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The Emerging Strong Among Extended-Spectrum f-Lactamases:
CTX-M Enzymes
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CTX-M-type extended-spectrum f-lactamases (ESBLs) are the most wide spread enzymes among non-TEM and
non-SHV plamid-mediated ESBLs, and have been found predominantly in Escherichia coli. CTX-M ESBLs have a
wide substrate range, including penicillins and narrow- and expanded-spectrum cephalosporins, and as the designation
"CTX" refers, these enzymes preferentially hydrolyze cefotaxime but not ceftazidime. At present, the CTX-M family
comprises more than 60 enzymes that can be subclassified into 5 clusters by amino acid sequence similarities. In
Korea, members of CTX-M-1 (CTX-M-3, CTX-M-12, CTX-M-15, and CTX-M-54) and CTX-M-9 (CTX-M-9 and
CTX-M-14) clusters have been found. The rapid dissemination of CTX-M ESBLs involves strain or plasmid
epidemics, but it also involves mobile elements including ISEcp!-like insertion sequences and ISCR! element. A
recent report shows that the blacrx.m-14 gene from Korea is associated with not only ISEcpl-like insertion sequences
but also ISCRI element. ISCR! element is a powerful genetic tool that can mobilize antibiotic resistance genes;
therefore, further spread of the blacrxm-14 gene can be anticipated.
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Table 1. MICs of [ -lactams for CTX-M-type ESBL-producing E. coli and K. pneumoniae isolates

MIC (ug/mL)
. Ceftazidime . Cefotaxime

Enzymes Ceftazidime -clavulanic acid Cefotaxime -clavulanic acid

Range MICso MICyy Range MICsy MICoy Range MICsp MICyy Range MICsy MICq
CTX-M-3 (n=9) 4-32 16 32 2-32 4 4 32-256 128 256 4-128 4 8
CTX-M-12 (n=3) 2-16 1-8 64-256 4-16
CTX-M-14 (n=18) 1-16 4 16 0.25-1 0.5 0.5 16-128 32 64 0.25-4 2 4
CTX-M-15 (n=11) 16-256 128 256 0.5-128 4 16 128->256 >256 >256 1-256 8 64
CTX-M+SHV-12 (n=18) 32->256 256 >256 1-128 2 128 32->256 128 256  0.5-256 1 256
CTX-M-19 (CTX-M-189] varient), CTX-M-23 Jom, 1 it HE=
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E. coli: DDS+ (6) E. coli: DDS+ (2)
TEM-52 (1) CTX-M-15(2)
CTX-M-3 (1) K. pneumoniae: DDS+ (7)
K. pneumoniae: DDS+ (2) SHV-12 (6)
SHV-12(2) CTX-M-3 (1)

E. coli: DDS+ (3) BEaleDIDSEQ)

K. pneumoniae: DDS+ (6) k. P”f’q’”{;_”]”?(’:{ RDS+ 6)
25?:-& Il CTX-M-3 (1)
(_T"Qil]\i[ljl)( 1) EIX M It

: CTX-M-3+ SHV-12 (1)
CTX-M-3+ SHV-12+ TEM-52 (1)
E. coli: DDS+ (1)
K. pneumoniae: DDS+ (1) E. coli: DDS+ (0)
K. pnewmoniae: DDS+ (5)
- - SHV-12 (2)

E. coli: DDS+ (1) CTX-M-3 (1)

K. p.i:(‘lr.'.iiri.riflu'c’: DDS+ (6) CTX-M-14+ SHV-12 (2)
SHV-2a (3) -

e

CES 31 SHV-12 2) E-lgali: DDSF (L)

CTX-M-14 (1)
K. pneumoniae: DDS+ (6)

E. coli: DDS+ (5) SHV-5 (1)

CTX-M-3 (2) SHV-12 (3)

CTX-M-15 (1) CTX-M-14 (1)
K. pneumoniae: DDS+(9)

RN E. coli: DDS+ (3)

E coli DDS+ (1) CTX-M-15+ SHV-12 (1)
E. coli: DDS+ () K. pneumoniae: DDS+ (2) K. pneumoniae: DDS+ (4)
K. pneumoniae: DDS+ (1) SHV-12 (2) SHV-12 (3)

Fig. 1. Location of Korean hospitals involved in this survey with the number of double-disk synergy-positive (DDS+)
isolates and distribution of Ambler class A ESBLs at each hospital in parentheses.
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Fig. 2. Genetic environments of insertion sequences related with the blacrx-m genes.
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