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Abstract

Carbapenems are the last line of defense against Gram-negative and Gram-positive bacteria that cause serious infections. 
Although they are resistant to most B-lactamases, the presence of carbapenem hydrolyzing enzymes known as carbapenemase 
has put their use as a last-resort antibiotic in jeopardy. These enzymes are produced most frequently by Enterobacteriaceae. 
True carbapenemase in Ambler molecular classes A, B, and D are frequently expressed by genes found in mobile genetic 
elements such plasmids, integrons, and transposons, which frequently contain many resistance determinants, further limiting 
treatment options. The worldwide development of carbapenem-resistant Gram-negative bacteria has resulted in a large 
number of nosocomial and community-acquired illnesses, which has become a major public health issue. In vitro evidence of 
the advantages of combination schemes against polymyxins is still available while polymyxins are still available. 
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Introduction 

Carbapenemase Resistance

Carbapenems are antibiotics that belong to the B-lactam 
class and are frequently used as last-resort medicines to treat 
infections caused by multidrug-resistant Enterobacteriaceae. 
Carbapenem resistance in Enterobacteriaceae bacteria is 
becoming a severe public health issue around the world. 
Sporadic outbreaks or endemic circumstances of antibiotic-
resistant enterobacterial isolates [1]. 

The most important determinants sustaining 
carbapenem resistance are integrin acquired class A 
Klebsiella pneumoniae carbapenemases (KPC), class B 
(Imipenemase IMP, Verona Integron-encoded Metallo-ß-

lactamase VIM, New Delhi Metallo-ß-lactamase NDM), or 
class D Oxacillinase of type (OXA-48, OXA-181) carba The 
related genes are typically found on plasmids and are linked 
to a variety of mobile genetic structures (insertion sequences, 
integrons, and transposons), allowing them to spread even 
more widely [2].

Carbapenems, such as imipenem and meropenem, 
are most commonly used to treat infections caused by 
Enterobacteriaceae that produce extended-spectrum beta-
lactamases; hence the development of enzymes capable of 
inactivating carbapenems would limit treatment options [3]. 

Carbapenem-resistance Mucoid is one of the most 
common recognized nosogens that causes urinary 
tract infections, wound infections, and septicemia in 
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immunocompromised people. Enterobacteriaceae (CRE), 
which includes Klebsiella pneumoniae, is frequently mucoid-
positive [4]. CRE can lead to treatment failure, posing a 
substantial public health risk [5]. Antimicrobial resistance 
genes (ARGs) can be transferred to other bacterial species, 
resulting in the production of various enzymes (such as 
beta-lactamases) that inactivate antimicrobial activities; the 
types of enzymes produced by carbapenemase-producing 
carbapenem-resistant Enterobacteriaceae (CP-CRE) include 
clavulanic-acid-inhibited-lactamases [3].

Carbapenemases found in Enterobacteriaceae are 
different from extended spectrum B-lactamase (ESBL) in that 
they efficiently hydrolyze carbapenems. With the notable 
exception of certain Guiana carbapenemases, the protein 
structure of carbapenemases differs greatly from that of 
ESBLs in most situations. Extended spectrum B-lactamase 
(GES) and OXA-48-type ß-lactamases with ESBL activity 
that may have point-mutant equivalents [6]. Carbapenemase 
producers are currently the most serious clinical issue in 
antibiotic resistance in Gram negative bacteria, especially in 
Enterobacteriaceae [7].

