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1.1 Klebsiella pneumoniae 

 

Since pneumoniae is able to undergo both respiratory and fermentative 

metabolism, it does not require any additional growth factors The mucoid 

appearance of the facultative anaerobe varies corresponding on the strain and is affected by the 

medium's composition  

 



K. pneumoniae is one of the few bacterial species that has seen a notable rise in antibiotic resistance 

as a result of modifications to the organism's fundamental DNA.

Figure 1.1 Representative image of isolate M50 shows the circular genome of K. pneumoniae.
The genome contains coding sequences (CDSs), tRNA, rRNA, tmRNA, GC Skew (+/-), and GC 
content of the genome.



  

 
 

 

1.2 Antibiotic resistance 

 

 

Figure 1.2 Global death prediction due to AMR. Pie chart displaying the present count of 
worldwide fatalities caused by antimicrobial-resistant infections, as well as the projected number 
of deaths due to such infections in 2050. Source: (Shinu et al., 2022). 



  

 
 

 



  

 
 

 

 

 

Figure 1.3 Timeline of the discovery of antibiotics and the subsequent identification of 

antibiotic resistance. Each arrow pointed upside indicates the drug resistant identified, and each 

color is filled in accordance with the respective antibiotics mentioned above. 

1.2.1 Mechanism of antibiotic resistance 



  

 
 

 

 

 

Figure 1.4 Methods of intrinsic resistance seen in Gram-negative bacteria. The image shows 

antibiotics' intrinsic resistance via overexpression of efflux pumps (Purple colour) and reduced 

porin (light green colour) permeability. (The image was created using BioRender tool).  

(ii) The acquired resistance is often acquired by horizontal gene transfer (HGT), which involves 

the transfer of genes across organisms. These mechanisms include efflux pumps and enzymes 

encoded by plasmids, which may change either the antibiotic itself or its target (Bismuth et al., 

1990; Van Hoek et al., 2011). The emergence of antibiotic resistance in K. pneumoniae has resulted 

in a decrease in the efficacy of conventional therapies against the bacterium. Resistance might 

arise because of enhanced efflux, drug inactivation, or modified binding to the target site. A 

multitude of K. pneumoniae strains exhibit Extended-Spectrum -Lactamase (ESBL) production 

or engage in biofilm formation, hence increasing their resistance. 



  

 
 

  

 

 

Figure 1.5 Illustration of the five primary mechanisms of antibiotic resistance in Gram-

negative bacteria. The image shows key features that contribute to antibiotic resistance, including 

target degradation, target alteration, antibiotic efflux pumps, porin loss or mutation, and mutation 

in LPS structure. (The image was created using BioRender tool) 

1.3 Genomics of antibiotics resistance in Klebsiella pneumoniae 



  

 
 

 

1.3.1 Multi-Locus Sequence Typing (MLST) 



  

 
 

 



  

 
 

 

Figure 1.6 Hypervirulent and multidrug-resistant K. pneumoniae clones. The pale-yellow 

color indicates the sequence types that are associated with hypervirulent clones; the light blue color 

indicates the STs associated with multidrug-resistant clones; and the grey color indicates the STs 

associated with both hypervirulent and multidrug-resistant clones. 

1.3.2 Genes involved in antibiotic resistance in K. pneumoniae 

Once patients 

develop multidrug-resistant or prolonged drug-resistant K. pneumoniae, they must turn to 

alternative antibiotics such aminoglycosides, quinolones, polymyxins, tigecycline, and other 

similar drugs

 

 

 



  

 
 

Table 1.1 Genes associated with antibiotic resistance in Klebsiella pneumoniae. 

Characteristic Gene name Gene function References 

-Lactam 

blaCTX-M 

blaSHV 

blaTEM 

ESBLs 
(Kliebe et al., 1985; Sirot et 

al., 1987; Li et al., 2018) 

blaGES 

blaKLUC-5 

blaPER 

blaSFC 

blaTLA 

blaVEB 

ESBLs and 

Carbapenemase 

(Plasmid mediated) 

 

(Bradford, 2001; Philippon et 

al., 2016; P. Li et al., 2018) 

 

blaIMP 

blaKPC 

blaNDM 

blaOXA-48-like 

blaVIM 

 

Carbapenemase 

 

(Papp-Wallace et al., 2010; 

Lee et al., 2016) 

blaCMY 

blaDHA 

blaFOX 

blaMOX 

AmpC type (Plasmid 

mediated) 
(Jacoby, 2009; Bush, 2010) 

Aminoglycoside 

aph 

ant  

aac 

16S rRNA 

methylase 

Plasmid mediated 

(Galimand et al., 2003; 

Poulikakos & Falagas, 2013; 

