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Abstract

Male infertility is a global concern because bacterial infections of the reproductive tract play a significant role. These infections trigger
inflammatory responses that impair sperm quality. This study explored the relationship between bacterial semen infection, inflammatory
biomarkers, and sperm dysfunction using PCR and quantitative real-time PCR (qPCR). Semen samples were collected from 60 male par-
ticipants attending the infertility clinics. Semen analysis was performed according to the WHO 2021 guidelines to assess concentration,
motility, morphology, and viability. Bacterial DNA was isolated from the samples and screened by PCR targeting 16S rRNA genes to
detect common seminal pathogens. The expression levels of inflammatory cytokine genes (IL-6, TNF-a, and IL-1p) were quantified using
SYBR Green-based qPCR. Gene expression was normalized to that of GAPDH, which was used as a housekeeping gene. Correlations
between bacterial presence, cytokine expression, and sperm parameters were analyzed. PCR revealed bacterial DNA in 40% of the semen
samples, with Escherichia coli and Staphylococcus aureus being predominant. Samples positive for bacterial DNA showed significantly
higher expression of IL-6, TNF-a, and IL-1§ (P < 0.01), indicating an inflammatory response. These elevated cytokine levels correlated
with decreased sperm motility, viability, and morphological integrity (r > -0.6, p < 0.05). The study showed that bacterial infections in
semen are associated with the upregulation of inflammatory cytokines, contributing to sperm dysfunction. PCR and qPCR effectively detect
the presence of bacteria and quantify inflammation at the molecular level. These findings underscore the need for molecular diagnostics
for male infertility evaluation and highlight inflammatory biomarkers as potential therapeutic targets.
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1. Introduction

Male infertility is a significant global health issue, contributing to approximately 50% of all infertility cases in couples (Khan et al, 2024;
Raghuwanshi and Kanwal, 2025). Among the various etiological factors, infections of the male reproductive tract are notable contributors,
often leading to inflammation and the subsequent impairment of sperm function (Babakhanzadeh et al., 2020). In particular, bacterial
infections can induce inflammatory responses that adversely affect spermatogenesis and sperm parameters, including motility, morphology,
and DNA integrity (Oghbaei et al. 2020, Wang et al. 2021, Dutta and Sengupta 2025, Samantaray et al. 2024).

The male reproductive tract, once considered sterile, is now known to harbor diverse microbiota. Advances in molecular techniques, such
as polymerase chain reaction (PCR) and quantitative PCR (qPCR), have facilitated the detection and quantification of bacterial DNA in
semen samples, revealing associations between specific bacterial species and altered semen quality (Kaltsas et al, 2023; Syafrizayanti et
al., 2022). Notably, pathogenic bacteria such as Escherichia coli, Staphylococcus aureus, and Ureaplasma urealyticum have been implicated
in the pathogenesis of male infertility through mechanisms involving direct sperm damage and induction of inflammatory responses (Shen
etal. 2011).

Inflammation within the male reproductive system is characterized by leukocyte infiltration and the release of pro-inflammatory cytokines
such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and interleukin-1 beta (IL-1). These cytokines can disrupt the blood-
testis barrier, impair Sertoli cell function, and induce oxidative stress, leading to sperm DNA fragmentation and apoptosis (Potiris et al.,
2025). Elevated levels of these inflammatory markers in semen have been correlated with decreased sperm motility and increased morpho-
logical abnormalities, underscoring their role in male infertility (Akinloye et al., 2015).

Leukocytospermia, defined as the presence of more than 1 x 1076 leukocytes per milliliter of semen, is a common finding in infertile men
and is often associated with bacterial infections. The presence of leukocytes contributes to the generation of reactive oxygen species (ROS),
exacerbating oxidative stress and further compromising sperm function (Khodamoradi et al, 2020). Despite its clinical relevance, the
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diagnosis and management of leukocytospermia remain challenging, necessitating the development of reliable biomarkers for early detec-
tion and targeted therapy.

