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Isolation Trend of Enterobacter, Citrobacter, and Serratia for the
Recent Five Years and Antimicrobial Susceptibility of
Derepressed AmpC /S -lactamase Producing Strains

Jong Ha Ryu, M.D., Hong Seok Park, M.S., Dongeun Yong, M.D., Eung-Chil Choi, Ph.D."
Kyungwon Lee, M.D. and Yunsop Chong, Ph.D.

Department of Clinical Pathology and Research Institute of Bacterial Resistance,
Yonsei University College of Medicine, and College of Pharmacy and
Research Institute of Pharmaceutical Science’, Seoul National University, Seoul, Korea

Background : Derepressed  AmpC 3 -lactamase  in

producing Enterobacter cloacae, Citrobacter freundii,
and Serratia marcescens are important nosocomial
pathogens and the infections are difficult to treat,
because they are multi-drug resistant. The aim of this
study was to determine the isolation rate and trend,
and antimicrobial susceptibility of derepressed strains
isolated from clinical specimens.

Methods : E. cloacae, S. marcescens, and C.
freundii isolated from 1996 through 2000 were en-
rolled in the study. Antimicrobial susceptibility was
tested by NCCLS disk diffusion method. Derepressed
strain was defined as strain non-susceptible to third
generation cephalosporin. The isolation patterns of im-
portant gram-negative bacilli with the derepressed
strains were analyzed with respect to years, patient’s
locations and specimens.

Results : Among the clinical isolates, the dere-
pressed strains of E. cloacae, S. marcescens, and C.
freundii were 65%, 70%, and 56%. The proportion of
the derepressed strains: E. cloacae increased from 68%

1996 to 71% in 1998, however, decreased to 59%
in 2000, S. marcescens increased from 68% in 1996
to 73% in 2000, C. freundii decreased from 69% in
1996 to 41% in 2000. The proportion of the dere-
pressed strains were high among the isolates from
blood and respiratory specimens of inpatient and inten-
sive care patient. The resistance rates of the depressed
strains were 47 ~62% to third generation cephalosporin
and aztreonam, 15~85% to aminoglycoside, 68% to
cotrimoxazole, and 31% to levofloxacin.

Conclusion : Among the clinical isolates of E.
cloacae, S. marcescens, and C. freundii, the dere-
pressed strains were as high as 56~70%, and they
were commonly isolated from blood and sputum speci-
mens of inpatient and intensive care patient, and
showed high resistance rates to the most antimicrobial
agents. (Korean J Infect Dis 34:26~33, 2002)
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o ek Ba ageA 7+ ol E£H9 Bac
tamase S AAslo], o5 Al AL o] %lE-
AZS F-lactamAl7} AL£AH oz FulE] o] %};LJH 9 =

cefotaxime, ceftazidime 59 A 34 cephalosponnxﬂ
monobactam %) carbapenem 52 54 AmpC /-lacta-
mascol] UfsfA % QHe}e], o] HAFE A= Tl ol

MAE GFgo] AotV e} fEA AmPC B -lacta-
mase Al TFoll= wWo|A T} 10°=10°% Hl-&g2 ¥
5Jo] glol4) Al 340 cephalosporinle] MM ALE 7
2Fo] AmpC J-lactamases AJAJsl= WHolA 55 AdH]
A e wold FEE f-lactamAlol] 2% A
T4 A (constitutive) © & #}2k2] AmpC S -lactamase S AJA
slo] A 440 cephalosporinA] 9} carbapenem-2 A|2] 3k
BBl felactamAlo] WAoo Y G54 1l wle]y
AmpC-lactamase S &3] Al FFL FE Enterobacter
spp., Citrobacter spp., Serratia spp., Morganella spp., Pro-
videncia spp. $-o]t}.

