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ABSTRACT:
The Enterobacteriaceae family are the most common pathogens associated with hospital and community acquired infections
worldwide. These bacteria are treated with broad spectrum antibiotics especially 3rd generation cephalosporins. Over the
period of time due widespread and rigorous use of these medications, Enterobacteriaceae has developed antibiotic resistance
(AMR). Among all, the most compelling antibiotic resistance mechanism is production of -lactamases enzymes by this
microorganism. Over the course of time -lactamase has evolved more than 1300 distinct enzymes. Amongst these most
deleterious is extended spectrum beta lactamases (ESBL). ESBL producing Enterbacteriacaeae are responsible for a
high number of deaths worldwide. These enzymes are considered challenging as they are difficult to be identified in the
laboratory wShich cause delay in diagnosis and administration of appropriate antimicrobial therapy. The coexistence of
ESBL with other antibiotic resistance gene is another therapeutic challenge rendering empirical antibiotic treatment
ineffective.
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bacterial cell which concludes with the elaboration of â -
lactamase enzymes. These enzymes thus break the beta-
lactam ring of the incoming drug, ensuring bacterial cell
propagation and survival. -lactamases have been used as
a model to study the enhanced evolution following Darwinian
principle where the huge burden of antibiotics use allows
the existence of the fittest.1 The constant pressure due
unwarranted use of antibiotics has resulted in mutations
which altered the genome of bacteria so much, that targeting
them has become impossible. Since the 1980s there has
been a substantial rise in the number of these enzymes
especially class A and D.2 -lactamases which include the
extended-spectrum- -lactamases (ESBL’s) can degrade
broad-spectrum Cephalosporins (such as Monobactams,
Cefepime, Ceftriaxone and Cefotaxime) but are inhibited
by Ceftazidime; this is an alarming situation.3-4 Ambler’s
classification is on the basis of amino acid homology and
divides the enzymes in four groups (A-D). Group A, C and
D proteins shows similar folds and include an amino acid
serine which is essential for the founding of an acyl–enzyme
complex with the -lactam resulting in its hydrolysis. Group
B is metalloproteinase which has one or two zinc ions. These
groups have specific enzyme families. Class A have TEM
(Temoniera), SHV (sulf-hydryl variable) these enzymes are
mostly responsible of ampicillin and penicillin resistance 5,
CTX-M (cefotaximases-munich)6 and KPC (Klebsiella
pneumoniae carbapenemase)7 ; NDM(New Delhi metallo-
beta-lactamase) and VIM (Verona integron-borne metallo-

-lactamase  (class B); and CMY (cephamycin-hydrolyzing
-lactamase) and ADC (Acinetobacter-derived

cephalosporinase) class C. 8  Class D enzymes are all termed

INTRODUCTION:
Antibiotic resistance is a subject under constant evaluation,
and multiple researches and new data addresses this problem
every day. Resistance to -lactam antibiotics like penicillin
and cephalosporin is due to the elaboration of -lactamase
enzymes, which are responsible for degrading -lactam
drugs and have been  assessed  from different perspectives
including dissemination and classification. These -lactam
drugs are bactericidal as they block the formation of Ala-
Ala dimer required for the formation of bacterial cell wall
peptidoglycan layer. -lactams are similar to penicillin
binding proteins (PBP) that mediate the cross-linking
processes of peptidoglycan synthesis of bacteria. In the
presence of -lactam drugs this processes of cross-linking
doesn’t initiate. The constant chemical stress against these

-lactam drugs results in genetic alternation within the
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oxacillinase (OXA) responsible for high hydrolytic activity
against Cloxacillin and Oxacillin. 9-10 CTX-M -lactamases
are thought to be the prototype in development of resistance
in microorganism against antibiotics.11 Integration of various
blaCTX-M genes originating from various kind of Kluyvera
has resulted different CTX-M clusters.12 In Silico analysis
and TREE VIEW program (http://taxonomy.zoology.gla.ac.
uk/rod/treeview.html), based on a multiple sequence
alignment of the publicly available CTX-M sequences(http://
www.lahey. org/Studies/)  shows that these events have
happened at least nine stretches resulting in CTX-M-1 cluster,
CTX-M-2 and CTX-M-9 clusters and CTX-M-8 and CTX-
M-25 clusters. 13 Each cluster has been further  divided in
to groups and subgroups based amino acid similarity. The
most prominent amongst these clusters are Group 1 and
Group 9. Within these groups the CTX-M15, CTX-M-3 and
CTX-M-14 are the most widespread and rapidly emerging
in humans and well as in the animals. CTXM-15, the most
prominent and commonest CTX-M enzyme is a derivative
of CTX-M-3, which belongs to Amblers group A and cluster
1. The structural analysis of the enzymes suggest that single
amino acid mutation can change the entire hydrolytic activity
of the enzyme against a drug. For example the CTX-M-15
varies from its cluster 1 enzyme by single point mutation.
This alternation marks increased CTX-M-15 enzymatic
activity against Ceftazidime. This hydrolytic enhancement
is not demonstrated by any other CTX-M enzyme.
These new genetic variants harbor mobile genetic elements
such as insertion sequences like transposons and class 1
integrons.14 The acquisition of bla CTX-M genes from the
environment on these genetic elements could have been a
random incident. However -lactam selective force applied
by excessive use of Cefotaxime and Ceftazidime has triggered
mutations leading to modification of different clusters.
Infiltration and worldwide dissemination of CTX-M
producing organisms are the result of the designated
“epidemic resistance plasmids” harboring resistance and
high-risk virulent clones.15 Amalgamation of these factors
including co-selection of resistance element within CTX-
M harboring bacteria which also produces Carbapenemases
is alarming. The processes of co-selection is when a single
resistant gene mediates resistance against all other drugs.
This may be true as all the antibiotic resistance gene resides
on the same plasmid.
The TEM and SHV ESBLs  dominant in 1980s and 1990s
scenario were mainly linked with nosocomial infections
associated with Klebsiella pneumoniae and Escherichia coli
whereas CTX-M were less dominant.10 . However recently
this epidemiology has drastically changed and now CTX-
M has become the most prevalent beta-lactamases. Although
first revealed in 1989, the ESBL CTX-M enzymes did not
achieve dominance over other enzymes till 21th century
when increased dissemination of these enzymes were
detected.16-17 They were not only restricted to nosocomial

