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Gram-negative bacterial infections are a global health problem. The production of beta-lactamase is still the most vital factor
leading to beta-lactam resistance. In Trinidad and Tobago, extended spectrum beta-lactamase (ESBL) production has been
detected and reported mainly in the isolates of Klebsiella pneumoniae and Escherichia coli and constitutes a public health
emergency that causes high morbidity and mortality in some patients. In this literature review, the authors cover vast information
on ESBL frequency and laboratory detection using both conventional and molecular methods from clinical data. The aim is to
make the reader reflect on how the actual knowledge can be used for rapid detection and understanding of the spread of
antimicrobial resistance problems stemming from ESBL production among common Gram-negative organisms in the health

care system.

1. Introduction

Gram-negative bacterial infections are a global health
problem. The production of beta-lactamase is still the most
vital factor leading to beta-lactam resistance. The dissemi-
nation of extended spectrum beta-lactamase (ESBL) pro-
duction is alarming. In a study conducted by Leylabadlo
et al, ESBL production occurred most frequently in
Escherichia coli and Klebsiella pneumoniae; however, other
Enterobacteriaceae family members have also been identified
to produce these enzymes [1, 2]. More than 200 ESBLs have
now been characterized, and these are detailed on the au-
thoritative website on the nomenclature of ESBLs hosted by
George Jacoby and Karen Bush (http://www.lahey.org/
studies/webt.htm). Over 30 different countries have pub-
lished research on ESBLs, reflecting the truly worldwide
distribution of ESBL-producing organisms. In Trinidad and
Tobago, several ESBL-producing Gram-negative bacteria
have been detected and described, including the first report

of ESBL incidence in a neutropenic patient at the Port of
Spain General Hospital in an isolate of Salmonella enteritidis,
which exhibited resistance to all penicillins and cephalo-
sporins (including third-generation cephalosporins), ami-
noglycosides, and trimethoprim-sulphamethazole [3-8].
Several worldwide reports of high prevalence rates and
outbreaks of ESBL-producing microorganisms underscore
the importance of searching for and detecting their oc-
currence in all hospitals offering ambulatory services.

The ESBLs are derived from genes for the narrow
spectrum beta-lactamases. The most common ESBL types
include TEM (named Temoniera in Greece), SHV (sul-
phydral variable), and CTX-M (reference to its preferential
hydrolytic activity against cefotaxime, CTX as its acronym,
M for Munich). However, there are others that include the
OXA type and some even more uncommon enzymes such as
Belgium (BEL-1), Pseudomonas extended resistance (PER),
Brazil (BES-I), Vietnam extended spectrum beta-lactamase
(VEB), and Serratia fonticola I (SFO-1) [9]. The majority of
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the ESBLs that are detected are either of the SHV or TEM
types and sometimes result in infections caused by Gram-
negative organisms. These infections are sometimes noso-
comial by the organisms that produce these enzymes [9]. In a
study by Tillekeratne et al., infections caused by ESBL-
producing organisms were most frequently diagnosed in
outpatients [10]. However, in the study conducted by Fer-
nando et al, ESBL-producing organisms, particularly
Klebsiella species, seem to be responsible for most noso-
comial cases of urinary tract infections [11]. Other ESBL-
producing Enterobacteriaceae have been described in a study
conducted by Briongos-Figuero to cause urinary tract in-
fections [12], while other infections such as bacteremia,
intra-abdominal infections, and respiratory tract infections
have been described by Pilmis et al. [13].

Some risk factors are associated with the development of
ESBL-producing organisms that cause urinary tract infec-
tions (UTIs). These include the previous use of antibiotics,
history of urinary tract infections, previous hospitalization
and duration, previous uncontrolled catheterization, age
(occurs mostly in older people), enlarged prostate in males,
congenital abnormalities, renal stones, and diseases such as
diabetes mellitus [14]. To prevent the spread, especially in
hospitals, healthcare workers need to wash their hands
regularly as the contaminated health care worker is a fre-
quent mode of transfer between patients [9]. Environmental
cleaning is vital and instruments used on patients such as
thermometers and blood pressure cuffs should be disinfected
frequently as this will aid in the reduction of the spread of
these organisms, which will have a positive effect on the
community due to the reduction in the spread of these
organisms in the community. Prevention is vital as these
organisms are able to cause resistance, particularly to
penicillins, broad-spectrum cephalosporins, aztreonam, and
carbapenems because they have similar basic molecular
structures [15], which could lead to treatment failure. As a
result of this, rapid and accurate testing methods are
necessary.

2. Definition and Classification of ESBL

Beta-lactamases are enzymes that hydrolyze f-lactam anti-
biotics, thereby rendering them ineffective [16]. Hydrolysis
means that these enzymes target and cleave the chemical
bonds of these antibiotics, resulting in the structural and
chemical breakdown of these compounds [15]. Extended
spectrum beta-lactamases (ESBLs) are defined as beta-lac-
tamases that can hydrolyze and cause resistance to first-,
second-, and third-generation cephalosporins, penicillins,
and monobactams like aztreonam. However, ESBLs do not
cause resistance to cephamycins, namely, cefoxitin and
cefotetan, carbapenems, namely, ertapenem, imipenem, and
meropenem, and are inhibited by clavulanic acid [17].
There are two schemes of classification in which beta-
lactamases are grouped. These include the one that groups
them according to functional similarities (Groups 1 to 4)
known as the Bush-Jacoby-Medeiros classification, and the
other that groups them according to similarity in amino
acids, a molecular classification of four classes A to D,
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known as the Ambler classification [18, 19]. The presence of
a serine radical would classify them as serine beta-lacta-
mases, while the presence of a zinc ion at the active site of the
enzyme would classify them as metallo-beta-lactamases
(18, 19].

Class B beta-lactamases include metalloenzymes that
require zinc ions to enable beta-lactam hydrolysis. The ac-
tion involves the utilization of zinc ions to destroy the beta-
lactam ring of the antibiotics. Enzymes that hydrolyze
substrates by way of an active site serine upon the formation
of an intermediate such as an acyl enzyme belong to the
other three classes, A, C, and D. The mechanism of action of
serine beta-lactamases involves the destruction of the beta-
lactam ring of the antibiotic using the free hydroxyl group,
which is located on the serine residue side chain at the active
site of the enzyme, thus resulting in the production of a
covalent acyl ester, a process that inactivates the antibiotic
[17].

Cephalosporinases are group 1 enzymes belonging to the
molecular class C. These enzymes are encoded on most
Enterobacteriaceae chromosomes. They have more activity
against cephalosporins than benzylpenicillin. They also have
activity against cephamycins and a few that lack activity on
cefoxitin. These enzymes are mostly resistant to clavulanic
acid inhibition and show resistance to carbapenems. In some
organisms, such as Pseudomonas aeruginosa, Serratia
marcescens, and Enterobacter cloacae, low AmpC (cepha-
losporinase) expression can be induced when exposed to
particular beta-lactams, namely, ampicillin. Amoxicillin,
imipenem, and clavulanic acid [20] Group 1 plasmid-me-
diated enzymes belonging to the families of the Amp type
(ACT), cefoxitin (FOX), cephamycin (CMY), and MIR and
DHA (both named based on the location where they were
discovered, Miriam Hospital in Providence and the Dhahran
Hospital in Saudi Arabia, respectively) are also in Group 1
but are not as common as the 2br subgroup of plasmid-
mediated ESBLs [20].

Beta-lactamases of the largest group are the functional
group 2 serine beta-lactamases, which include the A and D
molecular classes. All belong to the molecular class A, except
for the 2d subgroup, which belongs to molecular class D. A
small group of beta-lactamases prevalent in Gram-positive
organisms belong to the subgroup 2a penicillinases. These
enzymes have limited the hydrolyzing activity of carbape-
nems and cephalosporins but hydrolyze penicillins with
higher affinity. They are inhibited by clavulanate and
tazobactam, with inhibitory concentrations of 50%, usually
less than 1M [18]. Some of these subgroup enzymes are
plasmid-encoded, including some Staphylococcal penicil-
linases, but most are chromosomal.

In another subgroup, the 2b beta-lactamases have high
activity of hydrolysis of penicillins and cephalosporins and
are inhibited by clavulanate. The enzymes belonging to this
group were SHV-1, TEM-1, and TEM-2. However, more
TEM and SHV 2b enzymes have been characterized and
described in this group [21]. The 2be subgroup represents
ESBLs that have a broad spectrum and hydrolyze aztreonam
and cephalosporins of the third-generation [9]. The largest
of this subgroup evolved by SHV-1, TEM-1, and TEM-2
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supplemented with
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Modified Hodge test
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Methods
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DNA

methods: methods:
a). Plasmid-DNA i). Real time PCR.
analysis ii). RAPD-PCR.
b). RFLP iii). RFLP. iv).
¢). fRELP DNA AFLP v). Rep
probe (Southern PCR. vi). ERIC-
method) PCR v). MLST.
d).PFGE vi). Microarrays

FiGgure 1: Simple flow chart of extended spectrum beta-lactamase enzyme detection in any microbiology laboratory. ESBL = extended
spectrum beta-lactamase; DNA = deoxyribonucleic acid; RFLP = restriction fragment length polymorphism; fRFLP; PFGE = pulsed field gel
electrophoresis; PCR = polymerase chain reaction; RAPD-PCR =random amplification of polymorphic-PCR; RFLP-PCR =restriction
fragment length polymorphism-PCR; AFLP =amplified fragment length polymorphism; Rep-PCR =repetitive extragenic palindromic-
PCR; ERIC-PCR = enterobacterial repetitive intergenic consensus-PCR; MLST =multilocus sequence typing.

amino acid substitutions, which achieved a broad spectrum
by decreasing the hydrolysis activity of benzylpenicillin.
CTX-M enzymes also belong to this subgroup. These en-
zymes are functionally similar to TEM and SHV. They
belong to the Kluyvera species and are chromosomally lo-
cated [18, 22]. These enzymes hydrolyze cefotaxime and are
inhibited by tazobactam more than clavulanic acid [21].
Other ESBLS that are not related to CTX-M, SHV, or TEM
and are less common also belong to this subgroup. These
include the Vietnam extended spectrum beta-lactamase
(VEB), Belgium (BEL-1), Pseudomonas extended resistance
(PER), Brazilian (BES-1), Tlahuicas (TLA-I, TLA-2), and
Serratia fonticola (SFO-1) [18].

A broad-spectrum group of beta-lactamases that are
resistant to clavulanic acid with inhibiting concentrations
of 50% or >1 M and still have the spectrum of activity of
the subgroup 2b enzymes are those of the 2br group. The
enzymes that belong to this category include TEM-30,
TEM-3, and SHV-10, among many others [23]. Another
subgroup, also referred to as complex mutant TEM
(CMT) beta-lactamases are the 2ber subgroup. These
include TEM enzymes such as TEM-50 [18], which have
an extended spectrum, but the inhibition is relative as it
relates to clavulanic acid. Subgroup 2e enzymes are
penicillinases that are inhibited by clavulanic acid with
inhibitory concentrations of 50% <1M and are able to
demonstrate at least 60% hydrolysis of carbenicillin or
ticarcillin at the same rate as benzylpenicillin with hy-
drolysis rates of oxacillin or cloxacillin less than half of
that of benzylpenicillin [18]. Another subgroup, 2ce, in-
cludes the extended spectrum carbenicillin RTG-4, also
termed CARB-10, which has activity against cephalo-
sporins such as cefepime [24].