Burden of Carbapenemase Resistance

The incidence of blaKPC within K. pneumoniae isolates 
reached at 36%, according to the CDC’s Intensive Care 
Antimicrobial Resistance Epidemiology (ICARE) [8]. The 
annual incident CRE cases/100,000 population in seven US 
localities was reported to range from 0.35 to 4.80, with an 
overall estimate of 2.94 annual incident CRE cases/100,000 
populations [9]. A CPE was found in 21 percent of people 
in a multi-national observational research spanning seven 
Latin American countries (Argentina, Colombia, Ecuador, 
Guatemala, Mexico, Peru, and Venezuela) (83 percent ) 
[10]. Patients in numerous Indian and Pakistani hospitals 
have been colonized with blaNDM-producing bacteria at an 
increasing rate, with reported carriage rates ranging from 
2% to 13.5 percent in intensive care units [11]. Carbapenem 
resistance genes in South Africa 42 percent, 10 percent, and 
6 percent for blaNDM-1, blaKPC, and blaOXA-48, respectively. 
The ambler class A genes, such as blaKPC, are the most 
commonly identified carbapenem genes, followed by class B 
metallo-beta lactamases (MLBs), such as blaNDM, and class 
D OXA-type genes, such as blaOXA-48. KPC enzymes are the 
most clinically important carbapenemases in the world right 
now [12].

KPC, which was found in 15% of East Africans, was the 
most common CRE gene. IMP (21.6%), VIM (12.3%), OXA-
48 (4.9%), KPC (3.5%), and NDM were found to be the most 
common CR genes in Tanzania (3.1 percent) [13]. In various 
parts of Latin America, such as Colombia and Argentina, 

KPC manufacturers are endemic. KPC producers may be 
found practically everywhere in Europe, and are frequently 
linked to imports from endemic areas. Greece and Italy are 
European endemic areas. Numerous healthcare-related 
findings, as well as few community-acquired cases, have 
indicated the endemicity of KPC producers in Israel [1]. ST 
258, a K. pneumoniae clone that produces KPC-2 or KPC-
3, has been widely detected throughout the world. Despite 
the fact that NmcA was the first carbapenemase sequenced 
in Enterobacteriaceae in the 1990s, other forms of class 
a carbapenemases (NmcA, SME, IMI, GES) still have a local 
distribution, with GES-type ß-lactamases having a more 
specific distribution in South America [6]. Despite being found 
all over the world, VIM producers in Enterobacteriaceae are 
most common in Southern Europe and the Mediterranean, 
while IMP producers are usually found in Asia [7].

Molecular Classification (Type) of 
Carbapenemase

Carbapenemases are divided into two groups based 
on their active sites , serine carbapenemases belonging to 
class A penicillinases and class D oxacillinases, which have a 
serine in the active site and can be inactivated by b-lactamase 
inhibitors such as clavulanic acid and tazobactam; and 
Metallo-b-lactamases belonging to class B carbapenemase 
EDTA stops these enzymes from working.

Class a Carbapenemase

Some are chromosomal encoded (NmcA, SME, IMI-
1, SFC-1), while others are plasmid encoded (KPC, IMI-2, 
GES, variants), but all successfully hydrolyze carbapenems 
and are somewhat inhibited by clavulanic acid. KPCs are 
the most widely used enzymes in clinical practice [14]. 
KPC and GES enzymes are plasmid-encoded, whereas SME, 
NMC, and IMI enzymes are chromosomally encoded. SME 
(Serratia marcescens) enzymes are normally found only in 
Serratia marcescens, although IMI and NMC enzymes have 
been found in Enterobacter cloacae on rare occasions. The 
genes for KPC enzymes, on the other hand, are present on 
transferable plasmids and are quite common, mostly in 
K. pneumoniae but also in other Enterobacteriaceae. K. 
pneumoniae integrons on transferable plasmids include the 
genes for GES enzymes [6,15].

KPC-2 and KPC-3 are the most widely identified of 
the 20 known KPC variations. They hydrolyze expanded-
spectrum cephalosporins as well as all carbapenems, unlike 
other class A carbapenemases. KPC-lactamases are inhibited 
only weakly by clavulanic acid and tazobactam, and they 
are frequently coharbored with OXA-1, affording resistance 
to -lactam inhibitor combinations. They are encoded on 
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transferable plasmids and are not inducible. The major 
genetic structure promoting the spread of blaKPC-type 
genes has been identified as a 10-kb Tn3-type transposon 
Tn4401 with two insertion sequences ISKpn6 and ISKpn7. 
The blaKPC gene was recently discovered to be chromosol 
integrated in K. pneumoniae, allowing for easier gene 
maintenance in bacterial populations. The successful clone 
Klebsiella [16,17].

