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Objects: The source of healthcare-associated infection and multidrug resistant
organisms (MDRO) included exogenous and endogenous origin. The
contribution might be different in different resistant bacteria. We presumed that
cross transmission is the main route for common outbreak pathogens which
more likely to be improved after intensive infection control program. On the
other hand, for those due to endogenous origin, current measures might have
limited impact. This study focus on epidemiologically important MDRO,

including carbapenem-resistant Acientobacter baumannii 2 Pseudomonas

aeruginosa (CRAB, CRPA), vancomycin-resistant enterococci (VRE),
ESBL-producing Escherichia coli and Klebsiella pneumonia and analyze the
impact of infection control measure, severity of underlying diseases and
antibiotic selection pressure.

Methods: Retrospective analysis of hospital-wide active nosocomial infection
surveillance data, clinical microbiological data, pharmacy data and
administration data to determine the time trends of annual percentage of drug
resistant organisms, monthly prevalence of infection or colonization, incidence
density of healthcare-associated infection, and comparison of severity of
underlying diseases, length of hospital stay, prior antibacterial use within 14
days and 30 days and outcome between these MDRO and their susceptible
controls.

Results: The infection control measures had changed the trends or levels for
CRAB and CRPA, but not ESBL-producing E. coli and K. pneumonia. The
prevalence and incidence of infection increased dramatically in recent two years
and controlled only after aggressive multidiscipline approaches including active
microbial surveillance, reinforcement of standard precaution (especially five
moments for hand hygiene and environment cleaning) and contact isolation

precaution.



Conclusion: MDRO are not all the same. For those cross transmission and
caused outbreaks such as CRAB and CRPA, comprehensive infection control
measures have impact. However, infection control measures should be adjusted
or intensified based on current weakness or challenges (such as VRE).
Suggestion: The trends of MDRO develop rapidly, however the impact of
control measure might delayed. Thus, long-term follow-up is necessary to
confirm the results. Furthermore, the delay in intervention, the more resources
are required in order to have same impact. Thus, continuous surveillance to
identify problems and timely intervention are important.

Key words: healthcare-associated infection, antibiotic selection pressure, drug

resistance, hand hygiene program
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HRF O OREFgREFAEE OpR 2 LB 7 o FI 5 XDRAB 4
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Arfg LA E S XDRAB 4] > VRE R &8 85 2 {757 2
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For every Acinetobacter baumannii or Pseudomonas aeruginosa clinical
isolates, in vitro susceptibility testing of 7 classes of the following antibacterial
agents were determined by disc diffusion method in routine microbiology

laboratory: cephalosporins (ceftazidime, cefepime), extended-spectrum

penicillin (ticarcillin-clavulanic acid, piperacillin-tazobactam), carbapenems



(meropenem, imipenem), aminoglycosides (gentamicin, amikacin),
fluoroquinolone (ciprofloxacin, levafloxacin), sulbactam, and colistin. In vitro
susceptibility testing of colistin was initiated since July 2006.
Multidrug-resistant A. baumannii (MDRAB) was defined for A. baumannii
isolates which were resistant or intermediate to three or more classes of
antibacterial agents. Extended spectrum resistant A. baumannii (XDRAB) was
defined for A. baumannii isolates which were resistant or intermediate to five or
more classes of antibacterial agents.*r5 T/ & 18 4 3L k07 #4% 7 > &R
FA AR XPBARAL =2 3 RFEP(XDRAB) > H # 0 ) £ s
(MDRAB) » # is ¢7% 1% #F(AB) - & carbapenem (imipenem £ meropenem)
B %24 % carbapenem TR 2 $i% (¢ 7 resistant 2 intermediate) 7tk
(CRAB) -

A 472002 & 17 1 p 32007 12 % 31 p 3 Gfegps 4 Tk il A
Bz ¢ SAFRFAFEAF(F - BEIFILRDE L LEE - o4l <
7B A7) R AEERHR P 2w 14 X & 30 % ST FUcd B WA
aedi s > e s AT o o Eocoli 5 HE o v LE Y R Fui
FEA 2@ P &R Bk A 4T o AR K A 47 defined daily dose (DDD)
LR A EE FOIR A TS R REAEAEY 8
% @& & DDD > § & ek 2324 £ &2 DDD % - 3%[29, 30] -

TR
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2B (level) sl 2 4BF (trend) a0 o 2 7 324 % BB due g >
% PP 4 47 MRSA P70 |r BF 4 47 MSSA 7383 % 1 2 * ~ £ MRSA E {7
# o &~ 47 MDRAB/XDRAB %2 CRAB ¥ » [ FF A& 37aCR 08 < % 5 {% ﬁﬁ
™ 4% MDRAB/XDRAB %2 CRAB @ {7 & 11 it 5 £241 -

Patient-level # 3 #£ ¢ * Cox '* &k *& ~ 17 ( Cox proportional hazards
analysis) » #74] 7 — & & & 798 7 % #(confounding factor) » & 3545 # &k 4
(colonization pressure ) » 74 % g * 5 fa X fico foi :[%Ej;ja‘_ B oo
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VRE 1996 4 1% = & 4145 % [27]
1999 & active surveillance

PDRAB 2000 & single room contact isolation and [25,26]

environmental cleaning
2001 # 6 * % 2002 & 6 * 5 4 fgd

2003 extended environmental cleaning (three

times)
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Aminoglycoside

Anti-Pseudomonas carbapenem

Cephalosporin

Anti-Pseudomonas penicillin

Fluoroquinolone

Colistin

ATl |

Amikacin

Gentamicin
Tobramycin

Imipenem

Meropenem
Ceftazidime
Cefoperazone
Cefepime

Piperacillin
Ticarcillin/clavulanic acid
Piperacillin/tazobactam
Amoxicillin/sulbactam
Ciprofloxacin
Levofloxacin

Colistin
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# = ~ Definition and nomenclature of bacteria evalued in this study

Bacteria Abbreviation Remark
Staphylcoccus aureus
Methicillin-resistant S. aureus MRSA
Community-acquired MRSA CA-MRSA
Healthcare-associated MRSA HAI-MRSA
Methicillin-susceptible S. aureus MSSA
Acinetobacter baumannii
B R M XDRAB
H i £ MDRAB
B2 B F AB
9arbapen§m FLZE ¥ (¢ 7 resistant % CRAB
intermediate)
carbapenem 4% CSAB
Pseudomonas aeruginosa
BREN XDRPA
H i £ MDRPA
B @ h%IkE R PA
carbapenem F % |+ (¢ 7 resistant %
intermediate) % k% A CRPA
carbapenem AT % P 1 7 CSPA

14
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M3 GFepEp (% 1) 5 B & (02 Charlson comorbidity score # 7 )i i
TR FIR R A o F - i3 A N CRPAGE i S A A ekp s O
Bk KL RE o B R e WG 20%3 27%3 - & P e g

