CHAPTER II

LITERATURE REVIEWS

1. Characteristics of Klebstg' //ecles (spp.)

Klebsiella named for Edwin early German bacteriologist (12)

The genus Klebsiella is s d, 03 - 1,. in diameter and 0.6 - 6.0 pm in
length, arranged sin n : | ' chain. jella species are non motile,

they are facultative

Enterobacteriaceae. ( ' most lay siella spp. consists of a large
-f. - .

polysaccharide capsul

the character which disti b uthi us from most other bacteria in

f ' 3
large, smooth, eleva,g_éjl mucoid colomes onbw MacConkey agar. Most

lucose is fermented with
the production of acid and gas Most strians produce 2,3 - butanediol as a major end

product of ghﬂs%ﬁn@ %ﬂ %@QN E}’qaﬂ %t is usually positive,

lactic, acetic an%j formic acids are formed in smaller amounts and ethanol in larger

smouns 4 i o e, b ity of

urea, and lack of production of ornithine decarboxylase are further distinctive

character. Almost all strains can growth at 10°C. The genus Klebsiella; K.
pneumoniae, K. ozaenae, and K. rhinoscleromatis belong to the same DNA

relatedness group. Thus, K. ozaenae, and K. rhinoscleromatis are considered as



subspecies of K pneumoniae. Both subspecies (subsp.) may be considered as
metabolically inactive biogroups of K. pneumoniae. K. rhinoscleromatis is the most
metabolically inactive, while the metabolic activity in K. ozaenae strains is variable.
However, There are 3 subspecies of K. pneumoniae; compose of K. pneumoniae
subsp. pneumoniae, K. pneumoniae S‘T . ozaenae, and K. pneumoniae subsp.

rhinoscleromatis. Other speciq'\%% )I)gnjzed; K. oxytoca, K. terrigena

and K. planticola. K. pueuinoniae and K. oxyioca  is normally found in the
= :_-.--"""

intestinal tract and nas: K. terrigena are derived

mainly form aquatic h at 10°C, fermented of

g g
2. Pathogenﬂswé@%@w 8%;%'%}@@%

Almost all (95 percent) clinical isolates are K. pneumoniaej which is present
in th%tﬁn;] agsfi]aMCum:ll mcﬂ’ol @alﬂ persons. (2)
K. pneumoniae are associated with upper respiratory disease, urinary tract infection
and other septic complications of the patients admitted in hospitals (abscesses,

meningitis, wound infections). K. ozaenae caused ozaena and K. rhinoscleromatis



causes rhinoscleroma, both are destructive disease of the nose. K. pneumoniae is
well known to most clinicians as a cause of the community acquired bacterial
pneumonia, occurring particularly in chronic alcoholics. It is associated with
hospitalization as opportunistic pathogen primarily attack immunocompromised
individuals who are hospitalized an from severe underlying diseases such as
diabetes mellitus or chroni }g@ ction. The carrier rates change
drastically in the hosp&al.ﬁnmonmeﬂ w zatlon rates increase in direct

proportion to the ICM ‘

Klebsiella carriage.

onnel have elevated rates of

stool, 19 % in the p
nosocomial Klebsiell

antibiotics rather than

a'_.r.- o

The nosocomial Klebsiella wﬁfﬂﬁatlo 75 ed primarily in patients receiving

-- ...-"'.-"r"

antibiotics, espec1a5‘y in persoﬁs’ receivin

e
% ﬂ ?Lm or multiple antibiotics.

Furthermore, wide rapy has often been held

he multiple resistantil}(lebsiella strains in many

hospitals. (1ﬁu gﬁm mwﬂqﬂ agmated due to faulty

hygienic proced (15), the pnncxpal reserv01rs for transrmsswn of Klebsiella in

O G A Lt o

personﬁel. (16) The ability of this organism to spread rapidly often leads to

responsible for oc cnce of t

nosocomial outbreaks, especially in neonatal umts (17)



3. Antimicrobial drug resistance with focus on B - lactam resistance

P - lactam antibiotics are the most frequently prescribed antibiotic worldwide.
Therefore, the resistance to these agents has become a major problem for physicians.

B - lactam antibiotics exert their antimicrobial effect by interfering with cell wall

synthesis. This is accomplished b(w frf attaching covalently to their targets,
the penicillin - binding protéins (PBPS). 4&
-

e diverse enzymes involved cell
e

wall synthesis, and a:y .
site at which B - lact id

extends into the peri i of _ggrm gative bacteria. Covalent binding to

brane of the bacterium. The

the portion of the PBP that

PBPs interferes wit
Resistance to B - lactam

mechanisms:

§
A) PBP Modi

Rest ﬂ o
esistance to [3 - lac
! ]

9]

Pﬁ modification, occur either

through mutations in the chromosomal genes encoding the PBPs or through the

acquisition of ﬁp%&a&fc%]&msﬁcmﬂ;\q a§(18) This mechanism
of resistance i ijanortant in gr -ps itive cocci ﬁp l&dﬂ: aureus and
Strepto% Jet@onqanﬁ:mll] iﬁlﬁ:ﬁequejy in gram - negative
bacteria. Among fastidious gram - negative bacteria, resistance arising through

altered PBPs is seen among species of Neisseria and rarely with Haemophilus.

Among nonfastidious gram - negative bacteria, resistance via altered PBPs is



exceeding rare although resistance to imipenem among species Proteus due to

alteration of PBPs which has been reported recently.