Class B Metallo-β-Lactamases

The IMP, VIM, GIM, SIM, and NDM enzymes are class B 
metallo-b-lactamases, and their genes are mostly found in 
Enterobacteriaceae transferable plasmids. This family of 
enzymes catalyzes -lactam hydrolysis by forming nucleophilic 
hydroxide, which attacks the -lactam ring further. The 
metallo-lactamases are further split into subclasses (B1, B2, 
and B3), however the B1 subclass contains the majority of 
clinically significant MBLs, including the Verona integron-
encoded MBL (VIM), imipenemase (IMP), and New Delhi 
MBL (NDM). Those MBLs are frequently found within diverse 
integron structures, which are linked to mobile plasmids or 
transposons, allowing resistance genes to be transferred 
across bacteria [6,17,18,19].

The imipenem resistance conferring -lactamase was 
called IMP-1 and was found on a conjugative plasmid. This 
enzyme’s gene was found on the class 1 integron. IMP-5 was 
more homologous to IMP-1, IMP-3, and IMP-4 than IMP-
2. BlaIMP-5 was the lone gene cassette introduced into an 
In76 transfer of resistance genes between bacteria class 1 
integron.

VIM enzyme is a member of another common family 
of integron-associated metallo-lactamases. The BlaVIM-1 
gene was repeatedly found within the class1 integron, 
demonstrating its importance in the spread of IMP and 
VIM genes not only in non-fermentative bacteria but also 
in Enterobacteriaceae. The enzyme was chromosomally 
encoded and varied from VIM-1 in two amino acids, C178A 
and A443G, respectively. VIM-4-lactamases were discovered 
in K. pneumoniae and Enterobacter cloacae isolates from 
an Italian patient who had previously been treated with 
carbapenems. VIM-4 differs from VIM-1 in one amino acid 
(S228A), making it more active against imipenem. VIM-1 and 
VIM-4 enzymes are frequently carried on incompatibility 
group NorA/C plasmids in E.cloacae and K.pneumoniae, 
especially of ST147 and 11 [12,20,21].

Huge conjugative plasmids bearing the blaNDM genes 
can have up to 14 different antibiotic resistance determinants 
and can transmit this resistance to other bacteria, resulting 
in multidrug resistance or pan-drug resistance phenotypes 
[17]. 

Transposon Tn125 with two flanking ISAba125 
elements, commonly truncated in Enterobacteriaceae and 
part of broad-host-range plasmid containing IncA/C, is 
the most common genetic platform for the blaNDM gene 
(predominant plasmid type). NDM producers have been 
identified as a source of community-acquired infections 
because they can acquire additional -lactamases, including 
carbapenemases [22]. GIM–MBL possesses two zinc ions in 
the active site, unlike other class B carbapenemase [23].

Class D Enzymes of the OXA-48 Type

The hydrolytic activity of these enzymes toward oxacillin 
is their key feature, and their genes can be found on both 
plasmids and chromosomes. OXA enzymes were recently 
classified into 12 sub-groups: OXA-23-like, OXA-24/40-like, 
and OXA-45-like. OXA-48, OXA-51-like, OXA-58-like, OXA-
143-like, OXA-253, OXA-211, OXA-213, OXA-214, OXA-229, 
and OXA-235 are all OXA-48-like, OXA-51-like, OXA-58-
like [17]. OXA-48-lactamase was discovered in a Klebsiella 
pneumoniae strain. Not just in Klebsiella pneumoniae, but 
also in other Enterobacteriacea, it is currently ubiquitous. 
The BlaOXA-48 gene is found in the IncL/M plasmid pOXA-
48. This plasmid has a high conjugation rate and is self-
conjugative, which helps to explain why OXA-48 enzymes are 
so widely used around the world [6]. The IS1999 insertion 
sequence positioned upstream of the Tn1999 transposon, 
which is commonly present on L/M plasmids, aids in the 
propagation of the blaOXA-48 gene [24].

