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1. Introduction:
a Gram Negative,
opportunistic, facultative anaerobe,

K.pneumoniae is
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ABSTRACT:

Klebsiella pneumoniae, a prevalent gram negative opportunistic pathogen within the
Enterobacteriaceae family, is responsible for wide spectrum of human infections. It’s pathogenicity
and antibiotic resistance are attributed to the presence of various virulence factors, including serum
resistance, hyper-mucoviscosity and biofilm formation. Non- hypervirulent strains are primarily
associated with nosocomial infections and exibit heightened antibiotic resistance, where as
hypervirulent strains are more susceptible and cause invasive infections in healthy individuals. The
pathogenicity of K.pneumoniae bolstered by an array of virulence factors, such as adhesions,
siderophores, endotoxins, and capsule. The global dissemination of multidrug resistant strains is
driven by plasmid mediated Extended Spectrum Beta-Lactamase activity. Biofilm formation
enhances K.pneumoniae’s persistence on epithelial tissues and medical devices by shielding it
from antibiotics and host immune responses. Detecting and inhibiting the rapid spread of highly
resistant strains, necessitating continuous monitoring for specific serotypes of Carbapenemase
producers and addressing the challenges posed by strains that rapidly disseminate and produce
biofilms is imperative. Further research into natural anti-biofilm agents, such as Phytochemicals,
Biosurfactants, Antimicrobial peptides, and micrfobial enzymes, holds promise for eliminating
biofilm formation and curtailing the pathogen’s spread within healthcare settings.

research in promoting new antibiotics due to the rapid
emergence of antibiotic resistance (1,4). There are two
phenotypic strains of K.pneumoniae “Classic” and

Non-Motile,
able to colonize,

invade, and spread diseases at various sites in the human
body. In immune compromised patients, such as those
with diabetes or cancer. K.pneumoniae is an opportunistic
pathogen that can cause a variety of diseases, such as
pneumonia, bacteremia, and meningitis. It has been
identified as one of the pathogens in the ESKAPE group
and possesses the ability to escape or evade the action of
Antimicrobial agents. Due to the presence of virulence
factor genes, serum resistance, hyper-mucoviscosity, and
the capability to form biofilms which confers
pathogenicity and antibiotic resistance. WHO enlists
K.pneumoniae as one of the organisms with high priority
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Hypervirulent (hvKP). The Classic non-virulent strains of
producing Extended Spectrum Beta Lactamases are mostly
associated with Nosocomial infections with increased
antibiotic resistance. The Global spread of MDR strains is
due to plasmid mediated Extended Spectrum hydrolytic
activities, Whereas invasive infections are associated with
Hyper virulent strains in healthy individuals and are
mostly antibiotic susceptible. The majority of risk factors
for mortality in BSI patients include the production of
Carbapenemases of, Amber moleculer class A -
K.pneumoniae Carbapenemase (KPC), class B- Verona
integron metallo-betalactamases (VIM), Imipenemase
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(IMP), New Delhi metallo-betalactamases (NDM), and
class D oxacillinase-48 (OXA-48) types. Infections by
carbapenem-resistant hypervirulent strains are recently
increasing where 50% of bacteremia cases could reach
mortality (2,3,4). Improper and Inadequate antibiotic
usage K. pneumoniae continues to acquire Antibiotic
Resistant Genes (ARGs) encoded by plasmid, leading to
the formation of Extremely Resistant Strains (XDR) with
“super resistone” (5). Prematurity, an immature immune
system, leangthy stays in the intensive care unit,
mechanical ventilation, and use of intravenous and urinary
catheters are the main risk factors for cKP infections in
newborns. The role of hvKP in neonates is unknown(6).
Presently, Pili, Capsule, Lipopolysaccharide (LPS) and
iron carriers have been identified as virulence factors (5).
In this review, we summarize the mechanism of
convergence of antibiotic resistance and virulence factors
of cKp and hvKP.

2. Materials & Methods:

In order to fulfill the objective of this review, we searched
the literatures in the scholarly sites including Pubmed,
Scopus and Google scholar. The search key words are
‘Klebsiella pneumoniae, ‘Phenotypic and Genotypic
Virulence factors’, ‘Antibiotic Resistance patterns’, Only
articles written in English language were selected for this
review.