17



CRPA 2% CSPA # 24 &' g %4 - iz 8 i 63%:CRPA l#% - £} 3 CSPA# 2
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B BB FREF I IEON SRR DR o SRk g
B F(¢ 3 MRSA - MDRGNB % )5x% o A5 7 %% L ¥ L 3nGrd @ cnifi
$oo Fe B LAz S B2 is > CRAB 2 XDRAB ! b2 7 g7 3 5 e o
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Fig 1 ~ Time trends of methicillin resistant rate of Staphylococcus aureus clinical isolates and

methicillin-resistant S. aureus (MRSA) prevalence rate, hospital-wide, 1993-2007.
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Note. Methicillin resistant rate of Staphylococcus aureus clinical isolates was defined by the
numbers of MRSA isolates per 100 S. aureus isolates identified in clinical specimens
collected from outpatients or in-patients. The methicillin-resistant S. aureus (MRSA)
prevalence rate was defined by the numbers of patients with MRSA colonization/infection per

100 discharges.
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Table 1. Comparison of demographic data, underlying diseases and outcomes for patients with

carbapenem-resistant Acinetobacter baumannii (CRAB) colonization/infection and patients with

carbapenem-susceptible A. baumannii (CSAB) colonization/infection: univariate analysis

Patients with A. baumannii
colonization/infection
Case, CRAB Control, CSAB

Parameter (N=2090) (N=5330) P value *
Age (years), mean +/- SD 64.04+21.17 62.28+21.01 0.0012
Gender 0.0209
Male 1350 (64.59) 3289 (61.71)
Female 740 (35.41) 2041 (38.29)
Charlson comorbidity score, mean +/- SD 3.75£3.92 4.61+4.90 <.0001
=4 763 (36.51) 2318 (43.49)
Underlying diseases
Cardiovascular disease 546 (26.12) 1424 (26.72) 0.6033
Congestive heart failure 186 (8.90) 463 (8.69) 0.7704
Peripheral vascular disease 75 (3.59) 139 (2.61) 0.0232
Cerebrovascular disease 367 (17.56) 776 (14.56) 0.0013
Dementia 27 (1.29) 66 (1.24) 0.8519
Chronic pulmonary disease 398 (19.04) 839 (15.74) 0.0006
Connective tissue disease 53 (2.54) 119 (2.23) 0.4349
Ulcer disease 93 (4.45) 222 (4.17) 0.5843
Mild liver disease 35(1.67) 211 (3.96) <.0001
Diabetes mellitus w/o end organ 277 (13.25) 694 (13.02) 0.789
Damage
Diabetes mellitus w/ end organ 51 (2.44) 114 (2.14) 0.4284
damage
Hemiplegia 19 (0.91) 85 (1.59) 0.0238
Moderate or severe renal disease 455 (21.77) 777 (14.58) <.0001
Moderate or severe liver disease 87 (4.16) 305 (5.72) 0.0069
Any tumor 518 (24.78) 1883 (35.33) <.0001
Leukemia 15 (0.72) 47 (0.88) 0.4849
Lymphoma 74 (3.54) 174 (3.26) 0.5517
Metastatic solid tumor 320 (15.31) 1166 (21.88) <.0001
Acquired immunodeficiency syndrome 24 (1.15) 33 (0.62) 0.0189
Solid organ transplant 7 (0.33) 20 (0.38) 0.7953
Bone marrow transplant 0 (0.00) 2 (0.04) 1
5?;5 CRAB colonization/infection (within one 239 (11.44) 107 2.01) <0001
Prior CSAB colonization/infection 719 (34.40) 543 (10.19) <.0001
Prior hospitalization at NTUH 1004 (48.04) 2677 (50.23) 0.0901
Source of patients
ER 1257 (60.14) 2967 (55.67) 0.0005
OPD 517 (24.74) 1896 (35.57) <.0001
Transfer 315 (15.07) 466 (8.74) <.0001
Others 1 (0.05) 1(0.02) 0.4840
At ICU at time of culture 1018 (48.71) 1730 (32.46) <.0001
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Patients with A. baumannii
colonization/infection

Case, CRAB Control, CSAB

Parameter (N=2090) (N=5330) P value *

Persistent (> 2 days) 1060 (50.72) 1380 (25.89) <.0001
Duration of positive cultures, days, 16.45+31.77 6.62+16.59 <0001

mean+/-SD, median (range) 1-460(3) 1-260(1) ’

Admission to culture, mean days +/- SD 25.08+50.73 15.76+21.18 <.0001

LO+S/_a§'§r culture for survival, mean days 38.48437 60 27 8843003 <0001

LOSSDafter culture for dead, mean days +/- 33.17465.63 23 42432 .40 0.0002

Duration of hospital stay for survival, 61.39453.18 43.10438.91 <0001
mean days +/- SD

Duration of hospital stay for dead, mean 65.184104.09 447544419 <0001
days +/- SD

In-hospital mortality 730 (34.93) 1344 (25.22) <.0001

NOTE. Data are no. (%) of patients unless otherwise indicated. “Fisher exact test was used to

compare categorical variables; Student t test or Wilcoxon rank sum test was used to compare

continuous variables.
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Table 2. Comparison of use of antibacterial agents within 30 days of first isolation of either
carbapenem-resistant Acinetobacter baumannii (CRAB) in cases or carbapenem-susceptible A.

baumannii (CSAB) in controls among patients hospitalized during 2005-2008.

ICU Ward
CRAB CSAB CRAB CSAB

Antimicrobial agent (N=1018) (N=1730) P value (N=1072) (N=3600) P value
Number of antibacterial =4 o), 550 309+ 179 <0001 335190 245+ 1.51 <.0001
use, mean + SD

Amoxicillin/clavulanate 114 11.6% 254  15.8% 0.0104 195  20.3% 630 21.6% 0.515
Ampicillin/sulbactam 197  20.1% 332 20.6% 0.7863 147  15.3% 296 10.1%  0.0001
Cefazolin 128 13.1% 372 231% <.0001 181 18.9% 771  26.4%  0.0002
Flumarin 61 6.2% 140 8.7%  0.0338 35 3.6% 139 4.8% 0.168
Ceftriaxone 118 12.0% 222 13.8%  0.2577 59 6.2% 226 7.7%  0.1285
Cefotaxime 43 4.4% 60 3.7%  0.4262 13 1.4% 44 1.5%  0.7408
Ceftazidime 365 37.2% 439  27.3%  0.0001 305  31.8% 509 17.4%  <.0001
Cefepime 251 25.6% 308 19.2% 0.002 199  20.8% 486 16.6% 0.0161
Cefpirome 28 2.9% 49 3.0% 0.7886 34 3.5% 72 2.5% 0.0836
Ticarcillin/clavulanate 48 4.9% 38 2.4%  0.0008 20 2.1% 31 1.1% 0.0173
Piperacillin/tazobactam 365 37.2% 508 31.6% 0.0388 241  25.1% 664  22.7%  0.2302
Ertapenem 55 5.6% 33 2.1%  <.0001 49 5.1% 57 2.0% <.0001
Imipenem/cilastatin 274 28.0% 135 8.4%  <.0001 203 21.2% 173 5.9% <.0001
Meropenem 112 11.4% 35 2.2%  <.0001 82 8.6% 39 1.3% <.0001
Aztreonam 13 1.3% 17 1.1%  0.5395 9 0.9% 16 0.5% 0.1925
Moxifloxacin 37 3.8% 39 2.4%  0.0557 28 2.9% 30 1.0% <.0001
Levofloxacin 162 16.5% 133 83% <.0001 122 12.7% 221 7.6%  <.0001
Ciprofloxacin 161 16.4% 117 7.3%  <.0001 155  16.2% 210 7.2%  <.0001
Vancomycin 367 37.4% 382 23.8% <.0001 252 26.3% 370 12.7%  <.0001
Teicoplanin 94 9.6% 99 6.2% 0.0029 66 6.9% 105 3.6% <.0001
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Figure 1. Annual percentages of drug-resistant Acinetobacter baumannii (CRAB) among all A.
baumannii clinical isolates for which in vitro susceptibility testing results were available,
1999-2008. Abbreviation: CRAB, carbapenem-resistant A. baumannii; XDRAB, extremely
drug-resistant A. baumannii; MDRAB, multidrug-resistant A. baumannii which did not
include XDRAB. From1999 through 2008, the annual percentage of CRAB ranged from 11%
to 33%. There were changes in trends in resistance (CRAB, XDRAB, MDRAB) before and
after 2004. However, CRAB and XDRAB increased again in 2008. There were outbreaks due

