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Abstract. One hundred and thirty clinical samples were collected from Baghdad hospital including urine, sputum, blood, wound and burn infections. Isolation, identification, microscopic examination, biochemical and antimicrobial susceptibility testing were performed. DNA extraction and polymerase chain reaction were then performed to analyses three genes (16S rRNA, oqxA and oqxB). Finally, typing of K. pneumoniae with the RAPD method. The results showed that all K. pneumoniae isolates was 50 (38.4%).The minimum inhibitory concentrations (MICs) test showed that resistance of isolates was 50(100%) to ticarcillin, 43(86%) to ticarcillin/clavulanic acid, 50(100%) to piperacillin, 32(64%) to piperacillin/tazobactam, 39(78%) to ceftazidime , 34(68%) to cefepime , 44(88%) to aztreonam . Genotyping revealed that oqxA was present in 50 (100%) of K. pneumoniae, while oqxB was present in 27 (54%) of isolates. The results of the genotyping of K. pneumoniae using the RAPD method showed that 12 different genotypes with a molecular weight of 250-1500 base pairs. 
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INTRODUCTION
The genus Klebsiella a member of the family Enterobacteriaceae [1]. It is Gram-negative [2], (0.6-6 , 0.3-1) μm wide, singly, in pairs, or as short chains, ferments lactose, is non-motile [3], non-spore forming, oxidase negative, and contains a protuberant polysaccharide capsule. It also develops quickly on normal media and its colonies seem large, pink, round and mucous on MacConkey agar, demonstrating lactose fermentation and acid production. It also grows rapidly on CHROMO agar, nutrient agar, blood agar, and eosin methylene blue agar (EMB) [4,5]. In 1834, Edwin Klebs discovered the genus Klebsiella and named it after him [6]. In 1883, Friedlander, a German pathologist, isolated an encapsulated bacillus from the lungs of a patient who had died of pneumonia. Klebsiella is called Friedlander’s bacillus [7]. The prevalence of K. pneumoniae may be a nosocomial pathogen in Europe and the United States of America (USA) as a result of the acquisition of antibiotic resistance markers that give it a selective advantage in the hospital environment and is responsible for 6-17% of urinary tract infections (UTIs), 4-15% of septicemia, 7-14% of pneumonia [8], 2-4% of wound infections, 4-17% of nosocomial infections in intensive care units and 3-20% of all neonatal septicemia [9]. Efflux pumps are known to enhance host resistance to antimicrobial peptides in other bacteria and are an important constituent of the host’s innate immune system [10]. Efflux pumps have been recorded as one of the mechanisms responsible of antibiotic resistance [11]. It is likely that this mechanism plays a similar role in the virulence of K. pneumoniae, which has membrane-spanning efflux pumps to discharge toxic combinations extending from heavy metal ions to organic chemicals, containing antibiotics. The overall architecture of these efflux pumps is greatly preserved: an energy-transfer subunit in the inner membrane combined through an adapter protein to an outer membrane channel subunit that allows the toxic combinations to be barred into the environment [12]. K. pneumonia’s most common efflux pump is OqxAB. The OqxAB efflux pump, which involves of OqxA as a peripheral component and OqxB as a Trans membrane protein, is a member of the resistance node division (RND) family [13]. It confers resistance to several antibiotics, including chloramphenicol, trimethoprim, nitrofurantoin, quinoxalines, fluoroquinolones, chloramphenicol, and tigecycline [14]. oqxAB has been progressively identified among K. pneumoniae as one of the mechanisms of plasmid-mediated quinolone resistance (PMQR) in excess of the past periods [13, 14]. RAPD PCR (Random Amplification of Polymorphic DNA PCR) is a simple, fast, inexpensive and widely used typing method that does not require advanced knowledge of the DNA sequences of the target organism. RAPD typing has been successfully used for epidemiological analysis of many bacteria as well as for clinical isolates of K. pneumonia [15]. Molecular typing and virulence analysis of clinical isolates are powerful tools that can shed light on multidrug resistant (MDR) Klebsiella pneumonia infections and allows the identification of different strains of certain bacterial species depending on the analysis of their genetic material. Although all strains tested belong to the same species, subtle differences in the bacterial genome make it possible to distinguish between these unrelated strains and those that may have originated from a common source [16]. typing is commonly used to identify the source and routes of bacterial infection, track the transmission of healthcare- associated pathogens, identify virulent strains, and evaluate the effectiveness of control measures [17]. The study aimed to detect the RAPD PCR typing and examined the prevalence of the oqxA and oqxB genes and their role in the development of the multidrug resistance (MDR) phenotype in clinical isolates of Klebsiella pneumoniae.
MATERIALS AND METHODS
Samples Collection, Isolation, Identification and Microscopic Examination
Fifty clinical samples were taken from patients in Baghdad city hospitals, including (Al-Imamain Al-Kadhimiya Hospital, Al-Karkh General Hospital, Al-Kadhimiya Children's Hospital, Burns Hospital, and Ghazi Al-Hariri Hospital) during the period from 15/10/2023 to 25/12/2023.
All samples were inoculated on MacConkey agar, Eosin blue agar, blood agar (Oxoid, UK) and CHROMagar Orientation (Pioneer, France) and further biochemical tests including catalase, oxidase, indole, methyl red, Voges Proskauer, and Simon citrate (IMViC) [18]. To microscopic examination staining with Gram stain [19].To final diagnosis using 16S rRNA gene [20]. 
Antimicrobial Susceptibility Test
The susceptibility of bacterial isolates was detected by defining the MICs values of some antibiotics from different classes using Vitek 2 Compact System using AST-GN cards (Antibiotic sensitivity test card) containing 16 antibiotics with different concentrations distributed on 64 wells. Consequences were deduced according to CLSI [21].
DNA Extraction
Total genomic DNA was extracted from K. pneumoniae isolates grown on MacConkey agar utilizing a DNA purification kit (Promega, USA) according to the manufacturer's instructions. DNA concentration was measured by Quantus Fluorometer and the extracted DNA was screened for 16SrRNA (F: GCAAGTCGAGCGGTAGCACAG , R: CAGTGTGGCTGGTCATCCTCTC , 260 bp [22],  oqxA (F: CTCGGCGCGATGATGCT, R: CCACTCTTCACGGGAGACGA) 392bp [23]  and oqxB(F: TTCTCCCCCGGCGGGAAGTAC , R: CTCGGCCATTTTGGCGCGTA ) 512bp [23]genes , RAPD  (AAG ACG CCG T  ) 300-1500bp [24] utilizing primers (Macrogen, Korea). The dried product of primers was dissolved in sterile distilled deionized water (Promega, USA) to attain 100 pmol/μl and formerly diluted to 10 pmol/μl rendering to the manufacturer's instructions. Polymerase chain reaction (PCR) was done by utilizing a Thermal Cycler (USA/Thermo Fishe Scientific). The PCR reaction mixture with a final volume of 24μl contained 1μl each of forward and reverse primers, 12.5μl of Go Taq Green Master Mix, 2μl of template DNA, and 7.5μl of sterilized deionized distilled water 
		Agarose Gel Electrophoresis
 The PCR amplification of (16S rRNA, oqxA and oqxB) genes was confirmed by electrophoresis at 100 V for 60 min on 2% agarose gel using a ladder (100-1500 base pairs) as a molecular weight marker. A UV-Transilluminator was utilized to monitor the PCR product in 320 nm UV light [25]. Table 1


