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ABSTRACT: 
Carbapenem resistance among uropathogens is a growing public health concern due to the spread of carbapenemase genes such as blaNDM and blaOXA-48, which reduce the effectiveness of last-line β-lactam antibiotics. This study investigated the presence of these genes in bacteria isolated from urine samples of patients with suspected urinary tract infections (UTIs), with initial attention to presumptive Klebsiella pneumoniae isolates. Thirty urine samples were examined using physical, chemical, microscopic, cultural, biochemical, and molecular methods. Culture on Blood agar, MacConkey agar, CLED agar, and CHROM agar revealed diverse uropathogens. Escherichia coli was the predominant organism (61.12%), followed by Citrobacter spp., while only a few isolates appeared to be Klebsiella pneumoniae on chromogenic media. Biochemical testing confirmed just one isolate as K. pneumoniae, which was fully sensitive to carbapenems (imipenem, meropenem, doripenem). Genomic DNA from selected isolates was analyzed by End-Point PCR and Real-Time PCR targeting blaNDM and blaOXA-48. The blaNDM gene was detected in two pediatric samples, and blaOXA-48 in one of these. Importantly, these gene-positive isolates were not confirmed as K. pneumoniae, indicating the presence of carbapenemase genes in non-Klebsiella uropathogens. The findings demonstrate silent circulation of carbapenemase genes in urinary bacteria without phenotypic carbapenem resistance. Such isolates may act as hidden reservoirs for resistance transfer under antibiotic pressure. This study underscores the need for molecular surveillance alongside routine susceptibility testing to identify early dissemination of antimicrobial resistance in clinical settings.
Keywords: Carbapenemase genes; blaNDM; blaOXA-48; Urinary tract infection; Molecular surveillance.

