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ABSTRACT
In modern medical practice, the development ofnaigtiobial resistance by Enterobacterriaceae is
inevitable and is considered as a major problenthi@ treatment of bacterial infections in the hoalpit
and in the community. Beta-Lactamase-Producing és&ct(BLPB) can play an important role in
polymicrobial infections. They can have a directhegenic impact in causing the infection as welbas
indirect effect through their ability to produceethenzyme beta-lactamase.These enzyme producing
Enterobacteriaceae families are associated withighdér morbidity, mortality and fiscal burden.Extexd
spectrumg-lactamases (ESBL) are enzymes produced by a yasfeGram negative bacteria which
confer an increased resistance to commonly useibiatits.Extended-spectrutlactamases (ESBLS)
are usually plasmid-mediated enzymes that confeistance to a broad range @gflactams. Initially,
resistance to third-generation cephalosporins ira@rnegative rods was mainly due to the dissemimatio
of TEM- and SHV-type ESBLs, which are point mutahtbe classic TEM, SHV and CTX and enzymes
with extended substrate specificity. Treatmentxtéreled spectrum beta-lactamase (ESBL) producing
strains of Enterobacteriaceae has emerged as a mddjallenge in hospitalised as well as community
based patients. This article aims to give an owswof the current situation regarding ESBL prodggcin
Enterobacteriaceae with focus on the antibiotidgsesce mechanism and management of such infection.

Keywords. Enterobacteriaceaef-Lactamase, ESBL, Types of ESBtLactam antibiotics, Antibiotic
resistance mechanism.

INTRODUCTION
We have been forced to fight against the newly acquaetibiotic resistance of various bacteria.
Enterobacteriaceae, e.gscherichia coli (E.coli), Klebsiella Enterobacter Proteus Pseudomonas
produce many different beta-lactamase enzymes. $@ve activity against only Penicillins and], 2™
and Fgeneration Cephalosporins. However in recent yehesa-lactamase enzymes capable of
hydrolyzing extended-Spectrum Cephalosporins, Egfotaxime, Ceftriaxone, Ceptazidime and the
monobactam, Aztreonam have been detected in nusemuntries. These organisms frequently carry
genes encoding resistance to other classes ofi@it#) e.g.aminoglycosides, quinolones and Co-
trimoxazole. These are classified as multi-drugstasce organisms (MDRD Extended-spectrurf}-
lactamases (ESBLs) have become increasingly conwmaoldwide and have emerged as a major source
of antimicrobial resistance in gram-negative pa#msg Except forEscherichia coliand Klebsiella
pneumoniagProteusmirabilis is another common ESBL-producing gram-negativaggn. It has been
found that most ESBLs were derivatives of TEM-1etyfEM-2 type and SHV-1 type @flactamase,
which is composed of one or several point code geuatation. In recent years, in addition to the TEM-
type ESBLs, there also were increasing reportsTof-®l-type ESBLs produced bgroteus Mirabilis' %
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ESBLs confer resistance to Penicillins, CephaldasgpAztreonam, and also associated with resistemce
other classes of non penicillin antibiotics, inéhgl Fluoroquinolones, Aminoglycosides, Trimethoprim
sulfamethoxazole, anB-lactamfi-lactamase inhibitor combinations. Thus, ESBL-pidg organisms
often possess a multidrug resistance phenotypexcbat and susceptibility results of ESBL-producing
Proteus mirabilisplay an essential role in the treatment of infewticaused by this pathogen and also in
controlling the spread of ESBLSs.

Most ESBLs can be divided into three groups: TEMVYSand CTX-M typesKlebsiella pneumoniand
Escherichia coliremain the major ESBL-producing organisms isolatedldwide, but these enzymes
have also been identified in several other membgthe Enterobacteriaceae family and in certain-non
fermentors.

Resistance of bacteria to antibiotics has beendnter since the discovery of penicillin by Flemantd

its subsequent production by Florey. Antibioticiseence may be intrinsic: This implies that theilziotic

is unable to have an effect on "wild-type" bactgniaviously unexposed to the antibiotic in questieor
example, Vancomycin is not active against gram-tiegebacteria, nor has it ever been. Antibiotic
resistance may also be either mutational or acguirkis implies changes in the bacteria that pretren
antibiotic from exerting its effect on the bactériarget, which may have resulted from either (1)
mutation of existing genetic material within thectaia or (2) acquisition of new genetic materrainf
other bacteria. For examplescherichia colin its natural state may be susceptible to both iittip and
Ciprofloxacin. However, the mutation of existingngéic material may lead to Ciprofloxacin resistance
and the acquisition of genes that encode for lzttinase production may lead to resistande oblito
Ampicillin.

The problems of antibiotic resistance are typicaiggnified in a hospital setting. Exposure to aatibs
while a patient is in the hospital may lead to dgieneutations that contribute to antibiotic resiste.
Patients may be inadvertently exposed to the hatfra of other patients (usually due to a baakn

in basic infection control precautions). As a resahtibiotic-resistant bacteria may colonize nupéi
patients: Exposure of these patients to antibigtiay eliminate all but the most resistant bactériese
resistant organisms may transfer antibiotic resetagenes to other bacteria, there by multiplyimg t
probIen?.AntimicrobiaI resistance is the ability of microbasich as bacteria, viruses, parasites, or fungi,
to grow in the presence of a chemical (drug) thatlel normally kill it or limit its growth.

Fig. 1. Drug resistance
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Figure.1. Showing the difference between non-resistant biacéerd drug resistant bacteria. Non-resistant
bacteria multiply, and upon drug treatment, thetdyéer die. Drug resistant bacteria multiply as wiit
upon drug treatment, the bacteria continue to speaecent report from the Infectious Diseases Sgciet
of America listed ESBL-producini§lebsiellaspp. ancE. colias one of the six drug-resistant microbes to
which new therapies are urgently needed. Becausigeahcreasing importance of multiresistant ESBL-
producingE. coli in the community, clinicians should be aware of guential of treatment failures
associated with serious infections caused by thesteria. This article will focus on the evolving o
antibiotic resistance mechanism of ESBL producintgEobacteriaceae in clinical field and preventdn
ESBL infections.
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Enterobacteriaceae

The members of the Enterobacteriaceae are grantivedaacilli, which are usually resident in the
gastrointestinal tract. Examples of such organismkide E. coli, K. pneumoniagE. cloacae Proteus
mirabilis, andCitrobacter freundii In patients hospitalized in ICUs, the Enterobaateae account for
approximately one third of all cases of ICU-acqdipmeumonia, one third of all cases of ICU-acquired
urinary tract infection, and 10% to 15% of ICU-aitgd bloodstream infections. Options for treatrmat
the Enterobacteriaceae include beta-lactam antibi¢Penicillin; Cephalosporins; Carbapenems; &ed t
Monobactam, Aztreonam), beta-lactam antibiotics lmioed with beta-lactamase inhibitors, quinolones,
TMP-SMX, Aminoglycosides, and Tigecycline

Beta-lactamase production is the most common mésmaaof resistance of the Enterobacteriaceae to
Penicillins, Cephalosporins, or Aztreonam. The Batdamases inactivate these antibiotics by apdjtti
the amide bond of the antibiotic's beta-lactam .riGyer 300 different beta lactamases have been
described. As mentioned previously, most strains Eoterobacter species, Citrobacter species,
Providenciaspecies,Morganella morganii and Serratia species that are resistant to third-generation
Cephalosporins produce an AmpC beta lactamase.aChastically, AmpC beta lactamases can
inactivate first- and second-generation cephalaspdincluding the Cephamycins, such as Cefoxitid a
Cefotetan) and third-generation Cephalosporins.s@hbeta lactamases are not inhibited by beta-
lactamase inhibitors, such as clavulanic acid. pdrtant characteristic of AmpC beta lactamasésais
their production can be increased by exposure ebtcteria to certain antibiotics. This phenomeison
known as induction. The amount of beta-lactamaselymtion depends on the concentration of the
antibiotic and the time of exposure. Penicillin, giaillin, most first-generation cephalosporins,aeéfin,

and imipenem are strong inducers of AmpC beta taases. However, all of these antibiotics except the
carbapenem will be inactivated by the AmpC bettalaase induced.