to A. baumannii during this period.
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Figure 2. Monthly percentages of carbapenem-resistant Acinetobacter baumannii (CRAB)
among all A. baumannii clinical isolates (A) and prevalence of CRAB colonization or
infection (B) in the intensive care units (ICUs) or general wards, Jan 2002-Dec 2008. The
percentages of CRAB fluctuated and were higher in ICUs. There was trend in decreasing
resistance after 2004 in ICUs but not wards. However, there was a rebound in 2008.
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Figure 3. Monthly prevalence of carbapenem-resistant A. baumannii (CRAB) and

carbapenem-susceptible A. baumannii (CSAB), January 2002-December 2008.
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Figure 4. Monthly prevalence of patients with carbapenem-resistant A. baumannii (CRAB) (A)
CRAB during hospitalization increased before 2004 and decreased thereafter. The trend for

and carbapenem-susceptible A. baumannii (CSAB) colonization or infection by place of
acquisition, January 2002-December 2008. The incidence of patients with acquisition of
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Table 1. Comparison of demographic data, underlying diseases and outcomes for patients with

carbapenem-resistant Pseudomonas aeruginosa (CRPA) colonization/infection and patients

with carbapenem-susceptible P. aeruginosa (CSPA) colonization/infection: univariate analysis

Patients with P. aeruginosa
colonization/infection
Case, CRPA  Control, CSPA

Parameter (N=1627) (N=9004) P value *
Age (years), mean +/- SD 64.98+20.09 62.95+22.68 <0.01
Gender <0.01
Male 1041(63.98) 5440(60.42)
Female 586(36.02) 3564(39.58)
Charlson comorbidity score, mean +/- SD 3.72+£3.98 4.08+4.60 <0.01
=4 592(36.39) 3365(37.37)
Underlying diseases
Cardiovascular disease 369(22.68) 2508(27.85) <0.01
Congestive heart failure 132(8.11) 624(6.93) 0.09
Peripheral vascular disease 51(3.13) 253(2.81) 0.47
Cerebrovascular disease 278(17.09) 1440(15.99) 0.27
Dementia 28(1.72) 199(2.21) 0.21
Chronic pulmonary disease 318(19.55) 1551(17.23) 0.02
Connective tissue disease 36(2.21) 179(1.99) 0.55
Ulcer disease 81(4.98) 361(4.01) 0.07
Mild liver disease 34(2.09) 237(2.63) 0.20
Diabetes mellitus w/o end organ 186(11.43) 1278(14.19) <0.01
Damage
Diabetes mellitus w/ end organ 39(2.40) 197(2.19) 0.60
damage
Hemiplegia 15(0.92) 99(1.10) 0.52
Moderate or severe renal disease 339(20.84) 1026(11.39) <0.01
Moderate or severe liver disease 60(3.69) 356(3.95) 0.61
Any tumor 420(25.81) 2943(32.69) <0.01
Leukemia 29(1.78) 63(0.70) <0.01
Lymphoma 46(2.83) 159(1.77) <0.01
Metastatic solid tumor 250(15.37) 1671(18.56) <0.01
Acquired immunodeficiency syndrome 9(0.55) 54(0.60) 0.82
Solid organ transplant 14(0.86) 71(0.79) 0.76
Bone marrow transplant 3(0.18) 5(0.06) 0.11
Prior CRPA colonization/infection (within 326(20.04) 227(2.52) <0.01
one year)
Prior CSPA colonization/infection 1024(62.94) 2408(26.74) <0.01
Prior hospitalization at NTUH 972(59.74) 5027(55.83) <0.01
Source of patients
ER 970(59.62) 4997(55.50) <0.01
OPD 446(27.41) 3378(37.52) <0.01
Transfer 210(12.91) 628(6.97) <0.01
Others 1(0.06) 1(0.01) 0.28
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Patients with P. aeruginosa
colonization/infection

Case, CRPA  Control, CSPA

Parameter (N=1627) (N=9004) P value *
At ICU at time of culture 596(36.63) 2149(23.87) <0.01
Persistent (> 2 days) 771(47.39) 3017(33.51) <0.01
Duration of positive cultures, days, 20.08+48.83 8.09+18.23 <0.01
mean+/-SD, median (range) 1-1099(1) 1-374(1) ’
Admission to culture, mean days +/- SD 28.56+35.48 10.98+£19.45 <0.01
L()JFS/_antSr culture for survival, mean days 38.82442 98 22.91425.07 <0.01
LOSSDafter culture for dead, mean days +/- 47 3947538 21.93429 99 <0.01
Duration of hospital stay for survival, 64.53457 18 34.04434.10 <0.01
mean days +/- SD
Duration of hospital stay for dead, mean R0.55492 40 36.78439 88 <0.01
days +/- SD
In-hospital mortality 503(30.92) 1623(18.03) <0.01

NOTE. Data are no. (%) of patients unless otherwise indicated. “Fisher exact test was used to

compare categorical variables; Student t test or Wilcoxon rank sum test was used to compare

continuous variables.
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Table 2. Comparison of use of antibacterial agents within 30 days of first isolation of either
carbapenem-resistant Pseudomonas aeruginosa (CRPA) in cases or carbapenem-susceptible P.

aeruginosa (CSPA) in controls among patients hospitalized during 2005-2008.

