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Antimicrobial Drug Susceptibility and Multidrug Resistance of Klebsiella pneumoniae
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Abstract
Klebsiella pneumoniae is one of the main causes of nosocomial infections, A total of 102 Klebsiella
pneumoniae isolated from various clinical specimens in a university medical center were tested for
antimicrobial drug susceptibility to 23 drugs including ceftazidime, cefepime, imipenem, meropenem and
levofloxacin, Klebsiella pneumoniae were most frequently isolated from sputum (46,1%), followed by urine
(24.5%), blood (13,7%), wound discharges (5.9%) and etc, All the strains were susceptible to meropenem and
its MIC90 was 2 ug/mL, Only 3,9% and 6,9% of the strains were resistant to imipenem and cefepime, and their
MIC90 were 2 pg/mlL, 16 ug/mlL, respectively, The resistance frequencies of doxycycline and tetracycline were
16.7%, and the MIC90 of doxycycline was 32 pg/mL. The resistance frequencies of amoxicillin-clavulanic acid,
cefoxitin, cefoperazone, ceftazidime, ceftriaxone, aztreonam, netilmicin, amikacin, gentamicin tobramycin,
levofloxacin, ofloxacin, ciprofloxacin, trimethoprim-sulfamethoxazole and chloramphenicol were 21,6-42, 2%,
and their MIC90s were 64 ug/mL to more than 512 pg/mL. All of the strains were resistant to ampicillin and
63.7% of the strains were resistant to piperacillin, Isolation frequency of multidrug resistant Klebsiella
pneumoniae (MDRKP) strains was 30, 4% (31 strains), which showed that MDRKP is prevalent, All the MDRKP
were multiply resistant to more than 10 drugs, Two (2%) strains of Klebsiella pneumoniae were multiply
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resistant to 21 drugs, Among 31 MDRKP isolates, isolation frequency of extended-spectrum B-lactamase (ESBL)

phenotype expressing strains were 87,1% (27 strains), which showed ESBL producing Klebsiella pneumoniae is

highly prevalent. Continued surveillance of MDRKP-ESBL prevalence and antimicrobial resistance patterns

should provide information that is important for initiation of appropriate antibacterial therapy of MDRKP

infections,
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ceftazidime, cefotaxime, ceftriaxone, cefoperazone
5o 3At AlstE2E o] JhdEo] el e
ARgEoJgk ot Zefjol| o] & atAlof thste] gt
WS YeEll= extended-spectrum B-lactamase
(ESBL) 280l oJgh HA o] S7HAlell glofA]
I AgE v oAl staL IeH5-8]. ESBL Mt
B-lactamA| g A9} & Mz ~xdAd
A o] WS YeR ™, aminoglycosideAd d
fluoroquinoloneAl g FAANE FAWEES
Uetl= 4571 84,8, 2 A3 ESBL AH ol
o3t AT Al AdEe] Fo] mjg- FolAA
FHAqow, imipenemo]Y meropenem %9
carbapenemA d Ao AERE=E AE
Z7HA171aL QloJA] carbapenemA GulAx= WA 37}
7H&58EE AL 9IeH([5,9,10,11].

Klebsiella pneumoniae= 73} 7] ESBL

[0 WE

el tEA Q] Alolti3,12]. ESBL AHAY
o]l £3] A 9AE] HAs Zefshs whA(3,0]
ESBL M4 Klebsiella pneumoniae= F2 QU7 9<S
Zefshenl6,13], w9, B710l2] ), el
A $2} B3} e W5 Alek Bt 2k
AL, o57|Ee] FHor sty G4 Al
AF7b golulA[14] tofAl WA Klebsiella
pneumoniae (multidrug resistant Klebsiella
pneumoniae, MDRKP) o] 93 Aujztdo] HIH 3]
WS QlofA X 57t o HaL APYE SVt 5 AlAE
Aig 2= dH3,6,7),

o] A7+ el &3t YAl Klebsiella
pneumoniae®] ceftazidime, cefepime, imipenem,
meropenem % levofloxacing E3Fst 7} ah4tA| o
UE A R L AnelAlBES ZAlstl

