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Objective: Male genital tract infections have been associated with infertility, and Escherichia coli has drawn increasing attention as an im-
portant bacterium in this context. This investigation aimed to characterize and compare the distributions of O-antigen serogroups of E. coliin
the semen samples of fertile and infertile men.

Methods: In this case-control study, semen samples were collected from 618 fertile and 1,535 infertile men. The E. coli-positive samples were
evaluated in terms of concentration, morphology, viability, and motility parameters according to the World Health Organization 2010 guide-
lines. Finally, different serogroups of E. coli were identified by multiplex polymerase chain reaction targeting the O-antigen variations of the
bacterium.

Results: The prevalence of E. coli among fertile men was significantly higher than among infertile men (p<0.001). The sperm morphology,
viability, and motility in the E. coli-positive fertile group were significantly higher than in the E. coli-positive infertile group (p<0.001). E. coli
06 was the most prevalent serogroup found in both groups. However, there was no significant difference in the frequency of different sero-
groups of E. coil between the two groups (p=0.55).

Conclusion: Despite the higher prevalence of E. coli among fertile men, E. coli had more detrimental effects on semen parameters in infertile
men. There was no significant difference in E. coli serogroups between the fertile and infertile groups.
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Introduction

Infertility is a worldwide health problem that causes an emotional
impact in about 15% of cases. On average, male factor infertility is
responsible for 50% of reproductive problems [1]. There is consider-
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able variation in the causes of male infertility, including anatomical
problems, hormonal disorders, genetic defects, infections, psycho-
logical conditions, and lifestyle factors. However, 25%-30% of cou-
ples have idiopathic infertility, meaning that the cause of infertility
remains unknown [2,3].

Urogenital tract infections (UTls) are the main cause of infertility in
male partners [4]. Studies have reported that UTlIs are responsible for
8%—35% of male infertility cases [5,6]. Sexually transmitted diseases
have negative effects on both spermatogenesis and sperm transfer
from the testes to the ejaculation ducts [7,8]. In some cases, an infec-
tion may create an obstruction in the reproductive tract, thereby
causing infertility [9].

Several microorganisms have been isolated from the male repro-
ductive tract in infertile individuals. Microorganisms can cause infer-
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tility by various mechanisms, including sperm agglutination, immo-
bilization of the spermatozoa by direct binding or production of im-
mobilizing factors, interactions with the immune system and induc-
tion of chronic inflammation, alteration of the function of accessory
sex glands, defects in sperm function, and a decreased proportion of
spermatozoa with normal morphology [10,11].

Among bacterial species, Escherichia coli is the most common
agent of male reproductive tract infections; therefore, it is the most
prevalent microorganism isolated from urine and seminal fluid of
patients with reproductive tract disorders. It is hypothesized that the
presence of E. coli, as is the case for many other bacteria, may de-
crease sperm concentration, motility, and viability [12,13]. Although
several studies have investigated the role of E. coli in male infertility,
some reported there was no association between bacteria and male
infertility [14,15]. According to a previous study, 174 O-serogroups
have been identified for E. coli, that some of them are pathogenic
[16]. The O1, 02, 04, 06, 016, 025, and 075 serogroups were pre-
dominantly found in uropathogenic E. coli [17].

No previous studies have compared different serogroups of E. coli
in semen from infertile and fertile men. For this purpose, this study
aimed to investigate the prevalence of E. coli and to identify E. coli
serogroups in the semen of fertile and infertile men. In this study, se-
rogroup identification was based on multiplex polymerase chain re-
action (PCR), which is more accurate than serologic detection [16].

Methods

1. Study population

In this case-control study, 618 fertile and 1,535 infertile men with
male factor infertility who were referred to the Yazd Infertility Re-
search Center from April 2018 to October 2019 were voluntarily en-
rolled. All patients were diagnosed as fertile or infertile by a urologist
according to the World Health Organization (WHO) 2010 guidelines
[17], and then they were screened for the presence of E. coli in their
semen. Participants who had used antibiotics within 2 weeks prior to
the semen sampling, smokers, varicocelectomy, and samples with
mixed infections were excluded. All participants provided written in-
formed consent, the confidentiality of the identity and clinical infor-
mation of the participants was guaranteed, and the ethical commit-
tee of the Research and Clinical Center for Infertility, Yazd, approved
the study proposal (IR.IUMS.FMD.REC1396.9323133001).