OXA-48 hydrolyzes carbapenems at a low level, has very 
little activity against expanded-spectrum cephalosporins, 
and does not hydrolyze ceftazidime or cefepime appreciably, 
but when combined with impermeability, can lead to high-
level carbapenem resistance [25]. Despite the fact that 
multiple class C carbapenemases have been identified (ACT-
1, CMY-2, CMY-10, and ADC-68), their producers frequently 
have reduced carbapenem susceptibility due to low enzyme 
catalytic efficiency and permeability defect. However, its 
clinical significance is uncertain [26]. 

Molecular Mechanisms of Carbapenemase 
Resistance 

Carbapenem resistance is significantly linked to 
carbapenemase production (carbapenemase gene 
acquisition), porin loss in combination with extended-
spectrum-lactamases (ESBLs), and efflux pump 
overexpression. KPC,NDM,VIM, IMP, and OXA, which are 
encoded by blaKPC, blaNDM, blaVIM, blaIMP, and blaOXA 
genes present in both the plasmid and the chromosome, are 
the most common carbapenemases resistant encoding genes 
[27].
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Resistance to most -lactams, fluoroquinolones, and 
aminoglycosides has been observed in bacteria generating 
carbapenemases KPC and NDM. However, carbapenemases of 
the OXA type, namely OXA-48-like carbapenemases, are less 
active against carbapenems and can only cause a significant 
level of resistance when combined with extended-spectrum 
antibiotics. The IMI/NMC, SME, KPC, and GES enzymes 
hydrolyze the beta –lactamase and OXA b-lactamases for 
‘oxacillin-hydrolysing,’ and their genes are present both on 
plasmids and in the chromosome. Only GES-2, GES-4, GES-5, 
GES-6, GES-14, and GES-18 have been documented to exhibit 
enzymatic activity against carbapenemase [17].

Possible Genes in the Future for 
Carbapenemase Resistance

Many reports from the Indian subcontinent describe 
isolates generating OXA-181, NDM-1, and VIM enzymes. 
Shewanella xiamenensis was recently identified as the 
origin of the blaOXA-181 gene in a recent study. As a result, 
it’s thought that a chromosomal gene was mobilized to 
plasmid and then distributed in clinically important species. 
This highlights the continual interaction of microbes in the 
environment, community, and clinics. MBL variations (VIM-
42, 43, 44, and 45, IMP-48 and -49, and NDM-16), which 
differ by one amino acid from previously reported enzymes, 
show that the genetic background of these widely distributed 
enzymes is still active [7,28].

Challenges and Future Perspective 

Enterobacteriaceae carbapenemase producers vary 
from other multidrug-resistant bacteria in that they are 
vulnerable to few (if any) antibacterial medicines.

The following are the key characteristics of these 
enzymes’ epidemiology:

The major reservoir is the first parameter to consider. 
Indeed, a specific enzyme is very likely to arise in a given 
geographical location where numerous favorable factors 
exist, such as a dense population, poor hygiene, and significant 
selective pressure connected to antibiotic abuse and misuse. 
The second parameter involves the carbapenemase gene’s 
genetics, as certain genetic structures are known to promote 
gene plasticity and mobility. Some plasmids and integron 
or transposon architectures may really favor horizontal 
gene transfer. Some plasmids have a broad host range for 
replication, which can help with interspecies spread, while 
others have a limited host range. Some plasmids replicate 
quickly and are self-conjugative, while others are not self-
conjugative or conjugate at a slow rate. The degree of human 
population exchanges after a reservoir has been established 
is the third important parameter. If a carbapenemase emerges 
in a geographical location where the population is mobile 
(a large worldwide diaspora, tourism, or medical tourism), 
the likelihood of seeing that resistance determinant evolve 
globally is significant, as previously reported enzymes have 
shown (Table 1).