The use of PCR and qPCR techniques has revolutionized the detection of bacterial pathogens and the quantification of inflammatory gene
expression in semen samples. These molecular approaches offer high sensitivity and specificity, enabling the identification of subclinical
infections and assessment of inflammatory status. By quantifying the expression levels of cytokine genes, researchers can elucidate the
extent of inflammation and its impact on sperm quality (Ricchi et al., 2017).

This study focuses on exploring the complex connections between bacterial infections, inflammation, and sperm dysfunction by examining
the link between the presence of bacteria in semen, inflammatory biomarkers, and sperm quality indicators. Using PCR and qPCR tech-
niques, we aimed to identify bacterial DNA and measure the levels of significant pro-inflammatory cytokines in semen samples from
infertile men. A better understanding of these relationships will deepen our understanding of the pathophysiological processes involved in
infection-related male infertility, and could guide the development of diagnostic and treatment approaches.

2. Methods

2.1. Study population

Between August 2024 and March 2025, 60 semen samples were collected from male participants undergoing fertility evaluations at the
Ankura Fertility Center, Bhubaneswar. The study group consisted of 40 men diagnosed with idiopathic infertility and 20 fertile age-matched
controls. All participants were instructed to maintain a period of sexual abstinence for 3—5 days before sample collection in strict adherence
to the World Health Organization (WHO, 2021) guidelines for semen analysis.

2.2. Semen sample collection and analysis

Semen samples were obtained via masturbation and collected in sterile, wide-mouthed, non-toxic containers. Immediately after collection,
each sample was carefully labeled and transported to the andrology laboratory under controlled conditions. All samples were analyzed
within one hour to ensure the accuracy of parameters, such as motility, concentration, morphology, and viability. This standardized collec-
tion and handling process ensured the reliability of the semen quality assessments and subsequent molecular and microbiological analyses
conducted during the study.

2.3. Bacterial DNA isolation and PCR amplification

Following semen analysis, aliquots of each sample were subjected to microbial DNA extraction using a Qiagen DNA Mini Kit (Qiagen,
Germany), strictly adhering to the manufacturer’s instructions. The concentration and purity of the extracted DNA were assessed using a
NanoDrop Lite Plus spectrophotometer (Invitrogen, USA), ensuring an A260/A280 ratio of 1.8 and 2.0.

For bacterial identification, the 16S rRNA gene was amplified via polymerase chain reaction (PCR) using the universal primers 27F (5'-
AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5'-GGTTACCTTGTTACGACTT-3’) (Acharya et al. 2025). The PCR reaction mixture
(25 pL total volume) consisted of 12.5 pL of PCR master mix, 1 pL of each primer (10 uM), 2 pL of template DNA, and nuclease-free
water to adjust the volume.

PCR was performed in a Takara thermal cycler (Takara Bio, Japan) under the following conditions: initial denaturation at 95°C for 5 min;
35 cycles of denaturation at 95°C for 30 s, annealing at 58°C for 45 s, and extension at 72°C for 60 s, followed by a final extension at 72°C
for 10 min.

The amplified products were later analyzed using agarose gel electrophoresis to confirm the presence of ~1500 bp amplicons, indicative
of successful 16S rRNA gene amplification.

2.4. Agarose Gel Electrophoresis and Sequencing

The PCR amplicons were analyzed by electrophoresis on a 1.5% agarose gel with SYBR Safe DNA stain in 1X TAE bufter. Electrophoresis
was performed at 100 V for 45 min using a 100 bp DNA ladder as a marker. Clear bands at 1500 base pairs confirmed successful 16S
rRNA gene amplification. Purified PCR products were subjected to Sanger sequencing. Bioinformatics analysis using NCBI BLASTn
identified bacterial species. Sequences were submitted to NCBI GenBank, and the accession number is in Table 4

2.5. RNA extraction and cDNA synthesis

Total RNA was extracted from semen cell pellets using a Sperm RNA isolation kit (Transgene, India) according to the manufacturer’s
instructions. RNA purity was confirmed with an A260/A280 ratio of 1.8 and 2.0. Complementary DNA (cDNA) was synthesized using the
PrimeScript™ RT Reagent Kit (Takara, Japan) according to the manufacturer’s instructions. The synthesized cDNA was stored at -20°C
until use.