MDRKPS] EeHlE 2 3 JLZ votsla,

MDRKP 5ol that =719 243 =4 A8E
A% Hd o FetAl A9 AR E A3tz g
Mz 3 A
1. o722 % S8
A, 8, €9 9 g e 2ed

Klebsiella pneumoniae 102575 A2 2 319t} o]
T Adistal Fikej g oA 2008'd-2009
Abolell SAlE Fo g A, FH71ES Murray 59
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Ampicillin, amoxicillin-clavulanic acid,
piperacillin, cefoxitin, cefoperazone, ceftazidime,
ceftriaxone, cefepime, aztreonam, imipenem,
meropenem, amikacin, gentamicin, tobramycin,
netilmicin, nalidixic acid, ofloxacin, ciprofloxacin,
levofloxacin, trimethoprim-sulfamethoxazole,
chloramphenicol, tetracycline, doxycycline &
23%9] FaAlE At Asginh 4 ddAls
TR &ulol &3AA Leeof §AE TS0
st -70Co] WEEASHA oA 1714
Fske] AHgsFAT

FiA ArARE BRYAY 2L xa
o ATl B Ao A
#AHoz HNE 24559 FRAL FHE

Mueller-Hinton agar (Becton, Dickinson and Co,,
Sparks, MD, USA)E A3}, FA|TS tryptic
soy broth (Becton, Dickinson and Co,, Sparks, MD,
USA)ell s} kgt & A2 = 1000 3]sk
Steers' multiple inoculator® HZ3}o] 35Co| A 3F
HFAI e #ES 7 E Hol HadAls®
(Minimal Inhibitory Concentration: MIC)&
ARttt WAdd 47|+ Clinical and
Laboratory Standard Institute (CLSI)&] 7]Sol|[17]
upston, v ddnitt e E st E coli
ATCC259229 Pseudomonas aeruginosa
ATCC27853< §7 sk SATH16,17).

ESBL phenotype @& 7] CLSI9| 7]5&(17]
2 gate] FAsA. tebAl WA e d7IES
Adams-Haduch 5 ¥ Lee 59| 7]52(18,19] #-83}],
BlactamA|, carbapenem?|, aminoglycosideZ,
fluoroquinoloneZ % trimethoprim-
sulfamethoxazole GtA| Fol| A ZHojx 37| d o2
&t Aol FAWACl Klebsiella pneumoniacs
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72t E A7 A EAA 289 Klebsiella
pneumoniaed] 7FHEd #ENEE, F 1025 F
477(46,1%) 7 Aol A Eel=lo] 1 Wxrt 7Hd
=gon tgo® Q 255(24.5%), I 14F
(13.7%), &37Hd= 67(5.9%), S 55 (4.9%),
AA 3F(2.9%) 59 wAHAE FHYRNEE
UFERA $AeH(Table 1).

B-lactamZ A 9 #& Ao ot
Klebsiella pneumoniae®] W’d&-2, meropenemol|=
RE o] s el en, imipenem}
cefepimeol|= 3.9%, 6.9%¢] ko] 2tz WS
eIt (Table 2), Cefoperazone, ceftazidime,
ceftriaxone ¥ aztreonamoll= 23,5%-206,5%<] 19|
YAS Yel 9L, amoxicillin-clavulanic acid &
cefoxitinol&= 30.4%, 38.2%2] o] 27 WA
el it (Table 2). Ampicillindl&= EE 0]
WAoo, piperacillindl 63.7%7}
W/do|ltk(Table 2). AAZQ1 A3t =& vfetdt
T UE 90% MIC (90%9] & At $%)&