1. INTRODUCTION: 
Carbapenem-resistant Klebsiella pneumoniae has emerged as a critical global health threat, largely due to its ability to acquire and express carbapenemase encoding genes that inactivate last-line antibiotics. Carbapenems such as imipenem and meropenem are often used to treat severe infections caused by multidrug-resistant Gram-negative bacteria. However, the emergence of carbapenemase-producing K. pneumoniae has undermined the clinical efficacy of these agents, resulting in treatment failures, increased morbidity, and higher mortality rates (Nordmann et al., 2012). Carbapenem resistance in K. pneumoniae is predominantly mediated by enzymes encoded by genes such as blaNDM (New Delhi metallo-β-lactamase) and blaOXA-48-like, which have spread rapidly worldwide through mobile genetic elements like plasmids and transposons (Pitout et al., 2015; Queenan & Bush, 2007). The presence of these genes compromises the effectiveness of virtually all β-lactams, severely limiting therapeutic options (Bush & Bradford, 2020).
The blaNDM gene encodes metallo-β-lactamases that require divalent cations for activity and confer high-level resistance to carbapenems. Since its first report in 2008, NDM variants have been identified globally in clinical isolates, including in K. pneumoniae from urine, blood, and other clinical specimens (Kumarasamy et al., 2010; Dortet et al., 2014). Similarly, blaOXA-48-like genes encode class D carbapenemases with weak hydrolytic activity against extended-spectrum cephalosporins but significant carbapenemase activity, often making phenotypic detection difficult (Poirel et al., 2011). The coexistence of both blaNDM and blaOXA-48 in single clinical strains further complicates detection and treatment (Gurung et al., 2020).
Urinary tract infections (UTIs) are among the most common infections associated with K. pneumoniae, particularly in hospitalized patients and those with indwelling catheters (Foxman, 2014). Carbapenem-resistant urinary isolates have been increasingly reported, underscoring the need for precise molecular surveillance. Traditional phenotypic methods for detecting carbapenem resistance often fail to reliably identify underlying genetic mechanisms, especially in isolates with borderline resistance (Tamma et al., 2017). Molecular techniques such as polymerase chain reaction (PCR) and real-time PCR targeting specific carbapenemase genes offer high sensitivity and specificity, enabling accurate detection of blaNDM and blaOXA-48 even in mixed or low-abundance populations (Nordmann & Poirel, 2011; Ellington et al., 2017).
Recent studies from various geographic regions reveal alarming rates of carbapenemase genes among K. pneumoniae clinical isolates. Reports from Africa identified blaNDM and blaOXA-48 as dominant mechanisms in carbapenem-resistant isolates (Magiorakos et al., 2011; Olayemi et al., 2021). Research from the Middle East and Asia has documented both high prevalence and co-occurrence of these genes, often along with additional resistance determinants such as 16S rRNA methyltransferases and plasmid-mediated quinolone resistance genes (Wang et al., 2022; ElFeky et al., 2024). These multidrug resistance gene cassettes are frequently located on conjugative plasmids, facilitating horizontal gene transfer between species and across healthcare facilities (Mathers et al., 2015; Dortet et al., 2014).
The clinical implications are profound: patients infected with carbapenemase-producing K. pneumoniae experience delayed effective therapy, prolonged hospitalization, and higher mortality, compared to infections with susceptible strains (Van Duin & Doi, 2017). The presence of blaNDM and blaOXA-48 is also associated with increased costs and infection control challenges in hospital settings (Tacconelli et al., 2018). Surveillance of these genes in urine isolates is especially important as the urinary tract can serve as a reservoir for transmission to other body sites and between patients (Flores-Mireles et al., 2015).
Molecular detection and analysis of carbapenemase genes are therefore essential components of antimicrobial stewardship and epidemiological monitoring. PCR assays targeting blaNDM and blaOXA-48 allow rapid identification of resistance mechanisms, facilitating prompt infection control measures and more targeted therapy (Giske et al., 2012; Dortet et al., 2012). Real-time PCR and multiplex PCR formats further enhance both throughput and diagnostic accuracy (Rujirat et al., 2023; Huang et al., 2018). Understanding local patterns of carbapenemase gene distribution can also aid in predicting resistance trends and tailoring empirical therapy guidelines (Pitout & Peirano, 2019).
Given the rising incidence of carbapenem-resistant UTIs and the clinical significance of K. pneumoniae, studies focused on molecular detection of blaNDM and blaOXA-48 from urine samples are crucial. Such studies provide insights into the prevalence, genetic diversity, and potential transmission dynamics of carbapenemase producers within healthcare settings. Moreover, identifying co-occurring resistance genes can inform infection control practices, guide antimicrobial policy, and support the development of novel therapeutic strategies against these formidable pathogens.
2. MATERIALS AND METHODS:
2.1. Sample Collection and Urinalysis
A total of 30 urine samples were collected from suspected patients at a diagnostic laboratory in Dehradun. Each sample was divided into two portions: one for routine urinalysis and the other for microbiological culture. Urinalysis included physical examination (color, odor, turbidity, quantity, specific gravity), chemical examination using dipsticks, and microscopic examination of centrifuged urine sediment under 40× magnification to detect abnormalities.
2.2. Media Preparation
Standard culture media were prepared for isolation and identification of urinary pathogens, including Nutrient Agar, MacConkey Agar, Blood Agar, CLED Agar, Mueller Hinton Agar, and LB Broth. Measured quantities of dehydrated media were dissolved in distilled water, sterilized by autoclaving at 121°C, 15 psi for 15 minutes, cooled to appropriate temperatures, poured aseptically into sterile Petri plates or tubes, solidified, and stored at 4°C. Specialized media for biochemical testing such as Tryptone Broth, MR–VP Broth, Simmons Citrate Agar, TSI Agar, and Phenylalanine Agar were similarly prepared and stored.
2.3. Culturing of Urine Samples
All procedures were performed in a biosafety cabinet sterilized with 70% ethanol. Using a sterile loop, urine samples were streaked on culture plates in a zig-zag pattern and incubated at 37°C for 16–18 hours. Colonies obtained were sub-cultured to obtain pure cultures. Chrome agar and nutrient agar master plates were also prepared for differential growth and maintenance of isolates.
2.4. Microscopy and Gram Staining
Smears were prepared from isolated colonies on grease-free slides, heat fixed, and subjected to Gram staining. Slides were observed under 100× oil immersion lens to determine Gram reaction and morphology.
2.5. Antibiotic Susceptibility Testing
Bacterial inoculum was prepared in normal saline and spread uniformly on Mueller Hinton Agar plates using sterile swabs. Antibiotic discs were placed on the agar surface and plates were incubated at 37°C for 24 hours. Zones of inhibition were measured in millimeters to determine antibiotic sensitivity.
2.6. Biochemical Characterization
Isolates were subjected to standard biochemical tests including Indole test, Methyl Red test, Voges–Proskauer test, Citrate utilization test, TSI test, Phenylalanine test, Catalase test, and Oxidase test using respective media. Tubes/slants were inoculated and incubated at 37°C for 24–48 hours and observed for characteristic color changes or reactions for identification of bacterial species.
2.7. Preparation of Inoculum
Pure colonies were inoculated into LB broth and incubated at 37°C for 24 hours to obtain sufficient bacterial growth for molecular analysis.
2.8. Genomic DNA Extraction and Quantification
Bacterial genomic DNA was extracted using a commercial DNA purification kit following the manufacturer’s protocol, involving cell lysis, protein digestion, ethanol precipitation, column purification, washing, and elution. Extracted DNA was stored at −20°C. DNA concentration and purity were determined using a spectrophotometer based on Beer–Lambert’s law after appropriate dilution.
2.9. End-Point PCR for Gene Amplification
PCR master mix was prepared using Taq mix, primers, nuclease-free water, and DNA template to a final volume of 30 µl. Separate reactions were set for target genes. Amplification was performed in a thermal cycler with initial denaturation, cyclic denaturation, annealing, extension (34 cycles), and final extension. The total run time was approximately 1.5 hours.
2.10. Agarose Gel Electrophoresis
Amplified PCR products were analyzed on 1.8% agarose gel prepared in 1× TAE buffer with ethidium bromide. Samples and DNA ladder were loaded into wells and electrophoresis was carried out at 110 V for 1 hour. Bands were visualized under a UV transilluminator and recorded.
2.11. Real-Time PCR
For confirmation, Real-Time PCR was performed using SYBR green master mix with specific primers. The total reaction volume was 20 µl. Amplification involved 39 cycles with gene-specific annealing temperatures. Results were recorded based on amplification curves, and tubes were discarded safely after completion.
3. REVIEW OF LITERATURE:
Carbapenem-resistant Klebsiella pneumoniae has emerged as a major global health threat due to widespread dissemination of carbapenemase enzymes that degrade last-resort antibiotics, leading to limited therapeutic options and increased mortality (Nordmann et al., 2012). Among carbapenemases, NDM (New Delhi metallo-β-lactamase) and OXA-48-like carbapenemases are of particular concern because of their rapid global spread and frequent occurrence in clinical isolates (Pitout et al., 2015). These genes are often located on mobile genetic elements, facilitating horizontal transfer across bacterial species (Mathers et al., 2015).
The bla<sub>NDM</sub> gene encodes metallo-β-lactamase enzymes that inactivate carbapenems and other β-lactams by hydrolyzing their β-lactam ring, except monobactams. Since its initial identification in 2008, NDM has been reported from all inhabited continents, frequently in K. pneumoniae isolates from bloodstream and urinary tract infections (Kumarasamy et al., 2010; Dortet et al., 2014). In a large multicenter study, NDM-producing K. pneumoniae was one of the most common carbapenemase types detected among clinical Enterobacterales, emphasizing its role in global antimicrobial resistance (Tamma et al., 2017).
The bla<sub>OXA-48-like</sub> carbapenemase family encodes class D β-lactamases that confer resistance to carbapenems while often retaining susceptibility to broad-spectrum cephalosporins, which complicates phenotypic detection (Poirel et al., 2011). Studies across Europe, Asia, and Africa have consistently reported OXA-48-like enzymes in K. pneumoniae clinical isolates, frequently causing urinary tract infections and nosocomial outbreaks (López-Calleja et al., 2014; Ghanbarinasab et al., 2023).
Several regional studies illustrate the prevalence of both bla<sub>NDM</sub> and bla<sub>OXA-48</sub> genes among K. pneumoniae. In Southwestern Nigeria, Onyeji et al. (2024) found that a high proportion of carbapenem-resistant urinary K. pneumoniae isolates harbored bla<sub>NDM-1</sub>, while a significant subset also carried bla<sub>OXA-48</sub>, and some isolates contained both genes concurrently. Similar findings from Iran showed high prevalence of both carbapenemase genes among clinical CRKP isolates, highlighting their widespread dissemination in hospital environments (Ghanbarinasab et al., 2023).
Beyond prevalence studies, genomic analyses have demonstrated that K. pneumoniae clones harboring both bla<sub>NDM</sub> and bla<sub>OXA-48-like</sub> are associated with high-risk lineages capable of causing severe and difficult-to-treat infections (Sokhanvari et al., 2024). These multidrug-resistant clones often carry additional resistance determinants, resulting in extensive drug resistance profiles that limit treatment options, particularly in resource-limited healthcare settings.
The utility of molecular methods such as PCR and real-time PCR for detecting carbapenemase genes has been emphasized in multiple reports. These assays provide rapid and accurate identification of resistance genes compared to phenotypic tests, which can underestimate or misclassify carbapenemase producers, especially those with low-level enzyme expression (Nordmann & Poirel, 2011; Ellington et al., 2017). Multiplex PCR protocols have been developed to simultaneously detect bla<sub>NDM</sub>, bla<sub>OXA-48</sub>, and other carbapenemase-encoding genes, improving surveillance and enabling more informed infection control strategies (Dallenne et al., 2010; Ma et al., 2023).
Urinary tract infections represent a common clinical presentation for CRKP, and molecular detection of carbapenemase genes in urine isolates has implications for both patient management and epidemiological tracking. Studies have shown that carbapenemase-producing K. pneumoniae from urine often co-harbor additional resistance genes that can be transferred through plasmids, enhancing horizontal dissemination in hospital and community environments (Poirel et al., 2012; Wu et al., 2023). Accurate detection of these genes enables clinicians to tailor antibiotic therapy and helps infection control teams to implement targeted containment measures.
4.0 RESULTS:	

The present study aimed to identify and analysis of Carbapenemase encoding genes (NDM and OXA-48) in Klebsiella pneumoniae isolated from 30 urine specimens, collected from individuals suspected to have a certain medical condition (UTI) from Department of Pathology, Baunthiyal Path Labs and Imaging Centre Dehradun, Uttarakhand. The results and discussion of the study is presented in this chapter.
4.0 Sample collection:
A urine test is a reliable screening technique for identifying infections and systematic illness. For the purposed study a total of 30 urine specimens were collected from individuals suspected to have a certain infection. Among all 19 were female while 7 were male and remaining 4 were children in which 2 were girl child and 2 were boy child.
Table .1- Details of Urine samples:

