samples and threshold 
values differ between laboratories performing the assay (Evenson, 
2016; Ribas- Maynou et al., 2013). Furthermore, outcome studies 
are not always controlled for female factors. Thus, sperm DFI levels 
were investigated in infertile men with microorganisms using both 
SCSA	and	Comet	methods	 relying	on	previously	 validated	 thresh-
old values. Results were compared to infertile men without GM as 
controls.

2  |  MATERIAL S AND METHODS

This retrospective study involved audit and data analysis of an-
onymized patient results from 770 men attending for diagnostic 
tests and investigation of infertility between 1 January 2015 and 31 
December 2019. The study was approved by the Faculty of Sciences 
Research	 Ethics	 Advisory	 Group	 for	 Human	 Participants	 at	 the	
University of Kent (ID number 0651718).

2.1  |  Semen and urine sample collection

Patients were provided with strict instructions on sample produc-
tion to mitigate against contamination (World Health Organization, 
2010). Urine samples collected for PCR were obtained from the first 
catch. Mid- stream samples were collected using a separate sterile 
container for standard culture. Semen samples were collected via 
masturbation into a sterile container. Sexual abstinence prior to test-
ing	was	2–	5	days.	 Samples	 for	 semen	analysis	 and	DNA	 fragmen-
tation were processed within 1 h of ejaculation. OS measurement 
was routinely performed 20 min postejaculation. Samples where 
patients reported noncompliance or fever within 12 weeks prior to 
testing were excluded. Results from the first semen sample were 
recorded	 for	patients	with	multiple	 semen	analyses.	All	diagnostic	
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testing	was	carried	out	at	a	UKAS	accredited	pathology	laboratory	
in London, UK (The Doctors Laboratory).

2.2  |  Semen parameters

Semen parameters were assessed according to WHO 2010 guide-
lines (World Health Organization, 2010). Count was assessed on fixed 
sperm using an improved Neubauer chamber. Papanicolaou staining 
was utilized for morphological analysis according to Kruger strict cri-
teria. Vitality was measured by dye- exclusion with 0.5% Eosin- Y in 
0.9% NaCl. Peroxidase staining, in conjunction with cytological dif-
ferential staining, identified seminal leucocytes. Leucocytospermia 
was	defined	when	leucocyte	concentration	was	≥1	× 106/ml semen 
(World Health Organization, 2010).

2.3  |  Screening for microorganisms

Genitourinary microorganisms were determined from culture and 
PCR analysis. Ten microlitres of semen or urine was applied to each 
of the following culture plates and spread to visualize individual 
colony-	forming	 units	 (CFUs):	 Columbia	 CAP	 Agar/CLED	 Medium	
Biplate; PB1248E, incubated up to 36 h aerobically at 35°C; Columbia 
Agar	with	Chocolate	Horse	Blood;	PB0124E,	incubated	up	to	36	h	in	
7% CO2	at	35°C;	Lysed	GC	selective	agar;	PB1205A,	incubated	for	
40 h in 7% CO2	at	35°C;	Brilliance	Candida	Agar;	PO1034A,	 incu-
bated	for	48	h	aerobically	at	35°C;	A.R.I.A.	Medium	with	5%	Horse	
Blood/A.R.I.A.	Medium	with	5%	Horse	Blood	and	Neomycin	Biplate;	
PB1260E,	incubated	for	48	h	anaerobically	at	35°C.	All	plates	were	
supplied	by	Oxoid	Ltd.	All	colonies	were	identified	by	Maldi-	Tof.

To distinguish between contamination and prevalence of mi-
croorganisms, bacterial data were only included if there were 
>103 CFUs/ml (Koeijers et al., 2010; Lipsky et al., 1987). PCR 
was used for urine and semen samples to detect seven sexu-
ally transmissible microorganisms (STIs): Neisseria gonorrhoea, 
Chlamydia trachomatis, Mycoplasma genitalium, Ureaplasma species, 
Gardnerella vaginalis, Trichomonas, Herpes simplex virus (HSV) I and 
II. Fast Track Diagnostics STD9 (Cat no. FTD 52.1) and Vesicular Rash 
(Cat. no. FTD- 7– 64) kits (Siemens Healthineers) based on real- time 
PCR amplification of nucleic acid from bacteria, viruses and protozoa 
were	used	in	conjunction	with	QIA	symphony	and	Rotor-	gene	Q	to	
identify microorganisms according to the manufacturer's guidelines. 
Specific pathogen sequences were detected by an increase in fluo-
rescence from the relevant dual- labelled probe and was reported as 
a cycle threshold value by the real- time thermal cycler.

2.4  |  DNA fragmentation

Comet	(Simon	&	Carrell,	2013)	or	SCSA	(Evenson	et	al.,	1999)	were	
performed	 by	 Examen	 and	 SCSA	Diagnostic	 laboratories,	 respec-
tively.	DNA	fragmentation	index	(DFI)	and	HDS	were	measured	by	

SCSA.	HDS	is	the	percentage	sperm	with	high	levels	of	green	fluo-
rescence, which represents the proportion of immature spermato-
zoa with incomplete chromatin condensation (Evenson, 2016). The 
average	DNA	fragmentation	score	was	measured	by	Comet.

2.5  |  Semen ROS

Reactive oxygen species was determined using a chemilumines-
cence assay using a single tube luminometer described previously 
(Agarwal	et	al.,	2016).	Results	were	adjusted	for	sperm	concentra-
tion and expressed as relative light units (RLU)/s/106 sperm.

2.6  |  Statistical analysis

The dataset was imported from an electronic database into SPSS 
26.0	software	for	Windows	 (SPSS	 Inc)	 for	analysis.	All	parameters	
had non- normally distributed continuous data with skewed distri-
butions, confirmed mathematically using the Kolmogorov– Smirnov 
test.	All	 numerical	 values,	 unless	otherwise	 stated,	were	 reported	
using the median (inter- quartile range). Data were analysed using 
nonparametric statistics, such as Kruskal– Wallis test. Post hoc test-
ing with Dunn's pairwise analyses was used to assess significant 
differences in semen parameters between males with and without 
GM. Chi- squared tests compared proportions between two or more 
categorical groups. Relationships were determined using Spearman's 
correlation.	A	multiple	regression	analysis	was	performed	with	‘best	
fit’ regression as the combination of variables that best predicts the 
infected versus noninfected samples. Differences were considered 
statistically significant when p < 0.05. Bonferroni correction was ap-
plied to p- values for multiple comparisons to reduce type one errors. 
All	graphs	were	generated	using	GraphPad	50	(GraphPad	Software,	
Inc).

3  |  RESULTS

3.1  |  Distribution of genitourinary tract 
microorganisms in semen and urine

Of the 770 patients recruited for the study, semen screening was 
performed for 740 men (595 for culture; 532 for PCR) and urine 
screening for 748 men (677 for culture; 657 for PCR). Four groups of 
patients were identified. Group 1 had no bacteria in urine or semen 
(439/770; 57.0%). In total, GM were identified in 43.0% (331/770) 
men. Group 2 had at least one organism present in semen (149/740; 
20.1%), Group 3 had at least one organism present in urine (140/748; 
18.7%) while Group 4 had microorganisms in both semen and urine 
(42/726; 5.8%). Of the 331 patients with GM, semen or urine mi-
croorganisms were present in 45.0% (n = 149, Group 2) and 42.3% 
(n = 140, Group 3) respectively. The remaining 12.7% (n = 42, Group 
4) had microorganisms in both semen and urine. The median age of 
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the study population was 37 years (IQR: 34– 41). There was no sig-
nificant difference in age distribution among study groups (Group1: 
37 [IQR: 34– 41]; Group2: 39 [IQR: 35– 42]; Group3: 37 [IQR: 34– 41]; 
Group4: 36 [IQR: 33– 40; p = 0.054]). The median duration for at-
tempting to conceive was 2 (IQR: 1– 3) years and did not differ be-
tween groups (Group1: 2 [IQR: 1– 3]; Group2: 2 [IQR: 1– 3]; Group3: 
1.5 [IQR: 1– 3]; Group4: 2.5 [IQR: 1– 3; p > 0.05]). Other demographic 
information such as ethnicity were not analysed as a significant pro-
portion of this data was unattainable.

Table 1 shows the distribution of microorganisms in semen and 
urine of subfertile men. Using a PCR screen for seven different organ-
isms combined with routine culture methods, a total of 28 different 
organisms were identified. Semen microorganisms were identified in 

33.4% of all samples that were cultured (199/595) but in only 2.6% 
of samples that were screened by PCR (14/532). On the other hand, 
urine microorganisms were identified in only 3.1% (21/677) cultures 
but in 29.4% (193/657) samples screened by PCR. Most men with 
GM had a single species of organism identified in either urine or 
semen. In some cases, more than one species of microorganism was 
identified. Enterococcus faecalis was present in 21.8% of all semen 
cultures and was the most prevalent microorganism identified using 
this	method	(Table	1).	Apart	from	Enterococcus faecalis, Candida sp. 
and Citrobacter koseri were the next most common organisms in 
semen culture (Table 1), but were only detected in 1.7% and 1.2% 
of all semen cultures respectively. In contrast, Ureaplasma species 
was the most frequent microorganism detected in urine followed by 

TA B L E  1 Frequency	of	microorganisms	in	semen	and	urine	of	subfertile	men

Semen Urine

Number of samples with 
organisms % Total organisms

Number of samples with 
organisms

% Total 
organisms

Enterococcus faecalis 131 61.5 2 0.9

Ureaplasma species 12 5.6 114 53.3

Gardnerella vaginalis 11 5.2 80 37.4

Candida species 10 4.7 0 0.0

E. coli 3 1.4 5 2.3

Citrobacter koseri 7 3.3 1 0.5

Chlamydia trachomatis 0 0.0 0 0.0

Neisseria gonorrhoeae 0 0.0 1 0.5

Mycoplasma genitalium 0 0.0 5 2.3

Mycoplasma hominis 5 2.3 0 0.0

Morganella morganii 3 1.4 1 0.5

Proteus mirabilis 2 0.9 1 0.5

Aerococcus urinae 3 1.4 0 0.0

Corynebacterium species 1 0.5 0 0.0

Streptococcus mitis 1 0.5 0 0.0

Staphylococcus epidermidis 5 2.3 0 0.0

Streptococcus milleri 2 0.9 0 0.0

Streptococcus agalactiae 1 0.5 0 0.0

Streptococcus anginosus 3 1.4 0 0.0

Beta- haemolytic streptococcus 3 1.4 1 0.5

Actinobacillus species 1 0.5 0 0.0

Streptococcus gallolyticus 1 0.5 0 0.0

Peptostreptococcus species 2 0.9 0 0.0

Serratia marcescens 1 0.5 0 0.0

Staphylococcus oralis 1 0.5 0 0.0

Staphylococcus haemolyticus 4 1.9 0 0.0

Klebsiella variicola 0 0.0 1 0.5

Klebsiella pneumoniae 0 0.0 1 0.5

Herpes simplex Type 1/2 0 0.0 0 0.0

Trichomonas vaginalis 0 0.0 1 0.5

TOTAL 213 100 214 100
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Gardnerella vaginalis (Table 1). Ureaplasma was present in 16.9% of 
all urine samples assessed by PCR screening, while Gardnerella was 
present in 11.4% of all urine samples assessed by PCR. Of the 532 
semen samples screened for microorganisms by PCR, only 0.9% con-
tained Ureaplasma species and only 1.7% contained Gardnerella vag-
inalis. The most common microorganism found in urine culture was 
E. coli, but this was only detected in less than 1% of all samples that 
were cultured.

