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Abstract

Multidrug-resistant (MDR) Gram-negative bacteria cause a serious health risk worldwide.
The increasing frequency of carbapenemase-producing organisms (CPOs) is especially
concerning, due to the rapid dissemination of their transmissible genetic components containing
carbapenemase genes, the lack of treatment alternatives for CPO-related infections, and the
significant mortality incidences associated with these infections. Determining what an organism
produces carbapenemase and, whether so, the particular carbapenemase order(s) associated with
the degree of action that various substances show with particular carbapenemases varies.
Additionally, CPOs are highly likely to spread amongst patients than non-CPOs carbapenem-
resistant organisms, therefore more controlling prevention strategies are needed than they would
be with non-CPOs. Humans and pets interact often, which facilitates the spread of
Enterobacteriaceae that produce carbapenemases including Klebsiella pneumoniae, Klebsiella
oxytoca, Escherichia coli, Enterobacter cloacae, Enterobacter xiangfangensis, and Salmonella
enterica serovar Typhimurium. Also, carbapenems producing Pseudomonas aeruginosa and
Acinetobacter baumannii were reported in companion animals. Current clinical practice relies on
three main phenotypic assays to detect CPOs: (i) growth-based assays that measure carbapenem
resistance based on organism growth in the presence of a carbapenem antibiotic (e.g., modified
Hodge test and modified carbapenem inactivation method), (ii) hydrolysis methods that detect
carbapenem degradation products [e.g., Carba NP test and matrix-assisted laser desorption—
ionization time-of-flight mass spectrometry (MALDI-TOF MS)], and (iii) lateral flow
immunoassays (LFIAs) that detect carbapenemase enzymes using specific antibodies. Even
though no single test fits all the requirements for the most appropriate measure, as outlined in
this review, there are numerous alternatives that are practical, accurate, affordable, and easy to
use in clinical microbiology labs.

Keywords: Enterobacteriaceae, Carbapenem resistance, detection methods, companion animals,
carbapenemase-producing organisms.

Introduction Enterobacteriaceae are generally
regarded as the majority taxonomically

Enterobacterales order comprises ;. o
seven families, including different among thege seven families.
Enterobacteriaceae, Erwiniaceae, !\/Ieml_)ers of this family are part of the
Pectobacteriaceae, Yersiniaceae, Intestinal - flora and are among _the most
Hafniaceae, Morganellaceae, and frequent - pathogens _Igadmg to '”fec“‘_’r!s'
Budviciaceae, and 60 genera such & cystitis, pyelone_phrlt_ls,

pneumonia, meningitis, septicemia,

encompassing more than 250 species.
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peritonitis, and device-related infections.
These bacteria are responsible for both
community-and hospital-acquired
infections and have a high capacity to
spread  through  hand-to-hand  contact,
contaminated food and  water, and
horizontal gene transfer mainly through
plasmids and transposons [1].

Carbapenems are a class of antibiotics
with a wide spectrum of activity against
bacteria. They belong to the-lactam
family. The first carbapenems,
thienamycin, was discovered in 1976 as a

natural product of Streptomyces cattleya
[2]. Carbapenem has a penicillin ring
similar to penicillin, but carbapenems
have a sulfone (carbon) instead of

penicillin (sulfone) at the fourth position
of the thiazolidine moiety of the lactam
ring [3]. While carbapenems have a
limited role in veterinary medicine, there
have been reports of carbapenem-resistant

Enterobacteriaceae (CRE) and
carbapenemase-producing
Enterobacteriaceae (CPE) infections or

invasion in pet animals around the world
[4]. Carbapenems are used as “antibiotics
of the last resort “to treat infections
caused by MDR Gram-negative bacteria
(GNB) [5]. Carbapenemases are the
primary source of [-lactam resistance in
GNB synergy between other p-lactamases
and porin modifications, efflux pumps,
and modifications to penicillin-binding
proteins (PBPs). This forms the basis for
the difference between CRE, which can
be resistant to carbapenems by any of
these mechanisms, and the more specific
group of CPE. CPE has special
importance and epidemiological
relationships because carbapenemase
genes are located on mobile genetic
elements, such as plasmids, transposons,
and integrons, and can be transferred
horizontally between bacteria [6]. Like
other [-lactamases, carbapenemases

hydrolyze the pB-lactam ring of penicillin,

but they also hydrolyze carbapenems,
cephalosporins, and monobactams [7].
Carbapenemases are divided into three
Ambler classes: class A serine
carbapenemases, class B  metallo-B-
lactamases (MBL), and class D OXA-
lactamases (oxicillinases) [5.,8].

According to their hydrokinetic activity,
carbapenemases are divided into two
categories: 1- serine carbapenemases that
use the amino acid serine for hydrolyzing
B-lactam forming an acyle enzyme (class
A and D). 2- metallo carbapenemases that
need at least one active -site zinc ions for
hydrolyzing B-lactam (class B) [9].

Class A carbapenemases encompass a

range of enzymes, such as Klebsiella
pneumoniae (K. pneumoniae)
carbapenemases (KPCs), impenem
hydrolyzing B-lactamases (IMIs), Guyana
extended-spectrum carbapenemases
(GESs), Serratia fonticola
carbapenemases, Serratia marcescens
enzymes, and non-metallic

carbapenemase A [5]. Of these, KPCs are
particularly noteworthy because they can
hydrolyze all  B-lactams and  strains
carrying the blake gene exhibit resistance
to other antibiotics. The most reported
KPC variants are KPC-2 and KPC-3 [10,

11]. The blakec gene is carried on a
plasmid and can be  horizontally
transmitted [12]. [IMI-1 carbapenemases,
which are chromosomally encoded, are
not clinically significant [13]. GES
carbapenemases, on the other hand,

feature a point mutation that leads to the

incorporation of serine in place of
glycine,  resulting  in  carbapenemase
activity.

New Delhi metallo-lactamases
(NDM) and Verona integron-encoded

metallo-lactamases (VIM) are the
predominant class B  carbapenemases.
MBL, which is primarily encoded by
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plasmids, enhances transmission between

pathogens [14].

Class D carbapenemases, such as
oxacillinase (OXA) enzymes, can
efficiently hydrolyze oxacillin. OXA-48,
for instance, has high hydrolytic activity
toward penicillins but low hydrolytic
activity toward carbapenems [15] and
remains unaffected by B-lactamase
inhibitors [16]. The genes responsible for
carbapenem resistance are often
associated with genes encoding resistance
to non-lactam antibiotics, which causes
MDR [1].

