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The production of extended-spectrum [-lactamases (ESBLs) is the main mechanism of bacterial resistance
to third-generation cephalosporins and monobactams, whose prevalence varies depending on the different
geographical areas. In the last years it has increased notably to the point of being considered a health
problem of great importance. The characterization of the ESBLs producing Klebsiella penumoniae strains
present in clinical isolates is time-consuming. I describe here the development of a new system, which
consists of a multiplex PCR. 1 found 51 K. pneumoniae strains to be presumptive strains ESBLs producers
by clinical and laboratory standards institute (CLSI) guidelines. The double disc synergy test showed 47
positive K. pneumoniae, which were K. pneumoniae isolates. All ESBLs producing K. pneumoniae strains
were resistant to antibiotic amikacin, gentamicin and ciprofloxacin. By multiplex PCR analysis, blargm gene
in 17 strains 44 blasuv genes and blacrx genes in 33 strains were identified.

In this study, the multiplex polymerase chain reaction (PCR) assay was a good method to detect and
differentiate ESBLs producing K. penumoniae strains in clinical isolates.
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Table 1. List of ESBL producing K. pneumoniae isolates used in this study

AST AST
Strains Source Strains Source
ATM CIP CRO CAZ CF AZT CIP CRO CAZ CF
CB1 CBUH R 1 S R R CN14 " R R S R R
CB2 " R S S R R CN15 " R R 1 R S
CB3 " R R S R S CN16 " R 1 1 R R
CB4 " R R R R R CN17 " R R I R R
CB5 " R R S R R CN18 " R R S R S
CB6 " R R S R R CN19 " R R S R S
CB7 " R S 1 R R CN20 " R S S R S
CBS8 " R 1 R R R CN21 " R R 1 R S
CB9 " R R S R R KS1 KSUH R R 1 R S
CBI10 " R R S R S KS2 " R R R R S
CBI11 " R I I R R KS3 " R R R R S
CBI12 " R R R R R KS4 " R S R R S
CB13 " R R I R R KS5 " R S R R S
CN1 CNUH R R 1 R R KS6 " R R R R S
CN2 " R R 1 R R KS7 " R R R R S
CN3 " R R I R R KS8 " R R R R R
CN4 " R R I R R KS9 " R R R R R
CN5 " R R S R R KS10 " R R R R S
CN6 " R R S R S KS11 " R R R R S
CN7 " R R S R S KS12 " R R R R S
CN8 " R R 1 R S KS13 " R R R R S
CN9 " R I S R R KS14 " R R R R S
CN10 " R S S R R KS15 " R R R R S
CN11 " R S I R R KS16 " R R R R S
CNI12 " R S S R R KS17 " R R R R S
CNI13 " R R S R R

CBUH, Chungbuk University Hospital; CNUH, Chungnam University Hospital; KSUH, Kyoungsang University Hospital;
AST, antibiotic susceptibility test; ATM, aztreonam; CIP, ciprofloxacin; CRO, ceftriaxone; CAZ, ceftazidime;

CF, cephalothin; R, resistant; I, intermediate; S, sensitive.
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Table 2. Primer sets used in charactering [B-lactamases

PCR product

Gene Primer sequence (bp)

TEM  5-ATAAAATTCTTGAAGACGAA-3' 1080
5-GACAGTTACCAATGCTTAAT-3'

SHV  5-TGGTTATGCGTTATATTCGC-3' 870
5'-GGTTAGCGTTGCCAGTGCT-3'

CTX 5-TTTGCGATGTGCAGTACCAG-3' 543
5-GATATCGTTGGTGGTGCCAT-3'

70 volt, 100 mAZ 13t FF A7)F5S AAE b,
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(A)
Fig. 1. Detection of ESBL production of CB1 strain in double disc synergy tests.
(A) discs. left, CTX; centre, TIM; right, CAZ

(B) discs. left, CTX; centre, CTX/CLA; right, CAZ

(®)

Table 3. Genotyping of ESBL producing K. pneumoniae from university hospital isolates

Strains TEM/SHV/CTX type ( szla_s,l,I;M) Strains TEM/SHV/CTX type ( C/IXDZ]?FST'EM)
CBI TEM, SHV, CTX CN14 SHV, CTX

CB2 TEM, SHV, CTX + CN15 SHV, CTX +
CB3 SHV, CTX + CN16 SHV +
CB4 SHV, CTX + CN17 SHV, CTX +
CB5 - - CN18 TEM +
CB6 SHV + CNI19 SHV, CTX +
CB7 SHV, CTX + CN20 SHV, CTX +
CB8 SHV, CTX + CN21 SHV, CTX +
CB9 SHV + KS1 TEM, SHV, CTX +
CB10 SHV, CTX + KS2 TEM, SHV, CTX +
CB11 TEM, SHV, CTX + KS3 SHV +
CB12 SHV + KS4 TEM, SHV, CTX +
CB13 TEM + KS5 TEM, SHV, CTX +
CN1 TEM, SHV, CTX + KS6 TEM, SHV, CTX +
CN2 TEM, SHV, CTX + KS7 - +
CN3 SHV, CTX + KS8 TEM, SHV, CTX +
CN4 SHV, CTX + KS9 SHV +
CN5 SHV - KS10 SHV +
CN6 TEM, CTX + KS11 - -
CN7 SHV, CTX + KS12 TEM, SHV, CTX

CNS SHV, CTX + KS13 TEM, SHV, CTX

CN9 SHV, CTX + KS14 SHV -
CN10 SHV + KS15 TEM, SHV, CTX +
CN11 SHV, CTX + KS16 TEM, SHV, CTX +
CNI12 SHV, CTX + KS17 SHV +
CN13 SHV, CTX +

DDST, double disc synergy test; CAZ, ceftazidime; TIM, ticarcillin-clavulanic acid
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Fig. 2. Electrophoresis of the amplified products of TEM, SHV, CTX genes by a mutiplex PCR in a
2% agarose gel. Lane M, 100-bp DNA ladder;

Lanes 1 to 13, Chungbuk University Hospital isolates.