3.2  |  Effects of genitourinary tract microorganisms 
on semen parameters

Apart	 from	 seminal	 leucocytes,	 there	was	 no	 significant	 difference	
in semen parameters between study groups. Using a standard t- test 
to compare the difference between infected versus noninfected 
groups for each individual infection, there was only a significant dif-
ference for the following variables: urine Ureaplasma spp., tail defects 
p = 0.0068; urine Gardnerella vaginalis, midpiece defects p = 0.0210; 
semen Enterococcus faecalis, abnormal morphology p = 0.139; 
tail defects p = 0.0154 and nonprogressive motility p = 0.0034. 
Association	of	bacteria	with	semen	parameters	was	also	investigated	
using multiple regression analysis and only nonprogressive motility 
was significantly associated with the presence of bacteria (semen 
Enterococcus spp. p = 0.003). Overall, the median value for all semen 
parameters in all study groups were within reference range (World 
Health Organization, 2010) with the exception of morphology which 
showed a high level of abnormal forms in all groups including the group 
without GM (Group1; Table 2). Viscosity was normal in all samples and 
antisperm antibodies were undetected. pH remained consistent at 8.2 
in all groups and vitality was unaffected by GM, remaining within ref-
erence range (>58%; World Health Organization, 2010).

3.3  |  Peroxidase- positive leucocytes, reactive 
oxygen species and sperm DNA damage

The peroxidase- positive leucocyte concentration remained within the 
reference range for all patient groups (<1 million/ml; World Health 
Organization,	2010)	(Figure	1A),	although	patients	with	urine	microor-
ganisms (Group 3) had significantly higher concentrations compared 
to samples without GM (Group 1; p < 0.001). In contrast, leucocyte 
concentrations in other infected groups were not significantly differ-
ent from those without microorganisms (p > 0.05). Leucocyte concen-
trations positively correlated with ROS levels (rs = 0.263; p < 0.001). 
Seminal ROS levels in men without GM (Group1: 2.85 [0.70– 12.35] 
RLU/s/106 sperm; Figure 1b) were well below the upper reference 
limit of 13.8 RLU/s/106 sperm, determined from ROC analysis of 854 
samples with 86% sensitivity and 86% specificity. The semen or urine 
microorganisms group had ROS levels 5.2 and 4.6 times higher than 
Group 1 respectively (Group 2:14.70 [5.93– 43.03]; Group3:12.95 
[5.80– 35.4] RLU/s/106 sperm; p < 0.001). Using multiple regres-
sion analysis, ROS was significantly associated with the presence 

of Ureaplasma spp. (p < 0.001) and Gardnerella vaginalis (p < 0.001) 
in urine and Enterococcus spp. (p < 0.001) in semen. Patients with 
both semen and urine microorganisms (Group 4) had the highest 
ROS levels with at least a 10- fold increase in ROS compared to pa-
tients without microorganisms (29.50 [0.90– 241.20] versus 2.85 
[0.70– 12.35] RLU/s/106 sperm; p < 0.01) and was significantly above 
the normal range. Semen (odds ratio [OR] 3.84; 95% CI 2.24– 6.60; 
p < 0.001) or urine (OR 3.21; 95% CI 1.90– 5.44; p < 0.001) micro-
organisms significantly increased the odds of having elevated ROS 
levels. Therefore, ROS was the most affected semen parameter in the 
presence of GM among those analysed (Figure 1b). ROS negatively 
correlated with per cent total motility (rs =	−0.196;	p < 0.001) and 
total motile sperm count (rs =	−0.346;	p < 0.001). Moreover, an as-
sociation	was	observed	between	ROS	and	DFI	as	measured	by	SCSA	
(rs = 0.182; p < 0.05). However, no correlation was found between 
ROS and average Comet scores (p >	0.05).	When	sperm	DNA	dam-
age	was	measured	with	SCSA	(Figure	1c),	sperm	DFI	in	samples	with	
semen or urine microorganisms were significantly higher than those 
without	GM	(Figure	1c	SCSA:	Group	1:	15.0	[10.0–	23.0]%;	Group	2:	
20.5 [17.0– 38.8]%; Group 3: 28.5 [16.0– 40.0]%; Group4: 36.5 [24.8– 
49.0]; p <	0.001).	The	same	was	true	for	sperm	DNA	damage	when	
measured by Comet (Figure 1d Comet: Group1: 32.0 (28.0– 41.5)%; 
Group2: 38 (32.0– 47.8)%; Group3: 39.5 (34.8– 47.3)%; Group4: 44.5 
(41.3– 52.3)%; p < 0.001). Patients with both semen and urine micro-
organisms (Group 4) had the highest DFI, whereas patients without 
GM	had	the	lowest,	irrespective	of	how	DNA	damage	was	measured	
(p < 0.05). Semen (OR 3.18; 95% CI 1.22– 8.28; p < 0.05) or urine (OR 
5.33; 95% CI 2.00– 14.25; p < 0.001) microorganisms increased the 
odds	of	having	an	elevated	DFI.	Although	DFI	was	 increased	 in	 all	
samples in the presence of microorganisms, only those with urinary 
microorganisms (with or without semen microorganisms) had DFI lev-
els	above	the	reference	threshold	limit	when	measured	by	SCSA.	The	
results from multiple regression analysis demonstrate the most con-
sistent	 associations	between	 infected	 samples	were	with	 the	DNA	
fragmentation scores (either DFI or COMET). COMET was signifi-
cantly associated with the presence of Ureaplasma spp. (p < 0.001) 
in urine, while DFI was significantly associated with the presence 
of Gardnerella vaginalis (p < 0.001) in urine and Enterococcus spp. 
(p = 0.003) in semen. There was also an association between HDS 
and the presence of microorganisms. HDS was higher in Group 3 
(21.0 [18.0– 26.0]) and Group 4 (25.0 [16.0– 30.5]) compared to Group 
1	 (11.0	 [6.0–	16.0]).	A	significant	difference	 in	HDS	was	only	 found	
between Group 3 with urine microorganisms and Group 1 without 
(p < 0.05). HDS levels in samples with semen microorganisms (Group 
2: 11.0 [6.3– 19.8]) were similar to those without (Group 1: (11.0 [6.0– 
16.0]). In contrast all patient groups including Group 1 had average 
Comet scores higher than the reference range.

4  |  DISCUSSION

To our knowledge, this is the first and largest study to date to show 
an association of semen and urine microorganisms with both ROS 
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and sperm genetic integrity. GM were detected in 43% infertile men 
and	were	associated	with	elevated	ROS	and	sperm	DNA	fragmen-
tation,	 measured	 either	 by	 Comet	 or	 SCSA.	 Standard	 semen	 pa-
rameters were minimally affected by GM and were similar across 
patient cohorts. While this concurs with previous studies (Filipiak 
et al., 2015; Hillier et al., 1990; Qing et al., 2017), effects of bacterial 
microorganisms on semen parameters remain controversial. On the 
contrary, a recent meta- analysis and systematic review of the impact 
of the semen microbiome on male infertility, involving 55 observa-
tional studies with 51,299 men, revealed GM had a negative impact 
overall	on	sperm	count,	progressive	motility	and	sperm	DNA	integ-
rity (Farahani et al., 2021).

The incidence of semen microorganisms in infertile men (20.1%) 
was similar to previous reports (21%– 35.3%) (Moretti et al., 2009; 
Ricci et al., 2018; Villanueva- Diaz et al., 1999; Vilvanathan et al., 
2016; Zeyad et al., 2018) with Enterococcus faecalis as the most 
abundant seminal microorganism. In contrast, a large Italian study 
found Ureaplasma urealyticum was the most common seminal mi-
croorganism (Boeri et al., 2020), whereas Ureaplasma spp. was the 
most prevalent single organism in urine in this study, followed 
closely by Gardnerella. The incidence of urine microorganisms 
in this study was considerably lower to that previously reported 
by Qing et al. (2017) although the incidence of Ureaplasma spp. 
among samples with GM was similar. Generally, the proportion of 
Ureaplasma microorganisms among infertile men is variable, rang-
ing	between	5%	and	42%	(Agarwal	et	al.,	2018).	While	E. coli was 
detected infrequently in semen, a previous study demonstrated 
it is the second most prevalent seminal microorganism in infertile 
men (24%) (Villanueva- Diaz et al., 1999). However, it was the most 
prevalent microorganism detected by urine culture in this study. 
Globally, E. coli is the most prevalent urinary tract microorganism, 

while Ureaplasma also has a high prevalence (Solomon & Henkel, 
2017).

The differences in prevalence of GM and their effects on semen 
parameters across studies may depend upon patient cohort, type 
and concentration of organisms present as well as the balance of or-
ganisms in the microbiome (Lundy et al., 2020; Oghbaei et al., 2020). 
The heterogeneity and availability of pathogen detection methods 
must also be considered. Urine microorganisms were most likely de-
tected using PCR rather than culture. PCR analysis is only offered in 
specialized laboratories, hence GM may be missed in asymptomatic 
patients which may have implications regarding the management 
of infertility. Studies on the microbiome are often limited by the 
methods of analysis, particularly with regard to the sensitivity of de-
tection	and	the	number	of	microorganisms	that	can	be	detected.	A	
limitation of this study is that the PCR methodology does not allow 
for quantitative analysis of these microorganisms which may well 
have	specific	effects	on	individual	sperm	parameters,	including	DNA	
damage	and	seminal	OS.	A	more	accurate	representation	of	the	sem-
inal and urinary microbiome could be provided by genomic sequenc-
ing. Nonetheless, previous studies have detected similar species and 
proportions of microorganisms in semen and urine overall.