infections but disseminated is community with E. coli being
the most prominent pathogens elaborating these enzymes.18

This review article is searched through PubMed, Google,
and Google Scholar engine with several key words like -
lactamases, Enterobacteriaceae salmonella typhi, XDR, and
CTM genes. A total of 70 articles were critically analyzed
from 2001-2021. The data was collected and processed
within six months.
1. Epidemiology of CTX-M -lactamase-producing
bacteria:
The CTX-M was present in enterobacters before
cephalosporin’s being dominant treating options in healthcare.
Although CTX-M advent was appreciated in 1980s, its
prominence become recognizable in the year 2000.   Studies
over the last decade have shown that CTX-M enzymes are
the most dominant ESBL enzymes in Enterobacteriaceae
.19-20 This is a consequence of the surprising spread of the
blaCTX-M gene within mobile genetic elements inside
susceptible clones.22-24 In addition there is a co-existence
with other antibiotics including Aminoglycosides and
Fluoroquinolones.25-26 These isolates exhibit decrease
Ciprofloxacin susceptibility (DCS, MIC value 0.38mg/L)
and Luminex based assay to detect mutations in quinolone
resistant determining regions (QRDR) and plasmid mediated
quinolone resistant gene (PMQR) reveal that DCSs was
linked with the single mutation in residue ser83 of gyrA
gene. This is one of the prominent genetic elements among
salmonella typhi (S. Typhi) exhibiting DCS.27

Among the CTX-M family, the CTX-M-14 and CTX-M-15
are the most prevalent in the human, animals and
environment.28-29 In this scenario CTX-M can be distinguished
into various phases.  The first phase comprises of different
CTX-M -lactamases in diverse geographic areas and these
events may have happened until the mid of the 1990 decade.
The second phase was marked by the appearance of CTX-
M-3, CTX-M-9, CTX-M-14, and CTX-M-15 enzymes and
these events might have occurred over decade ending to
2000.  The third phase after 2000 is noted by the worldwide
dissemination of these lactamases. The first report identified
Cefotaxime resistance but Ceftazidime susceptible, was
strain of E.coli isolated from otitis media specimen of four
month old child in Munich Germany.30

Up till now the most disseminated CTX-M enzymes globally
have been CTX-M 15 followed by CTX-M 14. These two
enzymes have enhanced degrading potential and increased
MIC’s against Ceftazidime, an antibiotic which is not
inhibited by other CTX-M family enzyme.
Recently, a new variant of CTX-M-15 has emerged, which
has received incredible attention. This enzyme is CTX-M-
33 which has decreased degrading activity against
Ceftazidime but on the contrary increased hydrolytic activity
against Carbapenams e.g. Meropenams.  The increased use
of Carbepenams against resistant 3 rd generation
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Cephalosporin’s has resulted in the emergence of these
strains.  et al, 2019 has identified that this increase hydrolytic
activity is due to point mutation which has altered amino
acid sequence from serine-to-asparagine. 59

2. Penetration and globalization of CTX-M enzymes all
over the world: The worldwide expansion of CTX-M-1
cluster was represented with growing new variant over the
1990s. For example, CTX-M-10 was primarily found in the
region of  Mediterranean (Spain and France10-31 and  where
the CTX-M-15 first found in 1999 in Enterobacteriacea in
New Delhi, India 32 but nowadays reported from all around
the world. These modifications are due to amino acid
substations which are reported to have been developed from
common ancestors. 33-34

The CTX-M-15 spread in United Kingdom after it was first
reported and the isolates were linked to E.coli.35-36 International
travel and immigration added to the speedy appearances
and spread of CTX-M enzymes all over the world.37-38  This
has been recently proved with Carbapenemases in particular
with NDM-1 metallo- -lactamase producing pathogens.39-

40 However the existence of CTX-M enzymes in animals
and food merchandises that are moved among different
countries have proposed the likely paths for spread and
dispersion. 41 Moreover this rapid dissemination has also
been attributed to presence of blaCTX-M of plasmid and
transposons, which confer rapid transfer of resistant elements
not only within the specie but also to any bacteria it comes
in contact to.
Although the global prevalence of CTX-M family is not
well documented especially from developing areas making
estimation of prevalence challenging and complex, published
articles from Africans and Asian countries indicate rapid
increase in the prevalence of this enzyme. African countries
data demonstrate increase in prevalence to 13.6% within
two years’ time where as 95.5% isolates were positive of
CTX-M in 2018 from Ethiopia. Compared to these similar
findings among clinical Enterobacteriaceae isolates with
prevalence rates of 91% in Brazil60, 80.3% in Germany 61