Drugs Mechanism of Action Limitation

Old antibiotics

Fosfomycin Cell wall synthesis inhibitor Appearance of resistance
Aminoglycosides Protein synthesis inhibitor Appearance of resistance

Colistin Cell membrane disruptor Nephrotoxicity
Tigecycline Protein synthesis inhibitor Low concentration in tissue

Dual therapy
Meropenem/

Cell wall inhibitor
Insufficient clinical data

Vaborbactam
Plazomicin Protein synthesis inhibitor Insufficient clinical data

Novel drug
Eravacycline Protein synthesis inhibitor Currently in clinical trials

Imipenem/relebactam Cell wall inhibitor Currently in clinical trials

Table 1: Current and future treatment options for infections caused by CRE.

How CPE Disseminate Among Humans, 
Animals and Environment 

CPE-from Human

Incidences of blaNDM, blaKPC, blaOXA-48, and blaVIM-
producing K. pneumoniae and Enterobacter spp. increased 

dramatically, according to data from the Nosocomial 
Infection Surveillance Program. Patients could disseminate 
CPE over multiple locations by using health-care facilities 
as a reservoir. Many European nations, including Greece, 
Italy, Spain, France, and Germany, have reported blaKPC-
producing K.pneumonia outbreaks in hospitals.

https://medwinpublishers.com/JIDTM/
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In a recent investigation, blaNDM-1 and blaKPC-2-
producing K. pneumonia were found in transplanted 
patients in Brazil. Carbapenemases have been linked to 
multidrug resistance genes on the same MGEs. The blaKPC 
gene, which encodes the KPC enzyme that hydrolyzes all 
-lactams, was discovered on plasmids containing numerous 
additional antimicrobial resistance determinants. In North 
America, Europe, Asia, and South America, outbreaks caused 
by multidrug-resistant and blaKPC-positive K. pneumoniae 
opportunistic pathogenic strains have been recorded [12].

Arecent study from China reported a Morganell morgana 
isolate, an opportunistic pathogen, harboring blaNDM-5 gene 
on a self-transmissible IncX3 plasmid from a stool sample of 
a cancer patient [29].

Although, little is known about the spread and clinical 
relevance of CRE in Africa, two studies reported their 
prevalence in hospital and community settings among 
several African [23].

 CPE-from Companion Animals 

Carbapenems are not licensed for the treatment of 
infectious diseases in companion animals in most of countries. 
As a result, pathogenic strains of Enterobacteriaceae causing 
infections in companion animals are not usually screened for 
carbapenemase resistance genes in veterinary laboratories. 
The possible way companion animals may get infected with 
CRE is through direct contact with colonized hosts and 
contaminated environment. Eventually, companion animal 
may become a reservoir for CPE [2].

For instance, a blaOXA-48 carbapenemase-producing K. 
pneumoniae has been transmitted from human to companion 
animals (dogs) through contaminated hands. Identification 
of CPE in companion animals could become significant for 
public health due to not only host-to-host transmission 
but also possible gene transfers between commensals and 
pathogens. Due to selection pressure, treated animals (pets) 
may become colonized with CPE that could be transmitted to 
human through fecal – oral contaminations.

CPE-from the Environment

As discussed above, several studies demonstrate the 
spread of CPE all around the world among humans and 
animals. However, there are very few reports on the role 
of environmental contamination in the spread of CPE. 
The environment, surrounded by the CPE carriers, may be 
contaminated with these bacteria and further act as a vector 
for their dissemination. Dissemination of environmental CPE 
(eCPE) can negatively impact human health. The prevalence 
rate of eCPE is high especially around intensive care units, 

acute and long-term health care facilities. Exposure of health 
care personnel to infected patients and cleaning methods 
used in the health facilities could potentially be responsible 
for dissemination of eCPE [30].