B ) Drug impermeability

Bacteria are unicellular org d their cytoplasm is separated from the

external environment by the\ ﬁur e. Gram - negative bacteria
\ f
surrounded themselves \imdm‘nal ﬁz the outer membrane, that

e ’/r;"""l .

often share the same Egnn Alteﬁiaﬁtfely{lt" [T

contribute to imipenem

resistance in EnterobI ter spp. and Serratia spp., waare both changes in cell

 permeability fﬁ ﬂﬁwtﬁ ﬂ“ﬁ"’wmﬂ nj chromosomal beta-

lactamase combihe to cause re31stance to this drug

AN ANNIUNMINYINY

C) B - lactamase production
The most prevalent mechanism of resistance to B - lactam among clinical
isolates of gram - negative bacteria is the production of B - lactamase. (20) These

enzymes inactivate B - lactam antibiotics by hydrolyzing the B - lactam ring of the
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drug. In gram - negative organisms, B - lactamase are located in the periplasmic space
between the outer and cytoplasmic membrane. The B - lactamase of gram - negative
bacteria are diverse and numerous. Some are characteristically encoded by

chromosomal genes, whereas others are characteristically encoded by plasmid genes.

a\\\'//

A number of sc ve be ed for the classification of

B - lactamase. The mo veloped by Bush et al. (38)

'\Qés and correlate this with

attempted to combiné el

molecular structure of the

group of enzymes are resist to B -

e —— vhen 1t-1s-combined -w: it Jenicillins, cephamycins,

first, second, and thirdﬂenéi‘é o

and n@wbactams is seen in these
strains. However, they dé not show their activities a cefepime and imipenem.
Grou@ (Ljﬂ :ajq Et‘l n g w(] es all of which are
N LA (4 TR
medlatequ - lactamase that found in E. coli and K. pneumoniae, responsible for
resistance to ampicillin and first generation cephalosporins in these species. Mutant

forms of these enzymes are now appearing isolates of E. coli and K. pneumoniae,

which are responsible for expanded spectrum of resistance to cephalosporins and
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aztreonam called extended spectrum P - lactamases, ESBLs and also to f - lactamase
inhibitor / B - lactam drug combinations.

Group 3 B - lactamase including the metallo - B - lactamase capable of
hydrolyzing the carbapenems. Such enzymes are found in Stenotrophomonas

maltophilia, species of Aeromonas, Wms of Bacteriodes and P. aeruginosa

Group 4 - lact

encountered

4.1) TEM - typ

The first

oFﬂEM - 1. (24) This enzymes

is also responsible for the_ampicilin and penicillin resistance that is seen in H.

* inana snd 1 choioed K kihgubbsl T s abe o ot

penicillin arﬁegiy & ﬁ inflj ajs ijjﬁfp TEM - 2, the
first den Qvﬂ had a sin amino substitution from the original B -

lactamase. TEM - 3, originally reported in 1989, was the first TEM - type B -

i
ampicillin reisitance irﬂ. colii

lactamase that displayed the ESBL phenotype. As shown in the Fig 2.1, the amino

acid substitutions that occur within the TEM enzyme occur at a limited number of
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positions. The combinations of these amino acid changes result in various subtle
alterations in the ESBL phenotypes, such as the ability to hydrolyze specific
oxyimino - cephalosporins such as ceftazidime and cefotaxime , or a change in their
isoelectric points, which can range from pl of 5.2 to 6.5 as shown in the Table 2.1. A
number of amino acid residues are 1a11y important for producing the ESBL
phenotype when substitutions ﬁ]g

They include glutamate to lysine

nnq!or hﬂm&pomtlon 164, glycine to serine

\ ( Fig 2.1 ). In addition to B -
2 slown in the Fig.2.1 and the Table 2.1, there

Hk@enzyme, TEM - AQ, that

at position 104, arginine to cither se

at position 238, and glut
lactamase TEM - 1 thr
has been a report of
contained a number of ino acid deletion that have
not been noted in other T

- type B - lactamase are often

S0 found in other species of gram -

et ""./ “f ¥ ¥
negative bacteria w1%51ncreasmg fmquén% ﬁSBLS have been reported

in genera of Enter

found in E. coli and K. pneumanm‘e,_the

aerogenes Moganella

| :
morganii, Proteus 'abilis Proteus rettgeri, angl‘j Salmonella  spp..(25-27)

| Furthermore, Wtﬁﬁﬂﬂﬁ ‘g‘eWﬁd'Tﬂlfj Enterobacteriaceae

gram - negative ‘bacteria. The TEM‘,- 42 B - lactamase was fo in a strain of

P aerolfGH 5 mm&m&ma@ 7b - tactamase

being expressed from a plasmid in a blood culture isolate of Capnocytophaga

orchracea .(29)
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The majority of ESBLs are derived through single amino acid substitution in
three  non - ESBL parental enzymes, TEM - 1, TEM - 2 and SHV - 1. (22) These
enzymes capable of hydrolyzing the B - lactam ring of penicillin, cephalosporin and
monobactam such as aztreonam rending them inactive but have no detectable

activity against cephmycin and carb Smce TEM - and SHV - had been

uniformly susceptible to B- lac % clavulanic acid, sulbactam and

tazobactam, inhibitor f ﬁmg 'fom ere advocaated as potential
theraputic alternatives. w/ y foun %d K. pneumoniae. ESBLs
. other terobacteriaceae such as

kpp.;\o. aeruginosa, K. oxytoca,

lactamase were typically ¢ plasmid that often carried other
determinants of antibitoic res1staﬁ‘ec.:—_(23 t .nosocomial outbreaks of organisms
S T NS

producing ESBLs we5 often occurred fn the Iglﬂj;jgy, burn, and neonatal

ward. (6) Patients at i organism producing an

|7 -
ESBL include those lrolong stays, surgery, previous antibiotic exposure,

instrumentation, ﬁiﬁﬂ q W% fgr%%} "q ﬂ@ unit and admission

to a nursing ho - (21) Extended spectrum B - lactamase produeing organisms

wsoied i it e osaiy] | 4 1 E)71 61 £

Most ESBLs are the derivatives of TEM or SHV enzymes.(6,23) There are

now more than 90 TEM - type - B - lactamase and more than 25 SHV - type enzymes.
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With both of these groups of enzymes, a few point mutations at selected loci within
the gene give rise to extended - spectrum phenotype.