Subgroup 2d includes OXA enzymes, so called because
they are capable of exhibiting hydrolyzing action on oxa-
cillin or cloxacillin at a rate that is 50 percent of that of
benzylpenicillin [18]. Most beta-lactamases that belong to
this subgroup have inhibitory concentrations of clavulanic
acid of 50% greater than or equal to 1 M and are inhibited by
sodium chloride. There are subgroups on 2d, including
subgroups 2de and 2df. 2de subgroup enzymes have an
extended spectrum hydrolyzing activity to oxacillin or
cloxacillin and activity to oxyimino beta-lactams such as
ceftazidime and cefotaxime, but not to carbapenems.
Pseudomonas aeruginosa is the organism where this type of
beta-lactamase commonly occurs. Most of these enzymes are
derivatives of OXA-10 with one and nine amino acid
substitutions and include OXA-11 and OXA-15 enzymes.
The 2df enzymes, however, mostly occur in Acinetobacter
baumannii and are mostly chromosomally encoded. These
enzymes have the ability to hydrolyze carbapenems.

The 2e cephalosporinases can hydrolyze cephalosporins
and are inhibited by clavulanate [9]. The Amp enzymes of
group 1 occur in organisms similar to this group of enzymes,
and they demonstrate resistance in a similar way, making it
difficult to be distinguished. However, a differentiating
characteristic is that of low aztreonam affinity on the part of
the amp enzymes. The two subgroups included the mo-
lecular class A serine carbapenemases. These enzymes are
inhibited by tazobactam more profoundly than clavulanic
acid, and as the name suggests, the substrates are carba-
penems. Klebsiella pneumoniae carbapenemases (KPC) be-
long to this group and have been associated with Gram-
negative infections worldwide. The first report in the world
was identified in Columbia (in 2006) in a Pseudomonas
aeruginosa isolate, which produced KPC-2 [25]; the second



was in Puerto Rico [26], and the third isolate was reported in
Trinidad and Tobago [27].

The metallo-f-lactamases (MBLs) belong to group 3 and
molecular class B. In terms of the structure, these enzymes
require zinc ions at their active sites. In terms of function,
they were differentiated based on their ability to hydrolyze
carbapenems similar to serine beta-lactamases. However,
compared to serine beta-lactamases, they are not inhibited
by clavulanate but by ethylene diamine tetra-acetic acid
(EDTA) and have a low hydrolyzing ability for mono-
bactams. In clinical isolates, these enzymes are often pro-
duced along with a second or third beta-lactamase. In terms
of subdivisions, there are three, namely, B1, B2, and B3 based
on structure and 3a and 3b based on function [18]. The 3a
subgroup includes the imipenase (IMP) and the Verona
integron-boring metallo beta-lactamase (VIM), and they
belong to the Bl subclass. They require two zinc ions, which
are amino acids bound to achieve hydrolyzing activity.
Caulobacter vibriodes (CAU-1), Fluoribacter gormanii (FEZ-
1), Elizabethkingia meningoseptica (GOB-1), and the L1
metallo-beta-lactamase of Stenotrophomonas maltophilia are
of this subgroup 3a, and of the B3 subclass. The subgroup 3b
enzymes exhibit the hydrolysis of carbapenems effectively
once there is occupancy of only one zinc binding site. They
have better hydrolyzing activity of carbapenems compared
to cephalosporins and penicillins. Aeromonas hydrophilia
CphA and Serratia fonticola Sth-1 enzymes belong to the B2
subclass. Group 4 includes penicillin-hydrolyzing beta-lac-
tamases that are resistant to clavulanic acid inhibition. These
enzymes undergo profound hydrolysis to cloxacillin and
carbenicillin. These enzymes do not belong to the molecular
class [28].

2.1. Types of ESBL

2.1.1. SHV. A procedure involving the inhibition of SLV led
to the designation of the SHV gene to be a sulthydryl variable
as it was thought that P-chloromercuribenzoate substrate
varijability and relatedness was due to the substrate that was
engaged in the procedure [9]. SHV-1 was first discovered in
Switzerland in 1974. SHV-1 beta-lactamases are plasmid-
mediated, meaning they are spread by plasmids and occur
most frequently in Klebsiella pneumoniae. The SHV-1 en-
zymes have no hydrolytic effect on cephalosporins, which
are broad-spectrum agents such as ceftriaxone and cefta-
zidime; however, they can hydrolyze those with a narrow
spectrum, such as cephalothin and cefazolin. They also
cannot hydrolyze cephamycins and carbapenems, but can
hydrolyze penicillins [9]. The mechanism of action involves
hydrolysis, which is achieved by attacking the beta-lactam
ring of the antibiotic using the free hydroxyl group, which is
located on the serine residue side chain at the active site of
the enzyme. The result is the production of a covalent acyl
ester, which inactivates the antibiotic. The SHV types that
have an ESBL phenotype are described based on serine
replacement at position 238 for glycine. These beta-lacta-
mases due to this mutation have extended spectrum char-
acteristics [9].
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The SHV-2 enzyme was first isolated in Germany from a
Klebsiella ozaenae isolate in 1983. This enzyme demon-
strated extended spectrum activity against cefotaxime and
ceftazidime. The serine residue at position 238 is needed for
effective ceftazidime hydrolysis, and a lysine residue is
needed for effective cefotaxime hydrolysis. The SHV-3 en-
zyme was discovered in France from a Klebsiella pneumoniae
isolate in 1988, and SHV-3 is similar to SHV-2 as they both
share extended spectrum activity. A point mutation led to
the replacement of leucine at position 205 in SHV-2 with
arginine in SHV-3. This changes the isoelectric point from
7.6 (for SHV-2) to 7.0 (SHV-3) [9]. The isoelectric point
refers to amino acid migration.

The SHV-4 also has extended spectrum activity similar
to SHV-3 and was discovered shortly after in France from a
Klebsiella pneumoniae isolate. A point mutation caused
amino acid replacement at position 240 with lysine for
glutamic acid. The isoelectric point was 7.8. SHV-5 was
discovered in Chile from a Klebsiella pneumoniae isolate,
and its replacement was at position 240 with lysine, but with
an isoelectric point of 8.2. SHV-6 was also discovered in
France in 1991 from a Klebsiella pneumoniae isolate. There is
a difference with the other SHV types based on its hydro-
lyzing action against the ceftazidime antibiotic and not
against cefotaxime. Both SHV-1 and SHV-6 differ at posi-
tion 179, where there is a replacement of aspartic acid in
SHV-1 with alanine of SHV-6. The same isoelectric point of
7.6 is common to SHV-2 and SHV-6, which emphasizes the
importance of accurate and rapid methods to distinguish
between these enzymes [29-31].

The SHV enzymes have also been identified in other
organisms. For example, SHV-7 was first identified in
Escherichia coli in the United States of America. It has an
isoelectric point of 7.6, which is caused by amino acid
substitution. There was a replacement of isoleucine at po-
sition 8 of SHV-5 with phenylalanine of SHV-7 and a
substitution of serine in SHV-7 at position 43 with arginine
[32]. SHV-8, also discovered in the United States of America,
has an isoelectric point of 7.6. This enzyme has a replace-
ment of asparagine with aspartate at position 179 [33].

The SHV-9 was discovered in Greece from three or-
ganisms: Escherichia coli, Serratia marcescens, and Klebsiella
pneumoniae in 1995. Here, there is a replacement of alanine
at position 140 with arginine [34]. Most SHV variants have
the ESBL phenotype, although there is one SHV variant that
has an inhibitor-resistant phenotype, SHV-10 [35]. This
enzyme is a derivative of SHV-5, which has an extra amino
acid replacement at serine 130 with glycine. SHV-11 and
SHV-12 were discovered in Switzerland with SHV-11
lacking extended spectrum activity against cephalosporins.
Both enzymes have a replacement of leucine at position 35 to
glutamine with SHV-11 derived from an SHV-1point mu-
tation and SHV-12 from an SHV-5point mutation [35]. To
detect these mutations, polymerase chain reaction single-
stranded conformation polymorphism (PCR-SSCP) may be
used, which involves the use of a very short primer; the
strands of the deoxyribonucleic acid (DNA) are then sep-
arated and then analyzed by electrophoresis. This technique
is a rapid method used for point mutation characterization



International Journal of Microbiology

in short DNA sequences and is used in the characterization
of SHV genes because point mutations are involved in
phenotypic resistance expression. Other genetic methods of
detection include molecular techniques that specifically
detect a particular gene, such as SHV, which causes ESBL
production [36].

Although detected in Switzerland, Germany, France,
Chile, and the USA, SHV genes have also been detected in
Trinidad and Tobago among Klebsiella pneumoniae and
Escherichia coli isolates; 34.5% SHV was detected in Kleb-
siella pneumoniae isolates and 4.1% in Escherichia coli iso-
lates [3]. In Trinidad and Tobago, more recently, 84.8% SHV
was reported in Klebsiella pneumoniae isolates [5] and 7.8%
in Escherichia coli isolates [4]. The frequency of SHVs has
increased in the country. Extended spectrum SHV beta-
lactamases, although found mostly in Klebsiella pneumoniae
and other Gram-negative bacteria, are now regarded as ESBL
with the highest prevalence. SHV enzymes have been ob-
served in nosocomial pathogens such as Pseudomonas
aeruginosa, although they are mostly observed in Klebsiella
pneumoniae and Escherichia coli. These organisms cause
many infections of the urinary tract, abdomen, wounds,
bacteremia, respiratory tract, and sepsis [37].

These broad-spectrum SHV enzymes are encoded in
plasmids that are mobile, multiresistant, and very trans-
missible. As a result, they are able to spread to nearly all
Enterobacteriaceae species. Appropriate treatment is there-
fore crucial as the presence of these genes that cause ESBL
production results in multidrug resistance and consequent
treatment failure.

2.1.2. TEM. In the 1960s in Greece, the TEM-1 enzyme was
first discovered in Escherichia coli isolated from a patient
named Temoneira. TEM enzymes are plasmid-mediated and
are capable of transferring different Gram-negative bacterial
species. These enzymes attack and damage the beta-lactam
ring of antimicrobial agents, causing them to lose their
function. It has the ability to hydrolyze ampicillin more
profoundly than oxacillin and carbenicillin and is inhibited
by clavulanic acid [9]. The increasing resistance towards
penicillin and ampicillin in Neisseria gonorrhoea and Hae-
mophilus influenzae is due to this enzyme’s capability of
hydrolysis.

The TEM-2 was derived from TEM-1, both of which
have similar biochemical features, and the difference is in
their isoelectric point change (5.4 to 5.6) [9]. These two
enzymes hydrolyze cephalosporins, which have a narrow
spectrum of activities, such as cephalothin and cefazolin.
Cephalosporins of higher generation, which possess an
oxyimino side chain that includes ceftriaxone, cefepime,
cefotaxime, and ceftazidime, are resistant to their activity
[38]. The TEM-3, formerly known as CTX-1, due to its
profound activity on cefotaxime, is differentiated from
TEM-2 based on two amino acid substitutions. The TEM-3
was considered the first TEM-type to be termed extended-
spectrum beta-lactamase (ESBL) [39, 40]. There are more
than 100 other TEM derivatives that are described based on
amino acid sequences, including SHV beta-lactamases and

OXA [41]. Most of these derivatives are considered ESBLs.
Enzymes with low susceptibility to beta-lactamase inhibitors
and no hydrolyzing action on broad-spectrum cephalo-
sporins are not considered ESBLs. The active site of the
enzyme has an ESBL phenotype cluster around it, which is
due to the amino acid substitutions. This substitution caused
configurational changes, making it accessible to oxyimino
beta-lactam substrates, and as a result, increases the sus-
ceptibility to inhibitors such as clavulanic acid. Usually,
ESBL with a broad-spectrum contains more substitutions
than a single amino acid [42].

