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Prevalence of Extended-spectrum S-lactamase among
Enterobacteriacae Blood Isolates with Inducible AmpC
S-lactamase

Background: Among the inducible AmpC S-lactamase-producing members of the
family Enterobacteriaceae such as Enterobacter spp., Citrobacter spp., Serratia spp.,
and Morganella morganii (ECSM), the prevalence of ESBL-producing isolates are
increasing. However, there have been only a limited number of studies that have
investigated the prevalence for ESBL-production in blood isolates of these organisms.
Materials and Methods: We performed a prospective observational study to
evaluate the prevalence for ESBL production among ECSM blood isolates. All
consecutive blood isolates in the Samsung Medical Center were included from
Oct 2006 to Mar 2008. Antimicrobial susceptibility test was performed by broth
microdilution method. ESBLs were confirmed by double-disk synergy test and ESBL
phenotypes were determined by PCR.

Results: The 124 isolates (94 Enterobacter spp., 18 Citrobacter spp., 8 Serratia spp.
and 4 Morganella spp.) were investigated. Among 124 ESCM isolates, 30 isolates
(24.2%) showed ESBL-producing activity. Derepressed or partially derepressed
AmpC mutants and derepressed AmpC mutants with ESBL production accounted
for 36.3% (45/124) and 16.9% (21/124), respectively. Of ESBL producers, the most
prevalent ESBL was SHV-12 (5/24, 20.8%).

Conclusions: The prevalence of ESBL-producing isolates is high in Enterobacter spp.,
Serratia marcescens and Citrobacter spp. clinical isolates. It suggested that routine
screening test for ESBLs among Enterobacteriacae blood isolates with inducible
AmpC B-lactamase should be needed.
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etk AmpC &40 24 {37}l Wo|7h HAshH = glo| &=
AmpC f -lactamaseZ 94240 2 AP4ksl= WMol (derepressed
mutant)o] 37|31 34|t MZHA] FAA UAd-S BT whebA] 34
o] A=A YA S AF-E-SHH Wolgto] MelA o 2 FA1ETH], 2],

L Ao WEW, ECSM 9] extended-spectrum (-lac-
tamase (ESBL) &S 43| =0} 10-43% A== I&4 ot
[3-6]. 134, ECSM 2] 739, AmpC -lactamase®} ESBLS- ‘54
o] &= 7490l = clavulanic acid G4 AAMY 9&-4do] Bom
AR HAFA A= ESCM#T4] ESBLE: &3 EF3he ArPHol
ATk, &, ESCM2] ESBLAB/dod o] T gkt F-42-9] A= A A] 7&
1 7S e 2 3k A= ofH i Wl e B
T7HERAL, A GtS O = o] Fol ?i:rL
o}oll A —EE]Q TS O 2 &b AFATH3-6]. o
mpC [-lactamase AJ/d3}+= ECSM T#+<
ESBLE AJ4H3] }% T HAEFS WL YFE 0= o] & oY
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2006 1095 20089 397H4] 4342 e] 38
o|A] &%t Enterobacter spp., Citrobacter spp., Serratia spp.,
Morganella morganii (ECSM) 75 & 124752 tjAko 2 3130t
T BRpol| Al HhE-sto] Fe]E w5 Al Q]SS

4% s

Sparks, MD) & microdilution S 2 AJ8835}31 11, Clinical and
Laboratory Standards Institute (CLSI) (CLSI 2007)el &3] 7<=
A 75 BASATHT). A FAlE ampicillin, gemtamicin,

ciprofloxacin, cefotaxime, ceftazidime, aztreonam, imipenem,

cefepime, cefoxitin, piperacillin-tazobactamo|it}. 74 A&
o] Ax#TE Yo\ E. coli ATCC 25922, K. pneumoniae ATCC
7006035 AH-&-8I3AT

3. Extended—spectrum f—lactamase (ESBL) #2| ZH&

A& Al 29490l 0.5 McFarland 5% 2 F--f-A121 & Mueller-
Hinton 30l 11 2 7] %3} T} Cefotaxime (30 1g), ceftazidime
(30 ng) diske} 242} &+#A| (cefotaxime ceftazidime)ol] clavulalate
10 1 0] 2] EHE diskE 2cm 70,2 ol 1, 35N 35
W ujeFet 3= Tt T ALo] 9] A e A E-o] 5 mm o] Zpo7F
& o 7 X3 THS). A1 cefepime (30 1g) ¥ amoxicillin (20
ng)-clavulanate (10 £g)E 2 cm IH 2. & Fol =11 double-disk
synergy testS A3Y3FATHI). 70 AH-8-9 &4 disks=BD BBL
Sensi-Disk (Beckton Dickinson, USA) o]t}

