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 Due to its antibiotic resistance and lack of effective therapy, Klebsiella 

pneumoniae has drawn attention from all around the world. Therefore, the current study 

was conducted at Matrouh Governorate to investigate the virulence and antibiotic 

resistance profiles of isolated Klebsiella pneumoniae from human (urinary system) and 

ovine (respiratory system) samples, as well as their relationship to biofilm formation. A 

total of 170 samples were obtained from private farms and the general hospital in 

Matrouh Governorate (90 ovine nasal swabs and 80 human urine samples). The samples 

were then subjected to bacterial isolation and identification using cultural methods, 

biochemical, PCR, antibiogram, phenotypic and genotypic detection of biofilm.. 57 

(33.5%) Klebsiella pneumoniae isolates were found in 170 samples. The 16s-23SITS 

gene was detected in all 11 (100%) of the isolates that were examined. The 11 PCR-

positive isolates were all deemed MDR because they demonstrated resistance to at least 

four different classes of antibiotics. Just one of the five human isolates exhibited 

resistance to five different antibiotic classes, whereas the other two isolates 

demonstrated resistance to seven different antibiotic classes and two isolates to six 

different antibiotic classes. Out of the six ovine isolates, four exhibited resistance to four 

different classes of antibiotics, whereas only two isolates demonstrated resistance to five 

separate classes. Among 11 K. pneumoniae isolates; seven (63.6%) were strong biofilm 

producers, including 4 (36.36%) from human isolates and 3 (27.27%) from ovine 

isolates, but 4 (36.36%) isolates were moderate biofilm producers, including one human 

isolate (9.09%) and 3 (27.27%) ovine isolates. All 11 isolates that exhibited phenotypic 

biofilm production were positive for fim A and mrk A genes. It was concluded that, 

there is a direct relation between antibiotic resistance and biofilm production, PCR is 

one of the most effective methods for identification of Klebsiella pneumoniae isolates. 
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 1. INTRODUCTION 

According to Zhang et al. (2021), K. 

pneumoniae is a pathogenic bacterium that is 

frequently linked to pneumonia in sheep and goats. 

In Egypt and Matrouh Governorate, small 

ruminants—especially sheep and goats—are 

economically significant due to their valuable meat, 

milk, wool, and hair products. According to Liu et 

al. (2023), pneumonia is a chronic disease that 

negatively impacts small ruminants' health, resulting 

in long-lasting effects and a general reduction in 

their quality of life. Superior sensitivity, specificity, 

and promptness have been shown by PCR. PCR 

provides accurate and sensitive results in 2–5 days 

for testing urine and nasal specimens for K. 

pneumoniae infections (Xu et al., 2021).  

Global attention is being drawn to Klebsiella 

pneumoniae because of the significant increase in 

opportunistic and severe infections that the organism 

causes, as well as the rise in antibiotic resistance that 

restricts effective treatment options and leads to a 

high mortality rate (27–37%), especially when 

multi-drug resistant (MDR) strains are involved 

(Cano et al., 2021 and Murray et al., 2022). 

Bacterial populations are protected by biofilms, 

which increase their ability to elude host defenses. 

Additionally, they limit the availability of certain 

antibiotics, which increases resistance in bacteria 
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Farag et al., AJVS. 2025, 86: In press 

2 
 

(Singhai et al., 2012). Bacterial pathogens' 

formation of biofilms complicates the situation of 

bacterial resistance and lengthens the course of 

treatment (Wyres et al., 2020). The Tissue Culture 

Plate (TCP) is one of the detection techniques for 

biofilm formation (Sharma et al., 2022).  

K. pneumoniae isolates use type 1 and type 3 

pili to form biofilms, where the fimA and mrkA 

genes encode the main fimbrial components. These 

bacteria are significantly more resistant to 

antibacterial treatments than free-floating planktonic 

cells (Brusaferro et al., 2015). In this study, 

Klebsiella pneumoniae isolates from human (urinary 

system) and ovine (respiratory system) samples in 

the Matrouh Governorate will be examined for their 

virulence profile, antibiotic resistance, and 

relationship to biofilm formation.  

