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ABSTRACT 
 

Plasmids include genes that code for precise functions, like resistance to antibiotic and virulence factors, which allow microorganisms to 

survive treatment and flourish in the hostile host environment. Organized with other genetic components like integrating genes and 

transposons, plasmids help transmit these traits through a variety of mechanisms, essentially removing barriers between different bacterial 

species. This article reviews the physiology of plasmids and how they contribute to the virulence and resistance to antibiotics of the 

opportunistic pathogen K.  pneumoniae. This bacterium has become resistant to several medications, is the cause of serious illness that is 

acquired in both hospitals and the public. Most hospital infections in the US are brought on by bacteria that are members of the recently 

discovered. 
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Introduction 

Klebsiella pneumoniae family Enterobacteriaceae, is a Gram-negative 

bacterium was first identified by German researcher Edwin Klebs. It is a 
non-motile and facultative anaerobe and bacillus (1). Klebsiella species are 

commonly found in the nostrils, down their throats, skin, and 

gastrointestinal systems of both humans and animals (2). Extended-

spectrum beta-lactamases (ESBL), which are extremely challenging to treat, 

are occasionally encoded by strains of K. pneumoniae and other Klebsiella 
species that cause serious hospital-acquired infections, including neonatal 

infections (3). Since K. pneumoniae isolates pose a serious risk to public 

health, there is growing interest in immunotherapeutic strategies to treat 
Klebsiella infections. Numerous studies have reported protection with O-

specific antibodies in animal models of infection, and lipopolysaccharide O 

antigen polysaccharides present promising targets for immunotherapeutic 
research. Nearly 50% of clinical Klebsiella isolates produce the O1 antigen. 

Although the backbone structure of the O1 polysaccharide is known, 

monoclonal antibodies produced against the O1 antigen exhibited variable 
reactivity against distinct isolates, which the structure could not account for 

(4).There are many different species in the Klebsiella genus, including those 

that belong to the K. pneumoniae species complex (KpSC) and other species 
of Klebsiella (K. huaxiensis, K. spallanzanii, K. terrigena, K. indica) that 

only share 90% of their nucleotide makeup with KpSC. K. 

quasipneumoniae, K. pneumoniae subspecies quasipneumoniae, K. 

variicola subsp. Tropica, K.quasipneum oniae subsp. similipneumoniae, 

K.variicola subsp. Variicola, K. quasivariicola, and K. africana are among 

the seven phylogroups associated with KpSC that have been classified (1).   
Plasmid Mechanism 

K. pneumoniae strains have collected plasmids with virulent and resistant 

genes, which have increased their resistance to popular antibiotics used in 
treatment, such as carbapenems, aminoglycosides, cephalosporins, and 

fluoroquinolones (5). In addition to genes that imparted antibiotic 

resistance, it was later found that plasmids carried genes that specified 
essential traits or contributed to the pathogenicity of the host bacteria (6). 

Plasmids are also crucial because they are mobile genetic elements that can 

mobilize or conjugate to transfer resistance genes and virulence factors 
between different bacterial species. Furthermore, plasmids can introduce 

integrative conjugative elements (ICEs), which are mobile genetic 

components that can integrate bacterial chromosomes by site-specific 
recombination or behave as independent conjugative elements like 

plasmids. Horizontal gene transfer between cells depends on conjugative 

transposons, also known as ICEs. They can carry insertion sequences, 
transposons, integrases, and the relaxase enzyme, which is essential for 

conjugation. Plasmids transfer the genes that cause antimicrobial resistance 

(AMR) horizontally, and AMR is a dynamic phenomenon (7) shown in Fig. 
1. 

 

 

 
Fig. 1: Transmission of K. Pneumoniae 

Resistance Against Antibiotics  

Enterobacteriaceae presently contain a wide variety of plasmid types; the 

most frequently reported ones are IncI, IncA/C, IncF, IncL, IncH, and IncN. 

The most common enzymes that impart resistance to most beta-lactam 

antibiotics are ESBLs (8). Genes encoding quinolone resistance are 

hydrolyzed by enzymes, and transposons on plasmids are frequently used 

to co-transfer sulfonamides. The plasmid types really determine which 
range of antibiotic resistance gene classes are associated with them; for 

example, IncF plasmids carry a broad range of gene classes, whereas IncI 

plasmids are mostly linked to ESBLs. The five primary mechanisms that K. 
pneumoniae develops antibiotic resistance are as follows: Modification and 

inactivation of antibiotics by enzymes, Modification of antibiotic targets, 

Mutations and loss of porins, Increased expression of the antibiotic’s efflux 
pump, and Development of biofilms (9).  

Mutations and loss of porins  

K. pneumoniae develops resistance via reducing the outer membrane pore 
protein (OMPs), which restricts the bacteria's ability to absorb antimicrobial 

medications. Trimeric transmembrane proteins called OMPs or porins are 

widely produced on the outer membranes of Gram -ve bacteria (10). 
Elevated expression of the efflux pump  

Since efflux pumps release antimicrobial cells outside of the cell, they lower 

intracellular drug concentrations and decrease susceptibility to some 
antibiotics. Efflux pumps are membrane proteins that regulate substance 

ejection. AcrAB-TolC is active efflux system, which can exocytose a 

variety of drugs, including fluoroquinolones, macrolides, tetracycline, and 
β-lactams, is one of the primary causes of MDR K. pneumoniae. 

Development of biofilms  (11). 

 

https://biologicaltimes.com/
mailto:asfa3396@gmail.com


 
Volume No. 3   |     Issue No. 10  |     Pages 29-30 

 

30 
Published on: 31 October, 2024 https://biologicaltimes.com/ 

 

Diseases and treatment  

People with weakened immune systems or those whose immunity has been 

weakened by other infections are particularly vulnerable to the common 

opportunistic K. pneumoniae infection. Nonetheless, healthy people can 
contract the highly invasive, hypervirulent K. pneumoniae, which can result 

in community-acquired infections such as necrotizing meningitis, severe 

pneumonia, endophthalmitis, fasciitis, and pyogenic liver abscess (12). 
There is an urgent need for monoclonal antibodies and vaccines to treat 

infections. In fact, compared to vaccination, the use of mAbs may be more 

beneficial in protecting high-risk patients from hospital-acquired infections 
(13). Compared to doxycycline and cotrimoxazole, ciprofloxacin is the most 

effective antibiotic at preventing the expansion of K. pneumoniae ESBL 

and non-ESBL. As concentration rises, so does the inhibitory effect (14). 
Compared to doxycycline and cotrimoxazole, ciprofloxacin is the most 

effective antibiotic at preventing the growth of K. pneumoniae. As 

concentration rises, so does the inhibitory effect (15). 
Conclusion 

According to a recent survey, K. pneumoniae isolates that are resistant to 

numerous medications were shown to be prevalent in our area. The plasmids 

that these isolates carried were found to give resistance to a variety of drug 

classes, including cephalosporins of the third and fourth generations. It has 

been shown that certain plasmids contain integrons, integron-associated 
recognition sites, and drug-resistant gene cassettes, all which aid in the 

spread of these genes among susceptible isolates. It was discovered that 

isolates K6 and K7 included two hypervirulent plasmids including the iron 
siderophore genes (iroC, iroD, iroB, and iroN) and synthesis genes (iucA, 

iutA, iucB, iucC, and iucD). Given that plasmids were discovered in clones 

deemed to be at high risk, it is likely that they are spreading over our area, 
which presents a serious risk to public health. 
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