TABLE 1. Polymerase chain reaction mixture (PCR Products).
	PCR Steps
	Temperature (°C)
16S rRNA

	Temperature (°C)
oqxA and oqxB
	Time
16S rRNA
	Time
oqxA and oqxB
	Cyclesʼ Number
16S rRNA
	Cyclesʼ Number
oqxA and oqxB

	Initial Denaturation
	95
	95
	3min
	1min
	1
	1

	Denaturation
	95
	95
	45sec
	45sec
	28
	35

	Annealing
	58
	60
	sec 45
	sec 45
	
	

	Extension
	72
	72
	1 min
	1 min
	
	

	Final Extension
	72
	72
	min5
	min5
	1
	1


Typing of K. Pneumoniae using the RAPD Method
The PCR mixture was prepared at 24 μl contained 1 μl each of forward and reverse primers, 12.5 μl of Go Taq Green Master Mix, 2 μl of DNA, and 7.5 μl of sterilized deionized distilled water for the genes. Then the contents of the PCR tubes were mixed well with the mixer and then placed in a thermal cycle as shown in Table 2.

TABLE 2. Optimal Conditions for PCR for RAPD gene investigation.
	No.
	Phase
	Temperature
	Time
	Cycles number

	1
	Initial Denaturation
	94
	5  min
	1

	2
	Denaturation
	94
	1  min
	45

	3
	Annealing
	36
	1  min
	

	4
	Extension
	72
	1  min
	

	5
	Final Extension
	72
	9  min
	1


Five μL of the PCR was then transferred to the electrophoresis on the prepared agarose gel at a concentration of 2%.
 Ethical Approval 
Ethical Approval and consent to participate, according to the Helsinki Declaration, Ethical permission has been obtained from the College of Education for Pure Science (Ibn Al-Haitham) at the University of Baghdad and the Iraqi Ministry of Health and Environment no. (39891) on 19/10/2023, subject to the agreement of the patients directed.
RESULTS
Isolation and Detection of Samples
After performing morphological and microscopic examinations, biochemical tests and genetic diagnosis by detecting the 16S rRNA gene. After the final diagnosis, 50 (38.4%) of K. pneumoniae bacteria were obtained. The results of the study presented that the highest percentage of K. pneumoniae isolation was from urine samples Urine of patients with urinary tract infections (UTI) as it reached 25 (50%) of the total isolates, 14 (28%) from sputum, 6 (12%) from wounds, 3 (6%) from blood, 2 (4%) from burns.	Fifty bacterial isolates showed the ability to grow on MacConkey agar and showed bright pink colonies with a mucoid structure, which is a distinctive feature of K. pneumoniae bacteria because it ferments lactose. When grown on blood agar medium, large, shiny, gray-white, round colonies appeared with no non-hemolytic hemolysis of the type (γ-hemolysis). Also, when grown on CHROMagar™ medium, a metallic blue bacterial colony appeared. All 50 was performed after staining with Gram stain. The results of microscopic examination showed that they were Gram-negative rods. For further identification, biochemical tests were performed on 50 isolates, including urease, citrate, catalase, and Fuchs-Proskauer. All isolates gave positive results, and gave negative results for the oxidase, indole, and methyl red test.
Antimicrobial Susceptibility of K. Pneumoniae  
In this study, antibiotic sensitivity testing was performed on seven antibiotics. Most of the K. pneumoniae bacteria showed resistance to an extensive range of antibiotics that were examined. The bacterial isolates showed resistance to Ticarcillin and Ticarcillin/Clavulanic Acid by 100% and 86%, respectively, All bacterial isolates showed resistance to Piperacillin, which is one of the beta-lactam antibiotics, at a rate of (100%); The results of this study presented that the resistance of bacterial isolates against Piperacillin/Tazobactam at (64%)  The resistance of bacterial isolates to Ceftazidime, one of the antibiotics of the Cephalosporins group, reached (79%). The results of the current study indicated that the resistance to Cefepime, which amounted to (68%), which is one of the antibiotics of the Cephalosporins group. The results of the present study indicated that resistance to the antibiotic Aztreonam, which belongs to the group of Monobactam family antibiotics, was (88%). 
Detection of 16SrRNA, oqxA and oqxB Genes
All K. pneumoniae isolates were subjected to molecular diagnosis using PCR technology to confirm the diagnosis using the primer for the 16SrRNA gene because it is a stable gene and has little variation for long periods in the bacterial species. The electrophoresis results showed that all K. pneumoniae isolates (50 isolates) at a rate of 100% possessed the 16SrRNA gene as shown in Fig. 1 (a). Compared with the multiplexed bands and the DNA ladder size indicator, it was found that the resulting bands had a molecular weight of 260 base pairs.
The results of the existing study presented that 50 bacterial isolates (100%) belong to K. pneumoniae bacteria that possess the oqxA gene. After comparing the multiple bands with the ladder size indicator bands, it was found that all of them have a molecular weight of 392 base pairs, as presented in Fig. 1 (b).
The results of the existing study displayed that 27 bacterial isolates (54%) out of a total of 50 bacterial isolates belonging to K. pneumoniae bacteria possess the oqxB gene. After comparing the multiple bands with the ladder size indicator bands, it was found that all of them had a molecular weight of 512 base pairs, as presented in Fig. 1(c).
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FIGURE 1. (a) Electrophoresis of the PCR product of the 16S rRNA gene (260 base pairs) of K. pneumoniae (b) Electrophoresis of the PCR product of the oqxA gene (392 base pairs) of K. pneumoniae (c) Electrophoresis of the PCR product of the oqxB gene (512 base pairs) of K. pneumoniae  on agarose gel at a concentration of (0.2%) and a potential difference of 100 volts for 60 minutes. Line M (volume index) 100 – 1500 base pairs.
		Genotyping of K. pneumoniae by RAPD Method
The results of the genotyping of K. pneumoniae bacteria using the RAPD method showed the presence of 12 different genotypes with a molecular weight of 250-1500 base pairs as in Fig. 2, the most frequent being 500, 550 and 1400 base pairs. However, 43 (86%) of the isolates had bands, while 7 (14%) had no bands. The remaining 12 samples of K. pneumoniae showed similarities in the positions of some bands, but their RAPD profiles were not similar. Therefore, it was concluded that these samples belong to different genetic groups.
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FIGURE 2. Electrophoresis of PCR Product of RAPD Gene using primer (300-1500 base pairs) of K. pneumoniae Isolates agarose gel at a potential difference of 70 volts for 50 minutes. The PCR reaction product was visualized under UV light at 280 nm. M line 250-10000 base pairs, lines (K1-18) in Fig. (2a), (K19-36) in Fig. (2b).
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FIGURE 3. Shows the genetic tree of K.pneumoniae isolates using the RAPD technique.

