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Metallo β- lactamase producing pseudomonas aeruginosa: a
worrisome situation to handle
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Pseudomonas aeruginosa is ubiquitous and very commonly found in hospital
settings. In individuals with weakened immune systems, it can cause a number
of ailments, inclusive of lung pneumoniae, gastrointestinal infections, keratitis, otitis
media, and bacteremia. It is multi drug–resistant organism which is a worrisome
situation. Multi-drug resistance is due to various factors like enzyme production,
target mutation, expression of aminoglycoside-modifying enzymes
(acetyltransferases, phosphotransferases) mediating aminoglycoside resistance,
biofilm formation, but, among all of these, carbapenemases being one of most
clinically significant. The most clinically significant carbapenemases are theMetallo
β-lactamases (IMP, VIM, SPM, NDM, AIM and GIM genes). Understanding the
epidemiology, resistance mechanism, molecular features, and for infection
management and to prevent a potential global health crisis, techniques for
identifying Carbapenem-Resistant-Pseudomonas aeruginosa (CRPA) are
essential. For this review article, initial peer-review of publications from the
various search engines (‘Google search engine’, ‘Science direct’, ‘Pubmed’,
‘Google Scholar’, ‘Cross references’ and ‘Scopus’) yielded a total of 97 papers.
After reviewing the abstracts of the papers, 37 were eliminated and 60 were
retained. Full text reading was undertaken to assess the quality of the articles,
which resulted in the exclusion of 39 publications. After final peer-review screening,
17 publications were included in the study.
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Introduction
Background and rationale
Pseudomonas aeruginosa is a gram negative, aerobic,
motile, non-fermenting bacterium which is widely
distributed. It is also frequently found in hospital
settings and is a problem there because it is the
second most frequent agent responsible for
nosocomial infections [1,2]. It naturally resists to
many antibiotics because of the outer membrane’s
limited permeability, the chromosomal β-lactamases
it produces, and the efflux pumps [3]. Due to multitude
of mechanisms for adaptability, survival, and resistance
to many classes of antibiotics, infections produced by P.
aeruginosa strains can be lethal and are increasingly
posing a threat to public health on a global scale [4].
Numerous secretion systems that the bacterium
possesses enable it to secrete a variety of proteins
important to the pathogenesis of clinical strains.
This bacterium can be found on and in medical
equipment and thrives on most surfaces, leading to
cross-infections in hospitals and clinics [2]. A
prominent disease connected to healthcare is
Carbapenem-resistant-Pseudomonas aeruginosa
(CRPA) on a global scale [5]. Multiple mechanisms,
such as target alteration, active efflux, decreased
Wolters Kluwer - Medknow
permeability, and enzyme degradation, can mediate
it. Acquired resistance is brought on by mutations or
the acquisition of exogenous resistance determinants
[6].

The clinical usefulness of carbapenem as a reserve
medication is in danger due to the rise of
microorganisms that produce carbapenemase,
particularly Metallo-β-lactamase [7]. Carbapenem-
resistant pathogens, such as Pseudomonas aeruginosa,
have recently emerged as a serious treatment problem.
As acquired MBLs can hydrolyse any lactam antibiotic
except monobactams, they are regarded to be more
dangerous than other resistance mechanisms [8]. The
likelihood of treatment failure in infections caused by
CRPA is increasing as a result of the unrecognised
existence of Carbapenemases. Combining phenotypic
and genotypic approaches can speed up the onset of
effective treatment and improve patient outcomes.
Nevertheless, in many clinical laboratories, these
DOI: 10.4103/epj.epj_12_23
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tests are frequently not carried out on P. aeruginosa
isolates. As a result, improving treatment for P.
aeruginosa infections is still difficult [5]. MBLs seem
to be present in isolates that are sensitive to imipenem
and if these isolates are reported as carbapenem
susceptible without being screened, these concealed
MBLs might spread undetected in hospitals. Because
they provide a significant treatment challenge, the
laboratory identification of such isolates is essential [9].