Although Klebsiella pneumoniae and Escherichia coli are
the major organisms where TEM-type ESBLs are most
frequently detected, in Italy, another TEM-type beta-lacta-
mase was detected in an isolate of Serratia marcescens [43].
This enzyme is termed TEM-AQ. There are replacements of
amino acids that were not observed in other TEM types [32].
There was a large outbreak in the country of North America
caused by TEM-26; at later times, other groups were
identified [9]. In Trinidad and Tobago, among Klebsiella
pneumoniae and Escherichia coli, 100% TEM was identified
in Escherichia coli isolates and 84.3% in Klebsiella pneu-
moniae isolates [6]. More recently, in Trinidad and Tobago,
59% TEM was detected in Klebsiella pneumoniae isolates [8]
and 13.3% in Escherichia coli isolates [7]. It is important to
rapidly detect infections with bacteria carrying the specific
TEM beta-lactamase gene to determine the appropriate
treatment. The determination of the presence and spread of
these TEM genes is important for understanding their ep-
idemiological profiles. This can be done by molecular
techniques, as discussed later.

2.1.3. CTX-M. The CTX-M enzymes are functionally similar
to TEM and SHV enzymes and belong to beta-lactamases in
Kluyvera species, which are chromosomally determined
[18, 22]. These enzymes target and cleave the chemical bond
in the beta-lactam ring of beta-lactam antibiotics, rendering
these antibiotics ineffective against bacteria.

In Germany, CTX-M-1 was identified in an E. coli isolate
in 1989. It was named because of its profound ability to
hydrolyze cefotaxime. It was also found in France in an
Escherichia coli organism in 1992 and was termed MEN-1
[9]. Similar to MEN-1, in Japan, in 1993, another enzyme
was isolated from an Escherichia coli isolate that was,
however, resistant to cefotaxime; this was named as Toho-1,
after the location where this case occurred, at the Toho
hospital in Tokyo. Subsequently, it was renamed CTX-M-2.
Other CTX-M types have been detected in China from other
Enterobacteriaceae isolates. Many other CTX-M enzymes
have also been detected in Trinidad and Tobago. A novel
CTX-M-2 enzyme was detected in Klebsiella pneumoniae in
patients treated in a hospital located in the country [6], and
58.8% CTX-M occurrence was also reported in the country
detected in Escherichia coli [7] and 46.9% of both CTX-M
types 1 and 2 from Klebsiella pneumoniae isolates [8]. There
was a large outbreak in 2000-2002 in Calgary, Canada, in
which there were infections caused by organisms, including
Klebsiella pneumoniae that produced CTX-M-14 [44, 45].



Several infections, including those of the bloodstream and
urinary tract, are caused by Escherichia coli and, in partic-
ular, strains that produce type 15 CTX-M [9].

The CTX-M is a plasmid-encoded plasmid carrying
resistance genes for other antibiotics such as tetracycline,
aminoglycosides, and sulfamethoxazole/trimethoprim.
These enzymes can hydrolyze other cephalosporins (cefo-
taxime, cefepime, and ceftazidime) and hydrolyze aztreo-
nam [46]. However, they were inhibited by clavulanic acid.
To appropriately treat infections resulting from ESBL-pro-
ducing organisms caused by these enzymes, the microbi-
ology laboratory should be capable of accurately detecting
these ESBL-producing organisms. Failure to do this may
lead to outbreak of multidrug-resistant pathogens and
treatment failure. Phenotypically, ceftazidime resistance is
used to indicate the presence of ESBL such as CTX-M;
however, this method is not reliable, as some isolates may
not be susceptible to this antibiotic [9].

2.1.4. OXA. The OXA types are ESBLs, which have char-
acteristics different from those of TEM and SHV enzymes
belonging to the functional group 2d and molecular class D
[18, 47]. The name OXA was designated because of its ability
to hydrolyze oxacillin. These enzymes are resistant to
cephalothin and ampicillin. Another main characteristic is
the profound hydrolyzing ability of oxacillin and cloxacillin
to be greater than 50 percent of that of benzylpenicillin and
with a poor clavulanic acid inhibition [18]. Belonging to class
D indicates that it is a serine beta-lactamase. The mechanism
of action of serine beta-lactamases is by attacking the beta-
lactam ring of the antibiotic using the free hydroxyl, thereby
resulting in a covalent acyl ester, thus damaging the anti-
biotic and causing it to be inactive. Most of these OXA
enzymes are not termed ESBLs because of their lack of
hydrolyzing capabilities. However, early OXA beta-lacta-
mases were differentiated based on isoelectric points and
their ability to be inhibited by chloride ions, OXA-1 and
OXA-2 were differentiated from OXA-3 based on this in-
hibition feature, as both OXA-I and OXA-2 were by these
ions. However, OXA-10, which is referred to as ESBL,
weakly hydrolyzes aztreonam, ceftriaxone, and cefotaxime.
There are others, such as OXA-45, -35, -32, -31, -28, -19, -18,
-17, -16, -15, -14, and -11, which have stronger resistance to
these antibiotics [48].

Pseudomonas aeruginosa is the organism where this
OXA type of beta-lactamase commonly occurs, and the
enzyme was first discovered in an isolate of this organism in
Turkey in 1991 [49]; it was multiresistant, including cefta-
zidime and was found to have amino acid replacement at
position 143 of serine to arginine and at position 157 of
glycine to aspartate. The hydrolytic activity against cefta-
zidime increased as a result of this mutation. This mutation
also led to OXA-10 derivatives, including OXA-11, -17, -16,
-19, -28, -13, and -14, all of which have been detected in
Pseudomonas aeruginosa [50]. OXA-11, at position 143, has
an extra mutation leading to asparagine replaced with serine,
and OXA-16 at position 127 also has an additional mutation
with replacement of alanine with threonine. Compared to
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OXA-10, there are nine mutations in OXA-19; OXA-17 at
position 73 has a replacement of asparagine with serine.
Derivatives such as OXA-15, at position 149, have a re-
placement of aspartate with glycine, and OXA-36 at position
149 has aspartate replaced with tyrosine. The OXA-18, not
derived from but closely related to OXA-19, is inhibited by
clavulanic acid, although a characteristic of OXA enzymes is
the lack of inhibition [51, 52]. OXA-23 was found in the
United Kingdom in an Acinetobacter baumannii isolate in
1985 [53]. This enzyme and its derivatives, OXA-27 and
OXA-146, have hydrolytic activity against carbapenems,
aztreonam, oxacillin, and oxyimino cephalosporins. OXA-
146, unlike others, is capable of hydrolyzing ceftazidime (an
extended-spectrum cephalosporin) and is the first carba-
penemase to demonstrate ESBL characteristics [54]. OXA-
40 was detected in Spain from Acinetobacter baumannii in
1997, and OXA-40 like genes have also been detected in
plasmids in Klebsiella pneumoniae and Pseudomonas aer-
uginosa. OXA-40 derivatives are OXA-26 and OXA-25 [55].
These enzymes do not possess high activity against carba-
penems and cephalosporins but are able to hydrolyze
penicillins, and OXA-51 was detected in Argentina from
Acinetobacter baumannii in 1996, which is chromosomally
encoded. OXA-51 has a low hydrolyzing action against
carbapenems [56]. OXA-58 was detected in France in
Acinetobacter baumannii in 2003. These enzymes are able to
hydrolyze cephalothin but are unable to hydrolyze cefepime,
ceftazidime, or cefotaxime. These enzymes have low hy-
drolyzing activity against penicillin and carbapenems. OXA-
58 variants are OXA-96 and OXA-97, both of which have
been identified in Acinetobacter baumannii, OXA-96 in 1996
in Singapore and OXA-97 in Tunisia in 2001-2005 [55-57].
OXA-48 was detected in Turkey from Klebsiella pneumoniae,
which was isolated in 2001. This was multidrug resistant.
Resistance included carbapenems. OXA-48 was spread to
other Gram-negative isolates. Most OXA enzymes are
plasmid-encoded, which are self-transmissible and able to
spread between different bacterial species. The OXA enzyme
OXA-48, which has been found in Enterobacteriaceae with
carbapenem resistance, is concerning. Carbapenem resis-
tance among these OXA enzymes coupled with their
transferability is a major problem concerning the clinical
efficacy of these antibiotics. Carbapenems are important
antibiotics that are mainly used for the treatment of severe
infections caused by Gram-negative organisms [58-60].

2.1.5. ESBLs. There are some uncommon ESBLs that are
plasmid-encoded, found mainly in Pseudomonas aeruginosa,
namely, the PER-Pseudomonas extended resistance beta-
lactamase [61], integron-located VEB-1 extended spectrum
beta-lactamase [62], and the GES-Guiana extended spec-
trum beta-lactamase [63]. There are others that have been
found in Enterobacteriaceae, such as SFO-1-Serratia fonti-
cola 1 [64]. The ESBLs of the PER type have mostly been
found in Turkey. They share approximately 25% homology
with other ESBLS, TEMs, and SHVs. PER-1, found in
Pseudomonas aeruginosa and later in Acinetobacter species
[65], and Salmonella enterica serovar Typhimurium are able
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to hydrolyze B-lactam antibiotics [66]. It was inhibited by
clavulanate. PER-1 was also found in Italy from Pseudo-
monas aeruginosa and Proteus mirabilis and in Korea from
Acinetobacter species. PER-2 has been detected in both
Klebsiella pneumoniae and Escherichia coli [67].

There was 38% homology between VEB-1, PER-1, and
PER-2 ESBLs. This enzyme was found in France in Escherichia
coli isolated from a Vietnamese patient and was later found in
Pseudomonas aeruginosa in Thailand. Another VEB enzyme,
VEB-3, was found in China from Enterobacter cloacae [62]. In
Brazil, GES-I has been found in Pseudomonas aeruginosa and
has also been found in Klebsiella pneumoniae. GES-2 has been
detected in South Africa from Pseudomonas aeruginosa and
GES-3 in Japan from Klebsiella pneumoniae. GES-14 was de-
tected in France from Acinetobacter baumannii and is resistant
to penicillins, cephalosporins, and carbapenems [68-70]. IBC-1
was detected in Greece from Escherichia coli and Enterobacter
cloacae, and IBC-2 was also detected in Greece but from
Pseudomonas aeruginosa. This enzyme is highly resistant to
ceftazidime, but not as highly resistant to oxyimino cephalo-
sporins [71, 72]. BES-I was isolated from Serratia marcescens in
Brazil [73]. TLA-1 was isolated from Escherichia coli in Mexico
City, Mexico. These enzymes demonstrate resistance to some
cephalosporins, especially ceftazidime and aztreonam [74].
SFO-1 is a transferrable enzyme that has been isolated from
Serratia fonticola and E. cloacae. It is inhibited by clavulanic acid
and has no hydrolytic activity against cephamycins [75].

Although uncommon, plasmid-mediated, these plas-
mids carry genes of antibiotic resistance and are transfer-
rable between bacteria. Therefore, rapid and accurate
methods of detection capable of characterizing these genes
are recommended to provide results with specificity and
sensitivity in a timely manner to achieve efficient treatment
for infected persons. Such methods include PCR assays for
the detection of ESBLs.

