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= Abstract =
Antibiotic Resistance for Common Hospital Acquired-pneumonia
Pathogens in the Intensive Care Unit of Newly Opened Hospital

Jae Hyung Lee, M.D., Sung Joon Shin, M.D., Young Chan Kim, M.D.,
Seung Il Oh, M.D., Mi Ok Kim, M.D., Eun Joo Park, M.D.,
Jang Won Sohn, M.D., Seok Chul Yang, M.D., Ho Joo Yoon, M.D,,
Dong Ho Shin, M.D., Sung Soo Park, M.D.

Department of Internal Medicine, College of Medicine, Hanyang University, Seoul, Korea

Background : Intensive care units (ICUs) are generally considered epicenters of antibiotic resistance and the
principal sources of multi-resistant bacteria outbreaks. The antibiotic resistance in newly opened intensive care
unit that has no microbial colonization on and around the devices was investigated.

Methods : The authors analyzed the antibiotic resistance patterns for common hospital acquired-pneumonia
pathogens in the ICUs(Staphylococcus aureus, Pseudomonas aeruginosa, Acinetobacter spp.) at the newly o-
pened ICU of Hanyang University Medical Center, Kuri Hospital during 6 years(1995-2000).

Results : 1) Regarding Staphylococcus aureus, the resistance rate to methicillin was 156% at 1995, 21% at
1996, 20% at 1997, 23% at 1998, 22% at 1999, 55% at 2000. 2) Regarding Pseudomonas aeruginosa, the
resistance rate to 3" cephalosporin was 509 at 1995, 509 at 1996, 78% at 1997, 40% at 1998, 77% at 1999,
39% at 2000. Imipenam was 0% at 1995, 27% at 1996, 65% at 1997, 12% at 1998, 16% at 1999, 12% at
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2000. Ciprofloxacin was 0% at 1996, 56% at 1997, 36% at 1998, 57% at 1999, 58% at 2000. Tobramycin
was 7% at 1995, 10% at 1996, 67% at 1997, 36% at 1998, 65% at 1999, 12% at 2000. Gentamycin was 14%
at 1995, 36% at 1996, 67% at 1997, 36% at 1998, 65% at 1999, 12% at 2000. Amikacin was 14% at 1995,
309 at 1996, 61% at 1997, 16% at 1998, 39% at 1999, 18% at 2000. 3) Regarding Acinetobacter spp., the
resistance rate to 3" cephalosporin was 92% at 1996, 89% at 1997, 88% at 1998,84% at 1999, 77% at 2000.
Imipenem was 50% at 1996, 48% at 1997, 46% at 1998, 49% at 1999, 50% at 2000. Ciprofloxacin was 0% at
1996, 48% at 1997, 33% at 1998, 27% at 1999, 71% at 2000. Tobramycin was 67% at 1995, 100% at 1996,
93% at 1997, 959 at 1998, 89% at 1999, 77% at 2000. Gentamycin was 67% at 1995, 100% at 1996, 89%
at 1997, 95% at 1998, 87% at 1999, 83% at 2000. Amikacin was 33% at 1995, 83% at 1996, 82% at 1997,

88% at 1998, 759 at 1999, 69% at 2000.

Conclusion : The S.aureus resistance to methicillin, the Pseudomonas aeruginosa resistance to ciprofloxacin,

and the A cinetobacter spp. resistance to ciprofloxacin have rapidly increased during 6 years. There is a need to

pay special attention when using the the antibiotics for the above pathogens. This data may be useful in antibi-

otic therapy in newly opened intensive care units. { Tuberculosis and Respiratory Diseases 2002, 52 : 207-218)

Key words : Antiboitic resistance, Intensive care unit, Newly opened hospital.
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Fig. 1. Annual proportion of S.aureus resistant to methicillin.

g#Fs 48x YE Pseudomonas aeruginosa,
MRSA, Acinetobacter species & Al=}5}o]® gAYA|
7eA BEe wEsla, 3o wre AEFAAM #
2 A gyol =& Fuzt ot

che 3¢ WY

ol stuss e HYe F 50080 FEHY
o8 1 F Fgae vE 198402 F WA
38%E A3l 199593 102 HY Y ol
2000 129 747 6137 F8Ak EalolA Al
A A B A, FEAEAA B sk B 2
ZF AP3Eo) B2 Hge FaudFz ¥#xl MRSA
(methicidlin-resistant S. aureus), Pseudomonas
aeruginosa, Acinetobacter species, 371X & ¥
slo] A WA && ZARBIATH