ICU Ward
CRPA CSPA CRPA CSPA

Antimicrobial agent (N=596) (N=2149) P value (N=1031) (N=6855) P value
Number of antibacterial 4.37+ 2.32 2.60+1.70 <.0001 3.27+1.88 2.23+1.36 <.0001
use, mean + SD

Amoxicillin/clavulanate 63  112% 358 19.2% 0.0002 103 112% 1336 252% <.0001
Ampicillin/sulbactam 126  223% 496 26.6% 0114 143 155% 792 14.9%  0.6906
Cefazolin 77 137% 424 227% 0.0001 144  15.6% 1658 31.3%  <.0001
Cefmetazole 61  10.8% 322 173% 00014 110  11.9% 1027 19.4% <.0001
Flumarin 28 5.0% 174 93%  0.0022 29 3.1% 259  49%  0.0263
Ceftriaxone 70 124% 214 11.5%  0.5929 35 38% 263 5.0% 0.1455
Cefotaxime 13 23% 75 4.0%  0.0638 18 2.0% 54 1.0% 00157
Ceftazidime 198 351% 283 152% <0001 219 23.8% 626 11.8% <.0001
Cefepime 136 241% 173 93% <0001 208 22.6% 415  7.8% <0001
Cefpirome 10 1.8% 39 2.1% 0.6431 36 3.9% 8  1.6% <.0001
Ticarcillin/clavulanate 33 5.9% 35 1.9%  <.0001 17 1.8% 54 1.0% 00314
Piperacillin/tazobactam 244  433% 467  25.1% <.0001 262 284% 786  14.8%  <.0001
Ertapenem 50 8.9% 30 1.6% <.0001 78 8.5% 77 15%  <.0001
Imipenem/cilastatin 298 52.8% 122 65% <0001 376 408% 209  3.9% <.000l
Meropenem 91  16.1% 31 1.7%  <.0001 95 10.3% 43 08% <0001
Aztreonam 5 09% 7 04% 0.1654 9 1.0% 12 02% 0.0019
Moxifloxacin 21 3.79% 24 13%  0.0002 29 3.1% 73 14%  0.0001
Levofloxacin 70 12.4% 86  4.6% <0001 110 119% 174  33% <0001
Ciprofloxacin 83 14.7% 61  33% <0001 99 10.7% 238  4.5%  <.0001
Vancomycin 215 381% 270  145% <0001 248  269% 392  7.4%  <.0001
Teicoplanin 63 11.2% 69  37% <0001 59 64% 104 2.0% <0001
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Figure 1. Annual percentages of drug-resistant Pseudomonas aeruginosa (CRPA) among all P.
aeruginosa clinical isolates for which in vitro susceptibility testing results were available,
2002-2008. Abbreviation: CRPA, carbapenem-resistant P. aeruginosa; XDRPA, extremely
drug-resistant P. aeruginosa; MDRPA, multidrug-resistant P. aeruginosa which did not
include XDRPA. From 2002 through 2008, the annual percentage of CRPA ranged from 11%
to 15%. There were changes in trends in resistance (CRPA, XDRPA, MDRPA) before and

after 2004. There were no outbreaks due to P. aeruginosa during this period.
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Figure 2. Monthly percentages of carbapenem-resistant Pseudomonas aeruginosa among all P.
aeruginosa clinical isolates for which in vitro susceptibility testing results were available in
the intensive care units (ICUs) or general wards, Jan 2002-Dec 2008. The percentages of
CRPA fluctuated and were higher in ICUs. There was trend in decreasing resistance after
2004 in ICUs but not wards. The trend of CRPA resistant rate was parallel to the monthly
prevalence of CRPA colonization or infection. Although there were no outbreaks due to P.

aeruginosa identified during this period.
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Figure 3. Monthly prevalence of patients with carbapenem-resistant Pseudomonas aeruginosa
(CRPA) (A) and carbapenem-susceptible P. aeruginosa (CSPA) colonization or infection,
January 2002-December 2008. The incidence of patients with acquisition of CRPA during
hospitalization increased before 2004 and decreased thereafter. The trend for CSPA was
similar but non-significant.
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VRE

Table 1. Comparison of demographic data, underlying diseases and outcomes for patients with

vancomycin-resistant  enterococci (VRE) colonization/infection and patients with
vancomycin-susceptible enterococci (VSE) colonization/infection: univariate analysis
Patients with P. aeruginosa
colonization/infection
Case, VRE Control, VSE
Parameter (N=364) (N= 6249) P value *
Age (years), mean +/- SD 59.01£23.51 57.54£25.56 0.2496
Gender 0.9235
Male 186 (51.10) 3177 (50.84)
Female 178 (48.90) 3072 (49.16)
Charlson comorbidity score, mean +/- SD 4.02+4.14 4.13+4.73 0.6364
=4 153 (42.03) 2395 (38.33)
Underlying diseases
Cardiovascular disease 89 (24.45) 1538 (24.61) 0.9446
Congestive heart failure 27 (7.42) 330 (5.28) 0.0795
Peripheral vascular disease 10 (2.75) 192 (3.07) 0.7259
Cerebrovascular disease 48 (13.19) 714 (11.43) 0.3064
Dementia 4 (1.10) 72 (1.15) 1
Chronic pulmonary disease 32 (8.79) 537 (8.59) 0.8959
Connective tissue disease 14 (3.85) 159 (2.54) 0.1304
Ulcer disease 16 (4.40) 300 (4.80) 0.7246
Mild liver disease 6 (1.65) 236 (3.78) 0.0355
Diabetes mellitus w/o end organ damage 41 (11.26) 880 (14.08) 0.1311
Diabetes mellitus w/ end organ damage 8 (2.20) 176 (2.82) 0.4854
Hemiplegia 2 (0.55) 82 (1.31) 0.3293
Moderate or severe renal disease 103 (28.30) 829 (13.27) <.0001
Moderate or severe liver disease 21 (5.77) 379 (6.06) 0.818
Any tumor 87 (23.90) 2013 (32.21) 0.0009
Leukemia 12 (3.30) 87 (1.39) 0.0036
Lymphoma 13 (3.57) 194 (3.10) 0.619
Metastatic solid tumor 73 (20.05) 1242 (19.88) 0.9334
Acquired immunodeficiency syndrome 0 (0.00) 25 (0.40) 0.3983
Solid organ transplant 2 (0.55) 60 (0.96) 0.5828
Bone marrow transplant 0 (0.00) 4 (0.06) 1
Prior VRE colonization/infection (within one year) 33 (9.07) 28 (0.45) <.0001
Prior VSE colonization/infection 120 (32.97) 819 (13.11) <.0001
Prior hospitalization at NTUH 201 (55.22) 3203 (51.26) 0.1413
Source of patients
ER 203 (55.77) 3247 (51.96) 0.1573
OPD 107 (29.40) 2526 (40.42) <.0001
Transfer 54 (14.84) 472 (7.55) <.0001
Others 0 (0.00) 4 (0.006) 1
At ICU at time of culture 115 (31.59) 1318 (21.09) <.0001
Persistent (> 2 days) 142 (39.01) 1144 (18.31) <.0001
Duration of positive cultures, days, mean+/-SD, 12.6+44.43 5.28+16.63 0.0019
median (range) 1-749(1) 1-375(1) ’
Admission to culture, mean days +/- SD 37.06+52.12 15.31+22.78 <.0001
LOS after culture for survival, mean days
/- SD 37.70+41.96 24.36+28.73 <.0001
LOSSDafter culture for dead, mean days +/- 3357473 43 29 54441 9] 05397
Duration of hospital stay for survival, 72 48475 48 38,7038 4 <0001
mean days +/- SD
Duration of hospital stay for dead, mean 77 63+117.91 53.33454.09 00221

days +/- SD
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In-hospital mortality 129 (35.44) 1302 (20.84) <.0001

NOTE. Data are no. (%) of patients unless otherwise indicated. “Fisher exact test was used to
compare categorical variables; Student t test or Wilcoxon rank sum test was used to compare

continuous variables.
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Table 2. Comparison of use of antibacterial agents within 30 days of first isolation of either
vancomycin-resistant enterococci (VRE) in cases or vancomycin-susceptible enterococci (VSE) in

controls among patients hospitalized during 2005-2008.

