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Abstract
Diabetes mellitus is a chronic illness that continues to significantly enlarge. Its complications, including Diabetic foot infection

(DFI), may be caused by pathogenic bacteria with virulence factors, which can hinder effective treatment. Klebsiella pneumoniae
is one of the most predominant isolates in diabetic foot infections. The aim of this study is to determine the virulence of biofilm-
forming Klebsiella pneumoniae that infect diabetic foot infections in Karbala city by isolating these species and identifying them
molecularly. The current study, conducted at Imam Al-Hassan Center for Endocrinology and Diabetes in Karbala, Iraq, for 142
patients of diabetic foot of both genders and different ages begins from 35 years, 25 isolated Klebsiella strains from diabetic foot
ulcers were identified. Susceptibility testing against 15 traditional antibiotics was performed, and quantification of biofilm formation
using the microtiter plate method was conducted. Additionally, genotyping and screening for virulence using PCR techniques were
applied to detect mrkD, Cps, K1, and K2A genes. Out of the 119 isolates obtained in the current study, 25 were identified as
Klebsiella pneumoniae. All the isolated K.pneumoniae were highly resistant 100% toward Gentamycin and Levofloxacin followed
by 96% resistance toward Ciprofloxacin and 92% resistance toward Amikacin while Pipracillin-Tazobactam, Cefotaxim,
Ceftriaxone and Tetracyclin, resistance percent was 88% while Amoxicillin-Clavulanic acid, Cetazidime, and Cefepime were 84%
resistant. Furthermore, K.pneumoniae has 76% resistance toward Imipenem and Meropenem and 68% toward Doxycycline and 56%
with respect to Rifampin and according to the microtiter plate method, 60% of K.pneumoniae isolated from DFI in current study
were strong producers of biofilm according to microtiter plate method while 40% of them were moderate producers . Finally, the
PCR technique detected that 88% of K. pneumoniae isolates contained the mrkD gene, 100% contained the Cps gene, 12% contained
the K1 gene, and 60% contained the K2A gene.

In Conclusions: Our current study displays that Klebsiella pneumoniae of diabetic foot ulcer are varied genetically, offer resistance
to medically chief antibiotics and harbor for virulence factors. These characteristics suggest that Klebsiella can contribute to the
persistence and severity of these infections, leading to treatment failures and the potential transmission of these traits to other

microorganisms with similar characteristics.
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1. INTRODUCTION

DFI is one of the mutual long-standing complications of diabetes mellitus. The lifetime risk of developing a DFU in diabetic
patients is expected to be (12% to 25%) [1] [2]. One of the primary contributing factors to DFU consequences is diabetic foot
infection (DFI), which accounts for (40% to 60%) of all DFUs [3] [4]. DFI is associated with increased hospitalizations, worsened

outcomes, and higher amputation rates [5] [6].

DFI is supposed to have two or more fundamental marks of inflammation (enlarged pain, erythema, purulent discharge, and high
temperature) [5]. DFI can be categorized as (mild , moderate and severe) and are frequently poly-microbial, with numerous bacteria
recognized in them [5] [7]. The variety of bacteria is deliberated an important provider to the chronicity of DFU [7] and the poly-

microbial nature of DFI has been well investigated [5] [8] [9].

Klebsiella pneumoniae mainly affects patients with cooperated resistances to make some acute complications which is a precise
problem for diabetic patients leading to diabetic foot infections [10]. When infection is proven, Klebsiella produces a biofilm that
assists avoidance of the host's resistances [11] [12]. Furthermore, since Klebsiella possesses an outer polysaccharide capsule, a
crucial factor in their pathogenicity, phagocytosis by polymorphonuclear granulocytes is significantly delayed [13].. Latest data
show that K. pneumoniae is caused about 21.7% of diabetic foot infection cases [14]. If not efficiently cured. Klebsiella can avoid
host defenses, and ultimately cause chronic osteomyelitis [15]. Therefore; we aimed to determine the severity of the predominant

biofilm forming gram negative bacteria by isolation of these bacteria and identifying them molecularly.