2.  MATERIAL AND METHODS 

Ethical approved:   The state ethics commission 

and Alexandria University's ethics committee in 

Egypt reviewed and authorized all specific animal 

and human operations (serial number 332 at 

date09/12 / 2024). 

2.1. Samples: 

A total of 170 samples, including 80 human 

urine samples from patients suffering from urinary 

tract infections ( burning pain during urination , 

wanting to urinate in only few drops, pain or 

pressure in lower abdomen and turbid urine with bad 

odor ), and 90 nasal swabs from sheep and 

goats(they are the most common animals in Matrouh 

)  suffering from respiratory manifestations as 

difficult breathing , nasal discharges and pyrexia  

were collected from General Hospital and private 

sheep and goat farms in Matrouh Governorate, 

respectively. The human urine samples were 

collected in sterile container while sheep and goat 

nasal swabs were immersed into tubes containing 

sterile nutrient broth.  

2.2. Bacteriological cultivation: 

As soon as feasible, the gathered samples 

were transported to the lab in an insulated ice box 

for bacteriological analysis. They were then streaked 

onto MacConkey's agar plates and cultured for 24 

hours at 37˚C (Alcock et al., 2023). 

2.3. Identification of K. pneumoniae: 

The isolated bacterial strains were recognized by 

examining their morphological, cultural, and 

biochemical traits, along with their serological 

identification (all serological tests carried out in 

animal health research institute in Doki, Giza, 

Egypt.) as outlined by Boerlin et al. (2003) 

2.4. Genotypic identification of isolated K. 

pneumoniae by PCR: 

2.4.1. DNA extraction: 

The boiling approach was used to extract DNA 

(Sambrook et al., 1989). 

2.4.2. Using oligonucleotide primers, putative K. 

pneumoniae isolates can be identified and biofilm 

formation detected: Tables 1 and 2 displayed the 

primer sequences and cycle conditions employed in 

this investigation.  

2.4. 3. DNA Molecular weight marker 

Pipetting up and down gently, the ladder was mixed. 

The necessary conductor was immediately added in 

10 μl. 

2. 4.4. Agarose gel electrophoresis (Sambrook et 

al., 1989). 

 

Table (1): Oligonucleotide primers sequences used in this study: 
Target genes Genes Sequence Amplified 

product 

Reference 

K. 

pneumoniae 

species-

specific gene 

16S-

23S 

ITS 

ATTTGAAGAGGTTGCAAACGAT 

130 bp Turton et al., 2010 

TTCACTCTGAAGTTTTCTTGTGTTC 

Genes of 

biofilm 

formation 

FimA CGGACGGTACGCTGTATTTT 436 bp Alcántar-Curiel  

et al., 2013 GCTTCGGCGTTGTCTTTATC 

MrkA CGGTAAAGTTACCGACGTATCTTG TACTG 475 bp 

GCTGTTAACCACACCGGTGGTAAC 

 

 

 

 

 



Farag et al., AJVS. 2025, 86: In press 

3 
 

Table (2): Cycling conditions of the different primers used in this study: 

Target Gene Initial 

denaturation 

Denaturation Annealing Extension No. 

of 

Cycles 

Final 

extension 

K. pneumoniae 

species- specific 

gene 

16S- 

23S 

ITS 

 

94˚C/5 min 

 

94˚C 

 

55˚C 

30 sec. 

 

72˚C 

 

30sec 35 72˚C 7 

min. 

Genes of biofilm 

formation 

FimA 55˚C 

40 sec. 

45 

sec. 

10 

min. 

mrkA 55˚C 

30 sec. 

45sec 10 

min. 