Previous studies associated positive semen cultures with signifi-
cantly reduced sperm motility (Micheli et al., 2016; Moretti et al., 
2009; Ricci et al., 2018) possibly due to an elevation in OS. In this 
study, a significant negative correlation between sperm motility and 
ROS was identified, confirming our previous observations (Homa 
et	al.,	2019).	As	a	result,	microorganisms	may	exert	detrimental	ef-
fects on fertility primarily through generation of OS and consequent 
sperm	DNA	damage	(Agarwal	et	al.,	2014).	The	data	presented	here	
lends support for an association between GM and OS and damage to 
sperm	chromatin	integrity	(Agarwal	et	al.,	2018;	Gallegos	et	al.,	2008;	

TA B L E  2 Differences	in	standard	semen	parameters	between	patient	study	groups

Patient GROUP 1 2 3 4 p value

Number 439 149 140 42

Volume (ml) 3.40 (2.60– 4.40) 3.30 (2.10– 4.40) 3.60 (2.50– 4.65) 3.5 (2.40– 4.60) 0.392

Total motility (%) 58.00 (37.00– 65.00) 56.00 (37.50– 66.50) 58.00 (33.00– 67.00) 60.00 (39.25– 68.00) 0.830

Progressive motility (%) 48.00 (27.00– 59.00) 44.00 (19.50– 59.00) 47.50 (21.50– 60.25) 49.00 (21.25– 61.00) 0.875

Nonprogressive motility (%) 7.00 (4.00– 11.00) 8.00 (4.00– 12.00) 7.00 (3.75– 10.00) 6.00 (5.00– 10.00) 0.494

Immotile sperm (%) 40.00 (33.00– 57.50) 43.00 (33.00– 59.00) 40.00 (32.00– 61.50) 39.00 (30.00– 60.00) 0.903

Total motile sperm count 
(×106)

56.00 
(22.00– 117.00)

45.00 
(14.00– 112.00)

82.00 (7.60– 146.50) 101.00 (28.00– 131.00) 0.570

Sperm count (×106/ml) 22.00 (6.65– 54.00) 25.00 (7.90– 55.00) 19.00 (5.00– 47.00) 28.00 (9.40– 60.00) 0.453

Total sperm count (×106) 70.00 
(22.75– 182.00)

78.00 
(25.00– 155.95)

65.50 
(17.00– 173.50)

83.50 (24.00– 236.75) 0.738

Normal morphology (%) 2.00 (1.00– 5.00) 2.00 (1.00– 3.75) 2.00 (1.00– 6.00) 2.00 (0.50– 6.00) 0.560

Teratozoospermia index (TZI) 1.38 (1.30– 1.47) 1.37 (1.31– 1.46) 1.39 (1.31– 1.47) 1.40 (1.32– 1.50) 0.853

Leucocyte count (106/ml) 0.10 (0.10– 0.40) 0.20 (0.10– 0.40) 0.20 (0.10– 0.50) 0.15 (0.10– 0.40) 0.001

ROS (RLU/second /106 sperm) 2.85 (0.70– 12.35) 14.70 (5.93– 43.03) 12.95 (5.80– 35.40) 29.50 (0.90– 241.20) <0.001

DFI (%) 15.00 (10.00– 23.00) 20.50 (17.00– 38.75) 28.50 (16.00– 40.00) 36.50 (24.75– 49.00) <0.001

Average	comet	score	(%) 32.00 (28.00– 41.50) 38.00 (32.00– 47.75) 39.50 (34.75– 47.25) 44.50 (41.25– 52.25) <0.001
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Oghbaei et al., 2020; Potts & Pasqualotto, 2003; Qing et al., 2017; 
Reichart et al., 2000). In contrast, a previous study failed to find any 
effect of Chlamydia trachomatis, Ureaplasma or Mycoplasma spp. on 
DNA	fragmentation	measured	by	SCSA	(Rybar	et	al.,	2012).	Bacterial	
microorganisms of the genital tract not only generate high ROS levels 
but also deplete antioxidant capacity (Micheli et al., 2016) resulting in 
OS.	Additionally,	leucocytes,	a	significant	source	of	exogenous	ROS	
(Aitken	et	al.,	1994),	will	migrate	into	the	site	of	infection.	However,	
seminal leucocytes remained below the World Health Organization 
(2010)	threshold	in	all	GM	groups,	even	though	ROS	and	sperm	DNA	
damage were significantly increased, suggesting ROS generation 
is derived directly from bacterial activity. Similarly, Gallegos et al. 
(2008)	observed	that	patients	with	GM	had	increased	sperm	DNA	
damage despite the absence of leucocytospermia. The finding of low 
levels of leucocytes in infected samples is not altogether unexpected 

as previous studies indicated leucocyte concentrations are poorly 
predictive of seminal microorganisms (Chen et al., 2013; Hillier et al., 
1990). Furthermore, OS associated with chronic prostatitis is inde-
pendent of leucocytospermia (Nickel et al., 2003; Pasqualotto et al., 
2000). Leucocytospermia may be dependent on sampling technique 
as prostatic massage may be required prior to ejaculation to express 
leucocytes into seminal fluid (Ludwig et al., 2003).

One of the most detrimental effects of OS is oxidation of sperm 
DNA	(Aitken	&	De	Iuliis,	2010;	Aitken	&	Koppers,	2011;	Wright	et	al.,	
2014). Men with GM demonstrated significantly elevated ROS in as-
sociation	with	 elevated	 SCSA	 and	Comet	 scores.	 In	 a	 prospective	
study, high Comet scores were associated with an eight- fold increase 
in the risk of infertility (Simon et al., 2011). Furthermore, males with 
high DFI and Comet scores have reduced fertilization rates, embryo 
quality and pregnancy outcomes from IVF (Haddock et al., 2021; 

F I G U R E  1 Comparison	of	sperm	DNA	fragmentation,	oxidative	stress	and	leucocyte	levels	in	semen	of	infertile	men	with	and	without	
GM. Box- whisker plots displaying leucocyte concentrations (a), ROS levels (b), DFI (c) and COMET scores (d); Patients with no genitourinary 
microorganisms (Group 1: n = 439), semen microorganisms (Group 2: n = 149), urine microorganisms (Group 3: n = 140) or both semen and 
urine microorganisms (Group 4: n = 42). The dotted line indicates the reference limit (Leucocytes: <1 million/ml; ROS: <13.8 RLU/s/106 
sperm;	DFI	by	SCSA:	<25%; DFI by COMET: <26%) and the shaded area represents the area where values are outside the reference range. 
The box lies between the first and third quartiles, thus covering the middle 50% of all data values, with the median represented by the 
middle line. Whiskers extend from minimum to maximum values. Kruskal– Wallis test: p < 0.01 for a, p < 0.001 for b, c and d. Dunn's post 
hoc analysis (with significance values adjusted by the Bonferroni correction for multiple tests): *, ** and *** indicate p < 0.05, 0.01 and 0.001 
respectively.	Abbreviations:	DNA,	deoxyribonucleic	acid;	RLU,	relative	light	units;	SCSA,	sperm	chromatin	structure	assay
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Simon et al., 2011; Virro et al., 2004) and ICSI (Simon et al., 2010; 
Virro	et	al.,	2004).	SCSA	and	Comet	are	also	valuable	in	predicting	
miscarriage (Evenson et al., 1999; Yifu et al., 2020) and live birth 
rates	 (Osman	et	 al.,	 2015).	Hence,	 via	 generation	of	OS	and	DNA	
damage, male GM may play a much wider role in infertility than pre-
viously thought.

Both	SCSA	and	alkaline	Comet	 tests	were	associated	with	 the	
highest	 increases	 in	 sperm	DNA	 fragmentation	when	microorgan-
isms were present in both genital and urinary compartments. Comet 
scores were above the threshold for all patient groups including 
those without microorganisms, although only urinary tract microor-
ganisms caused an elevation in DFI above the threshold limit when 
measured	by	SCSA.	While	the	trends	in	results	using	the	SCSA	and	
Comet test are similar, other studies support our observations that 
Comet	scores	are	consistently	higher	than	those	measured	by	SCSA	
(Javed et al., 2019). The differences in the scale of these observa-
tions may be because different assays focus on different molecular 
aspects	of	 sperm	DNA	damage.	Consequently,	Comet	may	have	a	
higher	sensitivity	than	SCSA.	In	addition,	HDS	levels	were	approx-
imately doubled in the presence of urine microorganisms but were 
not increased if microorganisms were identified in semen alone. 
HDS is a biomarker for abnormal chromatin and a recent study 
demonstrated an association between.

Staphylococcus spp., E. coli, Enterococcus faecalis and 
Streptococcus agalactiae in semen and abnormal chromatin conden-
sation and protamine P1/P2 ratios (Zeyad et al., 2018). Urine mi-
croorganisms may thus have consequences for ongoing pregnancy, 
particularly as HDS may be associated with an increased risk of 
spontaneous abortion (Lin et al., 2008).

It	 is	 clear	 that	 GM	 are	 associated	 with	 OS	 and	 DNA	 damage	
which in turn may explain the association of genital tract dysbio-
sis and infertility. The mechanism of action may well involve direct 
binding of the bacteria to the sperm plasma membrane as well as 
secretion of cytotoxins all of which may generate ROS resulting in 
considerable	cellular	and	DNA	damage	 (reviewed	by	Henkel	et	al.,	
2021; Oghbaei et al., 2020; Osadchiy et al., 2020). Many bacteria, 
including Ureaplasma spp., Klebsiella pneumonia and E. coli can bind 
to membrane glycoproteins or mannose receptors. Ureaplasma bind-
ing triggers ROS generation and subsequent membrane lipid per-
oxidation,	 causing	 DNA	 damage	 and	 disruption	 to	 the	 acrosomal	
membrane which has significant consequences for fertilization (Ma 
& Gao, 2017). Furthermore, E. coli interferes with fertilization by im-
pairment	of	the	acrosome	reaction	(El-	Mulla	et	al.,	1996).	Adhesion	
of E. coli to sperm or exposure of sperm to its soluble factors leads to 
a decrease in mitochondrial membrane potential and an increase in 
apoptotic markers such as phosphatidylserine translocation (Schulz 
et al., 2010) while Chlamydia trachomatis is associated with both 
phosphatidylserine	 externalization	 and	 sperm	DNA	damage	 (Satta	
et al., 2006). Hemolyisn released from Enterococci (Qiang et al., 
2007) and lipopolysaccharides from E. coli (Wolff et al., 1993) or 
Chlamydia (Eley et al., 2005) cause sperm immobilization and cell 
death, likely as a consequence of ROS production, release of cyto-
chrome C and activation of caspases 3 and 9 (Said et al., 2004). This 

sequence of events leads to apoptosis which is intricately linked with 
DNA	strand	breaks	(Agarwal	&	Said,	2005).	An	alternative	mecha-
nism	 for	GM-	induced	 sperm	DNA	damage	may	be	 the	 generation	
of a localized immune response producing proinflammatory cyto-
kines and ROS which may disrupt spermatogenesis and have a neg-
ative effect on sperm motility and cause cell death (Henkel et al., 
2021). Several bacterial species including E. coli, Streptococcus oralis, 
Staphylococcus haemolyticus, Ureaplasma urealyticum and B. ureo-
lyticus are associated with local production of ROS and cytokines 
leading to plasma membrane lipid peroxidation and malondialdehyde 
production (Fraczek et al., 2007). This causes irreversible plasma 
membrane	 damage,	 DNA	 oxidation	 and	 impaired	 acrosome	 reac-
tion and fertilization. Furthermore, Enterococcus is associated with 
inflammatory proteins in seminal plasma (Grande et al., 2018) and 
a reduction in semen parameters (Farahani et al., 2021; Ricci et al., 
2018) and is a causative organism of prostatitis, while Ureaplasma 
and E. coli have also been associated with this inflammatory condi-
tion (Henkel et al., 2021). Finally, cross- reactive antibodies may be 
produced in response to seminal microorganisms (Shi et al., 2007; 
Witkin et al., 1995) which are a cause of immunological infertility.