4.2) Inhibitor - resistant f - lactamase

- Although the inhibitor - resistant P - lactamase are not ESBLs, they are often

discussed with ESBLs because they\“ ’77 erivatives of classical TEM - or SHV -
type enzymes. In the early l%ﬁ “lac at were resistant to the inhibition

— ——
by clavulanic acid weie-—_lggawraed. ud@encing revealed that these
1 r‘TEm lactamase. These enzymes
e

IRT" for inhibitor kistant TEM B - lactamase;

enzymes were variant
were at first given th
however, all have su

There are at least 19

I
’l amadegd o

.
* —

K. pneumoniae, K. oxytoca, :Pﬁtirg ) and Citrobacter freundii. (30,31)

e
; -
A LA

Adihugl Hhis imﬁb;(e% { resistant TEM variants aré®fesistant to inhibition by
"

A £
clavulanic acid and Jjalbaetam,__ ccal resistance to the P -

lactam - B - lactamase inbilgt_or combinations of amoxicillin - clavulanate, ticarcillin -

clavulanate, mﬁ; ﬂimhg n&lam ﬁym’lapile to inhibition by
tazobac. %ugquﬁ ﬁ; ﬁgﬂﬁaﬁﬁﬂm ;;Ti éﬁgctam. (32) As

shown in,the ig itor - resistant phenotype

occur at a few specific amino acid residues within the structural gene for the TEM
enzyme, Met - 69, Arg - 244, Arg - 275, and Asn - 276 (33). The sites of these amino

acid substitutions are distinct from those that lead to the ESBL phenotype.
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4. 3) SHV - type B - lactamase
The SHV -1 (for sulphydryl variable) is most commonly found in
K. pneumoniae and is responsible for up to 20 % of the plasmid mediated ampicillin

resistance in this species. Unlike the

few derivatives of SHV - 1 as &@&

e B - lactamases, there are relatively

. The majority of SHV variants
possessing an ESBL phw cha’acteume substitution of a serine for
glycine at position 23/ o

substitution of lysine fi 0. The serine residue at position 238

Vi MK\:: SHV - 5 also have a
, and the lysine residue is critical
type ESBLs are found in

strains of K. pneumoniae. € have also been found in

4.4)CTX - N

-

el

| - '
In recent ye;L a new family of plasmié'h- mediated ESBLs, called

CTX - M, maﬂpﬁﬁiﬁyﬂﬂm foﬂrﬂ ﬁﬂﬁ They have mainly

found in strain§'of Salmonella enter ‘;ca serova Typhlmunum and E. coli, but have

i AR i bt S HELS ey

the CTX M type enzymes CTX-M-1,CTX - M - 2 through CTX - M - 10 as
well as Toho enzymes 1 and 2. (37) These enzymes are not very closely related to
TEM or SHV B - lactamases in that they show only approximately 40 % identity

with these two commonly isolated B - lactamases.(37) A phylogenetic study of the
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CTX - M family of B - lactamases showned four major types: the CTX - M - 1 type
including CTX -M - 1, and CTX -M - 3 ; the CTX - M - 2 type including CTX - M -
2,CTX-M-4,CTX-M-5,CTX-M-6,CTX -M -7, and Toho - 1; Toho - 2; and
CTX -M - 8, the latter two groups containing only one member to date.(38) The

CTX - M type B - lactamases

iy
,

ephalothin or cephalodine better than

cefotaxune over ceftazidime. (37)

———] .
It has been suggested that th re ue w237 which is present in all of
the CTX - M enzymefe I ) mended spectrum activity of

the CTX - M - typ

\< -

benzylpenicillin and they

lactamases have bee ma ay , '(%d, but have most often been

associated with focal

ﬁ.};'z‘;"“nr" -
4.5) OXA - type B - lactamaTeJ T
S "-""' ::' : s
The OXA - typé enzymes are mﬂmg@& y of ESBLs. The OXA -
S—C
7

characterized by their h)glrolytlc activity agﬁ}lst oxacillin and cloxacillin and the fact

e L O -

been found mamly in P. aeruginosa (Table 2.4):Several of the OXA - type
have b%ﬁ'lm ﬁ m Mw I’LQ‘\?] ﬂgasﬂm OXA -17).

Among the enzymes related to OXA - 10, the ESBL variants have one of two amino

type B - lactamase lﬂj and cephalothin and are
|

acid substitutions; an asparagine for serine at position 73, or an aspartate for glycine at
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position 157. In particular, the Gly157 Asp substitution may be necessary for high -

level resistance to ceftazidime. (40)

4.6) Other B - lactamase

ived from TEM or SHV B - lactamases

While the majority of ESB

and others can be catagorize

have been reported th@

B - lactamase (Table 2.

fam111es of ESBLs, a few ESBLs

sel : relawof the established families of

s first discovered in strain of

P. aeruginosa isolate it was also found among

isolates of S. enterica J 7] : 4. ba ii. (42) A related enzyme,

PER - 2, was found ameng ca ~serova Typhi rium strains in Argentina. (43)
.. . i

the VEB - 1 B - lactamase .