A= tobramycin, gentamicin, amikacin, 3
At} cephalosporin, imipenam, ciprofloxacins2
delsle] A4 oJFE ZAHBecton Dickinson
microbiology system®) 3ttt A 4 ZA
= Y2z #FbHe o]E3skd NCCLS(National
Committee for Clinical Laboratory) 2] ¥& W’

o wa}l sensitive, intermediate, resistant® 2|
3 ¥ sensitive THe ZAdel = FHOE, inter-
mediate®} resistants= WAdo| I Aoz EF3l
ZA} 15ith. 3AlY chaphalosporin ceftazidime
7} ceftriaxone F71) YA s A HARE
Al S Foe] FABA F 10 o)dellA inter-
mediate F¥ resistant € W WAo] I Aoz
Aol st LU FUAAANA F 3] 22 FF
7} 53E A5 13 AE2 A st

4 7
1. S.aureus2| methicillinol] cH#t iz LHAMER
S.aureus® methicillin A& 242 19959 15
9%, 199611 21%, 1997 20%, 199841 23%,
19994 229%, 2000 55% AtH(Fig. 1).

2. Pseudomonas aeruginosaoi] it i jde

34 cephalosporin A& 742} 19959 509,
1996% K09, 19973 78%, 19981 40%, 1999
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Fig. 2. Annual proportion of P. aeruginosa resistant to Third-generation cephalosporin (square),
Imipenam (circle), Ciprofloxacin (triangle).
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Fig. 3. Annual proportion of P. aeruginosa resistant to Tobramycin (square), Gentamicin (cir-
cle), Amikacin (triangle).

O 77%, 20000d 39%t}. Imipenam WAL 7} 19984 36%, 1999\ 57%, 20008 58% < tH Fig.
7} 1995%1 0%, 19963 279%, 19973 659, 1998 2). Tobramycin W& 712} 19954 7%, 199613
Wo129%, 19999 16%, 200003 12% %t} Cipro- 10%, 1997d 50%, 1998 49%, 19994 329%,
floxacin WA&-8 2zt 19963 0%, 199749 56%, 2000 15% 9t} Gentamicin U482 zbz} 19954

— 210 —



— Antibiotic resistance for common hospital acquired-pneumonia —

100 r

90 | G—5 =
S 80 | e
8 70 + A
§ 60 -
x 50 R ek - TN - bt
£ 40 | N -
S 30 r ' Broeeenl, "
S 20+t

10 } ,

1995 1996 1997 1998 1999 2000
Year

Fig. 4. Annual proportion of Acinetobacter spp. resistant to Third-generation cephalosporin
(square), Imipenam (circle}, Ciprofloxacin (triangle).

149%, 19963 36%, 1997'd 67%, 1998 36%,
19994 65%, 20000 12% %t Amikacin W4
& 77 1995 14%, 19963 30%, 1997'd 61
9%, 19983 16%, 1999 39%, 2000 18% At
(Fig. 3).

3. Acinetobacter speciest]] Lt (T LHAME

34|t cephalosporin WA&& 22 19964 92%,
19973 899, 1998 88%, 19991d 84%, 2000
77% ©)9ct. Imipenam WA & 747 1996 50
9%, 1997 48%, 1998 45%, 19993 49%, 2000
9 50% %tk Ciprofloxacin WAl&-S 242t 1996
0%, 1997 48%, 1998 33%, 1999 27%,
2000 71% %L tH(Fig. 4). Tobramycin W4 &2 2t
zb 19959 679%, 19961 100%, 1997 93%,
199813 959, 1999\ 89%, 20004 77%Htt Ge-
ntamicin WA&& 74z} 199513 679%, 19961 100
9%, 19973 89%, 19983 95%, 1999 87%, 2000
W 83% th. Amikacin WAE-& 22} 19954 33
9%, 199613 83%, 19973 82%, 19981 88%, 1999

d 75%, 2000 69% A THFig. 5).
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3 g, aejd, 7 552 19939 9 e
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Qeol7t o7 W E.Coli®) ampicilin, cefazolin,
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Fig. 5. Annual proportion of Acinetobacter spp. resistant to Tobramycin (square), Gentamicin