A study from Egypt investigated the occurrence 
of β-lactamase and CRE in the integrated agriculture–
aquaculture environment and isolated several 
Enterobacteriaceae strains resistant carrying predominantly 
the carbapenemase resistant gene blaKPC either alone 
or with the β-lactamase genes (blaCTX-M-15, blaSHV, 
blaTEM, and blaPER-1). This study suggests transmission 
of the resistance genes among Enterobacteriaceae strains 
in integrated agriculture–aquaculture system with serious 
public health implication [31].

The Predisposing Risk Factor for CPE 

CPE is high in humans with advanced age, primarily, due 
to their frequent visits to hospitals, long-term stay in health 
care, ICU patients showing new emerging mechanisms of 
resistance continue to rise in the United States of America 
[32]. Another important factor responsible for worldwide 
dissemination of CRE is the international travelling and 
medical tourism. There are several reports demonstrating 
the role of travelling to affected developed countries in the 
epidemiology of CRE. Pathogenic strains of K. pneumoniae 
and Enterobacter cloacae containing blaKPCs have been 
isolated from patients from France and Greece hospitalized 
in New York. Overcrowding coupled with poor sanitation 
conditions including inappropriate waste management 
system and misuse of antibiotics could play roles in the spread 
of antimicrobial resistance genes in general and those for 
carbapenemase in particular. Furthermore, urbanization and 
globalization are greatly involved in spreading antimicrobial 
resistance pathogens all over the world [33-35].

The Way Forward To Control Carbapenemase 
Resistance or Treatment Options 

The implementation of screening and isolation measures 
is more effective if the diagnosis of colonization is made at 
an early stage. The recommendations may also apply for 
the prevention of the spread of NDM or OXA-48 producers 
in Enterobacteriaceae, since person-to-person transmission 
through the hands of nursing and medical staff is the main 
route of dissemination of these resistant bacteria. The role 
of the contaminated environment is probably less important.  
Adherence to contact precaution 
•	 Appropriate use of gown and gloves by healthcare staff 

for all interactions involving contact with the patient or 
the patient’s environment.

•	 Isolation of carrier patients in single-patient rooms, or 
if not available, then cohorting of patients with the same 
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carbapenemase producers.
•	 Individual patient use of non-critical medical equipment 

or disposable medical items (e.g., blood pressure cuffs, 
disposable stethoscopes).

Antimicrobial agents currently used for treatment 
of infections caused by carbapenem-resistant 
Enterobacteriaceae (CRE) include carbapenem combinations, 
polymyxins, fosfomycin, tigecycline, aminoglycosides, 
ceftazidime—avibactam, and meropenem–vaborbactam. 
Trials supporting their clinical use are scarce, and many of 
the agents are limited by toxicities and pharmacokinetics 
disadvantages. New beta-lactamase combinations have 
been made available within the last few years, and early 
results suggest they are safer and more efficacious for the 
treatment of CRE infections compared with some of the older 
agents, particularly polymyxin regimens. Furthermore, new 
treatments with activity against CRE are currently being 
studied to help mitigate the threat of resistance. Meropenem/
vaborbactam (Melinta) is also a new ß-lactam/ß-lactamase 
inhibitor consisting of a carbapenem and a novel boron-
containing serine-ß-lactamase inhibitor that potentiates the 
activity of meropenem [6,36]. 

 Conclusion 

The carbapenemase KPC, IMP, VIM, NDM, and OXA types 
have been mainly reported in nosocomial K.pneumoniae 
strains. Pathogenic E.coli strains carrying blaNDM-1 and 
blaOXA-48 genes also have been found in community 
acquired infections. Therefore, proper identification and 
surveillance programs of carbapenem resistance pathogens 
and non-pathogenic strains have become necessary to 
support the control of CRE infections in both animals and 
humans. Source attribution studies along with developing 
alternative infection control strategies are warranted.
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