 

2.5. Antimicrobial susceptibility testing: 

As indicated in table (3), the isolates were 

examined for susceptibility to eighteen antibiotic 

discs from seven distinct classes. The results were 

interpreted in accordance with the criteria issued by 

the Clinical and Laboratory Standards Institute 

(CLSI, 2019) based on the Kirby–Bauer (disc 

diffusion test) method utilizing a bacterial 

suspension with turbidity standards of 0.5 

McFarland and Muller Hinton agar plates. MDR 

isolates were defined as those that exhibited  

 

resistance to a minimum of three distinct 

antibiotic classes (Magiorakos et al., 2012). 

2.6 Phenotypic detection of biofilm formation by 

MDR Klebsiella pneumoniae isolates:  

According to O'Toole & Kolter (1998), the 

tissue culture plate approach was used to identify 

biofilm development by K. pneumoniae isolates 

exhibiting MDR. Using a micro-ELISA auto-reader 

set to 620 nm, the optical density of the adherent-

stained biofilm was determined. The strains were 

categorized as non, weak, moderate, and strong 

biofilm producers based on their optical densities. 

Table (3): Antibiotic discs used in antibacterial sensitivity against K. pneumoniae isolates:  

 

Antibiotic 

Class Discs 

Code 
Concenteration 

1 Amoxicillin –clavulanic acid Penicillins and B-lactam Amc 30 μg 

2 Ceftriaxone Cephalosporin 

 

 

Cro 30 μg 

3 Cefepime Fep 30 μg 

4 Cefoxitin Fox 30 μg 

5 Ceftazidime CAZ 30 μg 

6 Cefotaxime CTX 30 μg 

7 Norfloxacin Fluoroquniolone NXN 10 μg 

8 Ciprofloxacin CIP 5 μg 

9 Levofloxacin LEV 5 μg 

10 Ofloxacin OFx 5 μg 

11 Levofloxacin LEV 5 μg 

12 Gentamicin Aminoglycosides GEN 10 μg 

13 Amikacin AK 30 μg 

14 Colistin Polymyxins Col 10 μg 

15 Polymyxin- B PXB 300 μg 

16 Imipenem Carbapenems Imp 10 μg 

17 Meropenem MEM 10 μg 

18 Nitrofurantoin Nitrofuron FTN 300 μg 
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3. RESULTS 

Out of 170 samples (90 sheep and goat nasal 

swabs, 60 sheep samples, 30 goat samples, and 80 

human urine samples), 57 (33.5%) Klebsiella 

pneumoniae isolates were found. These were 

divided into 40 isolates from human urine samples 

and 17 isolates (12 sheep and 5 goat) from sheep 

and goat nasal swabs as displayed in table (4). All 

11 (5 from human urine samples and 6 from ovine 

nasal swabs) tested Klebsiella pneumoniae isolates 

(100%) showed that they tested positive for the 16s-

23SITS gene (fig. 1). Since each of the 11 PCR-

positive K. pneumoniae isolates showed resistance 

to at least four different antibiotic classes, they were 

all considered multidrug resistant. Just one of the 

five human isolates exhibited resistance to five 

different antibiotic classes, whereas the other two 

isolates demonstrated resistance to seven different 

antibiotic classes and two isolates to six different 

antibiotic classes. As seen in table (5), four isolates 

from six ovine isolates exhibited resistance to four 

different classes of antibiotics, whereas only two 

isolates demonstrated resistance to five separate 

classes. The percentages of resistance found in the 

estimates for multidrug-resistant K. pneumoniae 

isolates from five human urine samples were 72.2%, 

66.6%, 88.8%, 72.2%, and 72.2% across 6, 6, 7, 5, 

and 7 classes respectively.as as shown in table (5). 

while the incidence of multidrug-resistant K. 

pneumoniae isolates within 6 ovine nasal swabs 

displayed resistance percentages of 50%, 44.4%, 

44.4%, 44.4%, 44.4%, and 50%, and 5, 4, 4, 4, 4, 5 

classes respectively.  

