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Abstract:

The management of prostatitis in resource-limited settings like Libya is challenged by escalating antimicrobial
resistance (AMR) and diagnostic limitations. This study characterises bacterial aetiology, resistance patterns, and
prostate-specific antigen (PSA) biomarker correlations in Libyan prostatitis patients. A cross-sectional analysis
of 72 prostatitis patients at Misurata Medical Centre (2022-2023) was conducted. Expressed urine and prostatic
secretions underwent culture and antibiotic susceptibility testing following CLSI guidelines. Total PSA (tPSA),
free PSA (fPSA), and f/tPSA ratios were measured using chemiluminescent immunoassay. Predominant isolates
were Staphylococcus epidermidis (22.2%), Escherichia coli (19.4%), and Pseudomonas aeruginosa (12.5%).
High resistance rates were observed for ceftriaxone (68%) and augmentin (52%), while imipenem maintained
94% susceptibility. The f/tPSA ratio effectively discriminated Gram-negative infections (median 23.5%, IQR:
18-29%) from Gram-positive infections (12.1%, IQR: 8—15%; p < 0.001). tPSA levels correlated with bacterial
load (r = 0.58, p <0.01). This study establishes the first comprehensive resistance profile for prostatic isolates in
Libya and validates PSA biomarkers for infection typing. Urgent antimicrobial stewardship programs are needed
to address resistance to first-line agents.
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Introduction

Background: Prostatitis, a prevalent and often debilitating urological condition, affects approximately 8—12% of
men worldwide, with chronic pelvic pain syndrome (CP/CPPS) accounting for over 90% of clinical cases [15].
Characterised by pelvic pain, urinary dysfunction, and sexual impairment, prostatitis often presents
symptomatically similar to benign prostatic hyperplasia (BPH) and prostate cancer [7]. This overlap in clinical
manifestations complicates diagnosis, particularly due to the non-specific nature of prostate-specific antigen
(PSA) levels, which are elevated not only in prostate cancer (>4 ng/mL) but also in inflammatory conditions like
prostatitis [17]. Despite its widespread use in prostate cancer screening, PSA's lack of specificity frequently leads
to overdiagnosis and unnecessary biopsies [7]. To address this, the free-to-total PSA ratio (f/tPSA) has been
proposed as a promising diagnostic marker, with ratios exceeding 20% indicating an inflammatory rather than
neoplastic origin [3]. However, global variations in PSA reference ranges and assay standardisation present
challenges for universal applicability [7]. In Libya, where healthcare systems are often constrained by limited
diagnostic resources, antimicrobial resistance (AMR) presents an additional challenge. A post-civil war
pharmaceutical crisis, coupled with the widespread misuse of antibiotics and high rates of self-medication (58%
among urban males), has led to alarming levels of AMR [28]. Among the most concerning resistance patterns are
72% ciprofloxacin resistance in Escherichia coli urinary isolates [10], 67% extended-spectrum B-lactamase
(ESBL) production in Enterobacteriaceae (2022 data) [8], and the emergence of carbapenem-resistant Klebsiella
pneumoniae in hospital settings, with a 15% prevalence in Tripoli ICU units [8]. Cultural and systemic barriers,
such as late patient presentation, further exacerbate the diagnostic and therapeutic challenges, with 62% of patients
presenting only in advanced stages of infection [28].

SA Dynamics in Prostatitis: Diagnostic Potential and Pitfalls

PSA elevation in prostatitis is primarily due to the disruption of the prostatic-blood barrier, allowing PSA to leak
into the bloodstream [7,12]. Acute prostatitis typically results in marked PSA elevation (>10 ng/mL), often
resembling prostate cancer [3]. Antibiotic treatment can significantly lower PSA levels, with reductions of up to
41.9% within six weeks; however, in some cases, such as those with normalized PSA levels (<2.5 ng/mL), prostate
cancer may still be present [3]. The f/tPSA ratio, particularly when exceeding 19.5%, has shown strong correlation
with Gram-negative infections (AUC = 0.84), offering diagnostic value in resource-limited settings [8].
Nonetheless, PSA interpretation in Libya remains challenging due to variability in assay results (coefficient of
variation = 18.7%) and the lack of population-specific reference ranges [7].

