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Antimicrobial Drug Susceptibility of Gram Negative Bacilli Isolated
from Clinical Specimens

Won Ki Baek, MD; Seong Il Suh, MD; Min Ho Suh, MD
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School of Medicine, Taegu, Korea

One hundred and one Gram negative bacilli isolated from various clinical specimens were tested for antimic-
robial susceptibility to 21 drugs including quinolones. .

P. aeruginosa(35 strains) was most frequently isolated and followed by Proteus(27), E. coli(20), Klebsiella (16),
Citrobacter(2), Serratia(1) in the decreasing order.

The majority of strains isolated except P. aeruginosa were very susceptible to quinolone antibiotics tested.
In P. aeruginosa all strains were resistant to nalidixic acid, and 11.4—17.1% to enoxacin, norfloxacin(NF),
and ciprofloxacin. The other species had no resistant strains to Nf, and especially E. coli was very highly
susceptible to all quinolone antibiotics tested. 90%MICs of quinolones against P. aeruginosa were 32— >64
and the other species was <0.25—16. Resistance frequency of P. aeruginosa fo beta-lactam antibiotics were
42.9—60% and 90% MICs of these drugs were also high. To amikacin, 51.4% of P. aeruginosa was resistant,
but all strains of the other species were susceptible except one strain. The majority of isolated strains were
susceptible to chloramphenicol, tetracycline, sulfisomidine, and trimethoprim.

Organisms multiply resistant to drugs were noted in almost all isolates tested. The strain numbers of multiply
resistant to 6 or more drugs were 16 strains of K. coli, 24 strains of P. aeruginosa. 16 strains of Proteus,
3 strains of Klebsiella.
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Chloramphenicol(Cm), tetracycline(Tc), strepto-
mycin(Sm), sulfisomidine(Su), ampicillin(Ap), tri-
methoprim(Tp), nalidixic acid(Na), rifampin(Rf),
kanamycin(Km), gentamycin(Gm), amikacin(Ak),
carbenicillin(Cb),
cephalothin(Cl), cefamandole(Cf), cefotaxime(Ct),
cefoperazone(Cz), moxalactam(Mx), norfloxacin
(Nf), enoxacin(Ex), ciprofloxacin(Cp)% 22% 9] &
TAE AHE-sHE o.H w4 wtet T A § 28 st
A3t HAHE . 2% Profeus speciest= mic-
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< 71871 98t ATCC(American Type Culture Co-
Hection) &) £F #F-E(E. coli ATCC 25922, Pseudo-
monas aeruginosa ATCC 27853, Staphylococcus aureus
ATCC 25923)& 7 dA8da WEde #3L
NCCLS(National Committee for Clinical Laboratory
Standards) ] 7 7]1&(1983) ¢l whgtrh.
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Table 1. Isolation frequency of Enterobacteriaceae from clinical specimens except urine

Clinical specimens P, aeruginosa Proteus E. coli Klebsiella Citrobacter Servatia
Wound 10 3 1 1
Pus 8 6 9 3 1
Ear 8 12 1
Sputum 4 3 1 8 1
Cervix 3 1
Skin 1 1
Pleural fluid 1 1 1
Ascite 1 1
stool 1 1
CSF 1
Vagina 1
Catheter tip 1
Stomach 1
Eye 1
Bile duct 1
Peritosol 1
Throat 1
Total 35 27 20 16 2 1

Table 2. Antibacterial activity of drugs to 35 strains of P. aeruginosa

No.(%) of MIC(pg/ml)*
Drugs®
resistant strains® Range 50% 90%
1. Quinolones
Na 35(100) 64— >64 >64 >64
Ex 6(17.1) 1— >64 2 >64
Nf 4(11.4) 05— >64 <05 ‘ 64
Cp 5(14.3) <025— 64 <0.25 32
2. B—lactam antibiotics
Ch 16(45.7) 32— >512 128 >512
Ct 21(60 ) 8—>128 64 >128
Mx 15(42.9) 16— >128 32 >128
Cz 16(45.7) <4—>128 32 >128
3. Aminoglycosides
Gm 26(74.3) <2— >32 >32 >32
Ak 18(51.4) <4— <64 64 >64
To 25(71.4) <2— >32 >32 >32
4. Others
Rf 35(100) 32— 64 64 64

*Abbreviation: see text.
"Criteria of resistance were determined as described in NCCLS.
50% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.