3. Virulence factors:

To accomplish the infection K.pneumoniae must
overcome the Barriers, both chemical and mechanical, as
well as the humoral and cellular immune system of the
host. Upon entry into the host the invasive organisms are
recongnised by immune cells with a specific pattern called
PRR(pattern recognition receptors) and signals body to
produce various immune mediators. To establish the
infection K.pneumoniae needs to overcome host’s cellular
and humoral immune systems. It is described as four
virulent factors, Pili, Capsule, Lipo polysaccharides, and
iron carriers, Type 1 and 3 pili are used for adhesion to
epithelial, immunological, and antibiotic surfaces. The
Capsule helps to protect from the immune responses of the
host. In fact the LPS modifications prevent identification
by the host cells. The production of Capsular
polysaccharides is mediated by the plasmid-located RmpA
gene. hvKP phenotype with high capsule production often
bears the RmpA gene and magA gene associated with
hyper mucoviscosity mostly involved in invasive purulent
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tissue infections such as a liver abscess. K.pneumoniae
protected by the capsule from host immune responses,
Virulence and other factors may also contribute to the
pathogenicity of the organism. Importantly, numerous
studies have revealed a substantial association between the
K1 and K2 serotypes and hvKP. The modification in LPS
in specific sites facilitates K. pneumoniae not being
identified by the host immune cells while some other
strains might conceal the LPS in the capsule to prevent
being detected by Toll-Like receptor4 (TLR4). K.
pneumoniae has the four iron-absorbing molecues:
Salmochelin, enterobactin, yersiniabactin, and aerobactin
present in both classical and hypervirulent strains.
Enteromycin is thought to be the primary mechanism for
iron absorption because of its strong affinity for iron.
Yersinide and Gastrin are more common in hvKP in
contrast to enteromycin in cKP. hvKP strains produce a
large amount of activated iron-absorbing molecules which
confers higher virulence and pathogenicity comparing to
cKP strains. Salmochelin is linked to invasive diseases and
aerobactin for highly virulence is frequently seen in strains
of the extremely virulent hvK. pneumoniae that cause
serious infections in the community, like pneumonia and
liver abscess (5).

The pathogenesis of K.pneumoniae is greatly aided by the
expression of a wide range of acridity factors, such as
adhesins, siderophores, endotoxins, and capsule. The
capsule is a key contributor to acridity and is engaged in at
least two pathogenic mechanisms, namely the direct
inhibition of the wvulnerable host response and the
protection of bacteria from phagocytosis. Many capsule
types (K), including K1, K2, K54, K57, K20, and K5, are
frequently linked to the occurrence of invasive pyogenic
liver abscesses in the community, septicemia, and
pneumonia. Moreover, experimental infections in mice are
mostly detrimentally affected by K1, K2, K20, K54, and
K57, and severe infections in people are usually linked to
these proteins (7). In addition, hvKP strains are associated
with good prognoses in Blood Stream Infection patients,
specifically harboring pks gene cluster which produces
colibactin and can be used as a significant marker of early
mortality(3). Adhesins are bacterial components or cell
surface elements that make it easier for bacteria to adhere
to or attach to other cells or shells, usually on the host
where they dwell or infect. To create an infection or to
colonize a new host, adhesion is a necessary step in their
pathogenesis. For the prevention or treatment of bacterial
infections, bacterial adhesions are important targets.
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Fimbriae bonds, also known as fimbriae or pili, are
structural proteins that assist bacteria in locating particular
host kerchief shells. K. pneumoniae has different forms of
fimbriae i.e., 1, 3. Type 1 fimbriae are projections that
resemble thin, stiff hairs on the surface of bacterial cells.
Intercellular routes and chaperones collect them, and the
FIM gene cluster decodes them (8). The LPS, also known
as an endotoxin conforming to the three corridors of
antigen O core oligosaccharides, and lipid A, is a crucial
component of Klebsiella's exterior membrane. The gene
groups wh, waa, and Ipx contain the genes required for
their conformation. These bacteria's acridity is greatly
influenced by lipopolysaccharide, where K.pneumoniae
can change lipid A and deactivate the seditious response.

9)

4, Biofilm

The pathogenesis of K.pneumoniae includes colonization
and formation of bacterial biofilm involving a complex
process involving attachment of bacteria to the solid
surface,  micro-colony  production, = mature-colony
formation, and release of free planktonic bacteria from
biofilm. The Importance of biofilm is it protects the
bacteria from host defence mechanism, and anti microbials
making the bacterial community more resistant. The
biofilm matrix constitutes dense matrix of proteins,
polysaccharides, and DNA which prevents the exposure of
bacteria to the antimicrobials (12). The multidrug-resistant
K. pneumoniae produces a biofilm. Fimbriae affect
adhesion stability, Capsular Polysaccharides (CP) affects
cell-to-cell communication, the structure of the biofilm. To
produce biofilm shape and a range of stimulants from the
terrain, the bed cell must be able to carry out rapid-fire and
extensive alterations in gene expression. Only a portion of
the biofilm's susceptible defenses are guarded against by
K. pneumoniae cells. The matrix reduces or suppresses the
efficiency of complement and phagocytosis as well as
prevents antimicrobial peptides and antibodies from
reaching the bacterium (10).