and 79% in Switzerland 62 have been documented. A
nationwide survey in china indicated 91% ESBL producing
bacteria harbored CTX-M. European data from nine different
countries also suggest that the most common ESBL is CTX-
M which was found to be 66.4%.
3. CTX-M enzymes in bacteria other than Enterobacteria-
ceae:
CTX-M enzymes were first reported in E. coli, K. pneumonia
and other nosocomial infection associated bacteria like
Acinetobacter, Serratia etc,  but later begin to be  reported
in other Enterobacteriaceae as well. This was the result of
chromosomal changes which induced AmpC in
Enterobacteriaceae spp, Citrobacter species, Serratia
marcescens, Enterobacter species and Morganella morganii
species enabling these organisms to degrade oxy-imino-

cephalosporins. 16, 42-43

The first CTX-M enzymes reported in Pseudomonas
aeruginosa from a patient of cystic fibrosis sputum sample
but still presences of CTX-M enzyme in non-fermenting
rods is not common.44 This point may be the result instability
of plasmids carrying these enzymes. Vibrio spp. or Aeromonas
spp. isolates with CTX-M enzymes have also been
reported.45,46

4. Foundation of the blaCTX-M genes: According to
phylogenetic trees analysis the CTX-M -lactamases can
be categorized into five major clusters. Usually each cluster
can be allied to chromosomal bla genes in various kluyvera
spp, which are present in normal human intestinal floral but
at very low numbers, and is a saprophytic and an opportunistic
pathogen. The enterobacter captured the blaCTX-M gene
on the plasmids probably from the chromosomal blaCTX-
M of  kluyvera. Also kluyvera has been sporadically linked
with human urinary tract skin and soft tissue infections.47

They are habitually present in the environment in water,
sewage, soil, food products and animals 48-49

5. Evolution and diversification of CTX-M -lactamases:
Presently higher than 60% of the isolates harboring CTX-
M exhibit resistance towards Cefotaxime and Ceftazidime
at the same time. Although the first report of CTX-M
harboring resistance towards Cefotaxime but were not able
to hydrolyze Ceftazidime. It can be therefore presumed that
its Ceftazidime that was the potential factor in backing the
divergence of CTX-M. 50-51

6. Plasmids and spread of bacterial genes: According to
research studies the widespread dissemination of blaCTX-
M gene is closely linked with IncF plasmid especially FII.
 IncF plasimds are epitome of autonomous replication and
contributor to bacterial fitness and survival. These FII are
narrow range plasmids whose significance is limited to
horizontal gene transfer in closely related bacterial species
like E.Coli, Salmonella and Shigella. These incF plasmids
are usually in low number  in the bacteria but harbor all

Figure 1: Cycle of global dissemination of CTX-M ESBL
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sorts of virulent gene.52-53 These incompatibility plasmids
are associated with gram negative bacteria and labelled
‘epidemic resistant plasmid’ because of their affinity to attain
and transfer resistant elements among the bacteria. These
plasmids have evolved through the recombination of various
plasmids and thus are not homogenous. A notable fact about
these plasmids is that these were prevalent among the
Enterobacteriaceae family even before the use of antibiotic
and were well adapted to these organisms.54-55 These events
without a doubt suggests the persistence and globalization
of these resistant elements including blaCTX-M genes.56-57

mostly importantly unjust use of antibiotics.   In the areas
where S.Typhi is endemic different types of strains are
circulating but only restricted strains cause outbreaks. In
the year 1948 Chloramphenicol was introduced as the most
efficient drug to treat typhoid fever. But in merely two years
due to pervasive use of drugs, the first resistant isolate was
reported. This battle became worrisome in the 1980s when
resistant strains started emerging to the first line of antibiotics
Co-trimoxazole, Chloramphenicol and Ampicillin, and these
strain were defined as multidrug resistance (MDR).58 Since
then 3rd Cephalosporins have been used as empirical treatment
of typhoid. In 1999, Bangladesh reported  1st XDR
(extensively drug resistant) isolate. This isolate was resistant
to ceftriaxone (3rd generation cephalosporin) as well as 1st

like of drugs. In the following years various reports of 2-5
cases of XDR S.Typhi were being reported, raising concerns.
In 2016 Pakistan reported a major “XDR endemic” in the
city of Sindh effecting more than 500 in a week. According
to Pakistan National Institute of Health, till the month of
Aug 2021, in Karachi alone 1,739 XDR S.Typhi have been
reported. Alongside “The Centers for Disease Control and
Prevention” (CDC)  declares that the world has once again
entered the  “post-antibiotic era,” wherein we would  face
lack of effective treatment options due to  marked antibiotic
resistance (AMR).
The gene sequencing of these XDR Salmonella strains
indicated that these belonged to haplotype 58 (H58) which
elaborates CTX-M enzymes. S.Typhi has a remarkable
capability to express CTX-M family that encompasses more
than 200 enzymes. These enzymes degrade Ceftriaxone,
Cefotaxime but CTX-M 15 enzymes also degrades
Ceftazidime, leaving behind Carbapenems for the treatment,
to which resistance has also started to emerge.  The last
decade shows substantial increase in CTX-M producing
variants and most of the research has been conducted in the
developed world. Studies in various countries show that
once a -lactamases enters a defined geographic area, it
superimposes and replaces other ESBL variants. In this
review our objective was to research the antibiotic resistant
pattern in salmonella in our part of the world and look for
the presence of CTX-M 15 gene of beta lactamases.  Although
other non-typhoidal Salmonella enterica serovar
Typhimurium consist CTX-M-2, CTX-M55 and CTX-M27,
Salmonella enterica serovar typhi affecting humans elaborates
CTX-M14 and CTX-M15. It has been proposed that these
typhiodal serovar caught CTX-M15 on their mobile genetic
material e.g plasmid from E.Coli in sewerage water.
XDR S.Typhi were only reported from Pakistan, Bangladesh,
India, Nepal and African countries.But recent reports from
developed countries like England, Canada, USA etc has
raised concerns of the authorities. The WGS of these strains
indicated that they identical to the one’s that caused endemic
in Pakistan and India. The global reports of S.Typhi