 Among 11 K. pneumoniae isolates; seven (63.6%) 

were strong biofilm producers, including 4 (36.36%) 

from human isolates and 3 (27.27%) from ovine 

isolates, but 4 (36.36%) isolates were moderate 

biofilm producers, including one human isolate 

(9.09%) and 3 (27.27%) ovine isolates. All 11 

isolates that exhibited phenotypic biofilm 

production were positive for fim A and mrk A 

coding genes which responsible for biofilm 

formation as shown in fig (2, 3). 

 

Table (4):  The Prevalence of Klebsiella pneumoniae in human and ovine 
Sample types  No. of isolates Outcome Total 

Positive Negative 

Human urine samples Number 40 40 80 

% 50 % 50 % 100 % 

Nasal swabs from Sheep and goats 

 

Number 17  73 90 

% 18.8 % 81.1 % 100 % 

            Total Number 57 113 170 

% 33.5 66.5 100 

%: according to total number of collected samples from each type. 

 

Table (5). Results of antibiotic sensitivity pattern of suspected K. pneumoniae isolates  
 Source Resistant antibiotics Resistant 

Antibiotics 

classes 

Resistance 

Percent % 

1 Human 

urinary 

samples 

AMC – CRO – FEP –FOX – CAZ – CIP- NXN – LEV – CTX –

ATM- OFX – FTN – AK 

6 Classes 72.2 % 

2 AMC –FEP – FOX – GEN – CAZ – CRO – CTX – ATM – AK – 

IMP – MEM – FTN 

6 Classes 66.6 % 

3 AMC – CRO – CAZ – GEN – AK –FEP – ATM – FOX – 

CTX – FTN – OFX – CIP – IMP – MEM – NXN – LEV 

7 Classes 88.8% 

4 CRO – AMC – CAZ – FEP – FOX – ATM – FTN – CIP – CTX – 

LEV – OFX – NXN – MEM 

5 Classes 72.2 % 

5 AMC – CAZ – CTX – GEN – IMP – AK – CRO – MEM – FEP- 

ATM – FOX – FTN –NX 

7 Classes 72.2 % 

6 Nasal 

swabs 
from 

sheep and 

goats 

AMC – CAZ – CTX – FEP – FTN – ATM – FOX – CRO – OFX 5 Classes 50 % 

7 AMC – CAZ – CTX – FTN – ATM – FEP – FOX – CRO 4 Classes 44.4 % 

8 AMC – CTX – CAZ – FOX – FEP –CRO – ATM – FTN – NXN 

– LEV 

4 Classes 44.4 % 

9 AMC- CAZ – CTX – CRO – FEP – ATM – FOX – FTN 4 Classes 44.4 % 

10 AMC – CTX – CRO – CAZ – ATM – FOX – FEP – FTN 4 Classes 44.4 % 

11 AMC- CTX – CRO – FEP – ATM – FOX –CAZ –AK – FTN 5 Classes 50 % 
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Fig (1): Amplification of the PCR result for the isolated K. pneumoniae using the 16S-23 SITS primer is demonstrated by ethidium 

bromide (0.1–0.5) μg/ml-stained agarose gel (1%) electrophoresis. Lane (L): 100 bp DNA molecular weight ladder, Positive isolates, 

1–11,. The 16S-23 SITS coding gene's negative control is Lane (N), while its positive control is Lane (P) (specific band at 130 bp). 

 

Fig (2): PCR product amplified with fimA is shown by ethidium bromide (0.1–0.5) μg/ml-stained agarose gel (1%) electrophoresis. A 

primer for K. pneumoniae fimA biofilm development genes unique to a certain species. Lanes (L): DNA molecular weight ladder (100 

bp ladder); Lanes 1–11: positive isolates (specific band at 436 bp). A positive gene control is denoted by lane (P), and a negative gene 

control by lane (N). 

