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ABSTRACT

CECGILGIENEWAGE Infertility is an increasing problem worldwide, and earlier bacterial infections are unrecognized but
potentially modifiable risk factors. Their impact on sperm health must be understood to create targeted therapies. This
study aimed to investigate the role of bacterial infection in male infertility.

WETEHEINER LR E T Seminal fluid samples were obtained from 64 male individuals who attended the Infertility and IVF
Treatment Center in Al-Kafeel Hospital, Karbala. All samples were assessed for the sperm parameters, its DNA
fragmentation, and bacterial infection.

m Among 64 infertile men, 31 (48%) had positive bacterial culture of various species. The highest percentage was
among Gram-positive bacteria (51.6%). Sperm progressive motility and morphology showed a significant association with
bacterial infection (P<0.05). Furthermore, a substantial risk of sperm DNA fragmentation was seen in contaminated semen
samples. According to the analysis of the effect of each bacterial species on sperm characteristics, the results showed that
Enterobacter spp. had the greatest effect on sperm immobilization, while coagulase-negative Staphylococcus (CoNS)
showed a high rate of abnormal morphology and DNA fragmentation, indicating their severe impact on sperm morphology
and DNA.

These findings underscore the need for early detection and targeted antimicrobial strategies to reduce the
adverse effects of infections on male reproductive health and fertility. Further investigation is necessary to explore the
potential treatment options and improve the reproductive outcomes in affected individuals.
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1. Introduction

ale infertility has increased in recent

years, primarily due to sperm quality

reductions. Between 2013 and 2021,

the ratio of infertile males to infertile

females grew from 3:7 to 5:5 (1). In 50% of couples,

the male factor is the primary cause of infertility,

which affects spermatogenesis, including congenital

and acquired urogenital abnormalities, male

accessory gland infections, elevated scrotal

temperature, endocrine disorders, genetic

abnormalities, and immunological issues (2). Among

these factors, infections and inflammatory conditions
remain the most important reasons for infertility (3).

Microorganisms can impact the function of
spermatozoa in several ways including (a) Direct
interaction with sperm cells, motile sperm
agglutination, reduced ability of the acrosome
reaction, and changes in cell morphology with the help
of pili (4). (b) Initiate a localized inflammatory
response that raises reactive oxygen species (ROS) (5).
(c) Sperm autoantibody induction (6). (d) Cytotoxic
factor production. (e) Long-term antibiotic therapy of
an infection that may result in sperm abnormalities

(7).

Escherichia (E.) coli, Klebsiella spp., Staphylococcus
(S.) aureus, Streptococci, Chlamydia (C.) trachomatis,
Mycoplasma (M.) hominis, and Enterococcus spp. are
the most common bacteria isolated from semen
samples (3).

Sperm parameters and DNA integrity are severely
impacted by the presence of these bacterial infections
(7). The conventional approach to diagnose male
infertility involves examining the sperm motility,
concentration, and morphology under the
microscope. These tests are necessary to give the
fundamental details about the quality of the sperm
(8). Tests for sperm DNA fragmentation (SDF) can
distinguish between those who are fertile and
infertile. Elevated SDF levels are positively connected
with decreased IVF (in vitro fertilization) fertilization
rates, decreased implantation rates, Offspring birth
abnormalities, and premature births. It might
therefore be a more impartial indicator of sperm
function (9, 10). It is currently unknown which
biological process the bacteria use to alter chromatin
and sperm nuclear protein. Histone H3 methylation
and hyperacetylated H4 both at lysine 79 prematurely
arise as a result of bacterial infections. In mammals,
decreased fertility is correlated with lower levels of
histone H4 hyperacetylation (7).

This study aimed to investigate the impact of
bacterial infections on sperm characteristics and its
DNA integrity in infertile men. The specific objectives
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are to isolate and identify bacterial pathogens in
semen samples from infertile men and evaluate the
effects of bacterial infections on sperm motility,
morphology, and concentration, and assess the rate of
sperm DNA fragmentation in infected and non-
infected samples.