Figure 2:  Structure of Enterbacteriacae genetics elements (plasmids
and transposons)

7. Dispersion of multi-drug resistant and virulent high-
risk clones:
One of the reason allowing dissemination of enzyme
elaborating CTX-M is the contribution of defined copies
predominately from K. pneumoniae and E. coli. current
research founded on  MLST(Multi-Locus Sequence Typing)
have confirmed although there is a varity amongst CTX-M
producer, however few  conjugated (clonal complexes) are
commonly linked to CTX-M enzymes and  designate high-
risk clones st131 is example of international disseminated
clone. At individual basis risk factors which allow adherence
to the host and host adherence and binding also facilitate its
perseverance and have been found in food products, wild-
life, and animals.
8. Salmonella typhi and CTM: the everlasting endemic
Salomella typhi is held responsible for typhoid or enteric
fever. Enteric fever is characterized by step-wise fever which
if not treated immediately and properly, ends up in
complication and mortality. This disease predominantly
affects children below 10 years of age but recent reports
suggest that it affects male in their 20’s as well. This bacteria
is transmitted to human by the consumptions of dirty water
or contaminated food. Typhoid is common in developing
countries mostly due improper sewerage system, larger
families sharing single washroom, improper hygiene and

Page-243JBUMDC 2022;12(4):240-247

Rida Sohail, Yasmeen Taj, Luqman Satti, Shaista Bakhat



elaborating CTX-M15 is alarming and tragic. Even before
the advent of these strains, typhoid had killed and has
affected millions of people. Typhoid has become a symbol
of fear amongst many civilizations and if prompt measures
are not taken to combat this strain, treating S.Typhi infection
would become impossible.
CONCLUSION:
Although the magnitude of infections caused by antibiotic
resistant Enterobacteriaceae   strains vary globally but South
East Asia remains a major reservoir of these resistant strains.
 The widespread and prominent amongst these are E.coli,
K.pneumoniae and S.Typhi. Since last few years these strains
have acquired further resistant elements, challenging the
health care system to provide with the better treatment
options. At this point of time it is of utmost importance to
address these increasing XDR strains outbreaks especially
from Pakistan, India and Bangladesh. The pooled prevalence
of ESBL and MBL-producing E. coli in South Asia is 33%
and 17% respectively. The prevalence of blaCTX-M type
was 58% with blaCTX-M-15 being the most prevalent (51
%) variants.
Today CTX-M-type enzymes are the most commonly found
ESBL type with the CTX-M-15 variant dominating
worldwide, followed in prevalence by CTX-M-14, and
CTX-M-27 is emerging in certain parts of the world.  This
ESBL Enterobacteriaceae (ESBL.E) can disseminate by
direct contact with an infected person's bodily fluids (blood,
urine, drainage from a wound, fecal matter). They may also
spread by contact with surfaces or equipment harboring
these bacteria’s. Immigrations and travel from endemics
areas is another prominent reason for increased dissemination.
Thus this overhauled emergence of CTX-M gene is
responsible for increasing reports of nosocomial infections,
ICU outbreaks and related mortality. The CTX-M family
warrants research and is a pattern reflecting increasing
antibiotic resistance. Genetic sequences and data bases
suggests that blaCTX-M have originated from Kluyvera spp
and merging of these various genetic elements in various
Enterbacteriacaea by mode of plasmids and clone. The co-
existence of blaCTX-M genes with other resistant elements
contributes towards the significant increase of CTX-m
enzymes justifies the in-depth study so as to foresee a
pandemic scenario of antibiotic resistance. Considering this
we propose that rapid preventive measure should be
implemented to control the widespread dissemination of
these virulent strains. This constant evolution of ESBL.E
should be controlled by monitoring the ESBL fecal carriage
especially in ICU patients, assurance of hygiene protocols,
screening of meat and dairy products, regular antibiograms
indicating antibiotic susceptibility patterns in a given region,
antimicrobial stewardship programs insuring synchronized
and appropriate use of antibiotics, and restricted and
monitored travel from endemic areas, and finally prohibiting
injudicious use of antibiotics. The present and future from

today is very critical because if we failed to control and
restrict these antibiotic resistant strainss in Enterobacteriacaea
we would unquestionably end up being in post antibiotic
era, where only death and fever prevailed.

Authors Contribution:
Rida Sohail: Conception, designing, literature search and
writing the article
Yasmeen Taj: Conception, critical analysis and proof reading
Luqman Satti: Conception, critical analysis and proof reading
Shaista Bakhat: Literature search, layout and review

REFERENCE:
1. Davies J, Davies D. Origins and evolution of antibiotic

resistance. Microbiology and molecular biology reviews.
2010 ;74(3):417-33. DOI:https://doi.org/ 10.1128 /MMBR.
00016-10

2. Tooke CL, Hinchliffe P, Bragginton EC, Colenso CK, Hirvonen
VH, Takebayashi Y, Spencer J. -Lactamases and -Lactamase
Inhibitors in the 21st Century. Journal of molecular biology.
2019;431(18):3472-500. https://doi.org/10.1016/ j.jmb. 2019.
04.002