Table 1. Isolation frequency of Klebsiella pneumoniae from

various specimens
Specimens No. (%) of strains
Sputum 47 (46.1)
Urine 25 (24.5)
Blood 14 (13.7)
Wound Discharge 6 (59
Pleural fluid 5 (49
Body Fluids 3 (29
Throat Swab 2 (2.0)
Total 102 (100.0)
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2 ug/mLE w-$- kit
16 1g/mLE ‘;%S&E}(Table 2).
Amoxicillin-clavulanic acid, ceftriaxone %
64-256 ug/mLE ZQkIL,
ampicillin, piperacillin, cefoxitin, ceftazidime 2
aztreonamol|= 512 ug/mL oA 2 wl$ =9kt}
(Table 2).
AminoglycosideA| g 3}

imipenem¥} meropenem-<

cefepimeX®

cefoperazoned] =

Ao ek Klebsiella
pneumoniae® WA&L, netilmicin, amikacin,
gentamicin % tobramycinol 28.4%-42,2%2] |
WS YeER AL, levofloxacin 2 ofloxacindl+=
21.6%, 25.5%7F 42 WS dehdon,
ciprofloxacin®ll&= 34.3%7} WAJo]ick(Table 3). 90%
MICE 4% 2] aminoglycosideA|d A1 S-S 25 512
ug/mL o]0 2 19 =9kl fluoroquinoloneAl Y
A EE 64-128 pg/mLE =T Table 3).
Trimethoprim-sulfamethoxazole, doxycycline %!
71€} Ao el Klebsiella pneumoniae®]
WA&L, doxycyclined} tetracyclinedl]= 16,7%7}
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Aol al, trimethoprim-sulfamethoxazoled]&=
25.5%7F WA ollem, chloramphenicold&=
36.3%7F WAool Atk (Table 4). 90% MICE

doxycyclinedl= 32 pg/mL$ 3L, trimethoprim-
sulfamethoxazole, chloramphenicol %

tetracyclinedl= =5 512 ug/mL o] o2 vf$-
= tH(Table 4),
B-lactamZA ¥, carbapenem# 4,
aminoglycosideA g, fluoroquinoloneAld %
trimethoprim-sulfamethoxazole Zol| 4 37|d o]4}9]
kAol TAWA el Klebsiella pneumoniae’s A)53F
A7 3157} thebA] WAt (MDRKP) & 2 g =311,
B HEE 30,4%2 EYTHTable 5). WAEA 529
TES B, HA 1054 Ha 215 FA ol
SAWEE ‘%E}LH o, 18%F Aol FAWARI
Aol 1357 (12.7%) 2 71 BW3ttH(Table 5). & 3159
MDRKP o)Al ESBL phenotype W& 7}

27F(87.1%) 2 HI=7} wll-$- =)t} (Table 5).

Table 2. Antimicrobial activities of 3-lactam antibiotics and related drugs to isolated Klebsiella pneumoniae

Antimicrobial agents rei\ilz;ifl?s)t;):ins Range MIC 5(16 io/ mL)?* 001
ampicillin 102 (100) 64 ->512 >512 >512
amoxicillin-clavulanic acid 31 (30.4) 2/1 - 128/64 4/2 64/32
piperacillin 65 (63.7) 2->512 256 >512
cefoxitin 39 (38.2) 1->512 4 >512
cefoperazone 26 (25.5) 2->512 8 256
ceftazidime 24 (23.5) 0.25->512 2 >512
ceftriaxone 27 (26.5) <0.25->512 1 64
cefepime 7(6.9) <0.25 - 128 0.5 16
aztreonam 24 (23.5) <0.25->512 1 >512
imipenem 4(3.9) <0.25-8 1 2
meropenem 0(0) <0.25-2 0.5 2

a; 50% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.