- 412 —

HREARE % H45% 1990

F)¢ oz EHAT 4 79 A B¥s=
Hgaol FF(10F), Proteuss FA(65F), E. coliv
(9%, Klebsiella= 71987 N 212 744 g e
BEE R

Table 2& 5T #4F Ao thd ygdite
&34 A EE B A quinolone] &3 A)?1 Ex,
Nf, Cpoll that Uj4Je) 242 17.1, 114, 14.3% S I beta-
lactam A g3 aminoglycosideZl 9 &) -7 Aol 42
—75%, Na, Rfell= 100% W4-& e stk MICY
o Ao met ohavt 433 W Ex, Nf, Cp8
EEF R E AN HRH L FFAFE EE
3 ol 4e JEllIY 90%MICE Ex 64pg/ml, Cp
2ug/mlE BPen 7g A 4¥IAise
EE 1 o4& vehlddh

Table 3= Proteus®| 24% oA gt WAT <
HE&# WEEE vehd ek Sudle A o571}
WAgol0R Sm, TC, Tpe 66.7—88.9%, Na, Exeoll+
37-74%7F WAolA2™ Nf, Cp, Ct, Mx, Akell&
WA el gl1et 50% MICE quinoleneZl € 9] Ex, Nf,
CpE H|#3lo Cb, Cf, Ct, MxollA AP A 3t
Asx o)3HE Kyom 4 H g7 E oS
2 AL Suellt}. 90%MICE Ex, Nf, Cp, Ct,
Mxoll A 2pg/mlol&t2 433 @il

Table 4% E. coli 2059 WA F4S & AJH
Na, Ex, Nf, Cp¢l quinolonesl A9 Mx, Akol
Aol fideH Cf RflE 5%, Cl, Gmoll= 25—35
%, Ap, Sm, Cm, TC, Tpoll& 60—80%, Pc, Sudll=
95—100%2] A& WeEhh AT MICH = Na, Ex,

Table 3. Antibacterial activity of drugs to 27 strains of Profeus species by microdilution susceptibility me-

thod?
No.(%)of MIC(ug/ml)?
Drugs®
resistant strains® Range 50% 9N0%
1. Quinolones
Na 20 74) 4-—->128 4 16
Ex 1( 3.7) <0.25— 8 <0.25 0.5
Nf o o <0.25— 4 <0.25 05
Cp ol O <0.25— 1 <0.25 <0.25
2. f—lactam antibiotics
Ap 15(55 ) 4— 128 64 >128
Cb 6(22.2) <8—>512 <8 512
Cl 6(22.2) <2—>128 16 >128
Cf 4(14.8) <2—>128 <2 128
Ct o 0) <2—- 4 <2 <2
Mx oC 0) <l1- 16 <1 <1
3. Aminoglycosides
Km 14(51.9) <2—>128 128 >128
Gm 12(44.4) <1— >64 4 64
Ak o 0O <1— >32 4 16
To 9(33.3) <1— >64 8 32
Sm 18(66.7) <2—>128 32 >128
4. Others
Cm 12(44.4) 4—>128 16 64
Te 24(88.9) <2—>128 64 128
Su 27(100) >1026 >1026 >1026
Tp 21(77.8) <l— >64 4 64

"Media used: MH broth incorporated with glucose 0.3%, and phenol red 0.004%.

bAbbreviation: see text.

“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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Table 4. Antibacterial activity of drugs to 20 strains of E. coli
No.(%)of MIC(ug/mD)©
Drugs?
resistant strains’ Range 50% 90%
1. Quinolones
Na o( 0 <4 <4 <4
Ex o o <0.25 <025 <0.25
Nf o 0 <0.25 <0.25 <0.25
Cp o 0 <0.25 <0.25 <0.25
2. B—lactam antibiotics
Pc 19( 95) 16— >64 >64 >64
Ap 15( 75) <4- >64 >64 >64
Cl 7( 35) <4— >64 8 32
Cf 1C 5) <4— >64 <4 16
Mx o 0 <4 <4 <4
3. Aminoglycosides
Km 7( 35) <4— >64 <4 >64
Gm 5( 25) <2- >32 <2 >32
Ak o 0) <4 <4 <4
Sm 16¢ 80) <4— <64 >64 >64
4. Others
Cm 16( 80) <4— >64 >64 >64
Tc 14( 70) <2— >32 >32 >32
Su 20(100) 512—>1024 >1024 >1024
Tp 12( 60) <2— >32 >32 >32
Rf 1C 5) <4— >64 8 8

*Abbreviation: see text.