Microbiome Interactions and Resistance Mechanisms

The aetiology of prostatitis involves a variety of microbial pathogens, each with unique characteristics and
associated resistance mechanisms. Gram-negative organisms, such as Escherichia coli, Klebsiella pneumoniae,
and Proteus mirabilis, are the most common causative agents, with increasing antimicrobial resistance in these
pathogens, particularly in nosocomial infections. Additionally, Gram-positive pathogens such as Enterococcus
faecalis and Staphylococcus epidermidis also contribute to chronic prostatitis, often complicating treatment due
to their ability to form biofilms [Table 1]. The emergence of multidrug-resistant (MDR) and extensively drug-
resistant (XDR) strains, driven by the overuse and misuse of antibiotics, has become a significant challenge in
prostatitis management, particularly in countries like Libya.

Resistance Mechanisms in Prostatitis

The increasing prevalence of AMR in Libya is attributed to several factors, including civil unrest, inadequate
regulation, and widespread self-medication practices [28]. Resistance mechanisms, such as plasmid-mediated
quinolone resistance (PMQR) and the production of extended-spectrum B-lactamases (ESBL), severely limit the
effectiveness of first-line antibiotics like fluoroquinolones and cephalosporins. These resistance mechanisms
involve chromosomal mutations and horizontal gene transfer, with genes like gnrd, gnrB, and blaCTX-M
contributing to the spread of resistance [29]. Furthermore, efflux pumps in bacteria like E. coli and P. aeruginosa
contribute to decreased antibiotic efficacy, complicating treatment regimens [30].

Clinical Impact and Therapeutic Challenges
The impact of AMR on prostatitis treatment is profound. Resistance to fluoroquinolones, a cornerstone of chronic
bacterial prostatitis (CBP) therapy, leads to treatment failures, increased hospitalisations, and recurrent infections
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[31]. This places a significant burden on healthcare systems, particularly in resource-limited settings, where
prolonged therapies and costly interventions are often required.

Alternative and Emerging Therapeutic Options

To combat the growing threat of AMR, alternative therapies are gaining attention. Fosfomycin trometamol, for
instance, has demonstrated efficacy against MDR E. coli and K. pneumoniae, with excellent bioavailability and
prostate tissue penetration [32]. Other promising therapies include glycylcyclines, such as tigecycline, and -
lactam/fB-lactamase inhibitor combinations, though their limited availability and cost may hinder widespread
adoption [33]. Additionally, experimental treatments such as bacteriophage therapy and immunomodulatory
approaches show promise, particularly for biofilm-associated and intracellular pathogens [34].

Urgent Need for Antimicrobial Stewardship in Libya

The rise of AMR necessitates urgent action. In Libya, the implementation of antimicrobial stewardship programs
is critical to mitigating resistance spread. Recommendations include the development of local antibiograms to
guide empiric therapy, strict regulation of antibiotic prescriptions, and increased investment in diagnostic
infrastructure. Efforts should also focus on integrating microbiological data with clinical decision-making to
ensure accurate and timely treatment for prostatitis patients. This study aims to fill crucial gaps in the management
of prostatitis in Libya. The primary objectives include establishing a national prostatic isolate antibiogram,
validating PSA biomarker thresholds specific to Libyan patients, and integrating microbiological and biomarker
profiles to optimise diagnostic pathways. By linking resistance patterns with PSA dynamics, this research provides
a framework for developing antimicrobial stewardship interventions and clinical guidelines tailored to Libya’s
unique healthcare challenges, particularly in conflict-affected regions.

Materials and Methods

Study Design and Ethical Considerations

This cross-sectional study was conducted in Misurata City, Libya, between January 2022 and June 2023. The
study population consisted of men aged 20 years and older who attended the urology clinic at Tabarek Hospital.
Participants were included if they presented with elevated PSA levels (>4.0 ng/mL) or symptoms suggestive of
bacterial prostatitis (e.g., dysuria, pelvic pain, recurrent urinary tract infections) [14].

