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Staphylococcus saprophyticus and Escherichia coli:
Tracking from sperm fertility potential to assisted
reproductive outcomes

Fatemeh Ghasemian, Shahin Esmaeilnezhad, Mohammad Javad Mehdipour Moghaddam

Department of Biology, Faculty of Sciences, University of Guilan, Rasht, Iran

Objective: Bacteriospermia and urogenital infections are common problems in male infertility. This study aimed to evaluate the effects of
bacteriospermia on sperm parameters and clinical outcomes in semen samples infected with two common bacteria (Staphylococcus sapro-
phyticus and Escherichia coli) in northern Iran.

Methods: Microbiological tests were performed to isolate and identify organisms from 435 semen samples from infertile couples. Semen
samples were assessed according to the World Health Organization criteria. The protamine status, chromatin structure, chromatin condensa-
tion, and acrosome reaction of sperm and assisted reproductive outcomes were determined in couples with different male infertility factors.
Results: Among the total cases, the two most prevalent pathogens were considered: S. saprophyticus (38.2%) and E. coli (52.9%). In the se-
men samples infected with E. coli, the spontaneous acrosome reaction and abnormal chromatin condensation were more common (p<0.05).
Significant increases in abnormal chromatin condensation and deprotamination were seen in the presence of S. saprophyticus. In washed se-
men, tight adhesion between the sperm midpiece and S. saprophyticus was observed. There was also a significant decrease in the fertilization
rate using semen samples infected with S. saprophyticus and E. coli during in vitro fertilization cycles (p<0.001). In addition, the presence of S.
saprophyticus and E. coli in semen samples was associated with a lower likelihood of clinical pregnancy in couples with various factors of male
infertility.

Conclusion: Poor results of assisted reproductive techniques may be correlated with semen samples infected with two common bacteria in
northern Iran.
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Introduction

Approximately 15% of cases of male infertility are due to urogeni-
tal tract inflammation and infection [1]. Clinical data show that local
inflammation or infection can be seen in up to 60% of patients re-
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ceiving treatment with assisted reproductive technology (ART) [2].
Infections are the main origin of inflammatory disorders in the male
genital tract. However, controversy exists regarding the role of differ-
ent types of bacteria in decreasing sperm parameters. Therefore,
male fertility may be inhibited by the negative effects of bacterio-
spermia and leukocytospermia on sperm parameters [2]. Existing ev-
idence suggests a connection between bacteriospermia and alter-
ations of semen quality. In recent years, the detrimental effects of
different types of bacteria strains and/or leukocytes on some sperm
parameters were studied [3]. However, the premise that the direct
effects of bacteria are the reason for decreasing the chance of suc-
cess in ART has not been confirmed.

Several studies have investigated the effects of different bacteria
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on semen parameters and male fertility. However, to the best of our
knowledge, no study in the literature has yet investigated the impact
of Staphylococcus saprophyticus on sperm quality and male fertility
potential during in vitro fertilization (IVF) techniques. However, the
effects of Escherichia coli have been explored in some research.
Therefore, a comparative study of these two bacteria on semen pa-
rameters and fertility results of sperm in laboratory conditions would
help to better understand the potential effects of bacteria on sperm
fertility potential. Since the assisted reproductive outcomes of ejacu-
lated semen with bacteriospermia are an interesting subject, we
conducted this study to determine the prevalence of bacteriosper-
mia in infertile men in northern Iran. In addition, the effects of bacte-
riospermia on sperm quality and assisted reproductive outcomes
were studied among couples with different factors of male infertility.

Methods

1. Semen sample collection and preparation

After excluding infertile couples with female-factor infertility, se-
men samples were collected from 607 infertile couples with male
factor infertility who were undergoing IVF-intracytoplasmic sperm