In most populations of organisms, suchEaterobacterspecies, mutants exist that permanently hyper
produce the AmpC type 1 beta lactamase. Organsmed, a. pneumoniagE. coli, or P. mirabilis do

not characteristically hyper produce the AmpC typbeta lactamase. Occasionally, they may acquire
plasmid-mediated AmpC beta lactamases. Howeverhnmmumre commonly they may acquire ESBLs.
These beta lactamases have important differencepared with AmpC beta lactamases. It is not
appropriate to designate the AmpC beta lactamasESBLs because they are not derivatives of a paren
beta lactamase with more limited spectra of agti(fibr example, TEM or SHV beta lactamases). The
ESBLs also differ from the AmpC beta lactamasethan they are not able to inactivate the Cephansycin
(for example, Cefoxitin or Cefotetan) and are ineated in vitro by the beta-lactamase inhibitor
clavulanic acifl

Unfortunately, multiple mechanisms of resistancey mark together in producing resistance to a given
class of antibiotics. The entry of any beta-lactamibiotic into the bacterial cell is via outer nignane
proteins, which function as doors through which tmgibiotics pass. These proteins may be lost,
contributing to decreased entry of the antibioticl aeduced antimicrobial activity. In some sites of
infection with high organism load (for example raxabdominal abscesses or severe cases of ventilato
associated pneumonia), the huge amounts of betarase production by a high inoculum of organisms
may overcome the effects of beta-lactamase inhhiteinally, as noted above, the AmpC beta lactamas
(produced by organisms, suchEsterobacteispecies) is not susceptible to the effects of lzatmase
inhibitors, and therefore may be inherently resista beta-lactam/beta-lactamase inhibitor cominnat

Quinolone antibiotics, such as Ciprofloxacin anddftoxacin, are usually highly active in vitro agai

the Enterobacteriaceae family. However, the ratessistance appear to be rising. There is an asee
probability of resistance of ESBL-producing orgamss to quinolones compared with non-ESBL-
producing organisms of the same spéci@e reasons for this co resistance are not gntilear.
Plasmid-mediated quinolone resistance has beemtegpand may contribute in some cdsBse usual
mechanism of resistance to quinolones is mutatfothe genes that encode the target enzymes (DNA
gyrase and topoisomerase |V) for quinolones. Stepwicreases in resistance occur if there are iongat
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in one and then two of the genes encoding thesgrmaw Although not yet fully characterized,
alterations in outer membrane proteins coupled waitfive efflux pumps (which pump antibiotics out of
the bacterial cell) appear to be important addéianechanisms of bacterial resistance to quinolones
E.coli and Klebsiella species

Carbapenems are often used as drugs of last riestiré treatment of serious infections due to gram-
negative bacilli. Resistance of the Enterobactedacto carbapenems is generally rare, but may be
mediated by the combination of outer membrane prateficiency coupled with the production of beta
lactamases. Rates of resistance to Ertapenem aegailg higher than to Imipenem or Meropenem. In
view of the comments above, serious infectionstdube Enterobacteriaceae family should be managed
with a beta lactam or quinolone antibiotic, whighaictive in vitro against the infecting organisrm A
important caveat is that ESBL-producing organismay nappear susceptible to third-generation
cephalosporins (Ceftazidime, Cefotaxime, or Ceftiee) or Cefepime, yet be functionally resistant to
these agentsHigh clinical failure rates are observed when Cémsporins are used to treat bacteremia or
pneumonia due to ESBL-producinlebsiella species or, more rarely, ESBL-producifg coli
Carbapenems (imipenem or meropenem) are the artibf choice for serious infections due to ESBL
producer¥. Polymyxins or tigecycline may be useful for infects that are resistant to carbapenems. A
second important finding to reemphasize is thadtgeneration cephalosporins are associated with a
significant risk for relapse of infection when uséa treat AmpC-producing organisms, such as
EnterobacterspeciesAgain, carbapenems or quinolones are the mosbtelagents again&nterobacter
speciesSerratiaspecies, oCitrobacterspecies. There is no evidence that combinatioraftlyeimproves
outcome or reduces the advent of resistance dmierobacteriaceae famity

Pseudomonas aeruginosa

P.aeruginosds a frequent and often the most troublesome ofjthen-negative bacilli. It is a particular
problem as a cause of ventilator-associated pneamBraeruginosas also a common cause of both
bloodstream infection and cholangitis. Antibiot&sistance is a major problem posedFbgeruginosa
the organism displays a diverse array of antibiotisistance mechanistisResistance to beta-lactam
antibiotics is usually, but not exclusively, meditby beta lactamaseB. aeruginosaproduces a
chromosomally encoded AmpC beta lactamase, which toadrolyze antipseudomonal penicillins,
Aztreonam, and third-generation cephalosporins.ep@ssed mutants grossly hyperproduce this beta
lactamase. A number of acquired beta lactamasesalsanbe produced. The efflux pumps are an
important mechanism of multidrug resistance, besatley may confer resistance to quinolones,
antipseudomonal penicillins, cephalosporins, andegines aminoglycosides. Tigecycline is ineffective
againstP. aeruginosabecause of the presence of efflux pumps. Quinolesestance irP.aeruginosa
may also be mediated by mutations to the chromolbpmmediated topoisomerases Il and IV, whereas
aminoglycoside resistance may be mediated by ounbrane impermeability or by aminoglycoside-
modifying enzymes.

Acinetobacter Species

Acinetobacterspecies may also be capable of virtually complatdbiatic resistance. As is the case with
P.aeruginosaresistance ofcinetobacteispecies may be mediated by a combination of betarfeases
and outer membrane protein deficiencies. The rbédflux pumps is largely unexplored Acinetobacter
species, but may be important. A clinically use@lbiservation has been the in vitro efficacy of
Ampicillin-sulbactam in the face of resistance bmast all other drug classes. Sulbactam is ablgirtd

to penicillin-binding protein 2 and therefore campiart direct antimicrobial activity again&tinetobacter
specie¥’.Carbapenems (for example, Imipenem or Meropeneenpfien potent agents in the treatment
of severe infections due tcinetobacterspecies. This has been borne out in studie&ciietobacter
bacteremi&. Ampicillin-sulbactam may represent a viable optin carbapenemsin patients with
Acinetobacterstrains that are resistant to virtually all curherdvailable antibiotics, Tigecycline or
Colistin may be the only viable optitfrAs noted above, colistin has been combined witmpin and
other antibiotics, but reports of the success e$étregimens are anecdotal only at this stage.
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I. Antibiotics:

Definition: Antibiotics are molecules that kill, or stop theogth of microorganisms, including both
bacteria and fungi.