ol o] F¥ WdzolA Al k=] S
dl, 2 ulE2 A, WA, AV A W AEgE Al
wpba] g 4 ekt 19924 Tzelepi E'7e 1]
2ol A B2|El E cloacae?] 68%7} cefotaxime®} ceftazidime
o] uAgle Harsjglan, 199293 1993ndo] A el
+ E. cloacae$®} C. freundii®] 15~50%7} wolAl HFo|g]
o™, Serratia spp, M. morganii, Providencia spp. Soll+ ¥
oy P} Aee Hwsielnh 9 Wold R U
A el Fol EG W, @ HelF ol = A
o7 g Yo't wdt wold FF9 ¥ sl
Al 344 cephalosporind] A& A& Ak, 1 ¢ f-ac
amA] AE AE 719 glkn dEA Yo Wely FF
© Uizl E &3] Yol vefAl WAlololA] o AdF
X gol| ofglgo] wWolA M1 o] FFol| oJa 7AF A}
Aggol Tk g4 Yokt et SehtelilA
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5 ik ol & S el 20
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19961355 20000 d71A] AlHetwel Q1 U ol A}
o] HAAeNA HelEl E cloacae, C. freundii 3} S. marces
censg o g sloick #Ee] TAS AFAU sk
S o] el Wadl Sl Vitek GNI card (bio-
Merieux Vitek Inc., Hazelwood, Mo., U.S.A)E o] 83}t

A Z<rAl-S- National Committee for Clinical Labora-
tory Standards (NCCLS) t]x= Aoz AJdsllch”.
Z trypticase soy broth (BBL, Cockeysville, Md., U.S.A.)e]|
A 35T, 2~3A17F ufjekslt o] B =& McFarland2] 0.5
o] & = LFA7} 4 mme] Mueller-Hinton dHol] A&
stk Ale &FA| t)A=+ ampicilling ampicillin-sulbac-
tam, ticarcillin-clavulanic acid, piperacillin, piperacillin-tazo-
bactam, cephalothin, cefotaxime, ceftazidime, cefepime, cefo-
perazone-sulbactam, cefotetan, cefoxitin, aztreonam, imipenem,
amikacin, gentamicin, isepamicin, netilmicin, tobramycin,
& Al
v} A]gd Ayl WHONET software (version 5.0, World
Health Organization, Geneva, Switzerland)ol] & slo] XA
o). =4 9l weolA AmpC B-lactamase A 39
AL Livermore” 9] ¥lol] wghck. =, A 34| cephalo-
sporine]] A A5 F54 T5E, A4l Askd
A5 Wold #E sl Aslsich

cotrimoxazole, levofloxacin 3] tetracycline (BBL)-S

2 1

ZHE ldAAeNA EelE Fe aseA 54,326—7—
T E 14,9645(28%) 27} weka, 1 o}E P.
aeruginosa 13,0065424%), A. baumannii 6,792-14(12%),
pneumoniae  6,257512%), E. cloacae 3?84-:]1—{7%), S. mar-
cescens 237154(4%), C. freundii 1,6845(3%) o]} 7+
TEe dxH Felgolle 548 Hﬂﬂ)rﬂ %i%i")r(Table 1.
oAl 7Fo #EH v|&S E cloacae 65%, S. marces-
cens 70% % C. freundii 56%°|gr}. wHolAl F2] olxy
Zo|= E. cloacae= 19961 68%0llA] 1998y 71% =2 =7}
A 200060l 59% 2 ZAslgidh S
19961 68%ollA] 2000:d 0l 73% 2 Z71eldct. C freundii
= 19961 el 69%0]9 ot 2000l 41% 2 24w}
(Table 2).
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Table 1. Isolation Trend of Gram-negative Bacilli Frequently Isolated by Year
Number (%) of isolates
Species
1996 1997 1998 1999 2000 Total
E. cloacae 694 ( 7) 317 952 (7 57 (7 650 ( 6) 3784 (1 7)
S. marcescens 453 ( 3) 356 ( 4) 624 ( 5) 481 ( 4) 457 ( 4) 2371 ( 4)
C. freundii 328 ( 3) 300 (3 450 (3 345 ( 3) 261 (3 1,684 ( 3)
E. coli 2,838 ( 30) 2,963 ( 30) 3,002 ( 27) 3,119 ( 27) 2,442 ( 24) 14,964 ( 28)
K. pneumoniae 1,019 ( 11) 993 ( 10) 1,447 ( 11) 1,391 ( 12) 1,407 ( 14) 6,257 ( 12)
K. oxytoca 117 ( 1 160 ( 2) 253 (2 232 (1 2) 216 ( 2) 978 ( 2)
E. aerogenes 153 ( 2) 129 (1) 222 (1 2) 203 (2 204 ( 2) 911 ( 2)
P. mirabilis 136 (1) 137 (1) 198 (1) 170 (1) 114 (1) 755 (1)
P. vulgaris 5T 1D 67 (1) 95 ( 1) 56 (<1) 51 (<1) 326 (1 1)
M. morganii 153 ( 2) 137 (1) 202 (2 185 ( 2) 191 ( 2) 868 ( 2)
P. stuartii 47 (<1) 57( 1 46 (<1) 53 (<1) 54 (1) 257 (<1)
A. baumannii 1,046 ( 11) 1,453 ( 15) 1,737 ( 13) 1,292 ( 11) 1,264 ( 12) 6,792 ( 12)
S. maltophilia 233 (2 238 ( 2) 283 ( 2) 272 (1 2) 347 (1 3) 1,373 ( 3)
P. aeruginosa 2,172 ( 23) 2,122 ( 22) 3,124 ( 24) 2,887 ( 25) 2,701 ( 26) 13,006 ( 24)
Total 9,446 (100) 9,843 (100) 13,235 (100) 11,443 (100) 10,359 (100) 54,326 (100)
Table 2. Isolation Trend of Derepressed AmpC pf -lactamase Producing Strains by Year
Number and percent of isolates
Species
1996 1997 1998 1999 2000 Total