Criteria of resistance were determined as described in NCCLS.
560% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.
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Table 5. Antibacterial activity of drugs to 16 strains of Klebsiella species

No.(%)of MIC(ug/ml)¢
Drugs*
resistant strains” Range 50% 90%
1. Quinolones
Na 1( 6.3) <2- 32 4 4
Nf o 0 <0.25— 8 <0.25 <0.25
2. B—lactam antibiotics
Pc 15(93.8) <2— > 256 128 >256
Ap 16( 100) 32— > 256 256 256
Cl 2(12.5) <2— > 256 <2 256
Ct o o <2 <2 <2
Mx o 0 <2 <2 <2
3. Aminoglycosides
Km o 0 <2- 16 <2 16
Gm 1( 6.3) <1-— 128 <1 8
Ak 1( 6.3) <2- 64 <2 <2
To 2(125) <1l- 16 <1 16
Sm 3(18.8) <2- 256 <2 128
4. Others
Cm 2(12.5) <2— > 256 4 >256
Te 2(12.5) <2— > 266 <2 32
Su 2(12.5) <16—>2048 128 >2048
Tp 2(12.5) <1— >128 <1 16
Rf 12¢ 75) 16— 64 32 64
*Abbreviation: see text.
bCriteria of resistance were determined as described in NCCLS.
50% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.
Table 6. Distribution of multiple drug resistance of organisms tested
Multiplicity of P. aeruginosa Proteus E. coli Klebstella
drug resistance (35)" 27) (20) (16)
12 3 1
11 1 1
10 1 2 3
9 2 3
8 8 2 4 2
7 2 5 6
6 7 2 3 1
5 2 1
4 2 4 1 1
3 2 1 10
2 7 3 1 2
1 1 1
0
Total 35 27 20 16

“No. of strains in parenthesis,
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AlE wiel Wale 7iEe Auzde] 9 F
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A M= E. coli 33.3%, P. aeruginosa 29.6%, Proteus
22.2%, Klebsiella 17.1% Citrobacter 3.7%%] H-#] &%
vehfo] £5(1984) 9 H3te] K colid} £& ¥
=g Jerl o

B Ao A8% AAvtHEANAM ReEd 4%
Gram <419 quinolone| Aol thgh AW A A
Aol A i F-E-0] FellA obg & FHEAEE E
Aot P oaeruginosa® 735o] JoAAME o= A
=9 W& vepliglen &3] QaiHRE Al85
o]l Nao| Haixe WAFTF7L 3BFZ 100%2]
WS Jehida Ex, Nf Cpolle 114—-17.1%9)
WAAE8E Uedo] A5(1989) 9] Raet FAE %
Ae Jdel e, Profeust A 5(1987) 2] K]
A1 Na, Nf, Ex, Cpoll =5 #4448 Jeidcty &
Ao}, Nast ExollA 3.7-74%¢ WAL, Nfgt Cp
e AT F7L FFAAE HEPNAL, E colis AAE
A quinoloneA &t Alo} st 4438 JEMIRA
o E3F 50%2 90%MIC7E 25 HPHArFx o
31& Yehfof o} F o] 58 & F ALeH,
Kiebsiella®l 9101 X+= Naoll 17537 WAS 714 6.3
%2 WA&E VESS Holn Nfdle AT F7}
BaAdolo) A olg} e ARNE AHE @ quino-
loneAd A7t 4F GramSeA T FAFX 89
ARFYE & F AL o] 52 HF(1987), MF
(1989), #)5-(1984), ©1(1989), 7(1989)°] Ri1e}
fAretgel oo WAEE e 443 o 7]
#& A F3E Percent MIC(% MIC) &3] 90%
MICE A K9 P. aeruginosa?) 73-%- Barrys (1984)
o] B8 Na>128ug/ml, Nf 2.0pg/m}, Cp 1.0ug/miel
H| &l Nf, Cp7t 39 3] & 4= & JELY 3L Fass
(1983), King%(1982), Neust Labthavikul(1982),
Chin# Neu(1983)9] R 119 vluoME &3

7A%E Kol It} PseudomonasE A3 o}
71ElF oM Nag M3l quinolone A &)
2] 90%MIC7F AP HAFE EE 05ug/mlE A3
wol of g}t w9 LES FHYE 4= Aok ChinF
Neu(1983) 18] i Caekenberghe ¥ Pattyn(1984)-&
quinoloneZ| 8 <= ¢] 90%MIC7} 1pg/mle) 8} & o}
@G5S Budte B 49 4FH A8t qui-
noloneZA g <Al F Na2l Ul &3 90%MIC7} 7+4
e ol L HREE ALRH o ZEHo ALE
o W& Aol F7te) 71905 Row AztHr),
oyt Hog nFo] B of &iA A5
qaAAe T2 e A4, g diol ne
WAEFY 7ol tidk BAAY 2Hz}, e o
U3 siEHer =] ol W43 Hasir)
A,