The capacity of K. pneumoniae to form biofilm
increases the pathogen's persistence on epithelial tissues
and medical device surfaces by shielding it from
antibiotics and host immune responses (11). Antibodies
and antimicrobial peptides cannot penetrate the matrix,
and complement and phagocytosis are less effective as a
result (12). The bactreria growing deep within biofilms
multiply at a slower rate than the bacteria present close to
the surface making them less susceptible to the antibiotics.
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The genetic material transfer is much higher in biofilm
bacteria thus leading to transfer of genes carrying drug
resistance (46,47,48). The capsular production helps the
bacteria to maintain shorter distance between the bacterial
cells making it more compact within the biofilm. It is also
found that capsule production interferes with adhesin
function. Cellulobiose is another important factor that aids
in biofilm formation (49,50). hvKP factors that contribute
to the intestinal colonization and invasion are Capsular
polysaccharides, Lipopolysaccharides, fatty acids, Outer
membrane proteins(OMP) and DNA folding proteins,
Protein sysnthesis elongator factor, an aerobic-anaerobic
metabolism regulator, hypothetical proteins (51). The
genes associated are pks gene cluster,kpc-2 for
enhancement of virulence, blaNDM-1 large virulent
plasmid, fabz, IpxC for biofilm homeostatis, yfgL for
biofilm formation and expression of typel pili, kpOmpA
aids in cell to cell recognition, adhesion, and immune
response (5).

5. Serum Resistance :

After the initiation of inflammation, K.pneumoniae
invades and meet the cellular and humoral bactericidal
components of the innate immune system. The ability to
resist host’s first line defense which includes bactericidal
effect of serum which is mediated primarily by
complement proteins. The Lipopolysaccharide(LPS) is the
major component that confers bacteria to resist serum
bactericidal activity by the host. There are nine different
LPS serotypes (O antigens) described and the 01 serotype
by the most common O antigen found in most clinical
isolates (52). The ability of K.pneumoniae to resist the
bactericidal potency of human serum is assessed in
several studies. There were more than 50% of strains were
found to be highly resistant to serum, and there was no
correlation between serum resistance and the other
characteristics like biofilm formation,
hypermucoviscosity, antimicrobial resistance
classification, or the presence of virulence genes(l).
69.7% of strains were highly resistant to serum and mostly
associated with virulence K serotype, hvKP phenotype,
rmpA, rmpA2, and aerobactin genes (27).

6. Antimicrobial Resistance:

The definitions for MDR (Multi Drug Resistant), XDR
(Extensive Drug Resistant), and PDR (Pan Drug Resistant)
were suggested by the European Centre for Disease
Prevention and Control (ECDC) as PDR if the isolate is
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Resistant to all listed antimicrobial agents, XDR if it is
resistant to at least one agent in all but two or fewer
antimicrobial categories, and MDR if it is resistant to at
least one agent in at least three antimicrobial categories
(1).The genes associated with Aminoglycoside resistance
namely plasmid mediated aac , ant, aph families, Efflux
pump mediated AcrAB-TolC, kpnEF, KpnO. Quinolone
resistance genes OmpK36, acrAB, kdeA are associated
with cell permeability, OgxAB gene for Efflux pump
plasmid mediated quinolone resistance, qnr encoding
family of proteins that protect DNA gyrase and
Topoisomerase from Quinolone activity, aa(6’)-l1b-cr
gene for quinolone modification. Beta Lactam resistance
genes blaSHV-1, blaTEM-1 for Penicillin resistance,
blaSHV-2 for ESBL, blaTEM-3 for Plasmid mediated
ESBL variant, blaCTX-M for iatrogenic outbreaks,
blaOXA, blaGES, blaSFO, blaPER, blaTLA, blaVEB,
blaKLUC-5. Polymyxin resistance genes ImpX for
maturation of LipidA, ramA for neutralization of LipidA,
pbgP , pmrE for amino arabinose combination, pmrC for
phosphoethanolamine combination, pagP for Palmitate
combination, phoPQ, pmrA, pmrD, mgrB for LPS
modification gene regulators, RarA for high expression of
efflux pumps AcrAB-TolC and KpnEF, mcr-1 encoding
family of phosphoethanolamine transferases that can bind
to phosphoethanolamine. Tigecycline resistance genes
AcrAB-Tol, OgxAB for over expression of Efflux pump,
RarA, RamA, RamR, AcrR for efflux pump regulation,
Lon, rpsj for encoding ribosome S10, OmpK35K of
which decresed transcript level may enhance resistance,
tetA encoded tetracycline resistant efflux pump(5).