2.MATERIALS AND METHODS:

Study design and Samples collection:

This study planned as a cross-sectional study. 142 swab samples were collected from diabetic foot patients with
inclusion criteria included patient with type 2 diabetic foot ulcer, age of subjects was >35 years old of both genders who
previously diagnosed by the clinical physician at Imam Al-Hasan center for Endocrinology and Diabetes during the
period between October, 2022 until January, 2023. Samples were collected from 142 patients with various grades of
ulcers. Samples obtained using a swab with transport media to keep bacteria survive until cultivation on suitable media.
Diverse types of media used for sample cultivation such as MacConkey, blood purchased from (Himedia-India). Patients
aged less than 35 years, Non-diabetic patients with foot ulcers, Type 1 Diabetic Mellitus and pregnant women were

excluded from this study.
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BACTERIAL ISOLATION:

The specimens were inoculated on to blood agar and MacConkey’s agar purchased from( Himedia-India). Plates were incubated
at 37°C for 24 hours. The bacteria were identified by Gram staining and the colony morphology and biochemical tests such a KOH
test, catalase production, coagulase and oxidase. Additionally, the identification of K. pneumoniae using APl 20E Kits purchased
from BIOMERIEUX-France was performed.

ANTIBIOTIC SUSCEPTIBILITY:
The disc diffusion method was performed according to Hudzick (2009) [16] as per the guidelines of the Clinical and Laboratory

Standards Institute (CLSI) to assess the susceptibility of K. pneumoniae to traditional antibiotics, including Pipracillin/Tazobactam
(100/10pg) and Amoxicillin-Clavulanic acid (20/10pug).Ceftazidime (30ug), Cefepime (30ug), Cefotaxime (30pg), Ceftriaxone
(30ug),Imipenem (10pg), Meropenem (10upg), Rifampin (5ug), Ciprofloxacin (5ug), Levofloxacin (5ug), Amikacin (30ug),
Gentamycin (10pg), Tetracycline (30ug) and Doxycycline (30g) manufactured by Liofilchem, Italy.

INVESTIGATION OF BIOFILM FORMATION

QUANTIFICATION OF BIOFILM FORMATION USING THE MICROTITER PLATE METHOD

This method that described by Kirmusaoglu (2019) [17] was achieved with some modification to explore the capability of
bacteria to produce a biofilm whereas the young isolates were immunized into 5ml of a Brain-Heart broth and were incubated at
37°C for 24hours and the bacteria were diluted with the same media and compared with a 0.5 standard McFarland solution then two
hundred microliter of diluted bacterial culture were transported into every well in micro titer plate in a 4 duplicates for each isolate.
Uncultured Brain-Heart infusion broth was added as a control into the wells then the microplate was incubated at 37°C for 24 hours
after closing it securely after that the culture was exhausted and the wells were rinsed 3 times by normal saline then the microplate
was dried in oven at 60°C for 30 minutes and two hundred microliter of 0.5% crystal violet were added and were left for 15 minutes
also the stain was shattered and the wells were washed 3 times until the dye was vanished then they were let to dry then two hundred
microliter of 33% of glacial acetic acid were added. In addition, the optical density measured at a wave length of 630 nm by ELISA
reader. Finally, the ability of isolates to produce biofilm was determined by comparing the optical density (OD) of the samples with

that of the control as mentioned in table No. 1

Tab. No. 1: Evaluation method of biofilm formation

Mean OD value Biofilm formation
OD <0ODc None
OD > 0Dc Weak
OD>2 x ODc Moderate
OD > 4 x ODc Strong

MOLECULAR DETECTION OF THE MRKD GENE BY PCR TECHNIQUE
DNA was extracted using DNA extraction kit purchased from Addbio, Korea. The virulence genes (mrkD, Cps, K1 and K2A)

genes were distinguished using the PCR technique by using specific primers illustrated in (Table No. 2). PCR reactions were
performed in the PCR thermal cycler (Edison, NJ-USA) using PCR master mix (Microgen, South Korea). PCR reactions were
performed in a total volume of 23 pL. The master mix contained 10 pL of reaction mixture with Taq DNA polymerase master mix,
1.5 uL of each of the forward and reverse primers in 10 uM/uL concentrations,3 uL of target DNA, and 7 pl of distilled water. The
PCR products were visible by electrophoresis on a 1.5% agarose gel using 70 voltages for 50 minutes followed by consequent
exposure to UV light in the presence of DNA load dye. The PCR mixtures were subjected to the PCR reaction conditions which
included 1 cycle for initial denaturation of templet DNA for 15 minutes at 95°C for mrkD gene,5 minutes at 95°C for Cps gene and