ICU Ward
VRE VSE VRE VSE

Antimicrobial agent (N=) (N=) P value (N=) (N=) P value
Number of antibacterial 4.6242.09 3.23+.1.96 <.0001 3.18+1.69 2.53+1.54 <.0001
use, mean + SD

Amoxicillin/clavulanate 5 45% 90  8.0%  0.2056 21 91% 431 113%  0.3353
Ampicillin/sulbactam 30 268% 185  16.5%  0.0267 24 103% 325  85%  0.3883
Cefazolin 24 214% 235  21.0%  0.9259 32 13.8% 1205 31.7%  <.0001
Cefmetazole 13 11.6% 243 21.7%  0.0355 27 11.6% 924  24.3%  0.0003
Flumarin 6  54% 114 102%  0.1302 11 47% 222 58% 0.5105
Ceftriaxone 14 125% 121  10.8%  0.6235 22 95% 345 9.1% 0.8464
Cefotaxime 5 4.5% 52 46% 09362 8  3.4% 87  23% 0271
Ceftazidime 49  438% 311 27.7% 0.0122 85  36.6% 669 17.6% <.0001
Cefepime 39 348% 226  202%  0.0057 78 33.6% 648  17.0%  <.0001
Cefpirome 4 3.6% 28 25% 0.5278 13 5.6% 76 2.0%  0.0005
Ticarcillin/clavulanate 5 45% 28 25% 02216 10 43% 59 1.6%  0.0066
Piperacillin/tazobactam 31 277% 294 262%  0.8005 45 194% 581  153%  0.1561
Ertapenem 6 5.4% 36 32% 02717 15 65% 103  2.7% 0.0016
Imipenem/cilastatin 42 375% 181  16.1%  <.0001 45 194% 295  7.8% <0001
Meropenem 16 14.3% 60  54%  0.0007 14 6.0% 72 1.9%  <.0001
Aztreonam 4 3.6% 18 1.6% 0.1383 3 1.3% 40 1.1%  0.7359
Moxifloxacin 3 27% 24 21%  0.7307 0 0.0% 49 13%  0.1129
Levofloxacin 26 23.2% 91  81% <0001 23 99% 214 56% 0.0125
Ciprofloxacin 20 17.9% 97  87%  0.0053 27 11.6% 303  8.0%  0.072
Vancomycin 48 429% 196 17.5%  <.0001 57 246% 247  65% <0001
Teicoplanin 20 17.9% 37 33% <0001 18 7.8% 60  1.6% <.0001
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Table 3. Main findings and recommendations

VRE colonization/infection increased rapidly during 2007-2008 and related to
health care

The epidemiology of E. faecalis and E. faecium were different
Improvement of hand hygiene alone is inadequate to control VRE transmission
Active microbial surveillance is recommended for high-risk population

Infection control measures to prevent cross transmission should be re-enforced

71



Fig 1. Gradual increase in the numbers of Enterococcus clinical isolates and
vancomycin-resistant enterococci (VRE) clinical isolates from outpatients and inpatients
during 1994-2008.

The first clinical isolate of VRE was found in December 1995 at this teaching hospital, with
two further incidents the following year. In order to prevent further spread, intensive infection
control measures for VRE was established in January 1997. VRE cases decreased in
1997-1998. However, compliance of the infection control measures decreased during July
2000-December 2001 when infection control personnel put most of their efforts into the
control of extensively resistant Acinetobacter baumannii following an outbreak.
Hospital-wide hand hygiene program has been promoted annually since April 2004 and the
numbers of VRE clinical isolates decreased during 2004-2005. However, VRE increased
dramatically during 2006-2008 and became the leading pathogen causing outbreaks during
2007-1008.
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Fig 2. Increase in the numbers of patients with vancomycin-resistant enterococci (VRE)
colonization/infection ~was biphasic when stratified by Enterococcus species.
Vancomycin-resistant Enterococcus faecalis was the main VRE during 1997-1998. After 2001,
vancomycin-resistant Enterococcus faecium became predominant and progressed. Cases
decreased during 2004-2005 following hospital-wide hand hygiene program. Our previous
study has demonstrated that the ratio of E. faecium/E. faecalis causing outbreaks increased

from 1:1 during 1997-2000 to 5:1 during July 2000-December 2001 [24] which predicted the

time trend presented in this figure.
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Fig. 3. The numbers of patients with colonization/infection due to vancomycin-resistant
enterococci (VRE) and vancomycin-susceptible enterococci (VSE) increased gradually during
1994-2008. E. faecalis was the dominant Enterococcus species till 2008 when E. faecium
(VRE isolates) increased rapidly. An abrupt increase in E. faecalis (both VSE isolates and
VRE isolates) cases in 1997 was followed by significant reduction following intensive control
program for VRE. The second rapid increase in E. faecium (both VSE isolates and VRE
isolates) cases in 2003-2004 was modified in trend transiently following hand hygiene

program. This figure demonstrated the complexity of the epidemiology of VRE in a hospital

setting.
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Fig 4. The proportion of outpatients and inpatients with VRE colonization among patients

with enterococcal carriage.
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Fig. 5. Distribution of Enterococcus species of all clinical isolates collected from outpatients

and inpatients at a teaching hospital in Taiwan during 2002-2008.

Among those identified, E. faecium and E. faecalis were the leading two Enterococcus species.
E. gallinarum and E. casseliflavus were the third and fourth common. These two species are
intrinsic resistant to low level of vancomycin, but resistance is nontransferable [82], and rarely,

if any, found in outbreak investigation [24].
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Fig. 6. (A) The most common sources of clinical specimens from which vancomycin-resistant
enterococci (VRE) isolated were wounds and urines. The numbers of VRE clinical isolates
from surgical wound, skin, blood and other specimens from sterile sites slightly decreased
during 2004-2005, and increased rapidly thereafter. (B) The proportion of VRE from surgical
sounds and urine peaked in 2004, decreased during 2005-2007 and increased again in 2008.
Investigation for VRE outbreaks in 2008 found inadequate compliance to wound care.
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Fig. 7. The proportion of VRE in all clinical isolates (outpatients and inpatients), blood

isolates and healthcare-associated infection (limited to inpatients).
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Fig. 8. The numbers of patients with bacteremia (A) and healthcare-associated infection due
to Enterococcus species and VRE (B) increased gradually during 1994-2008. Overall, time
trends of bacteremia and healthcare-associated infection were parallel to each other. Cases
with HAI due to VRE decreased in 2000 following intensive infection control measures for
VRE and in 2002 probably due intensive infection control measures for XDRAB. VRE Cases
decreased again in 2004 and 2005 following hospital-wide hand hygiene program.
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Fig. 9. (A) Prevalence rate of vancomycin-resistant enterococci (VRE) decreased following

hospital-wide hand hygiene program since April 2004, but increased again during 2006-2007.