VEB -1 was first found in a si
b "'.r*"i"

1|.r LR v
was subsequently al&@)found inaP. aerugm‘ ) a patient from Thailand.

from Chryseobacterium

meningosepticum . A ourth enzyme in this group is TLA - 1, which was identified in

an E. coli 1solaﬁ%ﬁ)}u{%tmjw @)wg}aﬂ ﬂ@ 2, VEB - 1, CME

-1,and TLA - lgﬂ - lactamases are related but show-only 40 to 50 % homology. These

eyt il ool o bt epoiin, by cenzitime

and aztreonam.
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An unusual feature of SFO - 1 isolated from Serratia fonticola. 1t is a
transferable B - lactamase that can be induced to high - level production of P -
lactamase by imipenem .(45) GES - 1 is another uncommon ESBL enzyme that is not

closely related to any other plasmid - mediated B - lactamase. This enzyme isolated
22

—  —

5. The prevalence de ioh%extended spectrum [ -
lactamase produci \ N

from Proteus milabilis.

Several ESBLs : IM a’ppqar to be widely disseminated
and have been reported i chmcal isolates that produce
ESBLs come from hospi equently caused nosocomial
outbreak

In France, eported outbreaks involving ESBY ‘pioducing strains were due

to K. pneumonaie straiﬁ /hi d CeEM - 3 or SHV - 4. (46)

Recently, outbreak due tq,aE’ erobacter aerogines producing TEM - 24 B - lactamase

e e oY ANURINEANT oo
iﬁ N e (1)) N

SHV - 2q ermany, Argentina, Chile, China, Greece, and
France. (47) In Germany, spread of K. pneumoniae strain producing SHV - 5
enzyme was reported in patients hospitalized in different wards of a single hospital.

(48) In the USA, the enzyme which occur commonly in outbreak caused by
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ceftazidime resistance K. pneumoniae were TEM -10, TEM - 12, and TEM - 26.

(49-50)

Sporadic nosocomial outbreak due to strains producing an ESBL have led to
an endemic problem in some hospltWItmg in a concurrent dissemination of
genes, plasmid and strains.(21 cqulsmon of ESBL are length of

stay in ICUs, mvaswe prqm-ia's'-'énd s‘lectwo-pnure from the wide spread use of

i Senh\an nization of the digestive or

broad spectrum cephalo

respiratory tract.

a'.;.-,r

(ESBL) producing K. pneu orf&*and E‘@s been increasing rapidly, and they

are probably even nr)ﬂre prevafé'ﬁt’thhn {s {%

ed because of difficulties

in their detection b/ the clinical microbiolo:

i L

. In addition, several

=

outbreaks associated glth these mu tiresistant stramstnave been reported. They

evaluated 30 cﬂ ﬁgﬁgwwlﬁﬂﬁs and 3 E. coli from

three hospitals) that were resistant or mtermedlately susceptible ceﬁa21d1me and / or
°°f‘“°’ﬂ’6W e L e .
and ofloXacin. The production of ESBL was assessed by the disk approximately
synergy test and the typing was performed by' pulsed - field gel electrophoresis
(PFGE) of chromosomal DNA. ESBL production was demonstrated in 15

K pneumoniae (from 7 hospitals) and in one E. coli strain. Most ESBL producing
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isolates were cross resistant with gentamicin and ofloxacin. Chromosomal DN A
analysis by PFGE exhibited a great genomic variability among ESBL - producing
isolates. This study confirmed the extensive strain diversity among ESBL producing
K. pneumoniae and the discovery of isolates with similar PFGE patterns in two
different hospital as well as indicatiq Y outbreak of interhospital transmission of

ESBL producing strain in one

Royle J, et al. Y : \“‘\"gied spectrum P - lactamase

of extended spectrum B -

lactamase producing 1 unit was controlled using simple

measures. Normally, t be time consuming and

expensive. Seven cases caths. Extended spectrum B -

e </ \
lactamase producing K. pnetjflnome 15@:ere subtyped by PFGE , and four

_-----"'--""‘l'“I / J;; =

isolates typed were 1c_l§nt1cal Control ot‘fthe outbreak was
antibiotic treatment Lﬁate onset sepsis and

ieved by altered empiric

f cross infection by strict

=

|
J'éf babies in the unit was

presumed, so ﬂwﬁ%ﬂm ON ‘ﬁ‘ | ‘gro further episodes of

sepsis occurred. 2)

ARIAINTUNRINYIA Y

%an JJ, et al. studied the prevalence of SHV - 12 among clinical isolates

I
attention to hand w. g Widespread colonization

of extended spectrum B — lactamase producing K. pneumoniae. Twenty of 234
nonrepetitive clinical isolates of K. pneumoniae from Southern Taiwan were found

to produce extended spectrum P - lactamases by double disk synergy test and
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phenotypic confirmatory test recommended by NCCLS. Ten strains produced SHV -
12, four produced SHV - 5, two produced a non - TEM and non - SHV ESBL with
pl of 8.3, three produced a novel Amp C B - lactamase designated CMY - 8 with
pl of 8.25, and one produced SHV - 12 and unidentified AmpC enzyme with plI
of 8.2 by IEF analysis and gene sequer ing. Plasmid and PFGE analyses revealed
that all isolates harboring Sﬁ\(\ Iy SBL were genetically unrelated,

indicating that dlssemlnaﬂﬂﬂ'\-;-’-‘reswncm is responsible for spread of

'—"
-~\‘U\ee isolates carrying CMY- 8

SHV - ESBL among K{ '
had identical genotypic f an epidemic strains. (53)

6. The detection of = lactamase producing

strains

o

~
&
:
Q
d
i 4
-
o
Q
é.

oniae and E. coli strains producing

_,.:‘-_-;’_;__, e -
extended spectrum B r_}.actamases by 5 dlﬁ'erent wrcluded I) Agar dilution,

II) E - test strips, I can, V) The Vitek rapid

l\jhsk diffusion
| - |
automated. Although Cs as determined by agar dilution or E - test strips, were

increased and ﬂsuﬂﬂ; ﬂﬂ%ﬁ%ﬁ ’E'rﬂﬁed breakpoints for

resistance to ox%mno - B - lactamg were not reached, and neither approach was
sensitivg- ﬁcqﬂaeﬁtmgommg luﬂt:llﬁsﬂxe microscan
18 h mic?odilution or vitek rapid automated procedured were similarly insensitive.
Ceftazidime was the best single test antibiotic for detecting extended spectrum B -

lactamase production. (54)
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Cormican MG, et al. detected extended spectrum f - lactamase producing
strains by the E - test ESBL screen. The E - test ESBL screen uses stable gradient
technology to evaluate the MIC of ceftazidime alone compared with the MIC of
ceftazidime with clavulanic acid (2 ;.' /ml) to facilitate the recognition strains

expressing inhibitable enzymw@ )ralns (17 E. coli transconjugants)

were studied to define " mtdbretwfor the E - test ESBL screen.