607 Men aged 2638 years
seeking assisted
reproductive
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injection (IVF-ICSI) cycles at the Alzahra Educational and Remedial
Center (IVF center) from May 2017 to June 2019 (Figure 1). The exclu-
sion criteria were men having at least one of the following condi-
tions: (1) taking hormone-containing medications; (2) diabetes; (3);
thyroid disease; (4) a history of diseases affecting the reproductive
tract (e.g., cryptorchidism, varicocele, testicular torsion, chictic, or
other causes of infertility that had been medically proven); (5) a his-
tory of surgery of the reproductive system, male factor infertility with
previous failed IVF-ICSI cycles, and/or hormonal abnormalities; (6)
heavy smoking or alcohol use; and (7) exposure to physical or chemi-
cal agents with known negative reproductive effects that may influ-
ence the semen quality. In addition, semen samples infected with
leukocytes were excluded from this study. Samples infected with
other bacterial species than S. saprophyticus and E. coli were exclud-
ed because the number of semen samples infected with other bac-
terial species was very small. Hence, statistically significant associa-
tions with clinical outcomes would not have been found (Figure 1).
The semen samples were analyzed according to the World Health
Organization (WHO) criteria [4]. The semen volume, pH, sperm motil-
ity, concentration, and viability were evaluated. According to the
WHO criteria [4], the semen samples were classified as showing nor-
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Figure 1. Flowchart of the study design. IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection. *All normal and infected
semen samples were categorized according to World Health Organization criteria into four groups as following: normozoospermia,
asthenozoospermia, teratozoospermia, and oligoasthenoteratozoospermia. ICSI and/or IVF procedures were performed for each group based
on sperm parameters, and assisted reproductive outcomes were followed until the live birth stage for each group; "Due to the small number
of semen samples infected with these bacteria, statistically significant associations with clinical outcomes would not have been found.
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mozoospermia, teratozoospermia, asthenozoospermia, or oligoas-
thenoteratozoospermia. The severity of abnormalities in the semen
samples in each studied group (e.g., asthenozoospermia, teratozo-
ospermia, and oligoasthenoteratozoospermia) was similar. This study
was approved by the Guilan University of Medical Sciences commit-
tee, and informed consent was obtained from all volunteers to par-
ticipate in this study.

2. Seminal leukocyte quantification

To distinguish white blood cells (WBCs) in semen samples, sam-
ples were studied in high-power fields. Only samples with > 5 round
cells were assessed with peroxidase staining based on the Endtz test
[5]. Peroxidase-positive leukocytes were indicated as stained brown,
counted, and reported as X 10° WBC/mL semen.

3. Microbiological analysis

Initially, patients received comprehensive information about the
method of semen sample collection, the period of sexual abstinence,
and the need to avoid taking antibiotics for at least 1 week before se-
men collection. Semen samples were collected by masturbation af-
ter 3—4 days of sexual abstinence. Patients were asked to urinate and
wash their hands, penis, and scrotum before ejaculation to avoid
possible contamination from the urine or external genitalia. There-
fore, semen collection was done in a sterile container, following all
given guidance. The semen samples were transported within 1 hour
from collection to the Microbiology Laboratory of the University of
Guilan to screen for a comprehensive range of microbiological or-
ganisms such as anaerobic and aerobic organisms as well as fungi
and mycoplasma. First, the semen samples diluted with sterile saline
(1:10) were centrifuged at 300 X g for 15 minutes. The sediment was
sown using 10-L calibrated loops on selective specific media. The
elimination of seminal plasma and condensation of bacteria in-
creased culture sensitivity [6].

All cultures were incubated at 37°C and the culture media, incuba-
tion times, and conditions were as follows: (1) blood agar to culture
aerobic bacteria under aerobic conditions for 24 hours; (2) Sab-
ouraud agar to culture fungi under aerobic conditions for 48 hours;
and (3) chocolate agar to culture other microorganisms at 5% CO, for
48 hours. A number of isolated colonies of pathogenic bacteria high-
er than 1x 10’ colony-forming units per milliliter was considered as
a positive result. Microorganisms were determined using antimicro-
bial sensitivity testing according to standard conventional tech-
niques such as Gram staining, oxidase, catalase, and other biochemi-
cal tests.