Antibiotics that kill bacteria are calléactericidal”.

Antibiotics that stop the growth of bacteria arbezh'bacteriostatic" Fig. 1.1.
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II. Origins of antibiotics

1. Most classes of antibiotics, including théactam antibiotics, Tetracyclines, Aminoglycosidesd
Macrolides. Originally derived from natural sourcasd were then further chemically modified to @wnf
better properties on the drug.

2. However, some important classes of antibiofiedfding the sulfa antibiotics, the quinolonesd dine
oxazolidinones) are man-made, originating totaityrf synthetic chemical operations.

Classification according to Spectrum of activity

Depending on the range of bacterial species subtepb these agents, antibacterials are classdied
broad-spectrum, intermediate-spectrum, or narrgeectsum. Note that the spectra of activity may
change with acquisition of resistance genes, ddwitliscussed in the next module.

2nd, %d and 4th generation Cephaloaporins. ‘sireptograming
tetracycines Rifarycin

1. Broad spectrum antibacterialsare active against both Gram-positive and Granatineg
organisms. Examples include: tetracyclines, plasjcfluoroquinolones, “third-generation” and
“fourth-generation” cephalosporins.

2. Narrow spectrum antibacterialshave limited activity and are primarily only uskfagainst
particular species of microorganisms. For examglggopeptides and bacitracin are only effective
against Gram-positive bacteria, whereas polymizisusually only effective against Gram negative
bacteria. Aminoglycosides and sulfonamides arg efiltective against aerobic organisms, while
nitroimidazoles are generally only effective fomarobes.

B-Lactam antibiotics

Beta-Lactams— are a group of antibiotics that include Penitdland Cephalosporins.

Beta-lactam antibiotics, including penicillins atlde non-penicillin classes, share a basic chemical

structure that includes a three-carbon, one-nitranelic amine structure known as the beta-lactizug. r

The side chain associated with the beta-lactamisirgvariable group attached to the core strudiyre

peptide bond; the side chain variability contritsute® antibacterial activity. As of the date of this

publication, FDA has approved over 34 beta-lactammounds as active ingredients in drugs for human
usée’. Beta-lactam antibiotics include the followingdiclasses.
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Penicillins (e.g., ampicillin, oxacillin)
Cephalosporins(e.g., cephalexin, cefaclor)
Penems(e.g., imipenem, meropenem)
Carbacephems(e.g., loracarbef)
Monobactams(e.g., aztreonam)
. Penicillins
. History
1928, Alexander Fleming noticed killing effect obla accidentally blown onto his agar plate. After

attempt at isolation of compound responsible, jaddgebe too unstable for use as antibiotic.

1938, Problem of isolating penicillin solved by fg and Chain using a process called "Freeze
drying" now called lyophilization.

1941, first clinical trial of penicillin were sucssful.

1944, used against casualties in D-day landing.

1945, structure of penicillin finally solved.

. Show structure of Benzylpenicillin (Penicillin G)

1. Structure was solved by x-ray crystallographylmyothy Hodgkins
2. Previous to this, such a structure was propbsédias said to be "impossiblystrained"

. Key features of structure
1.p-lactam ring

a. "Lactam" is a word for any cyclic amide (the @élactone" is used for a cyclic ester)

b. A B-lactam means that the nitrogen is joined to tlibaawhich is beta to the Carbonyl.
c. this creates strain in the ring, since it isar fmembered ring.

d. b-lactam becomes good acylating agent for asiieeserine of penicillin binding Protein.

2 Carboxylate

a. Negatively charged at neutral pH
b. Anchors drug in active site pocket (positivehamed)

3.Acylamido side chain

a. Necessary for biological potency

b. Proper stereochemistry of attachment to ringrdsas for activity

c. Variation at side chain can dramatically affeiciogical activity against various strains of
bacteria

D. Common Early Penicillins

1. Penicillin G had to be administered parenteyaiiyce it is not acid stable
2. Penicillin V has more acid stability, and carddeninistered orally.

o s
Il H H Hor" Ty #GHa
R-C-Nwg—C G
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&cl side Beta-Lactam | Thiazolidine
chain Ring Ring H
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Il. Cephalosporins:

Cephalosporins— include cefotaxine, ceftazidime and ceftriaxone
A. History

1. First isolated from fungus found in sewer limeisland of Sardina in 1948.

2. Structure wasn't elucidated until 1961.
B. Prototypical early Cephalosporin: Cephalothin
Biological source it is a semi-synthetic cephalespoantibiotic derived from Cephalosporium
acremonium.

1. Less antibiotic activity than Penicillin G agstitsram positive bacteria.

2. More activity than Pen G against Gram negata&tdria.

3. Can be used on patients who are allergic tacpkmi

4. Side chain acetoxy group is hot point for melighpactivation.

o S
k :\\;\/‘)\“/C[_L
i
O

COOH

Cephalothin

C. Cephaloridine
1. Better leaving group in form of positively chargagidinium group will "activate" system.
2. Avoids metabolic inactivation.
3. Note that compound is "zwitterion".

_S
= ' -
s o9 ,f3r~!fg
0 &
o

Coy
Cephalotidine

=T

D. Ceftazidime
1. Combines activation of ceftazidime with steric #tiieg of b-lactam to protect it from
hydrolysis byp-lactamase.
2. Note additional hydrophilic groups on side chairttfar improve activity against gram negative
strains.
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Generation of Cephalosporins
The cephalosporin nucleus can be modified to g#ferdnt properties. Cephalosporins are sometimes
grouped into "generations" by their antimicrobiedgerties. The first cephalosporins were designated
first-generation cephalosporins, whereas, laterereatended-spectrum cephalosporins were classified
second-generation cephalosporins. Each newer demerahas significantly greater gram-
negative antimicrobial properties than the precgdieneration, in most cases with decreased activity
against gram-positiveorganisms. Fourth-generatigphalosporins, however, have true broad-spectrum
activity Table 1

Int. J. Pure App. Bios2i(3): 207-226 (2014) ISSN: 2320051

Table 1. Generation of Cephalosporin

Medscapea

W‘-'I’W.I'I"IEdEEEPE.CDF‘I'I

First generation Second generation

Third generation Fourth generation

Cefadroxil Cefaclor Cefdinir Cefepime
Cefatrizing Cefamandole Cefatameat Cefpirome
Cefazolin Cefmetazole Cefixime
Cephalexin Cefonicid Cefoperazone
Cephaloridine Cefotetan Cefotaxime
Cephalothin Cefoxitin Cefotiam
Cephapirin Cefprozil Cefpodoxime
Cephradine Cefuroxime Cefsulodin
Loracarbef Ceftazidime

Ceftibuten

Ceftizoxime

Ceftriaxone

Meoxalactam

Sourca: J Am Pham Assoc & 2008 American Pharmacists Associalion

In order for bacteria to grow, then, they need tkenall the parts necessary for building new bedter
cells. DNA must be copied. New RNA, ribosome, anotgins must be made. Cell walls must be built.
Membranes have to be synthesized. And, then, ofseothe cells must divide.Many, if not most,
antibiotics act by inhibiting the events necesdarybacterial growth. Some inhibit DNA replication,
some, transcription, some antibiotics prevent lgcfeom making proteins, some prevent the synthesi
of cell walls, and so on. In general, antibiotieef bacteria from building the parts that are ngédde
growth. There are some antibiotics that act byckitg plasma membranes. Most antibiotics, though,
work by holding bacterial populations in check Utite immune system can take o¥égure 2.