Carbapenemase-producing Gram-
negative bacteria (CP-GNB) can now be
identified using a variety of methods,
including colorimetric biochemical
methods such as the Carba NP test and
growth-based carbapenem inhibition disc
tests such as the modified Hodge test

(MHT) and modified carbapenem
inhibition procedures [17]. Although PCR
remains the  preferred method  for
submitting carbapenemase production, it

is not feasible for regular carbapenemase-

producing (CP)-Carbapenem-resistant
Enterobacteriaceae  (CRE) screening in
less-developed  nations due to its

expensiveness and a shortage of required
tools and professional knowledge in
numerous  clinical  institutes  [18,19].
Regardless of these drawbacks, PCR is
limited to identifying  carbapenemase
genes, implying that it can neglect species
with unknown carbapenemase genes [19].
The European Medicine Agency has
categorized carbapenems as category A
("Avoid") antibiotics for veterinary usage,
proving that they are not permitted for
veterinary use in the European Union,
excluding cases that treat pets [20]. The
connection between pets and humans
provides ideal circumstances for
transmitting CPE [21]. The discovery of
CPE in pets has prompted public health

worries, as they may act as a reservoir for

carbapenem resistance elements and help
disseminate CRE [22].
The development of  carbapenem
resistance

Globally, the prevalence of bacteria
harboring extended spectrum beta-
lactamase = (ESBL) genes has  been
growing during the last 20 years,
especially in E. coli isolates obtained

from the environment. These isolates can
produce ESBLs that can break down
almost all  PB-lactam  agents  except
carbapenems [1,23]. The increased usage
of carbapenems in clinical settings has led
to a rise in the number of bacterial isolates
that produce carbapenemases as well as [3-
lactamases that can degrade carbapenems
[24]. Carbapenem resistance, which is the
ability of bacteria to endure and thrive

when surrounded by clinically relevant
carbapenem  levels, results from the
overuse of carbapenems [25]. Resistance
to carbapenems can occur via three
primary mechanisms, as illustrated in
Figure 1. The first mechanism is porin-
mediated  resistance,  which involves

reducing the uptake of carbapenems or
altering the porin-encoding gene, leading
to defects in or loss of porins [15,26]. For
instance, resistance in P. aeruginosa is
often caused by downregulation of the
OrpD porin gene [27]. Elevated resistance
levels in Klebsiella pneumoniae can result
from the modified functions of ompk35
and ompk36 [28]. The second mechanism
is the overabundance of efflux pumps,
which can detect and eliminate a broad

spectrum of antibiotics [29]. B-lactam
resistance  caused by efflux is a
characteristic feature in GNB, such as
Acinetobacter species and Pseudomonas
aeruginosa [30]. Resistance to
carbapenems may result from excessive
expression of efflux pumps that are

effective against them [31,32]. The third
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mechanism is enzyme-mediated
resistance, which is mainly caused by p-
lactamases and  carbapenemases  that
hydrolyze carbapenems and other J-
lactam  antibiotics [32].  Transposons,
plasmids, and various mobile genetic
elements contain genes that produce

carbapenemases, which allow them to be
transferred to different types of bacteria
.Carbapenemases are  categorized into
three p-lactamase classes: A, B, or D.
Classes A and D p-lactamases contain a

Antibiotic

serine residue in their active site [33].
Class B includes metallo-B-lactamases
(MBLs) that use zinc ions to hydrolyze
bonds [30]. pB-lactamase inhibitors can
inhibit SBLsS, whereas metal-ion chelators
can hinder the activity of MBLs [34]. In
general, these pathways play a role in the

emergence and dissemination of
carbapenem resistance, which provides a
serious risk to efficacious therapeutic

approaches [35].

of antibiotic

a. Porin mutations: Prevent antibiotic entry into the cell
U b. C E ir
c.

ion: Antibiotic efflux

Periplasm

efflux pump expi

Figure 1: Mechanisms of carbapenem resistance [35]. The last access permission date: 30 June

2024.

Epidomological Study of Carbapenem-
resistant Enterobacteriaceae

Carbapenem-resistant

Enterobacteriaceae (CRE) extensive
prevalence is mainly due to
carbapenemase synthesis and the cross-

dissemination of encoding genes through

plasmids. The frequencies of CRE and
carbapenemase organisms differed
according to the location-specific area.
The United States recorded the first

occurrence of a K. pneumoniae (KPN)

organism  harboring a plasmid-mediated
carbapenemase gene encoding K.
pneumoniae  carbapenemase (KPC) in

2001 [36]. Since then, blakec has spread

widely in the United States and South
America, and  outbreaks of KPC-
producing Enterobacteriaceae have been

reported in  most European countries
[5,37]. In China, the first KPC-producing
CRE strain was identified in 2007 [38]
and blakpc2 have since become the most

widespread  carbapenemase genes  [39].
KPN was the most clinically identified
CRE-producing KPC. The majority of

KPC-producing KPN isolates were part of
clonal complex 258 (CC258), proving that
CC258 acquired the KPC-encoding gene
at the beginning of the global CRE
outbreak and  propagated  significantly
[40]. ST11 is the most common sequence
type in China, ST258 in the United States,
and ST340, ST437, and ST512 in
different areas [41]. Thus, the primary
method of  spreading  KPC-producing
KPN is clonal dissemination. It was first
documented in India in 2009 as blanowm-
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associated carbapenem-resistant KPN
[42]. Later, other  Enterobacteriaceae
species were shown to carry blanom

[43,44]. Asiatic nations such as China,
India, Pakistan, and Bangladesh are the
main sources of NDM-type [-lactamases
[45]. The second most frequent
carbapenemase detected in CRE in China
in recent years was NDM [46], and
blanom has become more prevalent in
Escherichia coli [39]. A wide variety of
blanpm-associated E. coli strains  have
been identified, with ST131, ST167, and
ST410 being the predominant kinds [39].

This is due to the horizontal transmission
of pandemic Dbroad-host-range plasmids
[47]. Since IMP-1 was discovered in
Okazaki Prefecture, blaime has
proliferated throughout Japan [48].
Currently, IMP-producing

Enterobacteriaceae are found at the
highest frequency in Japan, Taiwan, and
China [1]. Sporadic blamr outbreaks have
been reported in other countries [1,5,49].
Enterobacteriaceae producing VIM have
been reported to be prevalent in Greece
[14]. On the other hand, there have been
notable  outbreaks in some  Asian
countries, including Taiwan, China, and
South Korea, in addition to various areas

of Europe like the United Kingdom,
Belgium, Spain, Italy, and Hungary.
Enterobacteriaceae  that  produce VIM

have been found to spread sporadically all
over the world [1,50,51]. The term
"oxacillinases” (OXA) implies the class D