Clin Exp Reprod Med 2021;48(2):142-149

4, Sperm assays

1) Toluidine blue stain

Toluidine blue (TB) and aniline blue (AB) staining have been intro-
duced as sensitive tests to distinguish abnormalities in sperm chro-
matin structure and abnormal condensation, respectively. Thin
smears were prepared on silane-coated slides. In TB staining, the
sperm heads with normal chromatin structure were observed as
light blue, while those with diminished integrity and abnormal chro-
matin structure were shown as deep violet/purple. In addition, in AB
staining, at least 200 spermatozoa were counted and recorded as
sperm with dark-blue (abnormal) and colorless (normal) heads. The
positive group (test group; n=6) was also evaluated following the
incubation of semen samples with S. saprophyticus and E. coli in vitro.

2) Acrosome reaction assessment

Triple staining was used to evaluate the acrosome reaction (acro-
some integrity or reacted acrosome) according to the Talbot and
Chacon method [7]. In brief, 2% trypan blue was added to spermato-
zoa (1:1), and incubated at 37°C for 15 minutes. Fixation was done
using glutaraldehyde (3% glutaraldehyde in 0.1 M cacodylate buffer
at pH 7.4) for 30 to 60 minutes. After centrifugation (at 600 x g for 5
minutes), the smear was prepared from fixed sperm and stained
with Bismarck Brown Y at 40°C for 5 minutes. The slides were then
stained in Rose Bengal at 24°C for 20-45 minutes. Washing and de-
hydration were performed in water and an alcohol series, respective-
ly. A total of 300 spermatozoa in each slide cleared with xylene and
protected with a coverslip were examined using a light microscope.
The positive group (test group; n=6) was also evaluated following
the incubation of semen samples with S. saprophyticus and E. coli in
vitro.

3) Determination of sperm chromatin packaging by chromomycin
A3

Chromomycin A3 (CMA3) stains guanosine-cytosine-rich sequenc-
es as a polymerase inhibitor fluorochrome, which distinguishes the
degree of sperm protamination [8]. In this way, air-dried smears of
spermatozoa were fixed in methanol/glacial acetic acid (3:1) for 20
minutes at 4°C. The slides were then air-dried at room temperature
and stained with 100 pL of CMA3 solution (0.25 mg/mL CMA3 in
Mcllvaine’s buffer, containing 10 uM MgCl2) (Figure 2). The positive
group (test group; n=>5) was also evaluated following the incubation
of semen samples with S. saprophyticus and E. coli in vitro.

4) Scanning electron microscopy

The semen samples prepared by density gradient centrifugation
were fixed with Karnovsky solution for 30 minutes at 4°C. Centrifuga-
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Figure 2. Sperm deprotamination. Spermatozoa with negative (dull
yellow/normal) and positive (bright yellow/abnormal) chromomycin
A3 staining. Scale bar=20 pm.

tion was done at 4,000 x g for 15 minutes. After washing the sam-
ples, post-fixation was performed with 1% osmium tetroxide for 30
minutes. Dehydration was then done in ascending grades of ethanol,
with drying at a critical point using CO, (Balzers CPD-010). Gold-coat-
ed specimens (Balzers MED-010) were examined using a Philips FEM
515 scanning electron microscope (SEM). The positive group (test
group; n=4) was also evaluated following the incubation of semen
samples with S. saprophyticus and E. coli in vitro. The adhesion of bac-
teria to sperm structures was compared to the sham group (human
spermatozoa incubated with S. saprophyticus and E. coli under in vitro
conditions) [2].

5.1CSl and IVF laboratory procedures

On the day of oocyte retrieval, semen samples were collected via
masturbation, liquefied, and prepared by density gradient centrifu-
gation (90 and 45% SpermGrade; Vitrolife, Sweden, Goteborg). Se-
men parameters were assessed according to the WHO [4] criteria.
The ICSI or IVF procedure was performed up to 3-4 hours after
sperm preparation. The selection of sperm for IVF or ICSI was based
on sperm morphology, motility, concentration, patient's history, in-
fertility etiology, and female age. The evaluation of fertilization was
performed 16-18 hours after ICSI/IVF with the observation of the
2-pronuclear stage. The embryo development rate was also evaluat-
ed at 2-3 days. Intrauterine embryo transfer (ET) was performed at
2-3 days after microinjection. Increasing serum beta-human chori-
onic gonadotropin concentrations and detection of the fetal heart-
beat were defined as biochemical and clinical pregnancy at 2 and 4
weeks after ET, respectively.

www.eCERM.org
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6. Statistical analysis

The prevalence of bacteriospermia was calculated from the pro-
portion of positive cases relative to the total number of the study
population and expressed as a percentage. Using linear regression,
the relationship between bacteriospermia and other semen param-
eters was analyzed. The Fisher exact test was performed to assess the
fertilization and cleavage rate, clinical pregnancy rate, and live birth
rate. The statistical analysis was done using IBM SPSS ver. 20 (IBM
Corp., Armonk, NY, USA). The P-values < 0.05 were considered to in-
dicate statistical significance.