2. Sperm analysis

Semen samples were collected by masturbation into sterile tubes;
the abstinence period for all participants was 2-5 days. Following
liquefaction at 37°C for 20 minutes, the sperm morphology, concen-
tration, viability, and motility parameters (including progressive mo-
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tility, non-progressive motility and immotility), were evaluated ac-
cording to the WHO guidelines for the examination and processing
of human semen samples [18].

3. Isolation of E. coli from semen

To isolate E. coli, the semen samples were streaked on plates con-
taining eosin methylene blue using a sterile calibrated loop, and in-
cubated at 37°C for 24-48 hours [19]. The E. coli colonies were phe-
notypically identified by Gram staining, followed by biochemical
tests, including catalase, oxidase, lysine decarboxylase, sulfide-in-
dole-motility, methyl red-Voges-Proskauer, triple sugar iron, and
Simmons citrate.

4. DNA extraction

A colony of the isolated E. coli was grown in 3 mL of tryptic soy
broth at 37°C for 24 hours. Then, 1T mL of the bacterial suspension
added into a sterile 1.5 mL micro-tube, centrifuged at 5,000 x g for
10 minutes, and washed three times by re-suspending the bacterial
pelletin 1 mL of sterile phosphate-buffered saline and centrifuged at
6,000 X g for 4 minutes. The cells were lysed with 450 L of lysis buf-
fer (20 mM Tris, 25 mM EDTA, and 100 mM NaCl) and 50 L of sodium
dodecyl sulfate (10%) followed by incubation at 56°C for 20 minutes.
Then, 300 L of NaCl was added, mixed, and centrifuged at 12,000
% g for 10 minutes. The supernatant was equally transferred into two
1.5 mL micro-tubes, and 1 mL of cold absolute ethanol was added,
mixed, and centrifuged at 12,000 x g for 15 minutes. Cold 70% etha-
nol (300 L) was added, mixed, and centrifuged at 12,000 x g for 3
minutes. The supernatant was discarded, and the DNA precipitate
was dissolved in 100 L of sterile distilled water at 56°C for 10 min-
utes and kept at —20°C.

5. Multiplex PCR

For the molecular characterization of 14 serogroups (categorized
as group 1and group 2) of the isolated E. coli, multiplex PCR was car-
ried out using specific primers (Table 1), as previously described [16].
First, 1 uL of each pair of primers (0.5 pL of forward primer and 0.5 L
of reverse primer) of group 1 were mixed in a separate micro-tube;
the same was done for the primers of group 2. The assay was then
performed in a final volume of 20 pL consisting of 2 pL of template
DNA, 10 pL of PCR master mix (Taq DNA polymerase 2X Master Mix
Red, Ampliqon, Denmark), 7 L of the primer pool (group 1 or group
2), and 1 pL of diethylpyrocarbonate-treated water (ddH20). The
thermal profile of the reaction for both groups was one cycle of pri-
mary denaturation at 94°C for 300 seconds, followed by 40 cycles of
denaturation of DNA at 94°C for 60 seconds, primer annealing at
58°C for 60 seconds, extension at 72°C for 90 seconds, and final ex-
tension at 72°C for 300 seconds. The PCR products were detected by
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Table 1. Primers used for multiplex PCR assays for 14 serogroups of the Escherichia coliisolated from the semen of fertile and infertile men