Mortality rates in P. aeruginosa that produces MBL are
significantly higher than those in non-MBL-
producing strains [10]. Because acquired Metallo-
beta-lactamase genes are typically carried by mobile
genetic elements that spread quickly, there is a growing
threat to public health from their global spread and the
appearance of new variants. Early diagnosis and
identification of MBL-producing organisms are
essential for preventing nosocomial transmission
through application of infection control measures [11].
Methodology
For this review article, the key phrases utilised in the
literature search were ‘Pseudomonas aeruginosa‘,
‘Metallo β-lactamase producing Pseudomonas
aeruginosa‘, ‘Carbapenem Resistant Pseudomonas
aeruginosa‘, ‘Review‘, ‘Prevalence of MBL in
Pseudomonas aeruginosa’, ‘Classification of MBLs’
and ‘Mechanism of Action of MBL in P. aeruginosa’
using ‘Google search engine’, ‘Science direct’,
Figure 1

Flowchart showing the article selection process.
‘Pubmed’, ‘Google Scholar’, ‘Cross references’ and
‘Scopus’. Since 2005, all papers that contained the
specified keywords have been included in this study.

By initial Peer-review of the articles from the various
search engines mentioned above gave a result of 97
papers. After reading the abstract of the papers, 37
articles were excluded and 60 were included. In order to
evaluate the quality of the articles, full text reading was
performed which led to the exclusion of 39 papers.
Finally, 17 articles (Table 3) were included in the study
(Fig. 1).
Virulence factors and pathogenesis
P. aeruginosa’s complex genome and extensive and
changeable collection of virulence factors are related
to the pathogenic character of the organism. P.
aeruginosa pathogenesis is aided by two key factors.
The first factor is the host’s overall health status. P.
aeruginosa must first enter the host and colonise before
it can cause infection. Although the organism is
frequently acquired through inhalation into the
respiratory system, it is challenging to point the
exact mode of acquisition given the organism’s
extensive distribution [12].

Numerous P. aeruginosa virulence factors undermine
the effects of the host’s defences, and they can either
directly harm the host’s tissues or make the bacterium
more competitive [13]. They can be divided into two
groups based on how they function: those that aid in
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the organism’s connection to host cells (such as
fimbriae and flagella) and those that aid in the
organism’s invasion of tissue and immune response.
With the exception of pyocyanin, which is only
produced by P. aeruginosa, all of the virulence factors
that P. aeruginosa uses are also produced by other
microbes [12]. The various factors which contribute
to the pathogenicity of Pseudomonas aeruginosa is being
described below in (Table 1).
Pseudomonas aeruginosa resistance − A rising threat
Several human disorders, particularly in immune-
compromised patients, as well as numerous hospital-
acquired infections are brought on by the pathogenic
bacterium P. aeruginosa. Antimicrobial resistance
makes it challenging to treat and remove due to its
occurrence. Most antimicrobial medications, including
3rd generation cephalosporins and carbapenem, which
are used to treat bacteria which are multidrug-resistant
(MDR), are ineffective against some strains of P.
aeruginosa [14]. One of the bacteria that is most
dangerous to human health that is antimicrobial-
resistant, according to the WHO, is P. aeruginosa.
The emergence of so-called ‘high-risk clones‘ of
MDR or XDR P. aeruginosa, has recently become a
global public health concern that requires urgent
research and steadfast management [4].
Antimicrobial resistance in P. aeruginosa falls into
three categories: (1) intrinsic, (2) acquired, and (3)
adaptive [14]. Antibiotics from numerous classes,
including beta-lactams, carbapenems,
aminoglycosides, fluoroquinolones, and polymyxins,
have been found to be ineffective against P. aeruginosa.
Table 1 Factors affecting pathogenicity

Virulence Factor

Pyocyanin Generates reactive oxygen interm
cilia.