While dysbiosis in both the male and female genital tract can 
affect reproductive health, it may also have a considerable impact 
on fertility and pregnancy outcome. Ureaplasma urealyticum in 
semen or in the female reproductive tract has deleterious conse-
quences for embryo development as it decreases pregnancy rate 
following IVF (Montagut et al., 1991). IVF outcome was only 7.5% 
successful when Ureaplasma and/or Enterococcus was present in the 
GU tract (Ricci et al., 2018), most likely due to its effect on sperm 
DNA	 integrity	 and	 ROS	 production	 (Potts	 &	 Pasqualotto,	 2003).	
More concerning, microorganisms of the female reproductive tract 
and particularly microorganisms causing bacterial vaginosis (BV) 
such as Gardnerella vaginalis and Ureaplasma spp., are consistently 
associated with infertility, recurrent miscarriage and preterm birth 
Koedooder et al., 2019; Giakoumelou et al., 2016; Kuon et al., 2017; 
Nelson et al., 2015). While women with Gardnerella and Ureaplasma 
may be symptomatic and are treated for these microorganisms, their 
partners who remain asymptomatic are not and consequently con-
tinue as a source for recurrent transmission of microorganisms to 
their	 partners.	At	 present,	 screening	men	 for	GM	 is	 not	 routinely	
incorporated into clinical diagnostic protocols for male infertility, 
mainly because it is difficult to differentiate active microorganisms 
from commensal organisms in the genital tract. Furthermore, many 
GM are asymptomatic (Kiessling et al., 2008), hence patients do not 
actively seek treatment.

5  |  CONCLUSIONS

This study presents evidence for the mechanistic role of the semen 
microbiome, whereby a prevalence of opportunistic bacteria such 
as Ureaplasma spp. and Gardnerella vaginalis, as well as pathobi-
onts such as Enterococcus faecalis affect sperm function by trig-
gering	OS	and	DNA	damage,	irrespective	of	any	effect	on	semen	
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parameters. This is likely to result in infertility with consequences 
for an ongoing pregnancy. Given the evidence presented here, it is 
suggested that GU screening of both partners should be incorpo-
rated into routine investigation of all couples unable to conceive 
or with a history of miscarriage, particularly prior to embarking 
on	ART.	Consideration	should	be	given	to	the	value	of	assessing	
both urine and semen for microorganisms in cases of unexplained 
infertility. The distribution of microorganisms differs between the 
urinary and genital tract, yet microorganisms in either compart-
ment has a detrimental effect on OS and sperm genetic integrity. 
As	PCR	 identifies	organisms	 that	 cannot	be	 identified	using	cul-
ture alone, it is recommended that both methods should be uti-
lized. PCR screening in semen may be unnecessary as only 2.6% 
patients had microorganisms identified by this method, and only 
0.75% patients screened by PCR in semen showed microorgan-
isms that were not also identified in urine. Microorganisms can be 
managed with targeted antibiotic treatment in most cases and may 
optimize the chances of ongoing pregnancy, although care must be 
taken when using broad- spectrum antibiotics to avoid disturbing 
the seminal plasma microbiome.

ACKNOWLEDG EMENTS
CJ is supported by the National Institute for Health Research (NIHR) 
Post- Doctoral Fellowship Grant number PDF- 2017- 10- 098.

CONFLIC T OF INTERE S T
The authors declare no conflict of inerest

DATA AVAIL ABILIT Y S TATEMENT
Data available on request due to privacy/ethical restrictions.

ORCID
Sheryl T. Homa  https://orcid.org/0000-0001-5027-0066 

R E FE R E N C E S
Agarwal,	 A.,	 Gupta,	 S.,	 &	 Sharma,	 R.	 (2016).	Andrological evaluation of 

male infertility. Cham: Springer International Publishing.
Agarwal,	A.,	Parekh,	N.,	Panner	Selvam,	M.	K.,	Henkel,	R.,	Shah,	R.,	Homa,	

S.	T.,	Ramasamy,	R.,	Ko,	E.,	Tremellen,	K.,	Esteves,	S.,	Majzoub,	A.,	
Alvarez,	J.	G.,	Gardner,	D.	K.,	Jayasena,	C.	N.,	Ramsay,	J.	W.,	Cho,	
C.-	L.,	Saleh,	R.,	Sakkas,	D.,	Hotaling,	J.	M.,	…	Harlev,	A.	(2019).	Male	
oxidative stress infertility (MOSI): Proposed terminology and clini-
cal practice guidelines for management of idiopathic male infertil-
ity. The World Journal of Men's Health, 37(3), 296– 312. https://doi.
org/10.5534/wjmh.190055

Agarwal,	 A.,	 Rana,	 M.,	 Qiu,	 E.,	 AlBunni,	 H.,	 Bui,	 A.	 D.,	 &	 Henkel,	 R.	
(2018). Role of oxidative stress, infection and inflammation in male 
infertility. Andrologia, 50(11), e13126. https://doi.org/10.1111/
and.13126

Agarwal,	A.,	&	Said,	T.	M.	(2005).	Oxidative	stress,	DNA	damage	and	apop-
tosis	in	male	infertility:	A	clinical	approach.	BJU International, 95(4), 
503– 550. https://doi.org/10.1111/j.1464- 410X.2005.05328.x

Agarwal,	A.,	Sharma,	R.	K.,	Sharma,	R.,	Assidi,	M.,	Abuzenadah,	A.	M.,	
Alshahrani,	 S.,	 Durairajanayagam,	 D.,	 &	 Sabanegh,	 E.	 (2014).	
Characterizing semen parameters and their association with re-
active oxygen species in infertile men. Reproductive Biology and 
Endocrinology, 12, 33. https://doi.org/10.1186/1477- 7827- 12- 33

Alvarez,	 J.	 G.,	 Sharma,	 R.	 K.,	 Ollero,	 M.,	 Saleh,	 R.	 A.,	 Lopez,	 M.	 C.,	
Thomas,	A.	J.,	Evenson,	D.	P.,	&	Agarwal,	A.	(2002).	Increased	DNA	
damage in sperm from leukocytospermic semen samples as deter-
mined by the sperm chromatin structure assay. Fertility and Sterility, 
78(2), 319– 329. https://www.scien cedir ect.com/scien ce/artic le/
pii/S0015 02820 2032016

Aitken,	 R.	 J.	 (2017).	 Reactive	 oxygen	 species	 as	 mediators	 of	 sperm	
capacitation and pathological damage. Molecular Reproduction 
and Development, 84(10), 1039– 1052. https://doi.org/10.1002/
mrd.22871

Aitken,	 R.	 J.,	 &	 Curry,	 B.	 J.	 (2011).	 Redox	 regulation	 of	 human	 sperm	
function: From the physiological control of sperm capacita-
tion	 to	 the	 etiology	 of	 infertility	 and	 DNA	 damage	 in	 the	 germ	
line. Antioxidants & Redox Signaling, 14(3), 367– 381. https://doi.
org/10.1089/ars.2010.3186

Aitken,	R.	 J.,	&	De	 Iuliis,	G.	N.	 (2010).	On	the	possible	origins	of	DNA	
damage in human spermatozoa. Molecular Human Reproduction, 
16(1), 3– 13. https://doi.org/10.1093/moleh r/gap059

Aitken,	R.	J.,	Gibb,	Z.,	Baker,	M.	A.,	Drevet,	J.,	&	Gharagozloo,	P.	(2016).	
Causes and consequences of oxidative stress in spermatozoa. 
Reproduction, Fertility, and Development, 28(1– 2), 1– 10. https://doi.
org/10.1071/RD15325

Aitken,	 R.	 J.,	 &	 Koppers,	 A.	 J.	 (2011).	 Apoptosis	 and	 DNA	 damage	 in	
human spermatozoa. Asian Journal of Andrology, 13(1), 36– 42. 
https://doi.org/10.1038/aja.2010.68

Aitken,	R.	J.,	West,	K.,	&	Buckingham,	D.	(1994).	Leukocytic	infiltration	
into the human ejaculate and its association with semen quality, 
oxidative stress, and sperm function. Journal of Andrology, 15(4), 
343– 352.