3. Treatment of ESBL Infections

Being the most commonly plasmid encoded, ESBLs are able
to confer resistance to penicillins, cephalosporins, and
aztreonam by hydrolyzing these antibiotics [9]. Cephalo-
sporins are widely used in hospitals to treat many infections,
including urinary tract infections. There might be a poor
outcome if an infected patient with ESBL producers is
treated with an antibiotic to which there is resistance. In a
study, risk factors for colonization due to carbapenem-re-
sistant ESBL-producing Enterobacteriaceae including
lengthy stays in health care facilities were examined [76].
Carbapenems were the most effective against ESBL-pro-
ducing bacteria in vitro. Third-generation cephalosporins do
not exhibit very good activity against ESBL-producing or-
ganisms. Carbapenem-resistant Enterobacteriaceae (CRE)
were listed as an urgent threat in a report from the Centers
for Disease Control describing the top 18 drug-resistant
threats, and nearly half of the patients hospitalized with
bloodstream infections caused by CRE died. Medical per-
sonnel rely on clinical expertise and secondary data sources
to assist clinicians with treatment options for UTIs and other
infections. Rapid and accurate testing methods to detect and

monitor resistant genes mediating ESBL are required to
assist clinicians in the management of these infections.
Antibiotics are available for the treatment of various types of
infections. Sites of infection, such as urinary tract infection
or infections of the blood, require appropriate antibiotics for
treatment.

Appropriate treatment is important as ESBL-pro-
ducing organisms pose a great threat to health care de-
livery because of multidrug resistance and treatment
failure [9]. Quinolones may be used as the main treatment
option for patients with complicated UTIs caused by ESBL
producers. Other recommended treatments for ESBL
infections include carbapenems, which may be used as
therapy for treating bacteremia, hospital-acquired
pneumonia, and intra-abdominal infection and quino-
lones as second-line therapy if the organism is susceptible.
In the case of meningitis, meropenem is recommended as
the therapy of choice and intrathecal polymyxin B as
second-line therapy [9]. Furthermore, fosfomycin,
nitrofurantoin, and pivmecillinam are important oral
treatment options for urinary tract infections caused by
ESBL-producing organisms.

4. Methods of Infection Control of
ESBL Infections

Epidemiologically linked nosocomial infections may oc-
cur as epidemics (outbreaks) or as endemic (regular oc-
currences) [77—79]. It is important to determine whether
nosocomial infections are monoclonal or polyclonal. If
monoclonal (infection caused by the same clone of or-
ganisms), the organisms are spread by way of some
method between patients, and if polyclonal, infections are
possibly caused by selective pressure inferred using an-
tibiotics [9]. According to a study, most people infected
with ESBL-producing bacteria had been hospitalized for
an average of 11 to 64 days prior to developing an in-
fection [79].

To prevent the spread of ESBL-producing organisms
within hospitals, healthcare workers need to wash their
hands regularly, as this is the most common mode of transfer
from patient to patient [80]. Environmental cleaning is vital
and instruments used on patients, such as thermometers and
blood pressure cuffs, should be disinfected frequently, as this
will limit the spread of these organisms. When these or-
ganisms are already endemic, these methods should be
followed: (a) infected patients should be identified with the
use of appropriate laboratory testing methods as an infection
control measure, (b) rectal swabs should be collected and
cultured on appropriate media to identify those patients who
have been colonized, (c) molecular epidemiology testing of
organisms from both the infected and those colonized
should be performed, (d) isolation procedures to avoid
contact with infected persons and if many types of strains are
demonstrated to implement controls on antibiotic use
should be implemented [6]. If not endemic, the following
measures should be adhered to: (i) regarding persons who
have been infected or colonized, isolation of such persons
should be done, (ii) the source of infection from the



environment should be detected and monitored, and (iii)
rectal swabs should be taken to detect the presence of ESBL
production in people who have been colonized but not
infected [9].

5. Detection Methods for ESBL

There are several methods of detecting ESBL in any mi-
crobiology laboratory as described below, and the flow chart
in Figure 1 gives a summary of the methods.

5.1. Conventional Detection Methods

5.1.1. Screening Methods. The disk diffusion-recommended
methods are based on guidelines from the Clinical and
Laboratory Standards Institute (CLSI) based on the specific
zone diameters of the recommended antibiotic disks to
screen for ESBL production [81].

The dilution method: again, this is based on CLSI
guidelines, depending on which organism is being tested
for possible ESBL production. MIC values >21 g/mL sug-
gest ESBL production. However, screening for cefpodox-
ime with an MIC of >8 pg/ml suggests ESBL production
[81], including specific screening plates (e.g., KPC/C3G
biplates).

5.1.2. Phenotypic Confirmation Tests for ESBL. (1) Combi-
nation disks. Again, this is based on CLSI guidelines.
Cefotaxime or ceftazidime (with clavulanic acid present or
absent) were used as disks. Here, Mueller-Hinton agar was
used and phenotypic confirmation was made by zone di-
ameter detection between the disks employed [81].

(2) Broth microdilution. This method was performed
according to standards with the use of cefotaxime in ad-
dition to clavulanate (0.25/4 to 64/4 ug/ml). Cefotaxime
alone (0.25 64 g/ml), and ceftazidime in addition to clav-
ulanic acid up to 128 mg/mL, and ceftazidime by itself up to
128 mg/mL [81]. were used. A greater than or equal to
three-twofold serial dilution reduction in the MIC forms the
basis of phenotypic confirmation testing. There are rec-
ommendations for the use of ATCC 25922 E. coliand ATCC
700603 K. pneumoniae, which represent a negative control
and positive control in ESBL production screening and
phenotypic testing.

5.1.3. Automated Methods for ESBL Production. There are
several automated methods, including Vitek (Biomerieux),
Phoenix (BD Diagnostics), and Microscan (Siemens),
which are used to screen or confirm ESBL production.
Vitek employs cefotaxime, ceftazidime, and clavulanic acid
[82].

A positive ESBL result is based on observing the wells for
growth levels. There is an incubation period after which a
positive result is determined by reduced growth in the
ceftazidime well containing clavulanic acid, and a com-
parison was made with the well containing cephalosporin
only with respect to growth. Vitek 2 was found to perform
reliably with CLSI breakpoints [83]. The specificity and
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sensitivity of this automated system exceeded 90% [83, 84].
The results are available in 4-18 h. The Phoenix automated
system utilizes the detection of clavulanic acid in combi-
nation with cefotaxime, ceftazidime, and ceftriaxone anti-
biotics for the detection of ESBL production. MIC results
were available in 6-16h. The Microscan system involves
manual inoculation of hydrated microdilution trays, which
are then placed on the machine in the incubator slots. In this
system, growth is determined by using a fluorometer. The
performance of this system was evaluated and was found to
yield 91% performance reliability [85]. The results are
available from four to 18 h.

5.1.4. E-Test. These strips were used for the screening and
phenotypic confirmation of ESBL production. One end of
the strip contained clavulanic acid plus ceftazidime, while
the other end contained only ceftazidime. Strips containing
cefotaxime, instead of ceftazidime, may also be used. The
MIC was determined according to the manufacturer’s
guidelines. The E-test has reported up to 95% sensitivity and
specificity [86].

5.1.5. ISO-Sensitest Agar. This method is based on a ratio
calculation where the division of the combination disk zone
size by the cephalosporin zone size and ESBL production is
suggested if there is a result upon completing this process of
division of greater than 1.5 [87].

5.1.6. Double Disk Diffusion Test. This method utilizes the
synergy between cefotaxime and clavulanic acid by
placing an amoxicillin/clavulanic acid (20 ug/10g) disk
and a cefotaxime (30 yg) 30 mm apart. The presence of
ESBL is indicated by an extension of the cefotaxime in-
hibition zone toward the disk containing clavulanic acid
[82].

5.1.7. Agar Supplemented with Clavulanate. This method
utilizes a comparison of zone sizes to determine the presence
of ESBL production using supplemented Mueller-Hinton
agar with 4 mg/mL of clavulanic acid and unsupplemented
Mueller-Hinton agar. Ceftazidime, ceftriaxone, and
aztreonam (all of 30 g) were placed on both plates, and ESBL
production was then interpreted by differences in zone
diameters [88].

5.1.8. Modified Hodge Test (MHT). This test was used to
detect the carbapenemases. A carbapenem disk (meropenem
or ertapenem 10 ug) was placed in the center of an inocu-
lated agar plate (Mueller-Hinton) with ATCC 25922 control
(Escherichia coli). The test organism was streaked from the
carbapenem disk to the edge of the plate. Following incu-
bation, a clover leaf appearance of Escherichia coli ATCC
25922 growing along the growth streak of the test organism
indicated a positive result [89].
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5.2. Molecular Detection Methods

5.2.1. Typing Methods—DNA-Based

(1) Plasmid DNA Analysis. Plasmid DNA analysis is im-
portant for evaluating the potential spread of resistant genes,
which is epidemiologically important. There is an ad-
vantage of a rapid turnaround time of approximately 24 h.
Owing to the transferring ability of mobile elements, there
is a disadvantage of applying this method to epidemio-
logical studies. Small plasmids, as opposed to larger ones,
are suitable for typing because of their stability. There has,
however, been a replicon typing, which is PCR-based and
targets plasmid replicons, which are useful in plasmid
epidemiology [90].

(2) Restriction Fragment Length Polymorphism (RFLP). This
method detects fragments of different lengths after the di-
gestion of particular DNA samples. Gel electrophoresis
separation was performed, where a DNA fingerprint was
visualized in the form of bands. This method is useful in the
interpretation of different profiles, for example, in bacteria
where there might be a larger number of DNA fragments
that pose difficulties in interpretation using standard gel
electrophoresis. For easier interpretation, two approaches
have been developed, namely, RFLP analysis with the use of a
DNA probe and pulsed field gel electrophoresis (PFGE) [91].
The latter has been extensively used in studies from Trinidad
and Tobago [92].

(3) fRFLP Analysis by DNA Probe. This method is also
known as Southern analysis. In this method, a limited
number of fragments from a genomic digest was selected by
Southern blotting and hybridization. The DNA is digested
with the use of restriction enzymes. Electrophoresis was
performed to separate fragments. Upon separation, these
fragments were placed onto a membrane filter, which was
then incubated. Incubation occurs with a probe that hy-
bridizes to a particular gene probe [92, 93]. Ribotyping is
based on this RFLP method and has a turnaround time of
approximately 1-3 days. This technique was used to analyze
the ribosomal DNA. Here, only DNA fragments containing
ribosomal RNA sequences were selected. Differences in
regions associated with the ribosomal RNA gene allow for
variations in fragment sizes, which therefore provides dis-
tinguishing patterns, thus making differentiation possible
[92].

(4) Pulsed Field Gel Electrophoresis. In this method, the
restriction patterns of the entire genome were analyzed.
Cutting enzymes are used to digest chromosomes. These
infrequently cutting enzymes recognize rare DNA se-
quences, thus reducing the number of fragments that are
very large. Upon enzymatic digestion, agarose blocks are
applied to the wells of the gel and further exposed to an
alternating current voltage, where there is a switch in the
direction of the electric field controlled by the device. The
disadvantages of this method are that it is time-consuming,
laborious, and requires skill for the interpretation of results.

The turnaround time was approximately 2-3 days. The
usefulness of pulsed field gel electrophoresis has been de-
scribed in epidemiological studies of extended spectrum
beta-lactamase producers [94, 95].

5.2.2. Typing Methods—Amplification-Based

(1) Real Time Polymerase Chain Reaction. This process in-
volves cycles inclusive of three phases: the first stage, where
the double strand is separated at a temperature of ap-
proximately 95°C; the second stage, where the primers bind
to the template DNA, at lower temperatures of approxi-
mately 50-60°C; and the third stage, where the DNA po-
lymerase facilitates polymerization at a temperature of
approximately 72°C. The real-time procedure was conducted
in a PCR machine also known as a thermal cycler. The cycler
has a detector that detects fluorescence when it is committed.
In this process, the amplification of the target DNA was
monitored during the experiment and not at the end. Data
were collected during the exponential growth phase, and
while the number of amplicons were generated, the increase
in the fluorescent signal was directly proportional to it. The
turnaround time was approximately 2h. There are two
methods involved, including the use of fluorescent dyes that
intercalate double-stranded DNA and the other involves the
use of a DNA probe, which consists of fluorescent reporter-
labeled oligonucleotides. The reporter allows detection only
after the probe is hybridized with the complementary se-
quence. This method has been employed for Enter-
obacteriaceae detection [95].