These criteria (reducM idi Nlogz dilution steps in the
- of 92 probable ESBL - positive

presence of clavulani 1
'é?ig spp. and E. coli having

ms) of the 225 strains was
tested by the disk approximation m fh‘od’ ‘a i E - test ESBL screen method.

The result of disk approx1mat10&ﬁhod%d with the result of E - test ESBL

i )
screen. The E - teﬁ Eslliliiiiaiag more sensitive (100%) than the disk

approximation test (. - test ESBL screen test

S

it

. r
with the ceftazidime ﬂlbstrate appears to be a useﬁ‘i‘!h method for detecting or

| validating the pﬁeu ﬂeﬂﬁrﬂﬁxwﬁtw Em;ﬂ %ended spectrum B -

lactamase. (55)

AR AINIUNAIINYIAY

Vercauteren E, et al. compared the screening methods for detection of
extended spectrum B - lactamases of E . coli and Klebsiella spp. isolated from blood

culture in a Belgian teaching hospital. Extended spectrum f - lactamase producing
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strains of E. coli and K. penumoniae 33 isolates compared three screening methods for
ESBL detection: (I) a double disk synergy test, (II) a three dimensional test, Both the
double disk synergy test and the three dimensional test were performed with
ceftriaxone, ceftazidime, aztreonam and cefepime, and (III ) the E - test ESBL screen,
based on the recognition of a reduct1‘t' the ceftazidime MIC in the presence of
clavulanic acid. In double dlsk.j\est, l!l ﬂator antibiotics scored equally and

31 of 33 isolates were r@ thege d@l test ceftriaxone was the only
iV Wdetected by this antibiotics.

SBL -fm@ive strains. The researchers

disk a.gsi the three dimensional test

it was easier for the investigator to

Jan IS, et a! mvesugzted'fhe ms% ?‘iithrze

screening methods; the

E - test ESBL scr_' the double disk synergy, u, eftazidime disk test for

identifying ESBL p:ohucmg Klebsiella pneumoniae islrams The agar dilution

method was Eﬁ(@ ﬁ:ﬁi Erw%(wmwf ﬂ;uﬁes of K. pneumonide

were found t resistance to at least one of the thlrd generatlon cephalosporins
(O S F 4 D A o s
Among these isolates, 35 were classified as having an ESBL phenotype using agar
dilution method. Thirty - two (91 %) of the 35 isolates of K. pneumoniae with the
ESBL related resistance phenotype were detected by the E - test ESBL screen , while

the ceftazidime disk screen test detected 77 % of these isolates, and the double disk



24

synergy test detected 74 %. Therefore, the E - test ESBL screen is suitable method
to detect ESBL producing organism because it has been shown to be more sensitive
than the double disk synergy test and the ceftazidime disk screen test. {57}

Derek FJ, et al. detected e j - spectrum [ - lactamases produicng
organism by E - test and dou ,tr

ethods. These tests are based on

producing strain were co

a'.;.-,r

the reproducibility of both the E'Lr_iﬁ_and @disk potentiation tests was generally

good, therefore, bovﬁ methods mdfe ré le mr riate for use in routine

laboratories. (58) T 4

i'..l
Hadzxw g ﬁaﬂtﬁWWﬁTﬂﬁﬁmmow testing for

extended spectrum 3 - lactamases (ESBL) in E. coll K pneumomflzji and K. oxytoca

B FE A S Y ot on i

susceptlb?hty testing results. Isolates with intermediate or resistant susceptibilities for
extended spectrum cephalosporins or aztreonam were reported as probable ESBL
producers by using the NCCLS proposed ESBL confirmatory method. They tested

61 screen - positive isolates from 42 patients, 30 randomly selected susceptible
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isolates and 12 isolates with previously characterized B - lactamases. Ceftazidime
contributed to 97 % of screen - positive isolates, whereas aztreonam added a single
patient isolate. An ESBL was confirmed in 86 % of K. pneumoniae, 100% of
K. oxytoca, and 20% of E. coli screen positive single patient isolates. None of the

susceptible isolates were shown to pro SBL Based on these findings a comment

regarding the presence of ESBL se 15 /rKlebsiella spp., but confirmatory
testing is indicated for @e wﬁs 8@1& between the type of B -
lactamase and the resulty/ : then a cefotaxime MIC >
0.25 pg/ml was used i '
increased to 100%
confirmatory method w

laboratory . (59)

& g - - L
(ISR - %I
N, -.
% i
| i

ST
_...‘_,.# A e

Carter MW, 5 al. detected exténded B_&z{

in Klebsiella with the

oxoid combination isolates of Klebsiella

pneumoniae and Klebs lIa oxytoca collected ﬁ'om intensive care unit patients were

deteced ESBL ﬁwwwrﬁ%ﬁ&] tﬂ 6‘3‘ the NCCLS method

and the British ‘disk method. The Loxoid comblﬁhtlon disk method for detecting

exende i | i pb o e o biion one of

cefpodoxime (10pg) and cefpodoxime plus clavulanic acid (10 - plus 1 pg )disks. The

presence of clavulante enlarged the zone for all of 180 ESBL - producing Klebsiella
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by 2 5 mm. Good discrimination was achieved with either the NCCLS or the British

disk method. (60)

