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PCR. Among the 209 patients, 52.15% were male and 47.85% female, with an
average age of 46.87 + 21.33 years. Urine cultures revealed an overall UTI
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prevalence of 23.44%, with a prevalence of 8.13% in men versus 15.31% in
women (P = 0.023). The bacterial prevalence rates were as follows: Escherichia
coli (12.92%), Klebsiella spp. (7.18%), Enterobacter cloacae (1.44%), Staphy-
lococcus aureus (0.96%), and other bacteria. Klebsiella spp. demonstrated
100% resistance to Amoxicillin and Amoxicillin/Clavulanic Acid, while Esch-
erichia coli showed 96.2% and 65.4% resistance to Amoxicillin and Amoxicil-
lin/Clavulanic Acid, respectively. PCR analysis of the target bacteria revealed
mono-infection prevalence rates of Klebsiella pneumoniae (10.39%), Klebsiella
oxytoca (7.79%), and Acinetobacter spp. (7.79%), along with a co-infection
prevalence rate of Klebsiella pneumoniael Acinetobacter spp. (1.30%). This
study demonstrated that PCR, with its high sensitivity and specificity, could
effectively distinguish Klebsiella pneumoniae from Klebsiella oxytoca and de-
tect Acinetobacter spp. in less than 24 hours—something urine culture alone
could not achieve. The relative ease of automating urine PCR testing, combined
with its diagnostic accuracy and rapid turnaround time, makes it a valuable
addition to modern medical practice for the laboratory diagnosis of UTIs.

Keywords

Urinary Tract Infections, Klebsiella pneumoniae, Klebsiella oxytoca,
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1. Introduction

Among the most common bacterial infections are Urinary Tract Infections
(UTIs), which pose a major public health challenge, affecting individuals of all
ages [1]. Uropathogens such as Klebsiella spp., Escherichia coli, Acinetobacter
spp., Staphylococcus spp., and other pathogenic bacteria are frequent causes of
nosocomial infections, including UTIs, which contribute significantly to mor-
tality in clinical settings [2]-[6]. UTIs are the leading cause of morbidity in the
general population and are the second most common infectious disease after
respiratory infections [7]. Each year, approximately 150 million people world-
wide are diagnosed with UTIs, resulting in a global economic burden exceeding
US$6 billion [8]. Historically, UTIs have been recognized for millennia. As early
as the 16th century BC, they were described in the Ebers Papyrus, one of the
oldest surviving medical texts. The Egyptians attributed UTIs to heat in the
bladder and treated them with herbal decoctions, bloodletting, and rest (Bent et
al, 2002) [9]. Effective treatments for UTIs only emerged in the 1930s with the
discovery of antibiotics.

Despite advances in diagnostics and the widespread use of antibiotic therapy,
antimicrobial resistance (AMR) in uropathogens remains a significant concern
[10]. UTIs, caused by the colonization of the urinary tract by infectious agents,
lead to an inflammatory response in the urothelium. Among the pathogens in-
volved, bacteria of the Klebsiella and Acinetobacter genera play a predominant
role [11].
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The diagnosis of UTIs is based on clinical symptoms, as well as the detection
and identification of microorganisms in urine [9]. UTIs are prevalent in both
community and hospital settings and affect people across all demographics [12].
However, women are four times more likely than men to develop UTIs due to
anatomical differences [13].

Currently, particularly in low-income countries, the standard method for diag-
nosing UTIs remains the Cytobacteriological Examination of Urine (CEBU)
through urine culture [14]. Urine culture provides valuable information regarding
the presence or absence of a uropathogen, facilitates identification of the causative
organism, and in some cases, determines antibiotic susceptibility or resistance.
However, the main limitation of this method is the time required to obtain results,
which typically takes 2 to 3 days [14]. To alleviate patient symptoms, empirical
antibiotic therapy is often initiated while awaiting these results. This practice,
however, can contribute to the overuse of antibiotics.

The development of a rapid diagnostic system based on molecular biology, such
as automated urine analysis, could provide same-day results, detecting the presence
or absence of significant bacteriuria, identifying the pathogen, and determining
genetic resistance. Such a system could also reduce the need for urine culture in
many negative cases, preventing unnecessary antibiotic prescriptions for patients
who do not require them.

In this context, molecular characterization using the Polymerase Chain Reaction
(PCR) has emerged as a vital innovation for the rapid and precise identification of
pathogens in urinary tract infections. Multiplex real-time PCR allows for the spe-
cific detection and amplification of DNA fragments unique to targeted bacteria,
offering a more sensitive and specific method compared to traditional urine cul-
ture. Urine culture often struggles to differentiate between Klebsiella species (K.
pneumoniae and K. oxytoca) and is unable to detect Acinetobacter spp. [15].