(circle), Amikacin (triangle).
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Methicillintj 442 methicillinol] that M3xje] Ab
HHoz Zaso]l ¥ PBP(penicillin binding
protein) 2a\t PBP2’ F<] #Wald PBP2d odt}
LA Ao BEe] methicillin WAIE e
HE X477 B 99 PBP2as Absix|ut
PBP2a A4t MICAJeld] ATAE gle Ao
B2l Ywk o g methicillin WAL Bai dv
F YA BAEE heterogneous resistance s
HERALH! o] A9 Aok o] AR RalF »
T WSS 2 Ao Holo} 3] wiko] HalF
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g}, olo] we} methicillin WA T ZFA7A} 5
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715 SidEd, AAIR o] #7FEL PBP2ag A
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zymes ; AMEs)2 N-acetylation, O-phosphory-
lation = O-nucleotidylationdl &j3led 713 oA
5o BgydA7Ith. AMEst Al 23 (periplasmic
space)dl] W& Exg EAEARE  aminogly-
cosideAlA| 2} NEAW 2l A7}t =7] W 2
23] 2Ado] JehZ 4 2drth. Aminoglycoside acety-
ltransferase=< amikacin, gentamicin, neomycins

o A3, aminoglycoside nucleotidyltransferase

o

=.¢ amikacin, gentamicin, kanamycin, neomyein,
spectinomycin, streptomycin % tobramycins2 &
#5}1, aminoglycoside phosphotransferase®-S
amikacin, gentamicin, kanamycin, neomycin 2 to-
bramycins& 2Agh oAl 37k FAT Wl
isozymeEd] ma} 2Hgglel Alojrt vEhdTHt &,
& AlFo] $71A ol4e] AMEsE AT ZAfele
aminoglycosideA|d| 2] oJ2] t}& 259l 283
o ok|E wugich, oljdt AMEse]| <3 #as]A]
o= op| B el E SRS ARl =¥l U
2ut o}H 72 ojWl AMEsdl| elaiM % sslx] &
Lol 2 ARY AAAE NEER BE o)t

QuinoloneA| A 52 methicillin WA 2=Aa3
=g 5o T A gy O ¥ I#
o4 FE3 mycobacteriaS 3 AHEHY ¥
3}, QuinoloneAAl= AFe] DNA EA|) Al
z93% 98 3= DNA gyraseE At
DNA gyrase: X&dl& topoisomerase 11 2 5
H9d Ao zA /19 A subunit®t B subunit®
T glom o]gL 7zt gyrA 9 gyrB 12
A S8l QuinoloneA Al 7HE &5 W47
Ao gyrA HHzte] Aol o B a4l
Waloltht T thE 7|02 quinoloneA A &S Al
7 9l=ke] outer membrane porin protein (OmpF)
& B3] Axue A&s 53 skl quinolone
AA e WAL =& Axet Fade] el o
HME zefEct o8 F 7 N1A F & 7 v
o ojsled BT UAe A wEe] WAL Blske
% 71A 71"o] EAld #FA e Wigol vt

Epehe,

Cephalosporin® 7% & 4&8d SlactamA| &
dihydrazine ring ©| Blactam ring®} Z§= o] 2l
= 7z 73 ). Bflactam FAYAES] FdHaE
h= opA|9] NEet 3}, gRohnlel XsMd, Ald
o] Mkl AAd 9% w3y Fofl <& #He- HH
WAe o] M7EA s o)/do] A& uf LAY
o] & Blactam AA the WA a0l <& oFf
A 9] sje) oate] P EsAl doldch. efAlel| =
galed g4e ks AAEE Blactamase 2|
T acylase®} esterase®o| AT, B-lactamase”}
V4 23t oo wlal, WAE FE] $51o
Blactamased] g0 FFE A W=F 3HHH
Fzd WE F A2 HHE AxH gedl,
71 WA 1960139 AEE methicillin® Slactam
side chaing WsIAA Flactamase’t BlactamZ
e FAsA B dAA  WE (steric hin-
drance) & ¥o#A Blactamasee] AHIciil 4=
A, 1 F B gHBo] AEEo] AREUE
12 ulmd A2 AfdE AE FAA 1 &t
71 7lqEE Al FRE
imipenameo|t}. ©]% imipenam- carbapenem#|
Ao 488 Slactamased] thal 159 HEA
& 743 Yoi® Imipename AT, =Fd, S.
aureus, B.fragiliss 2824, 18Udd 2 V1A
F& Heletd BEE B4e ey, AEE7A
Aol glo] 4A E@ahe o S8 54& Ad &
AR o]},