(2) Random Amplification of Polymorphic DNA (RAPD-
PCR). This typing method uses short random primers that
anneal to the chromosomal DNA sequences. The process
occurs at annealing temperatures that are low, allowing
mismatches and, as such, can be engaged in the amplification
of genomic regions. The products were separated by agarose
gel electrophoresis to obtain the banding patterns. This
method has the advantage of a short turnaround time of 24 h
and requires only a small amount of DNA when processed
for bacterial analysis. This method has been applied to ESBL
studies [8, 96].

(3) Restriction Fragment Length Polymorphism-PCR (RFLP-
PCR). This is a polymerase chain reaction (PCR)-based
method in which restriction analysis is carried out on
amplicons using specific primers for particular sequences.
The PCR amplicons were then cut using restriction enzymes.
Upon cutting the amplicon, the gene should have adequate
variable sequences. The turnaround time was approximately
24-48 h. This method has been used in the molecular epi-
demiological studies of bacterial pathogens [96, 97].

(4) Amplified Fragment Length Polymorphism (AFLP). AFLP
has two forms. One form involves PCR amplification
primers of which there are two primers and two restriction
enzymes. The other had one primer and one restriction
enzyme. With the use of enzymes, digestion of the whole
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DNA occurs; then, linkers are ligated to the DNA fragments
on which the PCR primers will target. Gel electrophoresis
was then used to determine and compare the separation
profiles of the amplified fragments. This method involves a
large number of steps to be performed during the procedure.
However, large numbers of fingerprints can be generated by
the use of varying combinations of primers and restriction
enzymes. The turnaround time was approximately 40h
[97, 98]. It was reported by van Dulm et al., 2019, that
phylogenetic typing on a selection of 19 E. coli isolates was
performed by dividing the phylogenetic tree in half with 49%
non-ST131 E. coli isolates and 51% ST131 E. coli isolates that
are described in Figure 2. Isolates from clusters one and
three belong to the ST131 genotype [97].

(5) Repetitive Extragenic Palindromic PCR (Rep-PCR). This
method amplifies a variety of repeated bacterial sequences
distributed in the genome to produce multiple amplicons of
different sizes. One or two primers were used for PCR,
followed by gel electrophoresis to achieve amplicon sep-
aration. The banding patterns obtained were then com-
pared. This method has the advantage of a short
turnaround time of 24 h to obtain results and requires a
small amount of DNA for bacterial analysis typing. Factors
influencing this method include the conditions of gel
electrophoresis, primer selection, and thermal cycling
conditions [98-100].

(6) ERIC-PCR-Enterobacterial Repetitive Intergenic Con-
sensus PCR. It is also a type of Rep-PCR method that utilizes
ERIC sequences. The procedure is a fingerprinting method
where targets are located in the DNA space between two
genes of a genome and contains 126 base pairs; the turn-
around time is 24h, and has been previously used for
Enterobacteriaceae gene detection [101, 102].

(7) Multilocus Sequence Typing (MLST). In this method,
nucleotide substitutions were compared by analyzing the
sequences of multiple genes to determine the genetic rela-
tionships among the bacterial strains. Multiple house-
keeping genes were mostly sequenced because of their
presence in all the isolates. The turn-around time was ap-
proximately three days. For the effectiveness of this method
in epidemiology, there should be an adequate selection of
genes to distinguish appropriately between isolates. Se-
quence-type relatedness may be determined based on the
global optimal eBURST algorithm [103, 104]. Because it
requires multiple sequencing reactions, it can be expensive.

(8) Microarrays. This technique is based on the generation of
c¢DNA molecules from mRNA, which are labeled, or labeled
mRNA molecules, which are hybridized to a specific oli-
gonucleotide probe array. Commercially available assays can
be used to identify ESBLs. These include the check-ESBL
assay, which utilizes probes that are target-specific and are
able to give products when there is a direct match with the
target sequence; the microarray hybridization processing
time lasts for one to two hours, which depends on the
quantity of samples for analysis on each microarray, and a
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complete turnaround time, with the addition of the am-
plification process, is about six hours. The check-ESBL al-
lows for the differentiation of narrow-spectrum TEM and
SHYV from the variants. The check-MDR CT 101 assay targets
the same genes in addition to CTX-M; however, it does not
target narrow spectrum enzymes [104]. Other studies have
been conducted in Trinidad and Tobago on the detection of
extended spectrum beta-lactamase (ESBL) and have been
extensively published [6, 105, 106].

6. Guideline Recommendation for Treatment of
ESBL Infections

Antimicrobial-resistant infections are commonly encoun-
tered in US hospitals and result in significant morbidity and
mortality. A guidance was developed to provide recom-
mendations for the treatment of infections caused by ex-
tended-spectrum S-lactamase-producing Enterobacteriaceae
(ESBL-E), carbapenem-resistant Enterobacteriaceae (CRE),
and Pseudomonas aeruginosa with difficult-to-treat resis-
tance (DTR-P. aeruginosa). The field of antimicrobial re-
sistance is very dynamic and rapidly evolving, and the
treatment of antimicrobial-resistant infections will continue
to pose challenges to clinicians. This guidance document is
current as of September 17, 2020. The most current version
of the guidance including the date of publication can be
found at http://www.idsociety.org/practice-guideline/amr-
guidance/ [107].

In a recent document, doxycycline was not recom-
mended for the treatment of extended spectrum beta-lac-
tamase Enterobacteriaceae (ESBL-E) cystitis due to limited
urinary excretion; however, it was not supported by some
authors as approximately 35%-60% of an oral dose of
100 mg of doxycycline is excreted unchanged into the urine
[108]. Another work reported by Jomehzadeh et al. dem-
onstrated that enteropathogenic Escherichia coli (EPEC),
which is one of the most important diarrheagenic agents
among infants under 5 years in developing countries, is in
relation with the distribution of class 1 integrons and ESBLs
in highly prevalent EPEC strains. Moreover, the results
revealed that continuous monitoring of the emergence and
expansion of MDR in EPEC strains is necessary to decrease
the incidence of infectious disease [109].

Tanimoto et al. reported five novel S. fonticola isolates
producing FONA as part of the surveillance for ESBL-
producing Enterobacteriaceae. The isolates were obtained
from a total of 176 samples of imported chicken meat at
several quarantines in Japan in 2017 and 2018; four strains
were detected in 86 chicken meat samples in 2017 and one
was identified in 90 chicken meat samples in 2018. In this
procedure, ESBL-producing Enterobacteriaceae was first
isolated by the selection for cefotaxime (CTX) or ceftazi-
dime (CAZ) resistance (each at 1 mg/L) on deoxycholate-
hydrogen-sulfide-lactose agar. Resistant isolates were pu-
rified to determine the minimal inhibitory concentrations
(MICs) of CTX and CAZ with or without clavulanic acid
(CLA). The isolated strains with reduced resistance (1/8 or
less of the MIC of CTX or CAZ) in the presence of CLA
were further examined for the detection of the ESBL genes
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FIGURE 2: AFLP-results of all E. coli isolates with one representative isolate per cluster. Abbreviations: PIN = patient identification number;
EEG =ESBL encoding gene; and P-PCR = phylogroup defining polymerase chain reaction. https://doi.org/10.1371/journal.pone.0222200.
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blaTEM, blaSHV, and blaCTX-M by multiplex PCR
[110, 111].

The last study that we looked at aimed at assessing the
prevalence and associated risk factors for extended-spec-
trum B-lactamase (ESBL)-producing Escherichia coli and
Klebsiella pneumoniae (ESBL-EK) acquisition among pa-
tients in ICU in Northern Thailand. Overall, the ESBL-EK
acquisition rate among patients during the ICU stay was
29.6%. Multivariate logistic regression analysis identified the
use of third-generation cephalosporin (p = 0.008) as a risk
factor for ESBL-EK acquisition [112].

7. Conclusion

It is important to note that there are several limitations in the
use of molecular methods for detection of ESBL in isolates in
several developing countries such as high costs of instru-
ments and the need of highly skilled staft with expertise in
proteomics and genomics. However, despite these limita-
tions, in the last three to five decades, ESBL detection and
occurrence has evolved significantly. From the time the first
ESBL was detected in Trinidad and Tobago among Salmo-
nella species, great strides continue to be made in their
detection among the Gram-negative organisms. Some areas

have been covered where E. coli and K. pneumoniae are
involved. There remains a lot to be done. It is hoped that in
the near future, greater strides would be made from this
humble beginning to detect and report several ESBL-pro-
ducing organisms in the country. Each laboratory must
always use what works for them best in terms of turnaround
time, cost, and efficiency of methods, since there may not be
one method that fits for all situations. In addition, in this
country, we have successfully combined several methods
simply because of availability. It is hearty to note that the
country has not been facing any dilemma in the treatment or
control of the spread of these organisms that are ESBL
producers. It will be great to maintain that status, quo as
knowledge of their existence continues to unfold regularly.

Conflicts of Interest

The authors declare no relevant conflicts of interest in this
work and its publication.

Acknowledgments

The authors would like to thank all staff at the Unit of
Pathology/Microbiology, Department of Paraclinical


https://doi.org/10.1371/journal.pone.0222200.g001
https://doi.org/10.1371/journal.pone.0222200.g001

12

Sciences, the University of the West Indies, St. Augustine
Campus, Trinidad and Tobago. The authors would also like
to thank the University of the West Indies St. Augustine
Campus for partly funding this study.

References

[1] H. E. Leylabadlo, T. Pourlak, A. Z. Bialvaei, M. Aghzadeh,
M. Asgharzadeh, and H. Samadi Kafil, “Extended-spectrum
beta-lactamase producing gram negative bacteria in Iran: a
review,” African Journal of Infectious Diseases, vol. 11, no. 2,
pp. 39-53, 2017.

[2] S. A. Sangare, E. Rondinaud, N. Maataoui et al., “Very high
prevalence of extended spectrum Beta-lactamase producing
Enterobacteriaceae in bacteremic patients hospitalized in
teaching hospitals in Bamako, Mali,” PLoS One, vol. 12, no. 2,
Article ID 0172652, 2017.

[3] B. P. Cherian, N. Singh, W. Charles, and P. Prabhakar,
“Extended-spectrum beta-lactamase-producing Salmonella
enteritidis in Trinidad and Tobago,” Emerging Infectious
Diseases, vol. 5, no. 1, pp. 181-182, 1999.

[4] P. Prabhakar, “The caribbean antimicrobial resistance sur-
veillance group, Trinidad and Tobago. Antimicrobial resis-
tance in the caribbean,” West Indian Medical Journal, vol. 49,
p. 62, 2000.

[5] B. P. Cherian, M. Manjunath, L. M. Pereira, and
P. Prabhakar, “Extended spectrum f-lactamase producing
Enterobacteriaceae in a tertiary care hospital in Trinidad and
Tobago,” West Indian Medical Journal, vol. 52, pp. 31-33,
2000.

[6] P. E. Akpaka, B. Legall, and P. Jayaratne, “Molecular de-
tection and epidemiology of extended-spectrum Beta-lac-
tamase genes prevalent in clinical isolates of Klebsiella
pneumoniae and Escherichia coli from Trinidad and Tobago,”
West Indian Medical Journal, vol. 59, no. 6, pp. 591-596,
2010.