3. Gonzaìlez-Bello C, Rodríguez D, Pernas M, Rodríguez Á,
Colchoìn E. -Lactamase inhibitors to restore the efficacy of
antibiotics against superbugs. Journal of medicinal chemistry.
2019 ;63(5):1859-81. https://doi.org/10.1021/acs. jmedchem.
9b01279

4. Nagarjuna D, Mittal G, Dhanda RS, Gaind R, Yadav M.
Alarming levels of antimicrobial resistance among sepsis
patients admitted to ICU in a tertiary care hospital in India-
a case control retrospective study. Antimicrobial Resistance
& Infection Control. 2018;7(1):1-1. DOI:10.1186/s13756-
018-0444-8

5. De Angelis G, Del Giacomo P, Posteraro B, Sanguinetti M,
Tumbarello M. Molecular mechanisms, epidemiology, and
clinical  importance of  - lactam resistance in
enterobacteriaceae. International Journal of Molecular Sciences.
2020; 21 (14): 5090.  https://doi.org/10.3390/ijms21145090

6. Ramadan AA, Abdelaziz NA, Amin MA, Aziz RK. Novel bla
CTX-M variants and genotype-phenotype correlations among
clinical isolates of extended spectrum beta lactamase-producing
Escherichia coli. Scientific reports. 2019 ;9(1):1-2 doi: 10.1038/
s41598-019-39730-0

7. Ainoda Y, Aoki K, Ishii Y, Okuda K, Furukawa H, Manabe
R, Sahara T, Nakamura-Uchiyama F, Kurosu H, Ando Y,
Fujisawa M. Klebsiella pneumoniae carbapenemase (KPC)-
producing Klebsiella pneumoniae ST258 isolated from a
Japanese patient without a history of foreign travel-a new
public health concern in Japan: a case report. BMC infectious
diseases. 2019;19(1):1- doi: 10.1186/s12879-018-3649-9.

8. Bhattacharya M, Toth M, Antunes NT, Smith CA, Vakulenko
SB. Structure of the extended-spectrum class C -lactamase
ADC-1 from Acinetobacter baumannii. Acta Crystallographica
Section D: Biological Crystallography. 2014 Mar 1;70(3):760-
71 https://doi.org/10.1107/S1399004713033014

9. Gomi, R.; Matsuda, T.; Matsumura, Y.; Yamamoto, M.; Tanaka,
M.; Ichiyama, S.; Yoneda, M.Occurrence of Clinically
Important Lineages, Including the Sequence Type 131 C1-
M27 Subclone, among Extended-Spectrum-bLactamase-
Producing Escherichia coli in Wastewater. Antimicrob. Agents
Chemother. 2017, 61, e00564-17. DOI:https://doi.org/10.1128
/AAC.00564-17

Page-244JBUMDC 2022;12(4):240-247

Drug Resistance due to Elaboration of Beta Lactamases and the Role of CTX-M in Enterobacteriaceae



10. Castanheira M, Simner PJ, Bradford PA. Extended-spectrum
-lactamases: An update on their characteristics, epidemiology

and detection. JAC-antimicrobial resistance. 2021 ;3(3):
dlab092. https://doi.org/10.1093/jacamr/dlab092

11. Negeri AA, Mamo H, Gurung JM, Firoj Mahmud AK, Fällman
M, Seyoum ET, Feleke Desta A, Francis MS. Antimicrobial
Resistance Profiling and Molecular Epidemiological Analysis
of Extended Spectrum -Lactamases Produced by
Extraintestinal Invasive Escherichia coli Isolates From
Ethiopia: The Presence of International High-Risk Clones
ST131 and ST410 Revealed. Frontiers in Microbiology.
2021:2159. https://doi.org/10.3389/fmicb.2021.706846

12. Bevan ER, Jones AM, Hawkey PM. Global epidemiology of
CTX-M -lactamases: temporal and geographical shifts in
genotype. Journal of antimicrobial chemotherapy. 2017 Aug
1;72(8):2145 55.  https://doi.org/10.1093/jac/dkx146

13. Mlynarcik P, Chudobova H, Zdarska V, Kolar M. In Silico
Analysis of Extended-Spectrum -Lactamases in Bacteria.
Antibiotics. 2021;10(7):812. https://doi.org/10.3390 /antibiotics
10070812

15. Mathers AJ, Peirano G, Pitout JD. The role of epidemic
resistance plasmids and international high-risk clones in the
spread of multidrug-resistant Enterobacteriaceae. Clinical
microbiology reviews.  2015 Jul ;28(3) :565-91.
DOI:https://doi.org/10.1128/CMR.00116-14 •

16. Bush K, Bradford PA. Epidemiology of -lactamase-producing
pathogens. Clinical microbiology reviews. 2020;33 (2): e00047
-19. DOI:https://doi.org/10.1128/CMR.00047-19

17. Bauernfeind A, Stemplinger I, Jungwirth R, Ernst S, Casellas
JM. Sequences of beta-lactamase genes encoding CTX-M-
1 (MEN-1) and CTX-M-2 and relationship of their amino
acid sequences with those of other beta-lactamases.
Antimicrobial agents and chemotherapy. 1996;40(2):509-13.
DOI:https://doi.org/10.1128/AAC.40.2.509

18. Matinfar S, Ahmadi M, Sisakht AM, Sadeghi J, Javedansirat
S. Phylogenetic and antibiotics resistance in extended-spectrum
B-lactamase (ESBL) Uropathogenic Escherichia coli: An
update review. Gene Reports. 2021:101168. https://doi.org/
10.1016 /j.genrep.2021.101168