OXA-encoding genes causing oxacillin
breaking. Acinetobacter baumannii
isolated from the UK were reported to
carry blaoxa23, the first OXA-encoding
gene, in 1985 [52]. Later, it was shown
that  Enterobacteriaceae  have  multiple
OXA family members such as OXA-23-
like, OXA-48-like, OXA-40-like, OXA-
51-like, and OXA-58-like [53]. In 2001, a
KPN isolate from Turkey was found to
contain OXA-48, the most frequent class
D pB-lactamase [54]. OXA-48 includes
both traditional OXA-48 and its
derivatives, OXA-181 and OXA-23 [47].
OXA-48, which  produces CRE, is
primarily present in North Africa as well
as other Mediterranean, Middle Eastern,
and European nations [55]. Recently, it
was discovered that Enterobacteriaceae
isolates contained several
carbapenemases.  For  example, KPN
isolates harbor blanom-1 and blamve-s [56],

whereas both blakec and blanpm are
carried by Enterobacter cloacae and
Citrobacter freundii [57-59].
Furthermore, in 2017, a Klebsiella
oxytoca isolate shared three
carbapenemases: KPC-2, NDM-1, and
IMP-4. Since then, plasmids carrying

these three resistance genes have been
detected in the majority of other
Enterobacteriaceae family members, such
as E. coli, E. cloacae, and Klebsiella
species [60] (Figure 2) [1, 5, 8, 15, 16, 47,
61, 62]).
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Figure 2: Global distribution of carbapenemases in Enterobacteriaceae by country and region. *KPCs are
endemic to some US states. "OXA mainly refers to OXA-48, except in India where it refers to OXA-181.
IMP, imipenem metallo-B-lactamase; KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi
metallo-B-lactamase; OXA, oxacillinase-type carbapenem-hydrolyzing p-lactamase; VIM, Verona
integron-encoded metallo-B-lactamase. Data from [1, 5, 8, 15, 16, 47, 61, 62]. The last access

permission date: 30 June 2024.
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Prevalence of Carbapenem-resistant

Enterobacteriaceae in companion
animals globally
The World Organization for Animal

Health (OIE) fails to find carbapenems,
which are antibiotics required for animal

consumption, and guidelines for
restricting their administration vary
globally [63]. Carbapenems are classified

as "Avoid" in the European Union (EU)
and are not allowed for use in animal
healthcare unless specific  requirements
are met, which only applies to rare cases
involving pets [20]. It is crucial to
acknowledge the growing global presence
of CP and CRE in pets. These pets can act
as carriers of  carbapenem-resistance
genes, leading to the introduction of such
genes. However, due to the absence of a
global monitoring strategy, the incidence
of carbapenem resistance in the veterinary
field remains largely unknown.
Additionally,  antimicrobial  susceptibility
testing (AST) is the only method used to
identify CP  bacteria in  veterinary
medicine. To ensure successful therapy
and prevent the  dissemination  of
resistance to carbapenems in both humans
and their surroundings, it is crucial for
veterinarians to regularly evaluate and
determine the prevalence of carbapenem-
resistant bacteria. Unfortunately, there are
limited comprehensive concepts available
in the veterinary field, as reflected in the

published literature [64]. To the best of
our knowledge, CP isolates exhibiting
KPC, NDM, VIM, IMP, or OXA-

lactamases have been identified in at least
27  documented cases of  bacterial
infections and dissemination (Table 1). In
summary, three studies have reported the
presence of KPC-producing E. coli and K.
pneumoniae in Brazilian and American
dogs, as well as an IMP-4 enzyme in an

isolate from a Salmonella-infected
Australian cat. Additionally, VIM-2 was
isolated from P. aeruginosa in South

Korean dogs suffering from otitis and
pyoderma, while VIM-1 was identified in
K. pneumoniae in Spanish dogs [65-70].
Numerous  NDM-5-producing E.  coli
strains have been identified in dogs and
cats as shown in Table 1 [71-75] with one
NDM-1-producing Acinetobacter
radioresistens detected in a dog, Ssix
NDM-1-producing E. coli strains from
dogs and cats in the United States, two
NDM-1-producing E. coli strains from a
dog in China, and one NDM-9 strain from
a farm dog in China. Additionally, several
OXA-48-like carbapenemase-producing
E. coli, K. pneumoniae, K. oxytoca, and E.
cloacae isolates were recovered from
dogs, cats, and horses, representing one of
the most frequent carbapenemases
detected in companion animals alongside
NDM-5 (Table 1) [81-86]. Acinetobacter
baumannii bacteria that produce OXA-23
and OXA-66 have been isolated from
clinical samples of dogs and cats through
multiple investigations, as reported in
previous studies [78, 87, 88]. Since 2009,
CP bacteria have been found in pet
animals, although the methods used in
different  studies  vary  considerably.
Antimicrobial Susceptibility Testing
(AST) is the primary method used to
detect CP isolates in cases of infection,
and selective culture media are the most
used procedure for identifying commensal
CP isolates (Table 1). It is worth noting
that the majority of CP organisms
obtained from pets fall under the “critical”
classification of priority 1 on the World
Health  Organization (WHO) list of
priority pathogens [89], emphasizing the
importance of accurate surveillance and
successful detection of carbapenem
resistance mechanisms in these animals
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Table 1. Carbapenems producing Gram-negative bacteria in companion animals globally

Enzyme Country Source Year Host Detection method Bacterial species Reference
VIM-1 Spain Commensal 2016 Dog Selective culture media, meropenem K. pneumoniae [70]
synergy test
South Korea  Infection (SSTI) 2018 Dog AST P. aeruginosa [69]
Commensal Dog Selective culture media K. Pneumoniae
Egypt . 2024 ] [93]
Diarrhea Cat AST E. coli
i . . Imipenem synergy test, modified .
KPC-2 Brazil Infection (UTI) 2018 Dog Hodge testing, PCR E. coli [65]
] ) Imipenem synergy test, .
Brazil Infection (UTI) 2021 Dog AST K. pneumoniae [66]
Commensal Dog Selective culture media K. pneumoniae
Egypt . 2024 . [93]
Diarrhea Cat AST E. coli
KPC-4  USA Infection (UTI, SSTI) 2018 Dog Biochemical Tests Enterobacter [67]
xiangfangensis
IMP-4  Australia  Commensal 2016 Cats AST Salmonella enterica serovar g0
Typhimurium
Infection (UTI, SSTI, URTI, . . ..
OXA-66 Germany CRBSI, suppurate inflammation) 2017 Dogs, Cats  Selective culture media A. baumannii [88]
OXA-23 Portugal Infection (UTI) 2014 AST A. baumannii [87]
Italy Commensal 2018 Dogs, Cats  Selective culture media A. baumannii [78]
Germany _Infectlon (.UTI’ Suppurate 2017 Dogs, Cats  Selective culture media A. baumannii [88]
inflammation)
. 2009- Dogs, Cats, Selective culture media for E. coli, K. pneumoniae,
OXA-48  Germany Infection 2010  Horses cephalosporin resistance and PCR Enterobacter Cloacae [90]
Germany Commensal, 2013 Dog AST K. pneumoniae, [84]
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Infection (UTI, SSTI, URTI,