Fig. 2. Antibiotics working parts in the cell
Pili

Capsule
Cell wall

Cell
membrane

Flagellum

Ribosome

Chromosome
(DNA)

Nucleoid region
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Different antibiotics have different modes of antioowing to the nature of their structure and
degree of affinity to certain target sites withacterial cells.

1. Inhibitors of cell wall synthesis While the cells of humans and animals do not faalewalls, this
structure is critical for the life and survival lsdicterial species. A drug that targets cell we#la
therefore selectively kill or inhibit bacterial @ngisms. Examples: penicllins, cephalosporins,
bacitracin and vancomycin.

2. Inhibitors of cell membrane function. Cell membranes are important barriers that segeegnd
regulate the intra- and extracellular flow of salostes. A disruption or damage to this structurddcou
result in leakage of important solutes essentiatfe cell’'s survival. Because this structureasrd
in both eukaryotic and prokaryotic cells, the actid this class of antibiotic are often poorly stilee
and can often be toxic for systemic use in the maliam host. Most clinical usage is therefore
limited to topical applications. Examples: polynm>8 and colistin.

3. Inhibitors of protein synthesis Enzymes and cellular structures are primarily enafdproteins.
Protein synthesis is an essential process necefggattye multiplication and survival of all bactari
cells. Several types of antibacterial agents taogeterial protein synthesis by binding to either
30S or 50S subunits of the intracellular ribosonTdss activity then results in the disruption oéth
normal cellular metabolism of the bacteria, andsegpiently leads to the death of the organism or the
inhibition of its growth and multiplication. Exangs: Aminoglycosides, macrolides, lincosamides,
streptogramins, chloramphenicol, tetracyclines.

4. Inhibitors of nucleic acid synthesis DNA and RNA are keys to the replication of allitig forms,
including bacteria. Some antibiotics work by birglie components involved in the process of DNA
or RNA synthesis, which causes interference ofrttvenal cellular processes which will ultimately
compromise bacterial multiplication and survivaExamples: quinolones, metronidazole, and
rifampin.

5. Inhibitors of other metabolic processesOther antibiotics act on selected cellular preesessential
for the survival of the bacterial pathogens. Faregle, both sulfonamides and trimethoprim disrupt
the folic acid pathway, which is a necessary stapbfcteria to produce precursors important for
DNA synthesis. Sulfonamides target and bind toydiibpteroate synthase, trimethophrim inhibit
dihydrofolate reductase; both of these enzymes eaential for the production of folic acid, a
vitamin synthesized by bacteria, but not hum@igure 3, Figure 4)

Fig. 3. Sites of antibacterial action Fig.4. Major drug sites

Inhibition of cell
wall synthesis
Penicillins
Cephalosporins i
Vancomycin i
Bacitracin
Isoniazid
Ethambutol

Inhibition of
protein synthesis
Aminoglycosides
Tetracyclines
Chloramphenicol
Macrolides

Inhibition of pathogen’s
attachment to, or
recognition of, host
Arildone

Pleconaril

MAJOR TARGETS OF COMMON ANTIMICROBIAL AGENTS

DNA
Fluoroquinolones
Novobiocin
Nitroimidazoles
Nitrofurans

Inhibition
of DNA or
RNA synthesis
Actinomycin
Nucleotide
analogs
Quinolones
Rifampin

Disruption of
cytoplasmic
membrane -
Polymyxins CELL WALL
P?Iay;ﬁrl‘fe:ngal) Beta lactam antibiotics
Inhibition of general Glycopeptides
metabolic pathway Bacitracin
Sulfonamides

Trimethoprim

Dapsone

RIBOSOMES
Tetracyclines
Aminoglycosides
Lincosamides
Macrolides
Streptogramins
Chioramphenicol

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.
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ESBL (Extended Spectrum Beta-Lactamase)
Spectrum— Good effect against EnterobacteriaceBeedli, Klebsiella, Enterobactgrexcellent effect
against Enterococci.
Beta-Lactamase~ is an enzyme produced by an organism that breaks theta-lactams.ESBL stands
for Extended Spectrum Beta-Lactamase. They ar@apgof bacteria usually associated with the bowel.
A Beta-Lactamase is an enzyme produced by bactdrieh breaks down certain types of antibiotics.
ESBL producing bacteria are resistant to some efathtibiotics used to treat infection when it oscur
This resistance makes infection more difficult t@at. Enterobacteriacedg.coli and Klebsiella
pneumoniaare common producers of ESBL, and they usuallyseaurinary tract infections and
bacteraemia. People who carry ESBL producing biacteithout any sign or symptom of infection are
“colonized”.
Classification of p-Lactamase
There are two system used to categorize ESBI$te original method gf-lactamase categorisation is
the Ambler classification which orders the enzyrims 4 classes (A, B, C, and D) based on molecular
structure. ESBLs are Class Alactamases and may be defined as plasmid-medeategmes that
hydrolyse Oxyimino-Cephalosporins, and Monobactaotsnot Cephamycins or Carbapenems. They are
inhibited in vitro by Clavulanate. There are vas@enotypes of ESBLs. Of these, the most common are
the SHV, TEM, and CTX-M typé$ Other clinically important types include VEB, PEBEL-1, BES-1,
SFO-1, TLA, and IBCII . In 1995, Bustet al, devised a classification gflactamases based upon their
functional characteristics and substrate profilelassification which is widely used. The enzymes a
divided into three major groups: group 1 cephaldspges which are not inhibited by clavulanic athie,
larger group 2 broad spectrum enzymes which arergly inhibited by clavulanic acid (except for the
2d and 2f groups) and the group 3 metgHiactamases. The main points are illustratedable 2,3
Most ESBLs are assigned to group 2be, that is,dhyske penicillins, cephalosproins, and Monobactams,
and inhibited by clavulanic acid (as per the Amhlkssification). It should be noted that the CTX-M
genotype was not classified in this original schemaut still fulfils the above criteria for group®
enzyme¥’.

Table2.Classification offf — lactamaes according to Amber molecular scheme

Class B — lactamases Examples
A Broad spectrund — lactamases TEM-1,TEM-2.SHV-1
ESBL TEM — type TEM-3
ESBL SHV - type SHV-5
ESBL CTX — type CTX-M1,CTX-M9
Carbapenemases KPC
Serinef - lactamases C AmpC Cephamycinases AmpC

(chromosomal encode) AmpC cephamycinaseMY,DHA
(plasmid encode)

D Broad spectrunfi — lactamases ESBL OXA— OXA-1,0XA-9,0XA-2,0XA-

type carbapenemases 10,0XA-48,0XA-23
Metallo B - lactamase B Metallo § — lactamase VIM, IMP

Table 3: Amended from original Bush-Jacoby-Medeiroglassification scheme for bacterial

Bush-Jacoby  Molecular Preferred substrates Representative enzymes Resisia
Group class Susceptibility tof-
lactamase inhibitors
1 C Cephalosporins AmpC Resistant
2b A Penicillins,Cephalosporins TEM,SHV Susceptible
2be A Penicillins,extended-spectrum
cephalosporins, TEM,SHV Susceptible
Monobactams
2d D Penicillins,cloxacillin OXA Resistant
2e A Cephalosporins Inducible cephalosporinase
from Proteus vulgar Susceptibl
2f A Penicillins,cephalosporins,carba- NMC-A from Enterobacter
penems cloacae Resistant
3 B MostB-lactams including L1 from Stenotrophomonas
carbapenems maltophilia Resistant

www.ijpab.com 216



Thenmozhi, S.et al Int. J. Pure App. Bios2i(3): 207-226 (2014) ISSN: 2320051

1. Functional Classification

Group 1

CEPHALOSPORINASE, Molecular Class C (not inhibitdgy clavulanic acid).Group 1 are
Cephalosporinases not inhibited by Clavulanic dsédipnging to the molecular class C.