Given the limitations of traditional urine culture, particularly its lengthy turna-
round time and difficulty in distinguishing certain uropathogens like Klebsiella
spp. and Acinetobacter spp., there is a pressing need for faster, more accurate di-
agnostic methods. The emergence of molecular techniques, such as multiplex real-
time PCR, offers a solution by enabling rapid identification of pathogens and their
genetic resistance profiles within the same day. This advancement can signifi-
cantly reduce unnecessary antibiotic use and improve patient outcomes by offer-
ing precise diagnoses in a timely manner. The objectives of this study were: (i) to
evaluate, using urine culture, the prevalence rate of urinary tract infections (UTIs)
and the resistance rate, and (ii) to identify Klebsiella spp. and Acinetobacter spp.
in urine through a molecular approach using multiplex real-time PCR.

2. Materials and Methods
2.1. Type and Period of Study

This cross-sectional study, with both descriptive and analytical objectives, was

conducted from May 3 to July 25, 2023, at the Pietro Annigoni Biomolecular
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Research Center (CERBA) and the medical biology laboratory of Saint Camille
Hospital Ouagadougou (HOSCO).

2.2. Sampling

A total of 209 urine samples, each ranging from 20 to 30 mL and collected from
the first morning void, were obtained from patients prior to any antibiotic intake.
After perineal cleansing, midstream urine was collected in a sterile, dry container

with a screw lid and promptly transported to the laboratory.

2.3. Inclusion and Non-Inclusion Criteria

The examination report should include the following details: the patient’s iden-
tity (name, first name, age, sex), the nature of the sample, the clinical assess-
ment, the consultation and/or hospitalization department, and the results of the
cytobacteriological examination of the urine (CBEU). Samples collected in non-
sterile equipment or suspected of external contamination were excluded from
the study.

2.4. Culture, Identification and Antibiotic Resistance Testing

2.4.1. Isolation and Identification

The urine cultures were performed using the tight streaking technique with a
10 pL calibrated loop. The culture media used were chromogenic agars from
“UriSelect™4 Medium” (Oxoid, United Kingdom), which enabled bacterial iden-
tification based on colony coloration, as each bacterium produces a distinctive

color. The inoculated media were incubated at 37°C for 24 hours.

2.4.2. Antibiotic Sensitivity Tests

Antibiotic susceptibility and resistance testing were performed using antibio-
grams in accordance with the guidelines of the European Committee on Antimi-
crobial Susceptibility Testing (EUCAST, 2023). Fifteen (15) antibiotics were used
to assess antimicrobial susceptibility: Amikacin (AMK) (30 pg), Amoxicillin
(AML) (25 pg), Amoxicillin/Clavulanic Acid (AMC) (30 ug), Ampicillin/Sulbac-
tam (SAM) (20 pg), Cefepime (FEP) (30 pg), Cefixime (CFM) (5 pg), Cefoxitin
(FOX) (30 pg), Ceftazidime (CAZ) (10 ug), Ceftriaxone (CRO) (30 ug), Ciprof-
loxacin (CIP) (5 pg), Fosfomycin (FOS) (200 pg), Gentamicin (GM) (10 pg),
Imipenem (IPM) (10 ug), Levofloxacin (LEV) (5 pg), and Tobramycin (TOB) (10

Hg).

2.5. Molecular Analysis of Urine

The pathogens tested were bacteria commonly associated with urinary tract in-
fections (UTIs), such as Klebsiella spp. and Acinetobacter spp. For molecular
analysis, multiplex real-time PCR was employed to screen for Klebsiella pneu-
moniae, Klebsiella oxytoca, and Acinetobacter spp. A total of 77 out of 209 sam-
ples, including both Klebsiella spp. positive and negative cultures, were ana-

lyzed.
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2.5.1. Extraction of Bacterial Genomic DNA

Bacterial genomic DNA was extracted from all strains following the manufac-
turer’s instructions using the SaMag Bacterial DNA Extraction Kit (Sacace Bio-
technologies, Como, Italy). The quantification and purity of the extracted DNA
were assessed using a Nanodrop spectrophotometer. A 260/280 nm absorbance

ratio between 1.8 and 2.0 was considered indicative of “pure” DNA.