CRBSI) E. coli
Algeria Commensal 2016 Dogs PCR E. coli [72]
USA :;‘;cetc)“"” (UTI, SSTI, Genital 2016 Dogs, Cats  AST E. coli [95]
France Commensal 2017 Dog Selective culture media E. coli [85]
Dogs, E. cloacae,
Algeria Commensal 2017 Cat, Selective culture media E. coli, [86]
Horses K. pneumoniae
Infection (UTI, SSTI, genital tract, Dogs, Cats, . . K. pneumoniae, E. cloacae,
Germany otitis, URTI) 2018 Horses Selective culture media E. coli, K. oxytoca [83]
Commensal Dog Selective culture media K. pneumoniae,
Egypt 2024 [93]
Diarrhea Cat AST E. coli
Commensal Dog Selective culture media K. pneumoniae,
IMP-1 Egypt 2024 [93]
Diarrhea Cat AST E. coli
NDM-9  China Commensal 2017 Dog Selective culture media E. coli [71]
?B)EA- Portugal Infection (SSTI) 2021 Cat Selective culture media and AST K. pneumoniae [91]
Switzerland  Commensal 2018 Dogs, Cats  Selective culture media E. coli [81]
Portugal Commensal 2020 Dog Selective culture media E. coli [82]
Egypt Commensal 2020 Dog AST E. coli [21]
Commensal Dog Selective culture media K. pneumoniae,
Egypt . 2024 . [93]
Diarrhea Cat AST E. coli
] ] Acinetobacter
NDM-1  Iltaly Commensal 2018 Dog Selective culture media L [78]
radioresistens
USA Infection (SSTI, UTI) 2013 Dogs, Cats AST E. coli [79]
China Commensal 2017 Dogs Selective culture media E. coli [71,80]
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Commensal Selective culture media K. pneumoniae,
Egypt . 2024 Dogs, Cats ) [93]
Diarrhea AST E. coli
NDM-5  Egypt Commensal 2020 Dog AST E. coli [21]
Italy Infection (UTI) 2021 Dog Meropenem synergy test E. coli [92]
United . )
. Infection (SSTI) 2019 Dog AST E. coli [74]
Kingdom
USA Infection (UTI, URTI) 2018 Dogs, Cats AST E. coli [77]
AST followed by modified Hodge
Finland Infection (Otitis externa) 2018 Dogs testing, UV spectrometric detection E. coli [73]
of imipenem hydrolysis.
Commensal Selective culture media K. pneumoniae,
Egypt . 2024 Dog, Cat i [93]
Diarrhea AST E. coli
South Korea  Commensal 2018 Dog, Cat AST, PCR E. coli [76]
USA Infection (URTI) 2018 Dog AST E. coli [75]
China Commensal 2017 Dogs Selective culture media E. coli [71]
Algeria Commensal 2016 Dogs PCR E. coli [72]

AST: antimicrobial susceptibility testing; CRBSI: catheter-related bloodstream infection; SSTI: skin soft tissue infection; URTI: upper respiratory tract infection;

UTI: urinary tract infection; PCR: Polymerase chain reaction; KPC: K. pneumoniae carbapenemase; NDM: New Delhi metallo-p-lactamase; OXA-48:
oxacillinase-type carbapenem-hydrolyzing B-lactamase; IMP: imipenem metallo-p-lactamase; VIM: Verona integron-encoded metallo-p-lactamase.
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Prevalence of Carbapenem-resistant
Enterobacteriaceae in Egypt

Several studies have indicated the
presence of carbapenemase-resistant
organisms (CROs) in farm  animals,

aquatic life, pets, wild animals, and their
surroundings [94-98]. Animals can serve
as  carriers  for  carbapenem-resistant
organisms,  transmitted  through  food
pathways and the surroundings released
through waste products, leading to these
carbapenem-resistant  genes and  vice
versa. Animals have been found to be an
extensive reservoir of multi-drug resistant
(MDR) bacteria. Furthermore, the
shortage of monitoring may have led to an
inaccurate estimation of the prevalence of
these species, minimizing any possible
hazards to humans. In addition, the global
spread of these strains is a pressing issue
that highlights the need for continuous
screening.  Several studies have been
conducted on carbapenemase genes [99-
102]. However, the extent of carbapenem
resistance among GNB and the
underlying molecular mechanisms remain
unclear. Several Egyptian reports, such as
dairy cattle, tilapia species from Egyptian
aquaculture farms, and broiler poultry
processes, have been associated with
CRE. Dairy cattle were harbor five E.
Coli strains with blaoxa-4s and one strain
with blaoxa-1s1 in 2014 [97]. Fish farms
in Egypt producing tilapia in 2020, which

carried blakec, blaoxa-ss, and
blanom Enterobacter cloacae complex, K.
pneumoniae, and E. coli [103].

Furthermore, in 2016, 42% of the isolates
from chicken samples in Egyptian broiler
poultry farming possessed blanpm,
indicating the presence of carbapenem-
producing K. pneumoniae (CR-Kp). The
authors found that 56% of the 49 fecal
samples collected from workers and
veterinarians working in  poultry farms

were positive for CR-Kp, with all strains
carrying the three carbapenemase genes
blakpc, blaoxa-4s, and blanpm. Moreover,
compared to veterinarians (33%), farm
workers (67%) had a greater incidence,
revealing that direct contact between
people and broilers could aid in spreading
the disease. This is because farm workers
remain on the farm through the growing
phase and are constantly in contact with
broilers. It was noted that there were non-
genetic  links  between  people  and
chickens, although clones and plasmids
were not compared in this study [104].
Pseudomonas mirabilis bacteria encoding
the blanpm-1, blaoxa-1, and blakec genes
were noticed to be prevalent among ducks
on an Egyptian farm in 2021 [105].
Carbapenem-producing bacteria may find
their way into the food supply chain, as
shown by the 155 meropenem-resistant
samples discovered in Egyptian retail
chicken meat in the same year. A previous
study reported a single K. pneumoniae
ST147 strain and a single E. coli ST648
strain that produced NDM-1 and NDM-5,

the E. coli strain also carried blaoxa-1,
blarem-1, blactx-m-3, and aac (6')-Ib-cr,
whereas the K. pneumoniae  strain
harbored blasgv-1, blacrx-m-15, and aac

(6')-1b-cr genes [106]. NDM-producing E.
coli ST648 has been reported in clinical
isolates from India, United Kingdom, and

Australia.  The  NDM-1-producing K.
pneumoniae  ST147 clone has  Dbeen
previously reported in hospitalized

patients in lIraq, Oman, Tunisia, and Egypt
[107]. In 2019, carbapenem-resistant P.
aeruginosa (CRPA) was reported in
buffaloes and cattle in Egypt, with a
prevalence of 60 and 59% (Total samples
= 50) of isolates harboring blakec,
blaoxa-4s, and blanom, respectively. The
authors also found carbapenem-resistance
genes in drinking water within 67%
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prevalence and in stool human samples
within ~ 80%  prevalence.  Furthermore,
phylogenetic analysis showed that cattle
and water sequences were in one cluster
and were more closely related to each
other than to human isolates [108]. A
single E. coli ST648 strain and a single K.
pneumoniae  ST147 strain that could
express both NDM-1 and NDM-5 were
found in an earlier investigation. Aac (6')-
|b-CI’, b|aTEM71, bIaCTfofg, and blaoxa-1
were also found in the E. coli strain,
whereas the K. pneumoniae strain had
blasuv-1, blactx-m-15, and blaasc (6/)-1b-cr
genes  [106]. Isolates from  clinical
samples in India, the United Kingdom,
and Australia have all shown the presence
of NDM-producing E. coli ST648 [107].
Earlier reports of hospitalized cases in
Irag, Oman, Tunisia, and Egypt identified
the K. pneumoniae ST147 clone as the
source of NDM-1 [107]. In Egypt in
2019, 59% of 50 cattle isolates and 60%
of 50 buffalo isolates included
carbapenem-resistant P. aeruginosa

(CRPA), both of which carried blakec,
blaoxa4s, and blanom [108]. According to
the research, 80% of human fecal
specimens and 67% of freshwater
specimens tested positive for carbapenem-
resistant genes. Furthermore,
phylogenetic studies showed that

sequences from livestock and freshwater
formed a similar group and had a stronger
link than isolates from individuals, as
reported previously [108].