Klebsiella pneumoniae ] A 7+ 7} thekA] WA 67
Table 3. Antimicrobial activities of aminoglycosides and quinolones to isolated Klebsiella pneumoniae
Antimicrobial agents No. (%) Of, MIC (pg/mL)*
resistant strains Range 50% 90%
amikacin 31(30.4) 4->512 16 >512
gentamicin 39 (38.2) 1->512 4 >512
tobramycin 43 (42.2) 1->512 8 >512
netilmicin 29 (28.4) 1->512 8 >512
nalidixic acid 38(37.3) 8->512 16 >512
ofloxacin 26 (25.5) <0.25 - 256 0.25 128
ciprofloxacin 35(34.3) <0.25 - 256 1 128
levofloxacin 22 (21.6) <0.25-128 0.25 64
a; 50% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.
Table 4. Antimicrobial activities of other antimicrobial agents to isolated Klebsiella pneumoniae
Antimicrobial agents No. (%) of MIC (pg/mL)*
resistant strains Range 50% 920%
trimethoprim-sulfamethoxazole 26 (25.5) 2/8 - 128/512 8/32 >128/512
chloramphenicol 37 (36.3) 0.5->512 8 >512
tetracycline 17 (16.7) 0.5->512 2 512
doxycycline 17 (16.7) 0.5-64 4 32
a; 50% and 90% are MICs required to inhibit 50 and 90% of the strains, respectively.
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Table 5. Isolation frequencies of multidrug resistant Klebsiella pneumoniae (MDRKP?)

No. of resistant drugs No. (%) of strains

Cumulative percentage of

No. of strains with

MDRKP ESBL® phenotype
21 2 (2.0) 2.0 2
18 13 (12.7) 14.7 13
17 3(29 17.6 3
16 2 (20 19.6 2
14 3(29) 22.5 3
13 2 (2.0) 24.5 2
12 4 (3.9 284 2
10 2 (20 30.4 0
Total 31 304 27

a; The definition of MDRKP was established as resistant to at least three drugs in the following classes:
B-lactams, carbapenems, aminoglycosides, fluoroquinolones, and trimethoprim-sulfamethoxazole.

b; ESBL; extended-spectrum B-lactamase.

e Ao A8 Ay d AMGE F7F 5 443
ARE 2= 3hy Hehig s dode Aee
5 3UtH3,6,7]

o] Aol A B-lactamA ¥ monobactamZ]
StAlo 3t Klebsiella pneumoniaed] WA&S
Z A} 3k 73&]— cefepimed|= 6.9%¢ F9to]
31, 90% MICE 16 sg/mLE Yol F3jr}
2oBE U 4 S5 ) A8 GTAEE
Z7h} Aol whab 2.9-41.7%2] thkd WASS
Bl [23-30] ofrlopA] 3} ] Ao 9
WA Eel 7t =1 v FHA A 74
SEATH23-30]. T Ao WidEol Abol7t U=
olfr T SFHEA I7h A EE atA A€
AS =7} geba] A9 742d 9] Apolrt glg AL R
wbHow A AL[31] ey, FF
E} At} o] Fojate] AR A5t A

o] Afo] T& EFH FAIHI A7 e dr
O] Aol A cefoperazone, ceftazidime, ceftriaxone
4 aztreonamolli= 23,5%-26.5%<] o] uj’do]o]A
BIF FEde & 5 Ao ol59] 90% MICTH

04-512 pg/mL o] o2 vl FolA] W5y} wol
P FHdSs & F AJT. THY gE
ATAES FhT Aol wek 89%-59,20%9) Tl
WAdeS Husted, cefepimed] 59 FAFSH
ofAJo} A3} Fdu] A o] YAgo] 7 E9kal
n53 FHA o] 7 wgktH23-30]. Amoxicillin-
clavulanic acid ¥ cefoxitinol|&= 30.4%, 38.2%2] 9]
Z4zF YA ol9em 90% MICE 64/32-512 ug/mL
OPFORA Wi EAL, 25.7-44.9%°] HAEES
Hug Fe B2 dTASe 4w
FrAFeF SitH24-206,32]. ¢]E &3 amoxicillin-
clavulanic acid 9 cefoxitin 9] A= =24
oI el B o YR 91 2] Az

= FoF el P A
DA AAE AA $ O Aol wjet 2-3] A

ESBL*P@ At el HAde AEAZA
carbapenemZ] StA7} FH = J=H|[5,6], ©
&G A & meropenemol = BE o] 7
imipenemo| & 3.9%9] o] Wdollem, 90%