Beta-lactamAl g & A19) NAW¥}E AHEHA P
aeruginosas Cb, Ct, Mx, Cz°ll 42.9—60%<] WA &
Ro o Ity Axe] Ao FEE 7UE 5
fes o & Aen, 71 APEFoA A3A
Cephalosporingl Mx¢} Ctol] théle] 28 2548
el o] 315-(1990), ©](1989), A(1980) <] H.iLe}
U A8+ e} Aminoglycoside-modifying enzyme & At
Ashs F39 F7iE o] 438lE 1 9+ aminog-
lycoside Al & 9] kAo g A& 198039 AS3}
Hus] 2 o d3d F77 leg ¢ & Ik
A5 Proteus?] W43 Km 10%, Sm3} Gm< A
WF7F AeAdelleny, ¥ dFoME Km 51.9%,
Sm 66.7%, Gm 444%% JEINt oM T FFE
Mz Aol fAE FAE R &7t AT £F
Aol Aztal & AlAME T

A Ao Frvle dEol 4F g
AL 7kA 7 FFA ARYAE A 2ue &
AR QA w, kAT e ddoz 7HAF A
goll slolA gt Mee] M7t YA AR
7Hahg S gl g F st BRI Yotk B AN
6% o9 A WAEE 7HAe #5F Fe E
coli7t B H 20F F 1652 80%F VeEhe,
P. aeruginosa 245(68.6%), Proteus 165(59.3%),
Klebsiella 37-(18.8%)191ct. ol&1gt kaAllde &
7vel ook At el F7HE W& A 8
TALFEAAALE 58 54 FAAe Mt &
ute Fof iy AYg Bz AR T kYo
dojel & Folr

L.
=



— 416 —

BB AR E 9% F 45 1990

e ¢

71 QB AEANA EE8 3 Gram& AT 10155
o s % 2159 uAE #5d ue} gaAE
gelst A FaA A8 HAME Adskrh

2849 & 1013 5 P. aeruginosa?} 3552 713
wek oo, Proteus(27F), E. coli(207F), Klebsiella(16
Z), Citrobacter(25), Serratia(15:)9] 0.2 ¥-ul
Mg B

QuinoloneZ H 2] kA= P. aeruginosas )3
HEEe FEREdA B2 A4S Hion
MICE 433] v¥stth P. aeruginosa= Naoll 100%2]
e 2oy Ex, Nf, Cpolle 114-17.1%9 4
A& JE T, Nfel diaid e 78 43 25 U
Aol ST, B3] £ coliv A83 E quinolone
AL kAl FFAE YeRATE 90%MICE P
aeruginosa A 32— >640]Q 3. 7]e} FE A= <0
25—162 wA Uelytch

Beta— lactam & A ol = P. qeruginosa A Cb, Ct,
Mx, Czell 42.9—60%2] HdE& HA.2n MICIO%E
EF AL o] & B 48 & A4S
7HE o 5 Asen, 7E FFAAME A3 ce-
phalosporing! Ct, Mxol 2% 748 Jehyadch
Aminoglycoside H 5 ¢] 2fA|oll Al Akoll P. aeruginosa
© 514%9 W& vehggiov b sg a5
AMe ATt ZeAolAv 159 Ao @
93 & aminoglycoside 2F Al ol &= Klebsiella7} 0—
188% % W& WAE B Kiebsiellao] 219 7)E}
TFE 25— 80%2] W& v o} Chloram-
phenicol, tetracycline, sulfisomidine % trimethop-
rim% < ¥ %3 LA tEMe R
ol A =2 WS HAov E colie) 3+ Ri9l
157(5%) o] WA olUL, Kiebstellax= Cm, Tc, Su,
Tpell &4 234 o8 125%9] H|2q Fe S
ER et

kAW A 65 Ao FAWAL
VA= FFEE E coli?t 165(80%), P. aeruginosa
24-(68.6%), Proteus 165(59.3%), Klebsiella 35-(18.
8%) 2 et

{

&
A

3

MO

AAR S Proteust?) A WA 2 R plasmid2)

A, o) ghu) A E5k3] %) 1989; 24(4): 345-352.

g, o]fd, 444 % Fi Gramd e &

A WA, oEksketa a3 1984; 2(2): 134-
143

Hef g, off3d, 2FH, A= 11983do Eel¥
Pseudomonas aeruginosa® vA WA 2 Pyo-
cin®, i#srstawiets]| =] 1984; 24(4): 335-343.

w2 HE7]: MethicillintiA EEFdol mxjs
g A e ad Ao =E3 1986; 5: 168-179.