2. Materials and Methods

2.1 Sample Size and Semen Samples Collection

Semen samples (n=64) from men who were
admitted to the Infertility and IVF Treatment Center in
AL-Kafeel Hospital, Karbala, during the period from 1
October to 31 December 2024. Male participants with
medical or surgical conditions such as fever,
varicocele, or hydrocele that could affect semen
parameters were excluded from the study. The
approval from the Institutional Ethical Committee was
acquired from Al-Kafeel Hospital (3785, 2024-9-24).
Following the protocol outlined in the World Health
Organization (WHQO) Manual (11), the samples were
collected in sterile containers, allowed to liquefy, and
then examined as a wet mount under microscope for
evaluation of sperm motility and count. The
morphology and chromatin integrity of the sperm
were also examined.

2.2 Sperm Morphology

The slides were stained with Papanicolaou dye in
order to identify the sperm morphology and sperm
deformity index (SDI). Under x100 magnification, two
hundred sperm were examined and classified as
normal or abnormal. Next, the SDI and abnormal
sperm percentages were determined (11).

2.3 Sperm Chromatin

The feathering method was used to prepare semen
slides in order to assess the chromatin integrity of the
sperm. After fixation in 3% glutaraldehyde for 30 min,
they were stained with acidic aniline blue for 5 min.
The stained slides were observed under x100
maghnification. Dark blue-stained sperm were
considered aberrant or to have broken DNA, but
sperm with unstained or faintly stained nuclei were
considered normal. The DNA fragmentation index
(DFI1), or the quantity of fragmented sperm per 100
sperm, was calculated as a percentage of 200 sperm
that were counted (12).

2.4 Microbial Culture and Evaluation

In order to differentiate between urinary tract
infection and seminal tract infection, the patients
were trained before seminal collection. The semen
samples were diluted in sterile saline (1:10) and 1 ml
of each sample was centrifuged at 1500 rpm for 15

Iranian Journal of Medical Microbiology



98 Bacterial Infection and Male Infertility

min at room temperature. The sediment was
suspended in 100 uL of sterile saline solution after the
supernatant was removed. This procedure increases
the cultural sensitivity by concentrating bacteria in the
cell pellet and eliminating the seminal plasma. For
aerobic bacteria, the cell pellet was placed on blood
agar and McConkey agar and for fastidious bacteria it
was spread on chocolate agar.

All media were incubated at 37°C for 24 and 48 hr.
The colonies development was initially identified
according to the formal characteristics of colonies,
including the size, color, piles, and height of the
colony. The isolates of the bacteria were examined in
several biochemical and physiological tests to
determine their genus. The identification was also
carried out using the VITEK-2 equipment (bioMérieux,
France) following the manufacturer's instructions.

The subsequent criteria were used to score the
bacterial load: reduced (<103 CFU/mL), mild (>/=10°
CFU/mL), moderate (10°-10* CFU/mL) and severe
(>10* CFU/mL) with scores 0, 1, 2, and 3, respectively.
The infective value for the examined semen samples
was calculated by adding the scores (bacterial load
plus etiological agent); if the result was more than 3,
the sample was considered infected; if it was equal to
or less than 3, it was considered non-infected (13).

2.4 Statistical Analysis

The statistical analysis was carried out utilizing IBM
SPSS Statistics version 23. The analytical results were

subsequently presented adopting descriptive
statistics. Data were presented as meantSD. A
probability threshold of P<0.05 was employed to
assess the statistical significance of the experimental
results. Furthermore, the Shapiro-Wilk test was
utilized to assess data normality, while the Levene test
was performed to evaluate variance homogeneity.
Chi-square and Pearson's correlation analyses were
carried out to investigate the association between
categorical and numerical variables, respectively. The
Mann-Whitney Test and Independent T-Test were
employed to ascertain statistical differences between
two distinct sets of data. The analysis of variance
(ANOVA) was utilized to do multiple comparisons
among the groups. The Duncan post-hoc test was
employed at significance level of P<0.05 for multiple
groups comparison.