Barratt, C., Björndahl, L., De Jonge, C. J., Lamb, D. J., Osorio Martini, F., 
McLachlan, R., Oates, R. D., van der Poel, S., St John, B., Sigman, 
M., Sokol, R., & Tournaye, H. (2017). The diagnosis of male infer-
tility:	An	analysis	of	 the	evidence	to	support	 the	development	of	
global WHO guidance- challenges and future research opportu-
nities. Human Reproduction Update, 23(6), 660– 680. https://doi.
org/10.1093/humup d/dmx021

Benchaib, M., Lornage, J., Mazoyer, C., Lejeune, H., Salle, B., & François 
Guerin, J. (2007). Sperm deoxyribonucleic acid fragmentation as a 
prognostic indicator of assisted reproductive technology outcome. 
Fertility and Sterility, 87(1), 93– 100. https://doi.org/10.1016/j.fertn 
stert.2006.05.057

Bender	 Atik,	 R.,	 Christiansen,	 O.	 B.,	 Elson,	 J.,	 Kolte,	 A.	 M.,	 Lewis,	 S.,	
Middeldorp, S., Nelen, W., Peramo, B., Quenby, S., Vermeulen, 
N., & Goddijn, M. (2018). ESHRE guideline: Recurrent pregnancy 
loss. Human Reproduction Open, 2018(2), hoy004. https://doi.
org/10.1093/hrope n/hoy004

Bennetts, L. E., De Iuliis, G. N., Nixon, B., Kime, M., Zelski, K., McVicar, 
C.	 M.,	 Lewis,	 S.	 E.,	 &	 Aitken,	 R.	 J.	 (2008).	 Impact	 of	 estrogenic	
compounds	on	DNA	integrity	in	human	spermatozoa:	Evidence	for	
cross- linking and redox cycling activities. Mutation Research, 641(1– 
2), 1– 11. https://doi.org/10.1016/j.mrfmmm.2008.02.002

Bisht, S., & Dada, R. (2017). Oxidative stress: Major executioner in dis-
ease	pathology,	 role	 in	sperm	DNA	damage	and	preventive	strat-
egies. Frontiers in Bioscience, 9, 420– 447. https://doi.org/10.2741/
s495

Boeri,	L.,	Pederzoli,	F.,	Capogrosso,	P.,	Abbate,	C.,	Alfano,	M.,	Mancini,	
N.,	Clementi,	M.,	Montanari,	E.,	Montorsi,	F.,	&	Salonia,	A.	(2020).	
Semen infections in men with primary infertility in the real- life 
setting. Fertility and Sterility, 113(6), 1174– 1182. https://doi.
org/10.1016/j.fertn stert.2020.01.034

Chen, L., Yu, S. L., & Rajesh, H. (2013). Is semen polymorphonuclear 
leucocytes count a good predictor of male genital tract infec-
tion? Singapore Medical Journal, 54(6), 328– 331. https://doi.
org/10.11622/ smedj.2013126

Cohen, R., Gutvirtz, G., Wainstock, T., & Sheiner, E. (2019). Maternal 
urinary tract infection during pregnancy and long- term infectious 

https://orcid.org/0000-0001-5027-0066
https://orcid.org/0000-0001-5027-0066
https://doi.org/10.5534/wjmh.190055
https://doi.org/10.5534/wjmh.190055
https://doi.org/10.1111/and.13126
https://doi.org/10.1111/and.13126
https://doi.org/10.1111/j.1464-410X.2005.05328.x
https://doi.org/10.1186/1477-7827-12-33
https://www.sciencedirect.com/science/article/pii/S0015028202032016
https://www.sciencedirect.com/science/article/pii/S0015028202032016
https://doi.org/10.1002/mrd.22871
https://doi.org/10.1002/mrd.22871
https://doi.org/10.1089/ars.2010.3186
https://doi.org/10.1089/ars.2010.3186
https://doi.org/10.1093/molehr/gap059
https://doi.org/10.1071/RD15325
https://doi.org/10.1071/RD15325
https://doi.org/10.1038/aja.2010.68
https://doi.org/10.1093/humupd/dmx021
https://doi.org/10.1093/humupd/dmx021
https://doi.org/10.1016/j.fertnstert.2006.05.057
https://doi.org/10.1016/j.fertnstert.2006.05.057
https://doi.org/10.1093/hropen/hoy004
https://doi.org/10.1093/hropen/hoy004
https://doi.org/10.1016/j.mrfmmm.2008.02.002
https://doi.org/10.2741/s495
https://doi.org/10.2741/s495
https://doi.org/10.1016/j.fertnstert.2020.01.034
https://doi.org/10.1016/j.fertnstert.2020.01.034
https://doi.org/10.11622/smedj.2013126
https://doi.org/10.11622/smedj.2013126


10 of 12  |     HO et al.

morbidity of the offspring. Early Human Development, 136, 54– 59. 
https://doi.org/10.1016/j.earlh umdev.2019.07.002

Dias,	T.	R.,	Martin-	Hidalgo,	D.,	 Silva,	B.	M.,	Oliveira,	P.	F.,	&	Alves,	M.	
G.	 (2020).	Endogenous	and	Exogenous	Antioxidants	As	a	Tool	 to	
Ameliorate	Male	 Infertility	 Induced	by	Reactive	Oxygen	Species.	
Antioxidants & Redox Signaling, 33(11), 767– 785. https://doi.
org/10.1089/ars.2019.7977

Eley,	 A.,	 Hosseinzadeh,	 S.,	 Hakimi,	 H.,	 Geary,	 I.,	 &	 Pacey,	 A.	 A.	
(2005).	 Apoptosis	 of	 ejaculated	 human	 sperm	 is	 induced	 by	 co-	
incubation with chlamydia trachomatis lipopolysaccharide. Human 
Reproduction, 20(9), 2601– 2607. https://doi.org/10.1093/humre p/
dei082

El-	Mulla,	K.	F.,	Köhn,	F.	M.,	Dandal,	M.,	el	Beheiry,	A.	H.,	Schiefer,	H.	G.,	
Weidner, W., & Schill, W. B. (1996). In vitro effect of escherichia coli 
on human sperm acrosome reaction. Archives of Andrology, 37(2), 
73– 78. https://doi.org/10.3109/01485 01960 8988505

Evenson,	D.	 P.	 (2016).	 The	 sperm	 chromatin	 structure	 assay	 (SCSA(®)) 
and	 other	 sperm	 DNA	 fragmentation	 tests	 for	 evaluation	 of	
sperm	 nuclear	 DNA	 integrity	 as	 related	 to	 fertility.	 Animal 
Reproduction Science, 169, 56– 75. https://doi.org/10.1016/j.anire 
prosci.2016.01.017

Evenson, D. P., Jost, L. K., Marshall, D., Zinaman, M. J., Clegg, E., Purvis, 
K.,	 de	 Angelis,	 P.,	 &	 Claussen,	 O.	 P.	 (1999).	 Utility	 of	 the	 sperm	
chromatin structure assay as a diagnostic and prognostic tool in 
the human fertility clinic. Human Reproduction, 14(4), 1039– 1049. 
https://doi.org/10.1093/humre p/14.4.1039

Farahani, L., Tharakan, T., Yap, T., Ramsay, J. W., Jayasena, C. N., & 
Minhas, S. (2021). The semen microbiome and its impact on sperm 
function	and	male	fertility:	A	systematic	review	and	meta-	analysis.	
Andrology, 9(1), 115– 144. https://doi.org/10.1111/andr.12886

Filipiak, E., Marchlewska, K., Oszukowska, E., Walczak- Jedrzejowska, 
R.,	 Swierczynska-	Cieplucha,	 A.,	 Kula,	 K.,	 &	 Slowikowska-	Hilczer,	
J. (2015). Presence of aerobic micro- organisms and their influence 
on basic semen parameters in infertile men. Andrologia, 47(7), 826– 
831. https://doi.org/10.1111/and.12338

Fraczek,	 M.,	 Szumala-	Kakol,	 A.,	 Jedrzejczak,	 P.,	 Kamieniczna,	 M.,	 &	
Kurpisz, M. (2007). Bacteria trigger oxygen radical release and 
sperm lipid peroxidation in in vitro model of semen inflammation. 
Fertility and Sterility, 88(4), 1076– 1085. https://doi.org/10.1016/j.
fertn stert.2006.12.025

Gallegos,	 G.,	 Ramos,	 B.,	 Santiso,	 R.,	 Goyanes,	 V.,	 Gosálvez,	 J.,	 &	
Fernández,	 J.	 L.	 (2008).	 Sperm	 DNA	 fragmentation	 in	 infertile	
men with genitourinary infection by chlamydia trachomatis and 
mycoplasma. Fertility and Sterility, 90(2), 328– 334. https://doi.
org/10.1016/j.fertn stert.2007.06.035

Giakoumelou, S., Wheelhouse, N., Cuschieri, K., Entrican, G., Howie, S. E., 
&	Horne,	A.	W.	(2016).	The	role	of	infection	in	miscarriage.	Human 
Reproduction Update, 22(1), 116– 133. https://doi.org/10.1093/
humup d/dmv041

González-	Marín,	C.,	Gosálvez,	J.,	&	Roy,	R.	(2012).	Types,	causes,	detec-
tion	and	repair	of	DNA	fragmentation	in	animal	and	human	sperm	
cells. International Journal of Molecular Sciences, 13(11), 14026– 
14052. https://doi.org/10.3390/ijms1 31114026

Grande, G., Vincenzoni, F., Mancini, F., Baroni, S., Luca, G., Calafiore, R., 
Marana,	 R.,	 Castagnola,	M.,	 Pontecorvi,	 A.,	 &	Milardi,	 D.	 (2018).	
Semen proteomics reveals the impact of enterococcus faecalis on 
male fertility. Protein and Peptide Letters, 25(5), 472– 477. https://
doi.org/10.2174/09298 66525 66618 04121 61818

Haddock,	L.,	Gordon,	S.,	Lewis,	S.,	Larsen,	P.,	Shehata,	A.,	&	Shehata,	H.	
(2021).	 Sperm	DNA	 fragmentation	 is	 a	 novel	 biomarker	 for	 early	
pregnancy loss. Reproductive Biomedicine Online, 42(1), 175– 184. 
https://doi.org/10.1016/j.rbmo.2020.09.016

Henkel, R., Offor, U., & Fisher, D. (2021). The role of infections and leu-
kocytes in male infertility. Andrologia, 53(1), e13743. https://doi.
org/10.1111/and.13743

Hillier, S. L., Rabe, L. K., Muller, C. H., Zarutskie, P., Kuzan, F. B., & 
Stenchever,	M.	A.	(1990).	Relationship	of	bacteriologic	characteris-
tics to semen indices in men attending an infertility clinic. Obstetrics 
and Gynecology, 75(5), 800– 804.