 
Fig (3): PCR product amplified with mrkA is shown by ethidium bromide (0.1–0.5) μg/ml-stained agarose gel (1%) electrophoresis. A 

primer for K. pneumoniae mrkA biofilm development genes unique to a certain species. Lanes (L): DNA molecular weight ladder (100 

bp ladder); Lanes 1–11: positive isolates (specific band at 475 bp). A positive gene control is denoted by lane (P), and a negative gene 

control by lane (N). 
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4. DISCUSSION 

The Gram-negative opportunistic pathogen 

Klebsiella pneumoniae is the cause of numerous 

nosocomial and community-acquired illnesses. In 

recent times, the escalating resistance of these 

microorganisms to antibiotics has emerged as a 

significant issue for the scientific community. 

Numerous scientific investigations and 

bacteriological inquiries have identified strains of K. 

pneumoniae from various animals and humans, 

(Ramadan, 2022; Aminul et al., 2021; and Gaballah 

et al., 2022).  

Out of 170 samples (90 sheep and goat nasal 

swabs, 60 sheep samples, 30 goat samples, and 80 

human urine samples), 57 (33.5%) Klebsiella 

pneumoniae isolates were found. These were 

divided into 40 isolates from human urine samples 

and 17 isolates (12 sheep and 5 goat) from sheep 

and goat nasal swabs as displayed in table (4). These 

findings like what found by El-Shehedi et al. (2017) 

who isolated K. pneumoniae from sheep and goat 

nasal swabs at a rate of 17%, which is lower than the 

findings of Claudia and Maria (2014), who observed 

that 70% of K. pneumoniae infections were detected 

in patients with urinary tract infections who were 

catheterized. On the other hand, these results were 

greater than those of Sukanta et al. (2018), who 

discovered K. pneumoniae in sheep at a rate of 

3.84%, and Małgorzata et al. (2023), who reported a 

prevalence of up to 10% for K. pneumoniae 

nosocomial infections in humans. 

Figure 1 illustrates that all 11 tested 

Klebsiella pneumoniae isolates (100%) tested 

positive for the 16s-23SITS gene (5 from human 

urine samples and 6 from ovine nasal swabs). These 

results are different from those reported by Arato et 

al. (2021), who discovered that 16S-23S ITS was 

present in about 20% of K. pneumoniae isolates. 

Table 5 shows the estimated resistance percentages 

for multidrug-resistant K. pneumoniae isolates from 

five human urine samples: 72.2%, 66.6%, 88.8%, 

72.2%, and 72.2% across 6, 6, 7, 5, and 7 classes, 

respectively. These results align with those of Jing 

et al. (2023). The occurrence of multidrug-resistant 

K. pneumoniae isolates in six ovine nasal swabs, 

however, showed resistance percentages of 50%, 

44.4%, 44.4%, 44.4%, and 50%, and 5, 4, 4, 4, 5, 5 

classes, respectively, in contradiction to Moghadas 

et al. (2018). These findings align with those of Jing 

et al. (2023).  

Seven (63.6%) of the 11 K. pneumoniae 

isolates produced strong biofilms, including four 

(36.36%) from human isolates and three (27.27%) 

from ovine isolates. Four (36.36%) isolates 

produced moderate biofilms, including one (9.09%) 

from a human isolate and three (27.27%) from an 

ovine isolate. According to our research, sputum 

isolates from sheep and goats had a substantially 

lower ability for biofilm formation than urine 

isolates from humans. Multidrug-resistant isolates 

generated biofilms at significantly higher rates than 

their non-multidrug-resistant counterparts, according 

to Sun et al. (2020) (Schurtz et al., 1994; Uddin et 

al., 2011; Ashwath et al., 2022).  