19. Zainab SM, Junaid M, Xu N, Malik RN. Antibiotics and
antibiotic resistant genes (ARGs) in groundwater: A global
review on dissemination, sources, interactions, environmental
and human health risks. Water research. 2020:116455. https://
doi.org/10.1016/j.watres.2020.116455Get

20. Van den Bunt G, van Pelt W, Hidalgo L, Scharringa J, de
Greeff SC, Schürch AC, Mughini-Gras L, Bonten MJ, Fluit
AC. Prevalence, risk factors and genetic characterisation of
extended-spectrum beta-lactamase and carbapenemase-
producing Enterobacteriaceae (ESBL-E and CPE): a
community-based cross-sectional study, the Netherlands, 2014
to 2016. Eurosurveillance. 2019;24(41):1800594 https://doi.org
/10.2807/1560-7917.ES.2019.24.41.1800594

21. Palmeira JD, Ferreira HM. Extended-spectrum beta-lactamase
(ESBL)-producing Enterobacteriaceae in cattle production–a
threat around the world. Heliyon. 2020;6(1):e03206.
https://doi.org/10.1016/j.heliyon.2020.e03206

22. Jian Z, Zeng L, Xu T, Sun S, Yan S, Yang L, Huang Y, Jia J,
Dou T. Antibiotic resistance genes in bacteria: Occurrence,
spread, and control. Journal of Basic Microbiology. 2021
https://doi.org/10.1002/jobm.202100201

23. Rasoulinasab M, Shahcheraghi F, Feizabadi MM, Nikmanesh
B, Hajihasani A, Aslani MM. Distribution of ciprofloxacin-
resistance genes among ST131 and non-ST131 clones of
Escherichia coli isolates with ESBL phenotypes isolated from
women with urinary tract infection. Iranian Journal of
Microbiology. 2021;13(3):294. doi: 10.18502/ijm.v13i3.6389

24. Musila L, Kyany’a C, Maybank R, Stam J, Oundo V, Sang
W. Detection of diverse carbapenem and multidrug resistance
genes and high-risk strain types among carbapenem non-
susceptible clinical isolates of target gram-negative bacteria
in Kenya. Plos one. 2021;16(2):e0246937. https://doi.org/ 10.
1371 /journal.pone.0246937

25. Azargun R, Gholizadeh P, Sadeghi V, Hosainzadegan H,
Tarhriz V, Memar MY, Pormohammad A, Eyvazi S. Molecular
mechanisms associated with quinolone resistance in
Enterobacteriaceae: review and update. Transactions of the
Royal Society of Tropical Medicine and Hygiene. 2020;
114(10):770-81. https://doi.org/10.1093/trstmh/traa041

26. Latifi B, Tajbakhsh S, Ahadi L, Yousefi F. Coexistence of
aminoglycoside resistance genes in CTX-M-producing isolates
of Klebsiella pneumoniae in Bushehr province, Iran. Iranian
Journal of Microbiology. 2021;13(2):161 doi: 10.18502/
ijm.v13i2.5975

27. Phoba MF, Barbé B, Lunguya O, Masendu L, Lulengwa D,
Dougan G, Wong VK, Bertrand S, Ceyssens PJ, Jacobs J, Van
Puyvelde S. Salmonella enterica serovar Typhi producing
CTX-M-15 extended spectrum -lactamase in the Democratic
Republic of the Congo. Clinical Infectious Diseases. 2017 ;
65(7):1229-31. https://doi.org/10.1093/cid/cix342

28. Girlich D, Bonnin RA, Naas T. Occurrence and diversity of
CTX-M-producing Escherichia coli from the Seine river.
Frontiers in Microbiology. 2020;11. https://doi.org/10.3389
/fmicb.2020.603578

29. Osiñska M, Nowakiewicz A, Ziêba P, Gnat S, £agowski D.
A rich mosaic of resistance in extended-spectrum -lactamase-
producing Escherichia coli isolated from red foxes (Vulpes
vulpes) in Poland as a potential effect of increasing
synanthropization. Science of The Total Environment. 2021
:151834. https://doi.org/10.1016/ j.scitotenv. 2021. 151834

30. Bauernfeind A, Schweighart S, Grimm H. A new plasmidic
cefotaximase in a clinical isolate of Escherichia coli. Infection.
1990 Sep 1;18(5):294-8.

31. Oliver A, Pérez-Dýìaz JC, Coque TM, Baquero F, Cantón R.
Nucleotide sequence and characterization of a novel
cefotaxime-hydrolyzing -lactamase (CTX-M-10) isolated
in Spain. Antimicrobial agents and chemotherapy.
2001;45(2):616-20. DOI: https://doi.org/10.1128 /AAC. 45.
2. 616-620.2001

32. Karim A, Poirel L, Nagarajan S, Nordmann P. Plasmid-
mediated extended-spectrum -lactamase (CTX-M-3 like)
from India and gene association with insertion sequence IS
Ecp1. FEMS microbiology letters. 2001;201(2):237-41.
https://doi.org/10.1111/j.1574-6968.2001.tb10762.x

33. Abd El Baqy FA, Rizk MS, Haggag YN, Nossair MA, Mansour
AM, Elaadli H. Prevalence of Some Extended Spectrum -
Lactamase Producing Enterobacteriaceae in Human: A
Retrospective Study. Alexandria Journal for Veterinary
Sciences. 2021;69(1). https://doi.org/10.1111/j.1574-6968.
2001.tb10762.x