Siderophores Pyoverdine (formerly known as flu
P. aeruginosa produces. In additio
formation of other virulence factor

Elastase, Proteases, Hemolysins
and leucocidin

Helps in tissue penetration and de

Fimbriae Embedding and induction of pro-in

Polar flagella Interleukin-8 activation, host cell a

Exotoxin A Hinders the synthesis of proteins

Lipopolysaccharide It acts as Endo-toxin

Alginate Scavenger of free radicals; preven
activation

Type III secretion system Injecting toxins (ExoS, ExoT, Exo

Quorum-sensing molecules Supports the production of biofilm

Urease Ammonia and carbon dioxide (CO
infection is connected to it.

Outer membrane proteins These protein constituents assist
antibiotics, and the transportation
adhesion, the secretion of pathog
Bacterial resistance to beta-lactam drugs is typically
caused by beta-lactamases. Metalloβ-lactamases,
whereby practically all beta-lactam drugs can be
hydrolysed, are among the most vital resistance
mechanisms in P. aeruginosa, as they severely limit
therapeutic options [15–17]. MBLs such as
‘Imipenemase (IMP)’, ‘Verona integron-encoded
Metallo-lactamase (VIM)’, ‘Germany Imipenemase
(GIM)’, ‘Adelaide Imipenemase (AIM)’, ‘Sao Paulo
Metallo-lactamase (SPM)’, ‘Florence Imipenemase
(FIM)’, and ‘New Delhi Metallo-lactamase (NDM)’
have been linked to these resistance mechanisms in P.
aeruginosa. It is well known that when patients are
treated with antibiotics to which the organism is
completely resistant, they have a poor prognosis for
significant infections brought on by MBLs producing
organisms [18].
β −lactamase classification
The amide link within the β-lactam ring is
hydrolysed by β-lactamases, which results in the
production of by-products. Both in Gram-+ve and
in Gram-ve bacteria, these products have frequently
led to resistance [19]. β-lactamases are found in a
wide range of environmental bacteria, but it is most
widespread and effective in Gram-negative bacteria
[20]. Two classification schemes:
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Classification
Class A Class D Class B Class C

AmpC

CMY

FOX

MOX

SHV

TEM

CTX-M

KPC

OXA

IMP

VIM

NDM-1

ESBL MBL AmpC beta 
lactamase
Flowchart showing Ambler classification, which
separates beta-lactamases into four classes [21].
Ambler originally described two classes
(1)
 active-site serine β-lactamases (class A)

(2)
 Metallo- β-lactamases (class B), which involved a

bivalent metal ion (Zn2+) for action.
Table 2 Types of MBLs and their year of detection and place
where it was first isolated in Pseudomonas aeruginosa

Type of MBL Year of
Detection

Place (1st

Isolated)

Plasmid
mediated

IMP 1998 Japan

VIM 1999 Several parts of
Countries

SPM 1997 Brazil

GIM 2002 Germany

NDM 2011 New Delhi

FIM 2012 Italy

DIM 2007 Dutch

DIM-1
(Pseudomonas

stuzeri)

2014 India

HMB-1 2012 Hamburg

Dutch imipenemases (DIM); Florence Imipenemase (FIM);
German Imipenemase (GIM); Hamburg Metallo β-lactamase
(HMB); Imipenemase (IMP); New Delhi Metallo β-lactamase
(NDM); Sao Paulo Metallo β-lactamase (SPM); Verona integron-
encoded Metallo β-lactamase (VIM).
Eventually, a new class of Serine β-lactamases with no
sequence resemblance to the previously identified class
A enzymes was discovered. The ‘AmpC’ β-lactamases
are another name for class C β-lactamases. Class C
β-lactamases are also known as the ‘AmpC’
β-lactamases. Another class of serine b-lactamases,
classified as OXA b-lactamases, was discovered to
have little in common with either class A or class C
and was given the label class D [22]. The Bush-Jacoby-
Medeiros scheme, on the other hand, categorizes
β-lactamases based on their functional features
(substrates and inhibitors) [23].