2.5.2. Preparation of Tubes for PCR and Amplification Program

A reaction volume of 35 pL was prepared according to the manufacturer’s instruc-
tions. For each clinical sample and control, one strip of PCR Reaction Mix-1 and
one strip of PCR Reaction Mix-2 were used. PCR was performed using the SACACE
Biotechnologies thermocycler with the following reaction mixture: 10 uL of Taq pol-
ymerase, 5 pL of isolated DN A samples, 5 uL of negative control (in the tube labeled
C—, negative extraction control), and 5 pL of positive control (in the tube labeled
C+, positive amplification control). All strips were sealed, briefly centrifuged (2 - 3
seconds), and then transferred to the thermocycler, which was pre-programmed
with the Bac Multi-Screen Real-TM amplification protocol (Table 1).

Table 1. Amplification program (Sacace biotechnologies, 2022).

Steps Temperature "C Min Seconds Cycles
80 0 30
1: denaturation 1
94 1 30
94 0 30
2: hybridation 5
64 0 15
94 0 10
3: extension 45
64 0 15

2.5.3. Detection of Target Genes by Multiplex PCR Amplification and
Interpretation of Results

According to the manufacturer’s instructions, the targets were detected by fluo-
rescent signals in the FAM, HEX, ROX, and Cy5 channels. The results were inter-
preted using the detection program of the Bac Multi-Screen Real-TM amplifica-
tion protocol and were analyzed directly through the software provided with the
real-time PCR instrument (SACACE thermocycler, Como, Italy). The data were
presented as amplification curves. Results were validated based on the Ct (thresh-
old cycle) values of each fluorochrome, which were compared to those of the pos-
itive controls. A Ct value lower than 26 was considered positive, while a Ct value

higher than 26 was considered negative.

2.6. Data Analysis and Ethical Considerations

2.6.1. Data Analysis

The data was collected using Microsoft Excel 2016 software. Data analysis was per-
formed using SPSS version 20.0, Epilnfo 7. Results were considered statistically
significant if P < 0.05.

DOI: 10.4236/ajmb.2024.144018

249 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2024.144018

H. Tarnagda et al.

2.6.2. Ethical Considerations

The Institutional Ethics Committee of HOSCO/CERBA, through Deliberation
No. 2023-02-15 dated April 18, 2023, provided a favorable opinion for this study.
Confidentiality and anonymity regarding the information obtained from the var-

ious patient records were strictly maintained.

3. Results

3.1. Sociodemographic Characteristics

During this study, 209 cytobacteriological examination of urine (CBEU) samples
were collected between May 2023 and July 2024. The samples came from both
male and female patients, spanning various age groups. Table 2 provides the dis-
tribution of patients according to age and sex. Male patients accounted for 52.15%
(109/209) of the total, while female patients represented 47.85% (100/209). The
age group of 20 to 39 years, across both sexes, was the most represented (35.41%).

The average age of all patients was 46.87 + 21.33 years

3.2. Results of Clinical Examinations

Among the patients admitted for urine culture examinations at CERBA or
HOSCO, some reported experiencing pain or burning during urination, while

others complained of urethral discharge, pelvic pain, dark urine, dysuria, or pol-

yuria.

3.3. Culture Results

3.3.1. Frequency of Urinary Tract Infections (UTI)

The frequency of Urinary Tract Infections (UTIs) by gender is presented in Table
3. The results of this study show an overall UTI prevalence rate of 23.44%
(49/209). The prevalence rates for males and females were 8.13% and 15.31%, re-

spectively, with a statistically significant difference (P = 0.023).

3.3.2. Prevalence of Urinary Tract Infections Found in the Urine Culture
of this Study

The analysis of the pathogens involved, as shown in Table 4, revealed the follow-
ing prevalence rates: Escherichia coliat 12.92% (27/209), Klebsiella spp. at 7.18%
(15/209), Enterobacter cloacae at 1.44% (3/209), Staphylococcus aureus at 0.96%
(2/209), Staphylococcus spp. at 0.48% (1/209), and Pseudomonas spp. at 0.48%
(1/209).

