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Frequency of Extended-spectrum -lactamase (ESBL) and AmpC f-lactamase
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Background : The aim of this study was to determine the yearly prevalence and genotype distri-
bution of extended-spectrum s-lactamase (ESBL)-producing Escherichia coli and Klebsiella pneu-
moniae collected over a 3-yr period in Gwangju, Korea.

Methods : Clinical isolates of E. coliand K. pneumoniae collected at Chosun University Hospital
from September 15, 2005 to September 14, 2008 were evaluated. Antimicrobial susceptibility test-
ing was performed using the Vitek Il system (bioMérieux, USA) and agar dilution methods. Screen-
ing for ESBL and AmpC g-lactamase genes was performed using PCR amplification of plasmid
DNA followed by direct sequencing of the PCR products.

Results : The percentage of ESBL-producing isolates was 12.6% (196/1,550) for E. coli and
26.2% (294/1,121) for K. pneumoniae. The ESBL gene sequencing results showed that the most
prevalent ESBL types were CTX-M (93.5%) and SHV (12.9%) in E. coli, and SHV (73.2%) and CTX-
M (46.3%) in K. pneumoniae. The most common ESBL in E. coli was CTX-M-15-like, followed by
CTX-M-14-like, SHV-2a-like, and SHV-12-like. The most prevalent ESBL type in K. pneumoniae was
SHV-12, followed by CTX-M-14-like and CTX-M-15-like. Fifty-one percent (21/41) of ESBL-producing
K. pneumoniae with ESBL types verified by sequencing also had DHA-1-like AmpC p-lactamases.

However, none of the ESBL-producing E. coliwas positive in the AmpC g-lactamase PCR analysis.
Conclusions : In this study, the most common types of class A ESBLs identified were CTX-M-15-
like in E. coliand SHV-12-like in K. pneumoniae. (Korean J Lab Med 2010;30:616-23)
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Table 1. Primers used for detection and sequencing of ESBL and AmpC g-lactamase by using PCR

Target gene Primer name Primer sequence (5-3) Product size (bp) Reference

blaSHV SHV-F GGGTTATTCTTATTTGTCGCT 929 [4]
SHV-R TAGCGTTGCCAGTGCTCG

blaCTX-M-1 cluster CTX-1-un-F SCSATGTGCAGYACCAGTAA 543 [5]
CTX-1-un-R CCGCRATATCRTTGGTGGTG

blaCTX-M-1 cluster CTX-1-gr-F CCCATGGTTAAAAAATCACTG 891 [6]
CTX-1-gr-R CCGTTTCCGCTATTACAAAC

blaCTX-M-9 cluster CTX-M-9-F GTGACAAAGAGAGTGCAACGG 856 [7]
CTX-M-9-R ATGATTCTCGCCGCTGAAGCC

blaGES/IBC GES/IBC-F GTTAGACGGGCGTACAAAGATAAT 903 [8]
GES/IBC-R TGTCCGTGCTCAGGATGAGT

blaVEB VEB-F ACCAGATAGGAGTACAGACATATGA 727 [8]
VEB-R TTCATCACCGCGATAAAGCAC

blaDHA DHA-F AACTTTCACAGGTGTGCTGGGT 405 [9]
DHA-R CCGTACGCATACTGGCTTTGC

blaCMY1 CMY-1-F GCTGCTCAAGGAGCACAGGAT 520 [9]
CMY-1-R CACATTGACATAGGTGTGGTGC

blaCMY2 CMY-2-F TGGCCAGAACTGACAGGCAAA 462 [9]
CMY-2-R TTTCTCCTGAACGTGGCTGGC

Abbreviations: ESBL, extended-spectrum -lactamase; F, forward; R, reverse.