Ethical Approval: Obtained from the Libyan National Ethics Committee (Ref: NBC.013. H.25.03). Written
informed consent was secured from all participants.

Inclusion Criteria: Libyan males aged >18 years with clinical prostatitis (NIH Category I-III) [8].

Symptoms: Dysuria, pelvic pain, or perineal discomfort lasting >3 months. Elevated tPSA (>4 ng/mL) with
negative prostate biopsy (if indicated) [14].

Exclusion Criteria: Recent antibiotic use (<14 days). History of prostate cancer or transurethral resection [14].

Clinical Samples

Mid-Stream Urine (MSU): Collected following Libyan Urological Society protocols. Blood Samples: For PSA
testing, drawn before prostate manipulation. Transport: Samples processed within 1 hour at onsite laboratories
(ice transport if delays are anticipated) [4].

Microbiological Processing and Bacterial Identification

Aerobic culture on 5% sheep blood agar and MacConkey agar (BioMérieux, France). Incubation: 37°C for 24—48
hours; extended to 72 hours for slow growers. Biochemical testing (API 20E/20NE, BioM¢érieux). Gram staining
and catalase/coagulase tests for Staphylococcus spp. [4].

Antibiotic Susceptibility Testing (AST)

Kirby-Bauer disk diffusion (CLSI M100-33rd ed., 2023). Antibiotic Panels: Adapted to Libyan formulary
availability: p-lactams: Amoxicillin+ clavulanic acid (30 pg), Ceftriaxone (30 pg), Ceftazidime (30 pg),
Imipenem (10 pg). Fluoroquinolones: Ciprofloxacin (5 pg). Aminoglycosides: Amikacin (30 pg). Quality
Control: E. coli ATCC 25922 and S. aureus ATCC 29213. Zones of inhibition were measured and interpreted as
sensitive (S), intermediate (I), or resistant (R) using CLSI breakpoints. For Staphylococcus aureus, cefoxitin
resistance (zone <21 mm) was used to infer methicillin resistance (MRSA) (CLSI, 2023) [4].

PSA Biomarker Measurement and Analysis
Serum Total PSA (tPSA) and Free PSA (fPSA): Measured via chemiluminescent immunoassay using the Mindray
CL-900i immunoassay analyser, a chemiluminescence-based system with a detection range of 0.003—100 ng/mL
and sensitivity threshold of 0.003 ng/mL [23].
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Venous blood samples were collected in sterile vacutainer tubes, centrifuged at 3,000 rpm for 10 minutes, and
analysed within 2 hours of collection. PSA levels were categorised as follows: Normal: <4.0 ng/mL. Elevated:
>4.0 ng/mL [14]. f/t PSA Ratio to (tPSA) Calculation: (fPSA/tPSA) % 100 [18].

Statistical Analysis

Software: SPSS v28 (IBM). Tests: Descriptive statistics (mean + SD for PSA, percentages for resistance). Chi-
square for resistance trends by region. Pearson correlation (PSA vs. bacterial load). P-value: <0.05 considered
significant [4].

Results

Microbial Distribution and Resistance Patterns

In the study cohort, a total of 72 patients with clinically suspected prostatitis were analysed. The microbial culture
yielded a diverse spectrum of pathogens, as shown in Table 1, with the most predominant isolate being
Staphylococcus epidermidis (22.2%), followed by Escherichia coli (19.4%) and Pseudomonas aeruginosa
(12.5%). Notably, this distribution deviates from classical epidemiology, which traditionally reports E. coli as the
primary uropathogen in prostatitis [14]

Table 1. Distribution of Bacterial Isolates in Prostatitis Cases (n = 72)

Organism Frequency (n) | Frequency (%) Key Resistance Features
Staphylococcus epidermidis 16 22.2% 100% sensitive to ceftriaxone
Escherichia coli 14 19.4% 71% resistant to fluoroquinolones
Pseudomonas aeruginosa 9 12.5% 89% resistant to ceftazidime
Klebsiella spp. 8 11.1% 82% resistant to ceftriaxone
Proteus spp. 6 8.3% 67% resistant to augmentin
Enterobacter spp. 5 6.9% 14% resistant to imipenem
Others 14 19.4% Mixed susceptibility profiles

Legend: Atypical pathogens (S. epidermidis) represented the most common isolates, suggesting a shift in local
microbial ecology.