15 minutes at 95°C for K1 and K2A genes while the second step included 30 cycles involving denaturation of template DNA for 30
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seconds at 94°C for mrkD gene , 30 seconds at 95°C for Cps gene and 30 seconds at 95°C for K1 and K2A genes genes followed by
annealing of primers with templet DNA for 90 seconds at 60°C for mrkD, K1 and K2A genes and 30 seconds at 60°C for Cps gene
while the initial extension required 1 minute for mrkD, K1 and K2A genes and 5 minutes for Cps gene at 72°C. Lastly, final extension
of DNA strands required 1 cycle for 10 minutes’ for mrkD, K1 and K2A genes, and 7 minutes for Cps gene at 72°C. The products

of PCR were exposed by electrophoresis using a 1.5% agarose gel using 70 voltages for 50 minutes followed by consequent exposure

Gene | Primers Primer sequence 5°__ 3’ Amp. Annealing =~ References
size Tem.
(bp)
mrkD  mekD-F AAGCTATCGCTGTACTTCCGGCA 340 60 [18]
mrkD-R GGCGTTGGCGCTCAGATAGG
Cps Cps-F  TATTCATCAGAAGCACGAGCTGGGAGAAGCC 418 60 [19]
Cps-R  GTCGGTAGCTGTTAAGCCAGGGGCGGTAGCG
K1 K1-F GGTGCTCTTACATCATTGC 1283 60 [20]
K1-R GCAATGGCCATTTGCGTTAG
K2A  K2A-F CAACCATGGTGGTCGATTAG 531 60 [21]
K2A-R TGGTAGCCATATCCCTTTGG

to UV light in the presence of DNA load dye.
ETHICAL CONSIDERATION:

This study was accepted by Ethical Committee at College of Science/ University of Karbala. All subjects enrolled in this work

were informed and verbal agreement obtained from each participant before the collection of sample.

Table No. 2 : Primer of mrkD gene with its sequences and amplicon sizes of K.pneumoniae

3.RESULTS:
Of the total 142 diabetic foot swab, 23 exhibited no growth while 119 were positive cultures, of these, Klebsiella pneumoniae

has the greatest frequency as 25 isolates followed by Pseudomonas aeruginosa, Proteus mirabilis, and Escherichia coli.
Susceptibility tests of K.pneumoniae were performed toward Tazobactam, Amoxicillin-calvulonic acid, Ceftazidime, Cefepime,
Cefotaxime, Ceftriaxone, Imipenem, Meropenem, Amikacin, Gentamycin, Rifampin, Ciprofloxacin, Levofloxacin, Tetracycline
and Doxycycline. It was shown that the highest resistance 100% was toward Gentamycin and Levofloxacin, followed by 96%
resistance toward Ciprofloxacin and 92% resistance toward Amikacin. With respect to Pipracillin-Tazobactam, Cefotaxim,
Ceftriaxone and Tetracyclin, resistance percent was 88% while Amoxicillin-Clavulanic acid, Cetazidime, and Cefepime were 84%
resistant. Furthermore, K.pneumoniae has 76% resistance toward Imipenem and Meropenem and 68% toward Doxycycline and 56%
with respect to Rifampin.

Investigation of biofilm according to the microtiter plate method revealed that 60% of K.pneumoniae isolated from DFI in
current study were strong biofilm producers according to microtiter plate method while 40% of them were moderate producers.