Doi et al., 2016) 

AcrAB-TolC 

kpnO 

kpnEF 

Efflux pump systems 
(Srinivasan & Rajamohan, 

2020) 



  

 
 

Quinolone 

Topoisomerase IV 

DNA gyrase 

Quinolone-binding 

targets 
(Nam et al., 2013) 

AcrAB 

OqxAB 

 kdeA 

-lb-cr 

OmpK36 

Plasmid-mediated 

quinolone resistance 

(Martínez-Martínez et al., 

1996; Mazzariol et al., 2002; 

Ping et al., 2007; Ruiz et al., 

2012) 

Polymyxin 

phoPQ 

pmrA 

pmrD 

mgrB 

Regulatory gene 
(Cannatelli et al., 2015; Poirel 

et al., 2015; Silva et al., 2021) 

mcr-1 Plasmid mediated 
(R. Li et al., 2016; Lai et al., 

2017) 

Tigecycline 

AcrAB-TolC 

OqxAB 

tetA 

Efflux pump systems (Osei Sekyere, 2016) 

RarA 

RamA 

RamR 

acrR 

Regulators of efflux 

pumps 

 

(Osei Sekyere, 2016) 

rpsJ Encoding ribosome 
(Villa, Carattoli, et al., 2013; 

Villa et al., 2014) 

Fosfomycin fos Plasmid mediated (P. Liu et al., 2020) 

 

The presence of SHV beta-lactamase in the core genome of K. pneumoniae confers intrinsic 

resistance to ampicillin



Penicillin resistance, lacking resistance 

to cephalosporins



  

 
 

1.3.3 Plasmid diversity and mediated resistant in Klebsiella pneumoniae 

 

 



  

 
 

 

Table 1.2 List of important carbapenemase and ESBLs genes and associated plasmid 
replicons  

Beta-lactamase genes Associated plasmid replicons References 

Carbapenemases 

blaNDM-1 
IncF, IncFIIA, IncFIIk, 

IncFIIy, InX3, IncFIB-KQ 

(Potron et al., 2011; Y. Jin et 

al., 2015; W. Wu et al., 2019a; 

Bocanegra-Ibarias et al., 

2019; Toledano-Tableros et 

al., 2021; Hammad et al., 

2023) 

blaNDM-5 InX3, IncFII 

(J. Shin et al., 2017; X. Yang 

et al., 2019; Kyung et al., 

2022; L. Wei et al., 2022)  

blaOXA-181 
InX3, IncA/C, IncN, IncT, , 

IncFIIK, ColKP3, ColE, 

(Villa, Carattoli, et al., 2013; 

X. Yu et al., 2019; C. Liu, 

Fang, et al., 2020; Naha et al., 

2021) 

blaOXA-232 
ColKP3, ColE-type, IncF, 

InX3, 

(Shankar et al., 2019; Nagaraj 

et al., 2021; M. Wang et al., 

2022) 



  

 
 

blaKPC-2 

ColRNAI, IncFII, IncFIB, 

IncR, IncI2, IncX, ColE1, 

IncFIB(pQIL), IncFII(K) 

(Fu et al., 2019; Stoesser et al., 

2020; Sugita et al., 2021; Eda 

et al., 2021) 

ESBLs and Others 

blaCTX-M-15 
IncFIB(K), ColRNAI, IncFII, 

IncF, IncFIA, IncFIIk 

(Carattoli, 2009; Zhuo et al., 

2013; Agyepong et al., 2019; 

Kakuta et al., 2020; Y.-T. Lin 

et al., 2020) 

blaOXA-1 

IncFIB(K), ColRNAI, 

IncHI1B/FIB, IncFIB/FI, 

IncFII 

(Agyepong et al., 2019; M. M. 

C. Lam et al., 2019; R. Li et 

al., 2016) 

blaTEM-1 
IncFIB(K), ColRNAI, IncX5, 

IncX6, IncFI, IncFII 

(C. Liu & Guo, 2018; M. M. 

C. Lam et al., 2019; Agyepong 

et al., 2019; Y. Yang et al., 

2023) 

 

1.3.4 Prophages and their influence on AMR and pathogenicity 



  

 
 

 

Although prophages are generally quite stable, they may be selectively activated, resulting in the 

removal of DNA and the release of active phages (Oh et al., 2019; Hu et al., 2021). The activation 

of the lytic cycle in prophages leads to the destruction of lysogenic bacteria by lysis. An 

exceptional, diminutive chemical inducer specifically focuses on the lysogenic-lytic switch in 

prophages and has the capability to activate the lytic cycle, akin to the impacts of mitomycin C 

