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= Abstract=

Antimicrobial Drug Susceptibility of Enlerobacler and Citrobacter Isolated
from Clinical Specimens

Sung Duck Paik, Won Ki Baek, Seong Il Suh, Jong Wook Park and Min Ho Suh

Department of Microbiology, Keimyung University School of Medicine, Taegu, Korea

Twenty nine strains of Enterobacter and 18 strains of Citrobacter isolated from various clinical
specimens were tested for antimicrobial susceptibility to 20 drugs including quinolones.

The most frequent isolation source of Enterobacter and Ciirobacter was urine.

Among the isolated Enterobacter, all strains were susceptible to enoxacin(Ex), norfloxacin(Nf),
ciprofloxacin(Cp), ofloxacin(Of) and pefloxacin(Pf). 3.4-17.2% of the strains were resistant to
rifampin(Rf), moxalactam(Mx), and nalidixic acid(Na). 34.5-65.5% of the strains were resistant
to chloramphenicol(Cm), trimethoprim(Tp), amikacin(Ak), cefamandole(Cf), streptomycin(Sm),
tetracycline(Tc), gentamicin(Gm), kanamycin(Km) and sulfisomidine(Su) and 93.1-96.6% of the
strains were resistant to ampicillin(Ap), cephalothin(Ct), and tobramycin(To).

In Citrobacter, all strains were susceptible to Ex, Nf, Cp, Of, Pf, and Mx. 11.1-33.3% of the
strains were resistant to Na, Rf, Gm, Ak, Cf, To, and Tp, 44.4-55.6% of the strains to Sm, Km,
Cm, Te, and Su, and all strains were resistant to Ap and Ct.

Key Words : Antimicrobial susceptibility, Enterobacter, Citrobacter.
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Table 1. Isolation frequencies of Enterobacter

and Citrobacter from clinical specimens

e s Afsidc. ERUES
Ewing'’, Lennette 5?3} Koneman
20

Hinton'9e] A A& whol whet 427

£ Rgsl quinolonedl ¥ ZJe}gFA A o Clinical No.(%) of strains isolated
5t 7+eA AAE AN kAU AlF 2 o) specimens Enterobacter Citrobacter
43E FAgeto, olEdd 97 TAFT A Urine 12(41.4) 8(44.4)
54 HAdo gaxE HEE £ e AEES Sputum 7(24.1) 2(11.1)
A FstnA gt Wound 3(10.3) 0
Catheter tip 2( 6.9) 2(11.1)
Mz sy Pus 2( 6.9) 6(33.3)
Ear 1( 3.4) 0
L 2E2e U £
T Eye 1( 3.4) 0
1992 d 1€ oA 129 Alolo] AEuista o Throat 1( 3.4) 0
Joe v4ERadN 24E dytdEz P~ - "
BE] B TR 3 Enterobacter 2939} Citrobac-
Table 2. Antimicrobial activity of drugs on Enterobacter
Drugs®’ No.(%) of MIC(pg/ml)®
g resistant strains® Range 50% 90%
1. Quinolones
Na 5(17.2) <2- >256 2.94 164
Ex 0 <0.5- 4 <0.5 <0.5
Nf 0 <0.5- 2 <0.5 <0.5
Cp 0 <0.5 <0.5 <0.5
of 0 <0.5-1 <0.5 <0.5
Pf 0 <0.5- 2 <0.5 <0.5
2. B-lactam antibiotics
Ap 27(93.1) <2- >256 > 256 > 256
Ct 28(96.6) 8- >256 >256 >256
Cf 11(37.9) <2- >256 3.0 >256
Mx 3(10.3) <2- 128 <2 17.6
3. Aminoglycosides
Sm 13(44.8) <2- >256 7.33 >256
Ak 11(37.9) <2- 64 3.5 454
Km 18(62.1) <2- >256 96.0 >256
Gm 15(51.7) <2- >256 3.0 >256
To 28(96.6) <2- >256 3.4 >256
4. Others
Cm 10(34.5) <2- >256 3.93 >256
Te 14(48.3) <2~ >256 <2 163.2
Su 19(65.5) <16- >2048 >2048 >2048
Tp 11(37.9) <2- >256 <2 >256
Rf 1( 3.4) 8- 32 12.0 15.4