[7] S. Ashiboe-Mensah, F. Dziva, P. E. Akpaka, C. Mlambo, and
A. A. Adesiyun, “Characterization of multidrug resistant
Escherichia coli isolates recovered from humans and
chickens, Trinidad and Tobago,” Advances in Infectious
Diseases, vol. 6, no. 4, pp. 145-156, 2016.

[8] P.Cheddie, F. Dziva, and P. E. Akpaka, “Detection of a CTX-
M group 2 beta-lactamase gene in a Klebsiella pneumoniae
isolate from a tertiary care hospital, Trinidad and Tobago,”
Annals of Clinical Microbiology and Antimicrobials, vol. 16,
no. 1, p. 33, 2017.

[9] D. L. Paterson and R. A. Bonomo, “Extended-spectrum
B-lactamases: a clinical update,” Clinical Microbiology Re-
views, vol. 18, no. 4, pp. 657-686, 2005.

[10] L. G. Tillekeratne, D. Vidanagama, R. Tippalagama et al.,
“Extended-spectrum  f-Lactamase-producing  Enter-
obacteriaceaeas a common cause of urinary tract infections
in Sri Lanka,” Infection ¢ Chemotherapy, vol. 48, no. 3,
pp. 160-165, 2016.

[11] M. M. P. S. C. Fernando, W. A. N. V. Luke,
J. K. N. D. Miththinda et al., “Extended spectrum beta
lactamase producing organisms causing urinary tract in-
fections in Sri Lanka and their antibiotic susceptibility
pattern—a hospital based cross sectional study,” BMC In-
fectious Diseases, vol. 17, no. 1, p. 138, 2017.

[12] L. S. Briongos-Figuero, T. Gémez-Traveso, P. Bachiller-
Luque et al., “Epidemiology, risk factors and comorbidity for
urinary tract infections caused by extended-spectrum beta-

International Journal of Microbiology

lactamase (ESBL)-producing enterobacteria,” International
Journal of Clinical Practice, vol. 66, no. 9, pp. 891-896, 2012.

[13] B. Pilmis, T. Delory, M. Groh et al., “Extended-spectrum
beta-lactamase-producing Enterobacteriaceae (ESBL-PE)
infections: are carbapenem alternatives achievable in daily
practice,” International Journal of Infectious Diseases, vol. 39,
pp. 62-67, 2015.

[14] B. Denis, M. Lafaurie, J.-L. Donay et al., “Prevalence, risk
factors, and impact on clinical outcome of extended-spec-
trum beta-lactamase-producing Escherichia coli bacteraemia:
a five-year study,” International Journal of Infectious Dis-
eases, vol. 39, pp. 1-6, 2015.

[15] R.J. Fair and Y. Tor, “Antibiotics and bacterial resistance in
the 21st century,” Perspectives in Medicinal Chemistry, vol. 6,
pp. 25-64, 2014.

[16] J. D. Pitout and K. B. Laupland, “Extended-spectrum
B-lactamase-producing Enterobacteriaceae: an emerging
public-health concern,” The Lancet Infectious Diseases, vol. 8,
no. 3, pp. 159-166, 2008.

[17] P. Salahuddin, A. Kumar, and A. U. Khan, “Structure,
function of serine and metallo-f-lactamases and their in-
hibitors,” Current Protein and Peptide Science, vol. 19, no. 2,
pp. 130-144, 2017.

[18] K. Bush and G. A. Jacoby, “Updated functional classification
of B-lactamases,” Antimicrobial Agents and Chemotherapy,
vol. 54, no. 3, pp. 969-976, 2010.

[19] R.P. Ambler, A. F. W. Coulson, J. M. Frére et al., “A standard
numbering scheme for the class A f-lactamases,” Bio-
chemical Journal, vol. 276, no. 1, pp. 269-270, 1991.

[20] G. A. Jacoby, “AmpC B-lactamases,” Clinical Microbiology
Reviews, vol. 22, no. 1, pp. 161-182, 2009.

[21] E. S. Moland, C. C. Sanders, and K. S. Thomson, “Can results
obtained with commercially available MicroScan micro-
dilution panels serve as an indicator of f-lactamase pro-
duction among Escherichia coli and Klebsiella isolates with
hidden resistance to ExpandedSpectrum cephalosporins and
aztreonam?” Journal of Clinical Microbiology, vol. 36, no. 9,
pp. 2575-2579, 1998.

[22] R. Bonnet, “Growing group of extended-spectrum fS-lacta-
mases: the CTX-M enzymes,” Antimicrobial Agents and
Chemotherapy, vol. 48, no. 1, pp. 1-14, 2004.

[23] R. Bonomo, S. A. Rudin, and D. M. Shlaes, “Tazobactam is a
potent inactivator of selected inhibitor-resistant class A
B-lactamases,” FEMS Microbiology Letters, vol. 148, no. 1,
pp. 59-62, 1997.

[24] A. Potron, L. Poirel, J. Croizé, V. Chanteperdrix, and
P Nordmann, “Genetic and biochemical characterization of
the first extended-spectrum CARB-type Beta-lactamase,
RTG-4, from Acinetobacter baumannii,” Antimicrobial
Agents and Chemotherapy, vol. 53, pp. 3010-3016, 2009.

[25] M. V. Villegas, K. Lolans, A. Correa et al., “First identifi-
cation of Pseudomonas aeruginosa isolates producing a KPC-
type carbapenem-hydrolyzing f-lactamase,” Antimicrobial
Agents and Chemotherapy, vol. 51, no. 4, pp. 1553-1555,
2007.

[26] D. J. Wolter, N. Khalaf, I. E Robledo et al., “Surveillance of
carbapenem-resistant Pseudomonas aeruginosa isolates from
Puerto Rican medical center hospitals: dissemination of KPC
and IMP-18 B-lactamases,” Antimicrobial Agents and Che-
motherapy, vol. 53, pp. 1660-1664, 2009.

[27] P. E. Akpaka, W. H. Swanston, H. N Themere et al,
“Emergence of KPC-producing Pseudomonas aeruginosa in
Trinidad and Tobago,” Journal of Clinical Microbiology,
vol. 47, no. 8, pp. 2670-2671, 2009.



International Journal of Microbiology

(28]

[29]

(30]

(31]

—_
w
W

—

(36]

(37]

(38]

(39]

(40]

A. M. Queenan and K. Bush, “Carbapenemases: the versatile
B-lactamases,” Clinical Microbiology Reviews, vol. 20, no. 3,
pp. 440-458, 2007.

A. Chanawong, F. H. M’Zali, ]. Heritage, A. Lulitanond, and
P. M. Hawkey, “Discrimination of SHV f-lactamase genes by
restriction site insertion-PCR,” Antimicrobial Agents and
Chemotherapy, vol. 45, no. 7, pp. 2110-2114, 2001.

K. S. Thomson and C. C. Sanders, “Detection of extended-
spectrum beta-lactamases in members of the family
Enterobacteriaceae: comparison of the double-disk and
three-dimensional tests,” Antimicrobial Agents and Che-
motherapy, vol. 36, no. 9, pp. 1877-1882, 1992.

G. Vedel, B. Picard, G. Paul et al., “Analysis of the molecular
relatedness of four extended spectrum f-lactamases (SHV-2,
SHV-3, SHV-4 and SHV-5) by comparative protein titration
curves,” Journal of Antimicrobial Chemotherapy, vol. 24,
no. 1, pp. 9-17, 1989.

P. A. Bradford, C. Urban, A. Jaiswal et al., “SHV-7, a novel
cefotaxime-hydrolyzing  beta-lactamase, identified in
Escherichia coli isolates from hospitalized nursing home
patients,” Antimicrobial Agents and Chemotherapy, vol. 39,
no. 4, pp. 899-905, 1995.

J. K. Rasheed, C. Jay, B. Metchock et al., “Evolution of ex-
tended-spectrum beta-lactam resistance (SHV-8) in a strain
of Escherichia coli during multiple episodes of bacteremia,”
Antimicrobial Agents and Chemotherapy, vol. 41, no. 3,
pp. 647653, 1997.

N. D. Hanson, E. S. Moland, A. Hossain, S. A. Neville,
I. B. Gosbell, and K. S. Thomson, “Unusual Salmonella
enterica serotype typhimurium isolate producing CMY-7,
SHV-9 and OXA-30 beta-lactamases,” Journal of Antimi-
crobial Chemotherapy, vol. 49, no. 6, pp. 1011-1014, 2002.
M. T. Niiesch-Inderbinen, F. H. Kayser, and H. Hichler,
“Survey and molecular genetics of SHV beta-lactamases in
Enterobacteriaceae in Switzerland: two novel enzymes, SHV -
11 and SHV-12,” Antimicrobial Agents and Chemotherapy,
vol. 41, no. 5, pp. 943-949, 1997.

G. Subramaniam, S. Palasubramaniam, and P. Navaratnam,
“SHV-5 extended-spectrum beta-lactamases in clinical iso-
lates of Escherichia coli in Malaysia,” Indian Journal of
Medical Microbiology, vol. 24, no. 3, pp. 205-207, 2006.

E. Matuschek, J. Ahman, C. Webster, and G. Kahlmeter,
“Antimicrobial susceptibility testing of colistin - evaluation
of seven commercial MIC products against standard broth
microdilution for Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Acinetobacter spp,” Clinical
Microbiology and Infections, vol. 24, no. 8, pp. 865-870, 2018.
S. M. Palmer, S. L. Kang, D. M. Cappelletty, and M. J. Rybak,
“Bactericidal killing activities of cefepime, ceftazidime,
cefotaxime, and ceftriaxone against Staphylococcus aureus
and beta-lactamase-producing strains of Enterobacter aer-
ogenes and Klebsiella pneumoniae in an in vitro infection
model,” Antimicrobial Agents and Chemotherapy, vol. 39,
no. 8, pp. 1764-1771, 1995.

T. Takenouchi, T. Takenouchi, Y. Ishii, and K. Yamaguchi,
“Properties of extended-spectrum f-lactamases constructed
by site-directed mutagenesis,” Journal of Infection and
Chemotherapy, vol. 8, no. 3, pp. 211-217, 2002.

I. Schneider, R. Markovska, E. Keuleyan et al., “Dissemi-
nation and persistence of a plasmid-mediated TEM-3-like
B-lactamase, TEM-139, among Enterobacteriaceae in Bul-
garia,” International Journal of Antimicrobial Agents, vol. 29,
no. 6, pp. 710-714, 2007.

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

13

Q. Cheng, C. Xu, J. Chai, R. Zhang, E. Wai Chi Chan, and
S. Chen, “Structural insight into the mechanism of inhibitor
resistance in CTX-M-199, a CTX-M-64 variant carrying the
S130T substitution,” ACS Infectious Diseases, vol. 6, no. 4,
pp. 577-587, 2020.

L. Mendoza, E. W. Deutsch, Z. Sun, D. S. Campbell,
D. D. Shteynberg, and R. L. Moritz, “Flexible and fast
mapping of peptides to a proteome with ProteoMapper,”
Journal of Proteome Research, vol. 17, no. 12, pp. 4337-4344,
2018.

M. Perilli, A. Felici, N. Franceschini et al., “Characterization
of a new TEM-derived beta-lactamase produced in a Serratia
marcescens strain,” Antimicrobial Agents and Chemotherapy,
vol. 41, no. 11, pp. 2374-2382, 1997.

J. D. D. Pitout, N. D. Hanson, D. L. Church, and
K. B. Laupland, “Population-based laboratory surveillance
for Escherichia coli-producing extended-spectrum -lacta-
mases: importance of community isolates with blaCTX-M
genes,” Clinical Infectious Diseases, vol. 38, no. 12,
pp. 1736-1741, 2004.