E. cloacae Isolates 694 731 952 757 650 3,784

Derepressed strains 470 505 673 437 386 2,471

%o 68 69 71 58 59 65
S. marcescens Isolates 453 356 624 481 457 2,371

Derepressed strains 307 236 423 348 335 1,649

o 68 66 68 72 73 70
C. freundii Isolates 328 300 450 345 261 1,684

Derepressed strains 225 195 259 165 107 951

o 69 65 58 48 41 56
kRl Al 28,1065 1l F¥RMA FhRtO|A 11,553F7F Hel ZAAE E coliz} ZtZF 48% 9 2% 7V woka, IE

3l

ek o b Bl GubHA RelE FolAe E colizh
A7k 47% 9 28%% 7 Wtk FIAA felF Folle
P. aeruginosa?} 2%E 7}A ‘El‘:"L‘Jr E. cloacae$} S. mar-
cescensy= UHMH Al gl E3apA Ha|F Zd|A 27 7~-8%
W 4-T7%E ol A} el FellA E-‘J} wokek. C. freundii
= gubEA o SRk el 4% W 2%c)%lew, 9
i ghAb FeldellA 3%E M xto]zh gigirkTable 3). o]
R 7o) WA NEL E coacae A5 FUAA BelE
T 83%, dubgA RelF F 65% U ol IR} EeF F
31%0|9c}. S. marcescens®} C. freundils ZS3FAFA HalF
ol 7H wWoka, 1 oha dyhEA 1 e Fololdt
(Table 4).
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Aol A, S. marcescensv ZE7]) 7AHelA vlaLA E3 E'v;

Ha|g Fol|Alx= P. aeruginosa?} 717t 38% 1
27% 2 7} Wkl E. cloacaes €N, A4 1l $57]

5]911(7«11%), C. freundii=- 7} 714l A

2 A

2~4%
S Holtl(Table 5). wlo]A HF9| #HAH n]&
caeJ A GN(74%)
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ol 718% 2 7}4 &
o4 F2R=

747k 71%9)¢ 74%0)e). C. freundiie $87) S5
kel (Table 6).
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Table 3. Isolation Pattern of Gram-negative Bacilli Frequently Isolated by Patient’s Location
Number (%) of isolates
Species
Outpatient Inpatient Intensive care patient Total

E. cloacae 387 (4 2,237 ( 8) 805 ( 7) 3784 (1 7)
S. marcescens 184 ( 2) 1,160 ( 4) 820 ( 7) 2371 ( 4)
C. freundii 270 ( 3) 1,017 ( 4) 237 (2 1,684 ( 3)
E. coli 4,449 ( 47) 7,844 ( 28) 1,100 ( 10) 14,964 ( 28)
P. aeruginosa 1,506 ( 16) 6,589 ( 23) 3,740 ( 32) 13,006 ( 24)
Others” 2,625 ( 28) 9,259 ( 33) 4,851 ( 42) 18,517 ( 34)
Total 9,421 (100) 28,106 (100) 11,553 (100) 54,326 (100)