Detection of
Enterobacteriaceae

Standardized and straightforward
methods for susceptibility testing, such as
broth microdilution, antibiotic sensitivity
and automated screening techniques are
commonly used. However, these methods
may fail to detect inefficient
carbapenemases, such as KPC variants
and OXA-48, as indicated by the Clinical

Carbapenem-resistant

and Laboratory Standards Institute (CLSI)
or European Committee on Antimicrobial

Susceptibility Testing (EUCAST)
guidelines [109,110]. Furthermore,
Woodford et al. [111] found that
programmed techniques may cause
differences in finding of all
carbapenemase  manufacturers.  Currently,
carbapenemases can be determined

mainly through observable screenings and
molecular-based methods. Observable
procedures and molecular-based methods
are now both the most common strategies
for determining carbapenemases.
Currently used in clinical practice,
phenotypic assays include growth-based
ones those measure the resistance by
observing growth in the presence of an
antibiotic (such as the modified Hodge
test [MHT] and modified carbapenem
inactivation method [mCIM]), hydrolysis
methods that detect the product of
hydrolysis  catalyzed by carbapenemase
enzymes (such as Carba NP and matrix-
assisted laser desorption ionization time-
of-flight mass  spectrometry [MALDI-
TOF MS] methods), and lateral flow
immunoassays that detect carbapenemase
enzymes using specific antibodies.
Nucleic acid-based carbapenemase
detection  directly identifies  molecular
determinants of carbapenemase
production. The choice of carbapenemase
detection test relies on various factors,
such as the prevalence and molecular
epidemiology of carbapenemase in the
local area, the diagnostic performance
characteristics, the required labor, cost,
and turnaround time (TAT) of the test

[112]. Fast TAT is essential for both
therapeutic decision making and infection
control, with ideal same-day results.

Other factors to consider include the type

of organisms to be tested (such as
Enterobacteriaceae and/or glucose-
nonfermenting ~ Gram-negative  bacteria),
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ease of use, workflow, regulatory status,
necessary equipment, and reagent
preparation requirements. Despite the lack
of a single assay with a favorable profile
for all criteria, multiple options are
available, enabling laboratories to select
the method that best meets their
requirements.

Screening methods for
resistant Enterobacteriaceae

carbapenem-

Culture-based methods are commonly
used for CRE screening because they are
relatively simple and easy to implement in
routine microbiology laboratories as the
necessary equipment and knowledge are
already present. Different culture
approaches have been described,
including inoculation onto  McConkey's
agar plates after broth enrichment Center
for Disease Control and Prevention
method (CDC method) [113], direct
inoculation onto McConkey's agar plates
containing a meropenem disk [114], and
direct inoculation onto specific selective
chromogenic media [115-117]. Table 2
shows comparison of chromogenic media
for detection of CRE. Although the CDC

screening  method is  designed to
maximize sensitivity, according to recent
assessments, the performance of other

culture-based methods is on par with or
even superior. But because it takes a lot of

time, the CDC approach has serious
drawbacks  for  laboratory  workflow.
Numerous benefits, including
affordability, ~ simplicity  in  assessing

possible colonies, and the ability to verify
specimen accuracy, come with inoculating
directly into McConkey's agar plates with

meropenem disks. For rapidly
determining the existence of isolated
strains  that  produce KPC, several

researchers have proposed using another
disk, which has meropenem and boronic
acid. However, adding a meropenem disk
after inoculation raised the individual's
effort and raised the danger of other
undesirable elements. The insensitivity of
this approach is a significant issue,
particularly for CPEs that usually show
minimum inhibitory concentration (MICs)
around or close to breakpoint
[115]. Various chromogenic media have
been created to simplify culture-based
procedures [115-117].  These media
typically incorporate carbapenem as a
selective agent and a substrate that results
in color changes when hydrolyzed by
Enterobacterales. The advantages of this

method include a simple workflow for
inoculation and growth evaluation,
presumptive  species identification, and

high sensitivity and specificity. OXA-48
has demonstrated minimal susceptibility
to different enzymes in specific media
prepared particularly for KPC [118]. To
assure the accuracy of rectal samples,
another  non-specific plate  would be
administered simultaneous with chromatic
media, which are significantly cost than
McConkey's agar. It is notable that all
culture-based techniques can only detect
alll CRE forms; therefore, additional
investigation is necessary to validate
carbapenemase synthesis in the case of a
positive finding [119, 120]. Even with
these drawbacks, culture-based techniques
nevertheless have certain special benefits,
like the capacity to identify every form of

CRE, including those that produce
hitherto unidentified carbapenemase
enzymes; the capacity to obtain viable
organisms for phenotypic AST and the
capacity to gather and preserve CRE
strains.
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Table 2: Comparison of chromogenic media for the detection of CRE

Chromogenic media Sensitivity (%) Specificity (%) References
SUPERCARBA 95.6-96.5 60.7 [4]
CRE Agar 78 60-66 [4]
ChromID CARBA 90 76-89 [4]
Smart
CHROMagar™ KPC 100 NDA [4]
CHROMagar™ OXA- 75.8 99.3 [4]
48
NDA, no data available
Phenotypic assays for carbapenemase- technician, and it measures the alteration

producing Enterobacteriaceae detection

The Modified Hodge Test (MHT) is
widely used for CPE detection. It
evaluates the development of an indicator
strain at the junction of the area of
inhibition and the growth zone formed by
both the indicator and sample strains. This
aids in identifying if the sample strain
deactivates antibiotics [121]. MHT has
low sensitivity (<50%) for identifying
class B pB-lactamases, but great specificity

and sensitivity for identifying KPC
producer. The Triton Hodge Assay was
created to overcome this  restriction,

which can be done by using the Triton X-
100. This technique improves the ability
of clinical cases that produce NDM to in
parallel identify additional
carbapenemases and raises the accuracy
of detection of these isolates to more than
90 percent [122]. However, clinical
assessment may be impacted by false
negatives and false  positives outcomes
[123]. The Carba NP Assay, a highly rapid
and accurate colorimetric test with a
reduced incorrect  positives  frequency
compared to MHT, was established by
Nordmann et al. [124]. The shift in color
is visually assessed by the laboratory