Zali FH, et al. studied the detection of extended spectrum B - lactamases in
members of the family Enterobacte. the three method I) the MAST double
disk test, II) the double disk ‘qurg t ESBL screen. A total 100 -
epidemiologiclally dlstmc‘L’HﬂnTjncludﬁxg on - ESBL producing strains
¢ which uses disks containing
d]ng‘xfhﬂlme and clavulanic acid

fhlum and clavulanic acid was

were included in the stu
ceftazidime and a co
and a second pair co
B(est ESBL screen. Both the

compared with the dou

E - test ESBL screen and the correctly identified 93 % of

FoF

ESBL producers. The investigaf@fé%ﬁb@at the MAST double disk was an
--"'/*

inexpensive altematw&to current 1 metﬁo&ﬁ fogg m ;“f ESBL production. (61)

Co—

7. The molecular elgldemiology of extended siilectrum B - lactamase

producing (ﬁ%gi 1[] EJ m %th &I ’] ﬂ i

Gouby A, et al. studied “the epldemﬂoi cal by pulsed - field gel

electropﬂ ﬁ /1 @ \m j @Lﬁ am 1 %J r] Qﬂﬁ!e producing

Klebsiella pneumoniae in the Geriatric hospital. They included 12 cases of infection

caused by extended spectrum B - lactamase producing Klebsiella pneumoniae at the

same ward between August 1991 and March 1993 and strains isolated in other hospital
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in Nimes University hospital at the same time . Restriction profiles a total genomic
DNAs cleaved by Xba I and Spe I were compared by pulsed - field gel electrophoresis.
The restriction profiles of the 12 isolates and those recovered from asymptomatic

patients in the same ward were very similar. Over a period of more than 1 year,
extended spectrum J - lactamase prodt‘: re not detect in K. pneumoniae isolates
with restriction pattern different. ﬁ'om & idemic strain. It seemed, therefore,
that there was no transfi asmlgl or dmg for ESBL to strains of

K. pneumoniae that weyﬂ(, I

producing K. preumoni

15 € epldeml ain. At the same time, ESBL
1 tlng restriction endonuclease profile which

Tha researchers concluded that

s i | - q 1
pulsed - field gel electrophorgsis was-a u&é tool r%tudying the ESBL producing

| ——

K. pneumoniae strains involved tE _@socon@ﬂ)reaks. (62)

&:"""“

B L) Paos !
@ vy
Arlet G, eth]?studxed the epldemWMzae produce SHV - 4
B — lactamase in 14 FreLch hospitals dunng 1987-1989 ‘%sed on various phenotypic

and genotypicm %%HWWEJ% %aducing this enzyme

isolated in 14 French hospital . nglve of 14 isolates were the same biotype (weak

oo SR TN P T4 W) bl i ot

observed one accounted for eight strains. Large plasmids of 170 kb encoding SHV - 4

B - lactamase were present in all strains of K pneumoniae. The result was confirmed
by PFGE and ribotyping which showed concordant result. The conclusion of the

study indicated that the dissemination in France of the SHV - 4 extended spectrum f3 -
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lactamase was thus essentially due to the diffusion of a single K. pneumoniae clone.

(63)

Gori A, et al. studied extended spectrum P - lactamase producing
K. pneumoniae by PFGE compared witk? randomly amplified DNA polymorphism
(RAPD). The incidence and transmission p@ ESBL producing K. pneumoniae
isolates from patients whowere admitted to the int:;;sive care unit were investigated

— -‘_ -
eumoniae were tested by the antibiotype, capsular

for over a 3 - year peri
serotyping, plasmid p
with those obtained b ith- thI randomly amplified polymorphic DNA

(RAPD) pattern. Isolates ICU patlents were subdivided into six capsular

ol L ..r..l'-} i

serotypes and into four clonal oups based-ﬁlg antibiotypes, plasmid content, and both

.-‘{a,.l

PFGE and RAPD patterns. Two_ckmes weté_.{ssomated with the clusters of cross

-, foa —_—
infection, involving 5 «'ind 12 patlents respecflvely PFGE and RAPD analysis showed

—— ol

concordant results aﬁdﬁ’clomparable discrimination for dlf_feréntlatlon between groups
of epidemiologically ﬂlslated strain of ESBL produit':ng K. pneumoniae. More
subclonal varigntsowere determined among-epidéntic ¢longs by PFGE analysis than
by RAPD analysis. PFGE has been silown to be more discriminatory than other

genotypid techiniques for typing | Klebsiella species and other bacteria. (64)

Branger C, et al. studied the epidemiological typing of extended spectrum
B - lactamase producing K. pneumoniae isolates responsible for five outbreaks in the

university hospital. Thirty - seven isolates of extended spectrum P - lactamase
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producing K. pneumoniae implicated in five nosocomial outbreaks on three distinct
wards of the hospital were compared using capsular typing, biotyping, antibiotyping,
enzyme electrophoresis typing and DNA macrorestriction analysis with Xbal resolved
by PFGE. The isolates from each outbreak had common phenotypic and genotypic

characteristics indicating that they ETZ related epidemiolically. Isolates from

outbreak I (4 patients) and V (1.3 p d the same ESBL (SHV- 4). The

isolates of outbreak II (7 pa.n-.ﬁm 4 #atlem (7 patients), which occurred
H‘"""l--.
oduced w (TEM - 3). Isolates from

in a single surgical 1nten81

outbreaks III and IV ha : spggestmg{hat the two outbreaks were

penicillin - inhibitor colebmatlons were denved from p&ents in the intensive care