MRSA 2 913 #He W 9] 7bg &8 Ul
MRSA ¢ 79 E= A& (colonize) Hlo] e 84
o) Qg wjRolhs-x sp £3) HAHE Foe A
B]Z (anterior nares)o]X|gt A, 7|= E7A F4,
Hyhy FHEE AYR 2 95 Hol¥(integu-
mentary barrier)?] £4o] i F9ldE AHY
o, o]% MRSAd 74 &= Fiso] e 48
AA o ojgle] o drlHez AFEYY
ol o8 e AR AAEE Aol 7HY £3

aztreonam3}
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Adzoltt® MRSAC Z¥" 48 4=3 959l
o] &M MRSA & 44 #&¥ 4 o), oleat
A gRE dAHog A& ® o geldA =
402 MRSAZF AFHo] e AL 2% =2 13
oA vt s BAEdA LA E MRSA ez
of AhEA Hio) olspd 72% A 3Hxle] o
68% 4 ZgHell HaA=AE A Hla, ojmgle
0.8%Rte] MRSA 2] HZo] 9I9lr}” & MRSA S
st v 950e B3 gy s ul o9
s},

MRSA 74939 M94 28+ vancomycing
Ao Y2 o] ke Ao thE o9} 2] Staph-
ylococcus& vancomycin®] ZEo| L ¥)mE U4
Walo] WY W= Aoz delA A, Vanco-
mycin®l] H4-& Hel= coagulase 24 Staphylo-
coccus+ B o] 9o} vancomycind] sl
g A& Holx MRSA (vancomyein resi-
stant S. aureus)+= o}3] Hird A& gioh® 1y

t}, 1997 vancomycin@} teicoplanin®] 7HAjo]

rir

s
a

749 S. aureus(vancomycin intermediate S.au-
reus ; VISA) 7} d¥ofA AL Hu @ w gz
°lF WFAME VISAc] thit 207} B wHoj®
A ofoll thEh FP3] e HPAH, AAH A7)
AP 3 9dch Vancomycing o]54 7 A=A 9]
FAge] lom, &7 2-43] AWRz 1A7} o]y
Folstelof sk WA RG] Qla, pH7} wrolr] gu
ol 258 1, 7}Ao] visth= M3, vancomycin
of 3t WATFe 28e maishd iAok o] A
o] "Hgaslt}y. Vancomycin® 7¢ MSSA (methi-
cillin-susceptible S.aureus)e] <3 =)=
penicillinaseld HUAH & B3 aajel gals)
M ¥, vancomycin®| penicillinase WA HUAdx,
U o Fohs A tP. MRSA £ penicillinase
WA VAR o2l RE Blactam A W)
e Btk AR Blactam YA So] Alghyo)
M AR E Hols A4t dout v 2dEq) o}
2t st Bom AA eAo] St sldw X g58

H ks Z971 B7] B2 o]83 flactam &
BAEL AH-& FA8ldot % Vancomyein 9
o) MBS URoR AT o YAS 9 H= A
F7F 23n2 MRSAJ #4542 2H= o2 3
o} HE AL o} 3t

U=y FEAAEE dgos Als zAw
(NNIS : National Nosocomial Infections Surveil-
lance System)o] wW=wW 1989414 1997717
MRSA 9] H]&o] 30-40% & B<) HhA s 19861 d B
Bl 1993¥71A] A3istm o) slHe s o)
do2 ZAAT MRSA £8 YT 1983w
© 22.8%, 19939 E 67.8% S QY™ ols
Toh vae B oo, B A3 Ao A 54 7
A 20969 WAEER o]de ATHT} Yo YASS
Holtrh, Ml & 6ol 55 % 2 FA 27} 47
& Bl ole} o] YA S FA3 218 HolE=
4%, MRSAd| 79 E= F3glo] 9l zle] =
AW QY g #4328 Ay wAyg
o] AT, A FAEI AT} ol Ad
% 5 AES AL T F9lony, o

3% o
HE gRlEd tigh Fue 2o} Bejyt e A

o

A, 5w, 7 A, L3 Aol 3l
#Ee dorH, 53] HY Yo} gt x5z W)
77t aE BN F5 29 ot ve
P.aeruginosa& cephalosporinaseZ 7}x1 904
WAde Jepdt®  Pseudomonas®l antipseudo-
monas penicillinel}l &k A& plasmid-mediated
TEM-1 Blactamase® ¢lsle] 2y, w3t
Pseudomonas+ aminoglycoside 2843 742
7} 2.2 aminoglycosided] WS 714l Brp*.
£ A4 P.aeruginosadl] W& ciprofloxacin
£ AN 2 FAA ) WYL 2AI7 3 1,221
7 E WgE Belon), Y 27 AeT 69
9] 7] WA g 2 Wske BEEx gt 34
t cephalosporin®] WA&2] 79| NNISoA =