MICE 2 ug/mLEA E37} v 58S & F

/ol
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At Meropenem® WAES 0-1,4%E X3k
U o ot AFAES A H(24,25,28,32]
FAFFYG oY, imipenem< 0-1,7%9 WASS
Hugh & A7AE9] Ad#dl|[23-25,28,32] H|sto
W&ol tha =gtk 2ol imipeneme] tfgh
ol At S7ketar =, 34 AlstE a2 o
74 WS JERlE ESBLAMY Mlate] XI55 9|3
imipenem? AFEHIEV} F715HA © A,
fRRlEY FAME Abgo] O Ao R HFEHL
ATH5,9-11]. wWEhA imipenem?] E5S & HES)
AaiMe Al AHEARS dAsHA E38e 2
g Aent ForeHA sy A A AAE
AA T O Ao we} FHES = 5 Al
Waske 248} b =g 7ok §HH37,38].

AminoglycosideAd &+ A2l amikacin,

m_lha

i

gentamicin, tobramycin % netilmicino|& ©|
AT-AIA 28.4%-42.2%2] Eo] UAJoIRAIL, 90%
MICE 4%2] aminoglycosideZ] 3tA] EF7} 512
pg/mL o] 2 wl-f Fkow, ol 18-43%]
JAge nad T AFAEe 43
S AREE R 0 25,26] 3.7-19,5%2) WA &S B
o) AFAE ] AHRTGE vl =4TH27-29]. ©]
A EL FoF Aol Al 754 HAAME Al F 1
Atol| w2} bt Al & AH-S Zlo] WAt

o] Ao A fluoroquinoloned &l
levofloxacin & ofloxacin®lls= 21.6%, 25.5%<] o]
22y Yoo, ciprofloxacinoli= 34,3%7}
Ao otk 90% MICE 64-128 pg/mLEA] =9kch,
2 AFAEL 15-40.4%9 WAHES Hust
frAke A5 H TH24-29].

Doxycycline¥} tetracyclined] W3¢ Klebsiella
pneumoniae®] WAES 16, 7%7} WASE &37}
Adoste o £ JAon 20-23%2] WSS Kk
ge AFAE] 4A A9 AeH24-26],
Trimethoprim-sulfamethoxazoledl= 25.5%7}
YAdoldal, chloramphenicoldl& 36.3%7}
Aol s, 18-36%¢] S-S wne Fuel
QATAE o] 423} FAFERITH24-26,28], 90% MICE
doxycyclineds= 32 ug/mLSI3L, trimethoprim-

sulfamethoxazole, chloramphenicol ¥

tetracyclinedl= =5 512 ug/mL o] o2 vf$-
FobA Wdshrt ol 21E s & ATk

o] MDRKPS] &8 o] Z7}8l1 9JojA] it
Al 2 o] Fa glon o r A7t
A3E 2Yst7l= $tH(3,6,7]. o ATl E
B-lactamA| ¥, carbapenem|4d, aminoglycoside
AY, fluoroquinoloneAd % trimethoprim-
sulfamethoxazole Zo A 3A]Y o]Ate] <2kA|
SAWAI Q] MDRKPE A8k 23 3157} MDRKP &
A=A, Bz 30.4%2 E94Th MDRKP2]
2L 2629%E BHask Fue] thE A7AES
33,34 FHABE oY FE R =AM =
el go] 55-70%% wi-¢ wkoew Aol wet &
Apol & H TH(35,360]. olH g A& MDRKP7F
AAAAC T B3 Y P IS
AAbsEE . A m A A g WA s Aol g
A FHol @ Er}[5,6,36]. MDRKPE t}ekA]
IH/H-‘#’HELQ‘ H}H—a-} gjl} ax{ 10}.01]/\1 H1 21%
FgatAldd sAWAEE detlidlen, 18F dtAl ol
AW Aol 1357 (12.7%) & 7HE 8okt &
3152] MDRKP S-9l|A] ESBL phenotype ¥r&57}
27F(87.1%) 2 W=7} wl§ =9k3, MDRKP
AN 2ol 8 oA Al Nele ARE
A olele Aoz ArHE, Fob A it
AL A7) e, 12),

o] A& &3 MDRKP %2 A5l 8517
29 4= = FtA| £4 meropenem¥} imipenem %
S5 Aoz AlgHTH3,4,6]. 71E
Azol A e

cefepimeo] 7}7
Klebsiella pneumoniae 7952
A 241 doxycyclined} tetracycline, levofloxacin,
ofloxacin, cefoperazone, ceftazidime, ceftriaxone,
aztreonam %! trimethoprim-sulfamethoxazole®| H]u %]
FooS & F ARl 2 AR delA Ee