(B) Time trends of VRE prevalence rate parallel those of vancomycin-resistant Enterococcus

faecium.
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Fig. 10. Time trends of inpatient prevalence rates of vancomycin-resistant Enterococcus
faecalis and Enterococcus faecium stratified by prior colonization (VRE isolated within one
year), importation (VRE isolated within 2 days of hospitalization) and new acquisition.
Patients with E. faecium increased during 2002-2003 and time trend changed following
hospital-wide hand hygiene program, but increased again thereafter when prior colonizer and
imported cases increased. On the other hand, the number of patients with E. faecalis either
due to prior colonization, importation remained rare, if any, and those due to new acquisition

remained stable.
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Fig. 11. Time trends of inpatient prevalence rates of VRE stratified by prior colonization
(VRE isolated within one year), importation (VRE isolated within 2 days of hospitalization)
and new acquisition, and healthcare-associated infection due to VRE. Time trends of VRE
prevalence rate due to new acquisition parallel those of healthcare-associated infection due to
VRE. Both changed following hospital-wide hand hygiene program, but increased again

thereafter when prior colonizer and imported cases increased.
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ESBL

# - ~ESBL-E.coli &z22t% £ it E.colip &2 fh & T ~ i s 2 FF (5 2 H %58 4 45

Characters ESBL Control P value

Age (years), mean + SD 60.01+£25.84 53.224+28.14 <.0001

Gender 0.0123
Male 499 (47.03) 4237 (43.02)

Female 562 (52.97) 5611 (56.98)

Charlson comorbidity score, meant SD 3.56+4.12 3.64+4.65 0.5648
Congestive Heart Failure 66 (6.22) 537 (4.45) 0.2985
Peripheral Vascular Disease 31(2.92) 192 (1.95) 0.0335
Cerebrovascular Disease 152 (14.33) 1157 (11.75) 0.0141
Chronic Pulmonary Disease 127 (11.97) 771 (7.83) <.0001
Connective Tissue Disease 34 (3.20) 259 (2.63) 0.2714
Diabetes Mellitus(w/o End Organ Damage) 145 (13.67) 1376 (13.97) 0.7845
Diabetes Mellitus With End Organ Damage 24 (2.26) 181 (1.84) 0.3338
Moderate or Severe Renal Disease 172 (16.21) 858 (8.71) <.0001
Moderate or Sever Liver Disease 61 (5.75) 426 (4.33) 0.0329
Any Tumor 231 (21.77) 2646 (26.87) 0.0003
Leukemia 27 (2.54) 156 (1.58) 0.0206
Lymphoma 37(3.49) 223 (2.26) 0.0131
Metastatic soild tumor 166 (15.65) 1702 (17.28) 0.1787
AIDS 4 (0.38) 31(0.31) 0.7718
Solid Organ Transplant 10 (0.94) 120 (1.22) 0.4312
Bone Marrow Transplant 0 (0.00) 8 (0.08) 1

Prior hospitalization at NTUH 637 (60.04) 4589(46.60) <.0001

Prior ESBL colonization/infection (within one year) 178 (16.78) 115 (1.17) <.0001

Prior susceptible E.coli colonization/infection 282 (26.58) 1835 (18.63) <.0001

Source of patients
ER 611 (57.59) 5359 (54.42) 0.0487
OPD 352 (33.18) 3935 (39.96) <.0001
Transfer 98 (9.24) 548 (5.56) <.0001
Others 0 (0.00) 6 (0.06) 1

In ICU at time of culture 206 (19.42) 1799 (18.27) 0.359

Admission to culture, mean days + SD 23.37+64.30 8.28+17.71 <.0001

LOS after culture for survival, mean days + SD 27.38+32.13 18.36+23.17 <.0001

LOS after culture for dead, mean days + SD 34.74+49.74 26.01+35.64 0.0115

]SDll;ratlon of hospital stay for survival, mean days + 45 70450 63 26.58430 63 <0001

Duration of hospital stay for dead, mean days + SD 81.09+160.68 42.00+48.30 0.0003

In-hospital mortality 229 (21.58) 1353 (13.74) <.0001
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Table 2. Comparison of use of antibacterial agents within 30 days of first isolation of either
ESBL-producing E. coli (ESBL) in cases or non-ESAB, non-MDR E. coli (control) in controls among
patients hospitalized during 2005-2008.

ICU Ward
ESBL Control ESBL Control

Antimicrobial agent (N=206) (N=1799) P value (N=855) (N=8049) P value
Number of antibacterial 3.43+1.92 2.18+1.38 <.0001 2.66+1.59 1.99+1.26 <.0001
use, mean + SD

Amoxicillin/clavulanate 9  5.0% 166 14.0%  0.0022 86 133% 730 165%  0.081
Ampicillin/sulbactam 38 21.0% 294  247%  0.3862 63 98% 495  112%  0.3372
Cefazolin 36 19.9% 261 22.0% 0.6096 179  27.7% 1525  34.4%  0.016
Cefmetazole 13 72% 128 10.8% 0.1764 58 9.0% 655 14.8%  0.0005
Flumarin 13 72% 62 52%  0.3093 42 65% 140  32% <0001
Ceftriaxone 11 61% 49  4.1% 02558 15 23% 46 1.0%  0.0058
Cefotaxime 5 2.8% 51 43% 0.35 200 3.1% 133 3.0% 0.8944
Ceftazidime 60  33.1% 108  9.1% <0001 140 21.7% 302  6.8% <.0001
Cefepime 5 28% 4 03% 0.0034 9 1.4% 12 03% <0001
Cefpirome 49 27.1% 77 65% <0001 119 184% 297  6.7% <.0001
Ticarcillin/clavulanate 51 282% 222 187%  0.018 28 43% 55 12%  <.0001
Piperacillin/tazobactam 8 4.4% 13 1.1% 00042 120 18.6% 571  12.9%  0.0007
Ertapenem 10 55% 10 08% <.0001 10 1.5% 62 14%  0.7655
Imipenem/cilastatin 4 22% 17 14% 05108 29 4.5% 33 07% <.0001
Meropenem 35 19.3% 63 53% <0001 15 23% 53 12%  0.022
Aztreonam 4 22% 15 13% 03053 83 12.8% 148 33% <.0001
Moxifloxacin 24 13.3% 46 3.9% <0001 18 2.8% 43 1.0%  0.0001
Levofloxacin 27 14.9% 51 43% <0001 74 115% 240 54% <0001
Ciprofloxacin 24 133% 253 21.3%  0.0362 68 105% 175  3.9% <0001
Vancomycin 61  337% 131  11.0% <0001 50 77% 592 13.3%  0.0003
Teicoplanin 16 8.8% 25 2.1% <.0001 98  152% 257  5.8% <.0001
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Table 3 ~ ESBL-K. pneumoniae ¥ 2& % £ % |+ K. pneumonia (Control) & 2 z & 7 ~

tp o R R 16 2 B T A 15 (N=274145)