Pseudomonas+ 1@ 24 7HFoz w2 m
o
X
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20-35% A= WAE&E Byo, B dA7anl
© o2t =& 40-80%9 uWAH&L BHY
Ciprofloxacin®] WA&2 AL 1992 %o wxgw
T ZAIA, 1984dlE RE P aeruginosa 7t
ciprofloxacindl ZrpAde] e}, wEFA 25%
7t A8E 7R ke Bl glen® NNISZ
Ab Aale 19899 4% 9 WA8dlA 199739 =
16% 2 WA &2 2APIZE F WA &) A8 27}
ke 29E BAT. 2 AFXE tE A el
22| ciprofloxacind] th& P.aeruginosa®l A&
& 27] 0%X 63% 58% 2 dedas A% =
7p7t ##&=|Qict. NNIS Anjel 2 A7 Ang %3
& B @ P.aeruginosa® 7% ciprofloxacins2)
quinoloneAl Al & FAZ WAL 2715 18
stad, o]F A|Alo] it A3 Al Fojv) W
Aoz A7),

Acinetobacter= 2% &4 1HFoE Hugd 4
Hetg, A", H¥F 58 €o7It} Acinetobacter
= ¥ 299 2% Yoy, &3] bata-lactam,
aminoglycoside ¥ tetracyclinol] WA3& ®elt},

1986356 1993'd71%] A Ethsta o) oo shyel
ANA AN Ao A Acinetobacter?] zHatagA]o)
thE Hd&E carbenicillind]l 35-50%, gentamy-
icinoll 49-57.1%, amikacinoll 25-31.2%, cefti-
zoximeol] 40% 9] WA & HHYT® o]e} "] B o
T Al M= M) cephalosporin®] Z< 77-92
%9 =& AL BYon, Yulgog UAgol
A& Aoz A=Y imipename] F$E 50%
2 7& UA4d&e 29t £33 ciprofloxacine] 2<%
AL Z 0% AN 70% 22 FAF WA 27}
Yo Acinetobacter®] 79 P.aeruginosa®) %<
o} 2] quinolone|Ale] Ao B3] Fo)7} Yo dt
Aoz Bz

MRSA 9] 79 63729 F4% Zvle}, MYz
o uErA ¥k quinoloneAl Al e
Pseudomonas®} Acinetobacter®] #2733 A&
7k T8 gl ol ARSIl Ay e

HoF= 3lA] Aoz A7) =),

FEA WSS ZH AYA =z xjolr) gla, B
AT e WA BeE NCCLS71%9) interme-
diate 7k E¥sigon, 7 Hedd Wdsl= 8z
o] 54 wet Helvit Mz A UA Al
04 z0lE BHY = Qomas B o Ang o
23t sl ALY = glont, B Al o]
WA YE &L 2AS 1 AHE vn, 38
HddHos §43 2EL 9 T80 g Ao
2 A9 x3 2 A7 gy 8L =
At 71 Alde) AT 2o] g1& Aolgt
7H8E w2 Ao A ge Mste RAasl=g 9
o 71& Aol WA TFL Gl & ale wjx| & A
A BAo] e & 4 dg B opal, Ajz A
dakes WY SN ZESE Bxje] wEAA)
A3 Aol FAA Ao =28 2 4 9le Aolg}
T A o) 71Ee) A vlsf 427} ok A
23},

2 o

B &

TEAEL MY UEe) 5o BNE, YA ALgo
74 HAAITY 29, U8 2 A9 Ago
Z U3 #d9F A5 $ #welr} olgd). oo 2ax
d B AEF delo} B Fse A 7t
T4 A A 712 o A7t A8 " o)
=

& AFelAE 1995 A2 ALsid 23R A
of Y ATl sl TP uTE Taluel
TR A FRAE QHEE HY 3UFEE
2 g2 gl Pseudomonas aeruginosa, MRSA,
Acinetobacter species& A g ale] YA PA =
FE B3I, F8 779 BERAM Y g
BA 2o =& Fux syt

A

FTRAIA &3] el 2848 dUEE Hadbo)
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3] #F(S. aureus, Pseudomonas aeruginosa,
Acinetobacter species) S A#{sled, 19951 ¥l
s 7w Aol 20004 7 FEAACNA
A3 E v AL A &3] AMgshe Al Y F
gdzte] A=y &S A S
4 3}
S.aureus®] methicillin WA&S 747t 19951 167,
19961 21%, 1997 20%, 19983 239%, 19994
22%, 2000 55% ATt

Pseudomonas aeruginosa®] 3A|t) cephalosporin
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