PCR technique was used in current study to detect the incidence of the mrkD gene in K.pneumoniae which indicates that
K.pneumoniae was biofilm producer. Figure No. 1 shows the electrophoresis of the PCR products, through which it is clear that the
primer of the mrkD gene was successful in amplifying this gene through the appearance of a PCR product of 340 bp in size. PCR
technique was also used to detect the presence of the Cps gene which is responsible of capsular polysaccharide. Figure No.2 shows
that Cps primer was successful in amplifying this gene through the appearance of a PCR product of 418 bp in size in 100% of
K.pneumoniae isolates. The presence of K1 gene was detected. Figure No. 3 shows the K1 gene was successfully amplified that has

been indicated by the presence of a PCR product size of 1283 bp in K.pneumonieae. Finally, the current study included investigation
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presence of K2A gene. The PCR technique in figure No.4 displays the successful amplification that has been distinguished by the

appearance of bands related to K2A gene PCR product size of 531 bp in K.pneumoniae isolates.
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Fig. No. 1: Electrophoresis of the PCR reaction product of K. pneumoniae using the specific primer of the mrkD gene (340bp)
using 1.5% Agarose gel, 70 voltages for 50 minutes
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Fig. No. 2: Electrophoresis of the PCR reaction product of K. pneumoniae using the specific primer of the Cps gene (418bp)
using 1.5% Agarose gel, 70 voltages for 50 minutes
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Fig. No. 3: Electrophoresis of the PCR reaction product of K. pneumoniae using the specific primer of the K1 gene (1238bp)
using 1.5% Agarose gel, 70 voltages for 75 minutes
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Fig. No. 4: Electrophoresis of the PCR reaction product of K. pneumoniae using the specific primer of the K2A gene (531bp)
using 1.5% Agarose gel, 70 voltages for 50 minutes

4.DISCUSSION:

DFU is a main reason for diabetes interrelated illness and hospitalization and up to one-third of diabetic patients progress
diabetic foot ulceration (DFU) during their lifespan and above 50% of these ulcers were infected as mentioned by Aleem et al (2021)
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[22] in India. The foot ulcer is occupied by bacteria and when the overgrowth of the pathogens promotes tissue damage, it is named
as a diabetic foot infection [23]. One hundred nineteen positive cultures were obtained during this study, of those, Klebsiella
pneumoniae has the greatest frequency as 25 isolates. Our findings agreed with several studies, of those, Gram negative were the
most prevalent bacteria [24] [25] [26] whereas Gram negative percentages were (59.2, 52.4 and 75.9) % in Nigeria, China and
Bangladesh respectively.

Our results disagreed Rahman et al (2021) in Bangladesh found that Escherichia Coli (51.9%)was the most prevalent bacteria
followed by Staphylococcus aureus (24.1%), Proteus spp. (16.7%), Pseudomonas aeruginosa (5.6%) and Klebsiella spp (1.9%)
[26]. This difference in bacteria obtained from patients with DFUs could be credited to dissimilarity in method of sample collection,
geographic area, treatment remedy and cruelty of infection [27]. Banu et al (2015) reported that the bacterial variation of DFU
infection is associated with the interval of the ulcer incidence and preceding antibiotic consumption [28].