E. Calbo, V. Romani, M. Xercavins et al., “Risk factors for
community-onset urinary tract infections due to Escherichia
coli harbouring extended-spectrum f3-lactamases,” Journal of
Antimicrobial Chemotherapy, vol. 57, no. 4, pp. 780-783,
2006.

L. Poirel, J.-M. O. de la Rosa, A. Richard, M. Aires-de-Sousa,
and P. Nordmann, “CTX-M-33 is a CTX-M-15 derivative
conferring reduced susceptibility to carbapenems,” Anti-
microbial Agents and Chemotherapy, vol. 63, no. 12,
pp. €01515-19, 2019.

A. Mairi, A. Pantel, A. Sotto, J.-P. Lavigne, and A. Touati,
“OXA-48-like  carbapenemases  producing  Enter-
obacteriaceae in different niches,” European Journal of
Clinical Microbiology and Infectious Diseases, vol. 37, no. 4,
pp. 587-604, 2018.

D. K. Neyestanaki, A. Mirsalehian, F. Rezagholizadeh,
F. Jabalameli, M. Taherikalani, and M. Emaneini,
“Determination of extended spectrum beta-lactamases,
metallo-beta-lactamases and AmpC-beta-lactamases among
carbapenem resistant Pseudomonas aeruginosa isolated from
burn patients,” Burns, vol. 40, no. 8, pp. 1556-1561, 2014.
L. M. Hall, D. M. Livermore, D. Gur, M. Akova, and
H. E. Akalin, “OXA-11, an extended-spectrum variant of
OXA-10 (PSE-2) beta-lactamase from Pseudomonas aeru-
ginosa,” Antimicrobial Agents and Chemotherapy, vol. 37,
no. 8, pp. 1637-1644, 1993.

K. M. Kazmierczak, B. L. M. de Jonge, G. G. Stone, and
D. F. Sahm, “Longitudinal analysis of ESBL and carbape-
nemase carriage among Enterobacterales and Pseudomonas
aeruginosa isolates collected in Europe as part of the In-
ternational Network for Optimal Resistance Monitoring
(INFORM) global surveillance programme, 2013-17,” Jour-
nal of Antimicrobial Chemotherapy, vol. 75, no. 5,
pp. 1165-1173, 2020.

T. Naas, W. Sougakoff, A. Casetta, and P. Nordmann,
“Molecular characterization of OXA-20, a novel class D
B-lactamase, and its integron from Pseudomonas aerugi-
nosa,” Antimicrobial Agents and Chemotherapy, vol. 42,
no. 8, pp. 2074-2083, 1998.

Z. Zhang, Y. Zhai, Y. Guo et al., “Characterization of un-
expressed extended-spectrum beta-lactamase genes in an-
tibiotic-sensitive Klebsiella pneumoniae isolates,” Microbial
Drug Resistance, vol. 24, no. 6, pp. 799-806, 2018.



14

(53]

(54]

(55]

(58]

(61]

(62

—

J. A. Lyon, “Imipenem/cilastatin: the first carbapenem an-
tibiotic,” Drug Intelligence and Clinical Pharmacy, vol. 19,
pp. 895-899, 1985.

K.-C.J. Kaitany, N. V. Klinger, C. M. June et al., “Structures
of the class D Carbapenemases OXA-23 and OXA-146:
mechanistic basis of activity against carbapenems, extended-
spectrum cephalosporins, and aztreonam,” Antimicrobial
Agents and Chemotherapy, vol. 57, no. 10, pp. 4848-4855,
2013.

B. A. Evans and S. G. B. Amyes, “OXA f-Lactamases,”
Clinical Microbiology Reviews, vol. 27, no. 2, pp. 241-263,
2014.

B. Salehi, Z. Ghalavand, M. Mohammadzadeh, D. T. Maleki,
M. Kodori, and H. Kadkhoda, “Clonal relatedness and re-
sistance characteristics of OXA-24 and -58 producing car-
bapenem-resistantAcinetobacter ~ baumanniiisolates  in
Tehran, Iran,” Journal of Applied Microbiology, vol. 127,
no. 5, pp. 1421-1429, 2019.

N. Tafreshi, L. Babaeekhou, and M. Ghane, “Antibiotic re-
sistance pattern of Acinetobacter baumannii from burns
patients: increase in prevalence of bla OXA-24-like and bla
OXA-58-like genes,” Iranian Journal of Microbiology, vol. 11,
no. 6, pp. 502-509, 2019.

A. Stewart, P. Harris, A. Henderson, and D. Paterson,
“Treatment of infections by OXA-48-producing Enter-
obacteriaceae,” Antimicrobial Agents and Chemotherapy,
vol. 62, no. 11, Article ID e01195-18, 2018.

A. Hamprecht, J. Sommer, M. Willmann et al., “Pathoge-
nicity of clinical OXA-48 isolates and impact of the OXA-48
IncL plasmid on virulence and bacterial fitness,” Frontiers in
Microbiology, vol. 10, p. 2509, 2019.

C. A. Smith, N. K. Stewart, M. Toth, and S. B. Vakulenko,
“Structural insights into the mechanism of carbapenemase
activity of the OXA-48 f-lactamase,” Antimicrobial Agents
and Chemotherapy, vol. 63, no. 10, Article ID €01202-19,
2019.

M. Elhariri, D. Hamza, R. Elhelw, and S. M. Dorgham,
“Extended-spectrum beta-lactamase-producing Pseudomo-
nas aeruginosa in camel in Egypt: potential human hazard,”
Annals of Clinical Microbiology and Antimicrobials, vol. 16,
no. 1, p. 21, 2017.

D. Girlich, L. Poirel, A. Leelaporn et al., “Molecular epi-
demiology of the integron-located VEB-1 extended-spec-
trum f-lactamase in nosocomial enterobacterial isolates in
bangkok, Thailand,” Journal of Clinical Microbiology, vol. 39,
no. 1, pp. 175-182, 2001.

C. Takano, M. Seki, D. W. Kim et al., “Development of a
novel loop-mediated isothermal amplification method to
detect Guiana extended-spectrum (GES) f-lactamase genes
in Pseudomonas aeruginosa,” Frontiers in Microbiology,
vol. 10, p. 25, 2019.

Y. Matsumoto and M. Inoue, “Characterization of SFO-1, a
plasmid-mediated inducible class A f-lactamase from
Enterobacter cloacae,” Antimicrobial Agents and Chemo-
therapy, vol. 43, no. 2, pp. 307-313, 1999.

H. Vahaboglu, R. Oztiirk, G. Aygiin et al., “Widespread
detection of PER-1-type extended-spectrum beta-lactamases
among nosocomial Acinetobacter and Pseudomonas aeru-
ginosa isolates in Turkey: a nationwide multicenter study,”
Antimicrobial Agents and Chemotherapy, vol. 41, no. 10,
pp. 2265-2269, 1997.

I. Casin, B. Hanau-Bercot, 1. Podglajen, H. Vahaboglu, and
E. Collatz, “Salmonella enterica serovar typhimurium bla
PER-1 -carrying plasmid pSTIl encodes an extended-

(67]

(68]

(69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(771

(78]

International Journal of Microbiology

spectrum aminoglycoside 6'- N -acetyltransferase of type ib,”
Antimicrobial Agents and Chemotherapy, vol. 47, no. 2,
pp. 697-703, 2003.

A. Bauernfeind, I. Stemplinger, R. Jungwirth et al., “Char-
acterization of beta-lactamase gene blaPER-2, which encodes
an extended-spectrum class A beta-lactamase,” Antimicro-
bial Agents and Chemotherapy, vol. 40, no. 3, pp. 616-620,
1996.

S. Bontron, L. Poirel, and P. Nordmann, “In vitro prediction
of the evolution of GES-1 f-lactamase hydrolytic activity,”
Antimicrobial Agents and Chemotherapy, vol. 59, no. 3,
pp. 1664-1670, 2015.

H. Frase, C. A. Smith, M. Toth, M. M. Champion,
S. Mobashery, and S. B. Vakulenko, “Identification of
products of inhibition of GES-2 f-lactamase by tazobactam
by X-ray crystallography and spectrometry,” Journal of
Biological Chemistry, vol. 286, no. 16, pp. 14396-14409,
2011.

J.-i. Wachino, Y. Doi, K. Yamane et al., “Nosocomial spread
of ceftazidime-resistant Klebsiella pneumoniae strains pro-
ducing a novel class A B-lactamase, GES-3, in a neonatal
intensive care unit in Japan,” Antimicrobial Agents and
Chemotherapy, vol. 48, no. 6, pp. 1960-1967, 2004.

A. Mavroidi, E. Tzelepi, A. Tsakris, V. Miriagou, D. Sofianou,
and L. S. Tzouvelekis, “An integron-associated beta-lacta-
mase (IBC-2) from Pseudomonas aeruginosa is a variant of
the extended-spectrum beta-lactamase IBC-1,” Journal of
Antimicrobial Chemotherapy, vol. 48, no. 5, pp. 627-630,
2001.

D. Lepelletier, J. L. Orsonneau, A. Blin, R. Labia, H. Richet,
and A. Reynaud, “Bacterial and epidemiologic study of the
resistance to oxyiminocephalosporins in Escherichia coli in a
French hospital,” Clinical microbiology and infection, vol. 5,
no. 1, pp. 37-46, 1999.

R. Bonnet, J. L. M. Sampaio, C. Chanal et al., “A novel class A
extended-spectrum p-lactamase (BES-1) in Serratia mar-
cescens isolated in Brazil,” Antimicrobial Agents and Che-
motherapy, vol. 44, no. 11, pp. 3061-3068, 2000.

V. Cifuentes-Castro, C. Rodriguez-Almazin, J. Silva-
Sénchez, and E. Rudifo-Pifiera, “The crystal structure of
ESBL TLA-1 in complex with clavulanic acid reveals a second
acylation site,” Biochemical and Biophysical Research Com-
munications, vol. 522, no. 2, pp. 545-551, 2020.

A. Fernandez, M. ]. Pereira, J. M. Sudrez et al., “Emergence in
Spain of a multidrug-resistant Enterobacter cloacae clinical
isolate producing SFO-1 extended-spectrum beta-lacta-
mase,” Journal of Clinical Microbiology, vol. 49, no. 3,
pp. 822-828, 2011.

A. Bhargava, K. Hayakawa, E. Silverman et al., “Risk factors
for colonization due to carbapenem-resistant Enter-
obacteriaceae among patients: exposed to long-term acute
care and acute care facilities,” Infection Control and Hospital
Epidemiology, vol. 35, no. 4, pp. 398-405, 2016.

E. Eskandari-Nasab, M. Moghadampour, and A. Tahmasebi,
“Prevalence of blaCTX-M gene among extended-spectrum
B-lactamases producing Klebsiella pneumoniae clinical iso-
lates in Iran: a meta-analysis,” Iranian Journal of Medical
Sciences, vol. 43, no. 4, pp. 347-354, 2018.

C. M. Isgren, T. Edwards, G. L. Pinchbeck et al., “Emergence
of carriage of CTX-M-15 in faecal Escherichia coli in horses at
an equine hospital in the UK; increasing prevalence over a
decade (2008-2017),” BMC Veterinary Research, vol. 15,
no. 1, p. 268, 2019.



International Journal of Microbiology

(79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

[87

—

(88]

(89]

[90]

(91]

S. Ghafourian, N. Sadegh Fard, S. Soheili, and Z. Sekawi,
“Extended spectrum beta-lactamases: definition, classifica-
tion and epidemiology,” Current Issues in Molecular Biology,
vol. 17, pp. 11-22, 2015.