| unit of a hospitﬁn.mhﬂs,%w W ;%’ Wo&t?prﬂﬁhc study an outbreak

by PCR and PFGE was performed. Both methods prov1ded ev1dence of the clonal
e RIS @ﬂ‘ﬁ‘*ﬁ&%&%ﬂ T —
proving that the isolates were related. Resistance was due to a plasmid class C P -

lactamase. These investigators indicated that molecular techniques based on inherently

stable bacterial characteristics provide more detailed and accurate typing result. (66)
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Nuesch MT, et al. surveyed the molecular genetics of SHV - B - lactamases
in Enterobacteriaceae isolated in Switzerland. Sixty isolates of Enterobacteriaceae
resisted to B - lactam antibiotics were collected over a period of 2 years and were
screened by the hybridization technique for the carriage of SHV - genes. Thirty - four
positive strains were found, and the rr' genes were amplified and sequenced.
SHV extended spectrum f - lacl'amases W /

rteen strain contained SHYV - 2a,

. 12 strains harbored SHV - = w@ce Four strains were shown

to contain SHV - 1. In M 1 rt? twnwv variants, termed SHYV -

11 and SHV -12. (67)

A

Pena C, et al ¢ large outbreak due to ESBL

producing K. pneumoniae due to ESBL producing

K. pneumoniae was detected fr’bm-’May 0 June 1995. A total 145 patients,

_rn-l“.r‘"" '.;,'

particularly 107 patlenjls in ICU, were cofomzed or mglnfectmn developed in 92

(63%) patients and
was the most ﬁ'equent‘\ntfectlon A s1ngle clone of ESBjI:1 producing K. pneumoniae

was identified ﬂ % aflglw ﬁmw EP&T ﬂﬂ?, and no molecular

epidemiological ‘telationship could b‘e found between the epldenalj[ strain and non
5oL, i e Y e O bl d o i s
analysis o? the 50 ESBL producing K. pneumoniae isolates with the same anibiotypes,
although slight differences in the restriction patterns of some of them were found, they
were considered subtypes of the epidemic clone. The PFGE patterns of the isolates

from clinical sample and feces from the same patient were identical. (68)
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Decre D, et al. studied the epidemiology of extended spectrum B - lactamase
producing K. pneumoniae in the Medical intensive care unit. They conducted an
epidemiologic study of strain ESBL producing K. pneumoniae that were isolated in

one ICU during a - 16 month period. TT!]S;L producing K. pneumoniae were typed

according to the biotypes, anugncro ility patterns, isoelectric point,

plasmid profile, and PFGmdmeh th@ed phenotypic method with
f

genotypic method and co : 1th PCR - iated fingerprint with primers

based on repetitive extr romic B PCR).{E this study were consistent
with ICU acquired origi ! : f ] wed that epidemic clone and its
subclonal variants prod & X tamase was responsible for 85% of ICU
acquired cases. Other sporadi e ; rains producing various ESBL

types such as SHV - 5, SHV <2, SHV d TEM - 3. PFGE was used for

epidemiological study\jmd was repoffed fo 'be supenﬂ?“other genotypic methods
for typing various ba!;_t,ehal genera including

- PCR fingerprint was

shown to be less accura.aL for dlﬁ‘erentlatmg strains belo{fgmg to the same subclonal

population maFTmJnfi Wﬁmww ﬁnotypic method are

accurate for analiﬂlng dissemination %f epidemic stram over extended perlod (69)
alllot O, et al. studied the nosocomial outbreak of K. pneumoniae

producing SHV - 5 extended spectrum B - lactamase K. pneumoniae resistant to

ceftazidime was isolated from six adult women and two neonates hospitalized between

July and November 1993 in the department of Obstetrics and Gynecology of
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Baucicaut Hospital. by phenotypic (biotyping, antibiotyping) and genotypic (plasmid
profile and pulsed - field gel electrophoresis). The epidemiological investigation
revealed a notably short delay between admission and contamination of the six adults
and peripartum transmission to the neonates. The only environmental source of
ceftazidime resistance K. pneumoniae e ultrasonography coupling gel used in

\

the emergency room. Phenotypic an
Hh-;

—— S —
indicated the spread of aingle-atram '&hlch-wSHV -5and TEM -1 B -

lactamases, as demonstM clecttic focuSiuMene sequencing. This was
\ >

the first time an epide

lysis of all the clinical isolates

reported from French

Ahmad M, anl studlﬁ/ epldéin‘io ogy ﬂqﬂt‘e ‘with imipenem resistant

K. pneumoniae. ElgUatlents were infected ith imipenem resistant

K. pneumoniae from Ddember 1994 to November 1995 j-ﬁutlal K. pneumoniae were

| susceptible to Wﬁﬂurgemwlwﬂmf ﬁnlﬁ'oglycomdes and P -

lactam inhibitor ¢gmbinations. All patﬁ;ents had been i m the surgical mtenswe care unit

o At Ve s lfdsin.

average age of the patients was 71 years (range 41-81 years). All patients were tested

with imipenem for 5 to 36 days and imipenem resistant K. pneumoniae was recovered
from each during or after therapy. PFGE of the imipenem resistant K. pneumoniae

isolates revealed three distinct three clonal patterns. Paired sequential isolates of
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imipenem susceptible K. pneumoniae and imipenem - resistant K. pneumoniae from
the two patients had identical PFGE patterns. The imipenem resistance in K.
pneumoniae may occur when this agent is used for treatment of infection due to

ceftazidime and aminoglycoside resistant strains. (71)