K.pneumoniae strains express chromosomal penicillinase
and sulfhydryl variable (SHV1), demonstrating inherent
resistance to ampicillin, carbenicillin, and ticarcillin.
K.pneumoniae is efficient for its ability to collect
resistance plasmids and became an indicator species for
plasmids encoding extended-spectrum beta-lactamases
(ESBLs), which confer cephalosporin resistance. The
plasmids containing components that confine resistance to
aminoglycosides, tetracyclines, and trimethoprim-
sulfamethoxazole initially contained both Temoniera
(TEM)- and SHV-type ESBLs. The leading ESBL family
today, cefotaximase (CTX-M), first appeared in the 1990s
and gives resistance to extended-spectrum cephalosporins
and penicillins, but is ineffective against carbapenems.
Due to the questionable clinical efficacy of penicillin-
inhibitor combinations and the fact that a sizable portion
of these isolates have developed resistance to
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fluoroquinolones and other antibiotics, carbapenems have
replaced them as the first-line treatment for MDR ESBL-
K. neumoniae infections. The extensive use of
carbapenems led to the rapid emergence and spread of
carbapenemase-producing K. pneumoniae (CP-Kp) strains.
The most prevalent kinds of K. pneumoniae
carbapenemases are Verona integron-encoded metallo-
lactamases (VIM) and K. pneumoniae carbapenemases
(KPCs), which range from KPC-2 to KPC-13, (IMP)
imipenemase,  oxacillinase ~ (OXA)-type  enzymes
(primarily OXA-48) and New Delhi metallo-lactamase
(NDM) types. Colistin and polymyxin B, these two
polymyxins, are thought to be among the most effective
agents against XDR CP-Kp. To ensure optimal medication
exposure, colistin must first be given as a loading dose and
then as necessary maintenance doses, To promptly attain
the desired serum concentration. Aminoglycosides like
Gentamicin and Amikacin have an excellent susceptibility
profile to some CP-Kp, so this class of drugs could be
used to treat CP-Kp infections (11). Except for
trimethoprim-sulphamethoxazole and ampicillin, all
antimicrobial drugs showed significantly lower resistance
rates in HVKP than in cKP (13). Because hvKp strains
have not developed antimicrobial resistance determinants
as quickly as cKp strains, it has been hypothesized that
plasmid incompatibilities, a physical barrier brought on by
capsule over expression, and CRISPR systems may be
important causes. The uptake and incorporation of
antimicrobial resistance determinants from an ICE element
into an hvKp strain's chromosome or virulence plasmid is
the second mechanism. The third mechanism is
chromosomal gene disruption or mutation (for example,
genes for outer membrane proteins [OMPs]). Increased
expression levels of AmpC beta-lactamases provide
resistance to the same substrates as ESBLSs do, plus to the
cephamycins (e.g., cefoxitin and cefotetan). The last line
of defense against strains that
produce metallocarbapenemases at the moment s
polymyxins (e.g., NDM-1). Thus, it is very alarming that
the polymyxin resistance gene mcr-1 has just appeared on
a stable, transferable plasmid. Increased expression of the
PhoP-PhoQ-Arn  pathway is another mechanism
underlying polymyxin resistance. A strain of cKp resistant
to Tigecycline transformed into a hvKP strain by acquiring
a piece of a hvKp virulence plasmid has been found. (14).
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7. The Covergence of Antimicrobial Resistance
and virulence genes:

It is found that a significant relationship between the
strains with iucA, rmpA, and uge genes are mostly
susceptible, and non ESBL producing, Similarly the
strains with irp2, ybtS and fyuA were higher prevalent in
ESBL production (1). It is unknown what medium of
exchange exists between antibiotic resistance and acridity
in K.pneumoniae. K.pneumoniae is frequently linked to
nosocomial infections  (15). The most common
Antimicrobials for which resistance was found were
Nitrofurantoin  (68%), Trimethoprim-Sulfamethoxazole
(73%), and Ciprofloxacin (75%). EntB (80%), traT(62%),
ybts(75%), magA(5%), iucC(30%), htrA(72%), and
rmpA(48%) were the percentages of virulence genes
associated in resistant strains. For each of the examined
isolates, the prevalence of the genes associated with
biofilm formation mrkA, fimH, and mrkD was 88%.
Furthermore, efflux pump genes for AcrAB(41%),
TolC(33%), and mdtK(26%) were discovered. High
expression of efflux pump and biofilm genes in MDR
strains are significantly statistically associated. For
resistance to various antimicrobials K. pneumonia has
evolved several mechanisms. Efflux pump systems and
biofilm forming capability are two key processes for the
development of the MDR. Protein-based structures called
efflux pumps can expel many harmful chemicals from
cells. The Resistance Nodulation Divisions’s (RND)
AcrAB efflux pump system plays a significant role in the
evolution of MDR strains of K. pneumoniae. The AcrAB-
TolC efflux pump is made up of an outer membrane
compartment, an inner membrane transporter(AcrB), and a
component found in the periplasm (AcrA)(TolC). In MDR
strains K. pneumonia, the AcrAB-TolC efflux pump is
crucial for resistance to a variety of antibiotics, including
Flouroquinolones, Tetracyclines, and Chloramphenicol
(4,16,17,18). K. pneumoniae has the ability to build
biofilm that shields strains from the host immune system
and antibiotics in MDR isolates. Several biofilm-related
genes, such as mrk(type 3 fimbriae) and fimH-1 (type 1
fimbrial adhesion) are implicated in the production of
biofilms (19). The fimD, fimH, mrkC, and mrkD genes are
found in almost all the strains. The virulence genes
prevalent as uge (73.23%), irp2(41.73%), ybtS(40.94%),
fyuA(40.16%), iucA(11.02%), rmpA(7.09%),
ironN(5.51%), clbA(1.57%), and clbQ(1.57%) with the
highest presence of uge gene in urinary isolates which
significantly shows that strains with iucA,rmpA,iron lack
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in biofilm producers (1). It has been eshtablished that the
production of biofilms and antibiotic resistance are both
significantly influenced by efflux pumps. In some
investigations, the ability of K. pneumonia to form
biofilms and its antibiotic resistance with the efflux pump
were significantly correlated (20). Some virulence
associated genes play a significant role in the
pathogenicity of K. pneumonia strains, including those that
code for the outer membrane protein-coding gene(traT),
the regulators of mucoid phenotype A (rmpA), the
enterobactin biosynthesis gene(entB), the yersiniabactin
biosynthesis gene (ybts), the mucoviscosity-associated
gene A (magA) and the iron siderophores aerobactin (21).
To restrict nosocomial infections in the hospitals
molecular methods will be most rapid and furthermore, in
finding the dominant genotype among isolates can be
crucial for figuring out the origin of the infection and
using preventive measures (16,22). The link between the
integron 1 gene, which is the major concern for antibiotic
resistance and the K. pneumoniae virulence genes wcaG
and rmpA. Attributed that the genes may be encoded on
the same transferable genetic elements, there is also a link
between phenotypic extended-spectrum beta-lactamase
and carbapenemase resistance and virulence genes. Genes
associated virulence and infection outcome were
correlated (23)