	S.No.
	Name
	Sample ID.
	Age
	Gender
	Type of sample

	1.
	Sanjana
	BPL001
	22
	F
	Urine

	2.
	Bhawna
	BPL002
	22
	F
	Urine

	3.
	Manju
	BPL003
	43
	F
	Urine

	4.
	Anuradha
	BPL004
	45
	F
	Urine

	5.
	Pooja
	BPL005
	35
	F
	Urine

	6.
	Mana Bohra
	BPL006
	36
	F
	Urine

	7.
	Hardeep
	BPL007
	32
	F
	Urine

	8.
	Ashit Garg
	BPL008
	49
	M
	Urine

	9.
	Chandra Thapa
	BPL009
	62
	F
	Urine

	10.
	Devender Khanna
	BPL010
	63
	M
	Urine

	11.
	Rachna
	BPL011
	38
	F
	Urine

	12.
	Savitri
	BPL012
	55
	F
	Urine

	13.
	Pratishtha
	BPL013
	28
	F
	Urine

	14.
	Seema
	BPL014
	27
	F
	Urine

	15.
	Krishan Lal
	BPL015
	48
	M
	Urine

	16.
	Ayush Bagwari
	BPL016
	24
	M
	Urine

	17.
	Huma Ansari
	BPL017
	21
	F
	Urine

	18.
	Jaspal Singh
	BPL018
	70
	M
	Urine

	19.
	Miss Rishita
	BPL019
	21
	F
	Urine

	20.
	Vandana
	BPL020
	41
	F
	Urine

	21.
	Palak
	BPL021
	15
	F
	Urine

	22.
	Archana
	BPL022
	38
	F
	Urine

	23.
	Saksham Chauhan
	BPL023
	2 Months
	M
	Urine

	24.
	Baby Sanvi
	BPL024
	9 Months
	F
	Urine

	25.
	Yash Choudhary
	BPL025
	26
	M
	Urine

	26.
	Baby Falak
	BPL026
	8 Months
	F
	Urine

	27.
	Seema Chopra
	BPL027
	49
	F
	Urine

	28.
	Rewati Joshi
	BPL028
	40
	F
	Urine

	29.
	Ansh
	BPL029
	5
	M
	Urine

	30.
	Siddhant Paliyal
	BPL030
	11 Months
	M
	Urine



Fig. 1: Collected urine samples
4.0.1 Physical examination:
The samples were physically inspected according to quantity, color, odor and turbidity. All of the urine samples had a quantity of 10 ml or above. urine samples 1, 5, 8, 12, 17, 19, 22 and 30 were light yellow in color, urine samples 2, 6, 7, 9, 13, 15, 21, 27 and 29 were dark yellow in color, urine samples 3, 4, 11, 14, 16, 18, 20 and 24 were pale yellow in color and urine samples 10, 23, 25, 26 and 28 were transparent. All of the samples had a urinoid odor, except for samples 3, 14, 21, 23, and 30, which had an ammoniacal odor. Sample 7 had a fishy smell, and sample 9 had a fruity smell. urine samples 1, 5, 8, 12, 17, 22. 27 and 30 were slightly turbid while urine samples
2,6, 7, 9, 13, 15, 19, 21 and 29 were turbid and rest of the remaining samples had clear urine. The presence of turbidity in urine samples can be indicative of infections, inflammation, or other diseases affecting the urinary tract, which can impact its normal functioning.








Table 2 - Physical examination of all the collected 30  urine samples 
	S.No.
	Sample ID.
	Physical examination
Quantity	Color	Odor	Turbidity

	1.
	BPL001
	10 ml
	Light yellow
	Urinoid
	Slightly turbid

	2.
	BPL002
	15 ml
	Dark yellow
	Urinoid
	Turbid

	3.
	BPL003
	20 ml
	Pale yellow
	Ammoniacal
	Clear

	4.
	BPL004
	40 ml
	Pale yellow
	Urinoid
	Clear

	5.
	BPL005
	10 ml
	Light yellow
	Urinoid
	Slightly Turbid

	6.
	BPL006
	10 ml
	Dark yellow
	Urinoid
	Turbid

	7.
	BPL007
	20 ml
	Dark yellow
	Fishy smell
	Turbid

	8.
	BPL008
	50 ml
	Light yellow
	Urinoid
	Slightly turbid

	9.
	BPL009
	20 ml
	Dark yellow
	Fruity smell
	Turbid

	10.
	BPL010
	10 ml
	Transparent
	Urinoid
	Clear

	11.
	BPL011
	20 ml
	Pale yellow
	Urinoid
	Clear

	12.
	BPL012
	15ml
	Light yellow
	Urinoid
	Slightly turbid

	13.
	BPL013
	10 ml
	Dark yellow
	Urinoid
	Turbid

	14.
	BPL014
	20 ml
	Pale yellow
	Ammoniacal
	Clear

	15.
	BPL015
	20 ml
	Dark yellow
	Foul smell
	Turbid

	16.
	BPL016
	20 ml
	Pale yellow
	Foul smell
	Clear

	17.
	BPL017
	20 ml
	Light yellow
	Urinoid
	Slightly turbid

	18.
	BPL018
	20 ml
	Pale yellow
	Urinoid
	Clear

	19.
	BPL019
	20 ml
	Light yellow
	Urinoid
	Turbid

	20.
	BPL020
	20 ml
	Pale yellow
	Urinoid
	Clear

	21.
	BPL021
	40 ml
	Dark yellow
	Ammoniacal
	Turbid

	22.
	BPL022
	20 ml
	Light yellow
	Urinoid
	Slightly turbid

	23.
	BPL023
	10 ml
	Transparent
	Ammoniacal
	Clear

	24.
	BPL024
	10 ml
	Pale yellow
	Urinoid
	Clear

	25.
	BPL025
	30 ml
	Transparent
	Urinoid
	Clear

	26.
	BPL026
	10 ml
	Transparent
	Urinoid
	Clear

	27.
	BPL027
	30 ml
	Dark yellow
	Urinoid
	Slightly turbid

	28.
	BPL028
	40 ml
	Transparent
	Urinoid
	Clear

	29.
	BPL029
	20 ml
	Dark yellow
	Urinoid
	Turbid

	30.
	BPL030
	10 ml
	Light yellow
	Ammoniacal
	Slightly turbid
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Fig. 2: Physical examination of urine
4.0.1 Chemical examination:
By using dipstick method, urine samples were chemically examined to identify urobilinogen, bilirubin, ketone, nitrites, blood, protein, glucose, leukocytes, pH and specific gravity. In several samples, certain indicators were found, suggesting possible past health issues. For instance, Urobilinogen and Bilirubin were present in samples 2, 5, and 13, indicating signs of a liver disease, such as hepatitis or cirrhosis. The amount of ketone bodies was also high in sample 12, which might have been a sign of illness or UTI. Blood in urine were observed in samples 5, 6, 7, 12, 15, 16, 19, 25, and 27, which could have been a sign of a UTI. Protein was also present in samples 2, 3, 12, 13, and 27, suggesting which indicates that kidney was may be damaged.
Furthermore, Nitrite was detected in samples 1, 5, 6, 7, 12, 13, 19, 21, 27, and 30, which indicates the presence of an illness or UTI at those times. Leukocytes were present in samples 5, 6, 7, 12, and 27, which may be a sign of infection. Glucose was found in samples 3 and 9, which could have been a sign of diabetes or an uncommon kidney condition. The pH was noted to be consistently high in almost every sample, which indicate UTI or kidney-related disorders. Additionally, the specific gravity was found to be high in every sample, suggesting mild dehydration.