Characters ESBL Control P value
Age (years), mean + SD 66.77+22.57 60.87+22.66 <.0001
Gender 0.0005
Male 545 (57.37) 6265 (63.13)
Female 405 (42.63) 3659 (36.87)
Charlson comorbidity score, mean + SD 3.68+4.14 4.38+4.90 <.0001
Charlson Condition
Congestive Heart Failure 92 (9.68) 711 (7.16) 0.0046
Peripheral Vascular Disease 28 (2.95) 237 (2.39) 0.2856
Cerebrovascular Disease 181 (19.05) 1440 (14.51) 0.0002
Chronic Pulmonary Disease 187 (19.68) 1567 (15.79) 0.0018
Connective Tissue Disease 23 (2.42) 190 (1.91) 0.2818
Diabetes Mellitus With End Organ Damage 27 (2.84) 216 (2.18) 0.1849
Moderate or Severe Renal Disease 193 (20.32) 1027 (10.35) <.0001
Moderate or Sever Liver Disease 46 (4.84) 501 (5.05) 0.7811
Any Tumor 208 (21.89) 3368 (33.94) <.0001
Leukemia 3(0.32) 86 (0.87) 0.0867
Lymphoma 18 (1.89) 230 (2.32) 0.4042
Metastatic soild tumor 115 (12.11) 2010 (20.25) <.0001
AIDS 7(0.74) 53 (0.53) 0.4202
Solid Organ Transplant 9 (0.95) 66 (0.67) 0.3152
Bone Marrow Transplant 0 (0.00) 2 (0.02) 1
Prior hospitalization at NTUH 530 (55.79) 4472 (45.06) <.0001
Prior ESBL colonization/infection (within one year) 153 (16.11) 69 (0.70) <.0001
Prior non-MDR K.p colonization/infection 309 (32.53) 1714 (17.27) <.0001
Source of patients
ER 591 (62.21) 5386 (54.27) <.0001
OPD 238 (25.05) 3836 (38.65) <.0001
transfer 121 (12.74) 698 (7.03) <.0001
others 0(0.00) 4 (0.04) 1
In ICU at time of culture 282 (29.68) 2370 (23.88) <.0001
Admission to culture, mean days + SD 24.48+35.73 9.62+17.31 <.0001
LOS after culture for survival, mean days + SD 33.47+33.74 22.57+£27.19 <.0001
LOS after culture for dead, mean days + SD 35.28+63.90 22.99+£36.04 0.0024
Duration of hospital stay for survival, mean days + SD 55.43+49.75 32.34+33.84 <.0001
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Duration of hospital stay for dead, mean days + SD 69.81+98.34 37.19+45.23 <.0001
In-hospital mortality 266 (28.00) 1911 (19.26) <.0001
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Table 4. Comparison of use of antibacterial agents within 30 days of first isolation of either
ESBL-producing Klebsiella pneumoniae (ESBL) in cases or non-ESAB, non-MDR K. pneumoniae

(control) in controls among patients hospitalized during 2005-2008.

ICU Ward
ESBL Control ESBL Control

Antimicrobial agent (N=282) (N=2370) P value (N=668) (N=7554) P value
Number of antibacterial 3.40+1.86 2.08+1.33 <.0001 2.74+1.59 2.02+1.26 <.0001
use, mean + SD

Amoxicillin/clavulanate 35 132% 282 163%  0.2672 80  14.1% 1256  263%  <.0001
Ampicillin/sulbactam 73 275% 562 32.5%  0.2379 81  143% 996  20.8%  0.0022
Cefazolin 55 20.8% 418  242% 03316 122 21.5% 1163 243%  0.2417
Cefmetazole 32 121% 211 122%  0.9558 46 81% 581  122%  0.0107
Flumarin 23 87% 71 41%  0.0021 36 63% 205  43% 0.0339
Ceftriaxone 8 3.0% 23 13%  0.0585 15 2.6% 36 08% <.0001
Cefotaxime 11 42% 101  58%  0.289 15 26% 137  29% 0.7713
Ceftazidime 80  302% 169  98% <0001 155 273% 378  7.9% <.0001
Cefepime 2 0.8% 3 02% 0.1353 1 1.9% 9  02% <.0001
Cefpirome 55 20.8% 103  6.0% <0001 106 18.7% 314  6.6% <.0001
Ticarcillin/clavulanate 10 3.8% 14 08% <.0001 19 3.4% 52 1.1% <.0001
Piperacillin/tazobactam 97  36.6% 398 23.0% 0.0004 147 259% 880  18.4%  0.0006
Ertapenem 7 2.6% 29 1.7% 03182 13 23% 59 12%  0.0422
Imipenem/cilastatin 12 45% 10 06% <.0001 25 4.4% 41 09% <0001
Meropenem 49 18.5% 98  57%  <.0001 75 132% 227 47%  <.0001
Aztreonam 7 2.6% 17 1.0%  0.0338 21 3.7% 62 13% <.0001
Moxifloxacin 8 3.0% 14 08% 0.0059 13 23% 57 12%  0.0322
Levofloxacin 33 12.5% 59 3.4% <0001 58 102% 190  4.0% <.0001
Ciprofloxacin 36 13.6% 42 24% <0001 49  86% 129  2.7% <0001
Vancomycin 83 313% 166  9.6% <0001 127 224% 368  7.7% <.0001
Teicoplanin 24 9.1% 33 1.9% <0001 29 5.1% 99  2.1% <.0001
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Object: To study the correlation between the management of antimicrobial
agents and the nosocomial infections and its impact on the antimicrobial
resistance in the hospitals.

Methods: By retrospective collection of information on use of antimicrobial
agents and nosocomial infections and patterns of antimicrobial resistance. The
amounts of antibiotics used was calculated according to the Anatomical
Therapeutic Chemical (ATC)/Defined Daily Dose(DDD) classification system
and to be compared with. Chi squareis used for proportions and Score test for
trend of odds for prevalence trends. Control chart also was used for comparing.
Results: There were differences in the targets on collection of information on
the amount of antimicrobials used and details in data of nosocomial infections.
From this study, there was difference existed: the amounts of more advanced
generation antimicrobials, which include carbapenems, glycopeptided, and 3™ &
4™ generation cephalosporines), and antimycotics used in hospital A were higher
than thosed used in hospital B. The 3™ & 4™ generation cephalosporines
presented as 24.7 % of total DDDs, which was 9.9 folds higher than those used
in hospital B ( year 2008). To compare the amounts of antimicrobials used
period 2000-2003 and period 2004-2008, 9.2% (1376.1 vs. 1500.1 DDD/1,000
hospitalized patient-days) increase of parenteral antimicrobials was noted in
hospital A; however, 9.2% decrease ( 739.3 vs.670.4 DDD/1,000 HPD)
presented in hospital B. The major nosocomial pathogens also had differences
existed between the three hospitals. There was a decreasing trend in the
prevalence of MRSA infection in hospital A (OR 0.92, 95%CI 0.88-0.97,
p=0.002) from 2002-2007 and hospital B (OR 0.80, 95% CI 0.76-0.85,
p<0.0001) from 2002-2008. In contrary, there was a increasing trend in the
prevalence of CRAB infection in 3 hospitals (p<<0.0001). The hospital B and C
had the same first 5 leading pathogens, S. aureus, A. baumannii, Ps. aeruginosa,

E. coli, and K. pneumonia, even the order was different. However, to be noted,
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hospital A had yeasts and enterococci included in the first 5-leading pathogens
and the yeasts comprised of 25% of all pathogens. There was no obvious
correlation between classes and amounts of antimicrobials used and patterns of
antimicrobial resistance, except that the rate of carbapenem resistance had
positive correlation to the amount of carbapenems used.