2.6. Quantitative real-time PCR (qPCR)

Quantitative reverse transcriptase-polymerase chain reaction (QRT-PCR) was performed using Tata MD CHECK Express real-time PCR
(TATA, India) at Heredity Biosciences, Bhubaneswar. The target genes included IL-6, TNF-a, and IL-1B, with GAPDH serving as the
housekeeping gene (Table 1). Gene-specific primers were selected based on validated sequences reported in peer-reviewed journals and
their specificity was confirmed using the Primer-BLAST tool. Reactions were performed using SYBR Green Master Mix (Takara, Japan).
Before the main qPCR runs, each primer set was optimized for annealing temperature (Tm), concentration, and amplification efficiency to
ensure accurate and reproducible quantification.

All primers with more than 95% efficiency were considered for gPCR using the 224ACT method. During each run, the melt curve stage was
considered along with the run method to verify primer specificity. Each qRT-PCR reaction consisted of 1.5 uL. cDNA, 0.5 pL forward
primer, 0.5 pL reverse primer, 5 pL master mix, and 3 uL nuclease-free water. The reactions were performed in duplicates. The qRT-PCR
protocol involved an initial denaturation step (2 min at 95°C), followed by 40 cycles of amplification at 95°C for 15 s, 58°C for 60°C, or
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64°C (depending on the specific primer) for 30 s. Melt curve analysis confirmed the amplification specificity. Data analysis for relative
gene expression was performed using the 2~ 2ACT method.

Table 1: Primer Sequences for Qrt-PCR Analysis of the IL-6, TNF-A, IL-1B, and GAPDH Genes Have Been Confirmed for Specificity Using Literature
and Primer-BLAST

Primer v Vo Annealing Product
Name Forword Sequence (5'—3") Reverse Sequence (5'—3") Temp (°C) S {9

IL-6 ATTCTGCGCAGCTTTAAGGA AACAACAATCTGAGGTCGCC 58 121

References

Hana Attia et al,
2021

TNF-o. GGTGCTTGTTCCTCAGCCTC AGATGATCTGACCTGCCTGGG 60 142 glgznf At il
Mirghanizadeh Baf-
ghi et al
Mirghanizadeh Baf-
ghi et al

IL-1B AGCTCGCCAGTGAAATGATG TGTAGTGGTGGTCGGAGATT 55 156

GAPDH AAATCAAGTGGGGCGATGCTG GCAGAGATGATGACCCTTTTG 53 118

2.7. Statistical analysis

All experiments were conducted in triplicate. Data are expressed as mean + SEM. Statistical comparisons between groups were performed
using Student’s t-test or ANOVA with Tukey’s post-hoc test. Pearson’s correlation analysis was used to evaluate the associations between
cytokine expression levels and semen parameters. Statistical significance was set at P < 0.05. Analyses were performed using GraphPad
Prism version 10.

3. Results

3.1. Semen sample collection and analysis

Semen samples were obtained from 60 male participants, including 40 infertile and 20 fertile men. Semen parameters were assessed ac-
cording to the WHO 2021 guidelines. As shown in Table 2, infertile men exhibited significantly reduced sperm concentration (12.5 £+ 4.3
x 10%/mL vs. 48.7 + 6.2 x 10°mL), total motility (28.4 £ 6.1% vs. 58.9 £+ 7.3%), and progressive motility (20.3 £ 5.7% vs. 45.2 £ 6.8%)
compared to fertile controls. Additionally, the incidence of normal morphology was notably lower in the infertile group (2.1 + 0.9% vs.
6.5+ 1.2%). Leukocyte counts were elevated in infertile samples (1.2 + 0.4 x 10/mL) relative to fertile men (0.4 + 0.2 x 10%/mL), exceeding
the WHO threshold (<1.0 x 10%mL), suggesting possible inflammation or infection.