3.3.3. Resistance of Isolated Pathogenic Microorganisms

Table 5 presents the resistance rates of the isolated pathogenic microorganisms.
Klebsiella spp. exhibited 100% resistance to both Amoxicillin and Amoxicil-
lin/Clavulanic Acid, while Escherichia coli showed 96.2% and 65.4% resistance to
Amoxicillin and Amoxicillin/Clavulanic Acid, respectively. However, Klebsiella
spp. remained 91.7% susceptible to Imipenem, 80.0% to Gentamicin, and 73.3%

to Tobramycin.
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3.4. PCR Results: Prevalence Rates of the Three Germs Tested for
by Multiplex Real-Time PCR

The analysis of the three pathogens involved revealed the following prevalence
rates for mono-infections: Klebsiella pneumoniae at 10.39% (8/77), Klebsiella ox-
ytoca at 7.79% (6/77), and Acinetobacter spp. at 7.79% (6/77). Additionally, the
prevalence of co-infection with Klebsiella pneumoniae and Acinetobacter spp.
was 1.30% (1/209) as shown in Table 6. This molecular study, conducted using
multiplex real-time PCR, also demonstrated an overall positivity rate of 23.38%
(18/77). The prevalence rates by sex were 12.99% (10/77) for women and 10.39%
(8/77) for men, with no statistically significant difference (P = 0.316).

Table 2. Sociodemographic characteristics of the 209 patients.

Females Males Total Mean age
Standard
Age grouos, years N1 % N2 % N % Mean L P
deviation
X <20 6 2.87 11 5.26 17 8.13 13.35 6.47
20 a 39 47 22.49 27 12.92 74 35.41 29.32 5.06
402359 24 11.48 22 10.53 46 22.01 49.33 6.34
60a 79 17 8.13 41 19.62 58 27.75 68.00 5.85
X>79 6 2.87 8 3.83 14 6.70 85.71 4.30
Total 100 47.85 109 52.15 209 100.00 46.87 21.33
Sex
Females* 100 47.8 42.55 19.75
Males® 109 52.2 50.83 22.04 0.005
Total F --->M: P = 0.002 209 100.0 46.87 21.33

Table 3. Distribution of the study population by sex based on the positivity of germs iso-
lated by the bacterial culture technique.

Sex Negative Positive Total P
Males 92/209 (44.02%) 17/209 (8.13%) 109/209 (52.15%)
Females 68/209 (32.54%) 32/209 (15.31%) 100/209 (47.85%) 0.023
Total 160/209 (76.56%) 49/209 (23.44%)  209/209 (100.0%)

Table 4. Distribution of microorganisms isolated from bacterial culture.

Isolated uropathogens N =209 Percentage
Mono-infection
Escherichia coli 27 12.92
Klebsiella spp. 15 7.18
Enterobacter cloacae 3 1.44
Staphylococcus aureus 2 0.96
Staphylococcus sp. 1 0.48
Candida albicans 1 0.48
Pseudomonas sp. 1 0.48
Acinetobacter spp. 0 0.00
Klebsiella oxytoca 0 0.00
Co-infection
E. colil Klebsiella spp. 1 0.48
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Table 5. Resistance rate of pathogenic microorganisms isolated from bacterial culture.

Antibiotics Escherichia coli (%) Klebsiella spp. (%) Enterobacter cloacae (%)
Resistance Sensibility Resistance Sensibility Resistance Sensibility
AML 96.2 3.8 100.0 0.0 - -
AMC 65.4 34.6 100.0 0.0 - -
SAM 65.4 34.6 76.9 23.1 0.0 100.0
CIP 55.6 44.4 60.0 40.0 66.7 33.3
LEV 57.7 42.3 60.0 40.0 0.0 100.0
GM 18.5 81.5 20.0 80.0 333 66.7
AMK 48.1 51.9 40.0 60.0 - -
TOB 37.0 63.0 26.7 73.3 - -
FEP 57.7 42.3 60.0 40.0 - -
CAZ 60.0 40.0 73.3 26.7 - -
CRO 60.0 40.0 60.0 40.0 - -
FOX - - 26.7 73.3 - -
IPM - - 8.3 91.7 - -
CFM - - 73.3 26.7 - -
FOS - - 53.3 46.7 333 66.7

Amikacin (AMK), Amoxicillin (AML), Amoxicillin + Clavulanic Acid (AMC),
Ampicillin/sulbactam (SAM), Cefepim (FEP), Cefixime (CFM), Cefoxitin (FOX),
Ceftazidime (CAZ), Ceftriaxone (CRO), Ciprofloxacin (CIP), Fosfomycin (FOS),
Gentamicin (GM), Imipenem (IPM), Levofloxacin (LEV), Tobramycin (TOB).

Table 6. Mono- and co-infection rates of bacteria isolated by multiplex real-time PCR and their prevalence by sex.