Group 2

Penicillinases, Cephalosporinases, or both inhiblig clavulanic acid,corresponding to the molecular
classes A and D reflecting the original TEM and Sghes. However, because of the increasing number
of TEM and SHV-derive@-lactumases, they were divided into two subclaszesnd 2b.

2.1. Group 2be:Extented-Spectrum Molecular Class A. Subgroup 2be, with the letégrfor extended
spectrum of activity,represents the ESBLS, whicle amapable of inactivating third-generation
cephalosporins (Ceftazidime,Cefotaxime, and Cefginde) as well as monobactams (aztreonam).

2.2. Group 2br: Inhibitor-Resistant, Molecular Class A (diminished inhibition by cldanic acid).The
2br enzymes, with the letter "r" denoting reducidlimg to clavulanic acid and sulbactam, are akdted
inhibitor-resistant TEM — derivative enzymes; néekieless, they are commonly still susceptible to
tazobactam, except where an amino acid replaceemésis at position met69.

Group 2c: Carbenicillinase Molecular Class A. Later subgroup 2c was segesbdtom group 2
because these enzymes inactivate Carbenicillin ntbam benzylpenicillin, with some effect on
Cloxacillin.

Group 2d: Cloxacilanase Molecular Class D or A. Subgroup 2d enzymes imatg Cloxacillin more
than benzylpenicillin, with some activity againsarBenicillin; these enzymes are poorly inhibited by
clavulanic acid, and some of them are ESBLs.Theecbtterm is "OXACILLINASE". These enzymes
are able to inactivate the oxazolyl penicillinselikxacillin, cloxacillin and dicloxacillin.The enmes
belong to the molecular class D not molecular chass

Group 2e: CephalosporinasgMolecular Class A.Subgroup 2e enzymes are cephaliosses that can
also hydrolyse monobactams, and they are inhilbiyecavulanic acid.

Group 2f: Carbapenamase Molecular Class A.Subgroup 2f was added becehesetare serine-based
carbapenemases, in contrast to the zinc-based fgarbmases included in group.3

Group 3

Metalloenzyme, Molecular Class B (not inhibited by clavulanic gogroup 3 are the zinc-based or
metallop- lactumases, corresponding to the molecular @&asghich are the only enzymes acting by the
metal ion zinc. Metallo B-lactumases is able torbigse penicillins, cephalosporins, and carbapenems
Thus, carbapenems are inhibited by both group @fifs-based mechanism) and group 3 (zinc-based
mechanism).

Group 4

Penicillinase,No Molecular Class (hot inhibited by clavulanicdciGroup 4 is penicillinases that are not
inhibited by clavulanic acid, and they do not yaté a corresponding molecular cfass

2. Molecular Classification

The molecular classification @tlactumases is based on the nucleotide and amidsaguences in these
enzymes.To date, four classes are recognised (Addelating with the functional classification.aStes

A, C, and D act by a serine-based mechanism, whearleas B or metallf-lactumases need zinc for
their action.

3. Extended-spectrump-lactumase (ESBLf**®*Members of the family Enterobacteriaceae commonly
express plasmid-encodgdlactumases (e.g., TEM-1, TEM-2, and SHV-1) whianfer resistance to
penicillins but not to expanded-spectrum cephalospoln the mid-1980s, a new group of enzymes, the
extended-spectruffirlactumases (ESBLS), was detected. (First detént&@ermany in 1983). ESBLs are
B-lactumases that hydrolyze extended spectrum Cegbalins with an oxyimino side chain. These
Cephalosporins include Cefotaxime, Ceftriaxone @eftazidime, as well as the oxyimino-monobactam
Aztreonam. Thus ESBLs confer resistance to thesbiatics and related oxyiminf-lactums. In typical
circumstances, they derive from genes for TEM-IM¥E or SHV-1 by mutations that alter the amino
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acid configuration around the active site of tfiactumases.This extends the spectrunp-tdctum
antibiotics susceptible to hydrolysis by these emzy. An increasing number of ESBLs not of TEM or
SHV lineage have recently been described. The ES#isfrequently plasmid encoded. Plasmids
responsible for ESBL production frequently carnneg encoding resistance to other drug classes (for
example, amino glycosides). Therefore, antibiopiians in the treatment of ESBL-producing organisms
are extremely limited. Carbapenems are the tredtmkigchoice for serious infections due to ESBL-
producing organisms, yet carbapenem-resistanttésolhave recently been reported. ESBL-producing
organisms may appear susceptible to some extenqatiism Cephalosporins. However, treatment with
such antibiotics has been associated with highriailates.

Types

TEM B-lactumases (class A)

TEM-1 is the most commonly-encounter@dactumase in Gram-negative bacteria. Up to 90% of
ampicillin resistance ift.coli is due to the production of TEM-1. Also resporsifir the ampicillin and
penicillin resistance that is seen khinfluenzaeand N.gonorrhoeaen increasing numbers. Although
TEM-type B-lactumases are most often foundErcoli andK.pneumoniagethey are also found in other
species of Gram-negative bacteria with increasieguiency. The amino acid substitutions responéiile
the ESBL phenotype cluster around the active ditheenzyme and change its configuration, allowing
access to oxyimin@-lactum substrates. Opening the active sitgdtactum substrates also typically
enhances the susceptibility of the enzyme to hitaese inhibitors, such as clavulanic acid. Singiea
acid substitutions at positions 104, 164, 238, 24 produce the ESBL.Phenotype, but ESBLs with the
broadest spectrum usually have more than a singimoaacid substitution. Based upon different
combinations of changes, currently 140 TEM-typeyemes have been described. TEM-10, TEM-12, and
TEM-26 are among the most common in the UnitedeStat

SHV g-lactumases (class A)

SHV-1 shares 68 percent of its amino acids with TElInd has a similar overall structure. The SHV-1
B-lactumase is most commonly foundKn pneumonia@nd is responsible for up to 20% of the plasmid-
mediated ampicillin resistance in this species. ESSI this family also have amino acid changes @adou
the active site, most commonly at positions 23228 and 240. More than 60 SHYV varieties are known.
They are the predominant ESBL type in Europe ardithited States and are found worldwide. SHV-5
and SHV-12 are among the most common.