Results

1. Semen samples

In this study, the women and men had a mean age of 26.0+3.2
years (range, 22-32 years) and 32.0+ 5.9 years (range, 26-38 years),
respectively. Statistically significant differences were not found for
the age (p>0.05) or body mass index (BMI; p> 0.05) of the female
partners in the normozoospermia. In addition, these similar results
were seen about groups of asthenozoospermia, teratozoospermia,
and oligoasthenoteratozoospermia (p >0.05). Men’s age and BMI
also did not show significant differences in different groups
(p>0.05). Therefore, positive or negative effects of these parameters
on ART outcomes were excluded.

Microbiological analyses were done for semen samples from 435
infertile men, of which 197 semen cultures were negative (45.2%)
and 238 (54.7%) were positive. E. coli and S. saprophyticus were the
most commonly isolated pathogens (52.9% and 38.2%, respective-
ly). Semen samples infected with Enterococcus faecalis (n=7, 2.9%),
Staphylococcus aureus (n=6, 2.5%), Ureaplasma urealyticum (n=4,
1.6%), Streptococcus agalactiae (n=3, 1.2%), and Gardnerella vagina-
lis (n=1, 0.4%) were also detected. Those bacterial species other
than S. saprophyticus and E. coli were excluded to trace reproductive
outcomes due to the small number of semen samples, as a result of
which statistical significance would not be expected for associations
with clinical outcomes. The infection severity of semen samples with
S. saprophyticus and E. coli was almost identical. Mixed infections
with both bacteria (S. saprophyticus and E. coli) were not observed in
any of the cultured semen samples. Therefore, the quality of semen
samples infected with each type of bacteria (S. saprophyticus or E.
coli) and their clinical outcomes were analyzed.

Among the 414 specimens analyzed based on the WHO criteria [4],
141 (34.05%) had normozoospermia, 100 (24.15%) had teratozo-
ospermia, 103 (24.87%) had asthenozoospermia, and 70 (19.9%) had
oligoasthenoteratozoospermia.
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2. Sperm parameters

As seen in Table 1, the percentage of sperm deprotamination (seen
by CMAS3 staining) in normozoospermia samples infected with S.
saprophyticus (258/950, 27.15%) was significantly higher (p < 0.05)
than that of the non-bacteriospermia samples (116/825, 14.06%).
This rate was higher, at 37.8% (p <0.01) and 36.8% (p < 0.05), in the
asthenozoospermia and teratozoospermia samples infected with S.
saprophyticus, respectively. The evaluation of acrosome integrity
showed that the rate of premature acrosome reaction was higher in
the oligoasthenoteratozoospermia samples infected with E. coli
(279/856, 33.5%; p < 0.05). Sperm viability significantly declined in all
samples infected with E. coli (p <0.05). A decrease of viability was
also seen in the asthenozoospermia (p < 0.001) and teratozoosper-
mia (p <0.05) samples infected with S. saprophyticus (54.9% and
59.02%, respectively). In addition, the evaluation of abnormalities in
sperm chromatin condensation using the AB stain showed that the
rate of abnormal sperm chromatin condensation (dark sperm) was
higher in both bacteriospermia groups in the samples with different
infertility factors (Table 1).