Isolated Negative Positive Total P
Mono-infection
K. pneumoniae 69 (89.61%) 8 (10.39%) 77 (100.00%)
K. oxytoca 71 (92.21%) 6 (7.79%) 77 (100.00%)
Acinobacter spp. 71 (92.21%) 6 (7.79%) 77 (100.00%)
Co-infections
K. pneumoniae/K. oxytoca 77 (100.00%) 0 (0.00%) 77 (100.00%)
K. pneumoniae/Acinobacter spp. 76 (98.70%) 1(1.30%) 77 (100.00%)
K. oxytoca/Acinobacter spp. 77 (100.00%) 0 (0.00%) 77 (100.00%)
Sex
Females 24/77 (31.17%) 10/77 (12.99%) 34/77 (44.16%) 0.616
Males 35/77 (45.45%) 8/77 (10.39%) 43/77 (55.84%)
Total 59/77 (76.62%) 18/77 (23.38%) 77177 (100.0%)

4. Discussion

In this study, we evaluated the prevalence of uropathogens, their resistance to an-
timicrobials, and the potential for diagnosing pathogens that are difficult to iden-
tify using conventional bacterial culture, through multiplex real-time PCR.
Uropathogens Identified by Urine Cultures
Among the 209 patients who underwent urine culture, 23.44% (49/209) were di-
agnosed with a urinary tract infection (UTT). This rate is comparable to the findings
in Burkina Faso (24.07%) [16], in Bamako (21.9%) [17], in Ghana (22.1%) [18], and
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in Gabon (29.2 %) [8]. However, it is higher than the 18.5% reported in N'Djamena,
Chad (18.5%) [19]; but lower than the 59.8% found in Cameroun [20]. The preva-
lence of uropathogenic bacteria varies across regions and continents [21], highlight-
ing the need to understand local epidemiology and its changes over time to select
effective first-line antibiotic therapies tailored to each area [8].

In this study, the most prevalent uropathogens, in decreasing order, were: Esch-
erichia coli (12.92%), Klebsiella pneumoniae (4.31%), Enterobacter cloacae (1.44%),
and Staphylococcus aureus (0.96%). The prevalence of Escherichia coli in this
study is lower than that reported in Ouagadougou (32.76%) [22] and (35.5%) [23].
Similarly, the prevalence of Klebsiella pneumoniae is lower than that found in
Ouagadougou (22%) [23] and (10.45%) [22] and in Mbarara, in Uganda (12.57%)
[24]. Variations in prevalence rates could be attributed to differences in study pe-
riods, sampling locations, and identification techniques.

Given that UTIs typically spread through an ascending route and that E. col/is
a natural component of the digestive flora, this likely explains its strong predom-
inance in urins samples [25]. As several authors have indicated, among the enter-
obacteria isolated in UTTIs, the genus Escherichia is most involved, followed by
Klebsiella [26]-[28].

Moreover, this study revealed that UTIs were more prevalent in women (13.40%)
compared to men (7.18%), which is consistent with findings from other studies [24]
[26] [29]. Factors such as environmental pressure, seasonal variation [24], insuffi-
cient hygiene or the anatomical configuration of the female urinary tract could con-
tribute to this difference. However, genetically, women are more resistant to bacte-
rial infections than men due to the “Multiple Copies in T-cell Lymphoma-1”
(MCTS1) gene, located at the Xq24 locus on the X chromosome. This gene regulates
Interferon gamma (IFN-y) and the “Janus Kinase 2” (JAK2) gene, which activate
immune responses to infections. Since women have two X chromosomes (XX) and
men have one (XY), a mutation in the MCTS1 gene on the X chromosome in men
could make them more susceptible to infections [30]. This genetic difference may
explain why certain infectious diseases, such as COVID-19 and AIDS, have higher
mortality rates in men than in women [31] [32].

Antibiotic resistance

In this study, Klebsiella pneumoniae exhibited 100% resistance to Amoxicillin
(AML) and Amoxicillin/Clavulanic Acid (AMC), while Escherichia coli showed
96.2% and 65.4% resistance to AML and AMC, respectively. However, Klebsiella
pneumoniae remained 87.5% sensitive to Imipenem (IPM) and 77.8% sensitive to
Gentamicin (GM). Numerous studies have confirmed the high resistance of uro-
pathogens to antibiotics in Africa [33]-[35]. Furthermore, Klebsiella spp. resistance
to Ceftriaxone (60.0%), Imipenem (26.7%) and Cefoxitin (26.7%) in this study is
comparable to that found in Uganda (72.7%), 31.8% and 27.3% respectively [24].