Table 3 – Chemical examination of all the collected 30 urine samples :
	S.No.
	Sample ID
	Chemical examination (Dipstick method)

	
	
	Urobilinogen
	Bilirubin
	Ketone bodies
	Blood
	Protein
	Nitrite
	Leukocytes
	Glucose
	pH
	Specific Gravity

	1.
	BPL001
	_
	+
	_
	_
	_
	+
	_
	_
	7.0
	1.020

	2.
	BPL002
	+
	+
	_
	_
	+
	_
	_
	_
	6.0
	1.030

	3.
	BPL003
	_
	_
	_
	_
	+
	_
	_
	+
	5.0
	1.030

	4.
	BPL004
	_
	_
	_
	_
	_
	_
	_
	_
	8.0
	1.010

	5.
	BPL005
	+
	+
	_
	+
	_
	++
	++
	_
	6.0
	1.025

	6.
	BPL006
	_
	_
	_
	+
	_
	+
	++
	_
	6.0
	1.030

	7.
	BPL007
	_
	_
	_
	+
	_
	+
	++
	_
	6.0
	1.030

	8.
	BPL008
	_
	_
	_
	_
	_
	_
	_
	_
	7.5
	1.015

	9.
	BPL009
	_
	_
	_
	_
	_
	_
	_
	++
	6.0
	1.030

	10.
	BPL010
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.020

	11.
	BPL011
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.020

	12.
	BPL012
	_
	_
	+
	+
	+++
	+
	++
	_
	7.0
	1.015

	13.
	BPL013
	+
	+
	_
	_
	+
	+++
	_
	_
	7.0
	1.020

	14.
	BPL014
	_
	_
	_
	_
	_
	_
	_
	_
	7.0
	1.015

	15.
	BPL015
	_
	_
	_
	+++
	_
	_
	_
	_
	6.0
	1.030

	16.
	BPL016
	_
	_
	_
	+++
	_
	_
	_
	_
	6.5
	1.015

	17.
	BPL017
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.030

	18.
	BPL018
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.030

	19.
	BPL019
	_
	_
	_
	+++
	_
	+
	_
	_
	6.5
	1.030

	20.
	BPL020
	_
	_
	_
	_
	_
	_
	_
	_
	7.0
	1.020

	21.
	BPL021
	_
	_
	_
	_
	_
	+
	_
	_
	6.0
	1.030

	22.
	BPL022
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.030

	23.
	BPL023
	_
	_
	_
	_
	_
	_
	_
	_
	7.0
	1.000

	24.
	BPL024
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.030

	25.
	BPL025
	_
	_
	_
	+++
	_
	_
	_
	_
	7.0
	1.015

	26.
	BPL026
	_
	_
	_
	_
	_
	_
	_
	_
	9.0
	1.000

	27.
	BPL027
	_
	_
	_
	+++
	+
	+
	+
	_
	6.0
	1.030

	28.
	BPL028
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.015

	29.
	BPL029
	_
	_
	_
	_
	_
	_
	_
	_
	6.0
	1.030

	30.
	BPL030
	_
	_
	_
	_
	_
	+
	_
	_
	6.0
	1.025




Table 4 - Reference range / Limit of detection:
	S.NO.
	Test area
	Units
	Negative
(-)
	Positive
+	++	+++

	1.
	Blood
	Conc. (RBCs/μl)
	0
	10
	50
	250

	2.
	Bilirubin
	Conc. (mg/dl)
	0
	0.5
	1
	3

	3.
	Urobilinogen
	Conc. (mg/dl)
	0.1
	1
	4
	8

	4.
	Ketone
	Conc. (mg/dl)
	0
	10
	50
	100

	5.
	Protein
	Conc. (mg/dl)
	0
	30
	100
	300

	6.
	Nitrite
	Conc. (mg/dl)
	0
	>0.5
	
	

	7.
	Glucose
	Conc. (mg/dl)
	0
	250
	500
	1000

	8.
	pH
	pH value
	5.0
	6.5
	7.0
	7.5

	9.
	Specific gravity
	S.G value
	1.000
	1.010
	1.015
	1.020

	10.
	Leucocyte
	Conc. (WBCs / μl)
	0
	25
	75
	500


Fig. 3 – Chemical examination by Dipstick method
4.0.1 Microscopic examination:
Microscopic examination of all the 30 samples was done and it was observed that bacteria had present in almost all the samples except sample 2, 7, 8, 9, 10, 11,16, 18, 19 and 28 which likely means that they have UTI or bladder infection. WBCs were present in almost all the samples except sample 4, 6, 18, 19, 24, 25, 26, 28 and 30 which indicates the UTI. RBCs were present in sample 1, 4 and 25 which usually a sign of infection. Casts were present in sample 1, 3, 14 and 16 which indicates infection and some problems with kidney function. Crystals were present in sample 1, 3, 11, 13, 15, 16, 17, 20, 21 and 22 which may be a sign of one or more kidney stones. Epithelial cells were present in sample 2 to sample 8 and sample 16 and 20 which may be a sign of yeast infection and UTI.

Table 5- The microscopic examination of all the collected 30 Urine samples :
	S.No.
	Sample
ID.
	Microscopic Examination

	
	
	Bacteria
	Pus cells
(WBCs)
	RBCs
	Casts
	Crystals
	Epithelial
Cells

	1.
	BPL001
	Present
	10-15
	1-2
	1-2
	1-2
	-

	2.
	BPL002
	Absent
	1-2
	-
	-
	-
	1-2

	3.
	BPL003
	Present
	1-2
	-
	1-2
	1-2
	1-2

	4.
	BPL004
	Present
	-
	1-2
	-
	-
	1-2

	5.
	BPL005
	Present
	15-20
	-
	-
	-
	8-10

	6.
	BPL006
	Present
	-
	-
	-
	-
	1-2

	7.
	BPL007
	Absent
	1-2
	-
	-
	-
	1-2

	8.
	BPL008
	Absent
	10-12
	-
	-
	-
	1-2

	9.
	BPL009
	Absent
	1-2
	-
	-
	-
	-

	10.
	BPL010
	Absent
	5-6
	-
	-
	-
	-

	11.
	BPL011
	Absent
	10-12
	-
	-
	1-2
	-

	12.
	BPL012
	Present
	12-13
	-
	-
	-
	-

	13.
	BPL013
	Present
	1-2
	-
	-
	1-2
	-

	14.
	BPL014
	Present
	5-6
	-
	1-2
	-
	-

	15.
	BPL015
	Present
	2-6
	-
	-
	2-3
	-

	16.
	BPL016
	Absent
	2-4
	-
	2-4
	5-6
	1-2

	17.
	BPL017
	Present
	Numerous
	-
	-
	5-6
	-

	18.
	BPL018
	Absent
	-
	-
	-
	-
	-

	19.
	BPL019
	Absent
	-
	-
	-
	-
	-

	20.
	BPL020
	Present
	7-8
	-
	-
	7-8
	1-2

	21.
	BPL021
	Present
	5-6
	-
	-
	5-6
	-

	22.
	BPL022
	Present
	5-8
	-
	-
	5-8
	-

	23.
	BPL023
	Present
	2-3
	-
	-
	-
	-

	24.
	BPL024
	Present
	-
	-
	-
	-
	-

	25.
	BPL025
	Present
	-
	2-3
	-
	-
	-

	26.
	BPL026
	Present
	-
	-
	-
	-
	-

	27.
	BPL027
	Present
	Numerous
	-
	-
	-
	-

	28.
	BPL028
	Absent
	-
	-
	-
	-
	-

	29.
	BPL029
	Present
	5-6
	-
	-
	-
	-

	30.
	BPL030
	Present
	-
	-
	-
	-
	-



                                                    A	                                            B

                                                                                                              C
Fig.4 - Microscopic examination of urine Sample
4.0.2 Results of cultured growth of Blood agar and MacConkey agar media:
All the samples which had bacteria were cultured in differential media i.e., Blood agar and MacConkey agar and growth were observed in every sample except sample 29.