‘K. pneumoniae, K. oxytoca, E. aerogenes, P. mirabilis, P. vulgaris, M. morganii, P. stuartii, A. baumannii, and S. maltophilia

Table 4. Isolation Pattern of Derepressed AmpC pB -lactamase Producing Strains by Patient’s Location

Number and percent of isolates

Species N
Outpatient Inpatient Intensive care patient ND Total
E. cloacae Isolates 387 2,237 805 355 3,784
Derepressed strains 120 1,447 670 234 2,471
o 31 65 83 66 65
S. marcescens Isolates 184 1,160 820 207 2,371
Derepressed strains 42 806 681 120 1,649
o 23 69 83 58 70
C. freundii Isolates 270 1,017 237 160 1,684
Derepressed strains 85 574 203 89 951
o 31 56 86 56 56
“Not determined
Table 5. Isolation Pattern of Gram-negative Bacilli Frequently Isolated by Patient’s Specimen
Number of isolates (%)
Species .
Blood Respiratory Urine Wound Others Total
E. cloacae 222 (11) Li6e4 ( 7) 876 ( 3) 539 ( 10) 983 ( 9) 3784 (1)
S. marcescens 39( 2 L167 ( 7) 589 ( 3) 202 (4 374 ( 3) 2371 (4
C. freundii 36( 2 365 ( 2) 684 ( 4) 196 ( 4) 403 ( 4) 1,684 ( 3)
E. coli 983 ( 48) 964 ( 6) 9,757 ( 52) 1,091 ( 20) 2,169 ( 20) 14,964 ( 28)
P. aeruginosa 171 ( 8) 6,470 ( 38) 1,973 ( 10) 1,454 ( 27) 2,938 ( 27) 13,006 ( 24)
Others ' 600 ( 29) 6,830 ( 40) 5,044 ( 20) 2,000 ( 35) 4,043 ( 37) 18,517 ( 34)
Total 2,051 (100) 16,960 (100) 18,923 (100) 5,482 (100) 10,910 (100) 54,326 (100)

“Body fluid, bile,

of gk A& F=A4 7} ZFzF 20%, 5% 3 37%o]
lort, wHold #Fe 7t 68%, 31% 9 58%°]3rk. Ce
fotaxime, ceftazidime T aztreonamel] tigt $EA1 F3E9
A olglo|gdwl whH, o)Al E. cloacae, S. mar-
cescens 3 C. freundii®] WAL 27} 68~76%, 19~38%

1) 41~80%0|9lct. Cefepimee]] Wieh #&4H WA &L 4%

Hace
7}

52 2%

catheter, ear, pus, and throat specimens,

YK. pneumoniae, K. oxytoca, E. aerogenes, P. mirabilis, P.
vulgaris, M. morganii, P. stuartii, A. baumannii, and S. maltophilia
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Table 6. Isolation Pattern of Derepressed AmpC g -lactamase Producing Strains by Patient’s Specimen

Number and percent of isolates

Species -
Blood Respiratory Urine Wound Others Total
E. cloacae Isolates 222 1,164 876 539 983 3,784
Derepressed strains 165 737 543 359 667 2,471
% 74 63 62 67 68 63
S. marcescens Isolates 39 1,167 589 202 374 2,371
Derepressed strains 25 900 436 98 190 1,649
% 64 77 74 49 51 70
C. freundii Isolates 36 365 684 196 403 1,684
Derepressed strains 23 285 261 127 255 951
% 64 78 38 65 63 56

‘Body fluid, bile, catheter, ear, pus, and throat specimens

Table 7. Antimicrobial Resistance of Inducible and Derepressed AmpC £ -lactamase Producing Strains