There were several resistance profiles found, including
pan-drug resistance (PDR; 5%), extended drug
resistance (XDR; 35%), and multidrug resistance (MDR;
42.5%). In addition, the selected genes in isolates
identified are CTX-M-1(70%), TEM(30%), gnrS(60%),
and qnrA(30%). There were spectral p-lactamases
(ESBLs) Producers. Interestingly, all these ESBL
producers showed the class 1 integrase gene (Intll),
whereas 60% of ESBL producers contained both CTX-M-
1 and TEM-I. All isolates tested were encapsulated and
87.5% were biofilm producers. Pili were detected in 90%
of the isolates tested (all were biofilm producers and
positive for the type 3 pilus adhesion gene [mrkD]).
OXA-48, gnrS, and Intll sequence analysis indicated
100% similarity to known sequences, whereas sequencing
of the gnrA, OmpK-35, and iron-regulated protein (irp2)
genes revealed 100% identity. Minor discrepancies were
shown in the form of no more than one single nucleotide
Polymorphism (24).

CRKP(Carbapenem- resistant K. pneumoniae) have
become more widely reported. The primary factor causing
the high virulence of hvKP is aerobactin. The
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iucABCDIutA locus is located on the virulence plasmid
and codes for aerobactin and its corresponding receptor.
According to published research, The virulence plasmids
or virulence plasmid-specific loci such as iucABCDiutA
and rmpA/rmpA2 have been used to identify hvKP strains.
The most common CRKP clones in America and Southern
Europe are ST258 and its descendant ST512. 12% of
CRKPs in Europe are caused by the single locus variant
ST11, which is substantially more common than ST258 or
ST512. However, in China, ST11 is the only CRKP clone
that has gained dominance (25,26). K. pneumoniae strains
are often divided into clone complexes (CCs) based on the
sequence types (STs) that are determined by the nucleotide
sequences at seven loci (mdh, infB, tonB, gapA, phoE,
pgi, and rpoB) (27). Uniplex or multiplex polymerase
chain reactions (PCR) were used to detect the presence of
various resistance-associated genes in the tested
K.pneumoniae isolates. ESBL (CTX-M-1, TEM),
carbapenemase (imipenemase [IMP], OXA-48), quinolone
resistance genes (qnrA, gnrB, gnrS, aac(6"-Ib-cr, and
gepA), as well as aminoglycoside resistance genes (aacA4
and aacC1l) and class 1 integrase gene (Intll), PCR was
performed using various primers (24).The over expression
of extended-spectrum lactamases (ESBLs) and AmpC
Cephalosporinase is one mechanism that contributes to
carbapenem resistance in K. pneumoniae, along with
Decreased expression or loss of outer membrane protein
(OMP), Activation of efflux pumps, and other
mechanisms. The primary mechanism is the synthesis of
carbapenemases (28). The most frequent class A
carbapenemase causing CRKP is K. pneumoniae
carbapenemase (KPC) (29). Despite the identification of
54 KPC variants, KPC-2 and KPC-3 are the most common
KPCs globally. Transposon Tn4401 frequently carries the
blakPC-2 or blaKPC-3 genes, and ISKpn6 and ISKpn7,
two unrelated inserts, surround the blakPC gene. (30).
Zinc is necessary for Class B metallo-lactamases to have
an active site. NDM-1, first identified in K. pneumoniae in
New Delhi India in 2008, has now spread throughout the
world(31). The recruitment of blaNDM is linked to
ISABal125 upstream and bleMBL downstream (bleomycin
resistance gene) (32). OXA-48 was first identified in K.
pneumoniae epidemic that occurred in Turkey in 2001,
followed by an increase in reports (33). Compared to other
carbapenemases, OXA-48 hydrolyzes carbapenems to a
lesser degree, often associated with other mechanisms of
resistance to carbapenems (34). Surprisingly, there are
increasing reports of CRKP strains that co-produce
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multiple types of carbapenemases (35). In addition to
carbapenemase, several non-carbapenemase mechanisms
also lead to carbapenem resistance. Impairment or
deficiency of OmpK35 and OmpK36 is associated with
decreased susceptibility to carbapenems (36). This is
primarily caused by decreased membrane permeability,
and carbapenem resistance is also brought about by the
excessive mechanism of efflux pumps (37). Efflux pumps
and OMP inactivation often interact synergistically with
ESBL or AmpC-B-lactamase Overexpression. Although
less studied, CRKPs that do not produce carbapenemase
are as important as those that produce carbapenemase (38).
Genetic components of colistin resistance mcr-1 and mcr-2
genes were found in 12% and 9%, respectively (39).