Homa,	S.	T.,	Vassiliou,	A.	M.,	Stone,	J.,	Killeen,	A.	P.,	Dawkins,	A.,	Xie,	J.,	
Gould,	F.,	&	Ramsay,	J.	(2019).	A	comparison	between	two	assays	
for measuring seminal oxidative stress and their relationship with 
sperm	 DNA	 fragmentation	 and	 semen	 parameters.	Genes, 10(3), 
236. https://doi.org/10.3390/genes 10030236

Howley,	 M.	 M.,	 Feldkamp,	 M.	 L.,	 Papadopoulos,	 E.	 A.,	 Fisher,	 S.	 C.,	
Arnold,	K.	E.,	&	Browne,	M.	L.	&	National	Birth	Defects	Prevention	
Study (2018). Maternal genitourinary infections and risk of birth 
defects in the national birth defects prevention study. Birth Defects 
Research, 110(19), 1443– 1454. https://doi.org/10.1002/bdr2.1409

Hughes, G., & Field, N. (2015). The epidemiology of sexually transmitted 
infections in the UK: Impact of behavior, services and interven-
tions. Future Microbiology, 10(1), 35– 51. https://doi.org/10.2217/
fmb.14.110

Javed,	A.,	Talkad,	M.	S.,	&	Ramaiah,	M.	K.	 (2019).	Evaluation	of	 sperm	
DNA	 fragmentation	 using	 multiple	 methods:	 A	 comparison	 of	
their predictive power for male infertility. Clinical and Experimental 
Reproductive Medicine, 46(1), 14– 21. https://doi.org/10.5653/
cerm.2019.46.1.14

Jin, J., Pan, C., Fei, Q., Ni, W., Yang, X., Zhang, L., & Huang, X. (2015). 
Effect	of	sperm	DNA	fragmentation	on	the	clinical	outcomes	for	in	
vitro fertilization and intracytoplasmic sperm injection in women 
with different ovarian reserves. Fertility and Sterility, 103(4), 910– 
916. https://doi.org/10.1016/j.fertn stert.2015.01.014

Jones,	R.,	Mann,	T.,	&	Sherins,	R.	 J.	 (1978).	Adverse	effects	of	peroxi-
dized lipid on human spermatozoa. Proceedings of the Royal Society 
of London. Series B, Biological Sciences, 201(1145), 413– 417. https://
doi.org/10.1098/rspb.1978.0053

Jones, R., Mann, T., & Sherins, R. (1979). Peroxidative breakdown of 
phospholipids in human spermatozoa, spermicidal properties 
of fatty acid peroxides, and protective action of seminal plasma. 
Fertility and Sterility, 31(5), 531– 537. https://doi.org/10.1016/s0015 
- 0282(16)43999 - 3

Kalinderi,	K.,	Delkos,	D.,	Kalinderis,	M.,	Athanasiadis,	A.,	&	Kalogiannidis,	
I. (2018). Urinary tract infection during pregnancy: Current con-
cepts on a common multifaceted problem. Journal of Obstetrics 
and Gynaecology, 38(4), 448– 453. https://doi.org/10.1080/01443 
615.2017.1370579

Keck,	 C.,	 Gerber-	Schäfer,	 C.,	 Clad,	 A.,	Wilhelm,	 C.,	 &	 Breckwoldt,	 M.	
(1998). Seminal tract infections: Impact on male fertility and treat-
ment options. Human Reproduction Update, 4(6), 891– 903. https://
doi.org/10.1093/humup d/4.6.891

Kiessling,	A.	A.,	Desmarais,	B.	M.,	Yin,	H.	Z.,	Loverde,	 J.,	&	Eyre,	R.	C.	
(2008).	 Detection	 and	 identification	 of	 bacterial	 DNA	 in	 semen.	
Fertility and Sterility, 90(5), 1744– 1756. https://doi.org/10.1016/j.
fertn stert.2007.08.083

Koedooder,	R.,	Mackens,	S.,	Budding,	A.,	Fares,	D.,	Blockeel,	C.,	Laven,	
J., & Schoenmakers, S. (2019). Identification and evaluation of the 
microbiome in the female and male reproductive tracts. Human 
Reproduction Update, 25(3), 298– 325. https://doi.org/10.1093/
humup d/dmy048

Koeijers,	J.	J.,	Verbon,	A.,	Kessels,	A.	G.,	Bartelds,	A.,	Donkers,	G.,	Nys,	
S., & Stobberingh, E. E. (2010). Urinary tract infection in male 
general practice patients: Uropathogens and antibiotic suscep-
tibility. Urology, 76(2), 336– 340. https://doi.org/10.1016/j.urolo 
gy.2010.02.052

Koppers,	A.	J.,	De	Iuliis,	G.	N.,	Finnie,	J.	M.,	McLaughlin,	E.	A.,	&	Aitken,	
R. J. (2008). Significance of mitochondrial reactive oxygen spe-
cies in the generation of oxidative stress in spermatozoa. Journal 
of Clinical Endocrinology and Metabolism, 93(8), 3199– 3207. https://
doi.org/10.1210/jc.2007- 2616

https://doi.org/10.1016/j.earlhumdev.2019.07.002
https://doi.org/10.1089/ars.2019.7977
https://doi.org/10.1089/ars.2019.7977
https://doi.org/10.1093/humrep/dei082
https://doi.org/10.1093/humrep/dei082
https://doi.org/10.3109/01485019608988505
https://doi.org/10.1016/j.anireprosci.2016.01.017
https://doi.org/10.1016/j.anireprosci.2016.01.017
https://doi.org/10.1093/humrep/14.4.1039
https://doi.org/10.1111/andr.12886
https://doi.org/10.1111/and.12338
https://doi.org/10.1016/j.fertnstert.2006.12.025
https://doi.org/10.1016/j.fertnstert.2006.12.025
https://doi.org/10.1016/j.fertnstert.2007.06.035
https://doi.org/10.1016/j.fertnstert.2007.06.035
https://doi.org/10.1093/humupd/dmv041
https://doi.org/10.1093/humupd/dmv041
https://doi.org/10.3390/ijms131114026
https://doi.org/10.2174/0929866525666180412161818
https://doi.org/10.2174/0929866525666180412161818
https://doi.org/10.1016/j.rbmo.2020.09.016
https://doi.org/10.1111/and.13743
https://doi.org/10.1111/and.13743
https://doi.org/10.3390/genes10030236
https://doi.org/10.1002/bdr2.1409
https://doi.org/10.2217/fmb.14.110
https://doi.org/10.2217/fmb.14.110
https://doi.org/10.5653/cerm.2019.46.1.14
https://doi.org/10.5653/cerm.2019.46.1.14
https://doi.org/10.1016/j.fertnstert.2015.01.014
https://doi.org/10.1098/rspb.1978.0053
https://doi.org/10.1098/rspb.1978.0053
https://doi.org/10.1016/s0015-0282(16)43999-3
https://doi.org/10.1016/s0015-0282(16)43999-3
https://doi.org/10.1080/01443615.2017.1370579
https://doi.org/10.1080/01443615.2017.1370579
https://doi.org/10.1093/humupd/4.6.891
https://doi.org/10.1093/humupd/4.6.891
https://doi.org/10.1016/j.fertnstert.2007.08.083
https://doi.org/10.1016/j.fertnstert.2007.08.083
https://doi.org/10.1093/humupd/dmy048
https://doi.org/10.1093/humupd/dmy048
https://doi.org/10.1016/j.urology.2010.02.052
https://doi.org/10.1016/j.urology.2010.02.052
https://doi.org/10.1210/jc.2007-2616
https://doi.org/10.1210/jc.2007-2616


    |  11 of 12HO et al.

Kuon, R. J., Togawa, R., Vomstein, K., Weber, M., Goeggl, T., Strowitzki, 
T.,	 Markert,	 U.	 R.,	 Zimmermann,	 S.,	 Daniel,	 V.,	 Dalpke,	 A.	 H.,	 &	
Toth, B. (2017). Higher prevalence of colonization with gardnerella 
vaginalis and gram- negative anaerobes in patients with recurrent 
miscarriage and elevated peripheral natural killer cells. Journal of 
Reproductive Immunology, 120, 15– 19. https://doi.org/10.1016/j.
jri.2017.03.001

Lin, M. H., Kuo- Kuang Lee, R., Li, S. H., Lu, C. H., Sun, F. J., & Hwu, 
Y. M. (2008). Sperm chromatin structure assay parameters are 
not related to fertilization rates, embryo quality, and pregnancy 
rates in in vitro fertilization and intracytoplasmic sperm injec-
tion, but might be related to spontaneous abortion rates. Fertility 
and Sterility, 90(2), 352– 359. https://doi.org/10.1016/j.fertn 
stert.2007.06.018

Lipsky,	B.	A.,	Ireton,	R.	C.,	Fihn,	S.	D.,	Hackett,	R.,	&	Berger,	R.	E.	(1987).	
Diagnosis of bacteriuria in men: Specimen collection and culture 
interpretation. Journal of Infectious Diseases, 155(5), 847– 854. 
https://doi.org/10.1093/infdi s/155.5.847

Ludwig,	M.,	Vidal,	A.,	Diemer,	T.,	Pabst,	W.,	Failing,	K.,	&	Weidner,	W.	
(2003). Chronic prostatitis/chronic pelvic pain pyndrome): Seminal 
markers of inflammation. World Journal of Urology, 21(2), 82– 85. 
https://doi.org/10.1007/s0034 5- 003- 0330- 7

Lundy,	S.	D.,	Vij,	S.	C.,	Rezk,	A.	H.,	Cohen,	J.	A.,	Bajic,	P.,	&	Ramasamy,	
R. (2020). The microbiome of the infertile male. Current Opinion 
in Urology, 30(3), 355– 362. https://doi.org/10.1097/MOU.00000 
00000 000742

Ma, X. P., & Gao, X. Q. (2017). The effect of ureaplasma urealyticum on 
the level of P34H expression, the activity of hyaluronidase, and 
DNA	 fragmentation	 in	 human	 spermatozoa.	 American Journal of 
Reproductive Immunology, 77(1), e12600. https://doi.org/10.1111/
aji.12600

Martin-	Hidalgo,	D.,	Bragado,	M.	J.,	Batista,	A.	R.,	Oliveira,	P.	F.,	&	Alves,	
M.	G.	(2019).	Antioxidants	and	male	fertility:	From	molecular	stud-
ies to clinical evidence. Antioxidants (Basel, Switzerland), 8(4), 89. 
https://doi.org/10.3390/antio x8040089

Mascarenhas, M. N., Flaxman, S. R., Boerma, T., Vanderpoel, S., & 
Stevens,	G.	A.	 (2012).	National,	 regional,	 and	global	 trends	 in	 in-
fertility	prevalence	since	1990:	A	systematic	analysis	of	277	health	
surveys. PLoS Medicine, 9(12), e1001356. https://doi.org/10.1371/
journ al.pmed.1001356

Matzuk, M. M., & Lamb, D. J. (2008). The biology of infertility: Research 
advances and clinical challenges. Nature Medicine, 14(11), 1197– 
1213. https://doi.org/10.1038/nm.f.1895

Micheli,	L.,	Cerretani,	D.,	Collodel,	G.,	Menchiari,	A.,	Moltoni,	L.,	Fiaschi,	
A.	 I.,	 &	 Moretti,	 E.	 (2016).	 Evaluation	 of	 enzymatic	 and	 non-	
enzymatic antioxidants in seminal plasma of men with genitouri-
nary infections, varicocele and idiopathic infertility. Andrology, 4(3), 
456– 464. https://doi.org/10.1111/andr.12181

Minhas, S., Bettocchi, C., Boeri, L., Capogrosso, P., Carvalho, J., 
Cilesiz,	 N.	 C.,	 Cocci,	 A.,	 Corona,	 G.,	 Dimitropoulos,	 K.,	 Gül,	 M.,	
Hatzichristodoulou,	 G.,	 Jones,	 T.	 H.,	 Kadioglu,	 A.,	 Martínez	
Salamanca, J. I., Milenkovic, U., Modgil, V., Russo, G. I., Serefoglu, 
E.	C.,	 Tharakan,	T.,	…	Salonia,	A.	 (2021).	 European	association	of	
urology guidelines on male sexual and reproductive health: 2021 
update on male infertility. European Urology, 80(5), 603– 620.