3.SEM images of bacteriospermia

SEM evaluation was performed for each sample prepared by den-
sity gradient centrifugation. The tight adhesion between bacteria
and spermatozoa was found. Adhesion of S. saprophyticus to the tail

Clin Exp Reprod Med 2021;48(2):142-149

of the sperm, especially to the sperm midpiece, was observed. How-
ever, the frequency of these adhesions was significantly higher in the
asthenozoospermia and teratozoospermia samples from patients
with male factor infertility. The adhesion of both bacteria types to
spermatozoa was found in the unwashed semen samples; however,
after washing, adhesion of S. saprophyticus was still observed, but
less frequently (Figure 3).

et £

Figure 3. Interaction between bacteria and human spermatozoa.
Scanning electron micrographs of prepared human spermatozoa
after density gradient centrifugation. Adhesion of Staphylococcus
saprophyticus to the sperm midpiece (arrows) was observed.
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Table 1. The effect of bacteriospermia on semen quality in men with various infertility factors

Variable No. of patients CMA3 (%)  Spontaneous AR (%) AB (%) TB (%) Viability (%)
Normozoospermia
Staphylococcus saprophyticus 41 272+327 20.1+£22 226+28 257+26 68.6+10.8
Escherichia coli 36 201422 262429 297+247 278424 64.1+9.4"
Nonbacteriospermia 64 141+26 18119 16.8+1.8 20.1£29 82.2+109
Asthenozoospermia
Staphylococcus saprophyticus 19 37.8+25" 264+22 316+27 258+26 549+92°
Escherichia coli 30 23.8+22 299+23 29.1+2.1 269+24 534+9.17
Nonbacteriospermia 54 191+£19 192+24 21.8+22 224+26 79.5+10.0
Teratozoospermia
Staphylococcus saprophyticus 15 36.8+3.6" 286+29 364+33" 304+38 59.0+9.5”
Escherichia coli 35 26.6+24 31.8+33 347+36 336+34 53.1+9.1”
Nonbacteriospermia 50 223+32 243124 23.6+28 264+26 70.8+83
Oligoasthenoteratozoospermia
Staphylococcus saprophyticus 16 393+34 274+22 387+35” 357+3.6 534+94
Escherichia coli 25 324+3.1 335277 374277 37425 519+83"
Nonbacteriospermia 29 286+2.6 209+2.2 21623 30.1+26 61.6+9.1

Values are presented as mean+standard deviation. The semen samples infected with S. saprophyticus showed significant differences in terms of sperm
quality such as sperm deprotamination (normozoospermia, asthenozoospermia, and teratozoospermia), abnormalities in sperm chromatin condensation
(teratozoospermia and oligoasthenoteratozoospermia), and viability (asthenozoospermia and teratozoospermia) in comparison to the control group
(non-bacteriospermia). In addition, the semen samples infected with E. coli showed significant differences in sperm quality such as abnormal chromatin
condensation (normozoospermia and oligoasthenoteratozoospermia), spontaneous acrosome reaction (oligoasthenoteratozoospermia), and viability
(normozoospermia, asthenozoospermia, teratozoospermia, and oligoasthenoteratozoospermia) in comparison to the control group (non-bacteriospermia).
CMA3, chromomycin A3; AR, acrosome reaction; AB, aniline blue; TB, toluidine blue.

Ip<0.05; "p<0.01; 9p<0.001.
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4.1CSl and IVF outcomes

Table 2 shows the clinical outcomes of IVF and ICSI cycles. The clin-
ical results revealed that there was no significant difference in the
fertilization rate of ICSI cycles from normozoospermia samples. How-
ever, the fertilization rate of normozoospermia samples infected with
S. saprophyticus (p < 0.001) and E. coli (p < 0.05) was lower in the IVF
cycles. No significant difference was found in the embryo develop-
ment rate of groups (normozoospermia, asthenozoospermia, and
oligoasthenoteratozoospermia, p > 0.05), except for the teratozo-
ospermia samples infected with S. saprophyticus (p < 0.05). In con-
trast, the clinical pregnancy rate was lower for the semen samples
infected with E. coli from ICSI/IVF cycles in each group. Therefore, in
the normozoospermia group, the clinical pregnancy rate decreased
in samples infected with E. coli during ICSI cycles (p <0.001) and in
both bacteriospermia groups during IVF cycles (p < 0.001). Bacterio-
spermia significantly influenced the clinical pregnancy rate in the as-
thenozoospermia (S. saprophyticus and E. coli, p < 0.001) and terato-
zoospermia (E. coli, p < 0.05) groups (Table 2).