However, the primary risk factor for antibiotic resistance is repeated prior ex-
posure to the same antibiotic [8]. The overuse or misuse of an antibiotic, or a class

of antibiotics, fosters the development of bacterial resistance, which can extend to

DOI: 10.4236/ajmb.2024.144018

253 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2024.144018

H. Tarnagda et al.

other antibiotic families through the cross-transmission of mobile genetic ele-
ments carrying antibiotic resistance genes [36] [37]. Since UTIs often arise from
the ascending contamination of the perineal flora, which reflects the digestive
flora, this selection pressure has significant clinical implications [8].

Although urine culture is currently considered the “gold standard” in bacteri-
ology, it has several limitations. One major drawback is the time required cultures
take at least two days to yield results, including sensitivity profiles. This delay in
treatment increases the risk of complications, such as upper urinary tract infec-
tions (e.g., pyelonephritis), especially when early intervention with empirical an-
tibiotics could have mitigated the symptoms [38]. Additionally, certain rare path-
ogenic species are difficult to identify using conventional bacterial culture tech-
niques. In contrast, molecular diagnostic methods offer a solution to these identi-
fication challenges.

Identification of Uropathogens by Multiplex Real- Time PCR

Multiplex real-time PCR analysis of three uropathogens yielded an overall pos-
itivity prevalence rate of 23.38% (18/77), with prevalence rates of Klebsiella pneu-
moniae at 10.39% (8/77), Klebsiella oxytoca at 7.79% (6/77), and Acinetobacter
spp. at 7.79% (6/77). Among the 18 positive cases, the majority were female, with
a prevalence of 12.99%, compared to 10.39% in males (P = 0.462). Additionally,
the multiplex real-time PCR identified one co-infection involving Klebsiella pneu-
moniaeand Acinetobacter spp.

Comparison Between the Diagnosis of Uropathogens by Bacterial Culture and
the Multiplex PCR Technique

According to Sacace Biotechnologies, multiplex real-time PCR offers 100% sen-
sitivity [79.41 - 100] and 100% specificity [98.71 - 100] [39]. The results of this
study demonstrated the effectiveness and reliability of multiplex real-time PCR by
confirming the positivity of all fifteen (15) Klebsiella spp. samples identified by
urine culture, including nine (09) samples of Klebsiella pneumoniae and six (06)
of Klebsiella oxytoca, which were further identified by PCR.

Although urine culture is currently considered the gold standard for diagnosing
bacterial infections, it faces challenges such as high vulnerability to contamina-
tion, with an average contamination rate of 15% in many laboratories [40].

Contamination, often occurring during the pre-analytical phase of urine cul-
ture, can be minimized with proper urine collection, storage, and transport meth-
ods [41]. False-positive results due to contamination can lead to inappropriate or
unnecessary treatments, increasing bacterial resistance, compromising patient
outcomes, and escalating healthcare costs [38]. Furthermore, the time-consuming
nature of culture techniques, often requiring several days for results, has driven
the search for faster diagnostic methods like multiplex real-time PCR [42]. Multi-
plex real-time PCR-based bacterial diagnostics represent a significant advance-
ment in DNA-based laboratory technologies and have become widely available in
clinical settings. The use of multiplex PCR, which employs multiple primers to

simultaneously detect multiple targets, has reduced both the cost and time of
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analysis, which explains its growing adoption in clinical medicine [43]. According
to Xu et al (2021), PCR not only shows higher detection rates of single pathogens
compared to urine culture [44] [45], but it is also highly effective at detecting mul-
tiple pathogens in urine samples [46] such as Klebsiella oxytocaand Acinetobacter
spp., which were identified in this study—pathogens that standard urine cultures

consistently failed to detect.

5. Conclusion

Bacteriological culture, first pioneered in the 19th century by Louis Pasteur, rev-
olutionized medical diagnostics. However, with ongoing advances in medical
technology, newer diagnostic tools with greater sensitivity and specificity—such
as multiplex real-time PCR, expanded quantitative urine culture (EQUC), and
next-generation sequencing (NGS)—now offer more comprehensive pathogen
analyses in significantly less time. This study, for instance, demonstrated that mo-
lecular characterization of Klebsiella pneumoniae, Klebsiella oxytoca, and Aci-
netobacter spp. Using multiplex real-time PCR was completed in less than 24
hours, whereas traditional urine culture required two to three days. The ability to
automate urine PCR testing, combined with its accuracy and rapid results, makes
multiplex real-time PCR a powerful addition to the diagnostic tools available for

managing urinary tract infections in modern medicine.
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