Table 2. Rates of ESBL-producing Escherichia coliand Klebsiella pneumoniae isolates

E. coli K. pneumoniae
Year ESBL-producer ESBL-producer
N N

N (%) N (%)
2005 106 9 85 81 21 259
2006 454 60 13.2 281 68 24.2
2007 548 64 1.7 419 101 24.1
2008 442 63 14.3 340 104 30.6
Total 1,550 196 12.6 1,121 294 26.2

Abbreviation: ESBL, extended-spectrum -lactamase.
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Table 3. Distribution of ESBL-producing Escherichia coliand Klebsiella pneumoniage isolates according to specimen type

E. coli K. pneumoniae
Specimen ESBL-producer ESBL-producer P-value
Total Total
N (%) N (%)
Urine 782 83 (10.6) 259 79 (30.5) <0.001
Pus 245 42 (17.1) 162 51 (315) <0.022
Sputum 63 22 (34.9) 410 108 (26.3) <0.242
Blood 276 13 (4.7) 104 6 (5.8) <0.251
Bile 24 7 (29.2) 22 7 (31.8) <1.000
Bronchial washing 10 3 (30) 51 10 (19.6) <1.000
Other 142 22 (15.5) 89 17 (19.1) <0.512

Abbreviation: ESBL, extended-spectrum S-lactamase.

Table 4. Plasmid-mediated AmpC g-lactamases in ESBL-producing Escherichia coliand Klebsiella pneumoniae isolates

Isolates with AmpC f-lactamase (N)

i N %

Organim RSBk bpe ) None DHA-1 CMY-1 CMY-2

E. coli CTX-M-14-like 4 (12.9) 4 0 0 0
CTX-M-15-like 11 (35.5) 11 0 0 0
CTX-M-14-variant 3 9.7 3 0 0 0
CTX-M-15-variant 9 (29.0) 9 0 0 0
CTX-M-14-variant + SHV-2a-like 1 (3.2) 1 0 0 0
CTX-M-15-like + SHV-12-like 1 (8.2) 1 0 0 0
CTX-M-15-like + SHV-2a-variant 1 (3.2) 1 0 0 0
SHV-2a-like 1 (8.2) 1 0 0 0
Total 31 (100) 31 0 0 0

K. pneumoniae CTX-M-14-like 7 (17.1) 5 2 0 0
CTX-M-15-like 1 (2.4) 0 1 0 0
CTX-M-14-variant 3 (7.3) 3 0 0 0
SHV-12-like 19 (46.3) 8 11 0 0
SHV-12-variant 3 (7.3) 2 1 0 0
CTX-M-14-like + SHV-12-like 2 (4.9) 1 1 0 0
CTX-M-15-like + SHV-12-like 1 (2.4) 0 1 0 0
CTX-M-14-like + SHV-12-variant 1 (2.4) 0 1 0 0
CTX-M-15-like + SHV-12-variant 2 (4.9) 1 1 0 0
SHV-12-like + CTX-M-14-variant 2 (4.9) 0 2 0 0
Total 41 (100) 20 21 0 0

Abbreviation: ESBL, extended-spectrum -lactamase.
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Table 5. MICs (ug'mL") for ESBL-producing Escherichia coliand Klebsiella pneumoniae isolates according to ESBL genotype

Ceftazidime Cefotaxime Cefoxitin
Organism ESBL type N
Range MIC50  MIC90 Range MIC50  MIC90 Range MIC50 MIC90

E. coli CTX-M-14-like (3) 7 <1-4 <1 4 >256->256 >256 >256 <4->256 16 32

CTX-M-15-lke (4) 20  <1->256 256 256 <1->256 >256 >256 <4-64 16 32

SHV-2a-like 1 <A <1 4

SHV-12-like +

CTX-M-15-like 1 256 >256 32

SHV-2a-like +

CTX-M-15-like 1 256 >256 32
K. pneumoniae  CTX-M-14-lke (1) 10 2->256 4 >256 <1->256 128 >256 <4->25 <4 >256

CTX-M-15-like 1 >256 16 256

SHV-12-like (3) 22 256->256 >256 >256 <1->256 8 >256 <4->256 256 =256

CTX-M-14-like (2)

+ SHV-12-like (1) 5 4->256 >256 =256 4->256 >256 >256 <4->256 256 >256

CTX-M-15-like +

SHV-12-like (2) 3 128->256 8->256 <4-8

The numbers in parenthesis indicate the number of strains containing variants of each ESBL genotypes.
Abbreviations: ESBL, extended-spectrum S-lactamase; MIC50, minimum inhibitory concentration required to inhibit the growth of 50% of organisms;
MIC90, minimum inhibitory concentration required to inhibit the growth of 90% of organisms.
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