in pH levels of the reagent solution
caused by carbapenemase breakdown of
imipenem. Additionally, employing
tazobactam and EDTA, this method can
determine carbapenemase forms initially
[125]. The  Blue-Carba  assay  was
established by Pires et al. [126] after they
found that using bromothymol blue
instead of phenol red as the pH monitor
increased the assay's accuracy. This
procedure boosts the detection rate to
100% [127]. An electrochemical
technique was presented by Bogaerts et
al. [128] and was adapted from the
classical Bogaerts—Yunus—Glupczynski
(BYG) Carba assay [128]. Through this
method, you can determine
carbapenemase-producing strains in only
thirty minutes instead of over two hours,

and you can get actual, immediate
findings [128]. Rapidec Carba NP
(bioMérieux), Rosco Rapid Carb Screen,

and Rapid Carb Blue Kits are some of the
commercial items that are used. But most
readily available fast colorimetric tests
and manual assays are not adequate to
identify OXA-48-type [112]. Unidentified
mistakes cannot be prevented, even
though the bicarbonate-based MBT
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STAR-Carba kit (Bruker Daltonics) has
increased specificity to determine OXA
[129]. A significant visual assay is the
carbapenem inactivation method (CIM). It
gauges the size of E. coli ATCC 25922's

inhibition ~ zone  following  the  test
bacterium'’s deactivation of the
carbapenem  disk. The findings are
extremely close to the polymerase chain
reaction (PCR) identifying
carbapenemase genes, such as KPC,
NDM, VIM, IMP, OXA-48, and OXA-23
[130]. The Clinical and Laboratory
Standards Institute (CLSI) suggested the

modified CIM (mCIM) in 2017 [131], and
a research investigation showed that it had
100% accuracy and validity [132].
Microbiological laboratories find mCIM
to be a wuseful tool because of its
affordability, ease of use, unambiguous
standards, and accessibility in any lab.
Many tests that rely on monitoring -
lactamase hydrolysis to detect
carbapenemase-producing

Enterobacteriaceae have been reported,
including  spectrophotometry  [133]. To
overcome the drawbacks of earlier
techniques for determining the destructive

action of carbapenemases in bacteria,
Takeuchi et al. [134] devised a double
wavelength  evaluation  procedure. With

only 40 minutes needed for preparation
and incubation—though the OXA testing
period may need to be suitably
extended—this  procedure  reduces the
time as well as provides the rapid
assessment of carbapenemase expression
in bacteria. This approach also yielded
results compatible with  mCIM and
showed higher sensitivity and specificity
than carbaNP at a similar duration of
incubation. It is restricting the quantity of

samples. and need for a
spectrophotometer, still restrict  this
technique's practicality [134]. The
applying of matrix-assisted laser

desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS) to
identify breakdown carbapenem products
as a method of detection for CPE was
recommended by Hrabak et al. [135] in
2011. In order to improve the procedure's
sensitivity, speed up the procedure, and
make finding reading easier, a number of
MALDI-TOF-based techniques have been

suggested  subsequently  [136-140]. To
overcome the main cause of incorrect
findings, Papagiannitsis et al. [140]

improved the detection limit for OXA-48-
type from 76% to 98% by combining

NH4HCO3 to the reaction mix. A
MALDI-TOF-based technique was
established by Lasserre et al. [139] that

provides great accuracy and precision and
can identify resistant Enterobacteriaceae
from initial cultures in just thirty minutes.
In 2018, a survey demonstrated that a
MALDI-TOF-MS-based ertapenem
hydrolysis assay could rapidly and
accurately detect carbapenemase activity
in  Enterobacteriaceae  strains isolated
from positive blood cultures [141]. The
high cost of the instruments prevents
MALDI-TOF MS tests from being used
widely in practical settings, despite the
technique's  inexpensiveness [139]. Apart
from the techniques outlined above,
carbapenemase inhibitor-based disc
assays have demonstrated accuracy in
identifying carbapenemases, including
MBLs and KPCs [142,143]. For instance,
ethylenediaminetetraacetic acid combined
to a carbapenem disk can be beneficial for
determining MBLs [143], while the use of
boronic acid combined with an ertapenem
or meropenem disk has been applied for
monitoring KPC [144]. In order to rapidly
identify =~ OXA-48-like carbapenemases,
Glupczynski et al. [145] established an
immunochromatographic method that
employed a single-clonal antibody.
Furthermore, a bioluminescence-based
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carbapenem susceptibility detection assay

that could distinguish between
carbapenemase-producing and non-
carbapenemase-producing CRE with a

sensitivity of 99% and specificity of 98%
was reported in 2018 [146].

Molecular methods for identification of
carbapenemase-producing
Enterobacteriaceae

The approved high standard for
determining the genes encoding
carbapenemase is genetic methods [1].

Table 3 provides an overview of their
benefits and drawbacks. Although it can
take some time to determine one gene,
PCR is a highly popular classical genetic
typing technique. To solve this, scientists
established and suggested a number of
highly specific, time-saving, and sensitive

PCR techniques [147]. For the quick
identification of carbapenemases,
including KPC, OXA-48, VIM, IMP, and
NDM, multiplexed real-time PCR

techniques were developed between 2006
and 2012 [148-150]. To correct for the
error brought about by the wvariety of
carbapenemases that resemble OXA-48
[151], several improved approaches have
been developed, including a real-time
PCR method wusing superior resolution
melting analyses [151] as well as the use
of a multiplex PCR method applying
peptide-nucleic  acid investigates  for
effectively detecting genes causing
resistance in different types of
Enterobacteriaceae  strains  [152]. To
identify CPE, many different genetic
methods have been wused. To detect
predominant carbapenemase genes,
Walker et al. [153] implemented real-time
PCR, PCR that was nested, and
nanotechnology. In a brief amount of
time, PCR-based cassette approach
running on the GeneXpert platform that
was designed for identifying CPE in rectal
specimens demonstrated superior

sensitivity and  validity [154]. A perfectly
accuracy and precision isothermal
amplification by loop-mediated approach
using  hydroxynaphthol  blue  pigment
(LAMPHNB) was devised by
Srisrattakarn et al. [155]. In 2018,
microfluidic ~ chip  technology,  which
allowed for the rapid detection of
pathogens and their resistance genes
[156]. The criteria for a
practical assessment ~ were  fulfilled in
2018 when carbapenem-resistance genes
were identified with significant accuracy
and precision using lab-on-a-
biochips method [46]. Commercial
microarray-based \erigene Gram-
negative culture of blood test has been
applied  for  detecting  carbapenemases
[157], however the extremely expensive
[158] limits its normal practical use.
While the optimum method for
identifying  carbapenemase  genes, the
sequencing of the whole genome is
restricted in its regular clinical application

due to the expensive nature of the
procedure, prolonged processing times,
and challenging organization of

information [159]. A new multiplex PCR
was created by Yu et al. [160] to quickly
and accurately identify the outbreak stain
of CRKP ST258/ST11.