Specific Genebank accession

Concentration in

Serogroup B No. or reference Primer name Primer sequence (5'-3") Amplicon size (bp) multiplex PCR (M)
Group 1
E.coliO1 Wzx GU299791 wl-14632 (F) GTGAGCAAAAGTGAAATAAGGAACG 1,098 0.05
wl-14633 (R) CGCTGATACGAATACCATCCTAC
E. coliO6 Wzy AJ426423 wl-14646 (F) GGATGACGATGTGATTTTGGCTAAC 783 0.07
wl-14647 (R) TCTGGGTTTGCTGTGTATGAGGC
E.coliO7 Wzx AF125322 wl-14648 (F) CTATCAAAATACCTCTGCTGGAATC 610 0.12
wl-14649 (R) TGGCTTCGAGATTAAACCTATTCCT
E.coliO8 orf469 AB010150 wl-14652 (F) CCAGAGGCATAATCAGAAATAACAG 448 0.12
wl-14653 (R) GCAGAGTTAGTCAACAAAAGGTCAG
E.coliO16 Wzx AAC31631 wl-14654 (F) GGTTTCAATCTCACAGCAACTCAG 302 0.13
wl-14655 (R) GTTAGAGGGATAATAGCCAAGCGG
E.coliO21 Wzx EU694098 wl-14676 (F) CTGCTGATGTCGCTATTATTGCTG 209 0.12
wl-14677 (R) TGAAAAAAAGGGAAACAGAAGAGCC
E. coliO75 Wzy GU299795 wl-17413 (F) GAGATATACATGGGGAGGTAGGCT 511 0.07
wl-17414 (R) ACCCGATAATCATATTCTTCCCAAC
Group 2
E.coli02 Wzy GU299792 wl-14636 (F) AGTGAGTTACTTTTTAGCGATGGAC 770 0.07
wl-14637 (R) AGTTTAGTATGCCCCTGACTTTGAA
E.coliO4 Wzx AY568960 wl-14642 (F) TTGTTGCGATAATGTGCATGTTCC 664 0.07
wl-14643 (R) AATAATTTGCTATACCCACACCCTC
E.coliO15 Wzy AY647261 wl-14672 (F) TCTTGTTAGAGTCATTGGTGTATCG 183 0.08
wl-14673 (R) ATAAAACGAGCAAGCACCACACC
E.coliO18 Wzx GU299793 wl-14656 (F) GTTCGGTGGTTGGATTACAGTTAG 551 0.08
wl-14657 (R) CTACTATCATCCTCACTGACCACG
E. coli022 Wzx DQ851855 wl-14660 (F) TTCATTGTCGCCACTACTTTCCG 468 0.08
wl-14661 (R) GAAACAGCCCATGACATTACTACG
E. coli025 Wzy GU299796 wl-14666 (F) AGAGATCCGTCTTTTATTTGTTCGC 230 0.08
wl-14667 (R) GTTCTGGATACCTAACGCAATACCC
E. coli 083 Wzx GU299797 wl-14668 (F) GTACACCAGGCAAACCTCGAAAG 362 0.08
wl-14669 (R) TTCTGTAAGCTAATGAATAGGCACC

The serogroups were divided into two groups according to a previous study [18].

PCR, polymerase chain reaction; F, forward; R, reverse.

electrophoresis on 1% agarose gel containing DNA Green Viewer
(P7890; ParsTous Biotechnology, Mashhad, Iran), using a 50 kbp DNA
ladder (PR901633; Fermentas, Stanford, CA, USA) and under an ultra-
violet Benchtop transilluminator (LTF00205; Bodensee, Baden-Wiirt-
temberg, Germany). The amplified products were sequenced for final
confirmation.

6. Statistical analysis

For the statistical analysis, the two-sample proportional test,
Mann-Whitney U-test, and Student t-test were performed using IBM
SPSS ver. 20 (IBM Corp., Armonk, NY, USA). The Student t-test (inde-
pendent sample t-test) was used to compare sperm parameters be-
tween the fertile and infertile groups. The normality of the data dis-
tribution was checked using the Kolmogorov-Smirnov test. A p-value
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< 0.05 was considered to indicate statistical significance.

Results

The two groups were matched for demographic characteristics.
The mean ages of the E. coli-positive fertile (ECPF) and E. coli-posi-
tive infertile (ECPI) groups were 31.0£2.8 and 33.8 +6.2 years, re-
spectively. E. coli was isolated at a significantly higher frequency in
the semen of fertile men than in that of infertile men (p < 0.001); 80
out of the 618 fertile patients (12.9%) had E. coli in their semen,
comprising the ECPF group, while 80 out of the 1,535 infertile men
(5.2%) had E. coli in their semen, comprising the ECPI group. The
sperm parameters of the ECPF and ECPI groups are compared in Ta-
ble 2. The frequencies of normal morphology, motility, and viability
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Table 2. Comparisons of the sperm parameters between the ECPF and ECPI groups