These findings go counter to those of 

Ashwath et al. (2022), who found that biofilms 

formed in 97.1% of clinically isolated multidrug-

resistant K. pneumoniae isolates from different 

samples and locales. This discrepancy may result 

from elements pertaining to regional differences, 

hospital prescription trends, and hygienic 

requirements. Additionally, Santiago et al. (2020) 

found that K. pneumoniae forms biofilms on 

inanimate surfaces including catheters and medical 

equipment as well as host tissues like the human 

respiratory system, urinary system, and 

gastrointestinal tract mucosal membranes. As seen 

in figs. (2,3), all 11 isolates that displayed 

phenotypic biofilm development tested positive for 

the genes that code for biofilm formation, fim A and 

mrk A. These results are consistent with those of 

PanelHan et al. (2023), who discovered that the 

entB, wabG, and ycfM genes were present in every 

isolate. Additionally, the mrkC, mrkD, fimH, and 

fimD genes were found in almost all strains 

(98.43%).  

 

5. CONCLUSION 

It was determined that PCR is one of the best 

techniques for identifying Klebsiella pneumoniae 

isolates and that there is a direct correlation between 

antibiotic resistance and biofilm formation. 

Authors' Declarations 

Publication Consent: Each author has 

demonstrated their consent for the publication of the 

current manuscript. 

Data and Material Availability: All data of this 

study is provided. 

Conflict of Interest Statement: All authors have 

stated the absence of any conflicts of interest. 

Funding Statement: This research did not receive 

funding from any specific grant. 

Authors' Contributions: 

M.M.F: Contributed to conceptualization, formal 

analysis, investigation, supervision, resource 

provision, and drafting the original manuscript. 



Farag et al., AJVS. 2025, 86: In press 

7 
 

E.M.E: Responsible for data collection, formal 

analysis, project administration, resource 

provision, and manuscript review and editing. 

S.A.K: Contributed to conceptualization, data 

curation, formal analysis, resource provision, 

supervision, and manuscript review and editing. 

REFERENCES 

Alcock, B. P., Huynh, W., Chalil, R., Smith, K. W., 

Raphenya, A. R., Wlodarski, M. A., Edalatmand, 

A., Petkau, A., Syed, S. A., Tsang, K. K., Baker, 

S. J. C., Dave, M., McCarthy, M. C., Mukiri, K. 

M., Nasir, J. A., Golbon, B., Imtiaz, H., Jiang, X., 

Kaur, K., Kwong, M., … McArthur, A. G. 2023. 

CARD 2023: expanded curation, support for 

machine learning, and resistome prediction at the 

Comprehensive Antibiotic Resistance 

Database. Nucleic acids res. 51(D1), D690–D699.  

Alcántar-Curiel, M. D., Blackburn, D., Saldaña, Z., 

Gayosso-Vázquez, C., Iovine, N., De la Cruz, M. 

A., Girón, J. A. 2013. Multi-functional analysis of 

Klebsiella pneumoniae fimbrial types in 

adherence and biofilm formation. Virulence. 4(2), 

129-138. 

Aminul, P., Anwar, S., Molla, M. M. A., Miah, M. 

R. A. 2021. Evaluation of antibiotic resistance 

patterns in clinical isolates of Klebsiella 

pneumoniae in Bangladesh. Biosafety and Health. 

3(06), 301-306. 

Arato, V., Raso, M. M., Gasperini, G., Berlanda 

Scorza, F., Micoli, F. 2021. Prophylaxis and 

treatment against Klebsiella pneumoniae: current 

insights on this emerging anti-microbial resistant 

global threat. Int. J. Mol. Sci. 22(8), 4042. 

Ashwath, P., Deekshit, V. K., Rohit, A., 

Dhinakaran, I., Karunasagar, I., Karunasagar, I., 

Akhila, D. S. 2022. Biofilm formation and 

associated gene expression in multidrug-resistant 

Klebsiella pneumoniae isolated from clinical 

specimens. Curr. Microbiol. 79(3), 73. 

Boerlin, P., Hussy, D., Schaellibaum, M. 2003. 

Methods for identification of S. aureus in cases of 

bovine mastitis. J. Clin. Microbiol. 41, 767–777. 