3. Results

3.1 Bacterial Analysis of Semen Samples

The bacteriological analysis of semen samples
demonstrated 33 samples (52%) as sterile and 31
samples (48%) with bacterial growth, indicating a
substantial prevalence of semen infection among the
studied population (Figure 1). Among the identified
bacterial isolates, Gram-positive bacteria were the most
prevalent, accounting for 51.6% of the infections, while
Gram-negative bacteria constituted 48.4% (Figure 2).

M non-infected samples

M infected samples

Figure 1. The percentages of infected and non-infected semen samples.
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52.00%
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50.00%
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Figure 2. The percentages of Gram-positive and Gram-negative bacteria in semen samples.

Among positive cultures, Staphylococcus aureus was spp. followed closely at 22.58%.CoNS represented
the most prevalent bacterium with 25.81%. Klebsiella 19.35%. E. coli was found in 16.13% of cases (Table 1).

Table 1. Distribution of bacterial growth according to the species.

Bacterial species Percentage (%) P-value
E. coli 16.13
Enterobacter spp. 6.45
Enterococcus spp. 9.68
Klebsiella spp. 22.58 0.393
Staphylococcus aureus 25.81
CoNS 19.35
Total 100.00

3.2 The Effect of Age and Smoking on Bacterial Infection

Smoking showed no significant impact on bacterial culture results (P>0.05), though non-smokers showed slightly
higher rate of positive cultures [21], compared to smokers [10] (Table 2).

The similar finding was obtained with age. The age had no significant effect on bacterial culture, although younger
individuals (<35) had a slightly higher percentage of positive cultures (58.06%), than older individuals (>35) (41.94%).

Table 2. Distribution of bacterial infections according to age and smoking.

Bacteria culture

Parameters P-value
Negative Positive
19 21 40
Non-Smoker
57.58% 67.74% 62.50%
Smoking 0.401
14 10 24
Smoker
42.42% 32.26% 37.50%
14 18 32
<35
42.42% 58.06% 50.00%
Age Group 0.211
19 13 32
235
57.58% 41.94% 50.00%
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100 Bacterial Infection and Male Infertility

fragmentation had the lowest P-value (<0.01),
indicating that bacterial infection is significantly
associated with decreased sperm quality and DNA
integrity. On the other hand, the infections related to
uncommon sperm morphology (P<0.05) suggest
potential damage to the sperm structure.

3.3 The Effect of Bacterial Infection on Semen
Parameters

Table 3 presents the effects of bacterial infection on
sperm parameters in infected samples compared to
non-infected. Sperm Progressive, Motility, and DNA

Table 3. Sperm parameters in positive and negative bacterial cultures.

Bacteria culture

Parameters Negative Positive P-value
Mean Dejitadt.ion Std. Error Mean De\?it:t'ion Std. Error

Concentration 21.45 8.12 1.41 23.42 11.63 2.09 0.81
Progressive 37.879 5.16 0.90 33.32 6.82 1.23 0.005
Non- progressive 32.79 6.34 1.10 31.52 5.65 1.02 0.469
Immobile 28.58 8.57 1.49 35.16 6.52 1.17 0.002
m('::;";:)'gy 18.82 9.48 1.65 13.48 5.70 1.02 0.029
DNA- fragmentaion 0.30 0.10 0.02 0.38 0.12 0.02 0.006

3.4 Comparison of Semen Parameters Based on
Bacterial Species

Lower sperm concentrations were obtained in E. coli,
Enterobacter spp., Klebsiella spp., S. aureus, and CoNS,
suggesting that these bacterial infections may
negatively impact sperm production. The means of
sperm concentration were almost similar, with no

hand, Enterococcus had the lowest effect on this
parameter (Table 4).

Tables 5 and 6 illustrate no clear evidence of the
effect of bacterial species on progressive and non-
progressive motility. Bacteria may reduce the overall
sperm motility, but the type of bacteria does not seem
to cause significant variation in progressive motility.

significant difference between them. On the other

Table 4. Sperm concentration according to the bacterial species.