Variable ECPF (n=575) ECPI(n=1,725) p-value
Concentration (x 10°/mL) 106.2+53.2 98.8+51.7 0.58

Normal morphology (%) 73+34 24+25 <0.001”
Progressive motility (%) 613+94 206%5.3 <0.001”
Non-progressive motility (%) 10.1+£5.7 9.2+7.1 <0.001?
Immotile (%) 286+76 70.2+93 <0.001”
Viability 426+63 154+35 <0.001”

Values are presented as meanztstandard deviation.
ECPF, Escherichia coli-positive fertile; ECPI, E. coli-positive infertile.

YA p-value <0.05 was considered to indicate a statistically significant difference between the ECPF and ECPI groups.

Figure 1. Results of multiplex polymerase chain reaction (PCR) divided into group 1 (A) and group 2 (B) for identification and comparison of
serogroup distributions of Escherichia coliin the semen of the E. coli-positive fertile and E. coli-positive infertile groups.

of the sperm in the ECPF group were significantly higher than those
in the ECPI group (p < 0.001). There was no significant difference in
sperm concentration between the two groups.

Multiplex PCR was carried out in order to identify and compare the
serogroup distributions of the E. coli isolated from the ECPF and ECPI
groups (Figure 1). As shown in Table 3, the 02, 06, 07, 08, 015, 021,
025, 075, and 083 serogroups were detected in the ECPF group, and
the 02, 06, 07, 08, 015, 025, and 075 serogroups were found in the
ECPI group. 06 was the most prevalent serogroup found in both the
ECPF (44.8%) and ECPI (50%) groups. The 08, 025, and O75 sero-
groups were the second most prevalent serogroups in the ECPF
group, while 025 and O75 were the second most prevalent sero-
groups in the ECPI group (Table 3). However, there was no significant
difference in the frequencies of different serogroups of E. coil be-
tween the ECPF and ECPI groups (p > 0.05).

Discussion

It has been accepted that reproductive bacterial infections are as-
sociated with male infertility [20]. Some studies have suggested that
bacterial infections can induce inflammation or create changes in
the biological or physiological function of the male reproductive sys-
tem [21-23]. Filipiak et al. [24] found no statistically significant rela-
tionship between the presence of E. coli in semen and reduced
sperm motility and morphology in infertile men. In contrast, Puerta
Suarez et al. [25] reported that E. coli could significantly decrease
sperm motility. However, the putative detrimental effect of E. coli on
the seminal fluid and male infertility remains controversial [26,27]. In
the present study, we evaluated the prevalence of E. coli isolated
from semen samples of fertile and infertile men. To the best of our
knowledge, this was the first study to compare the prevalence of dif-
ferent serogroups of E. coli in the semen of infertile and fertile men
using multiplex PCR, which can detect serogroups of E. coli with high
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Table 3. Comparisons between the serogroups of the ECPF and ECPI
groups

Serogroup ECPF ECPI p-value
01 0 0 -
02 2(3) 4(6.25) 037
04 0 0 -
06 30(44.8) 32(50) 0.55
07 5(7.5) 4(6.25) 0.78
08 8(11.9) 4(6.25) 0.26
015 4(6) 4(6.25) 0.95
016 0 0 -
018 0 0 -
021 1(1.5) 0 033
022 0 0 -
025 8(11.9) 8(12.5) 0.92
075 8(11.9) 8(12.5) 0.92
083 1(1.5) 0 033
Total 67 (100) 64 (100)) -

Values are presented as number (%). A p-value <0.05 was considered to
indicate a statistically significant difference between the ECPF and ECPI
groups; using this criterion, there was no significant difference in the
serogroups of Escherichia coli between the two groups. The statistical
analysis was conducted using the Mann-Whitney test.

ECPF, Escherichia coli-positive fertile; ECPI, E. coli-positive infertile.

specificity and sensitivity. The principal limitation of this technique is
that some samples were non-typeable, meaning that we could not
detect the serotype with our primers. Furthermore, collecting this
number of samples to analyze using multiplex PCR required a con-
siderable investment of time and money.