8. Conclusion :

In this comprehensive review, we aim to provide a
thorough analysis of antibiotic resistance patterns, as well
as the phenotypic and genotypic virulence factots
associated with K.pneumoniae. The global dissemination
of highly resistant and pathogenic K.pneumoniae strains is

a significant and growing concern in the field of
healthcare.
a. K.pneumoniae’s  Global Impact The

worldwide prevalence of K.pneumoniae has been marked
by its highly resistant and pathogenic nature. Among the
various strain, the hypervirulent strains stand out due to its
ability to cause disseminating infections, including
endophthalmitis and meningitis. These infections are
primarily community acquired, further emphasizing their
potential for harm.

b. Resistance Profiles : Multidrug resistance is a
recurring issue, especially in classical K.pneumoniae
strains found in healthcare settings. The nosocomial
multidrug resistant strains including carbapenem resistant
variants are primarily classical in type and are often
associated patients who have underlying health conditions
and comorbidities.

c. Rapid Outbreaks : The rapid emergence and
spread of such Multidrug resistant strains are exacerbated
by plasmid mediated genetic exchange. This genetic
mobility poses substantial challenges in healthcare
settings, making it difficult to address these issues
promptly and effectively.

d. Challenges In Treatment and Prognosis : The
treatment and prognosis of K.pneumoniae infections,
especially caused by highly resistant strains, are often
sluggish, and the outcomes are frequently unfavourable.
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Colistin is the only antibiotic effective against
Carbapenem resistant strains, highlighting the critical need
for new treatment options.

e. Biofilm Formation : K.pneumoniae’s ability to
form biofilms on epithelial tissues and medical devices is
another pressing concern. These biofilms serves as
protective barriers against both immune responses and
antibiotics. Moreover, there have been alarming cases of
such strains being detected in ready to eat vegetables,
which raises significant food safety issues.

f. Continuous surveillance To combat this
growing threat of highly resistant K.pneumoniae,
continuous surveillance is essential. A combination of
conventional phenotypic and genotypic rapid point of care
methods should be employed to detect these strains
promptly. This will enhance the limiting their
dissemination within healthcare facility and the broader

community.
g. Exploring Natural Alternatives : Given the the
challenges posed by highly resistant strains of

K.pneumoniae, there is growing intrest researching natural
antibacterial compounds and anti biofilm compounds such
as phytochemicals, biosurfactants, antimicrobial peptides,

and microbial enzymes are great choices. These
compounds can interfere with quorum sensing, bloch
adhesisns, alter cell permeability, and disrupt the electron
transport system and there by inhibiting colonization and
biofilm formation, potentially preventing serious life
threatening infections in healthcare setting.

In summary, the relentless rise of antibiotic resistant
K.pneumoniae strains, along with their virulence and
biofilm forming abilities, pose a substantial threat to
public health, addressing this issue requires a multi faceted
approach that includes surveillance, the development of
novel treatments and research into natural compounds to
combat these highly resilient pathogens.
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Table - 1 The Percentage of the relationship between K. pneumoniae Antimicrobial Resistance, associated ESBL and virulence

genes.

Reference

Isolate Resource

Antibiotic Resistance
(%)

Antimicrobial
Resistance
genes (%)

Virulence genes (%)

Ballén et al 2021 [1]

127 isolates from
Different
Clinical
specimens

39.17% Susceptible to
all microbial agents
18.9%

Resistant to one or two
categories

40.16% MDR

1.57% XDR

41.0% Ciprofloxacin

39.0% Amoxycillin

/clavulanic acid
35.0%

Trimethoprim/sulfamet
hoxazole

37.0% Ceftazidime
2.0% Colistin

13% Chloramphenicol
11% Imipenem

14% Fosfomycin
17.0% Gentamycin
24.0% Cefipime

85.45% blaSHV-
1

78.95% blaCTX-
M1

71.93% blaTEM-
1

76.92%
blaOXA48
38.46% aac-(6)-
Ib-cr

51.92% gnrB
13.64% sull
65.91% sul2

Fimbriae associated
98.43%
(fimD,fimH,mrkC,mrkD)
Capsule associated
73.23% uge

7.09% rmpA
Siderophores

41.73% irp2
40.94% ybtS

40.16% fyuA
11.02% iucA

5.51% iroN
Colibactin

1.57% clbA
1.57% clbQ
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21.0% Piperacillin/