In current study, K.pneumoniae isolates were 88% resistant toward Pipracillin-tazobactam which is not in agreement with
Raheem et al ;(2021) [29] and Ali and Kamil; (2022) [30] who documented that K.pneumoniae isolated from clinical sources were
100% resistant to Pipracillin-tazobactam in a local study . K.pneumoniae were resistant to Cefipime, Ceftixime, Ceftriaxone and
Ceftazidine in (84, 88, 88 and 84)%, respectively and that are not in agreement with Hamid et al (2020) [31] who reported that
K.pneumoniae isolated from DFI were 100% resistant to the mentioned antibiotics in Sudan. In current study, K.pneumoniae isolates
were 84% resistant to Amoxicillin-clavulanic acid while (Hamid et al;2020) [31] documented that K.pneumoniae were 90.1%
resistant to the mentioned antibiotic also it approaches to Aiswariya et al (2018) [32] findings whereas K.pneumoniae resistance
toward Amoxicillin-clavulanic acid was 81.25% in India. There are numerous mechanisms of resistance against f-lactams including
modifications in the target site of drug, reduced membrane penetrability, and the action of efflux pump, but B-lactamases are the
most public features. This may be credited to the extreme use of antibiotics or to the capacity of the bacteria to develop as biofilms,
or affected by genetic revenues, containing mutations and the transmission of resistance genes [33]. K.pneumoniae in this study
were 76% resistant toward Imipenem and Meropenem. This conclusion is not astonishing with the fact K.pneumoniae is not only
the chief reason of hospital-acquired infections but also a well-known “accumulator” of multidrug resistance plasmids and result in
reduced susceptibility to carbapenems [34]. K.pneumoniae were 100% resistant to Gentamycin in our study and this result agreed
with Rahman et al (2021) in Bangladesh who documented that K.pneumoniae isolated from DFI were 100% resistant to Gentamycin
[28]. Additionally, K.pneumoniae were 92% resistant toward Amikacin while Ali and Kamil (2022) documented that
K.pneumoniae isolated from DFI were 100% resistant toward Amikacin in a local study [30]. The best resistance mechanism to
aminoglycosides comprises aminoglycoside-modifying enzymes contain acetyltransferases, nucleotidyltransferases and
phosphotransferases which vary in their capacity to alter aminoglycosides [35]. Besides, the efflux pump upregulation (Poole;2004)
and lessened consumption of antibiotics into the bacteria [36]. K.pneumoniae were 100% resistant toward Levofloxacin and that
result agreed with Liu et al (2022) whereas K.pneumoniae isolated from Diabetic foot ulcer were 100% resistant toward
Levofloxacin in China [37]. Also 96% resistance toward Ciprofloxacin showed by K.pneumoniae which are close to Ali and Kamil
(2022) findings who reported that K.pneumoniae obtained from DFI were 100% resistant toward Ciprofloxacin in a local study [30].
Fluoroquinolone resistance is facilitated by numerous mechanisms including the mutation at DNA gyrases (gyrA and gyrB genes)
and topoisomerase 1V (parC and parE genes) [38]. In current study, K.pneumoniae isolates were 88% resistant to tetracycline and
this result is close related to Liu et al (2022) findings in China whereas they documented that K.pneumoniae isolated from DFI were
87.5 % resistant to tetracycline [37]. Additionally, K.pneumoniae isolates were 68% resistant toward Doxycycline in current study
whereas resistance rate was 85% toward Doxycycline with respect to K.pneumoniae isolated from DFI in India [39]. Tetracycline
resistance is resulted from three mechanisms. First, proteins which guard ribosomes (S30 and S16) from tetracycline, modify the
structure of these proteins, producing resistance to doxycycline and minocycline. Second, overexpression of efflux pumps which
decreases the cell's penetrability to antibiotics [40]. Third, enzymatic alterations in antibiotics also result in resistance. The tetX
gene result in antibiotic resistance due to tetracycline enzyme inhibition [41]. K.pneumoniae isolates were 56% resistant toward
Rifampin in current study and that result is agreed with HA et al (2016) in Egypt who reported that generally all K.pneumoniae

isolates were resistant toward the mentioned antibiotic [42]. Rifampin is an appreciated antibiotic for the treatment of mycobacterial
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and other infections. The mechanism of resistance is mutation within the rpoB gene, which encodes the B-subunit of bacterial RNA
or RNA polymerase which are the target of Rifampin [43].

Sixty percentage of K.pneumoniae isolated from DFI in current study were strong producers of biofilm according to microtiter
plate method while 40% of them were moderate producers. However, 62.5% of K.pneumoniae isolated from DFI in a local study
were strong producers of Biofilm and 37.5% were moderate producers as reported by Mahmood and Abdullah (2015) [44]. In
another study performed in Indonesia, among biofilm producers, there were 26.95% isolates as strong, 28.74% isolates as moderate,
and 29.94% K.pneumoniae isolates identified as weak biofilm producers [45]. On the other hand, the biofilm analysis indicates that
32.5% K. pneumoniae isolates formed biofilm weakly, 21.6% isolates created moderately, and 20.4% isolates were strong producers
of biofilms whereas 25.5% were non producers of Biofilm in a study performed in Iran [46]. Biofilm production is a vital feature in
Klebsiella pneumoniae pathogenesis, sponsoring increased resistance against environmental stressors and giving a reservoir for
spreading and further gene exchange linked with antimicrobial resistance [47]. Numerous studies revealed that mrkD genes are
essential in biofilm production of K. pneumoniae. Therefore, the mrkD gene may play main roles in biofilom formation [48].