Bacterial species Mean Std. Deviation Std. Error P-value Post hoc*

E. coli 20.00 3.54 1.58 a

Enterobacter spp. 17.50 3.54 2.50 a
Enterococcus spp. 41.67 16.07 9.28

0.044

Klebsiella spp. 26.29 15.11 5.71 a

Staphylococcus aureus 21.50 9.67 3.42 a

CoNS 18.33 4.08 1.67 a

*similar letters (no significant), different letters (significant)

Table 5. Sperm progressive according to the bacterial species.

Bacterial species Std. Deviation Std. Error P-value Post hoc™
E. coli 32.00 4.47 2.00 a
Enterobacter spp. 30.00 0.00 0.00 a
Enterococcus spp. 37.67 2.52 1.45 a
Klebsiella spp. 32.86 4.88 1.84 0871 a
Staphylococcus aureus 33.13 10.67 3.77 a
CoNS 34.17 7.36 3.01 a

*similar letters (no significant)
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Table 6. Sperm non-progressive according to the bacterial species.

Bacterial species Mean

E. coli 32.00
Enterobacter spp. 30.00
Enterococcus spp. 35.67
Klebsiella spp. 31.43
Staphylococcus aureus 31.88
CoNS 29.17

Std. Deviation

4.47
0.00
4.04
6.27
7.99
3.76

Std. Error P-value Post hoc*

2.00 a
0.00 a

2.33 a

0.752
2.37
2.83

1.54

*similar letters (no significant)

Bacterial species showed significantly different
impact on sperm immobility (P=0.04235) (Table 7). E.
coli, Klebsiella spp., Staphylococcus aureus, and CoNS
species showed similar effects (all means between 35-
37% immobility) with no significantly difference from
each other. Enterobacter spp. showed the highest
sperm immobility (40%), indicating that it may have a
stronger negative effect on sperm motility.

Among the bacterial species analyzed, CoNS
exhibited the most severe impact on sperm
morphology, with the lowest recorded normal

morphology percentage (7.83%) (Table 8). This finding
suggests that CoNS infections may significantly

Table 7. Sperm immobility according to the bacterial species.

Bacterial species

Std. Deviation

compromise sperm structural integrity, potentially
affecting the fertilization ability. Klebsiella spp. and
Staphylococcus aureus demonstrated moderate effects
on sperm morphology, indicating a partial impairment
in sperm structure.

The analysis of SDF levels revealed that E. coli and
CoNS species applied the highest levels of DNA
fragmentation (0.45-0.47) (Table 9) with significant
sperm DNA damage. In contrast, Enterobacter spp.,
Klebsiella  spp., and  Staphylococcus  aureus
demonstrated intermediate effects on SDF, indicating a
moderate impact on sperm genetic stability.

E. coli 36.00
Enterobacter spp. 40.00
Enterococcus spp. 26.67

Klebsiella spp. 35.71
Staphylococcus aureus 35.00
CoNS 36.67

5.48
0.00
5.77
4.50
7.56
7.53

Std. Error P-value Post hoc*
2.45 ab
0.00 b
3.33 a

0.042
1.70 ab
2.67 ab
3.07 ab

*similar letters (no significant), different letters (significant)

Table 8. Sperm morphology according to the bacterial species.

Bacterial species

Std. Deviation

E. coli 16.60
Enterobacter spp. 17.50
Enterococcus spp. 18.33

Klebsiella spp. 15.00
Staphylococcus aureus 11.63
CoNS 7.83

4.22
3.54
2.89
7.07
4.75
2.48

Std. Error P. value Post hoc*
1.89 b
2.50 b
1.67 b

0.021
2.67 ab
1.68 ab
1.01 a

*similar letters (no significant), different letters (significant)
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102 Bacterial Infection and Male Infertility

Table 9. The SDF according to the bacterial species.

Bacterial species

Std. Deviation

E. coli 0.47
Enterobacter spp. 0.33
Enterococcus spp. 0.26

Klebsiella spp. 0.37
Staphylococcus aureus 0.34
CoNS 0.46

0.12
0.03
0.02
0.14
0.13
0.09

Std. Error Post hoc*
0.05 b
0.02 ab
0.01 a

0.033
0.05 ab
0.05 ab
0.04 b

*similar letters (no significant), different letters (significant)

4, Discussion

The present study highlights the significant impact
of bacterial infections on sperm quality and DNA
integrity, reinforcing the growing evidence that
microbial colonization of the male reproductive tract
can contribute to infertility. Our findings align with
previous research suggests that bacterial infection
adversely affects the sperm motility, morphology, and
DNA integrity, ultimately impairing male fertility
outcomes (9, 14- 16).