Page-245JBUMDC 2022;12(4):240-247

Rida Sohail, Yasmeen Taj, Luqman Satti, Shaista Bakhat



34. Jabalameli L, Beigverdi R, Ranjbar HH, Pouriran R, Jabalameli
F, Emaneini M. Phenotypic and Genotypic Prevalence of
Extended-Spectrum -Lactamase-Producing Escherichia coli:
A Systematic Review and Meta-Analysis in Iran. Microbial
Drug Resistance. 2021;27(1):73-86. https://doi.org/10. 1089/
mdr.2019.0396

35. Coque TM, Novais Â, Carattoli A, Poirel L, Pitout J, Peixe
L, Baquero F, Cantón R, Nordmann P. Dissemination of
clonally related Escherichia coli strains expressing extended-
spectrum -lactamase CTX-M-15. Emerging infectious
diseases. 2008;14(2):195. doi: 10.3201/eid1402.070350

36. Pérez-Moreno, M.O., Moral-Parras, P., Domenech-Spanedda,
M.F., Casacuberta-Barberà, N., Bas-García, I., Centelles-
Serrano, M.J. and Vila-Pérez, M., 2021. Extended-Spectrum

-Lactamase-and Carbapenemase-Producing Enterobacterales
Intestinal Carriage Among Outpatients: Microbiological and
Epidemiological Differences Between Private Dwelling
Residents and Nursing Home Residents. Microbial Drug
Resistance, 27(7), pp.879-888. https://doi.org/ 10.1089/ mdr.
2020.0201

37. Subramanya SH, Bairy I, Metok Y, Baral BP, Gautam D,
Nayak N. Detection and characterization of ESBL-producing
Enterobacteriaceae from the gut of subsistence farmers, their
livestock, and the surrounding environment in rural Nepal.
Scientific reports. 2021;11(1):1-3.DOI 10.1038/s41598-021-
81315-3

38. Martínez MM, Bonomo RA, Vila AJ, Maffía PC, González
LJ. On the Offensive: the Role of Outer Membrane Vesicles
in the Successful Dissemination of New Delhi Metallo- -
lactamase (NDM-1). Mbio. 2021;12(5):e01836-21. DOI:
https://doi.org/10.1128/mBio.01836-21

39. Kumarasamy KK, Toleman MA, Walsh TR, Bagaria J, Butt
F, Balakrishnan R, Chaudhary U, Doumith M, Giske CG,
Irfan S, Krishnan P. Emergence of a new antibiotic resistance
mechanism in India, Pakistan, and the UK: a molecular,
biological, and epidemiological study. The Lancet infectious
diseases. 2010 ;10(9):597-602. https://doi.org/10.1016/S1473-
3099(10)70143-2

40. Sia CM, Baines SL, Valcanis M, Lee DY, da Silva AG, Ballard
SA, Easton M, Seemann T, Howden BP, Ingle DJ, Williamson
DA. Genomic diversity of antimicrobial resistance in non-
typhoidal Salmonella in Victoria, Australia. Microbial
Genomics. 2021 ;7(12):000725. doi: 10.1099/mgen.0.000725

41. Ejaz H, Younas S, Abosalif KO, Junaid K, Alzahrani B,
Alsrhani A, Abdalla AE, Ullah MI, Qamar MU, Hamam SS.
Molecular analysis of bla SHV, bla TEM, and bla CTX-M in
extended-spectrum -lactamase producing Enterobacteriaceae
recovered from fecal specimens of animals. Plos one. 2021;
16(1):e0245126. https://doi.org/10.1371 /journal. pone.0245126

42. Matsumoto Y, Kitazume H, Yamada M, Ishiguro Y, Muto T,
Izumiya H, Watanabe H. CTX-M-14 type beta-lactamase
producing Salmonella enterica serovar Enteritidis isolated
from imported chicken meat. Japanese journal of infectious
diseases. 2007;60(4):236.

43. Kiros T, Workineh L, Tiruneh T, Eyayu T, Damtie S, Belete
D. Prevalence of Extended-Spectrum -Lactamase-Producing
Enterobacteriaceae in Ethiopia: A Systematic Review and
Meta-Analysis. International journal of microbiology. 2021;
2021. https://doi.org/10.1155/2021/6669778

44. Souna D, Drissi M, Almahmoud I, Maurin M. Enterobacter
cloacae Complex and CTX-M Extended-Spectrum -
Lactamases in Algeria. Microbial Drug Resistance. 2021.
http://doi.org/10.1089/mdr.2020.0535

45. Jacobs MR, Abdelhamed AM, Good CE, Rhoads DD, Hujer
KM, Hujer AM, Domitrovic TN, Rudin SD, Richter SS, van
Duin D, Kreiswirth BN. ARGONAUT-I: activity of cefiderocol
(S-649266), a siderophore cephalosporin, against Gram-
negative bacteria, including carbapenem-resistant
nonfermenters and Enterobacteriaceae with defined extended-
spectrum -lactamases and carbapenemases. Antimicrobial
agents and chemotherapy. 2019;63(1):e01801-18. DOI:https:/
/doi.org /10.1128/AAC.01801-18

46. Vinothkumar K, Bhalara SR, Shah A, Ramamurthy T, Niyogi
SK, Kumar GN, Bhardwaj AK. Involvement of topoisomerase
mutations and qnr and aac (6') Ib-cr genes in conferring
quinolone resistance to clinical isolates of Vibrio and Shigella
spp. from Kolkata, India (1998–2009). Journal of Global
Antimicrobial Resistance. 2018;13:85-90. https://doi.org/
10.1016 /j.jgar.2017.10.013