The random amplification of the polymorphic DNA (RAPD) of the DNA tree of K. pneumoniae revealed the presence of two main groups with a similarity of 0.2 (Fig. 3). The first group contained isolation 2, while the second group was the main group containing 43 isolates arranged in two groups: The first contained five groups (10, 12), (19, 30, 40, 44, 49), (37, 39, 43, 45, 47, 50), (41, 48) and (42, 46). The second contained three groups (3, 24, 25, 26, 27, 28, 33, 34), (8, 9) and (4, 5, 11, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 29, 32, 35). Isolates 1, 6, 7, 31, 36 and 38 represent different genotypes. The results of the current study showed a relationship between bacterial isolates isolated from different clinical sources, with the first group containing one (2) isolate characterized by being strong in biofilm formation and isolated from urine and containing a gene acrAB. The second main group is divided into two groups: The first group contains five subgroups (10, 12) collected from the Ghazi Hariri Hospital. The source of isolation was the production and formations of both are strongly biofilm-forming and contain the genes acrAB, oqxA and tolC. (19, 30, 40, 44, 49) The source of isolation is the production and contains the genes acrAB, oqxA, tolC. The isolates (37, 39, 43, 45, 47, 50) have in common that they contain the genes acrAB oqxA tolC. (41, 48) contain the five genes acrAB, oqxA, oqxB, tolC mdtK. (42, 46) have in common that they contain the genes acrAB, oqxA, tolC. The second group of the main group also contains three subgroups (3, 24, 25, 26, 27, 28, 33 and 34), which have in common that they contain the genes acrAB, oqxA and tolC. (8, 9) were isolated from Ghazi Hariri Hospital and contain four genes acrAB, oqxA, tolC and mdtK. (4, 5, 11, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 29, 32, 35) this group contains three genes acrAB, oqxA and tolC. The isolates (1, 6, 7, 31, 36, 38) represent different genotypes.
DISCUSSION
Fifty bacterial isolates (38.4%) of the total 130 samples were recognized as K. pneumoniae. The isolated bacterial samples originated with high prevalence in urine 25 (50%), while less prevalence was found in sputum 14 (28%), wounds 6 (12%), blood 3 (6%) and lastly burns 2 (4%). Numerous studies have shown that the most common Found is urinary tract infections [26, 27, 28]. The results of the microscopic examination of bacteria showed that they were Gram-negative rods with single or double chains or short chains [29]. For further identification, some biochemical tests were performed on 50 bacterial isolates, including the urease, citrate, catalase, and Fuchs-Proskauer test. All isolates gave positive results and negative results for the oxidase, indole, and methyl red test [30].
The electrophoresis results showed that all K. pneumoniae isolates at a rate of 100% of 16SrRNA gene, bands had a molecular weight of 260 base pairs. The results of this study are consistent with study of Budiarso et al. [31]. Molecular identification such as PCR for clinical bacterial isolates has occupied a prominent position in clinical identification research due to its accuracy and rapid identification compared to other identification methods such as morphological and biochemical diagnosis [32].Among the several thousand genes within the bacterial genome, the 16SrRNA gene has been the primary key to evolutionary identification compared to well-curated 16SrRNA gene sequence databases [33]. The utility of the 16SrRNA gene has not altered eventually, meaning that random sequence alterations are a more perfect extent of time (evolution), and that the 16SrRNA gene (1500 bp) is large and adequate for informatics determinations [34]. The isolates showed resistance to Ticarcillin and Ticarcillin/Clavulanic Acid , which was consistent with  Mustafa [35]. All isolates showed resistance to Piperacillin  agreed with  Mustafa and Abdullah [36]. The reason for the resistance is that the bacteria can produce chromosomally encoded β-lactamases and can deal with this intrinsic resistance or plasmid-encoded penicillinase enzymes. Furthermost K. pneumoniae isolates product beta-lactamase SHV-1 [37]. The results of this study displayed that the resistance of isolates against Piperacillin/Tazobactam  agreed with  Khalid and Ghareeb [38]. The resistance of isolates to Ceftazidime, and was consistent with Hasan et al. [39] [40]. Beta-lactam targets (penicillin-binding proteins) to avoid the use of antibiotics.  