CERMB

Discussion

The present study investigated the effects of the most common
bacteria (S. saprophyticus and E. coli) on sperm parameters and assist-
ed reproductive outcomes in infertile couples with male factor infer-
tility in northern Iran. Teratozoospermia was the most common ab-
normality in semen samples infected with S. saprophyticus, as mani-
fested by sperm deprotamination, sperm chromatin condensation,
and impaired viability. Other semen samples were also influenced by
infection with S. saprophyticus and E. coli. Therefore, semen samples
infected with S. saprophyticus showed significant differences in terms
of sperm quality such as sperm deprotamination (normozoospermia
and asthenozoospermia), abnormalities in sperm chromatin conden-
sation (oligoasthenoteratozoospermia), and impaired viability (as-
thenozoospermia). In addition, semen samples infected with E. coli
showed significant differences in terms of sperm quality such as ab-
normal chromatin condensation (normozoospermia and oligoasthe-
noteratozoospermia), spontaneous acrosome reaction (oligoasthe-
noteratozoospermia), and impaired viability (normozoospermia, as-
thenozoospermia, teratozoospermia, and oligoasthenoteratozo-

Table 2. The effect of bacteriospermia on assisted reproductive outcomes in men with different infertility factors

Variable Fertilization rate (%) Cleavage rate (%) Clinical pregnancy rate P/ET (%)  Live birth LB/IE (%)
Normozoospermia
Staphylococcus saprophyticus ICSI 722 834 8/14(57.1) 4/8(50.0)
IVF 56.2" 78.1 8/20 (40.0)” 4/8(50.0)
Escherichia coli ICSI 67.2 859 8/17 (47.1)" 3/8(37.5)°
IVF 67.3" 816 6/13 (46.2)" 3/6 (50.0)
Nonbacteriospermia ICSI 74.0 835 17/26 (65.4) 10/17 (58.8)
IVF 79.6 85.5 22/30(73.3) 13/22 (59.1)
Asthenozoospermia
Staphylococcus saprophyticus ICSI 684 82.1 7/15 (46.7)” 3/7 (42.8)
Escherichia coli ICSI 69.1 834 12/25 (48.0)° 4/12(33.3)"
Nonbacteriospermia ICSI 72.7 89.3 33/49(67.3) 18/33 (54.5)
Teratozoospermia
Staphylococcus saprophyticus ICsl 55.9 728" 6/13(46.2) 2/6 (33.3)"
Escherichia coli ICSI 57.1 782 9/28 (32.1)? 3/9(333)”
Nonbacteriospermia ICSI 59.1 85.0 19/41 (46.3) 10/19 (52.6)
Oligoasthenoteratozoospermia
Staphylococcus saprophyticus ICSI 55.7 74.1 5/14(35.7) 1/5 (20.0)”
Escherichia coli ICSI 60.3 79.8 8/21(38.1) 2/8(25.0)
Nonbacteriospermia ICSI 58.1 76.2 10/26 (38.5) 3/10(30.0)

Values are presented as number (%) unless otherwise indicated. The semen samples infected with S. saprophyticus showed significant differences in terms
of assisted reproductive outcomes such as the fertilization rate (normozoospermia), embryo cleavage rate (teratozoospermia), clinical pregnancy rate
(normozoospermia and asthenozoospermia), and live birth rate (oligozoospermia and oligoasthenoteratozoospermia) in comparison to the control group
(non-bacteriospermia). In addition, the semen samples infected with E. coli showed significant differences in the fertilization rate (normozoospermia),
pregnancy rate (normozoospermia, asthenozoospermia, and teratozoospermia), and live birth rate (asthenozoospermia and teratozoospermia) in
comparison to the control group (non-bacteriospermia).

P, positive cycle; ET, embryo transfer; LB, live birth; IE, implanted embryo; ICSI, intracytoplasmic sperm injection; IVF, in vitro fertilization.