Brusaferro, S., Arnoldo, L., Cattani, G., Fabbro, E., 

Cookson, B., Gallagher, R., et al. 2015. 

Harmonizing and supporting infection control 

training in Europe. J. Hosp. Infect. 89(4), 351–356. 

Cano, E.J., Caflisch, K.M., Bollyky, P.L., van 

Belleghem, J.D., Patel, R., Fackler, J. 2021. 

Medical Microbiology. 12th Edition, Churchill 

Livingstone Edinburgh, London and New York. 

Claudia, V.F.L., Maria, P.B., Gianfranco, D., Pietro, 

E.V. 2014. Antibiotic resistance related to biofilm 

formation in Klebsiella pneumoniae. J. Pathog., 3, 

743–758. 

Clinical and Laboratory Standards Institute. 2019. 

Performance standards for antimicrobial 

susceptibility testing. Nineteenth Informational 
Supplement M100. 

El-Shehedi, M.A., Sabra, Sh.M., Nagib, H.E. 2017. 

Molecular study on K. pneumoniae infection in 

buffaloes. First International Conference of 
Animal Health Research Institute, Anim. Health 
Res. J. 5(4)(A). 

Gaballah, A.H., Shawky, S., & Amer, A.N. 2022. 

Microbiological profiles of neonatal sepsis in 

northern Egypt. Microbes and infect. Dis. J. 3(3), 

645–656. 

Jing, Y., Kai, Z., Chen, D., Song, W., Weiwei, W., 

Xiangqun, L., Yang, A. 2023. Exploring 

multidrug-resistant Klebsiella pneumoniae 

antimicrobial resistance mechanisms through 

whole genome sequencing analysis. BMC 
Microbiol. 23, 245-253. 

Liu, W., Chen, G., Dou, K., Yi, B., Wang, D., Zhou, 

Q. 2023. Eugenol eliminates carbapenem-resistant 

Klebsiella pneumoniae via reactive oxygen species 

mechanism. Front. Microbiol. 14, 176–187. 

Małgorzata, P., Piotr, S., Joanna, M., Jolanta, W., 

Agata, G., Małgorzata, W. 2023. Virulence 

analysis and antibiotic resistance of Klebsiella 
pneumoniae isolates from hospitalized patients in 

Poland. Sci. Rep. 13, 4448–4456. 

Magiorakos, A.P., Srinivasan, A., Carey, R.B., 

Carmeli, Y., Falagas, M.E., Giske, C.G., Harbarth, 

S., Hindler, J.F., Kahlmeter, G., Olsson-Liljequist, 

B., Paterson, D.L., Rice, L.B., Stelling, J., 

Struelens, M.J., Vatopoulos, A., Weber, J.T., 

Monnet, D.L. 2012. Multidrug-resistant, 

extensively drug-resistant, and pandrug-resistant 

bacteria: An international expert proposal for 

interim standard definitions for acquired 

resistance. Clin. Microbiol. Infect. 18, 268–281. 

Moghadas, A.J., Kalantari, F., Sarf, Mpl. 

Shahhoseini, S., Mirkalantari, S. 2018. Evaluation 

of virulence factors and antibiotic resist*/nce 

patterns in clinical urine isolates of Klebsiella 
pneumoniae in Semnan, Iran. Jundishapur J. 
Microbiol. 11, 7–19. 

Murray, C.J., Ikuta, K.S., Sharara, F., Swetschinski, 

L., Robles Aguilar, G., Gray, A. 2022. Global 

burden of bacterial antimicrobial resistance: A 

systematic analysis. Lancet. 339, 625–655. 

O'Toole, G.A., & Kolter, R. 1998. Initiation of 

biofilm formation in Pseudomonas fluorescens 

WCS365 proceeds via multiple, convergent 

signaling pathways: A genetic analysis. Mol. 
Microbiol. 28(3), 449–461. 

Panel, H.L., Sun, J., Ma, J., Qin, Z., Jiang, B., Li, 

W., Wang, Q., Su, Y., Lin, L., Liu, C. 2023. 