MRlE, ol fH, 254 1 1982d0] o)A B
219 Salmonella® FwA) 74A. tidkslstay
&3] x] 1983; 1: 95-101.

AR, BES, AYE D EEae] oA g 2
Pyocin®. Al u=&3 1989; 8(2): 248-254.
MY, dhEs, AE7)  dAAENA ET 4F
Aol A WA, oo 883 4] 1987; 22:

283-294.

A4, MRE, ol [ 1982 o Aol A Eel
g Shigella2) oA WA, d33}s ey sy A
1983; 1. 249-254.

o} 43} . Klebsiellazt &l @A 7443 R plasmid
o, thehe| A& A 1989; 24(4): 335-343.
o9, AANE, AFHE, A4 HZ HArHEANA
TaEe F8 ATY F4A Fed. BEoE

A 1982; 23(2): 137-151,

dG, olfd, MNE, dA4E, 259, e
Pseudomonas aeruginosa® Pyocin® 2 34
A, thghslata gl A 1983; 1: 270-279.

A, AMFE, AZ7 AN BT
Gram3 A4 AT 9] A WA, A8 1980;
21(1): 172-183.

AY, MY, dES, AUE g7 R plas-
midel 543 FTA WA o dETIA
1990; 25(1): 19-26.

Caekenberghe DL, Pattyn SR: In vitro activity of cip-
rofloxacin compared with those of other new fluo-
rinated piperazinyl-substituted quinoline derivati-
ves. Antimicrob Agents Chemother 1984; 25: 518-
521.

Chin NX, Neu HC: In vitro activity of enoxacin, a
quinoline carboxylic acid, compared with those of
norfloxacin, new beta-lactams, aminoglycosides,
and trimethoprim. Amntimicrob Agents Chemother
1983; 24: 754-763.

Conrath TB, Coupe NB: Handbook of Manual Micro-
titer Proceduers. London and Tonbridge, Whitef-
riars Press Ltd, 1978, pp 28-32.

Edwards PR, Ewing WH: Identification of Enterobac-
teriaceae, ed 3. Minneapolis, Burgess Publ Co, 1972,

E
1

%
N



A7l AL - NS AR EAM BEE GramE Ay 279 SAAGEA

— 417 -

pp 108-142.

Fass RJ: In vitro activity of ciprofloxacin(Bay O
9867). Antimicrob Agents Chemother 1983; 24: 568-
574,

Root RK: The compromised host, in Wyngaarden
JB, Smith LH Jr(eds), Cecil Textbook of Medicine,
ed 18. Philadelphia, Saunders WB Co, 1988, pp
1529-1538,

Joklik WK, Willett HP, Amos DB, et al; Zinsser Micro-
biology, ed 19. Connecticut, Appleton & Lange,
1988, pp 341-342.

King A, Warren C, Shannon K, et al: In vitro antibac-
terial of norfloxacin(MK-0366). Antimicrob Agents
Chemother 1982; 21: 604-607.

Neu HC, Labthavikul P: In vitro activity of norfloxa-
cin, a quinolinecarboxylic acid, compared with that

of beta-lactams, aminoglycosides, and trimethop-
rim. Antimicrob Agents Chemother 1982; 22: 23-27.
National Committee for Clinical Laboratory Standa-
rds: Standard methods for dilution antimicrobial
susceptibility tests for bacterial that grow aerobica-
1ly. M7-T., Villanova, Pa, NCCLS, 1983, pp 67-71.
Sherertz RT, Sarubbi FA: A three-years study of
nosocomial infections associated with Pseudomonas
aeruginosa. | Clin Microbiol 1983; 18: 160-164.
Steers E, Glotz EL, Graves BS:Inocula replication
apparatus for routine testing of bacterial suscepti-
bility to antibiotics. Antibiot Chemother 1959; 9:
307-311.
Stuttard C, Rozee KP: Plasmids and Transposon. New
York, Academic Press, 1980, pp 43-55.