The amplified products and their sizes are indicated on the left.
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Fig. 3. Electrophoresis of the amplified products of TEM, SHV, CTX genes by a mutiplex PCR in a 2% agarose gel.
Lane M, 100-bp DNA ladder;

Lanes 1 to 21, Chungnam University Hospital isolates.

The amplified products and their sizes are indicated on the left.
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Fig. 4. Electrophoresis of the amplified products of TEM, SHV, CTX genes by a mutiplex PCR in a 2%
agarose gel. Lane M, 100-bp DNA ladder;

Lanes 1 to 17, Gyoungsang University Hospital isolates.

The amplified products and their sizes are indicated on the left.

177



7 @A S Al dddeE o
o, At cephemA] THA] WA-S HYERE ESBLE
7§31 9 240 thGalani 5, 2002).

A3 7kA1 9] ESBLAA K. pneumoniae®) &< 8 Y
SAE o]&ste] AEske WHol e ¥EA Atk 1
2 He HAEd Azto] Bol A8 ¥t
3 3 H Ags Ad9E5 477t
. &3, ESBL "7 shstamAl A Fx2ke A4
Hol X o] AzEAL] A e} Aol ik
3] Fo3% 98S & 4 9tk Chia 5(2005)2 K

pneumoniae®] ESBL A4 FHAE #HES= d

[e]
g

ol

]
ol HAPY 7he @k WrelH, A4 #<l
& dFolAe] ESBL A4
= ofF oletA e &

o=
o,

A

Aok A% A% 1393

d K. pneumoniae 51 &5 & CN5, KS14
DDST Z#7} S4202 Yehstoy SHY F442 744
3 YA, KS7 T2 5 DDST A= o
Bl o TEM, SHV, CTX 532 AS0l A
Elu} ESBL Azt thgh Boy g2 A7 888}
o} 28]ar, thEE2] ESBL A4 K. pneumoniae 159
M= SHV f3AE sl = A2 yshor, o
+ ESBL ###te] A&7} o] ###}9] monitoring®l] 5

28 4L § Zole AzkuoiATh WepA, B4 4%

82 7]H<I multiplex PCRS ©]-8-3F ESBL WA #312}
o A& RFFA WRdA 9 EAA 9 iAol A
#HEe] st ofF &3 WHelet AT

e

g

Mo
rok

1. Bingen EH, Desjardins P, Arlet G, Bourgeois F,
Mariani-Kurkdjian P, Lambert-Zechovsky NY, Denamur
E, Philippon A, Elion J. Molecular epidemiology of

extended broad-spectrum

plasmid spread among

beta-lactamase producing Klebsiella  pneumoniae

178

isolates in a pediatric hospital. J Clin Microbiol
31:179-184, 1993.

. Chia JH, Chu C, Su LH, Chiu CH, Kuo AJ, Sun CF,

Wu TL. Development of a Multiplex PCR and SHV
Melting-Curve System  for
Detection of Some SHV and CTX-M [3-Lactamases

of Escherichia coli,

Mutation Detection
Klebsiella pneumoniae and
Enterobacter cloacae in Taiwan. J Clin Microbiol
43:4486-4491, 2005.

. Galani I, Russell EG, Tymms M, Roper EJ, Grayson

ML, Turnidge J. Transferable plasmid mediating

resistance to multiple antimicrobial agents in

Klebsiella  pneumoniae isolates in Greece. Clin

Microbiol Infect 8:579-588, 2002.

. Gazouli M, Kaufmann ME, Tzelepi E, Dimopoulou

H, Paniara O, Tzouvelekis LS. Study of an outbreak
of cefoxitin-resistance Klebsiella pneumoniae in a
general hospital. J Clin Microbiol 35:508-510, 1997.

. Kil KS, Darouiche RO, Hull RA, Mansouri MD,

Musher DM. Identification of a Klebsiella pneumo-
niae strain associated with nosocomial urinary tract
infection. J Clin Microbiol 35:2370-2374, 1997.

. Macrae MB, Shannon KP, Rayner DM, Kaiser AM,

Hoffman PN, French GL. A simultaneous outbreak on
a neonatal unit of two strains of multiply antibiotic-

resistant Klebsiella pneumoniae controllable only by
ward closure. J Hosp Infect 49:183-192, 2001.

. Monica C, Sonia MT, Alejandro P, Angeles BN,

David D, Francisca V, Rosa M, German V. Risk
Factors for Colonization and Infection in a hospital
Outbreak Caused by a Strain of Klebsiella pneumo-
niae with Reduced Susceptibility to Expanded -Spectrum
Cephalosporins. J Clin Microbiol 42:42-49, 2004.

. Pnaiara E, Platouka H, Dimopoulou E, Tzelepi B,

Miriagou, Tzouvelekis LS. Diversity of beta-lactam
resistance levels among related Klebsiella pneumoniae
strains isolated in an intensive care unit. J Chemother
12:204-207, 2000.

. Silva J, Gatica R, Aguilar C, Becerra Z, Garza-Ramos

U, Velazquez M, Miranda G, Leanos B, Solorzano F,
Echaniz G. Outbreak of infection with extended-
spectrum beta-lactamase producing Klebsiella pneumo-
J Clin Microbiol

nige in a Mexican hospital.

39:3193-3196, 2001.