PCR was used in this study to detect the presence of the mrkD gene, which is one of the important genes used to diagnose K.
pneumonia. Figure No. 1 shows the electrophoresis of PCR products, which can be seen thoroughly that the primer of the mrkD
gene was successful amplifying this gene by producing a PCR product of 340bp in size involving 88% of K. pneumoniae isolates
enrolled in this study. Our results were similar to Rastegar et al (2021) [49] and Anis et al (2021) [18] who obtained a successful
amplifying of mrkD gene of the same product size in Iran and Egypt respectively. Furthermore, Badger-Emeka and Emeka (2022)
reported in their study performed in Saudi Arabia that 87% of K.pneumoniae isolates were included with mrkD gene [50]. The
capability to form biofilm isolates results in enlarged resistance to antibiotics, as a result, treatment failure, increasing treatment
costs and increasing mortality [51]. PCR also was performed to verify the presence of the Cps gene in the studied strains using
primers designed for this gene under optimal temperature conditions. Figure No. 2 displays the successful amplification of the Cps
gene through the appearance of PCR product of 418bp in size in 100% of K. pneumonia isolates enrolled in current study. Abdul-
Razzaq et al (2014) [20] and Akbari et al (2017) [52] success in obtaining the same amplicon size of Cps gene in their study
performed in Iraq and Iran, respectively. The presence of Cps genes in most isolated bacteria indicate that all these isolates can
contain the genes of Cps biosynthesis as that stated by Lin et al (2011) in Taiwan [53]. The synthesis of capsule in Klebsiella is
encoded by a gene called capsule polysaccharides (CPS) that enable the formation of the capsule [54]. CPS has a vital role in the
linking of bacteria to epithelial and mucosal surfaces. It also guards the bacteria from phagocytosis, thus hiding the bacteria from
the host immune system. On the other hand, the capsule offers defense against hostile environmental conditions and decreases the
permeability of antibiotics into the bacteria [55] [56]. Molecular technique particularly PCR was used in current study to verify the
presence of K1 gene in K. pneumoniae isolates under study. It has been found that only 12% of K. pneumoniae isolates possess K1
gene of 1238bp in size as mentioned in Figure No. 3. Abdul-Razzaq et al (2014) [20] and Qassim and Khalid (2022) [57] in a local
study and Siu et al (2011) in Taiwan success to amplify the same amplicon size of K1 gene [58]. Similar percent obtained by Qassim
and Khalid (2022) whereas they obtained only 15.8% of K1 gene from the K. pneumoniae isolates [57]. Fang et al (2010) in Taiwan
termed the magA gene firstly in 2004 and exposed that the aggressive K. pneumoniae strains possessed high levels of hyper-
mucoviscosity and magA, whereas mutant variants missing magA [59]. A cluster of capsular serotype K1 and K2A gene of capsule
gene of K. pneumoniae could be used as a very particular technique to distinguish the capsule K2 serotype [60]. The absences of
mannose recurrences on the capsule, evading it from detection by macrophages. magA is only found in the K1capsule gene cluster,
but K2A is found in the K2 serotype [61] [62]. MagA is a chromosomal gene that serves a crucial role in Klebsiella infections and
is accompanying with formation of a mucoviscous layer that makes Klebseilla resistant to phagocytosis [63]. In the present study,
the molecular identification of serotype K2A was performed. Figure No. 4 shows that K2A gene was successfully amplified through
the appearance of a PCR product of 531bp in size in 60% of K. pneumoniae isolates. Remya et al (2020) [22] and Anis et al (2021)
[18] obtained the same results and success to amplify the amplicon of the same size of K2A gene in India and Egypt respectively
while Alyassari et al (2019) in a local study obtained 72.72% of K2A gene of K. pneumoniae from clinical sources [64]. The

chromosomal K2 capsule related gene A (k2A) for the K2 serotype [61] [62] which isolates with capsule serotypes K1 and K2 are
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more resistant to phagocytosis than Non-K1/K2 strains [65]. The k2A gene of K. pneumoniae might be used as a specific diagnostic
technique to classify the Cps of K. pneumoniae capsule K2 serotype, which matches to the magA region in the capsules gene clusters
of K1 isolate [60]. Conclusions: Klabsiella spp. Isolated from diabetic foot ulcer are genomically varied, display resistance to
commonly used antibiotics and harbor for virulence determinants. These features propose that Klebsiella can contribute to
perseverance and severity of these infections, leading to treatment failing and to the opportunity of transferring these features to

other microorganisms having the same function.
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