Table 6 - The result interpretation of the following data specific for microbial culture on blood agar & MacConkey agar medium:

	S.No.
	Sample ID.
	Culture growth
	Colony morphology

	
	
	
	Blood agar
	MacConkey agar

	1.
	BPL001
	Observed
	α – hemolysis,
Punctiform, Mucoid and Brownish colonies
	Lactose fermenting, Punctiform, Raised and
Pink colonies

	2.
	BPL002
	N/A
	N/A
	N/A

	3.
	BPL003
	Observed
	α – hemolysis, Circular,
Mucoid and Brownish colonies
	Lactose fermenting,
Circular, Mucoid and Pink colonies

	4.
	BPL004
	Observed
	α – hemolysis,
Punctiform, flat and brownish colonies
	Lactose fermenting,
Circular, Raised Pink and Colorless colonies

	5.
	BPL005
	Observed
	α – hemolysis,
Punctiform, filamentous, flat and brownish
Colonies
	Non- lactose fermenting, Punctiform, flat and Colorless colonies

	6.
	BPL006
	Observed
	α – hemolysis, Spindle, flat and brownish
colonies
	Lactose fermenting,
Irregular, Flat, Pink and Colorless colonies

	7.
	BPL007
	Observed
	α – hemolysis,
Punctiform, flat and brownish colonies
	Lactose fermenting,
Punctiform, Flat and Pink colonies

	8.
	BPL008
	N/A
	N/A
	N/A









	9.
	BPL009
	N/A
	N/A
	N/A

	10.
	BPL010
	N/A
	N/A
	N/A

	11.
	BPL011
	N/A
	N/A
	N/A

	12.
	BPL012
	Observed
	α – hemolysis, Punctiform, flat and
brownish colonies
	Non- lactose fermenting, Punctiform, Flat and
Colorless colonies

	13.
	BPL013
	Observed
	α – hemolysis,
Punctiform, flat and brownish colonies
	Lactose fermenting,
Punctiform, Flat and Pink colonies

	14.
	BPL014
	Observed
	α – hemolysis, Irregular,
Raised, Greenish and Brownish colonies
	Lactose fermenting,
Punctiform, Flat, pink and colorless colonies

	15.
	BPL015
	Observed
	α – hemolysis, Irregular, Punctiform, flat and few number of brownish
colonies
	Lactose fermenting,
Irregular, Flat and few number of pink colonies

	16.
	BPL016
	N/A
	N/A
	N/A

	17.
	BPL017
	Observed
	α – hemolysis,
Punctiform, Raised and brownish colonies
	Non-lactose fermenting, Circular, Raised and
colorless colonies

	18.
	BPL018
	N/A
	N/A
	N/A

	19.
	BPL019
	N/A
	N/A
	N/A

	20.
	BPL020
	Observed
	α – hemolysis,
Punctiform, Flat and
few number of colonies
	Growth not observed

	21.
	BPL021
	Observed
	α – hemolysis,
Punctiform, Flat and brownish colonies
	Lactose fermenting,
Irregular, Raised and pink colonies

	22.
	BPL022
	Observed
	γ – hemolysis, Irregular, Raised and Colorless
Zone
	Non-lactose fermenting,
Irregular, Raised and colorless colonies

	23.
	BPL023
	Observed
	α – hemolysis, Irregular,
Raised and brownish colonies
	Lactose fermenting,
Punctiform, Raised and pink colonies

	24.
	BPL024
	Observed
	α – hemolysis, Irregular,
Raised and brownish colonies
	Lactose fermenting, Circular, Raised and
pink colonies

	25.
	BPL025
	Observed
	α – hemolysis,
Punctiform, Raised and brownish colonies
	Non-lactose fermenting,
Circular, Mucoid and colorless colonies

	26.
	BPL026
	Observed
	α – hemolysis, Irregular,
Flat and brownish colonies
	Lactose fermenting, Punctiform, Raised, Pink and colorless
Colonies

	27.
	BPL027
	Observed
	α – hemolysis, Irregular,
Flat and brownish colonies
	Lactose fermenting,
Irregular, Raised, Pink and colorless colonies

	28.
	BPL028
	N/A
	N/A
	N/A

	29.
	BPL029
	Not Observed
	-
	-

	30.
	BPL030
	Observed
	α – hemolysis, Irregular,
Flat and brownish colonies
	Lactose fermenting,
Irregular, Flat and pink colonies


	
𝛂 – hemolysis, Punctiform, flat                                  𝛄 – hemolysis, Irregular, Raised and brownish colonies on Blood agar	and Colorless Zone
Fig. 5 – Bacterial growth on Blood Agar as it is a differential bacterial culture medium, for the isolation and differentiation of bacterial strain which was isolated from the suspected urine sample.

Lactose fermenting, irregular,                                   Non-lactose fermenting, circular flat and pink colonies                                     mucoid and colorless colonies
Fig. 6 - Bacterial growth on MacConkey Agar as it is a differential bacterial culture medium, for the isolation and differentiation of bacterial strain  isolated from the suspected urine sample.
4.0.3 Gram’s staining:
Gram’s staining was done to separate gram negative bacteria from gram positive bacteria in which sample 1 was gram positive, purple in color and rod shaped while others were gram negative, pink in color, rod and cocci shaped.
Table 7 – The result interpretation of the following data specific for Gram’s reaction and microbial culture :

	S.No.
	Sample ID.
	Gram’s Staining
	Color
	Shape

	1.
	BPL001
	Gram Positive
	Purple
	Rod Shaped

	2.
	BPL002
	-
	-
	-

	3.
	BPL003
	Gram Negative
	Pink
	Rod Shaped

	4.
	BPL004
	Gram Negative
	Pink
	Rod Shaped

	5.
	BPL005
	Gram Negative
	Pink
	Rod Shaped

	6.
	BPL006
	Gram Negative
	Pink
	Rod Shaped

	7.
	BPL007
	Gram Negative
	Pink
	Rod Shaped

	8.
	BPL008
	-
	-
	-

	9.
	BPL009
	-
	-
	-

	10.
	BPL010
	-
	-
	-

	11.
	BPL011
	-
	-
	-

	12.
	BPL012
	Gram Negative
	Pink
	Cocci Shaped

	13.
	BPL013
	Gram Negative
	Pink
	Rod Shaped

	14.
	BPL014
	Gram Negative
	Pink
	Rod Shaped

	15.
	BPL015
	Gram Negative
	Pink
	Rod Shaped

	16.
	BPL016
	-
	-
	-

	17.
	BPL017
	Gram Negative
	Pink
	Rod Shaped

	18.
	BPL018
	-
	-
	-

	19.
	BPL019
	-
	-
	-

	20.
	BPL020
	Gram Negative
	Pink
	Rod Shaped

	21.
	BPL021
	Gram Negative
	Pink
	Rod Shaped

	22.
	BPL022
	Gram Negative
	Pink
	Rod Shaped

	23.
	BPL023
	Gram Negative
	Pink
	Cocci Shaped

	24.
	BPL024
	Gram Negative
	Pink
	Rod Shaped

	25.
	BPL025
	Gram Negative
	Pink
	Cocci Shaped

	26.
	BPL026
	Gram Negative
	Pink
	Rod Shaped

	27.
	BPL027
	Gram Negative
	Pink
	Rod Shaped

	28.
	BPL028
	-
	-
	-

	29.
	BPL029
	Gram Negative
	Pink
	Rod Shaped

	30.
	BPL030
	Gram Negative
	Pink
	Rod Shaped



Gram Negative (Rod Shaped)	Gram Negative (Cocci Shaped)