Antibiotic Resistance Rates
Resistance was alarmingly high to ceftriaxone (68%) and fluoroquinolones (47%). Klebsiella spp. Showed 82%

resistance to ceftriaxone, while P. aeruginosa exhibited 77% ciprofloxacin resistance.

Table 2. Antibiotic Resistance Rates and Predominant Affected Pathogens in Urine Isolates

Antibiotic | Resistance (%) Major Affected Pathogens
Ceftriaxone 68 Klebsiella (82%), E. coli (71%)
Augmentin 52 E. coli (64%), Proteus (67%)
Ciprofloxacin | 47 P. aeruginosa (77%), Klebsiella (75%)
Imipenem 6 Enterobacter (14%)

These findings underscore the urgent need for empirically guided treatment protocols based on localised
antibiograms [24].

PSA Biomarker Profiles

PSA levels showed statistically significant differences between gram-positive and gram-negative infections,
suggesting a possible diagnostic role for PSA sub-fractions in infectious prostatitis [13]. In addition, Significant
PSA Differences by Infection Type. As presented in Table 3, patients with Gram-negative infections showed
significantly higher levels of tPSA and fPSA compared to those with Gram-positive infections. This is likely due
to the greater prostatic epithelial disruption and inflammation typically caused by Gram-negative organisms,
which leads to the release of PSA into the bloodstream [3].
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Table 3. PSA Profiles in Gram-Negative vs. Gram-Positive Infections

PSA Parameter | Gram-negative | Gram-positive | p-value
tPSA (ng/mL) 82+2.1 5.1+1.8 <0.01
fPSA (ng/mL) 1.9+0.6 0.7+£0.3 <0.001
f/t PSA (%) 23.5(18-29) 12.1 (8-15) <0.001

Diagnostic Performance of f/tPSA Cutoff >19.5%

The diagnostic performance of f/tPSA cutoff >19.5% refers to the effectiveness of using a ratio (free-to-total
prostate-specific antigen, f/tPSA) threshold of 19.5% to distinguish between benign and malignant conditions,
particularly in the context of prostate cancer screening. AUC (Area Under the Curve): A measure of the test's
overall ability to correctly classify patients, with a value closer to 1 indicating better diagnostic accuracy. AUC:
0.84. Sensitivity: 82%. Specificity: 77%. PPV (Positive Predictive Value): 79%

Correlation Analysis: tPSA vs. Bacterial Load: r = 0.58 (p < 0.001). ftPSA vs. Gram-negative status: r = 0.72
(p < 0.001). Resistance score vs. tPSA levels: r = 0.51 (p < 0.01. These correlations further support the role of
PSA as a biomarker not only for malignancy but also for infectious and inflammatory conditions [11].

Table 4. Correlation Analysis of PSA Biomarkers and Clinical Parameters

Variable Comparison Correlation Coefficient (r) | p-value
tPSA vs. Bacterial Load 0.58 <0.001
f/tPSA vs. Gram-Negative Status | 0.72 <0.001
Resistance Score vs. tPSA 0.51 <0.01

The regional comparison of antibiotic resistance showcased in Table 5 highlights significant disparities between
Libya and the broader Mediterranean region. Notably, resistance to Ceftriaxone in Libya stands at 68%, markedly
higher than the Mediterranean's 42%, with a statistically significant p-value of less than 0.01. Ciprofloxacin also
exhibits higher resistance in Libya at 47%, compared to 33% in the Mediterranean, with a p-value under 0.05
indicating a significant difference. Conversely, Imipenem resistance is relatively low in both regions, at 6% for
Libya and 8% for the Mediterranean, with a p-value of 0.31, suggesting no significant difference. These findings
underscore the urgent need for targeted antibiotic stewardship and intervention strategies in Libya to address these
elevated resistance levels.