Moazamian,	R.,	Polhemus,	A.,	Connaughton,	H.,	Fraser,	B.,	Whiting,	S.,	
Gharagozloo,	P.,	&	Aitken,	R.	J.	(2015).	Oxidative	stress	and	human	
spermatozoa: Diagnostic and functional significance of aldehydes 
generated as a result of lipid peroxidation. Molecular Human 
Reproduction, 21(6), 502– 515. https://doi.org/10.1093/moleh r/
gav014

Montagut, J. M., Leprêtre, S., Degoy, J., & Rousseau, M. (1991). Ureaplasma 
in semen and IVF. Human Reproduction (Oxford, England), 6(5), 727– 
729. https://doi.org/10.1093/oxfor djour nals.humrep.a137416

Moretti,	 E.,	 Capitani,	 S.,	 Figura,	 N.,	 Pammolli,	 A.,	 Federico,	 M.	 G.,	
Giannerini, V., & Collodel, G. (2009). The presence of bacteria 

species in semen and sperm quality. Journal of Assisted Reproduction 
and Genetics, 26(1), 47– 56. https://doi.org/10.1007/s1081 
5- 008- 9283- 5

Naber, K. G., Bergman, B., Bishop, M. C., Bjerklund- Johansen, T. E., Botto, 
H., Lobel, B., Jinenez Cruz, F., & Selvaggi, F. P. & Urinary Tract 
Infection (UTI) Working Group of the Health Care Office (HCO) of 
the	European	Association	of	Urology	(EAU)	(2001).	EAU	guidelines	
for the management of urinary and male genital tract infections. 
Urinary tract infection (UTI) working group of the health care of-
fice	(HCO)	of	the	European	association	of	urology	(EAU).	European 
Urology, 40(5), 576– 588. https://doi.org/10.1159/00004 9840

Nelson,	D.	B.,	Hanlon,	A.	L.,	Wu,	G.,	Liu,	C.,	&	Fredricks,	D.	N.	(2015).	First	
trimester levels of BV- associated bacteria and risk of miscarriage 
among women early in pregnancy. Maternal and Child Health Journal, 
19(12), 2682– 2687. https://doi.org/10.1007/s1099 5- 015- 1790- 2

Nickel,	 J.	C.,	Alexander,	R.	B.,	 Schaeffer,	A.	 J.,	 Landis,	 J.	 R.,	Knauss,	 J.	
S., & Propert, K. J. & Chronic Prostatitis Collaborative Research 
Network Study Group (2003). Leukocytes and bacteria in men with 
chronic prostatitis/chronic pelvic pain syndrome compared to as-
ymptomatic controls. Journal of Urology, 170(3), 818– 822. https://
doi.org/10.1097/01.ju.00000 82252.49374.e9

Nieschlag, E., & Behre, H. M. (Eds.) (2001). Andrology: Male reproductive 
health and dysfunction, 2nd edn. Springer Verlag.

Oghbaei, H., Rastgar Rezaei, Y., Nikanfar, S., Zarezadeh, R., Sadegi, M., 
Latifi,	Z.,	Nouri,	M.,	Fattahi,	A.,	Ahmadi,	Y.,	&	Bleisinger,	N.	(2020).	
Effects of bacteria on male fertility: Spermatogenesis and sperm 
function. Life Sciences, 256, 117891. https://doi.org/10.1016/j.
lfs.2020.117891

Oleszczuk,	K.,	 Augustinsson,	 L.,	 Bayat,	N.,	Giwercman,	A.,	&	Bungum,	
M.	 (2013).	 Prevalence	 of	 high	DNA	 fragmentation	 index	 in	male	
partners of unexplained infertile couples. Andrology, 1(3), 357– 360. 
https://doi.org/10.1111/j.2047- 2927.2012.00041.x

Osadchiy,	V.,	Mills,	 J.	N.,	Mayer,	E.	A.,	&	Eleswarapu,	S.	V.	 (2020).	The	
seminal microbiome and male factor infertility. Current Sexual 
Health Reports, 12(3), 202– 207. https://doi.org/10.1007/s1193 0- 
020- 00273 - 5

Osman,	A.,	Alsomait,	H.,	Seshadri,	S.,	El-	Toukhy,	T.,	&	Khalaf,	Y.	(2015).	
The	 effect	 of	 sperm	DNA	 fragmentation	 on	 live	 birth	 rate	 after	
IVF	or	 ICSI:	A	 systematic	 review	and	meta-	analysis.	Reproductive 
Biomedicine Online, 30(2), 120– 127. https://doi.org/10.1016/j.
rbmo.2014.10.018

Pasqualotto, F. F., Sharma, R. K., Potts, J. M., Nelson, D. R., Thomas, 
A.	 J.,	 &	 Agarwal,	 A.	 (2000).	 Seminal	 oxidative	 stress	 in	 patients	
with chronic prostatitis. Urology, 55(6), 881– 885. https://doi.
org/10.1016/s0090 - 4295(99)00613 - 5

Pellati,	D.,	Mylonakis,	I.,	Bertoloni,	G.,	Fiore,	C.,	Andrisani,	A.,	Ambrosini,	
G.,	&	Armanini,	D.	 (2008).	Genital	 tract	 infections	 and	 infertility.	
European Journal of Obstetrics, Gynecology, and Reproductive Biology, 
140(1), 3– 11. https://doi.org/10.1016/j.ejogrb.2008.03.009

Potts, J. M., & Pasqualotto, F. F. (2003). Seminal oxidative stress in pa-
tients with chronic prostatitis. Andrologia, 35(5), 304– 308. https://
doi.org/10.1111/j.1439- 0272.2003.tb008 62.x

Qiang, H., Jiang, M. S., Lin, J. Y., & He, W. M. (2007). Influence of entero-
cocci on human sperm membrane in vitro. Asian Journal of Andrology, 
9(1), 77– 81. https://doi.org/10.1111/j.1745- 7262.2007.00219.x

Qing, L., Song, Q. X., Feng, J. L., Li, H. Y., Liu, G., & Jiang, H. H. (2017). 
Prevalence of chlamydia trachomatis, Neisseria gonorrhoeae, my-
coplasma genitalium and ureaplasma urealyticum infections using 
a	novel	isothermal	simultaneous	RNA	amplification	testing	method	
in infertile males. Annals of Clinical Microbiology and Antimicrobials, 
16(1), 45. https://doi.org/10.1186/s1294 1- 017- 0220- 2

Reichart, M., Kahane, I., & Bartoov, B. (2000). In vivo and in vitro im-
pairment of human and ram sperm nuclear chromatin integrity by 
sexually transmitted ureaplasma urealyticum infection. Biology 
of Reproduction, 63(4), 1041– 1048. https://doi.org/10.1095/biolr 
eprod 63.4.1041

https://doi.org/10.1016/j.jri.2017.03.001
https://doi.org/10.1016/j.jri.2017.03.001
https://doi.org/10.1016/j.fertnstert.2007.06.018
https://doi.org/10.1016/j.fertnstert.2007.06.018
https://doi.org/10.1093/infdis/155.5.847
https://doi.org/10.1007/s00345-003-0330-7
https://doi.org/10.1097/MOU.0000000000000742
https://doi.org/10.1097/MOU.0000000000000742
https://doi.org/10.1111/aji.12600
https://doi.org/10.1111/aji.12600
https://doi.org/10.3390/antiox8040089
https://doi.org/10.1371/journal.pmed.1001356
https://doi.org/10.1371/journal.pmed.1001356
https://doi.org/10.1038/nm.f.1895
https://doi.org/10.1111/andr.12181
https://doi.org/10.1093/molehr/gav014
https://doi.org/10.1093/molehr/gav014
https://doi.org/10.1093/oxfordjournals.humrep.a137416
https://doi.org/10.1007/s10815-008-9283-5
https://doi.org/10.1007/s10815-008-9283-5
https://doi.org/10.1159/000049840
https://doi.org/10.1007/s10995-015-1790-2
https://doi.org/10.1097/01.ju.0000082252.49374.e9
https://doi.org/10.1097/01.ju.0000082252.49374.e9
https://doi.org/10.1016/j.lfs.2020.117891
https://doi.org/10.1016/j.lfs.2020.117891
https://doi.org/10.1111/j.2047-2927.2012.00041.x
https://doi.org/10.1007/s11930-020-00273-5
https://doi.org/10.1007/s11930-020-00273-5
https://doi.org/10.1016/j.rbmo.2014.10.018
https://doi.org/10.1016/j.rbmo.2014.10.018
https://doi.org/10.1016/s0090-4295(99)00613-5
https://doi.org/10.1016/s0090-4295(99)00613-5
https://doi.org/10.1016/j.ejogrb.2008.03.009
https://doi.org/10.1111/j.1439-0272.2003.tb00862.x
https://doi.org/10.1111/j.1439-0272.2003.tb00862.x
https://doi.org/10.1111/j.1745-7262.2007.00219.x
https://doi.org/10.1186/s12941-017-0220-2
https://doi.org/10.1095/biolreprod63.4.1041
https://doi.org/10.1095/biolreprod63.4.1041


12 of 12  |     HO et al.