+ ciprofloxacin¥}, tobramycin, gentamicin
59 FgtAES UAdEY 90% MIC7} io}’ﬂ Fok
3 7
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2;
m
Z
>
Lo
X,
e
2
(o
e F
ol
:U
o 7
*r

183 MDRKPE Tatﬂ_@} =3 F3 ol
Roj FFHASH Ao 2 ol &
e}

g FF MDRKPe| &3 A&H A7

-



70

8THH3,5,6,36]. =3 MDRKP| thokAl A
Y571d A7 St WAHEE WA AY
Hastd ¢ Qe A W s A2
A 5A| o] g Aoz AR HTH37-39].

2 o

NNV A Eo A Heldt 102579 Klebsiella
pneumoniaeE A0 2 3} ceftazidime, cefepime,
imipenem, meropenem % levofloxacing *3}at
2359 FEAN @ B AAE AAs sk
A Bl BeEE AR 477 (46.1%),
NN 255 (24.5%), AAA 147 (13.7%),
RAAEOA 65(5.9%) Fo2 Aol 718 Ee
Bee noin

23%9] StAle g A3 HAE AldE AR
meropenemd|& EE o] A4S YERI S
90% MICE 2 ug/mL3It}. Imipenem¥} cefepimeo]| &=
3.9%, 6.9%e] deko] 12k e Lhehgiont 90t
MICE Z7Zb 2 ug/mL, 16 mg/mLeo]Att,
Doxycycline¥} tetracyclinedlls= 16, 7%7} WAd o]
doxycyclined 90% MICE 32 ug/mLIt}.

Amoxicillin-clavulanic acid, cefoxitin, cefoperazone,

Mo o fo
m

ceftazidime, ceftriaxone, aztreonam, netilmicin,
amikacin, gentamicin tobramycin, levofloxacin,
ofloxacin, ciprofloxacin, trimethoprim-
sulfamethoxazole % chloramphenicolells= 21,6%-
42.2%2] o] A2 YERNIAL, 90% MICE 64-512
ug/mL oo & =kt} Ampicillindles BE o]
WS Yegle, piperacillino& 63.7%7}
W Lehige

B-lactamA 9, carbapenemd ¥,
aminoglycosideZ| 4, fluoroquinoloneAd 4
trimethoprim-sulfamethoxazole 3}t#] Zol|A 341
ol’4ol Al FAUAI MDRKPS] #e|Rle=
30.4%(315) & oA MDRKP7} F3 3ol &
o, ool et A&A A% oA ol
23drh. MDRKPO] thoba] WA Y& 24
HA 1054 AL 21 FdAd F

L
x l"
ox,
o
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vetl e, 18F Aol sAHALl Aol
135(12.7%) & 7174 @oke}, Z2]3 MDRKP o)A
ESBL phenotype WATF7}F 275 (87.1%) & 1
BIE7h o)$- 3obA] MDRKP 799%] 7] A5olA
Zol oI5 Qo4 Al Aue LHE FvE)
olg Aom ARdn, Rt A A A
17} ey,
AZz#og MDRKP #+g%¢ A7 F&3H7
}t A= meropenem, imipenem 2
cefepimeo] 7}% $43% ™, doxycyclined}
tetracycline, levofloxacin, ofloxacin, cefoperazone,
ceftazidime, ceftriaxone, aztreonam %
trimethoprim—sulfamethoxazole0] w7 )5S
2 AT Ty AA el el AR E
+ ciprofloxacin¥} tobramycin, gentamicin %]
FRASE W&} 90% MICTH SobA] Fob 4
A FEANE W T AEAo e gRade
e 5 e Aom A,

o4

it
ki
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