Lateral Flow Assay

The best diagnostic tests should be
inexpensive and offer quick findings so
that used in any microbiology lab. As a

result, lateral flow assays (LFA) have
emerged as a crucial weapon in the fight
against  antimicrobial resistance (AMR).

When an infection occurs with a resistant
isolate, the scenario calls for quick, on-
site identification using affordable,
efficient, and friendly to use techniques.
In this manner, the rapid diagnostic test
(RDT), commonly referred to as LFA
technique, has shown to be useful in the
identification and detection of isolates
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resistant to antibiotics. As for any point of

need test, LFA  satisfies all the
requirements set forth by the WHO,
which are known as practical, accurate,

defined, easy to use, quick and reliable,
equipment-free and available [161,162].
Additionally, The P5 medicine concept
can be integrated into the LFA, which has
gained attention in the medical field.
Optimal therapy for each patient is the

goal of this concept, which employs a
distinctive,  indicative,  protective, and
collaborative approach [163]. LFIA tests

are typically composed of a strip that
contains several porous materials and
allows liquids to flow through capillary
action. The sample, which is dripped onto
the conjugate pad (CP) from the sample
pad (SP), is received by the CP, which is
usually made of cellulose. The CP stores
the conjugate, a labeled molecule that
creates the signal on the strip. This signal
is found on a nitrocellulose membrane
that has been printed with various
substances to create a test line and a
control line. The control line functions as
an internal control to verify that the flow
is accurate and that the conditions are
suitable, while the test line captures the
object of interest. In conclusion, the
absorbent pad serves as both a pump and
a container for the liquid supplied on the
SP, and the amount of sample that can be
examined depends on its size. Every part
is usually encased in a plastic cartridge
and connects to the others. This cartridge
has a reading frame, a specific sample
loading place, safety, simple handling,
pressure points to ensure direct contact,
and an effective distribution of reagents
across the strip. After the sample has been
placed onto the SP, which may or may not
undergo pre-treatment to lessen matrix
effects, movement is ready to start. If the
conjugate is present, it resuspends in the
sample solution and forms a mixture with

the analyte. Mixture migrates along the
nitrocellulose  membrane by  capillary
pressure, thereafter they accumulate on
the test line and extra conjugate on the
control line.

There are two primary formats of
LFIA: the non-competitive or sandwich
immunoassay, which is applied for high
molecular weight compounds such as
proteins with multiple antigenic sites; and
competing or suppressing immunoassay
form, which is used for tiny molecular
weight  antigens. In  the  sandwich
immunoassay, a colored test line indicates
a positive result, while in the competitive
immunoassay, a weak or nonexistent test
line signals a positive result. In most
cases, the test line and conjugate contain
antibodies specific to the target being
identified.

The five
KPC-,

primary carbapenemases—
NDM-, VIM-, and IMP-type as
well as OXA-48-like—are the focus of
the NG-Test CARBA 5, the
immunochromatography assay. Itis
packaged in a separate cassette
and includes two separate K-SeTs: A
separate one for VIM and NDM
monitoring, and second for OXA-163,
OXA-48-like, and KPC monitoring. The
same bacterial lysis mixture, which is
packaged together, should be wused with
both cassettes at the same time. The K-
SeT for IMP detection is included as a
supplementary investigation for RESIST-
5 O0.0.K.N.V. and is part of the IMP K-
SeT [164]. The procedures  were
performed according to the supplier's
recommendations. To begin the lysis one
separate cell of at night proliferation was
removed from the plate and placed in an
Eppendorf container or container with
extraction reagent. The sample area of the
cassette was then filled with
approximately 100 ml of the mixture, and
it was allowed to migrate for 15 minutes.
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Subsequently the data was evaluated until cassette's screening region had become
the baseline line in the control region red [165]. Table 3 outlines the benefits
colored red. Fifteen minutes later, it was and drawbacks of various detection
observed whether the lines in the methods.
Table 3 Advantages and disadvantages of CRE detection methods

Detection methods Advantages Disadvantages Reference

Sensitive
Screening method Convenient Nonspecific method for all [4]

Relatively low-cost way.

carbapenemase.

Detecting KPC

False-positive and false-negative

MHT Simple Insufficient for MBLs [165]
Inexpensive Time consuming
Detecting KPC and Insufficient for OXA-48
Coloremetric assay most MBLs type carbapenemases Specific reagents [165]
Simple and inexpensive Various infecting factors
Detecting all Carbapanemeses
mCIM Clear criteria of judgment Time consuming [165]
Simple
Cost-effectiveness
High sensitivity and specificity Specific instrument (spectrophotometer)
Spectrophotometer method Time saving Various influencing factors [165]
Simple and inexpensive No standard equation and cut-off value
Small sample size
Detecting KPC and Insufficient for OXA-48
NDM No clear protocol and
MALDI-TOF-based methods  Time saving standard analysis [165]
Easy to perform Expensive equipment
Low measurement cost
Gold standards High technical requirements
Molecular-based methods . . . [165]
Detecting all carbapanemeses genes Insufficient for expression of genes
Type carbapenemase genes High measurement cost
Lateral Flow Assay Speed Variation in sample volume can [166]

diminish specificity and sensitivity
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Ease of use

Inexpensive

Good application for primary screening

False negative result

False positive result

Sample need an additional pre-treatment

MHT: modified hodge test, MBL:metallobetalactamase, mCIM: modified carbapenem inactivation method,
MALDI-TOF: matrix-assisted laser desorption ionization time-of-flight mass spectrometry, KPC: K. pneumoniae
carbapenemase, NDM: New Delhi metallo-p-lactamase, OXA-48: oxacillinase-type carbapenem-hydrolyzing pB-

lactamase.

Treatment of carbapenem-resistant
Enterobacteriaceae infections

When treating infections brought on
by  Gram-positive  bacteria  that are
resistant to carbapenems, glycopeptides

are thought to be an efficient substitute for

carbapenems. Alternative  therapies  for
carbapenem-resistant Gram-negative
bacteria, particularly CRE, are restricted
since these  bacteria typically have
resistance elements to aminoglycosides,
B-lactams, and fluoroquinolones
[167,168]. In these instances, it is
essential to consult microbiologists
because amikacin  sensitivity exists in
certain CREs. Fosfomycin, polymyxins