Table 2: Comparison of Semen Parameters between Infertile and Fertile Men

Parameter Infertile Men (n=40) Fertile Men (n=20) WHO Reference Range (2021)
Volume (mL) 1.8+ 0.5 32+0.6 >1.4 ml

Sperm Concentration (10mL) 12.5+4.3 48.7+6.2 >16 million

Total Motility (%) 28.4+6.1 589+73 >42 million

Progressive Motility (%) 203+5.7 452+6.8 230 %

Morphology (% normal forms) 2.1£0.9 6.5+1.2 >4 %

Leukocyte Count (10%mL) 1.2+04 04+£0.2 <1.0

Data are presented as the mean + standard deviation.
The infertile group showed a marked decrease in semen volume, sperm concentration, motility, and morphology, along with higher leuko-
cyte counts, compared to the fertile controls.

3.2. Bacterial DNA isolation, PCR amplification, primer selection, and sequence submission

Genomic DNA was successfully extracted from all the semen samples. The PCR technique, targeting the conserved 16S rRNA gene,
employed universal primers 27F and 1492R (Table 3) with an annealing temperature of 55°C, producing a product approximately 1500 bp
in length. The presence of amplicons in these samples was verified using gel electrophoresis (Figure 1). Bacterial sequencing data were
submitted to the NCBI GenBank database for validation and future reference. Table 3 provides the sample ID, bacterial species, and NCBI
accession numbers.

Table 3: Primer Sequences and PCR Conditions

Primer Name Sequence (5'—3") Target Region Annealing Temp (°C) Product Size (bp)
27F AGAGTTTGATCMTGGCTCAG 16S TRNA 58 ~1500
1492R GGTTACCTTGTTACGACTT ! ~1500

100bp
DNA
ladder

Fig. 1: Agarose Gel Electrophoresis Showing PCR Amplification of Bacterial 16S rRNA Genes. Lanes 1-5: Amplified Products (~1500 Bp); Lane M: 100
Bp DNA Ladder. Clear Bands At ~1500 Bp Confirmed the Successful Amplification, Indicating the Presence of Bacterial DNA in the Samples.
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Table 4: The sequences Were Submitted to the NCBI GenBank Database under the Accession Numbers Provided

Sample ID Bacterial Species Identified NCBI Accession Number
SA1 Escherichia coli PV124038
SA2 Staphylococcus aureus PV202446
SA3 Pseudomonas aeruginosa PV124045
SA4 Bacillus cereus PV202415
SAS5 Staphylococcus pasteuri PV202445

4. Quantitative Real-Time PCR (qPCR) Ct Values and Expression Analysis

The expression levels of the pro-inflammatory cytokines IL-6, TNF-a, and IL-1f were quantified using SYBR Green-based qPCR to assess
the inflammatory response associated with bacterial infection in semen. Primer sequences and amplification parameters are summarized in
Table 5 & Figure 2. Gene expression was normalized to GAPDH as an internal control, and relative expression was calculated using the
comparative AACt method. Infertile male subjects exhibited significantly lower Ct values and elevated expression of all three cytokines
compared to fertile controls, indicating the upregulation of inflammatory pathways. The calculated average fold increases were as follows:
IL-6, 6.9-fold (AACt = 2.8); TNF-a, 8.5-fold (AACt = 3.1); and IL-1p, 5.7-fold (AACt = 2.5). These findings suggest that the presence of
bacteria in the semen is associated with a heightened inflammatory gene expression profile, potentially contributing to impaired sperm
function and reduced fertility. qPCR analysis revealed significantly elevated expression levels of IL-6, TNF-a, and IL-1f in semen samples
of infertile men compared to fertile controls, indicating an inflammatory response associated with bacterial infections.

Table 5: gPCR Ct Values and Relative Expression Levels

Gene Group Mean Ct + SD ACt+ SD AACt + SD Fold Change (2"-AACt)
IL-6 Infertile 23.5+0.6 52+04 2.8+0.3 6.9
Fertile Control 263 +0.5 8.0+0.3 — —
TNF-a Infertile 24.1+0.7 5.8+0.5 3.1+04 8.5
Fertile Control 272+0.6 89+04 — —
IL-1B Infertile 229+0.5 46+03 25+0.2 5.7
Fertile Control 254+04 7.1+£0.3 — —

Gene expression was quantified using the comparative Ct method, where ACt is the difference between the target gene and GAPDH Ct
values (ACt = Ct_target gene - Ct GAPDH). AACt was calculated by subtracting the fertile control group ACt from the infertile group ACt
(AACt = ACt_infertile - ACt_fertile control). Relative expression was determined using 2"—AACt, measuring regulation between condi-
tions.