K. Steul, M. Exner, and U. Heudorf, “Personelle
Voraussetzungen zur Prdvention nosokomialer Infektio-
nen—empfehlungen der KRINKO und Verordnungen
der Linder sowie deren Umsetzung in Frankfurt am
main,” Bundesgesundheitsblatt—Gesundheitsforschung—
Gesundheitsschutz, vol. 62, no. 3, pp. 329-340, 2019.
Clinical and Laboratory Standard Institute, M100-S28 Per-
formance Standards for Antimicrobial Susceptibility Testing:
Twenty Eighth Informational Supplement, Clinical and
Laboratory Standards Institute, Wayne, PA, USA, CLSI
Document M100-528, 2018.

H. M. Espino, V. E. Alvarez, T. A. Zayas, and A. R. Contreras,
“Detection of expanded-espectrum-betalactamases by DIR-
AMIC system: comparison with the double-disk synergy test
and E-test,” Revista chilena de infectologia, vol. 27, no. 6,
pp. 544-550, 2010.

A. M. Bobenchick, E. Drake, J. A. Hindler, C. L. Charkan,
and R. M. Humphries, “Performance of Vitek 2 for an-
timicrobial susceptibility testing of Enterobacteriaceae
with Vitek 2 (2009 FDA) and 2014 CLSI breakpoints,”
Journal of Clinical Microbiology, vol. 53, no. 3, pp. 816—
823, 2015.

C. C. Sanders, A. L. Barry, J. A Washington et al., “Detection
of extended-spectrum-beta-lactamase-producing members
of the family Enterobacteriaceae with Vitek ESBL test,”
Journal of Clinical Microbiology, vol. 34, pp. 2997-3001,
1996.

M. Hernandez-Duran, L. E. Lopez-Jacome, C. A Colin-
Castro et al., “Comparison of the microscan walkaway and
Vitek 2 compact systems for the identification and suscep-
tibility of clinical gram-positive and gram-negative bacteria,”
Investigacion en Discapacidad, vol. 6, no. 3, pp. 105-114,
2017, http://www.medigraphic.com/rid.

M. Gazin, F. Paasch, H. Goossens, and S. Malhotra-Kumar,
“Current trends in culture-based and molecular detection of
extended-spectrum-beta-Lactamase-Harboring and carba-
penem-resistant Enterobacteriaceae,” Journal of Clinical
Microbiology, vol. 50, no. 4, pp. 1140-1146, 2012.

M. Osterblad and P. Huovinen, “The effect of a combination
of Iso-Sensitest agar and ampicillin on the detection of
enterobacter beta-lactamase,” Journal of Antimicrobial
Chemotherapy, vol. 41, no. 1, pp. 107-110, 1998.

J.-W. Chon, H.-S. Kim, H. Kim, D.-H. Oh, and K.-H. Seo,
“Evaluation of potassium-clavulanate-supplemented modi-
fied charcoal-cefoperazone-deoxycholate agar for enumer-
ation ofCampylobacterin chicken carcass rinse,” Journal of
Food Science, vol. 79, no. 5, pp. M923-M926, 2014.

H. B. Othman, R. M. Abdel Halim, H. E. E.-a. Abdul-Wahab,
H. A. Atta, and O. Shaaban, “Pseudomonas aeruginosa -
modified hodge test (PAE-MHT) and ChromID carba agar
for detection of carbapenemase producing Pseudomonas
aeruginosa recovered from clinical specimens,” Open Access
Macedonian Journal of Medical Sciences, vol. 6, no. 12,
pp. 2283-2289, 2018.

J. K. Lemon, P. P. Khil, K. M. Frank, and J. P. Dekker, “Rapid
nanopore sequencing of plasmids and resistance gene de-
tection in clinical isolates,” Journal of Clinical Microbiology,
vol. 55, no. 12, pp. 3530-3543, 2017.

C.-Y. Chang, H.-J. Lin, L.-L. Chang et al., “Characterization
of extended-spectrum pf-lactamase-carrying plasmids in

[92]

(93]

(94]

[95]

(96]

[97]

(98]

(99]

[100]

[101]

[102]

(103]

15

clinical isolates ofKlebsiella pneumoniaefrom taiwan,” Mi-
crobial Drug Resistance, vol. 23, no. 1, pp. 98-106, 2017.

P. E. Akpaka and P. Jayaratme, Usefulness of Pulse Field Gel
Electrophoresis Assay in the Molecular Epidemiological Study
of ESBL Producers, 11 pages, IntechOpen, London, UK, 2013.
G. Niero, V. Bortolaia, M. Vanni, L. Intorre, L. Guardabassi,
and A. Piccirillo, “High diversity of genes and plasmids
encoding resistance to third-generation cephalosporins and
quinolones in clinical Escherichia coli from commercial
poultry flocks in Italy,” Veterinary Microbiology, vol. 216,
pp. 93-98, 2018.

M. J. Satlin, K. D. Chavda, T. M. Baker et al., “Colonization
with levofloxacin-resistant extended-spectrum f3-Lactamase-
producing Enterobacteriaceae and risk of bacteremia in
hematopoietic stem cell transplant recipients,” Clinical In-
fectious Diseases, vol. 67, no. 11, pp. 1720-1728, 2018.

D. Souverein, S. M. Euser, W. A. van der Reijden et al,
“Clinical sensitivity and specificity of the Check-Points
Check-Direct ESBL Screen for BD MAX, a real-time PCR for
direct ESBL detection from rectal swabs,” Journal of Anti-
microbial Chemotherapy, vol. 72, no. 9, pp. 2512-2518, 2017.
A. Mobarez, T. Taghvaei, A. Abadi, and A. Ghasemzadeh,
“High frequency of A2143G mutation in clarithromycin-
resistant Helicobacter pylori isolates recovered from dys-
peptic patients in Iran,” Saudi Journal of Gastroenterology,
vol. 17, no. 6, pp- 396-399, 2011.

E. van Dulm, A. T. R. Tholen, A. Pettersson et al., “High
prevalence of multidrug resistant Enterobacteriaceae among
residents of long term care facilities in Amsterdam, The
Netherlands,” PLoS One, vol. 14, no. 9, PMID: 31513682;
PMCID: PMC6742385, Article ID 0222200, 2019.

N. Kakuta, R. Nakano, A. Nakano et al., “A novel mis-
matched PCR-restriction fragment length polymorphism
assay for rapid detection of gyrA and parC mutations as-
sociated with fluoroquinolone resistance in Acinetobacter
baumannii,” Annals of Laboratory Medicine, vol. 40, no. 1,
pp. 27-32, 2020, PMID: 31432636; PMCID: PMC6713654.

N. Roschanski, J. Fischer, B. Guerra, and U. Roesler, “De-
velopment of a multiplex real-time PCR for the rapid de-
tection of the predominant beta-lactamase genes CTX-M,
SHV, TEM and CIT-type AmpCs in Enterobacteriaceae,”
PLoS One, vol. 9, no. 7, Article ID 100956, 2014.

H. El-Adawy, H. Hotzel, H Tomaso et al., “Detection of
genetic diversity in Campylobacter jejuni isolated from a
commercial Turkey flock using Na Typing. MLST analysis
and microarray assay,” PLoS One, vol. 8, Article ID 8e51582,
2013.

F. S. Codjoe, C. A. Brown, T. J. Smith, K. Miller, and
E. S. Donkor, “Genetic relatedness in carbapenem-resistant
isolates from clinical specimens in Ghana using ERIC-PCR
technique,” PLoS One, vol. 14, no. 9, Article ID 0222168,
2019.

M. Paivarinta, S. Latvio, M. Fredriksson-Ahomaa, and
A. Heikinheimo, “Whole genome sequence analysis of an-
timicrobial resistance genes, multilocus sequence types and
plasmid sequences in ESBL/AmpC Escherichia coli isolated
from broiler caecum and meat,” International Journal of
Food Microbiology, vol. 315, Article ID 108361, 2020.

P. D. Tamma, S. L. Sharara, Z. D. Pana et al., “Molecular
epidemiology of ceftriaxone-nonsusceptible enterobacterales
isolates in an academic medical center in the United States,”
Open Forum Infectious Diseases, vol. 6, no. 8, Article ID
o0fz353, 2019.


http://www.medigraphic.com/rid

16

[104]

[105]

[106]

[107]

(108

(109]

[110]

[111]

[112]

T. Bidel, E. Kuenzli, M. Clément et al., “Polyclonal gut
colonization with extended-spectrum cephalosporin- and/or
colistin-resistant Enterobacteriaceae: a normal status for
hotel employees on the island of Zanzibar, Tanzania,”
Journal of Antimicrobial Chemotherapy, vol. 74, no. 10,
pp. 2880-2890, 2019.

P. Akpaka, P. Jayaratne, A. Vaillant, and O. Onyegbule,
“Epidemiology of diabetes mellitus and molecular charac-
terization of bacterial isolates recovered from cases with
asymptomatic bacteriauria in Trinidad and Tobago,” British
Journal of Medicine and Medical Research, vol. 8, no. 12,
pp. 1025-1033, 2015.

P. E. Akpaka and W. H. Swanston, “Phenotypic detection
and occurrence of extended spectrum Beta-lactamases in
clinical isolates of Klebsiella pneumoniae and Escherichia coli
at a tertiary hospital in Trinidad and Tobago,” Brazilian
Journal of Infectious Diseases, vol. 12, p. 6, 2008.

P. D. Tamma, S. L. Aitken, R. A. Bonomo, A. J. Mathers,
D. van Duin, and C. J. Clancy, “Infectious diseases society of
America guidance on the treatment of extended-spectrum
B-lactamase producing enterobacterales (ESBL-E), carba-
penem-resistant enterobacterales (CRE), and Pseudomonas
aeruginosa with difficult-to-treat resistance (DTR-P. aeru-
ginosa),” Clinical Infectious Diseases, vol. 72, mno. 7,
pp. €169-€183, 2021.

T. Jodlowski, C. R. Ashby, and S. G. Nath, “Doxycycline for
ESBL-E cystitis,” Clinical Infectious Diseases, vol. 73, no. 1,
pp. €274-e275, 2021.

N. Jomehzadeh, K. Ahmadi, H. Javaherizadeh, and M. Afzali,
“The first evaluation relationship of integron genes and the
multidrug-resistance in class A ESBLs genes in entero-
pathogenic Escherichia coli strains isolated from children
with diarrhea in Southwestern Iran,” Molecular Biology
Reports, vol. 48, no. 1, pp. 307-313, 2021.

K. Tanimoto, T. Nomura, Y. Hashimoto, H. Hirakawa,
H. Watanabe, and H. Tomita, “Isolation of Serratia fonticola
producing FONA, a minor extended-spectrum f-lactamase
(ESBL), from imported chicken meat in Japan,” Japanese
Journal of Infectious Diseases, vol. 74, no. 1, pp. 79-81, 2021.
Q. P. Le, S. Ueda, T. N. H. Nguyen et al., “Characteristics of
extended-spectrum B-lactamase-ProducingEscherichia col-
iin retail meats and shrimp at a local market in Vietnam,”
Foodborne Pathogens and Disease, vol. 12, no. 8, pp. 719-725,
2015.

K.  Assawatheptawee, A. Kiddee, A. Na-Udom,
A.  Wangteeraprasert, P. Treebupachatsakul, and
P. R. Niumsup, “Acquisition of extended-spectrum f-lac-
tamase-producing Escherichia coli and Klebsiella pneumo-
niae in intensive care units in Thailand,” Journal of Infection
and Chemotherapy, vol. 27, no. 2, pp. 401-405, 2021.

International Journal of Microbiology