(MMC), diclofenac, ciprofloxacin, and digoxin (Sutcliffe et al., 2022). Gram-positive and gram-

negative bacteria have been shown to induce the activation of bacteriophages in a rec A-dependent 

way when exposed to the DNA-damaging drug mitomycin C. There is a hypothesis suggesting 

that methylation DNA modification enzymes, also known as MMCs, might impede the capacity 

of a repressor protein to bind to an operator region, hence facilitating the commencement of the 

lytic cycle. Observation reveals that the biofilm saw a significant increase in the number of phages, 

leading to their aggressive reproduction. Consequently, the dispersion and diminution of the 

biofilm were a direct outcome of the introduction and infection of these phages (Dakheel et al., 

2019). Knowledge of prophages is essential for studying the wide range of genetic variations in K. 

pneumoniae and developing a full knowledge of bacterial strains virulence and drug resistance. 

1.4 Virulence factors and associated genes in K. pneumoniae 

These elements are essential in the adhesion, colonization, invasion, and 

advancement of infection



  

 
 

 

 

 

 

 

 

 

 



  

 
 

 

Figure 1.8 Overview of Klebsiella pneumoniae pathogenicity and host cell reaction. The 

capsular polysaccharide is essential for infection, preventing phagocytosis, and avoiding the host's 

innate immunological responses. Other outer membrane proteins and siderophores are also 

considered as additional virulence factors. Antimicrobial resistance exacerbates negative 

consequences, although it has little correlation with indicators of virulence. The presence of 

antimicrobial resistance or virulence genes expressed on plasmids has the potential to give rise to 

new and highly aggressive strains of carbapenem-resistant K. pneumoniae (Gomez-Simmonds & 

Uhlemann, 2017).  



  

 
 

 

 

Nevertheless, there has been a recent rise in multidrug-resistant and hypervirulent (MDR-hv) 

strains, primarily caused by the horizontal transfer of resistance or virulence genes mediated by 

plasmids 



  

 
 

 

In addition to these key virulence factors, recent 

studies have demonstrated that clinical isolates associated with pyogenic liver abscess (PLA), such 

as NTUH-K2044, possess a unique chromosomal region containing genes associated with 

allantoin metabolism. This region allows K. pneumoniae to fix nitrogen. Furthermore, these 

isolates significantly expressed the allS gene, that is essential for growth in allantoin minimum 

media  

Table 1.3 Distinctive features of classical K. pneumoniae (cKP), hypervirulent K. pneumoniae 
(HvKP), and Hypervirulent carbapenem-resistant K. pneumoniae (Hv-CRKp) or 
carbapenem-resistant hypervirulent K. pneumoniae (CR-HvKp) 

Parameters Classical K. 

pneumoniae  

Hypervirulent 

K. pneumoniae  

Hypervirulent 

carbapenem-

resistant K. 

pneumoniae or 

carbapenem-

resistant 

hypervirulent K. 

pneumoniae   

References 

Typical 

infections 

Pneumonia, 

bacteremia, UTIs 

Pneumonia; 

myositis; 

cellulitis; 

osteomyelitis; 

Joint infections 

caused by HvKP and 

cKP 

(Korvick et 

al., 1991; 

Meatherall 

et al., 2009; 



  

 
 

septic arthritis; 

kidney, lung, 

and neck, 

abscesses; 

meningitis; 

endophthalmitis; 

necrotizing 

fasciitis 

McLaughlin 

et al., 2014; 

Patel et al., 

2014; 

Fodah et al., 

2014; 

Paczosa & 

Mecsas, 

2016; L. 

Wang et al., 

2017) 

Susceptible 

populations 

Immunocompromised 

people (diabetics, 

cancer patients, 

transplant recipients, 

bedridden people) 

Diabetics, 

otherwise 

healthy 

individuals 

Combined 

populations 

(Fodah et 

al., 2014; 

Ku et al., 

2017; 

McLaughlin 

et al., 

2014a; Lan 

et al., 2019; 

M. Xu et al., 

2019)  

Serotypes K1-K79 Primarily K1 

and K2, 

occasionally K5 

and K57 

K2, K20, K47, and 

K64 

(Korvick et 

al., 1991; 

Podschun & 

Ullmann, 

1998; 

Fodah et al., 

2014; 



  

 
 

Prokesch et 

al., 2016) 

Siderophores 

(% 

prevalence) 

enterobactin (100%), 

yersiniabactin (17-

46%), aerobactin 

(6%), salmochelin (2-

4%) 

enterobactin 

(100%), 

yersiniabactin 

(90%), 

aerobactin 

(>93%), 

salmochelin 

(>90 %) 

enterobactin (100%), 

yersiniabactin (90%), 

aerobactin (>93%), 

salmochelin (40%) 

(Yeh et al., 

2007; Holt 

et al., 2015; 

Pan et al., 

2015; 

Follador et 

al., 2016; I. 