% resistant

Antibiotic agent

E. cloacae (n=3,784)

S. marcescens (n=2,371)

C. freundii (n=1,684) Total (n=7,839)

Inducible Derepressed  Inducible Derepressed  Inducible Derepressed  Inducible Derepressed
Ampicillin 91 100 98 100 82 100 90 100
Ampicillin-Sulbactam 43 92 91 98 22 95 51 95
Ticarcillin-Clavulanate 15 77 15 46 11 89 14 69
Piperacillin 7 88 17 79 25 80 15 83
Piperacillin-Tazobactam 3 42 7 34 6 26 5 37
Cephalothin 96 100 100 100 91 100 96 100
Cefotaxime 0 72 0 38 0 75 0 62
Ceftazidime <1 76 <1 19 <1 80 <1 58
Aztreonam 2 68 <1 20 1 41 1 47
Cefepime 0 2 0 3 0 2 0 2
Cefoperazone-Sulbactam <1 20 <1 23 <1 20 <1 21
Cefotetan 15 81 <1 26 2 84 8 63
Cefoxitin 95 99 32 54 91 98 77 84
Imipenem 0 0 0 <1 0 0 0 <1
Amikacin 3 18 8 29 6 31 5 24
Gentamicin 14 75 17 55 21 39 17 62
Isepamicin 2 9 4 23 7 20 4 15
Netilmicin 11 71 16 38 13 67 13 60
Tobramycin 16 86 33 91 19 75 21 85
Cotrimoxazole 14 78 23 68 27 39 20 68
Levofloxacin 2 29 5 26 11 43 5 31
Tetracycline 15 47 81 89 33 31 37 58
Wl dollA] ZHE ghtAlel] WAl ¥ w3l gho 5 #EL2 E cloacae, S. marcescens 3 C. freundii 5©)

o, £l B-lactamA| A WA
FAA =olghe}' ™. Enterobacteriaceae
oA &s] HelEles asgAl 7ol &+
& Wl B Skl 9 A8
o oligol Wef. ol % wold #F7h 5

S -lactamase S AJAks]

Te
A
g

53 A7}

op B AmpC B -lactamaser= Bush £°”¢] group 19|
451, penicillin GX.t} cephaloridine S-3jEAde] 7} slm,
clavulanic acid, sulbactam 3 tazobactam S-oll 2]#] Ajo]
A A gkl AmpC fS-lactamases= A7 J Aol =
ampCol] 98] ZA%v, ampCe] AA= AmpD = AmpR



Sl Sl AR, 2, AFHl BASE pepiido
glycane Z71-g-3lA faol 2oa)] 7lrialElo] muramyl-tri-
peptide 348k ol AmpR Sl ZAstel ampCe)
AAE £FAFI). durFH o2 muramyl-tripeptide
AmpD bl SJ3)] $olslo] F FEE A

wWolAl FF= ampD7} ¥o|%lo] muramyl-tripeptide7} 2=
A5, AmpR Thulell A3sto] ampC AAE FAA 2t
2kl AmpC fS-lactamased 31302 AJaslo 24 34
tf] cephalosporing H-EA 07 R 71

Hold o] EF¥L  f-lactamA], E]
cefotaxime, ceftazidime 3 piperacillin 52| <FA] A-g&x} =
A8 WAV A, 1 F4 AN FADOIA 1A
vlokslAl B el . Chow 577} Jacobson 5772 -
lactam¥} aminoglycoside ¥t Ao 82 wolA F3o] &3
S JAAZA F grkar g wb, Sanders 5”3} Johnson %
Yo ol WY AARE Wold #Fe] U AAY F
= @k sl

B odrollA] FE 5wz AlEEks Wel SHAlelA FelE
F& A T2 F 54326701, 1 F FL %
W7ked#Ql E. cloacae, S. marcescens 3 C. freundiix= 7}
3,7845(7%), 2,3715(4%) 2 1,684F(3%) 2 v]i%] 3
gl ek o5 F Wold FFe] &2 56~70%0]d=0l,
o] A= o] FVe] 1988~1992+19] W 31(39~56%)%}F o]
o] Bl njelo] £(30~40%) WAs| Eghh gk ol
A de = Bele dF webd "l C freundii=
V4519wl BhH, S marcescens Z7)slsich