Tazobactam
Albasha et al 60 isolates from | 35.0 % MDR 93.3% entB
2020 [4] different clinical | 7.0% XDR 68.3 % 78.3% mrkD
specimens 30.0% Ciprofloxacin blaOXA48 60.0% kfu
38.3% chloramphenicol | 10% blaNDM 18.3% magA
40.0% Gentamycin 8.3% blaKPC 5.0 % rmpA
8.3% Imipenem 3.3% blalMP
70.0% Ceftazidime
Mirzaie, A, 100 isolates from | 92% MDR | ------ Virulence related

Ranjbar et al 2021 [16]

different clinical
specimens

75% Ciprofloxacin
73%
timethoprim/sulfametho
zoxazole

68% Nitrofurantoin
48% Imipenem

72% Streptomycin

92% All betalactams

80% entB
62% tratT
75% ybtS
30% iucC

72% htrA
Mucoviscosity

5% magA

48% rmpA
Biofilm-associated
88% mrkA, fimH,mrkD

Efflux pump
41% AcrAB
33% TolC
26% mdtK
El-Domany RA, et al 40 isolates from | 42.5% MDR 70.0% CTX-M-1 | 100 % fimH
2021 [20] different clinical | 35.0% XDR 30.0% TEM 50% mrkD
specimens 5.0% PDR 60.0% qnrS 40% irp2
30.0% gnrA 40% kfu

Imtiaz W et al 200 isolates from | 36% MDR-CRKP 46% blaCTX-M- | Mucoviscosity
2021 [39] different clinical | 38% Carbapenem 15 35.5% rmpA
specimens 55% Gentamycin 39% blaNDM Adhesins
53% Ciprofloxcin 24% blaOXA-48 | 19% fimH
59% Aztreonam 12% mer-1 18% mrkD
22% Fosfomycin 9% mcr-2 22% ycfM
15% Colistin Porins
7% Combined 56% ompK35
resistance to 55% 0mpK36
carbapenems and 16% bss polysaccharide
colistin regulator gene
Ku YH, 33 isolates from | 27.3 % Broad spectrum | 18.2% blaSHV-5 | 69.7% rmpA
Chuang YC et al non metastatic Cephalosporins 6.0% blaCMY-2 | 60.6% rmpA2
2017 [41] meningitis in 6.0% blaDHA-1 | 6.1 % c-rmpA2
children 3.0% blaTEM- 30.3% kfu
1B 15.6% alls(associated
with allantoin
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metabolism)
66.7% aerobactin

LiY, LiD,
Xue Jetal 2021 [42]

94 invasive
isolates from
different clinical

30.85% HV-CRKP
37.23%Gentamycin

2.13% Amikacin

ESBL genes
19.15% blaTEM-
1

Hypervirulent genes
13.83% iucA
30.85% rmpA

specimens in 29.79% Tobramycin 86.17% blaSHV- | 2.13% rmpA2
children 12.7%Meropenem 11 34.04% peg-344
12.7% Imipenem 48.94% bla- 0% terB
12.7% Ertapenem CTX-14 86.17% iroB
46.81% Cefuroxime | g 3904 plaVEB-1 | 0% irp2
46.81% Cefozolin 0%  blaPER Other genes
38.30% Cefotaxime Amp-C genes 11.7% ybtS
43.62% Ceftriaxone 70.21% blaACT- | 98.94% mrkD
23.40%Ceftazidime 1 21.28 entB
21.28% Cefipime 31.91% 50.0% kfu
26.60% Ceftizoxime blaDHA-1 17.02% alls
18.09% 86.17% blaFOX- | 2.13% iutA
Cefoperazone 1 4.26% K2A
/1829I7b7%2tgi]:3eracillin/ 0 % blaCMY, 100 % wabG
Tazobactam 0% blaMOX, 88.3% Uge
27.6%Ciprofloxacin 0% blaACC, 95.74% fimH
4.26% Levofloxacin 0% blaCIT, 24.47% weaG
18.09% Aztreonam 0% blaABC 53.19% kpn
Carbapenemase 96.81% ycfM
genes 28.72% iron
10.64% blaKPC- | 0% Hly
2 0% cfn-1
5.32% blaOXA-
1
19.15 blaNDM-1
13.83 blaVIM-1
0% blaIMP
0% blaAlM
0% blaGIM
0% blaSIM
0% blaSPM
0% blaBIC
0% blaDI1M
Colistin genes
0% mcr-1
0% mcr-2
Rastegar S, 146 isolates from | 97.6% Ampicillin
Moradi M et al different clinical | 66.1% Cefotaxime 2.7 % rmpA
2021 [13] specimens 63.7% Ceftriaxone | 777 26.7 % kfu
63.7% Ceftazidime 24.8 %fimH

62.1% Aztreonam

94.5% mrkD

679



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2023) 13(4), 671-686 | ISSN:2251-6727

54.8%
trimethoprim/sulfameth
oxazole

52.4% Gentamycin
50.0% Nalidixic acid
45.2% Tetracycline
38.7% Amikacin
32.3% Ofloxacin
37.9% Imipenem
25.0%Ciprofloxacin