Metallo β-lactamases
A diversified group of enzymes known as Metallo-
β-lactamases catalyse the hydrolysis of a wide variety of
β-lactam medications, including carbapenems [19]
MBLs are classified as based on the similarity of
their amino acid sequences, and Bush group 3 based
on the composition of their substrate profiles ‘IMP,
VIM, SPM-1, GIM-1, and SIM-1‘ are the five distinct
forms of acquired MBLs that have been so far
identified [24] B1, B2, and B3 are subclasses of class
B beta-lactamases based on structural and functional
characteristics. The most common kind of
carbapenemase generated by P. aeruginosa clinical
isolates is metallo-beta-lactamase among which the
most prevalent is VIM followed by imipenemases
(IMPs). Additionally, NDMs (New Delhi MBLs)
have also been recognised [25]. The Various type of
MBLs as described below Table 2.
Metallo-β-lactamases’ mechanism of action
βeta-lactamases are the enzymes that are designed to
split the four membered ring of β-lactam antibiotics
which is the principal resistance mechanism [26].
MBLs are zinc-binding metalloproteins in which a
hydroxide ion acts as the attacking nucleophile and is
activated and positioned by the Zn (II) cations and
supporting residues from the active site [27].

The β-lactam binds to the metal centre of the enzyme,
connecting with Zn1 through the carbonyl oxygen and
Zn2 through the carboxyl group on the 5- or 6-
membered fused ring. Zn1 and Zn2 stabilise the
hydroxide ion, which is present between the metal



Table 3 Various studies since 2012 with regards to production of Metallo β-lactamase in Pseudomonas aeruginosa

Author Year Place
of Study

Total
Sample
Size

MBL Producers
in P. aeruginosa

Methods

Nutan B. et al. [35] 2012 Nagpur 310 27=DDST
29=MHT

DDST, MHT

Silpi Basak[36] 2012 Wardha 250 28 DDST, DPT, MHT, MBL E-test

Arunava K. et al. [37] 2013 Pondicherry 49 8 DDST

Smita Sood[28] 2014 Jaipur 95 69 DDST, DPT, Thiol-based
Compound Test

Abhishek M. e.al [11] 2016 Uttar Pradesh 150 12 CDT, DDST

Bandana B. et al. [7] 2017 Nepal 85 14 CDT

Narinder K. et al. [38] 2017 Bathinda 276 (GNB) 49
(P.aeruginosa)

17 DDT, MHT

Raouf et al. [39] 2018 Minia 70 17 MBL, E-test, PCR

Abbas et al. [40] 2018 Zagazig 50 2 Imipenem/EDTA, CDT, PCR

Vijeta B. et al. [41] 2019 New Delhi 126 105 MBL E-test, MHT

Vinita C. et al. [42] 2019 Jaipur 180 36 MHT

Soma S. et al. [1] 2020 Kolkata 394 49 CDST, PCR

Yang M. et al. [43] 2020 Nepal 79 8 E-test, CDT

K.Mahesh et al.[44] 2021 Chennai 100 18=MHT 17=CDT
14=E-test

MHT, CDT, E-test and PCR

Muddassiret al. [45] 2021 Pakistan 1159 255 (P.
aeruginosa)

83=CDT 87=E-test
110=MHT

CDT, E-test, MHT and PCR

Karabi S. et al. [10] 2022 Dhaka 82 18 CDT, DDST, MBL E-test, PCR

Radhika et al. [46] 2022 Ghanpur,
Medhal

60 9 CDT, DDST, E-test MBL

Combined Disc Synergic Test (CDST); Combined Disc Test (CDT); Disc Potentiation Test (DPT); Double Disc Synergy Test (DDST);
Epsilometer test(E-test); Ethylenediamine tetraacetic acid (EDTA); Metallo-beta-Lactamase (MBL); Modified Hodge Test (MHT);
Polymerase Chain Reaction (PCR).