Fold Changes in Inflammatory
Cytokine Expression

M Infertile men
Fertile controls

Fold Change (AACK)
4]

N

IL-6 TNF-ct IL-1B
Relatve quammation
Fig. 2: Relative Expression Levels of Inflammatory Cytokines: Bar Graph Depicting Fold-Changes in IL-6, TNF-a, and IL-1B Expression between Infertile
and Fertile Men.

Differential Expression of Cytokines in Bacteria-Positive vs. Bacteria-Negative Samples

Quantitative analysis of cytokine gene expression revealed significantly higher levels of IL-6, TNF-o, and IL-1p in bacteria-positive semen
samples than in bacteria-negative samples. The presence of bacteria was confirmed by PCR amplification of 16S rRNA. The expression
of cytokines was normalized to GAPDH, and relative quantification was determined using the 2*-*2Ct method.

In bacteria-positive samples, IL-6 showed a mean ACt of 5.2 + 0.4, compared to 8.1 + 0.3 in bacteria-negative samples, corresponding to a
6.9-fold increase in expression (p <0.01). TNF-a expression was similarly elevated, with a mean ACt of 5.6 +0.5 in positive samples
versus 8.5 + 0.4 in negatives, reflecting a 7.8-fold increase (p <0.01). IL-1p exhibited a 5.6-fold upregulation, with ACt values of 4.8 +0.3
in positive samples and 7.3 £0.3 in negatives (p <0.01) (Table 6 and Figure 3). These findings indicate a robust inflammatory response
associated with the presence of bacteria in semen and support the role of cytokines as potential biomarkers of infection-related sperm
dysfunction.

Table 6: Comparative Cytokine Expression in Bacteria-Positive vs. Bacteria-Negative Semen Samples

Cytokine Bacteria-Positive (Mean ACt + SD) Bacteria-Negative (Mean ACt + SD) Fold Change (2"-AACt) p-value
IL-6 52+04 8.1+0.3 6.9 <0.01
TNF-a 5.6+0.5 85+0.4 7.8 <0.01
IL-1B 48+0.3 73£0.3 5.6 <0.01

Cytokine expression was normalized to GAPDH, and relative quantification was performed using the 2*-*ACt method.

These results reinforce the role of bacterial infections in the activation of inflammatory signaling pathways in the male reproductive tract.
Elevated cytokine levels in bacteria-positive samples correspond to compromised semen quality and may serve as a molecular biomarker
for subclinical infection-induced infertility.
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Fig. 3: Bar Graph Showing Pro-Inflammatory Cytokine Gene Expression (IL-6, TNF-A, IL-1B) in Bacteria-Positive and Bacteria-Negative Semen Samples
By 16S Rma PCR. Mean Act Values (= SD) Are Plotted, With Lower Act Values Indicating Higher Expression. Blue and Red Bars Represent Bacteria-
Positive and Negative Samples, Respectively. All Cytokines Showed Significantly Higher Expression in Bacteria-Positive Samples (P < 0.01).

5. Discussion

This study revealed a clear link between the presence of bacteria in semen, increased expression of proinflammatory cytokines, and reduced
sperm quality in infertile men. Through molecular diagnostics, employing PCR for bacterial detection, and SYBR Green-based gPCR for
gene expression profiling, we established that subclinical infections are associated with inflammation-driven sperm dysfunction.