Our results showed that the prevalence of E. coli in the semen of
fertile men was significantly higher than in that of infertile men. Al-
though the prevalence of E. coli was low in infertile men, the detri-
mental effect of E. coli on semen quality was more severe in this
group. This finding is similar to previous clinical evidence showing
that bacteria isolated from the genital tracts of normozoospermic
men had no effect on semen quality; however, in infertile men, an
impairment of sperm parameters was seen due to the diminished
antioxidant capacity of sperm [28]. However, in line with our study,
previous findings have confirmed that bacterial contamination of
the semen samples of fertile men did not compromise the sperm
quality, while in infertile men, it is possible that bacteria further dete-
riorated the overall quality of the seminal plasma [29]. Salisu et al.
[30] reported that E. coli constituted one of the main microorgan-
isms in the semen samples of infertile men, and also they concluded
that high levels of E. coli had negative effects on sperm parameters,
including sperm count, motility, and morphology.

Our results showed that sperm parameters such as motility, mor-
phology, and viability were significantly impaired in infertile patients
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who tested positive for E. coli in comparison with the semen samples
from healthy fertile men that tested positive for E. coli. Because both
groups tested positive for E. coli, it can be inferred that E. coli may
have a greater impact on infertile men due to etiology of male infer-
tility. It has been suggested that E. coli can decrease male fertility po-
tential by several mechanisms, including reduction of sperm param-
eters [31], defects in spermatogenesis, and reduction of the secretory
capacity in the male accessory glands [32].

Infections of the accessory glands and male reproductive tract are
harmful for sperm maturation. Epididymitis is a common urogenital
disease in men between 18 and 50 years (the optimal age for fertili-
ty) [331. Interestingly, E. coli has been found to be the most common
cause of epididymitis and prostatitis [34]. Lang et al. [35] reported
that alterations in spermatogenesis and defects in sperm structure
occurred in almost 60% of patients with acute epididymitis.

The mechanism of the effect of E. coli on male fertility remains un-
known, but it has been generally accepted that E. coli is the most
common bacterium causing genital tract infections [36]. Fraczek et
al. [37] reported that in vitro contact of E. coli with ejaculated sper-
matozoa can severely damage sperm membrane stability and mito-
chondrial activity. Defects in sperm membrane and activity were re-
sponsible for reducing male fertility potential. Another study evalu-
ated the mechanism of the effects of E. coli on sperm and suggested
that several soluble factors and adhesion molecules secreted by E.
coli may be responsible for defects in sperm function, causing infer-
tility in men [22].

It is noteworthy that microorganisms affect male infertility through
various mechanisms, depending on the host immune system, age,
sexual activity, and genetic background. Studies have reported that
some microorganisms, including Streptococcus viridans, E. coli, En-
terococcus faecalis, and Staphylococcus aureus together or alone,
were harmful to male fertility potential [38,39]. In the present study,
we only focused on E. coli as the most important bacterium in semen;
other microorganisms were not evaluated.

Additionally, in the present study, molecular O-serogrouping of
the E. coliisolates revealed slight differences in the serotype distribu-
tion between fertile and infertile men; however, these differences
were not statistically significant between the two groups. E. coli 06
was the most common isolate in semen samples of both fertile and
infertile men. This finding was similar to that of Lloyd et al. [40], who
found the 06 serogroup in the semen samples. Furthermore, Boguen
et al. [12] reported that the O1, 02, and 04 serogroups were the
most prevalent serogroups of E. coli in the semen. Boguen et al. [41]
reported that serogroups affected neither sperm viability nor mito-
chondrial membrane potential in infertile men. In that study, the O4
strain decreased sperm motility; however, we did not detect the O1
and 04 serogroups in the semen of either fertile or infertile men.
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Based on the findings of this study, despite the higher prevalence
of E. coli in the semen of fertile men than in that of infertile men, the
distribution of E. coli subgroups did not show any significant differ-
ence between the two study groups. In this study, 06 was the most
common serogroup of E. coli in both groups. In addition, it seems
that E. coli may be responsible for changes in sperm parameters in-
cluding motility, morphology, and viability. More studies are sug-
gested to clarify this issue in the future.
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