2 Abbreviation : see text.

¥ Criteria of resistance were determined as described in NCCLS.
250% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.
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AP S ol g3t 10°/ml ol4de FHEE A At ZFEA AAE viAE exFos 3
3 g AR stdth MY ARz FFAV FHE Mueller-
2. SR Hinton agar(MHA, Difco Co.) & Al&3 9
e Al & tryptic soy broth(TSB, Difco Co.)9l|
Nalidixic acid(NA), enoxacin(Ex), norflox- 2 oulgs F AGAGFE 100w 3] A sHe]
acin(Nf), ciprofloxacin(Cp), ofloxacin(Of), Steer’s multiple inoculator’’2 #HZE sl 37C
pefloxacin(Pf), ampicillin(Ap), cephalothin A BF WAzl e FEHF FFE o}
(Ct), cefamandole(Cf), moxalactam(Mx), strep- HAwS A A% X (Minimal Inhibitory Concen-
tomycin(Sm), amikacin(Ak), kanamycin(Km), tration : MIC) & ZAAdSG AT #HL
gentamicin(Gm), tobramycin(To), chloram- NCCLS(National Committee for Clinical La-
phenicol(Cm), tetracycline(Tc), sulfisomidine boratory Standard)e] BA7]FE¥d] uwiglow,
(Su), trimethoprim(Tp), rifampin(Rf) ¥ 20% 7o 50% % 90% MICy FZ Smith§*o]
o] FaAE Apgste] AHsATh & A A el wel AEstd vk W Adaic
E FARE o &dAAH nEFE £q& F=AGE Hslo E coli. ATCC 259229} P.

WEo] AREFS WERSEsIEA HaA 144 aeruginosa ATCC 27853 & 4 A3t th.
F sl Arg A ol
. Ao S|
3. o AETY HAb
FFATFHA A FHBIMYPLDE AL Enterobacter 2 Citrobacter?] ¥R T &

Table 3. Antimicrobial activity of drugs on Citrobacter

» No.(%) of MIC(xg/ml)®
Drugs . - W = 2
resistant strains' Range 50% 90%
1. Quinolones
Na 2(11.1) <2~ >256 3.75 58.4
Ex 0 <0.5- 4 <0.5 2.42
Nf 0 <0.5- 4 <0.5 2.42
Cp 0 <0.5 <0.5 . <05
of 0 <0.5- 2 <0.5 1.1
Pf 0 <0.5- 2 <0.5 1.1
2. f-lactam antibiotics
Ap 18(100) 64- >256 >256 >256
Ct 18(100) 64- >256 192.0 >256
Cf 6(33.3) <2~ >256 <2 134.4
Mx 0 <2- 8 <2 4.4
3. Aminoglycosides
Sm 8(44.4) 4- >256 10.0 >256
Ak 4(22.2) <2- 256 <2 83.2
Km 8(44.4) <2- >256 3.0 >256
Gm 4(22.2) <2~ >256 <2 140.8
To 6(33.3) <2- 64 3.0 35.2
4. Others
Cm 10(55.6) 4- >256 136.0 >256
Te 10(55.6) <2- >256 101.0 >256
Su 8(44.4) <16- >2048 96.0 >2048
Tp 6(33.3) <2- >256 <2 >256
Rf 2(11.1) 16- 64 12.5 20.8

2 Abbreviation : see text.
b Criteria of resistance were determined as described in NCCLS.
950% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.
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g ok Z Ct#} Tool 96.6%9 718 =2 1
AE&E Yegusles, Cf, Ak, Tp, Sm, Tc, Gm,
Km, Su ¥ Apdl A+ 37.9-93.1%, Mx, Rf, Na
2 Cmol & 3.4-345%92) WAS YA
1}, Na(17.2%)E A 23} quinolone#] ¥ ¢
Ao el A #FV FrAdeE W
t}. MICH i+ Na, Ap, Ct, Sm, Km, Gm, To,
Cm, Tc & Su%9l efAlolM HPHLFAFTE
oA AP uAA TR HAE VeI
o, 50% MICE quinolonedl ¥ <Al Ex,
Nf, Cp, Of, Pfo] <0.5 pg/ml, Te, Tp 18] 3L B-

T 29%
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3

lactamZAl € Q) Mxe <2pg/ml2 A¥ 3 Ak
F& ol3tE BHYon, Ap, Ct 2 Su2. 434

TOHABE ol4g ephgith 43R WA
3 A= g £ U= 90% MICE quino-
loneA € 9] Ex, Nf, Cp, Of 2 Pf7} <0.5pg/ml
o) &}, Rf 15.4 pg/ml, Mx 17.6 ug/ml, Ak 45.4 ug
/ml, Tc 163.2 ug/ml ¥ Na 164 pg/mlZ iE}Y
7|8 1059 GAdiAe AFHRIAFE
o4& el