CTX-M B-lactumases (class A)

These enzymes were named for their greater actaghinst cefotaxime than other oxyimifidactum
substrates (e.g., ceftazidime, ceftriaxone, orpigfe). Rather than arising by mutation, they regmés
examples of plasmid acquisition pflactumase genes normally found on the chromosdnduyvera
species, a group of rarely pathogenic commensanisms. These enzymes are not very closely related
to TEM or SHV B-lactumases in that they show only approximatel$od@entity with these two
commonly isolated3-lactumases. More than 80 CTX-M enzymes are cuyrdatown. Despite their
name, a few are more active on ceftazidime thaotagime. They have mainly been found in strains of
Salmonella entericaerovarTyphimuriumandE. coli, but have also been described in other species of
Enterobacteriaceae and are the predominant ESRiityparts of South America. (They are also seen in
Eastern Europe) CTX-M-14, CTX-M-3, and CTX-M-2 dihe most widespread. CTX-M-15 is currently
(2006) the most widespread typekincolithe UK and is widely prevalent in the community.

OXA B-lactumases (class D)

OXA B-lactumases were long recognized as a less commbralbo plasmid-mediatefl-lactumase
variety that could hydrolyze oxacillin and relatedti-staphylococcal Penicillins. Thegdactumases
differ from the TEM and SHV enzymes in that theyolpg to molecular class D and functional group 2d.
The OXA-typep-lactumases confer resistance to Ampicillin and l@égthin and are characterized by
their high hydrolytic activity against Oxacillin drCloxacillin and the fact that they are poorlyibited

by clavulanic acid. Aminoacid substitutions in OXAzymes can also give the ESBL phenotype.
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While most ESBLs have been foundin coli, K.pneumoniagand other Enterobacteriaceae, the OXA-
type ESBLs have been found mainly fhaeruginosa OXA-type ESBLs have been found mainly in
Pseudomonas aeruginogmlates from Turkey and France. The ORAactumase family was originally
created as a phenotypic rather than a genotypiapgfor a fewp-lactumases that had a specific
hydrolysis profile. Therefore, there is as litte20% sequence homology among some of the members o
this family. However, recent additions to this famshow some degree of homology to one or more of
the existing members of the OXA-lactumase family.Some confer resistance predorinaio
Ceftazidime, but OXA-17 confers greater resistaac€efotaxime and Cefepime than it does resistance
to Ceftazidime.

Others

Other plasmid-mediated ESBLs, such as PER, VEB,,GES8 IBCp-lactumases, have been described
but are uncommon and have been found mainR.aeruginosaand at a limited number of geographic
sites.PER-1 in isolates in Turkey, France, and;ItdEB-1 and VEB-2 in strains from Southeast Asia;
and GES-1, GES-2, and IBC-2 in isolates from Sd\tlta, France, and Greece. PER-1 is also common
in multiresistant Acinetobacter species in Korea amurkey. Some of these enzymes are found in
Enterobacteriaceae as well, whereas other unconz8&t.s (such as BES-1, IBC-1, SFO-1, and TLA-1)
have been found only in Enterobacteriaceae.

4. Inhibitor-resistant p-lactumases

Although the inhibitor-resistang-lactamases are not ESBLs, they are often discusséd ESBLS
because they are also derivatives of the clas$EEM- or SHV-type enzymes. These enzymes were at
first given the designation IRT for inhibitor-resiat TEM B-lactamase; however, all have subsequently
been renamed with numerical TEM designations. Thegeat least 19 distinct inhibitor-resistant TEBM
lactamases. Inhibitor-resistant TEM lactamases have been found mainly in clinicdbiss ofE. coli,

but also some strains ¢f. pneumoniaegKlebsiella oxytocaP. mirabilis and Citrobacter freundii
Although the inhibitor-resistant TEM variants aresistant to inhibition by clavulanic acid and
sulbactam, thereby showing clinical resistance e -lactum lactumase inhibitor combinations of
Amoxicillin-Clavulanate (Co-amoxiclav), Ticarcilkinlavulanate, and Ampicillin/sulbactam, they
normally remain susceptible to inhibition by Tazolsen and subsequently the combination of
Piperacillin/tazobactam, although resistance hasnbgescribed. To date, thefelactumases have
primarily been detected in France and a few otheatlons within Europe.

5. AmpC-type B-lactumases (Class C)

AmpC typep-lactumases are commonly isolated from extendedtgpa cephalosporin-resistant Gram-
negative bacteria. Amp@-lactumases (also termed class C or group 1) gieayy encoded on the
chromosome of many Gram-negative bacteria includiitgpbacter, Serratiaand Enterobacterspecies
where its expression is usually inducible; it mdgoaoccur onEscherichia colibut is not usually
inducible, although it can be hyperexpressed. Artyp@ B-lactumases may also be carried on plasmids.
AmpC B-lactumases, in contrast to ESBLs, hydrolyse braad extended-spectrum Cephalosporins
(Cephamycins as well as to oxyimifdactums) but are not inhibited Ifiylactumase inhibitors such as
clavulanic acid.

Carbapenemases

Carbapenems are famously stable to Ampdactumases and extended-spectfifactumases.
Carbapenemases are a diverse grouf-lafctumases that are active not only against thgniro-
cephalosporins and Cephamycins but also againstaf@penems. Aztreonam is stable to the mefiallo-
lactumases, but many IMP and VIM producers arestasi, owing to other mechanisms. Carbapenemases
were formerly believed to derive only from clasgeB, and D, but a class C Carbapenemase has been
described.

IMP-type Carbapenemases (one of the metallp-lactumases)

Plasmid-mediated IMP-type Carbapenemases, 17 iearietf which are currently known, became
established in Japan in the 1990s both in enteram@&hegative organisms and Bseudomonasnd
Acinetobacterspecies. IMP enzymes spread slowly to other camin the Far East, were reported from
Europe in 1997, and have been found in Canada eaxil B
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VIM (Verona integron-encoded metallof-lactumase)

A second growing family of carbapenemases, the YdMily, was reported from Italy in 1999 and now
includes 10 members, which have a wide geograghtdhuition in Europe, South America, and the Far
East and have been found in the United States. YNvas discovered iR. aeruginosdn Italy in 1996;
since then, VIM-2 - now the predominant variant aswfound repeatedly in Europe and the Far East;
VIM-3 and -4 are minor variants of VIM-2 and -1,spectively.VIM enzymes occur mostly in
P.aeruginosaalsoP.putidaand very rarely, Enterobacteriaceae. Amino acid segedliversity is up to
10% in the VIM family, 15% in the IMP family, and% between VIM and IMP. Enzymes of both the
families, nevertheless, are similar. Both are irdeepssociated, sometimes within plasmids. Both
hydrolyse all3-lactums except monobactams, and evadg-lttum inhibitors.

OXA (oxacillinase) group ofp-lactumases (Class D)

The OXA group off-lactumases occurs mainly in Acinetobacter spemngsis divided into two clusters.
OXA carbapenemases hydrolyse carbapenems veryyslowlitro, and the high MICs seen for some
Acinetobacter hosts (>64 mg/L) may reflect secopdaechanisms. They are sometimes augmented in
clinical isolates by additional resistance mechasis such as impermeability or efflux. OXA
carbapenemases also tend to have a reduced hyalefficiency towards penicillins and cephalospsrin
KPC (K. pneumoniae Carbapenemase) (Class A)

A few class A enzymes, most noted the plasmid-nedi&PC enzymes, are effective Carbapenemases
as well. Ten variants, KPC-2 through KPC-11 arevkmoand they are distinguished by one or two
amino-acid substitutions (KPC-1 was re-sequence@d@8 and found to be 100% homologous to
published sequences of KPC-2). KPC-1 was founddrtiNCarolina, KPC-2 in Baltimore and KPC-3 in
New York. They have only 45% homology with SME axlIC/IMI enzymes and, unlike them, can be
encoded by self-transmissible plasmids. The cladslebsiella pneumoniaearbapenemase (KPC) is
currently the most common carbapenemase, whichfiveagletected in North Carolina, US, in 1996 and
has since spread worldwide. A later publicatioridated that Enterobacteriaceae that produce KP@ wer
becoming common in the United States.