                                             Gram Positive (Rod Shaped)
Fig. 7– Gram Staining Reaction of different microbial culture from Urine Sample
4.0.4 Results of cultured growth of CLED agar media:
The Gram-negative culture was grown on the CLED agar to differentiate organism on the basis of the specific color colonies.
Table 8 - The result interpretation of the following data specific for microbial culture on CLED agar medium:
	S.No.
	Sample ID.
	Culture growth
	CLED agar

	
	
	
	Colony morphology
	Suspected organism

	1.
	BPL001
	Observed
	Bright pink,
filamentous colonies
	Escherichia coli

	2.
	BPL003
	Observed
	White mucoid
colonies, pink medium
	Klebsiella
pneumonia

	3.
	BPL004
	Observed
	Whitish blue colonies
	Pseudomonas
aeruginosa

	4.
	BPL005
	Observed
	Bright pink, flat
colonies
	Escherichia coli

	5.
	BPL006
	Observed
	Whitish blue colonies
	Pseudomonas
aeruginosa

	6.
	BPL007
	Observed
	Bright pink, flat
colonies
	Escherichia coli

	7.
	BPL012
	Observed
	Whitish blue colonies
	Pseudomonas
aeruginosa

	8.
	BPL013
	Observed
	Bright pink, flat
colonies
	Escherichia coli

	9.
	BPL014
	Observed
	White mucoid
colonies, pink medium
	Klebsiella
pneumonia

	10.
	BPL015
	Observed
	Bright pink, flat
colonies
	Escherichia coli

	11.
	BPL016
	Observed
	Bright pink, flat
colonies
	Escherichia coli

	12.
	BPL018
	Observed
	Whitish blue colonies
	Pseudomonas
aeruginosa

	13.
	BPL023
	Observed
	White mucoid
colonies, pink medium
	Klebsiella
pneumonia

	14.
	BPL025
	Observed
	Whitish blue colonies
	Pseudomonas
aeruginosa

	15.
	BPL026
	Observed
	Bright pink colonies
	Escherichia coli

	16.
	BPL027
	Observed
	Bright pink colonies
	Escherichia coli

	17.
	BPL029
	Observed
	Whitish blue colonies
	Pseudomonas
aeruginosa

	18.
	BPL030
	Observed
	White mucoid
colonies, pink medium
	Klebsiella
pneumonia







White mucoid colonies                                             Bright pink colonies Suspected suspected organism- K. pneumoniae                           Suspected  organism- E. coli

Whitish blue colonies Suspected organism- P. aeruginosa
Fig. 8 – Different Bacterial growth on CLED Agar medium of Urine Sample
4.0.5 Results of selective media:
Later, CLED agar plate was cultured on CHROM agar selective media for identification and differentiation of different organisms on the basis of their color of the colonies. Bacteria was grown on CHROM agar as it was a selective bacterial culture medium, for the isolation and differentiation of bacterial strain which was isolated from the suspected urine sample.
Table 9 - The result interpretation of the following data specific for microbial culture on CHROM agar media as follows:

	S.No.
	Sample ID.
	Culture growth
	CHROM agar

	
	
	
	Color of the
colonies
	Suspected organism

	1.
	BPL001
	Observed
	Metallic blue
	K. pneumonia

	2.
	BPL003
	Observed
	Dark pink
	E. coli

	3.
	BPL004
	Observed
	Dark pink
	E. coli

	4.
	BPL005
	Observed
	Dark pink
	E. coli

	5.
	BPL006
	Observed
	Dark pink
	E. coli

	6.
	BPL007
	Observed
	Dark pink
	E. coli

	7.
	BPL012
	Observed
	Dark pink
	E. coli



	8.
	BPL013
	Observed
	Dark pink
	E. coli

	9.
	BPL014
	Observed
	Metallic blue
	K. pneumonia

	10.
	BPL015
	Observed
	Dark pink
	E. coli

	11.
	BPL016
	Observed
	Dark pink
	E. coli

	12.
	BPL018
	Observed
	Dark pink
	E. coli

	13.
	BPL023
	Observed
	Metallic blue
	K. pneumonia

	14.
	BPL025
	Observed
	Golden
	S. aureus

	15.
	BPL026
	Observed
	Orange
	C. perfringens

	16.
	BPL027
	Observed
	Dark pink
	E. coli

	17.
	BPL029
	Observed
	Turquoise blue
	Enterococcus

	18.
	BPL030
	Observed
	Metallic blue
	K. pneumonia



Fig. 9– Different bacterial growth on CHROM agar medium of Urine Sample
Isolated Klebsiella pneumoniae of sample 3, 14, 23 and 30 were cultured on NAM to prepare master plate in order to facilitate further experiment.

Fig. 10 – Master plate was prepared on Nutrient agar Medium
4.0.6 Results of biochemical test:
All the four samples (3, 14, 23 and 30) of Klebsiella pneumoniae and one sample (7) of
E. coli was isolated from CHROM agar plate were subjected to several biochemical tests which included the IMViC tests i.e., Indole, Methyl Red (MR), Voges Proskauer (VP) & Citrate tests, Triple sugar Iron agar (TSI) test and Phenyl alanine agar test (PDA).
Table 10– The result interpretation of biochemical test for the following Urine samples:
	S.No.
	Sample ID.
	Biochemical test
	

Organism

	
	
	INDOLE
	MR
	VP
	CITRATE
	TSI
	PDA
	CATALASE
	OXIDASE
	

	1.
	BPL003
	_
	_
	±
	+
	AG+ H2S-
	_
	+
	_
	K. pneumonia

	2.
	BPL007
	+
	+
	_
	_
	AG+ H2S-
	_
	+
	_
	E. coli

	3.
	BPL014
	+
	+
	_
	_
	A+ H2S-
	_
	+
	_
	Shigella dysentriae

	4.
	BPL023
	+
	+
	_
	+
	AG+ H2S+
	_
	+
	_
	Citrobacter koseri

	5.
	BPL030
	_
	+
	_
	+
	AG+ H2S+
	_
	+
	_
	Citrobacter freundii



± = Variable reaction; AG = Acid and gas


(A) Indole production, MRVP, Citrate utilization, TSI & PDA test results

Formation of O2 Bubbles	Pink color (Catalase test)	(Oxidase test)
Fig. 11– Biochemical test results of the K. pneumoniae
After the completion of the following biochemical tests of total 5 samples only one sample i.e., sample 3 was confirmed as K. pneumoniae.
4.0.7 Antibiotic susceptibility test:
A total of 4 samples i.e., sample 3, 14, 23 and 30 were subjected to AST against 24 antibiotics. These antibiotics were tested using Kirby-Bauer’s disk diffusion method.
Table 11– Reference range of antimicrobial agent for K. pneumoniae:
	S.No.
	Antimicrobial agent
	Lot No.
	Disc content
	Zone diameter nearest whole (mm)

	
	
	
	