Table 32 20%<9] &gAd datod 7F o
A7t AE2RE Eald Citrobactere] 3T A
UAdEs HA2USARANFEE ERACH
FekdlZ Apd) Cto] HadF ARJ YAS
VeI 0.9, Cf, To, Tp, Sm, Km, Su, Cm ¥
Tcoll &= 33.3-55.6%, Na, Rf, Ak @ Gmol| 4]
11.1-222% ¢ JHAE veEI T, Mx3
quinolone#) ¥ 9] Ex, Nf, Cp, Of 2 PfoA &= A
TF7F 4o g vetwch MICH S 9
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Table 4. Drug resistance of organisms isolated from various specimens

No.(% ) of strains isolated

Drugs® Enterobacter Citrobacter
Urine Others Urine Others
Cm 6(50.0) 4(23.5) 4(50.0) 6(60.0)
Te 3(25.0) 3(21.4) 4(50.0) 4(40.0)
Sm 7(58.3) 6(35.3) 6(75.0) 2(20.0)
Su 10(83.0) 9(52.9) 4(50.0) 4(40.0)
Ap 12(100) 15(88.2) 8(100) 10(100)
Tp 7(58.3) 4(23.5) 4(50.0) 2(20.0)
Ak 7(58.3) 4(23.5) 2(25.0) 2(20.0)
Km 9(75.0) 9(52.9) 4(50.0) 2(20.0)
Gm 4(33.3) 9(52.9) 2(25.0) 2(20.0)
To 7(58.3) 3(21.4) 2(25.0) 2(20.0)
Ct 11(91.6) 17(100) 8(100) 10(100)
Cf 8(66.6) 3(21.4) 4(50.0) 2( 20)
Mx 3(25.0) 0 0 0
Ex 0 0 0 0
Nf 0 0 0 0
Cp 0 0 0 0
of 0 0 0 0
Pf 0 0 0 0
Na 3(25.0) 2(11.8) 2(25.0) 0
Rf 0 1( 5.9) 2(25.0) 2(20.0)
Total 12(41.4) 17(58.6) 8(44.4) 10(55.6)
2 Abbreviation : see text.
-446-
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Table 5. Antimicrobial resistance patterns of Enterobacter against 20 drugs

Multiplicity of resistance

Resistance pattern

No. of strains

13 CmTcSmSuApTpAKkKmToCtCfMxNa 1
12 CmTcSmSuApTpAKKmGmToCtCf 1
CmSmSuApTpAKKmGmToCtCIMx 1

11 CmTcSmSuApTpAkKmGmToCt 1
CmSmSuApTpAKkKmGmToCtCf 1
CmSmSuApAkKmGmToCtCiNa 1

10 CmTeSmSuApTpAkKmCtNa 1
CmTcSmSuApKmGmToCtCf 1
CmSmSuApAkKmToCtCiMx 1

8 SuApTpAkKmToCtCf 2
7 CmSuApTpKmCtNa 1
SmSuApAkKmGmCt 1
SmSuApKmCtCfNa 1

5 TeSuApTpKm 1
SmSuApKmCt 1

SmSuApGmCt 1

4 SuApTpCt 1
SuApCtRf 1

ApGmCtCf 1

ApKmGmCt 1

3 ApKmCt 1
ApGmCt 2

2 ApCt 3
GmCt 1

1 Ct 1
Total 29

Table 6. Antimicrobial resistance patterns of Citrobacter against 20 drugs

Multiplicity of resistance

Resistance pattern

No. of strains

13 CmTceSmSuApTpAkKmGmToCtCfNa 2

11 CmTeSmSuApTpAkKmGmToCt 2

10 CmTceSmSuApTpKmCtCiRf 2

5 CmTcSuApCt 2

3 CmApCt 2

SmApCt 2

ApCtCf 2

2 ApCt 4

Total 18
AlG kA el Ex, Nf, Cp, Of & Pfo] <0.5ug/ 2% PfgFel A 1.1-2.24g/ml, Mx, Rf,
ml, Ak, Gm % Tp3} F-lactam#A &< Ct, Mxo} To, Na, Ak, Ct @ GmZFA A+ 4.4-140.8ug/

<2pg/mlz2 AP H24AFE oldE BRI mlZ Yebxto

W, ApZ AHPAHIIAFE o4S YRR Table 4= =9} 7]g} 71AEAA Regd

ok 4430 WA} AxE I3 F Jge
90% MIC+ quinoloneAl ¥ 9] Cp7} <0.5 ug/ml,
Ap, Ct, Sm, Km, Cm, Tc @ TpSelx e 283

2%

aefAlFEE oS Yeuden, Ex, Nf, Of

-447-

Enterobacter 2 Citrobacter?] A8 20%F <kajod
W3 PYAHEE el g. = §2d Enterobac-
tere= 1257900, Ex, Nf, Cp. Of, Pf & Rf &
o ¢kAE Adsue 25-100%9) RAHL Y