47. Azargun R, Sadeghi MR, Barhaghi MH, Kafil HS, Yeganeh
F, Oskouee MA, Ghotaslou R. The prevalence of plasmid-
mediated quinolone resistance and ESBL-production in
Enterobacteriaceae isolated from urinary tract infections.
Infection and drug resistance. 2018;11:1007.  doi: 10.2147/
IDR.S160720

48. Farmer 3rd JJ, Fanning GR, Huntley-Carter GP, Holmes B,
Hickman FW, Richard C, Brenner DJ. Kluyvera, a new
(redefined) genus in the family Enterobacteriaceae:
identification of Kluyvera ascorbata sp. nov. and Kluyvera
cryocrescens sp. nov. in clinical specimens. Journal of Clinical
Microbiology. 1981;13(5):919-33. DOI:https://doi.org/
10.1128/jcm.13.5.919-933.1981

49. Bevan ER, Jones AM, Hawkey PM. Global epidemiology of
CTX-M -lactamases: temporal and geographical shifts in
genotype. Journal of antimicrobial chemotherapy.
2017;72(8):2145-55. https://doi.org/10.1093/jac/dkx146

50. Palzkill T. Structural and mechanistic basis for extended-
spectrum drug-resistance mutations in altering the specificity
of TEM, CTX-M, and KPC -lactamases. Frontiers in
molecular biosciences. 2018;5:16.  https://doi.org/ 10.3389/
fmolb.2018.00016

51. Hussain HI, Aqib AI, Seleem MN, Shabbir MA, Hao H, Iqbal
Z, Kulyar MF, Zaheer T, Li K. Genetic basis of molecular
mechanisms in -lactam resistant gram-negative bacteria.
Microbial Pathogenesis. 2021:105040. https://doi.org/ 10.1016/
j.micpath.2021.105040

52. Carattoli A. Resistance plasmid families in Enterobacteriaceae.
Antimicrobial agents and chemotherapy. 2009;53(6):2227-
38. DOI:https://doi.org/10.1128/AAC.01707-08

53. Datta N, Dacey S, Hughes V, Knight S, Richards H, Williams
G, Casewell M, Shannon KP. Distribution of genes for
trimethoprim and gentamicin resistance in bacteria and their
plasmids in a general hospital. Microbiology. 1980;118(2):495-
508. https://doi.org/10.1099/00221287-118-2-495

54. Carattoli A, Villa L, Fortini D, García-Fernández A.
Contemporary IncI1 plasmids involved in the transmission
and spread of antimicrobial resistance in Enterobacteriaceae.
Plasmid. 2021;118:102392. https://doi.org/10.1016 /j.plasmid
.2018.12.001

55. Dong H, Li Y, Cheng J, Xia Z, Liu W, Yan T, Chen F, Wang
Z, Li R, Shi J, Qin S. Genomic Epidemiology Insights on
NDM-Producing Pathogens Revealed the Pivotal Role of
Plasmids on bla NDM Transmission. Microbiology Spectrum.
2022:e02156-21. DOI:https://doi.org/ 10.1128/spectrum.
02156-21

Page-246JBUMDC 2022;12(4):240-247

Drug Resistance due to Elaboration of Beta Lactamases and the Role of CTX-M in Enterobacteriaceae



56. Villegas MV, Jiménez A, Esparza G, Appel TM.
Carbapenemase-producing Enterobacteriaceae: A diagnostic,
epidemiological and therapeutic challenge. Infectio. 2019
Dec;23(4):358-68. https://doi.org/10.22354/in.v23i4.808

57. Mirza S, Kariuki S, Mamun KZ, Beeching NJ, Hart CA.
Analysis of plasmid and chromosomal DNA of multidrug-
resistant Salmonella enterica serovar Typhi from Asia. Journal
of Clinical Microbiology. 2000;38(4):1449-52. DOI:https://
doi.org/10.1128/JCM.38.4.1449-1452.2000

58. Centers for Disease Control and Prevention. Antibiotic
resistance threats in the United States, 2019. US Department
of Health and Human Services, Centres for Disease Control
and Prevention; 2019.

59. Poirel L, de la Rosa JM, Richard A, Aires-de-Sousa M,
Nordmann P. CTX-M-33 is a CTX-M-15 derivative conferring
reduced susceptibility to carbapenems. Antimicrobial agents
and chemotherapy. 2019;63(12):e01515-19. doi: 10.1128/
AAC. 01515-19 PMCID: PMC6879240

60. Seki LM, Pereira PS, de Souza Conceição M, Souza MJ,
Marques EA, Carballido JM, de Carvalho ME, Assef AP,
Asensi MD. Molecular epidemiology of CTX-M producing
Enterobacteriaceae isolated from bloodstream infections in
Rio de Janeiro, Brazil: emergence of CTX-M-15. The Brazilian
Journal of Infectious Diseases. 2013;17(6):640-6.

61. Schmiedel J, Falgenhauer L, Domann E, Bauerfeind R,
Prenger-Berninghoff E, Imirzalioglu C, Chakraborty T.
Multiresistant extended-spectrum -lactamase-producing
Enterobacteriaceae from humans, companion animals and
horses in central Hesse, Germany. BMC microbiology.
2014;14(1):1-3.

62. Lartigue MF, Zinsius C, Wenger A, Bille J, Poirel L, Nordmann
P. Extended-spectrum -lactamases of the CTX-M type now
in Switzerland. Antimicrobial agents and chemotherapy. 2007
;51(8) :2855-60.

Page-247JBUMDC 2022;12(4):240-247

Rida Sohail, Yasmeen Taj, Luqman Satti, Shaista Bakhat