Our research found that men with infertility exhibited notably lower levels of sperm concentration, movement, and structure than fertile
individuals, consistent with previous studies (Agarwal et al. 2015, Cooper et al. 2010). Elevated leukocyte counts in semen further indicate
an immune response, which is often triggered by microbial invasion (Combhaire et al. 1999). Seminal leukocytospermia is recognized as a
hallmark of genital tract infections and has been linked to oxidative stress and DNA fragmentation [Aitken and Baker 2004]. The presence
of bacterial DNA in 40% of semen samples aligns with earlier findings of asymptomatic bacteriospermia in infertile populations (La
Vignera et al. 2011, Ochsendorf 1999). Predominant isolates, such as Escherichia coli and Staphylococcus aureus, are known to impair
sperm function through direct interaction and production of reactive oxygen species (ROS) [Fraczek 2007]. These bacteria can adhere to
spermatozoa, impair motility, and induce membrane damage (Prabha et al., 2010).

Our analysis of cytokine expression indicated a marked increase in IL-6, TNF-a, and IL-1 levels in the semen samples containing bacterial
DNA. These cytokines play a vital role in mediating inflammation and have been associated with male infertility (Huleihel and Lunenfeld
2004, Azenabor et al. 2015). IL-6 and TNF-a can potentially interfere with spermatogenesis and reduce sperm motility by inducing mito-
chondrial dysfunction (Said and Agarwal, 2006). IL-1f is known to trigger germ cell apoptosis and compromise the blood-testis barrier
(Hedger, 2011). Antioxidant therapies and investigation of potential anti-cytokine strategies have been suggested.

Furthermore, the negative correlations between cytokine expression and sperm motility, viability, and morphology were consistent with
findings from other studies showing that inflammatory cytokines are inversely associated with sperm quality parameters (Ricci et al., 2002).
These relationships highlight the potential mechanistic role of chronic inflammation in mediating sperm damage during infection.

The integration of molecular tools, such as 16S rRNA PCR and qPCR, for inflammatory markers could serve as a robust diagnostic adjunct
in infertility clinics, particularly in cases of idiopathic infertility where standard semen analysis falls short (Weng et al. 2014). Exploring
inflammatory pathways could present a potential treatment strategy; for example, therapies targeting cytokines or antioxidant treatments
have demonstrated potential in early trials (Tremellen et al., 2008). Practicality of incorporating molecular diagnostics in clinical environ-
ments with limited resources.

This study demonstrated upregulation of pro-inflammatory cytokines (IL-6, TNF-a, and IL-1B) in semen samples positive for bacterial
DNA, indicating a link between microbial presence and inflammation in the male reproductive tract. The elevated cytokine expression
aligns with the finding that infections can induce inflammatory cascades that compromise sperm function. IL-6 and TNF-a impair sper-
matogenesis and reduce sperm motility, whereas IL-1f disrupts the blood-testis barrier(Loveland 2017, Saing et al. 2016). The ACt values
showed higher cytokine mRNA expression in infected individuals, suggesting that bacterial colonization triggers immune responses that
affect semen quality. These findings reinforce that genital tract infections are a significant contributor to male infertility, highlighting the
need for molecular tools, such as PCR, in infertility assessments to identify inflammatory conditions undetectable by standard analysis
(Azenabor et al. 2015).

This study was constrained by its cross-sectional design, which limits its ability to draw causal conclusions. Additionally, while we verified
bacterial presence through PCR, achieving species-level identification and performing community analysis could be enhanced by employ-
ing 16S rRNA next-generation sequencing. Future research should include more detailed microbial profiling, oxidative stress markers, and
intervention studies to evaluate the therapeutic impact of infection control and anti-inflammatory treatments. Utilizing [llumina MiSeq-
based 16S sequencing in future studies could offer a deeper understanding of seminal microbiota diversity.

6. Conclusion

This study provides compelling evidence that bacterial infections in semen are closely associated with elevated levels of pro-inflammatory
cytokines and a significant decline in sperm quality. Employing molecular techniques such as PCR for pathogen detection and gPCR for
cytokine profiling offers a valuable diagnostic approach for identifying inflammatory causes of male infertility. Our findings highlight the
potential of inflammatory biomarkers, particularly IL-6, TNF-a, and IL-1p, as diagnostic indicators and possible therapeutic targets. Incor-
porating molecular diagnostics into standard semen analysis could enhance the clinical evaluation of unexplained infertility and enable the
development of more targeted treatments to restore male reproductive health.
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