Pathogenic bacterial cultures were detected in 48%
of the semen samples, with the Gram-positive
bacteria most prevalent, which indicates Gram-
positive organisms among the most frequent
contaminants and opportunistic pathogens in semen
infections. These results were consistent with
investigations of earlier studies by Eini et al (9) and
Nasrallah et al (17) that found Gram-positive bacteria
as the predominant pathogen associated with semen
infections.

Nasrallah et al (17) reported that among detected
species, Staphylococcus aureus was the predominant
species with 46.2%, followed by urogenic Gram-
negative pathogens (24.1%). This outcome s
consistent with our observations. Staphylococcal
species are commensal microorganisms with relative
pathogenic significance in reproductive tract
infections (18). The primary way of bacterial invasion
to reproductive organs could be direct ascending
infection, or by hematogenous spread of the bacteria.
After entry, Toll-like receptors (TLRs), a type of
pathogen recognition receptor on the host cells,
recognize the pathogen-associated molecular
patterns (PAMPs) of Staphylococci and initiate
inflammatory signaling cascades in testicular cells,
epididymis, and other regions of the male
reproductive system (19). This immune response
significantly contributes to the damage of tissue,
defects in sperm function, and hence the concept of
infertility (19, 20)

However, the present study contrasts with 21.
Bhatt et al (21), where Gram-negative

Year 19, Issue 2 (March — April 2025)

bacteria were the main pathogens (62.9%) of all
infections and E. coli was the most frequently isolated
bacterium (41.9%). This discrepancy in bacterial
diversity could be for the study population
differences, different sampling procedures, and
diagnostic differences for bacterial identification.

Analysis of the other factors effect on seminal
bacterial infections, such as smoking and age, brings
to a standstill that smoking does not have a significant
association with the prevalence of seminal infections.
This is consistent with the results of De Bantel et al
(22) and Keskin et al (23) studies. However, some
previous studies (24, 25) implicate smoking as
relatively more prone to infection, particularly
through immune suppression and increased oxidative
stress that undermines the host immunity. The lack of
a significant association in the current study could be
explained by the low number of smokers in this study
samples that could have reduced the statistical power
to find a significant effect.

In contrast, age appeared to be a more influential
factor, as younger participants (<35 years) exhibited a
higher rate of bacterial positivity compared to older
individuals (235 years). This trend may suggest that
younger men are more exposed to environmental or
behavioral risk factors, including increased sexual
activity, hygiene practices, and a higher likelihood of
prior infections, all of which could contribute to
increase the bacterial colonization (26).

Studying the impact of bacterial infections on the
parameters of semen highlighted their adverse impact
on sperm morphology, and motility, which are key
factors for fertility. These findings indicate that
bacterial infections contribute to male infertility by
impairing the sperm functionality. There is a great
debate over the effect of the bacteria that
contaminate and colonize the male urogenital tract to
decrease the sperm parameters (9). According to
Fraczek and Kurpisz (27), bacterial infections
decreased human spermatozoa and the ability of
sperm cells for fertilization due to immobility and
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shape alteration of spermatozoa. Nevertheless, the
massive influx of activated leukocytes to the inflamed
site can be associated with decreased sperm fertilizing
capability owing to biological oxidative, apoptotic, and
inflammatory events around spermatozoa (28).

In the present study, a significant increase in Sperm
DNA Fragmentation (SDF) was shown in semen
samples infected by bacteria, which may explain the
influence of microbial infections on sperm DNA
integrity. Importantly, it was shown before that clear
associations were observed between SDF levels and
the presence of microbial agents in semen, suggesting
that bacterial presence may exacerbate oxidative
stress and inflammation, thus ultimately leading to
DNA damage (9, 29).