ol

4, ESBLO| MKl

ESBLA-#A S ¢rolH 7] 913 b R R o

B8 AlgEkSIn) xS 7] 913 PCRY] primer= Kim 59

QA AL 87 AT} B A g3)ed el 7H EF TEM,

SHV, CTX-M¥e]| tgt PCR AT A8 etaiet 27 1le 7
el

© DNAZ #&310] 2719 B4 Sirhidl,

FHE 2NN

5. &= AmpC f—lactamase MM7o| HE

% AmpC B-lactamase AT AE3] e+
cefotaxime antagonist testZ A|g3slo] D-2F2] oAt F-5-=
#EITE Derepressed AmpC B-lactamase A3+ cefoxitin
MIC>32 ng/mL, cefotaxime MIC>16 pg/mL ©]HA] cefoxitin-
$-2 3} 3L, partially
depressed AmpC [-lactamase R/372] 74-¢- derepressed AmpC
B-lactamase¥} & EALS XYX|T cefotixin-cefotaxime
antagonist test’} 243¢1 792 A 25T} 5, 101,

cefoxitin-

cefotaxime antagonist test 2-44¢1 7

Table 1. MICs of antibiotics for Enterobacter spp., Citrobacter spp., Serratia spp., and Morganella morganii (ECSM) Clinical Isolates

MIC (pg/mL) Susceptibility (% of isolates)
50% 90% Range S | R
Ampicillin >64 >64 <0.06 ~ >64 4.0 48 91.2
Gentamicin 0.5 32 012 ~64 86.3 0.8 12.9
Ciprofloxacin <0.06 0.12 <0.06 ~>64 89.5 1.6 8.9
Ceftazidime 2 >64 <0.06 ~ >64 59.7 24 379
Cefotaxime 2 >128 <012 ~>128 55.6 12.1 323
Aztreonam 0.5 64 <0.06 ~ >64 59.7 3.2 371
Imipenem 0.5 2 0.12~16 97.6 0.8 1.6
Trimethoprim-sulfamethoxazole 0.25 >32 0.03~>32 82.3 7.7
Piperacillin-tazobactam 4 256 0.5~>256 67.7 12.9 21.0
Cefepime 012 16 <0.06 ~ >64 92.7 48 7.3
Cefoxitin >64 >64 1~>64 10.5 3.2 86.3

MIC, minimal inhibitory concentration; S, susceptible; I, intermediate; R, resistant
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1. HeE S 222t SN LHEE

H Ao Al WA HFF9 25 BW, Enterobacter
cloacae 6675 (53.2%), Enterobacter aerogenes 25¢5(20.2%),
Citrobacter freundii 1275(9.7%), Serratia marcescens 745
(5.6%), Morganella morganii 47-5(3.2%), Citrobacter koseri 37+
(2.4%), Citrobacter brakii 37(2.4%), Enterobacter asburiae 23
F(1.6%) 183l Enterobacter cancerogenusS}t Serratia fonticola
= 221 177(0.8%) 1Atk T g T+59] ceftazidime, ceftriaxone,
cefotaximed] thst WAHEL 50%7F AL, cefepime}
piperacillin-tazobactamell= 27} 73%<} 21.0% W34 BTk
T12]3, imipenemol] WA, Enterobacter cloacae, Enterobacter

aerogenes, Citrobacter freundii Z¥2} 15+ 52]0] A AtH(Table 1).

2. Derepressed AmpC mutant2t ESBL MAH2| H|2

A ECSM 124 75 S| 4] derepressed mutant= 367+,
partially derepressed mutants= % 972, I 36.3% (45/124) ¥+
7} derepressed S-2 partially derepressed mutantol] 33-3}S3th
18] 3L, A T Foll A ESBL AT - 24.2% (30/124) 04Tk,

Double-diskA| 3.0 & - A3} A 124715 S|4 307FF(24.2
%) ol ESBLe] AJ/d8-& ¥t = QI3lth. Cefoxitin-cefotaxime
antagonist test’d 5% AmpC f-lactamase 2 F 597 F
(47.6%) At} 18]a1, derepressed AmpC2} ESBLAYAS- Aol H
ol T 215 (16.9%)7} AATE TFHE WA-Fdzke] Haxnl&

S B, 7P W2 H|E-S X}R|E}= Enterobacter spp.2] 7% 24 ¥
F(25.5%, 24/94), Citrobacter sppa= 375(20.0%, 3/15)7} ESBLO]
o), Serracia spp.2] 739 ¢F 60% A7} ESBL FFATHG62.5%,
5/8) (Table 2).