R. Lee et al., 

2016) 

Distribution Global Primarily the 

Asia-Pacific 

Rim, the global 

trend 

Asia in particular, 

with a global trend 

(McCabe et 

al., 2010; 

Bachman et 

al., 2011; El 

Fertas-

Aissani et 

al., 2013; 

Moore et 

al., 2013; 

Fodah et al., 

2014; Patel 

et al., 2014; 

Prokesch et 

al., 2016; 

Mgbemena 

et al., 2017; 

Odouard et 



  

 
 

al., 2017; 

Sturm et al., 

2018; 

Paterson et 

al., 2022)  

Prevalent 

form of 

infection 

 
 
Generally nosocomial 

 

 
 
Acquired by the 
community 

 

Often nosocomial 

and seldom 

community-acquired 

(Fodah et 

al., 2014; 

McLaughlin 

et al., 2014; 

Rossi et al., 

2018; J. 

Turton et 

al., 2019; 

Effah et al., 

2020) 

Drug-

resistance 

 

Often 

(carbapenemase and 

ESBLs producing) 

 

 

Rare apart from 

penicillin 

resistance. 

 

 

Bears carbapenemase 

 

(Fodah et 

al., 2014; 

McLaughlin 

et al., 2014; 

Rossi et al., 

2018; J. 

Turton et 

al., 2019; 

Effah et al., 

2020) 

 

 



  

 
 

1.4.1 Capsule 

In hvKp strains, the capsule size is 

greater than the normal range of cKp. In addition, it is very common to observe that hvKp bacteria 

obtained from the cerebral fluid exhibit a mean capsule size exceeding 2 mm 

According to an investigation of an intranasal infection model, mice infected with acapsular strains 

of K. pneumoniae exhibited significantly greater survival rates and decreased bacterial density in 

the lung and blood compared to mice infected with capsular strains. 

These methods depend on analyzing the cluster of genes carrying the capsular antigen, 

namely by sequencing the wzc or wzi genes and typing the cps locus amplified by polymerase 

chain reaction (PCR) using phage-depolymerase mapping 



  

 
 

Moreover, some analyses have demonstrated that K1 and K2 strains display higher levels of 

pathogenicity in comparison to populations associated with other serotypes. hence, serotype is 

considered a potential virulence determinant, perhaps because of distinct compositions that confer 

advantages in survival The application of multilocus 

sequence typing demonstrated that the variation in sequence types (ST) was more prominent in the 

capsule type of K2 serotype as compared to the K1 serotype. More precisely, it was demonstrated 

that K1 had a strong association with ST23, in contrast to K2 which was associated with ST25, 

ST86, ST375, and ST380, in that order  

The consequences incorporate 

promoting bacterial interactions with their environment, protecting against harmful conditions and 

toxic agents (such as bile salts, hydrolyzing enzymes, lysozyme, digestive and pancreatic enzymes, 

ions of metal, and antimicrobial agents), coping with environmental pressures (such as fluctuations 

in the pH level, heat, or the salinity), evading immunity in animals, and defending against phage 

attacks  



  

 
 

1.4.2 Lipopolysaccharides (LPS) 

The O antigen, located at the outermost region of LPS, consists of recurring units of an 

oligosaccharide biopolymer. The O1 antigen is the predominant O antigen reported in clinical 

isolates of K. pneumoniae 

 

1.4.3 Siderophores 



  

 
 

The genes responsible for production of enterobactin (ent) are 

present in nearly all strains of K. pneumoniae.

 

However, the absorption of iron through the often-conserved siderophore Ent is hindered 

by neutrophils and epithelial cells because of the secretion of lipocalin-2 (Lcn2).

empirically demonstrated to be linked 



  

 
 

 

1.4.4 Type 3 Fimbriae 

The fimbriae facilitate this adhesion by binding to both biotic and abiotic surfaces 

Originally identified in 

Klebsiella, type 3 fimbriae are now commonly observed in various groups within the 

Enterobacteriaceae family. There are two genes in the type 3 fimbrial genetic set: mrkA, 

responsible for encoding the main fibrial subunit, and mrkD, responsible for encoding an adhesin 

polypeptide that aids in attaching to collagen and cells of epithelial tissue in the basement 

membrane 

Analysis indicates that 

the majority of K. pneumoniae isolates obtained from hospital-acquired infections in the urinary 

or respiratory tract are capable of generating functional type 3 fimbriae 

Furthermore, the ability of K. pneumoniae to establish and survive in mice was reduced when the 

presence of type 3 fimbriae was removed 

 

 

  