Ribas-	Maynou,	 J.,	 García-	Peiró,	 A.,	 Fernández-	Encinas,	 A.,	 Abad,	
C.,	 Amengual,	 M.	 J.,	 Prada,	 E.,	 Navarro,	 J.,	 &	 Benet,	 J.	 (2013).	
Comprehensive	 analysis	 of	 sperm	 DNA	 fragmentation	 by	 five	
different	 assays:	 TUNEL	 assay,	 SCSA,	 SCD	 test	 and	 alkaline	
and neutral comet assay. Andrology, 1(5), 715– 722. https://doi.
org/10.1111/j.2047- 2927.2013.00111.x

Ricci,	S.,	De	Giorgi,	S.,	Lazzeri,	E.,	Luddi,	A.,	Rossi,	S.,	Piomboni,	P.,	De	
Leo, V., & Pozzi, G. (2018). Impact of asymptomatic genital tract 
infections on in vitro fertilization (IVF) outcome. PLoS One, 13(11), 
e0207684. https://doi.org/10.1371/journ al.pone.0207684

Rybar, R., Prinosilova, P., Kopecka, V., Hlavicova, J., Veznik, Z., Zajicova, 
A.,	 &	 Rubes,	 J.	 (2012).	 The	 effect	 of	 bacterial	 contamination	 of	
semen on sperm chromatin integrity and standard semen param-
eters in men from infertile couples. Andrologia, 44(Suppl 1), 410– 
418. https://doi.org/10.1111/j.1439- 0272.2011.01198.x

Said,	T.,	Paasch,	U.,	Glander,	H.,	&	Agarwal,	A.	(2004).	Role	of	caspases	in	
male infertility. Human Reproduction Update, 10, 39– 51. https://doi.
org/10.1093/humup d/dmh003

Sakkas,	 D.,	 &	 Alvarez,	 J.	 G.	 (2010).	 Sperm	 DNA	 fragmentation:	
Mechanisms of origin, impact on reproductive outcome, and 
analysis. Fertility and Sterility, 93(4), 1027– 1036. https://doi.
org/10.1016/j.fertn stert.2009.10.046

Santi,	 D.,	 Spaggiari,	 G.,	 &	 Simoni,	 M.	 (2018).	 Sperm	 DNA	 fragmenta-
tion index as a promising predictive tool for male infertility diag-
nosis and treatment management -  meta- analyses. Reproductive 
Biomedicine Online, 37(3), 315– 326. https://doi.org/10.1016/j.
rbmo.2018.06.023

Satta,	 A.,	 Stivala,	 A.,	 Garozzo,	 A.,	 Morello,	 A.,	 Perdichizzi,	 A.,	 Vicari,	
E.,	Salmeri,	M.,	&	Calogero,	A.	E.	 (2006).	Experimental	 chlamydia	
trachomatis infection causes apoptosis in human sperm. Human 
Reproduction, 21(1), 134– 137. https://doi.org/10.1093/humre p/
dei269

Schlegel, P. N., Sigman, M., Collura, B., De Jonge, C. J., Eisenberg, M. L., 
Lamb, D. J., Mulhall, J. P., Niederberger, C., Sandlow, J. I., Sokol, R. 
Z., Spandorfer, S. D., Tanrikut, C., Treadwell, J. R., Oristaglio, J. T., & 
Zini,	A.	(2021).	Diagnosis	and	treatment	of	infertility	in	men:	AUA/
ASRM	guideline	part	I.	Fertility and Sterility, 115(1), 54– 61. https://
doi.org/10.1016/j.fertn stert.2020.11.015

Schulz,	 M.,	 Sánchez,	 R.,	 Soto,	 L.,	 Risopatrón,	 J.,	 &	 Villegas,	 J.	 (2010).	
Effect of escherichia coli and its soluble factors on mitochondrial 
membrane potential, phosphatidylserine translocation, viability, 
and motility of human spermatozoa. Fertility and Sterility, 94(2), 
619– 623. https://doi.org/10.1016/j.fertn stert.2009.01.140

Shi, J., Yang, Z., Wang, M., Cheng, G., Li, D., Wang, Y., & Xu, C. (2007). 
Screening of an antigen target for immunocontraceptives from 
cross- reactive antigens between human sperm and ureaplasma 
urealyticum. Infection and Immunity, 75(4), 2004– 2011.

Simon, L., Brunborg, G., Stevenson, M., Lutton, D., McManus, J., & Lewis, 
S.	E.	(2010).	Clinical	significance	of	sperm	DNA	damage	in	assisted	
reproduction outcome. Human Reproduction (Oxford, England), 
25(7), 1594– 1608. https://doi.org/10.1093/humre p/deq103

Simon,	L.,	&	Carrell,	D.	T.	(2013).	Sperm	DNA	damage	measured	by	comet	
assay. Methods in Molecular Biology (Clifton. N.J.), 927, 137– 146. 
https://doi.org/10.1007/978- 1- 62703 - 038- 0_13

Simon,	 L.,	 Lutton,	D.,	McManus,	 J.,	&	 Lewis,	 S.	 E.	 (2011).	 Sperm	DNA	
damage measured by the alkaline comet assay as an indepen-
dent predictor of male infertility and in vitro fertilization success. 
Fertility and Sterility, 95(2), 652– 657. https://doi.org/10.1016/j.
fertn stert.2010.08.019

Solomon, M., & Henkel, R. (2017). Semen culture and the assessment of 
genitourinary tract infections. Indian Journal of Urology, 33(3), 188– 
193. https://doi.org/10.4103/iju.IJU_407_16

Tremellen, K. (2008). Oxidative stress and male infertility– a clinical per-
spective. Human Reproduction Update, 14(3), 243– 258. https://doi.
org/10.1093/humup d/dmn004

Villanueva-	Diaz,	 C.	 A.,	 Flores-	Reyes,	 G.	 A.,	 Beltrán-	Zúñiga,	 M.,	
Echavarría-	Sánchez,	M.,	Ortiz-	Ibarra,	F.	J.,	&	Arredondo-	García,	J.	
L.	 (1999).	 Bacteriospermia	 and	male	 infertility:	 A	method	 for	 in-
creasing the sensitivity of semen culture. International Journal of 
Fertility and Women's Medicine, 44(4), 198– 203.

Vilvanathan,	S.,	Kandasamy,	B.,	Jayachandran,	A.	L.,	Sathiyanarayanan,	
S., Tanjore Singaravelu, V., Krishnamurthy, V., & Elangovan, V. 
(2016). Bacteriospermia and its impact on basic semen parame-
ters among infertile men. Interdisciplinary Perspectives on Infectious 
Diseases, 2016, 2614692. https://doi.org/10.1155/2016/2614692

Virro, M. R., Larson- Cook, K. L., & Evenson, D. P. (2004). Sperm chro-
matin	 structure	 assay	 (SCSA)	 parameters	 are	 related	 to	 fertiliza-
tion, blastocyst development, and ongoing pregnancy in in vitro 
fertilization and intracytoplasmic sperm injection cycles. Fertility 
and Sterility, 81(5), 1289– 1295. https://doi.org/10.1016/j.fertn 
stert.2003.09.063

Witkin,	S.	S.,	Kligman,	I.,	&	Bongiovanni,	A.	M.	(1995).	Relationship	be-
tween an asymptomatic male genital tract exposure to chlamydia 
trachomatis and an autoimmune response to spermatozoa. Human 
Reproduction, 10(11), 2952– 2955. https://doi.org/10.1093/oxfor 
djour nals.humrep.a135827

Wolff,	 H.,	 Panhans,	 A.,	 Stolz,	W.,	 &	Meurer,	M.	 (1993).	 Adherence	 of	
escherichia	coli	to	sperm:	A	mannose	mediated	phenomenon	lead-
ing to agglutination of sperm and E. coli. Fertility and Sterility, 60(1), 
154– 158. https://doi.org/10.1016/S0015 - 0282(16)56054 - 3

World Health Organization (2010). WHO laboratory manual for the exam-
ination and processing of human semen. World Health Organization.

Wright,	C.,	Milne,	S.,	&	Leeson,	H.	(2014).	Sperm	DNA	damage	caused	by	
oxidative stress: Modifiable clinical, lifestyle and nutritional factors 
in male infertility. Reproductive Biomedicine Online, 28(6), 684– 703. 
https://doi.org/10.1016/j.rbmo.2014.02.004

Yifu, P., Lei, Y., Shaoming, L., Yujin, G., & Xingwang, Z. (2020). Sperm 
DNA	 fragmentation	 index	 with	 unexplained	 recurrent	 sponta-
neous	 abortion:	 A	 systematic	 review	 and	 meta-	analysis.	 Journal 
of Gynecology Obstetrics and Human Reproduction, 49(10), 101740. 
https://doi.org/10.1016/j.jogoh.2020.101740

Zeyad,	A.,	Hamad,	M.	F.,	&	Hammadeh,	M.	E.	(2018).	The	effects	of	bac-
terial infection on human sperm nuclear protamine P1/P2 ratio and 
DNA	integrity.	Andrologia, 50(2), e12841. https://doi.org/10.1111/
and.12841

How to cite this article: Ho, C. L. T., Vaughan- Constable, D. R., 
Ramsay, J., Jayasena, C., Tharakan, T., Yap, T., Whiteman, I., 
Graham, N., Minhas, S., & Homa, S. T. (2021). The relationship 
between genitourinary microorganisms and oxidative stress, 
sperm	DNA	fragmentation	and	semen	parameters	in	infertile	
men. Andrologia, 00, e14322. https://doi.org/10.1111/
and.14322

https://doi.org/10.1111/j.2047-2927.2013.00111.x
https://doi.org/10.1111/j.2047-2927.2013.00111.x
https://doi.org/10.1371/journal.pone.0207684
https://doi.org/10.1111/j.1439-0272.2011.01198.x
https://doi.org/10.1093/humupd/dmh003
https://doi.org/10.1093/humupd/dmh003
https://doi.org/10.1016/j.fertnstert.2009.10.046
https://doi.org/10.1016/j.fertnstert.2009.10.046
https://doi.org/10.1016/j.rbmo.2018.06.023
https://doi.org/10.1016/j.rbmo.2018.06.023
https://doi.org/10.1093/humrep/dei269
https://doi.org/10.1093/humrep/dei269
https://doi.org/10.1016/j.fertnstert.2020.11.015
https://doi.org/10.1016/j.fertnstert.2020.11.015
https://doi.org/10.1016/j.fertnstert.2009.01.140
https://doi.org/10.1093/humrep/deq103
https://doi.org/10.1007/978-1-62703-038-0_13
https://doi.org/10.1016/j.fertnstert.2010.08.019
https://doi.org/10.1016/j.fertnstert.2010.08.019
https://doi.org/10.4103/iju.IJU_407_16
https://doi.org/10.1093/humupd/dmn004
https://doi.org/10.1093/humupd/dmn004
https://doi.org/10.1155/2016/2614692
https://doi.org/10.1016/j.fertnstert.2003.09.063
https://doi.org/10.1016/j.fertnstert.2003.09.063
https://doi.org/10.1093/oxfordjournals.humrep.a135827
https://doi.org/10.1093/oxfordjournals.humrep.a135827
https://doi.org/10.1016/S0015-0282(16)56054-3
https://doi.org/10.1016/j.rbmo.2014.02.004
https://doi.org/10.1016/j.jogoh.2020.101740
https://doi.org/10.1111/and.12841
https://doi.org/10.1111/and.12841
https://doi.org/10.1111/and.14322
https://doi.org/10.1111/and.14322