CMY (Class C)

The first class C carbapenemase was described 06 a0d was isolated from a virulent strain of
Enterobacter aerogenest is carried on a plasmid, pYMG-1, and is thereftransmissible to other
bacterial strains.

Antibiotic Resistance Mechanisms

Antibiotic resistance can be a result of horizogfahe transfer, and also of unlinked point mutation
the pathogen genome at a rate of about 1 §rp&dchromosomal replication. The antibiotic actgainst
the pathogen can be seen as environmental preBsose. bacteria with a mutation that allows them to
survive live to reproduce. They then pass thig taitheir offspring, which leads to the evolutioha
fully resistant colony.

Why does resistance develop?

The large numbers of bacterial cells, combined withshort generation times facilitate the develepim
of mutants. In a typical bacterial population ofLl1(bacterial cells (e.g. in an infected patienéréhcan
easily be 1000 mutants. If a mutant confers a Seéeadvantage upon the bacterium (e.g. the ahiity
survive in the presence of an antibiotic) then tesistant bacterium will be selected and contitte
grow while its neighbors perish. This can happeraimatter of days in patients being treated with
antibiotics.

Mode of Resistance

Resistance to Penicillins and otlfier lactams is due to one of four general mechanigers;

1. Inactivation of antibiotics bfy — lactamase

2. Modification of target Penicillin- Binding Prate(PBP)

3. Impaired penetration of drug to target PBPs

4. Efflux
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Genetics of Antibiotic Resistance

Bacterial resistance to antibiotics can be intdnsr innate, which is characteristic of a particula
bacterium and depends on biology of a microorgar{srmoli has innate resistance to vancomycin), and
acquired resistance. Acquired resistance occura f{iip acquisition of exogenous genes by plasmids
(Conjugation or Transformation), Transposons (cgajion), Integrons and Bacteriophages
(Transduction), (ii) mutation of cellular genesgdiii) a combination of these mechanisths

Spontaneous Mutations: Chromosomal mutations are quite rare (one in a latipn of 106-108
microorganisms) and commonly determine resistamcgrticturally related compounds. These mutations
occur as errors of replication or an incorrect nepd damaged DNA. They are called spontaneous
mutations or growth-dependent mutations. Resistemcgiinolones irkE. coliis caused by changes in at
least seven amino acids in tggrA gene or three amino acids in tharC gene whereas only a single
point mutation in thepoB gene is associated with a complete resistancdampir®’. A chromosomal
mutation in dihydropteroate synthetase resultsriedaced affinity for sulfonamides). Some biochahic
resistance mechanisms are the result of mutatimshiotic uptake or efflux system can be modifieg
mutations.

Hypermutators: According to the “hypermutable state” model, a $rhakterial population during a
prolonged nonlethal selection of microorganisms raakieve a short-term state when the population
mutates at a very high rate (hypermutable straingnotators).These cells can increase the rate of
mutations from 10 to 50 up to 10 000 times. Mogtemynutators are found in populationsiofcoli, S.
entericg Neisseria meningitide$N. meningitides H. influenzae, S. aureus, Helicobacter pyl¢H.
pylori), Streptococcus pneumonié®.pneumonigeandP. aeruginos.

Adaptive Mutagenesis Most mutations occur in dividing cells. Howevereyhcan also arise in
nondividing or slowly dividing cells. Mutations aaconly during nonlethal selection of microorganssm
and are called “adaptive mutations.” This adapgkecess is the only and main source of the aniibiot
resistant mutants to originate under normal comaliti Streptomycin causes a hypermutable phenatiype i
E. coli, and some antibiotics (quinolones) can induceS@& mutagenic response and increase the rate of
emergence of resistance to antibidtics

Horizontal Gene Transfer:A transfer of resistance genes from one bacteriomanother is called a
horizontal gene transfer. The main mechanisms siftance gene transfer in a bacterium are plasmid
transfer, transfer by viral delivery, and transféfree DNAFigure 5. Genes can be transferred by three
main ways: transduction (via bacteriophages aneljions), conjugation (via plasmids and conjugative
transposons), and transformation (via incorporatibpchromosomal DNA, plasmids into a chromosome).
Then genes are incorporated into the recipientmbsmme by recombination or transposition and may
have one or several changes in gene sequence.lMgsshigs are double-stranded circular DNA whose
size may vary from 2-3 kb to plasmids, which encageto 10% of the host cell chromosome. The
transfer of resistance genes is more effective tltmomosomal mutation. Plasmids encode genes that
confer resistance to main classes of antimicrolaigents (cephalosporins, fluoroquinolones, and
aminoglycosides), toxic heavy metals (mercury, dadm silver), and virulence determinants that reelp
cell to survive in the environment of lethal anifii dose¥’.

MDR genes are located in a DNA sequence that issfeared from one plasmid to another or to the
genomes, which are called transposons or “jumpenegystems®. Transposons can be integrated into
plasmids or the host's chromosome, encompass sheatients called insertion sequences (IS elements),
transposons, and transposing bacteriophages. Ténay terminal repeat sequences that play a role in
recombination and recognize a protein for examfilfansposase or recombinase) that is necessary to
insert or remove a transposon from specifi ¢ genmgmns. Transposons are transferred by conjugatio
transformation, or transduction (e.que@ gene is found in MRSA) and spread quicker thanegein
chromosomes. Conjugative transposons have chasdictéeatures of plasmids and can help to transfer
endogenic plasmids from one microorganism to amtthe
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Fig.5. Three main mechanisms of resistance gene ftrsfer in a bacterium
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DNA (Transformation)

1. Antibiotic inactivation or modification: There are three main enzymes that inactivate atitbi /-
lactamases, aminoglycoside-modifying enzymes, atatamphenicol acetyltransferases.

Antibiotic Modification by Hydrolysis:

p-Lactamases are broadly prevalent enzymes thatlassified using two main classification systems:
Ambler and Bush-Jacoby-Medeiros. It is known ab®@® differents-lactamases. The most clinically
importantare produced by gram-negative bacteriasaadcoded on chromosomes and plasmids. Genes
that encodg-lactamases are transferred by transposons buthegonay be found in the composition of
integrons p-Lactamases hydrolyze nearly gHlactams that have ester and amide bond, e.g.ciiesi
Cephalosporins, Monobactams, and Carbapenems.eJklattamases — cephalosporinases,e.g. AmpC
enzyme — are found iEnterobacterspp.andP. aeruginosaand penicillases its. aureus Metallos-
lactamases (MBLs) found iR.aeruginosa K. pneumoniagE. coli Proteus mirabiligP. mirabilis),
Enterobacterspp. have the same role as serihkactamases and are responsible for resistance to
imipenem, new-generation cephalosporins and péngil MBLs are resistant to inhibitors of-
lactamases but sensitive to aztreotfarBpecificA. baumanniicarbapenem - hydrolyzing oxacillinase
(OXA) enzymes that have low catalytic efficiencygéther with porin deletion and other antibiotic
resistance mechanisms can cause high resistacaes@penems.