3. ESBL #F2| RXXIY &M

B AFAE 5 7R B ESBL-{-3AHS AESFATHTEM 3 55,
SHV 15, CTX 1 F/). F 3075 Foll AA| 14 5= PCRG ESBL
o] A&HA] Fgom, 2719 FAAE A 2 FE 338l F
16750l A 54218 & 2213190 tH(Table 3). ESBLO] o} TEM-1-<
Ale)etar= SHV-127} 718 -2 1§ 214819

OE

A = 7o) ol A ESBL A RS B 1181 Hof 9=
5= Escherichia coli, Klebsiella spp., Proteus mirabilis=. 3+
o] 9t} 7], T Enterobacteriacaed]] thejA+= F53}% ESBL 7
WHo] §l= Aol Ty T Aol A AmpC B-lactamase
FG3L= AR DS A Enterobacter spp., Citrobacter spp.,
Serratia spp., Morganella morganii (ECSM)ol| 4] ESBL A4d++2] H]
£o] FobA AL gival B aE A1 QITH3-6]. o] & Alet2 AA| AR
o= WA 0 2 ESBLA Ao -0l gt B35 81A] §h= Flo| B 2
2 ellA A Mo glo] Tl & Al XA 92 = qivk e
U ZF7HA] o) o] Mlatol] etk A+ o2 5] 258490 A

i o

Table 2. Antimicrobial Susceptibilities, Cefoxitin-cefotaxime Antagonism Test, and Confirmatory Test for ESBL Production among 124 ECSM Isolates

Group® (No. of strains) Cefoxitin-Cefotaxime

ESBL test’

MICs,, MIC range (pg/mL)

Antagonist test® cefoxitin cefotaxime ceftazidime cefepime

Derepressed or partially derepressed mutants (n=24) -18, +6 >64, 32~>64 64, 16~>128 >64, 8~>64 1,0.06~8
Derepressed mutants with ESBL production (n=21) -21 +21 >64, 32~>64 >128,128~>128  >64, 16~>64 8, 0.5~>64
Strains with ESBL production (n=9) -7, +2 +9 >64,16~>64 32, <0.12~>128 >64, 1~>64 0.5, 0.06~>64
Inducible strains without ESBL production (n=59) +59 >64, 2~>64 0.25,<0.12~8 0.5,<0.06~>64  0.06, <0.06~32
ECSM, Enterobacter spp., Citrobacter spp., Serratia spp., Morganella morganii
“Remaining 11 strains do not belong in any groups. Explanation for this is in discussion part.
*The numbers of isolates with negative(-) and positive(+) results are shown.
Table 3. Distribution of ESBLs among Enterobacteriacae isolates

. . TEM CTX SHV . . .
Species (No. of isolated tested) TEM-1° TEM-7 TEM-52 TEM-128 CTX-M12 SHV-12 NoPCRdetection  Multiple detection
Enterobacter cloacae (16) 4 1 1 3 8 1
Enterobacter aerogenes (5) 1 1 2 1 1 1
Cifrobacter freundii (2) 2
Serratia marcescens (4) 1 1 1 1
Citrobacter brakii (1) 1
Enterobacter cancerogenus (1) 1 0
Serratia fonticola (1) 1
Total 6 1 4 1 1 5 14 2

“TEM-1 is not ESBL enzyme
No, Negative
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glo] B= I AAIE e 2 Al Zlo] of AL AgAltg 33
oA Belg RE F9 tido 2 AE Ao|QIr}4, 6, 1], Pai 5
o] &)l Enterobacter spp. @A%< thako 2 ESBL Aol &
E B A7 ot o] At Aotel X FAHE S O R B3l e
o, A T T 43%7} ESBLE /4% A2 B ASIITHS]. Israel
of| A @ gl A3}ol| A= Enterobacter sppi= 22%, Citrobacter spp.
= 10.9%, 183 S, marcescens®] 739 15.5%0)| 4] ESBLE AAJ s
thar & Ri[12], ofAlot 571 th e & 3 SENTRY dtol] w2 v
China, Philippines, Singapore 5 =7}l 4= o] g} t} &2 ojrjo} =7}
£ B|8iA] Enterobacter cloacae®] ESBLAAE o] =o} theF 35-
4093 BAIBIGATHI3). 8 ATE AU o2 SNAAE AT
Ao 2 3510 I Q)7 Q)= ECSM 2] Al WAdES 48
3] B2} 3k om, B AGPA L ECSM 9] 753 A U=}
E7HE A 2 7|gigit]. 2 Aol X e A 1247 Foll A 30+
(24.2%)7} ESBLE A& & 5 QAT T12fH, o5 30d 5+ T &
A8 HHQ] PCR AAZE= 167949 ESBL A4S &k1eh
I AJET I F 67 FE ESBLE EF5%] ¢ TEM-10]30t} 9
oF 22 A= v ESBLoFEe thgk PCRo] o] F-o] 2| A] §E k7L,
TEM, SHV, CTX-M f%2}9}= th& ESBL ##f-7121e] A0
ESBL ¢4 2.2 Uehd 210 & F551} o} o]o] gk =3t g5
= = eIk SEA T & Ao A= f-evhEtell A Al o)
$17-9] ECSM w2] ESBL /3 E-¢l| vl 4] tha w3ieh