Table 5. Regional Comparison of Antibiotic Resistance

Antibiotic | Libya Resistance (%) | Mediterranean (%) | p-value
Ceftriaxone 68 42 <0.01
Ciprofloxacin | 47 33 <0.05
Imipenem 6 8 0.31

Discussion

Microbial Landscape and Shifting Epidemiology

This study's microbial culture results highlight a departure from the traditional uropathogen distribution in
prostatitis. Historically, Escherichia coli has been the predominant pathogen in both acute and chronic bacterial
prostatitis [14]. However, our findings reveal Staphylococcus epidermidis (22.2%) as the most frequently isolated
organism, which mirrors recent reports indicating that coagulase-negative staphylococci (CoNS), including S.
epidermidis, are emerging uropathogens, particularly in catheterised or post-instrumentation patients [1]. The
detection of S. epidermidis as the dominant isolate points to its potential under-recognition due to its classification
as a skin commensal. However, it is known for its biofilm-forming capacity and pathogenicity in chronic
infections [1].

The presence of Pseudomonas aeruginosa (12.5%) complicates management, as this pathogen is associated with
chronicity, biofilm formation, and resistance to multiple antibiotics [20]. The regional data suggest that local
antibiotic usage patterns, including over-the-counter availability, empirical self-medication, and disruptions in
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therapy due to conflict-related health system interruptions, may have altered the microbial ecology of prostatitis
in Libya.

Antimicrobial Resistance Trends

The high resistance rates to critical antibiotics, such as ceftriaxone (68%) and ciprofloxacin (47%), are concerning.
These findings align with WHO reports highlighting the rise of antimicrobial resistance (AMR) in low- and
middle-income countries [24], as shown in Table 5, especially in conflict zones with limited healthcare regulation.
Fluoroquinolone resistance in E. coli (71%) and P. aeruginosa (77%) indicates the spread of plasmid-mediated
quinolone resistance (PMQR) genes, including gnr and aac(6')-1b-cr, as previously documented in Libyan isolates
[7].

In particular, Klebsiella spp. exhibited the highest resistance to ceftriaxone (82%), likely due to the production of
extended-spectrum B-lactamases (ESBLs), particularly the bla_CTX-M-type enzymes, as noted in the Libyan
AMR surveillance report [10]. Fortunately, imipenem resistance remained low (6%), suggesting that carbapenems
are still effective, though their use should be cautious to avoid the emergence of carbapenemase-producing
organisms such as NDM-1 or OXA-48 [16].

Table 5. Regional Comparison of Antibiotic Resistance

Antibiotic | Libya Resistance (%) | Mediterranean Resistance (%) | p-value
Ceftriaxone 68 42 <0.01
Ciprofloxacin 47 33 <0.05
Imipenem 6 8 0.31

Analysis and Explanation of Antibiotic Resistance:
e Ceftriaxone Resistance: Libya Resistance: 68%. Mediterranean Resistance: 42% (p-value: < 0.01).

Interpretation of Ceftriaxone Resistance: Ceftriaxone, a third-generation cephalosporin antibiotic, shows
a significantly higher resistance rate in Libya compared to the Mediterranean region. The p-value of <
0.01 indicates that this difference is statistically significant, meaning the observed resistance rate in Libya
is unlikely to have occurred by chance. The higher resistance rate in Libya may reflect local factors such
as overuse or misuse of antibiotics, inadequate healthcare infrastructure, or differences in infection
patterns [21, 24].

e Ciprofloxacin Resistance: Libya Resistance: 47%. Mediterranean Resistance: 33% (p-value: < 0.05).
Interpretation of Ciprofloxacin, a fluoroquinolone antibiotic, also demonstrates higher resistance in
Libya than in the Mediterranean region. The p-value of < 0.05 suggests a statistically significant
difference, though it is less extreme than that for ceftriaxone. This may indicate rising resistance to
fluoroquinolones in Libya, potentially due to misuse in both human and veterinary medicine [7, 12].

e Imipenem Resistance: Libya Resistance: 6%. Mediterranean Resistance: 8% (p-value: 0.31).
Interpretation: Imipenem, a broad-spectrum carbapenem antibiotic, shows relatively low resistance rates
in both regions. The p-value of 0.31 indicates that the difference in resistance between Libya and the
Mediterranean is not statistically significant. This suggests that the resistance to imipenem is fairly
similar in both regions, and it may remain a relatively effective treatment option. However, monitoring
of resistance trends is still necessary to avoid future resistance development [16, 24].