	Resistance
≤
	Sensitive
≥

	1.
	Doripenem (DOR10)
	SD283-1VL
	10 mg
	19
	23

	2.
	Imipenem (IPM10)
	SD073-1VL
	10 mg
	19
	23

	3.
	Meropenem (MRP10)
	SD727-1VL
	10 mg
	19
	23

	4.
	Cefazolin (CZ30)
	0000543946
	30 mg
	19
	23

	5.
	Clindamycin
(CD2)
	0000545924
	2 mg
	-
	-

	6.
	Cefuroxime (CXM30)
	0000547882
	30 mg
	19
	19

	7.
	Cefixime (CFM5)
	0000548788
	5 mg
	19
	15

	8.
	PenicillinG
(P10)
	0000547570
	10 mg
	-
	-

	9.
	Ceftazidime (CAZ30)
	0000541964
	30 mg
	17
	21

	10.
	Cefoperazone (CPZ75)
	0000543947
	75 mg
	15
	21

	11.
	Amikacin (AK30)
	0000548317
	30 mg
	15
	18

	12.
	Gentamicin (GEN10)
	0000548947
	10 mg
	12
	15

	13.
	Fosfomycin
(FO200)
	0000547472
	200 mg
	12
	16

	14.
	Tetracycline (TE30)
	0000544466
	30 mg
	11
	15

	15.
	Nalidixic acid (NA30)
	0000537269
	30 mg
	13
	19

	16.
	Doxycycline (DO30)
	0000544329
	30 mg
	10
	14

	17.
	Tobramycin (TOB10)
	0000548469
	10 mg
	16
	16

	ss18.
	Chloramphenicol (C30)
	0000548161
	30 mg
	17
	17

	19.
	Tigecycline
(TGC15)
	0000544463
	15 mg
	18
	18

	20.
	Azithromycin (AZM15)
	0000542971
	15 mg
	12
	13

	21.
	Levofloxacin (LE5)
	0000547092
	5 mg
	19
	23

	23.
	Erythromycin (E15)
	0000542973
	15 mg
	-
	-

	24.
	Aztreonam (AT30)
	0000545925
	30 mg
	17
	21



Table 12– Results of Antibiotic susceptibility test of sample 3 (K. pneumoniae) as follows:

	S.No.
	Antimicrobial agent
	Zone of inhibition (mm Diameter)
	Interpretative Criteria

	
	
	
	Sensitive
	Resistance

	1.
	Doripenem (DOR10)
	33 mm
	Sensitive
	-

	2.
	Imipenem (IPM10)
	32 mm
	Sensitive
	-

	3.
	Meropenem (MRP10)
	35 mm
	Sensitive
	-

	4.
	Cefazolin (CZ30)
	29 mm
	Sensitive
	

	5.
	Clindamycin (CD2)
	_
	-
	Resistance

	6.
	Cefuroxime (CXM30)
	31 mm
	Sensitive
	-

	7.
	Cefixime (CFM5)
	35 mm
	Sensitive
	-

	8.
	Penicillin G (P10)
	_
	-
	Resistance

	9.
	Ceftazidime (CAZ30)
	32 mm
	Sensitive
	-

	10.
	Cefoperazone (CPZ75)
	30 mm
	Sensitive
	-

	11.
	Amikacin (AK30)
	24 mm
	Sensitive
	-

	12.
	Gentamicin (GEN10)
	25 mm
	Sensitive
	-

	13.
	Fosfomycin (FO200)
	26 mm
	Sensitive
	-

	14.
	Tetracycline (TE30)
	_
	-
	Resistance

	15.
	Nalidixic acid (NA30)
	24 mm
	Sensitive
	-

	16.
	Doxycycline (DO30)
	16 mm
	Sensitive
	-

	17.
	Tobramycin (TOB10)
	23 mm
	Sensitive
	-

	18.
	Chloramphenicol (C30)
	10 mm
	-
	Resistance

	19.
	Tigecycline (TGC15)
	25 mm
	Sensitive
	-

	20.
	Azithromycin (AZM15)
	16 mm
	Sensitive
	-

	21.
	Levofloxacin (LOM100)
	26 mm
	Sensitive
	-

	22.
	Lomefloxacin (LOM10)
	26 mm
	Sensitive
	-

	23.
	Erythromycin (E15)
	11 mm
	-
	Resistance

	24.
	Aztreonam (AT30)
	37 mm
	Sensitive
	-



It was concluded that most of the antibiotics were Sensitive whereas Clindamycin, PenicillinG, Chloramphenicol and Erythromycin were resistance to K. pneumoniae.
[image: ]
(A)	(B)

Fig. 12 – The antimicrobial susceptibility test done by Kirby-Bauer disk diffusion method on Mueller-Hinton agar medium.
4.0.8 Nucleic acid extraction:
Extraction of Genomic DNA was done using the HiPurA® Multi-Sample DNA Purification Kit of Sample 3, 14, 23 and 30.
Fig. 13 – Elute collection of 4 samples after DNA extraction
4.0.9 Results of Quantification of Bacterial DNA:
Quantification of DNA was done to estimate the amount of the DNA extracted (µg / ml) during the extraction process under Beer Lambert’s Law.
Table 13 - Quantification of all 4 samples as follows:

	S.No.
	Sample ID.
	Conc. (µg/ml)

	1.
	BPL003
	573 µg / ml

	2.
	BPL014
	443 µg / ml

	3.
	BPL023
	553 µg / ml

	4.
	BPL030
	547 µg / ml



4.0.10 Results of End-Point PCR:
The result was analyzed by Agarose Gel Electrophoresis and the bands were observed in UV- transilluminator.

















Fig. 14 – Gel Electrophoresis image of samples and showing the presence of NDM in (S23 and S30) and also in Positive control

Table 14 – Results of NDM and OXA-48 by End-Point PCR:
	S.No.
	SAMPLE ID.
	AGE / GENDER
	END-POINT PCR

	
	
	
	NDM
	OXA-48

	1.
	BPL003
	43/F
	Not Detected
	Not Detected

	2.
	BPL014
	27/F
	Not Detected
	Not Detected

	3.
	BPL023
	2Months/M
	Detected
	Not Detected

	4.
	BPL030
	11Months/M
	Detected
	Not Detected


After the extraction of the DNA with the help of the HiPurA® Multi-Sample DNA Purification Kit, and amplification of the targeted DNA for NDM and OXA-48 was done using specific primers for each NDM and OXA-48 by End-Point PCR method in CFX96TM Real Time System and CFX Opus 96 Real Time PCR System. The DNA Ladders of 1 kb and 100 kb were used to detect the specific bands of both NDM and OXA-48. The DNA bands of NDM were visualized between 200bp-300bp (240bp).
The results were analyzed through the interpretation of bands visible on the Agarose gel in UV- transilluminator. Out of 4 samples, NDM was detected in only 2 samples (S23 and S30), which involved 2 children. OXA-48 was not detected in any samples.
4.0.11 Results of Real-Time PCR:
In Real-Time PCR, the amplification was done using SYBR Green intercalating chemistry. The results of both NDM and OXA-48 were analyzed by the amplification signal indicated during the amplification process. Melt curve was analyzed for better interpretation.
Fig. 15 – Amplification of the targeted NDM and OXA-48 gene by SYBR Green


Fig. 16 – Positive Melt Curve of all positive samples of NDM and OXA-4

Fig. 17 – Cq values of all samples after amplification

Table 15 – Results of NDM and OXA-48 by Real-Time PCR:

	S.No.
	Sample ID.
	Age/ Gender
	Real-Time PCR

	
	