Spread of Pseudomonas aeruginosa producing Metallo β Lactamase Rajguru et al. 341
ions and is ready to attack carbonyl carbon. Tetrahedral
intermediate is produced as a result of the hydroxide’s
nucleophilic attack on the carbonyl carbon. The C-N
link may be broken, and the tetrahedral intermediate
may disintegrate in one of two ways: First, bond
breaking, and nitrogen protonation may take place
simultaneously, or secondly, cleavage may occur
without nitrogen protonation, leading to the
accumulation of an anionic nitrogen intermediate [19].
Methods for Metallo β-lactamase detection
Early detection of the production of these β-lactamases
is crucial for epidemiological research and efficient
infection control measures to prevent the spread of
infection. This is because the resistance mechanisms of
the MDR strains, which are the basis for designing
appropriate medications, must be identified. There are
several phenotypic approaches for detecting MBL
generating bacteria [28]. These tests include the
MBL Epsilometer-test (E-test), a combined disc
test (CDT) using EDTA with imipenem (IPM) or
ceftazidime (CAZ), double-disk synergy test (DDST)
using EDTA and IPM or CAZ, EDTA disc
potentiation test (PT) using CAZ, ceftizoxime,
cefepime, and cefotaxime, the modified Hodge test
(MHT) and 2-mercaptopropionic acid with CAZ or
IPM [29].
For carbapenemase detection in P. aeruginosa, the
Clinical and Laboratory Standards Institute (CLSI)
currently recommends the CarbaNP and modified
carbapenem inactivation technique (mCIM). As a
combination phenotypic test to identify and
distinguish between serine and metallo-based
carbapenemases for Enterobacterales, EDTA-
modified carbapenem inactivation method (eCIM)
has evolved. They are advantageous for clinical
laboratories with restricted resources because they
use inexpensive products and produce findings that
are simple to interpret.A simplified carbapenem
inactivation method (sCIM) was used in a research
by Xiaopeng Jing to identify carbapenemase in gram-
negative organisms. It is a straightforward procedure
that uses the traditional paper diffusion method and
doesn’t call for any specialised tools or reagents
[30–32].

Molecular techniques have been presented as useful
tools for screening antibiotic resistance genes in various
isolates throughout the last two decades. In comparison
to traditional PCR methods, real-timePCR is a
molecular tool that can deliver data more quickly
and accurately. Using group-specific primers, PCR is
performed on the isolates to perform a genotypic study
of the various MBL genes [33]. Multiplex real-
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timePCR is now used as a reliable assay for the quick
and simultaneous detection of numerous MBL genes
in bacterial clinical isolates [34]. Various Studies Since
2012 as shown in (Table 3).
Conclusion
MBL-producing Pseudomonas aeruginosa is becoming
more common across the globe as a result of the
prevalence of multidrug-resistant Pseudomonas
aeruginosa infections, which is alarming. An
increasing hazard to public health is posed by the
global spread of acquired Metallo-beta-lactamase
genes and the emergence of novel variants since
these genes are often carried by mobile genetic
components that disperse swiftly. In order for
clinicians to choose an appropriate antibiotic for the
prompt treatment of infectious diseases while aiding in
the prevention of the spread of resistance, phenotypic
and genotypic detection of AMR must be combined.
This will allow for better characterization regarding the
resistance patterns of Pseudomonas species. Regardless of
the bacterial host, it emphasises the necessity to
manage carbapenemase-producing species. Control
approaches include surveillance studies and antibiotic
stewardship. The appearance and dissemination of P.
aeruginosa clones with a high risk obviously require
more attention. Early diagnosis and identification of
MBL-producing organisms are essential in order to
stop nosocomial transmission through proper
treatment and the adoption of infection control
procedures.
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