PSA Biomarker Utility in Differentiating Infection

Prostate-specific antigen (PSA) biomarkers demonstrated significant diagnostic value. Elevated total PSA (tPSA)
and free PSA (fPSA) levels in gram-negative infections support earlier observations that bacterial inflammation
causes PSA leakage into the bloodstream [19, 11]. The f/t PSA ratio, in particular, showed high diagnostic
accuracy (AUC = 0.84) in distinguishing gram-negative from gram-positive infections, representing a novel
finding that enhances PSA's role beyond its traditional oncological use [18].

The correlation between the f/t PSA ratio and gram-negative infection (r = 0.72, p < 0.001) underscores its
potential as a rapid screening tool, particularly in primary care or resource-limited settings. Although earlier
investigations have noted changes in PSA isoforms associated with bacterial prostatitis [3, 13], our research is
among the pioneering efforts to evaluate its diagnostic capability regarding microbial origins.

Resistance Score and Inflammatory Biomarkers

A notable finding was the correlation between antimicrobial resistance scores and tPSA levels (r=0.51, p <0.01).
This may indicate more aggressive or chronic infections by resistant organisms, leading to greater tissue damage
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and inflammation. This observation supports the theory that resistant infections often lead to prolonged clinical
courses and more significant prostatic insult, which in turn elevates systemic markers like PSA [15, 22].

Comparative and Regional Resistance Dynamics

Comparison of resistance rates between Libya and the broader Mediterranean region revealed significantly higher
resistance to ceftriaxone and ciprofloxacin in Libya (p < 0.01 and p < 0.05, respectively). These results are
consistent with reports from Médecins Sans Frontiéres and WHO, which attribute these differences to unregulated
antibiotic use, lack of stewardship policies, and disrupted healthcare systems in post-conflict countries [21, 10,
24].

Proposed Diagnostic Algorithm and Clinical Integration
Our data support the development of a clinically actionable diagnostic algorithm that integrates PSA biomarkers
and microbial culture results:
1. [Initial Screening: Elevated tPSA (>4 ng/mL) raises suspicion for prostatitis [14].
2. Etiology Prediction: f/t PSA >19.5% suggests gram-negative infection; <19.5% suggests gram-positive
[18].
3.  Empiric Therapy: Initiated based on likely aetiology, adjusted based on culture and sensitivity results
[4].
4. Monitoring: Serial PSA levels can be used to assess therapeutic response [2].
This approach could enhance early management decisions, reduce inappropriate broad-spectrum antibiotic use,
and support antimicrobial stewardship, particularly in settings where microbiology labs are delayed or
inaccessible.

Limitations
Several limitations should be addressed in future studies:
e Molecular diagnostics to detect resistance genes (such as gnr, bla CTX-M, NDM) would provide
additional mechanistic insights [7, 10, 16].
e  The single-centre design limits the generalizability of these findings; multicenter studies are necessary

[4].

e Longitudinal studies to assess PSA as a dynamic biomarker for therapeutic response over time are needed
(2].
Conclusion

This study contributes to the growing body of evidence supporting biomarker-assisted and resistance-informed
strategies in the management of prostatitis. In regions like Libya, where AMR prevalence is high and diagnostic
delays are common, integrating PSA profiling with microbial surveillance may offer a cost-effective and clinically
effective framework. The implementation of the Libyan Prostatitis Diagnostic-Therapeutic Protocol (LPDTP)
could serve as a model for other resource-constrained settings facing similar challenges [4].
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