Detection and quantification of Klebsiella 
pneumoniae (Rana catesbeiana) by Taqman 

MGB probe real-time fluorescence quantitative 

PCR. Microbiol. Spectr. of Medical Microbiology. 
11(4), 19–22. 



Farag et al., AJVS. 2025, 86: In press 

8 
 

Ramadan, A.A. 2022. Bacterial typing methods 

from past to present: A comprehensive overview. 

Gene Rep. 10, 16–25. 

Sambrook, J., Fritscgh, E.F., Mentiates, T. 1989. 

Molecular cloning: A laboratory manual. Vol. 1, 

Cold Spring Harbor Laboratory Press, New York. 

Santiago, A.J., Burgos-Garay, M.L., Kartforosh, L., 

Mazher, M., Donlan, R.M. 2020. Bacteriophage 

treatment of carbapenemase-producing Klebsiella 
pneumoniae in a multispecies biofilm: A potential 

biocontrol strategy for healthcare facilities. AIMS 
Microbiol. 6(1), 43–63. 

Schurtz, T.A., Hornick, D.B., Korhonen, T.K., 

Clegg, S. 1994. The type 3 fimbrial adhesin gene 

(mrkD) of Klebsiella species is not conserved 

among all fimbriate strains. Infect. Immun. 62, 

4186–4191. 

Sharma, R.P., Raut, S.D., Jadhav, V.V., Mulani, 

R.M., Kadam, A.S., Mane, R.S. 2022. Assessment 

of antibacterial and anti-biofilm effects of zinc 

ferrite nanoparticles against Klebsiella 
pneumoniae. Front. Microbiol. 67, 747–755. 

Singhai, M., Malik, A., Shahid, M., Malik, M.A., 

Goyal, R. 2012. Study on device-related infections 

with special reference to biofilm production and 

antibiotic resistance. J. Glob. Infect. Dis. 4, 193–

198. 

Sukanta, K.S., Mohammed, R.C., ATM Mahbub, 

E.E., Abu Bakr, S. 2018. Bacteriological and 

histo-pathological investigation of pneumonia in 

Black Bengal goats. Dairy and Vet. Sci. J. 6(4), 

555–695. 

Sun, Y., Li, Y., Luo, Q., Huang, J., Chen, J., Zhang, 

R. 2020. LuxS/AI-2 quorum sensing system in 

Edwardsiella piscicida promotes biofilm formation 

and pathogenicity. Infect. Immun. 88(5). 

Turton, J.F., Perry, P., Elgohari, S., Hampton, C.V. 

2010. PCR characterization and typing of 

Klebsiella pneumoniae using capsular type-

specific, variable number tandem repeat, and 

virulence gene targets. J. Med. Microbiol. 59, 541–

547. 

Uddin, M.A., Hasan, M., Haque, M., Noor, R. 2011. 

Isolation and identification of pathogenic 

Escherichia coli, Klebsiella spp., and 

Staphylococcus spp. in raw milk samples collected 

from different areas of Dhaka city, Bangladesh. 

Stamford.  J. Microbiol. 1(1), 19–23. 

Wyres, K.L., Lam, M.M.C., Holt, K.E. 2020. 

Population genomics of Klebsiella pneumoniae. 

Nat. Rev. Microbiol. 18(6), 344–359. 

Xu, Q., Yang, X., Wai, E., Chan, C., Chen, S. 2021. 

The hypermucoviscosity of hypervirulent K. 
pneumoniae confers the ability to evade 

neutrophil-mediated phagocytosis. Virulence. 12, 

2050–2059. 

Zhang, C., Wang, C., Xiu, Z. 2021. Regulation of c-

di-GMP in biofilm formation of Klebsiella 
pneumoniae in response to antibiotics and 

probiotic supernatant in a chemostat system. J. 
Curr. Microbiol. 78, 133–143. 

 