permeability of antibiotics into and out of the cell through several mechanisms, such as efflux pumps, through the outer membrane [41]. The results of the existing study indicated that the resistance to Cefepime. The results were close of Obaid and Hasson [42], as they indicated that the percentage of resistance to the antibiotic was (60%). The results of the current study differed from Yazgan et al. [43]. They found that the resistance to the antibiotic was (100%). Many studies have shown that K. pneumoniae are resistant to antibiotics such as third-generation cephalosporins, carbapenems, fluoroquinolones, and aminoglycosides [44]. The results of the recent study displayed that resistance to the antibiotic Aztreonam, which is close to Ajeel and Mohammed [45].  The researchers mentioned that the unsuitable usage of antibiotics or the transfer of resistance genes between organisms via plasmids accomplished by taking resistant genes, integrins, bacteriophages and transposons are possibilities, as evidence of the high prevalence of multidrug-resistant K. pneumoniae strains [46].
Many studies agreed with the results of the present study for the oqxA gene and did not agree with the results of the study for the oqxB gene. Among these studies is the study of Mustafa and Abdullah [47], where 50 bacterial isolates were isolated from different hospitals in Baghdad from different clinical sources. They found that the percentage of bacterial isolates possessing the oqxA gene was 48 (96%), while the bacterial isolates that possessed the oqxB gene were very low, reaching 6(12%) in isolate. According to the studies, the high prevalence of oqxA in K. pneumoniae isolates is a probable pool for the gene's extent [14].Horizontal transfer of these genes and their exchange from the chromosome to the plasmid enhances the capability to raise the level of MDR phenotypes [48]. Also with the results of the study of Amereh et al. [49] when isolating 100 bacterial isolates from different clinical sources in the city of Hamdan, they found that the percentages of isolates containing the oqxA and oqxB genes reached (95, 98)% correspondingly. According to Li et al. [14] study, the oqxAB efflux pump is one mechanism by which quinolone and fluoroquinolone resistance is achieved. E. coli and K. pneumoniae, two species of quinolone-resistant bacteria, frequently possess the oqxAB gene. According to the same study, the oqxAB efflux pump may also be linked to resistance to other antibiotics in addition to fluoroquinolone resistance. In hospitals, the high prevalence of K. pneumoniae strains containing OqxAB genes in their efflux pump genes poses a significant threat to infection control and antibiotic therapy. K. pneumoniae appears to have oqxAB resistance to ciprofloxacin because of its high oqxAB pump expression.  Also, the results of the study by Albarri et al. [50] in Turkey, in which 50 bacterial isolates were isolated, showed that the percentage of bacterial isolates that possessed oqxA genes was 29(63%) and oqxB genes was 24(52%), the last gene being consistent with our study. Several genes associated with antibiotic resistance were found, including the genes acrAB and oqxAB as well as the transcriptional activators ramA and soxS, which are overexpressed in non-susceptible K. pneumoniae isolates [51].
Mahmmudi et al. [52] have shown that RAPD-PCR markers are powerful and effective techniques for isolate identification and initial screening, screening and identification of species differences at strain level as well as the lower time and cost compared to biochemical methods. The RAPD method can be used for the rapid identification of the major variants of Klebsiella spp., including the pathogenic, multidrug-resistant K. pneumoniae group, and is highly versatile. The numerous serotypes in Klebsiella spp. can explain the relevant extent of genetic diversity by RAPD analysis [53].The current result differs from the studies of Hassan et al. [54], who applied the RAPD assay to classify 96 samples of K. pneumoniae into 51 different patterns, and Wasfi et al. [55], who found 18 different RAPD phenotypes in 36 samples of K. pneumoniae. Farivar et al. [56] classified 81 samples of K. pneumoniae using RAPD-PCR. This resulted in five groups, 16 individual species and 14 common species, and linked these genotypes to resistance patterns. Finally the results of the current study were close to the results of Mustafa [35] who revealed the random amplification of polymorphic DNA (RAPD) of K. pneumoniae DNA tree for the presence of two main groups at a similarity of 0.2. The first group contained isolation 8, while the second group was the main group with 19 isolations arranged in four subgroups.
CONCLUSION
According to this study, K. pneumoniae isolates may be less susceptible to multiple antimicrobial agents due to their high oqxA prevalence. In addition, 12 different genotypes were detected using the RAPD method.
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