The integrity of sperm DNA is becoming one of the
most crucial aspects of male fertility. Numerous
studies have shown that infertile people have a higher
rate of DNA fragmentation than fertile controls (30,
31). Reactive oxygen species (ROS), which are
significantly elevated in the presence of bacteria,
appear to be a key pathogenic mechanism (32). As
leukocytes overproduce ROS, which can act directly on
sperm DNA and degrade sperm functioning, the
impact of oxidative damage and increased exposure to
leukocytes is remarkable in the presence of infection

(2).

Aitken and De luliis (33) illustrated that sperm DNA
fragmentation may cause infertility, birth defects in
offspring, and miscarriage. Sperm DNA damage can
result from two different kinds of factors, including
intrinsic and extrinsic variables. Intrinsic variables
consist of oxidative stress, apoptosis, and failure in
histone protamine replacement. They are present in
ejaculates (34). If chromatin packing is not finished
during sperm maturation, sperm DNA is exposed to
damage (8). Extrinsic variables include handling
conditions, storage temperatures, post-testicular
oxidative stress, infections, ejaculation timing, and
medication reactions (7).

However, the impact of bacterial infections on
individual semen parameters varies depending on the
specific bacterial species involved. In particular, sperm
concentration appears to be negatively affected with
lower sperm counts observed in samples infected with
E. coli, Enterobacter spp., Klebsiella spp.,
Staphylococcus aureus, and CoNS. These findings
suggest that bacterial infections may disrupt
spermatogenesis or impair sperm viability, potentially
through inflammatory responses or oxidative stress.
Similarly, Eini et al (9) reported that infected infertile
samples exhibited significantly lower sperm
concentration, motility, and morphology compared to
non-infected samples, reinforcing the role of microbial
infections in deteriorating semen quality. E. coli strains
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are recognized for their capacity to immobilize and
damage spermatozoa morphology with direct contact
via attachment organelles like pili or type-1 fimbriae,
and mannose receptor-dependent interactions (35).

Bacterial infections appear to reduce the overall
motility, though the degree of impact does not
significantly vary among bacterial species. However,
Enterobacter spp. demonstrated the highest rate of
sperm immobility (40%), suggesting a more
pronounced inhibitory effect on sperm movement.
Enterococcus faecalis was reported by Ho et al (32) as
the most prevalent organism in semen (22.0% of
samples), causing a significant increase in seminal
ROS.

Different bacterial species, including Streptococci
pyogenes, Enterococci, E. coli, and staphylococci, were
isolated from 34.4% of semen samples by Khalili and
Sharifi-Yazdi (36), and sperm motility and morphology
were negatively impacted by these bacteria. Normal
sperm morphology significantly reduced by CoNS
species, leading to more sperm abnormalities.
Klebsiella spp. and Staphylococcus aureus showed
moderate effects, indicating some degree of sperm
morphology impairment. Fraczek et al (37) found that
sperm ability to fertilize was decreased when they
were incubated with bacteria and/or leukocytes,
which had an adverse effect on sperm motility and
lipid bilayers in their membranes.

E. coli and CoNS bacteria are associated with the
highest sperm DNA fragmentation. These bacteria
may produce toxic metabolites like ROS, or induce
inflammation, contributing to the sperm DNA damage.
Klebsiella  spp., Staphylococcus aureus, and
Enterobacter spp. showed moderate effects,
suggesting a potential but not extreme risk to DNA
integrity. Compared to other infected groups, sperm
DNA fragmentation was noticeably higher in those
with S. aureus, K. pneumoniae, and multi-bacterial
infections (9).

5. Conclusion

This study demonstrated a strong association
between bacterial infections and impaired semen
quality, with Gram-positive bacteria being the most
prevalent pathogens. Notably, CoNS and E. coli were
linked to severe sperm morphology abnormalities and
DNA fragmentation. These findings emphasize the
importance of early diagnosis and targeted
antimicrobial interventions to minimize the bacterial-
induced damage and improve male fertility outcomes.
Further research is needed to explore the effective
treatment strategies and enhance the reproductive
success in affected individuals.
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