T agkeA el WA FelE HE, E coliv 2
A el Folle 28%0]E, FTRAME EElF Fele
10% 0] Rid, ol A} FelF Foll= 47%ol%0ck ol
© E coliv} Uil B2 e &3] 4oy o
ol Aoz ggkdck 3 Fo AW d E cloacae,
S. marcescens 3 C. freundiiv= 2|2l H-glF Sl 9%o|y]
Hhd, dnk WA 3 SR felE Felle B 16%0190
ok WolAd o] & FEAA FelF Foll 7HE Fof
Al 83~86%0]aL, L vho PHPHA elE Foll wek
a, old Reld ol 7Hg gobAl 23~31%0]90tt vl=
National Nosocomial Infections Surveillance (NNIS)2] il
9} Burwen 579 QATIAE B olT9 wRIAR F3
A g Felg Fell Al 349 cephalosporinel]l WA
Enterobacter spp.7} &3lcki W aslgiv). B ol kellA] E.
coliv= dN 1l Q 7| o)A, P. aeruginosax 357 9
A AAlA &3] eld wHH, E cloacaes N3t 44

ceftizoxime,

Mo ol

r_1

Zhed A347 A1%E 200240 31

A, S. marcescens= &7 ZANA v|ZA L) Hals]
Sek. Wold FEe WA wES 8 7 3F/] el
Zo]] =9k}, Jacobson £7"7} Kaye 579 Hiuo A% A 3
At cephalosporinel] WAIQl Enterobacter g5 9o £l
Foll A Eslrlar sl wold dF7h "y 8l 3F7]
gl Foll £ AL olF #AAF X EA Al 34 cephalo-
sporinAl & £s] Agslar, o5 AAllAe 244 Ko 3
Agte] A7} olei7] wjRo.g kv,

AmpC f-lactamase 434 T olg] dfAldl WS
Bolc)’. Ampicilling} ¥ cephalosporin® $-EA4o] 7t

8ka1, B-lactamaseo]] BSR4 9 wlel4] FF
= o5 Al WS veRbiA ek A 341 cephalo-
sporin, ureidopenicillin 3 carboxypenicillin®- 3 -lactamascol|
v s 5 E YogA] gkenw fRA4 dEe W
3 glo] AFAE, Wol4 FRE WS ehiTh fdac
tamase JAAE AmpC f-lactamaseS <jAls}A] Tgk 4t
oy} clavulanic acidy F-E¥o| 743l 2 3-lactamA| 92
A e v F2 dEEe JehiAE etk Cefe
pime¥} cefpirome & #A| 44t} cephalosporin® FA|H&E &
7} A %31 B-lactamaseol] W]F T oHAlog o)A
ool A st dEe W38tk Carbapenem-
sk FE#o] Ak, B-lactamaseo] F3] PASlEE
£4 9 Wold FF B} of GAldl A4AE et
3

B ddFellAE wolAl e oo Al atAlel
ek WAl gol ESkrl 5, imipenem3} cefepimeo] WHAIQI
T+ 2E9oer), A 3410 cephalosporin % aztreoname]]
al WAEL 47-62%]|9 3L, piperacillin-tazobactam¥} ti-
carcillin-clavulanic acidel] ™t WAI-&-S 37%2} 69%|9)r).
Y Wold THEL flacum ols]e] YAl WAL
Al #5571 wolA], aminoglycosided]ol] widr WA &2
15~85%, cotrimoxazole 68%, levofloxacin 31% 9 tetracyc-
line 58% 2 =4 5ol vlste] 2~6ufo] ).

B odFol|A E. cloacae, C. freundii 3] S. marcescenst=
G AN Eel elelel, 2F S6-70%% wol
AmpC  B-lactamase A4 Alffelar, o] = T¥AAIT}
At WA gkl "ol 1l 3 F7] FAlelA] &3] felww,
A 34t cephalosporin, aztreonam 52| S -lactamA], amino-
glycoside, cotrimoxazole & levofloxacin 5ol WAlel #37}
Eefois A2E Al webd Woly e 2% o
Alsl7] flstels Algsr dtAl A8, AmpC /-lactamase
AAAL] M g AEHR] WAE =A7E dewiha
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Hf & : wo]A AmpC pJ-lactamaseS AAsl+= Entero-
bacter cloacae, Citrobacter freundii 4 Serratia marcescens+=
Az e I ceRA] WAdolelA]l 1 AedF A
Foll of{go] Wrk E QA= 4 AAellA Helw
9 ashgA 7kt Foll #old AmpC  f-lactamase A4
Fro) Reldy o ol 4FA WY FIE Akl o
Aol I8 FF Aol WY 7z AR Eehan
el

Hb B 1996w dEE] 20000744 B2lEl E cloacae, C.
freundii %) S. marcescensS Ao 2 i) Al 7HE
A& NCCLS vzz #bgos AYsiglch A 34
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