(colistin), and tigecycline are examples of
antibiotics that had been administered
infrequently because of worries about
their poisoning and effectiveness
[169,170]. For pandrug-resistant bacterial
infections, double-carbapenem
association treatment may be taken into
investigation;  nevertheless, there is a
paucity of information surrounding this
treatment [171, 172]. In Vivo
investigations have yielded
uncertain findings, despite  particular in
vitro  investigations  demonstrating  the
cooperative advantages of specific
antibacterial compounds for carbapenem-
resistant ~ gram-negative  microorganisms.
Regarding resistance emergence or
practical reaction for instance, colistin
combined meropenem failed to achieve

superior  results than  colistin  alone
[173,174]. However, a few compounds
may work well together, such as colistin
and rifampicin  [175,176], carbapenem
and  sulbactam  [176], colistin  and
carbapenem [177], and carbapenem with
an  aminoglycoside  [178]. A  novel

aminoglycoside antibiotic
the next generation agent

categorized as
is plazomicin

[25].  Sub-inhibitory  concentration  of
plazomicin were utilized together with
colistin, meropenem, and fosfomycin in

an investigation by Rodriguez-Avila et al.
[179] demonstrated a potent bactericidal
action on strains of K. pneumoniae that
produced carbapenemase. The effects of
ESBLs and KPC can be neutralized by

new  p-lactamase  blockers  such  as
relebactam, avibactam, and vaborbactam
[180]. New combinations of [-lactam/f-
lactamase blockers, such as
imipenem/cilastatin/relebactam,

ceftazidime/avibactam, and
meropenem/vaborbactam, have been

authorized by the US FDA (MD, USA)
for the management of cases of CRE
[170,181,182]. A siderophore
cephalosporin  called  cefiderocol  was
created for managing diseases brought on
by bacteria with resistance. By adhering
to penicillin-binding protein 3, it can enter
the periplasmic region of Gram-negative
organisms by energy-requiring
process and disrupt the formation of cell
walls of bacteria [183-185]. Some ESBLSs
and carbapenemases have been observed
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to be resistant with cefiderocol [183-185].

The novel antibiotic eravacycline has a
wide range of actions, including the
capacity to target CRE [186].
Prevention and Control of
carbapenem-resistant
Enterobacteriaceae

Antimicrobial  resistant (AMR) has
been investigated by the emergence of

several procedures, such as the One
Health approach, the National Action Plan
for Combating Antibiotic-Resistant
Bacteria (CARB) by the United States
(2020-2025), the EU Harmonized AMR
Monitoring Program carried out in Italy in
2021, and the application of antimicrobial
agent threat evaluation. The  United
Nations Political Declaration on AMR of
2016 observed the One Health approach,
which finds that disease can spread from
people to animals and inversely and that
human health is strongly associated with
animal health. In all cases, AMR should
be controlled because surroundings can
serve as a reservoir for novel resistant
microbes  [187-189].  Consequently, to
avoid AMR from arising and transmitting,
a comprehensive strategy is needed. US,
UK, and European countries have all
established One Health-based AMR
control. Although the undervaluation of
the effect of AMR on land and marine
species as well as the surroundings is a
consequence of its lack of application in

most  developing  nations [189]. The
mismanagement of antibiotics, including
their excessive use in the control of
infections, as growth promoters, and in
the treatment of livestock and farmed fish,
as well as the presence of various
environmental  contaminants, such as
agricultural waste, sewage, and heavy
metals, may help propagate resistance to

antibiotics among humans and animals.
may  help  propagate  resistance to
antibiotics among humans and animals

[187,190]. This highlights the importance
of adopting a One Health approach, which
is a multidisciplinary strategy aimed at
preventing,  predicting,  detecting, and
responding to antibiotic resistance.
Increasing global awareness of AMR and
the adverse effects a result of overuse and
improper  administration  of  antibiotics,
decreasing the consumption of
antimicrobials in  farming and their
discharge into the surroundings,
increasing  worldwide resistance
monitor to more assumed and
estimate resistance strategies, improving
rapid practical assessments, and the
progress of vaccines and replacements for

drug
accurate

antibiotics are some of the most
significant  approaches  for  controlling
AMR from a One Health perspective
[191], expanding the field's studies,
developing a worldwide discovery

program for preliminary studies of new

therapies, encouraging the purchase of
novel medications and pharmaceutical
advancements, and forming an

international alliance for the fight against
AMR. The surroundings, aquaculture,
farm animals, human healthcare, and
other fields must all be coordinated in
order to achieve this overall strategy. A
One Health  AMR monitoring system is

essential, according to prior studies, to
determine the importance of the issue
particularly with regard to carbapenem

resistance to spot changes, understand the
linkages between various circumstances,
and discover patterns. The propagation of
genes and  organisms  resistant  to
carbapenem would be prevented by such a
system [187,190,192]. Furthermore, as
resistant species from aquatic settings and
animal  diseases resulting from AMR
bacteria  may  have both inherent
resistance and the capacity for cross
transmission, these routes of transmission
need to be taken into perspective. The risk
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of silent dissemination of serious MDR
bacteria by the human-pet relationship,
known as zooanthroponosis, makes
carbapenem-resistant  infections in  pets
extremely worrisome [190]. Interestingly,
genes producing resistance to antibiotics
can be found in commensal bacterial flora
and then passed onto organisms that can
infect humans and animals. Moreover, a

considerable portion of antibiotics (75—
90%) that animals discharge without
breaking down can be released into

surroundings [71], where they may serve
as AMR gene carriers [192].

Conclusion
Monitoring for carbapenemase-
producing organisms is uncommon in

veterinary field. However, imipenem and

meropenem are often used as AST
alternatives. On the other hand, recent
studies prove that pets with
carbapenemase-encoding genes can
directly be transmissible to individuals.
Proper identification of CP bacteria is
essential in preventing infections,

particularly to stop the transmission of its
resistance  factors, which can  have
significant consequences on human health
through restricting  the  choice  of
antimicrobial  therapies. Although  they
have been assessed and utilized in human
medicine, not all screening means are
suitable for application in the field of
veterinary for example, most laboratories
might not be able to afford automated
mass spectrometers or PCR instruments
due to factors like little assumed positive
sample numbers, the requirement for
specialized staff, or the costly nature of
instruments and reagents. Whereas
molecular determination of the genes
producing carbapenemase is the method
of  choice, phenotypic analysis for
resistant to carbapenem can be a valuable
substitution for ordinary assessment in
veterinary medicine. Applying

commercially available CP-selective
culture  media into the  veterinary
microbiology ~ workflow can  accelerate

and lower the cost of regular CP bacterial
detection in practical veterinary facilities.
In addition, note the challenges and
greater rate of OXA-48-like CP bacteria
found in pets. It is essential to apply a

highly accurate and effective selective
culture medium for OXA-48-like
carbapenemases, alternatively or

including temocillin in regular AST of pet
samples. In veterinary microbiology labs
where a significant number of
community-based resistance (CR)
infections are assumed, alternative
methods, such as
immunochromatographic lateral flow tests
or biochemical tests, may also be
beneficial. Although these methods may
not be required now, it is still crucial to
consider them in case the critical health
consequences of  confusion and the
underestimated rate of CP bacteria are not
investigated. To reduce false positive
results, it is essential to choose high
sensitivity and specificity when applying
any procedure. If a positive result is
obtained, it is crucial to advise specialists
to implement infection prevention
measures and report the case to a
specialized laboratory for further
examination. To better understand the
relationship  between the animal-human-
environment triad and the  general
increase in carbapenem resistance, it is
necessary to evaluate CP bacteria in pets
as part of the One Health Strategy to
eliminate AMR.
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