AYCHEtw | 1P 114.71.5.213 | Accessed 2016/01/11 11:30(KST)



R

e, 7|IelZ}HE f  Enterobacters
175324, Mx, Ex, Nf, Cp, Of,Pf @ RfS|A

Fryolden e A s oﬂ Ha e 5.9-
100%° WHe dehlol dRHoz x #4
27k WA ol B Rz ke

Citrobacter?] = £ F+= 83F¥Y 1 Mx, Ex,
Nf, Cp, Of, Pf & Rf%F 9] <xjojs #ygoz,
7 ZHAE R 3E 10322 Mx, Ex, Nf, Cp,
Of, Pf, Rf @ Nar} ZHAdoz yelyon,
Enterobacter®} w2718 = FHF7F YA &
o] & Ao g UgWt.

Table 5+ Enterobacter?] 3aAWAAGH L
A} Aoz CmTeSmSuApTpAkKmToCt
CiMxNa9] 13% <FAo] 3t ZE A S U
W@ gFoA 1% Al A4S 713 FF7HA
gFd WAAREE 2k

Table 6& Cztrobacter«] g WAFE S
A3 Aolth CmTcSmSuAprAkaGmTo
CtCfNa9} 13% <Alo] digt FEUA S e
A FFoA 2% Al WAS 717 EF7HA
thekstAl velbston, ApCtel WAl o] 4
F2 Mg g€ =g B4

>

(e]

i) &

Enterobacter$} Citrobactere &, EY, &3}
Aol did Tl A4aty, dAHd s d4H
0.2 ZQAEA skoud, = oA 7ZFE
7] i] 7‘3],.03 1,3.29,33) 1;! 'Odl‘H 7-4—“‘; ]0.17.26.27)% __[01_%—6—}_

TEeR F8A H1 Jov, JYzAL
H Ay EREA =579, ddF, #d3F
g -ﬂ-“”‘o}—E— Zig.i %}quq g}]\q.a.e.ze.u)
HAYo A FEHE dUdYge e

Z}sta Qb 319 Enterobacter$} Citrobacters=

_E, fr

=
=
=z

o

% ! Enterobacter @ Citrobactere] a4 A 2+

3!

A3 A quinoloneA F#Ao] el = Nag
A A FF7 Aydez Elen,
cephalosporin] %A Eo] Jo]M= MxE A9
e 37.9-96.6%° ®2 WAHAEE v
KosakaiZ*e] 1 119 H]s]-oq WAl o] =gttt

AminoglycosideA| € 2] <Al = 37.9-96.6% 2]
YAS JeEliA e, Kosakaizg?®?’& Gm:
gram__k]ﬂ—i?-q] zs]-—T—{-ﬁo] h‘—\:}-ﬁ E_Lol'ﬁio
U, B dydodiMe 515%9 WAHEL JEY
o] LH el FA%E E 4 A 7l o
2 5L 37.9-655%2 UWAHS UYERe
AEF 2059 kA F Ct3} Too] 96.6% &
WA=ZF b =Sk @9 JWAdE Ax=5 o
g doe dAUAARNIESE F238A T, 90%
MIC7} 83 ARE A& lon, B 4
oA Nad A3 quinoloner o] kA
g 90% MIC7F <0.5pg/miz2 Ve 4%

Kosakais®2%e] A A1 KAt ot W
ge i Eobd Mus AgH1 Yt oF
Aol dd WAol F7tstn e Aoz A=
At

Citrobacter?]
quinolone Al ¥ 2]
of dddF
cosideAlE <FAlo & 22.2-44.4%, 281

_EL

3}
o

:n

A8

gaA WAEE&E Nag A3
kA @ p-lactamA B el Mx
A7} 7+4Aol9 3, aminogly-

71 &

obAl o A & 11.1- 556%-4 Wdegs 2. 4
g 20F9 oA F ApF Cto] AdwF A
Holl et WS vEhel E#st e s
%_L F Ao, o 4H& KosakaiF®?) 9

eus®ol Al SApag )

B AR = fAEH EidE fA7
of W 20% AotAlol U WAL W

3 A = ¥ Enterobacter?} Ex, Nf, Cp, Of,
Pf 2l Rfg9 9GAE ALdlys 25-100% <)

Escherichia coil®} Klebsiellatt-2- 0.2 RIH 817 WS Yl x, 71ei7tdE a3 #& My,
%’%7&“ S fFUsts T2 ¢HA AP, Ex, Nf, Cp, Of, Pf 2 RfFolM= FFdog,
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3 ZEYAANAM 1% dAd WAL 71 A7
2 % 8L el e, Citrobacter=
CmTeSmSuApTpAKKmGmToCtCfNae] 133
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&S ez, 7e A S 34.5-100%
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