- o 7 BE AmpC f-lactamasePA 5= derepressed
mutant, partially derepressed, inducible strains % sh}el] <35}
ofof s, 2 A= HYd ofdl® &ok4] B 11T 5
7} QAT 0]E-& cefoxitind} cefotaximedl] 7F5Ado] Jom AA)
cefotixin-cefotazime antagonist testol| A+ &4 A4S B3t} o]
o taiA] S AP, o]E 1132 7-¢- AmpC enzyme©] &
A7 R HA ot cefoxitinel] /0] Qe dFER Wk
11, AA cefotixin-cefotaxime antagonist testA] At F-H-o] 743
blungting = F-4&-& A 2 AAISHA] 33k 7Z-9-%TH10, 14].

ESBL¥} derepressed AmpC B-lactamase 2] 79 Z}2} 214 <}
EGAES o] &5 UIdxE T o] A7 - A Atol= IA
Tk & Aol A= FA| ESBL A/d12] 70%7} derepressed AmpC
B-lactamase FAloll BAs= A& & 5 AT THE A2}
A= 1]S528k 1] &2 AA] ESBLY} derepressed AmpC f-lactamase
HolE FAol Hol= Aoz B USIATH3, 51 ECSM o 4 =
ol 4] AmpC B-lactamase (derepressed Wo|t+ x3}3lo]) A
A= cefepime O 2 H| w4 QEHSHA| A-&-E = rhal L#dA )
T}, ECSM #FollA] AmpC f-lactamaseS F=3kclar Lelxl 34t
cephar] @AA ¥4 cefepime o 2 U -34S 5=3HA %
ORI AR = Qlrar oA QITHILL T8 ESBL & A0l 714
+ derepressed AmpC B-lactamaseJAd 2] 7d-%- cefepime 2] MIC
7} &= A2 2 5= JuHI5). ESBL Aol A A cefepime
o] X zol| tigk A = A9 gl el AT Az 7h S &
Aol A AZANE FET 7ol JTHI6) T2 ol A

70.00—
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Figure 1. Difference of cefepime MICs between derepressed AmpC B-lactamase
producing isolates and derepressed AmpC B-lactamase with ESBL producing
isolates.

FEP, cefepime.

ESCM79] ESBL A 75 & d o] 9o, 7 /-85 v
0 &2 cefepime MICE 7|52 & 3} Zlolt}, 18]5}¢], cefepime
MIC7} 1 pg/mL ©)3< W& ESBL AA#o.= 1H-8 5= 9lrh= <
T7}F ATH3, 6]. B Aol = ECSM ol €] derepressed AmpC
B-lactamase ¥o]+¥} ESBLY} derepressed AmpC f-lactamase
= FAlo|| Hol= #F9] cefepime MICE H|walo] Bty MICES
Student t-testE 3+ A3} SAVF F-oJskAl MICoA AFol& B
(P=0.003, 3.9+5.6 vs. 17.24:21.2) (Fig. 1). L&}, 7 - Akl 9] £33
E W FHHA g A7 AREMICZ 7E S A F et Ae Y
= ATk ECSM ol 41 2] ESBL /9] 2| 223}k Apd-&-of] 7 2]=
oll &k 1 3l= AAIAIE 719 Rl dejo] B = ¢k o 2 1 A7 5}
ojof gk Hofo]r},

ARZ O R E coli®} Klebsiella spp.2} WA & Enterobacter
spp., Citrobacter spp., 18] 1L Serratia spp. 7ol A1 = ESBL A &-&
o] 23] ozl el = 71 s WS B skl A dAdelA =

ol5 w4 2] ESBL A/dof ol thek 1417} & e shry.
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