Ip<0.05; "p<0.001.
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ospermia). The poor sperm quality in the semen samples infected
with bacteria may have affected the assisted reproductive outcomes.
Furthermore, tight adhesion of S. saprophyticus to sperm after densi-
ty gradient centrifugation was shown, which is reflected in the IVF
outcomes (fertilization and clinical pregnancy rates). Although many
pathogenic bacteria have been recognized as potential causes of in-
fertility, the resultant clinical outcomes in IVF/ICSI procedures have
not yet been elucidated [9]. This study showed that S. saprophyticus
can interact with spermatozoa, causing reduced acrosomal function,
abnormal chromatin condensation (AB staining), sperm deprotami-
nation (CMA3 staining), and tight adhesion to different parts of the
tail. Reduced motility was seen in this group. These changes were re-
flected in IVF outcomes, as the fertilization rate of IVF cycles was low-
er than that of ICSI cycles for the normozoospermia samples.

The relationship between bacteriospermia and fertilization poten-
tial remains unclear [10]. The impact of genital tract infections and
bacterial contamination of semen on male fertility potential has
been examined in many studies; nevertheless, the impact of bacteri-
ospermia on fertility potential has yet to be elucidated, and there is
not complete agreement on the detrimental effect of bacterial infec-
tions on sperm quality [10,11]. The most frequently isolated microor-
ganisms in semen have been reported to be U. urealyticum, E. coli, E.
faecalis, and S. faecalis [10], but few studies have investigated the
role of S. saprophyticus in semen quality and male fertility potential.
Therefore, the clinical significance of the presence of bacteria in the
seminal fluid is still a matter of debate [12]. The present study
demonstrates that E. coli and S. saprophyticus reduce sperm fertility
potential and impair assisted reproductive outcomes.

Some researchers have reported that no semen parameters were
significantly influenced in specimens with bacteriospermia [13-17].
In addition, Sanocka-Maciejewska et al. [18] observed no effect of
bacteria isolated from the genitourinary tract on semen parameters
in normozoospermia samples; nevertheless, a reduced antioxidant
capacity of sperm was found in infertile patients. In contrast, other
studies have reported that bacteriospermia was significantly associ-
ated with semen parameters such as sperm count, motility, and mor-
phology [19]. Attachment between E. coli and sperm, morphological
abnormalities, and sperm agglutination have been reported in some
studies [20]. A direct negative effect of certain pathogens on the
function of sperm and oocyte quality has been proven [21]. In some
works, it has also been reported that sperm parameters such as
sperm count, motility (both in vitro and in vivo), morphology, and vi-
ability decreased in the presence of E. coli [3,18,19], which is in line
with our results. As the results of this study show, the quality and
function of sperm decreased in the presence of bacteria, such as a
declined protamination rate (positive CMA3 staining), a higher rate
of premature acrosome reaction, reduced viability, and abnormal
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chromatin condensation (AB staining). This negative correlation be-
tween sperm quality and bacterial infection may be due to increased
reactive oxygen species (ROS) production associated with inflamma-
tory processes in semen infections, as some studies demonstrated
that enhanced ROS production led to impairment of sperm DNA and
male fertility [9].

In the present study, a diminished quality of sperm infected with S.
saprophyticus and E. coli was followed by a decrease in the clinical
pregnancy rate during ICSI/IVF cycles. It can be inferred that bacterial
infections of the semen affect the fertility potential of men, even in
ART under in vitro conditions. Therefore, the existence of bacteria
and interactions between bacteria and sperm may explain why the
fertilization rate and clinical pregnancy rate were lower in the semen
samples infected with some bacteria.

In conclusion, bacterial infections of the male urogenital tract have
been correlated with subfertility and infertility. However, these ef-
fects on fertility potential are multifunctional and complex. One rele-
vant factor is microbial infection of the semen. This study showed
negative correlations between two prevalent bacteria in the north of
Iran (E. coli and S. saprophyticus) and sperm quality and assisted re-
productive outcomes such as reduced viability, premature acrosome
reaction, a lower protamination rate using CMA3 staining, abnormal
chromatin condensation using AB staining, adhesion to sperm,
change of sperm function, and lower fertilization and clinical preg-
nancy rates. To the best of our knowledge, no studies have previous-
ly evaluated the presence and effect of these bacteria on sperm
quality and fertility potential during ICSI/IVF cycles. Therefore, the re-
sults of this study can be useful for promoting assisted reproductive
outcomes.
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