	
	NDM
	OXA-48

	1.
	BPL003
	43/F
	Not detected
	Not detected

	2.
	BPL014
	27/F
	Not detected
	Not detected

	3.
	BPL023
	2Months/M
	Detected
	Not detected

	4.
	BPL030
	11Months/M
	Detected
	Detected



After the extraction of DNA using the HiPurA® Multi-Sample DNA Purification Kit, the targeted DNA for NDM and OXA-48 was amplified using Real-Time PCR with SYBR Green intercalating chemistry. The results were analyzed by interpreting the curves formed during the amplification process and the fluorescence produced by the SYBR Green dye. To prevent the formation of primer dimers, a melting curve analysis was performed after the PCR procedure. Temperature was used to quantify fluorescence, which steadily decreased as the temperature of the amplified product gradually increased. Fluorescence was quantified at different temperatures as the amplified product's temperature gradually increased. The CFX Opus 96 Real-Time PCR system was used for NDM detection, while the CFX96™ Real-Time System was used for OXA-48 detection. Both systems utilized the SYBR Green double-stranded DNA binding dye. The results were based on Ct values, representing the melting temperature, obtained during the exponential phase of amplification, allowing for more accurate and repeatable quantification of DNA.So, the result interpretation was done by analyzing the melting curve during the exponential
phase.
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Fig. 18 – Percentage total of male, female and children’s cases
The overall results interpretation of 30 suspected cases (fig. 18) showed that 19 (63.34 %) were female, 7 (23.33 %) were male and 4 (13.33 %) were children.Percentage
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Fig. 19– The graphical representation of total no. of organisms found from all Urine samples
The analysis of organism identification (fig. 19) revealed varying abundance levels among the identified species. E. coli was found to be the most predominant, accounting for a significant proportion (61.12 %) of the total organisms detected. On the other hand, K. pneumoniae was present in relatively low numbers, comprising only 5.55 % of the total. Other species, such as Citrobacter spp. (16.68 %), as well as Shigella dysentriae, S. aureus, and Enterococcus (each at 5.55 %), were also identified in the sample.
5. DISCUSSION: 
The present study was examined to detect and analyze carbapenemase encoding genes (NDM and OXA-48) in Klebsiella pneumoniae isolated from 30 urine specimens, collected from individuals suspected to have a certain medical condition (UTI).
Urinary tract infection is a medical condition that requires accurate identification of the causative agents and their susceptibility to antibiotics (Ahmed et al., 2014). According to published research, females tend to be more susceptible to UTIs as compared to males. This phenomenon is likely attributed to the relatively shorter length of the female urethra, which is situated closer to the anus (Chaudhary et al., 2015). A total of 30 suspected cases showed that 19 (63.34 %) were female, 7 (23.33 %) were male and 4 (13.33 %) were children.
In the present study, turbidity was observed in almost all the urine samples. This opaqueness may be due the existence of substantial bacterial concentrations, fats, crystals, and mucus in urine (Cetin et al., 2003). In this present study, almost all samples were turbid or slightly turbid and few of them were clear. By using dipstick method, urine samples were chemically examined to identify urobilinogen, bilirubin, ketone, nitrites, blood, protein, glucose, leukocytes, pH and specific gravity. All of them were detected in 30 samples of urine, whereas pH and specific gravity were noted consistently high in every sample.
In the present study, the microscopic examination showed the presence of casts, crystals, pus cells, epithelial cells and bacteria in almost all the samples. RBCs were present in few samples. Further, Blood agar and MacConkey agar plate were cultured and growth were observed in almost all samples. Later, CLED and CHROM agar plates were cultured to identify organisms on the basis of color of the colonies. In a previous study, the outcomes of the experiment aiming to distinguish the frequently encountered Gram-negative pathogens in UTIs based solely on color and morphology were in favor of CHROM agar orientation when compared to MacConkey agar (Samra et al., 1998). In the present study, organisms identified by biochemical testing are E. coli, K. pneumoniae, Citrobacter spp. and S. dysentriae.
Critical diameters for disk diffusion have been noted to exhibit high sensitivity in detecting carbapenemases. Furthermore, disk diffusion is an economical, uncomplicated, and extensively adopted method employed by numerous laboratories for routine AST (Maurer et al., 2015). In the present study, most of the antibiotics were sensitive whereas, clindamycin, penicillin G, chloramphenicol and erythromycin were resistance to K. pneumoniae.
The second goal was to identified NDM and OXA-48 from DNA extraction of bacteria using End-Point PCR and Real Time PCR. The dissemination of strains expressing carbapenemase is a serious issue in terms of public health. From the perspective of infection control, promptly identifying these strains is vital to curbing their transmission within hospital environments. Additionally, given the emergence of new inhibitor/β-lactam combinations, accurate knowledge of the specific carbapenemase present is essential for the effective utilization of these innovative compounds. As a result, expedient and userfriendly assays are imperative (Boutal et al., 2018). In the present study, NDM and OXA48 were not detected on K. pneumoniae by Real Time and End Point PCR.
Klebsiella pneumoniae carrying 16S rRNA methylase genes are increasingly reported and show high-level resistance to aminoglycosides. Ten types have been identified so far, including ArmA, RmtA–RmtH, and NpmA. RmtB is widely distributed among several bacterial species, while RmtC is mainly found in Enterobacteriaceae (Wachino et al., 2006).
The global emergence of carbapenem-resistant Klebsiella pneumoniae (CRKP) poses a critical public health challenge, primarily due to its rapid spread, scarcity of effective therapeutic options, and its association with adverse clinical outcomes, including extended hospital stays, increased healthcare costs, and higher mortality (Mirzaei et al., 2021).

Implications for the Emergence and Control of Antimicrobial Resistance:

The widespread use of broad-spectrum antibiotics for the treatment of common infections is prevalent and, although often effective, creates selective pressure that facilitates the emergence and proliferation of multidrug-resistant strains. Furthermore, antibiotics are frequently prescribed without prior culture and sensitivity testing, largely due to reliance on empirical therapy and limited laboratory infrastructure (Pokharel, S., & Adhikari, B., 2020)
Therefore, regular surveillance of hospital-acquired infections and antimicrobial susceptibility patterns, along with the development of evidence-based antibiotic stewardship policies, is essential for mitigating antimicrobial resistance. In addition, continuous formal training of healthcare workers in infection prevention and control, coupled with the implementation of standardized infection control programs and protocols, is critical for reducing the burden of resistant infections (Storr et al., 2017).
6. CONCLUSION: The present study demonstrated that although Klebsiella pneumoniae was detected in urine samples, it did not exhibit carbapenem resistance and was fully susceptible to carbapenem antibiotics. However, molecular analysis revealed the presence of blaNDM and blaOXA-48 genes in non-Klebsiella isolates, particularly from pediatric patients. This indicates that carbapenemase genes are circulating silently among uropathogens even in the absence of phenotypic resistance. Such organisms may serve as genetic reservoirs, capable of transferring resistance determinants to more pathogenic bacteria under selective pressure.The study emphasizes that reliance solely on phenotypic antibiotic susceptibility testing may underestimate the true burden of antimicrobial resistance. Molecular surveillance is therefore essential for early detection of hidden resistance genes. The detection of NDM and OXA-48 genes in infant urine isolates highlights the urgent need for infection control measures, antibiotic stewardship, and continuous molecular monitoring in healthcare settings. Overall, this study reveals that carbapenem resistance genes are present in the urinary bacterial population but are not yet established in Klebsiella pneumoniae, representing an early warning stage in the evolution of antimicrobial resistance.
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