4.1 % alls
5.4% iutA
2.0 % magA
95.8 % entB
58.9% ybtS

Shadkam S et al 100 isolates from | 67% MDR 7.0% blaviM Biofilm forming genes
2021 [43] different clinical | 11% XDR 11.0% blaIMP 98% luxS
specimens 52% trimethoprim/ 5.0% blaNDM 96% treC
Sulfamethoxazole 28.0% blaOXA- | 34% wza
48
51% Cefotaxime
43% Cefipime
43% Ceftriaxone
Sahoo RK 227 isolates from | 31.7% ESBL 100% blaTEM Virulence factors
et al 2019[19] different clinical | 31.7% MDR 85% blaSVH 70% fimH
specimens, 22.58% Amikacin 50% blaCTX-M | 50% mrkD
And only 20 70.96% Amoxycillin/ 65% entB
Isolates for Clavulanate 25% irp
ESBL and 35.48% Cefixime 25% K1
Virulence 22.58% Co-trimoxazole 20% K2
genotyping 83.87% Cefuroxime
41.93% Ceftriaxone
25.8% cefotaxime
6.4% Colistin
64.51% Levofloxacin
6.4% Meropenem
83.87% Ofloxacin
22.58% Piperacillin/
Tazobactam
Di Domenico EG et al 86 CRKP Carbapenemase
2020 [44] isolates from 88% Amikacin genes
oncological 100% Amoxycillin/ 96.5% KPC | -
patients clavulanic acid 2.3% OXA-48
100% Cefipime 1.2% VIM

100% Cefotaxime
100% Ceftazidime
15% Ceftazidime/
Avibactam

98% Ciprofloxacin
33% Colistin
100% Imipenem
100% Meropenem
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100% Ertapenem
89% Tigecyline
80%

hoxazole
85% Gentamycin

Trimethoprim/sulfamet

Harada S et al

26 isolates of

Resistant to third

19.23% blaSHV

84.6% rmpA and/or

2019 [45] HVKP from BSI | generation 15.38% blaCTX- | rmpA2
of total 102 cephalosporins. M 100% iroBCDN
isolates of 46.2% ESBL 3.80% blalMP-6 | 88.5% iucABCD
K.pneumoniae 3.80% blaGES- | 8.5% iutA
4 Capsular genes
26.9% K1
23.0% K2
2.60% K20
11.5% K57
15.4% K62
TABLE — 2 The percentage of phenotypic characteristics of K.pneumoniae
Reference Isolate Hypermucoviscosity | Biofilm Producing strains | Strains showing Serum
Resource Producing  strains | (%) Resistance(%)
(%)
Ballén et al 2021 [1] | Different 13.39% 27.55% as weak 50%
Clinical 33.07%as moderate
specimens 19.69% as strong
Mirzaie, A, Ranjbar | 100 isolates 14% as weak
et al 2021 [16] from different 20 % as moderate
clinical 71% as strong
specimens
El-Domany RA, 40 isolates from | ---- 875% | -
etal 2021 [20] different
clinical
specimens
Imtiaz W et al 2021 | 200 isolates | 22.0% - e
[39] from different
clinical
specimens
Ku YH, 33isolates from | 66.7% | --—--- 69.7%
Chuang YC et al | non metastatic
2017 [41] meningitis
Li Y, LiD, 94 invasive | 9255% | -—-—— | s
Xue Jetal isolates  from
2021 [42] different
clinical
specimens  in
children
Rastegar S, 146 isolates 151% || e
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Moradi M from different
etal 2021 [13] clinical
specimens
Shadkam S et al 100 isolates | ---------- 31%asweak | -
2021 [43] from different 19 % as moderate
clinical 25% as strong
specimens

Sahoo RK et al

20 Isolates of | ---------

15% as weak

2019[19] ESBL 40 % as moderate
producers 30% as strong
Di Domenico EG 86 CRKP 22.1% 55.8%strong | -
etal 2020 [44] isolates from
oncological
patients
Harada S et al 102 isolates 186% | - | e
2019 [45] from BSI
Table — 3 Prevalence of hvK.pneumoniae and Antimicrobial resistance
. Sample Prevalence of Hypervirulent Prevalence of Antimicrobial Resistant | Referen
Location Year . . .
Size K. pneumoniae hvK. Pneumoniae ce
. 2004-
0, 0,
Taiwan 2005 11 100% 0% [51]
. 2007-
0, 0,
China 2008 41 80.50% 95.10% [52]
. 2008-
0, 0,
Singapore 2011 20 75% 100% [53]
South 2011-
0, 0,
Korea 2012 136 11.80% 66.90% [54]
United 2011-
0, 0,
States 2013 10 100% 90% [27]
. 2011-
0, 0,
Thailand 2013 116 6.90% 34.50% [55]
. 2016-
0, 0,
India 2017 40 22.50% 95% [56]
. 2018-
0, 0,
India 2019 50 30% 78% [57]
China 2019 | 42 97.60% 92.90% [58]
Spain 2019 | 15 40% 100% [59]
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