The resistance of K. pneumoniae carbapenamases (KPC-1) toimipenem, meropenem,
amoxicillin/clavulanate, Piperacillin/tazobactangftazidime, aztreonam, and ceftriaxone is assatiate
with the non conjugative plasmid codeld gene. Extended-spectrytdactamases (ESBL) — TEM, SHV,
OXA, PER, VEB-1, BES-1, GES, IBC, SFO and CTX — mnhaiare encoded in large plasmids. They can
be transferred in connection of two plasmids otrapsposon insertion. ESBL are resistant to pdinigil
(except temocillin), third-generation oxyimino-cgbbsporins (e.g., Ceftazidime, Cefotoxime,
Ceftriaxone), Aztreonam, cefamandole, cefoperazobet they are sensitive to methoxy-
cephalosporins,e.g., cephamycins and carbapenaisambe inhibited by inhibitors ¢gilactamases,
e.g., clavulanic acid, sulbactam, or tazobactamair®& producing ESBL are commonly resistant to
guinolones but their resistance depends not onipteultesistance plasmids but on mutationgym and
parC gene¥. Such strains are found amoBg coli, K. pneumoniaeand P. mirabilis The number of
known ESBLs reaches 200.Hydrolysis of antibiotiam be run by other enzymes, e.g., esteré&sesoli
geneereB encodes erythromycin esterase 1l that hydrolyaelwctone ring of erythromycin A and
oleandomycinereB gene is prevalent iEnterobacteriaceastrain and is responsible for resistance to
erythromycin A and oleandomycin. Ring-opening efdasis cause resistance of bacteria to fosfomycin.
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2. Target Modification: An interaction between an antibiotic and a targetecule is very specific so
even small changes in a target molecule can infliemtibiotic binding to a target. Sometimes, ia th
presence of a modification in a target, other ckanig the cell are needed to compensate an altered
target.

3. Peptidoglycan Structure Alteration: Inhibition of cell wall synthesis is performed Byactams, e.g.,
penicillins, cephalosporins, carbapenems, monobetmnd glycopeptides, e.g., vancomycin and
teicoplanin. The presence of mutation in PBPs l¢adsreduced affinity tg-lactam antibiotics. It results

in resistance oft. faeciumto ampicillin andS. pneumoniado penicillin. S. aureusresistance to
methicillin and oxacillin is associated with intagon of a mobile genetic element — “staphylococcal
cassette chromosome mec” (S6€) — into the chromosome &.aureud at contains resistance gene
med\. med gene encodes PBP2a protein, a new penicillinthangrotein, that is required to change a
native staphylococcal PBP. PBP2a shows a hightaesis tgs-lactam antibiotics (they do not bind e
lactams) and ensures cell wall synthesis at lgtHattam concentration$. aureusstrains resistant to
methicillin can be cross resistant to gllactam antibiotics, streptomycin, and tetracyclarel in some
cases to erythromycin.When lesions in membranejm®fre present, cross-resistance betwdantam
antibiotics and fluoroquinolones is possifile

4. Efflux Pumps and Outer Membrane Permeability:Membrane proteins that export antibiotics from
the cell and maintain their low intracellular contations are called efflux pumps. Reduced outer
membrane (OM) permeability results in reduced uptak antibioticsEfflux Pumps.In analyzing
resistance to antibiotics, identification and clteezation of efflux pumps is one of the most attu
problems. Single component efflux systems trangfeir substrates across the cytoplasmic membrane.
Multi-component pumps found in gram-negative baatend together with a periplasmic membrane
synthesis protein (MFP) component and an OM prai®iMP) component transfer substrates across the
cell envelopa-igure 6. Antibiotics of all classes except Polymyxins atesceptible to the activation of
efflux systems. Efflux pumps can be specific tataatics. Most of them are multidrug transportdratt
are capable to pump a wide range of unrelatediatitis — Macrolides, Tetracyclines, Fluoroquinolsne
— and thus significantly contribute to MDR. Bacteresistant to Tetracyclines often produce incrbase
amounts of membrane proteins that are used as tegpcefflux pumps of antimicrobial drugs. To
eliminate toxic compounds from the cytoplasm andiptessm, P. aeruginosauses more than four
powerful MDR efflux pump® (Mex).

Fig.6. A. System for antibiotic pumping out of thecell: B, Antibiotic interfering with
Ribosome in protein biosynthesis
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PREVENTION AND CONTROL:

MANAGEMENT OF INFECTION:

1. Health care workers (both hospital and commupétsed) will undertake practices known to reduce the

spread of ESBLs. These fall into two broad groups.

v" Good hand hygiene and cleanliness
v A restrictive approach to antibiotic prescribingpecially in the limitation of third generation
cephalosporin and quinolone use.
These simple interventions can have a majtueénte on the impact of ESBLs in health care sgttin

2. Appropriate use of antibiotics will greatly reduite selection pressure for colonisation and ifdact

with ESBLS:

v Antibiotics must be prescribed according to theiritrobial Policy and detailed Antimicrobial
Prescribing Guidelines.

v" Where there is more than one case on a ward, thecnier should consider avoiding
cephalosporin use altogether in other patienthemard.

v"In an outbreak situation, the Infection Control Bw¢ICD), a Consultant Medical Microbiologist
and the Antimicrobial Pharmacist will suggest iitealternative antibiotic prescribing guidelines
on a ward / unit.

CONCLUSION

Antibiotic resistance is an important issue affagtipublic health, and rapid detection in clinical

laboratories is essential for the prompt recognitd antimicrobial-resistant organisms. Infectiamtol

practitioners and clinicians need the clinical latory to rapidly identify and characterise diffetréypes

of resistant bacteria efficiently to minimise thpresad of these bacteria and help to select more

appropriate antibiotics. This is particularly trier ESBL-producing bacteria. The epidemiology of

ESBL-producing bacteria is becoming more complethwncreasingly blurred boundaries between

hospitals and the communit. colithat produce CTX-M lactamases seem to be true community ESBL

producers with different behaviours fraftebsiellaspp, which produce TEM-derived and SHV-derived

ESBLs. These bacteria have become widely prevatetite community setting in certain areas of the

world and they are most likely being imported itfie hospital setting. A recent trend is the emergeai

community-onset bloodstream infections caused byBLESoducing bacteria, especially CTX-M-
producingE. coli. These infections are currently rare, but it isgible that, in the near future, clinicians
will be regularly confronted with hospital types béacteria causing infections in patients from the
communityp —lactums contribute a measure class of saferiatitis. They are widely used as broad
spectrum antibiotics for all the type of infectioldew generation of antibiotics is predominantly
preffered in clinical use. Many more ngw lactums are expected for the clinical use andymaaw -
lactums are expected in future. There is a bettepes prosperity for the discovery and developnoént
new and safef- lactums.The structure @ lactams,their nature, classification, chemistrybe well
studied.p - lactums, their mode of action, their bacteriatigroperties and their future growth is seen
with new hopes.
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