Sui LK, et al. studied Q@Wﬁo extended spectrum 3 — lactamase

e infa peﬁﬁoology ward. Thirteen patients
--'.'-

who had 16 episodes of ba 12 W bs&m\\%zl 993 and 1997 Four blood

producing E. coli and K

isolates were E. coli ¢ D eumonia , and these isolates harbored

extended spectrum f -

producing strains usin the E - test ESBL strip and
determined the antimicr d PFGE. The result showed
fourty - nine (56.3 %) of moniae and 21 (18.6 %) of 113
E. coli isolates obtﬁed froni""aifﬁnsélec ini imens were resistant or

intermediately susc le to aztreonam or cephalosporins. Of the

blood isolates 12 (46. ﬂAy) of 26 isolates of K. pneumd”ae and 6 (23.1 %) of 26

isolates of E. cﬁ Wtwﬁﬂﬁ Wﬂ)m B - lactams. PFGE

revealed that fodr SHV - 2 B - lactaamase prodlﬁng K. pneumopige isolates from

1994 weeh el g1 Other BT rodce, bl ¥ it caried bt
9

TEM - 1 and SHV - 5, five that carried SHV - 5, and one that carried SHV - 2 alone,

were unrelated. The researchers concluded that SHV - 5 was present in 11 of the 16

isolates and coexisted with TEM - 1 in 6 isolates.(72 )
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Mongeney N, et al. studied the epidemiology of extended spectrum
P - lactamase producing K. pneumoniae isolates neurologuical unit. Thirty - eight
different strains of extended spectrum B - lactamase producing K. pneumoniae
isolated from urine and pus sample of 38 patients hospitalized in a medium and long

stay neurology department between 1 January 1992 and 31 December 1996, were

phenot lectric focusing P - lactamase, and
PFGE. The 38 isolates wmbu@ mto-t-:)_____lmnotypes The PFGE pattern

identified 15 genotypeM f the ing method revealed several
::Les of ESBL (SHV - 2 and

epidemic clones that e
h'ss\s:lndy showed that the length
dency, and urinary sphincter status

|; — f
Girlich D, et*al. studied molecular epidemio{gy of an outbreak due to

extended Specﬂ'ﬂ ulﬁzﬁsﬂ'ﬁ}'ﬂ% 1§‘J Wﬁ’@ﬂ é%iatric department. In

February 1998, 165 patients in the geriatric depgtment of French hospital were
screened%rﬁel}raﬂ& ﬂ g m&aﬂ j}e’sgtm% lplaz&lae using the
antimicrob?al susceptibilty test, isoelectric focusing, PCR, PFGE, and hybridization.
All of the eleven co - amoxiclav resistance isolates obtained produced an identical

IRT - 2 B - lactamase. These K. pneumoniae isolates were also clonally related. This
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study underlines that geriatric department may be a reservoir for the antibiotic
resistant strains and that IRT B - lactamase producing strains might be nosocomial

pathogens. (74)

Baraniak A, et al. studied

€ [pidcmiology of CTX - M - 3 extended

icr ' %f the family Enterobacteriaceae

in Poland. Eighty - four clinical isolz < ﬁﬁnterobacteriaceae, recovered

from 1998 to 2000 in 15 |

produced B -lactamase ' 1 8.4 and 5.4, and the pl 8.4 enzymes were

-
-
.-."..'I_‘

transmission of seveastminsi as indicated b

related or possibly related K. pneumo Citrobacter freundii isolates

| 1
in five different hospitl. CTX - M - 3 producing orgarisms revealed a very high

eI AR
ARIAN TN INYAE

1204071770
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derivatives are shown under the amino

acids of TEM - 1. TEM types variants may contains more than one amino acid
substitution. Only the amino acid substitutions that are common to TEM - type ESBLs

are shown in this figure. (21)
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AT
Figure 2.2 Amino acid subsutun st MUIRT derivatives. The amino acids listed
within the bar are -1 B - lactamase.
Substitutions found in TE shown under the amino acids

of TEM - 1. TEM types vanants may contains more than one amino acid substitution.

 Only the amino ﬁmwwmﬂyﬁ IRTs are shown in

this figure. (21)

ammnm UAIINYAY
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Figure 2.3 Amino acid sub.sumnons in SHV q‘],ESBL derivatives. The amino acids

mmmﬁw’g\mmm 1B~ lactamase,
i‘i";“:‘:“iﬁ“ﬁ:‘é Wi ek a1

subsntmmn SHV - 11 is not an ESBL but is in included in the figure as a derivatives
of SHV - 1 (21)
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Table 2.1 Characteristics of TEM - type 3 - lactamase

% pgpg 28 B e
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Table 2.2 Characteristics of SHV - type B - lactamase
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Table 2.3 Characteristics of CTX - M type ESBLs

. o
CTX-M:1 MEN-1 1,1
CTX:M2 : IS
CTEMA o
CTX-M4 o 9%
CTXMS CTX-M3 v
CTX-M46 8,173
CTXMT CTX-M:5 - 81B
ool o
CTX-M9 :
CTXM10 Oliver
Toho-1

Toho2

ﬂUEJ’JT’IEJVIiWEﬂﬂ?
ammnmumaﬂmaa
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Table 2.4 Characteristics of OXA type ESBLs

AuLINENIneNg
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Table 2.5 Characteristics of novel, unrelated ESBLs

BES-1 Peﬁld!im from Yersiia 15 CPX. CAZ.A‘m W §. marcescens 20+
FEC1 82 CIX - Japan E. coli 93
GES-1  Penicillinase from P. mirabilis 5.8 CAZ French Guiana K pneumonioe To1%
CME-1  VEB- CAZ solal ! erium m 147
PER-1  PER2 113
PERZ PER- . 14
SFO-1  AmpA from S. fonticola %
TLA1  CMEd 153
VEB-1  PER-, PER-2 135

ﬂ‘lJEJ’J‘VIEJVl’ﬁWEJ"Iﬂ‘i
QW']Mﬂ‘ifUﬂJW]’mEI']ﬂEI
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