Conclusion: Remarkable variation existed in use of antibiotics by category and
amount and amount of antifungals in threee medical centers. By using the
standardized method , ATC/DDD classification system, we can objectively
compare the difference in the use and management of antimicrobials in the
hospitals. However, it remains unclear whether the characteristics and severity
of patients affect the rates of nosocomial infections and relavent antibiotic use or
not.

Recommendations: Facing the increasing expenditure is use of antibiotic and
emerging crisis on antimicrobial resistance in Taiwan, we recommend that the
CDC in Taiwan can request all hospitals to provide the items and amounts of
antibiotics used periodically through the TNIS internet informatics. The CDC
periodically analyse and feedback the data transformed from the input via
ATC/DDD classification system, including difference in amounts and items used
and their trends in the hospitals. The incentive for quality improvement in
management of antibiotics can be promoted and executed by the annual audit
of performance of infection control program and hospital accreditation system
by providing the data in the use of antibiotics and rates and patterns of
nosocomial infections. We can expect the great impact on the improvement on
the appropriate use of antibiotics and hoping that can curb the rapid growing of
antimicrobial resistance.

Keyword: Use of antibiotic, nosocomial infection rate, antimicrobial resistance,

defined daily dose
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#—A. Hospita A&-#a4i £ F(EM KODDAMMERA R )

Antimicrobials ATC g 2000 2001 2002 2003 2004 2005 2006 2007 2008
Antibacterials for systemic us J01- P 131008 13661 1411.9  1415.6  1459.5 1540.6  1506.2  1456.3 15382
Beta-lactam antibacterials, pe JME-~ P 492,77 ba3g. ] oh2. 8 o006 61404 TET.Z O TAT.D O GTRLT O G20.5
1 & 2 cephalosporing JOTDBI01DC P 49,8 47,4 466.9 3817 396.0  387.1 365,55  3D3.D 5L 4
3 &4 cephalosporins JOIDMI0LDE P 13,7 1677 199.0 2171 2458 249.2 245,33  270.5  379.32
Carbapenens JO1DH P 41,2 49,3 16. 5 59.0 4.6 48, 2 45,4 47,7 oG, 4

Aminogl yooside JOIG P 287 2.0 21,19 19,6 16, 4 14,10 12,2 11.9 12,7

Gl yoopept ide JOTXA P 12, 1 44, 3 49,9 a6. 1 AT 46, 4 43, 8 42,3 16, 5

Duing lone JO1M-~ P 11.4 12,1 13. 4 17.2 16, 4 17.1 19,9 15. 2 15.0

Antimveotics for systemic use J02- P 17. 5 20, 1 17. 8 18, 4 1810 15,0 17,7 16,5 16, 2

TOTAL J01+102 P 13283 1386.2 1420.7  1434.0 1477 1560, G 15839 1471.8  1554.4
#P, parenterial

Antinicrobials ATC g1 2000 2001 2002 2003 2004 2005 2008 2007 2008
Antibacterials for systemic us J01- PO 2075,8  ZBGR.T  25G68.4  25Th.3 2T49.4  EVOG 1 273E 5 ETHEZ B 2050.4
Beta-lactam antibacterials, pe J0IC~ P+ 919.6 908, 7  ®39.8  902.6 10725 1200.5 11984 12031  1215.2
1 & 2 cephalosporing JOIDBHIOIDE P+ 1137.1 1036.3 91005 TI9Y.T7 BRG.® TRO.G 0 V4Gl TTAL 3 TET. 8
g &4 cephalosporins JOIDAIOINE  P+D 144, 5 1733 204,80 2250 25,3 2505 2hE. Y 27RO 38R 3
Carbapenens JO1DH P+ 41, 2 49, 3 16, 5 59.0 od. G 48, 2 45, 4 47,7 o6, 4

Aminogl yooside JOIG P+ 20.5 3.2 29.9 26, 8 237 21,4 20,9 20,4 21.8

] yoopept ide JOTXA P+ 12,4 14, 4 i, 1 bi, 2 b 8 46, G 43, 8 42,3 46, b

tuinelone JO1M-~ P+ 188.2 181,65  19.6 1726 1.7 1440 141,37 1341 139, 3
Antimveotics for systemic use J0z2- P+ 2.4 24,19 22.19 20,0 20,4 228 26, 2 24,6 24, 4

TOTAL JO1+102 P+ 20981 28037 2581.3  2600.9 27749 28189 27587 ZBOT.4 29838

* PH), parenteral pluse oral
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Fo—B Hospita B, &8idn &M &

Antimicrobials ATC | 2000 200 2002 2003 2004 2005 20046 2007 2008 2009
Wntitacterials for systemic use - P THA 0 TIRG TEZ 4 TEEE RT3 GR35 ha4,q BEAY O HEAG g
Beta-lactan antibacterials, penicil lirl0IC- P 26K 2 28% 2 B00 3307 020 3146 2RO 2710 2754 ee T
| & 2 cephalosporing 101 DB+I011C P35 2158 2004 1972 1467 1542 1sn7 D9ED O EIBD o ygg g
3 &4 cephalosporing I0TDI+I0TRE P 80 193 192 241 263 #6027 2RO dRE 4409
Carbapenems JOTIH P 1.4 1.4 al 0,4 u.n L) 13.7 17.7 18, 4 20, 4
wninoglveoside 101G P 129.5 11L2 482 10002 869 BT goop BLDOHDE O GE.D
Gilycopept ide In1xa p 6.4 184 18O 224 187 172 16 188 2RE 180
uinclone - P 155 154 16T 185 2.6 188 qpg  TRD QS 10
Wntinycolics for systemic use n2- ¥ 10, 2 4.9 8.4 g, 4 8.5 8, 2 8. 7 4.2 14,1 148

Antimicrobials ATC | 2000 200 2002 2003 2004 2005 20046 2007 2008 D0D9CI-9H
Wntitacterials for systemic use Int- P 2066 G TB3E O ITRO.S 10613 18DE Y 17547 16544 17206 1BES G 1951, 8
feta-lactem antibacterials, penicillir0IC- P+ 5722 5308 SRL 2 BER 5 BAT0 G49.3  GE5,G HIGG  BEE Y GBS, 4
| & 2 cephalosporing IIPREIOIDG PR LT BI0.3 BEA 1 5740 SEAD SAR.4 BIB0 5332 5RO 4 50,0
3 & 4 cephalosporins IDIPDIOIDE P 229 @400 233 284 304 2903 B2 300 519 540
Carbapenens 101 DK B 4.3 1.9 5.1 0,4 0.1 8,7 137 1.7 184 20,3
wninoglveoside 1016 PO 1885 1150 107 1047 B09 850 728 BLT BLT  KD.2
Glycopept ide I01XA PO 164 1R4 18 224 18T 172 16E 198 22¢ 180
Quinolone 1014~ PO 91 BOO 936 1141 879 BE5 BE3  BL4 103 1104
Wnbimyocolics for sysiemic use I - [t il 7 04, ¢ 94, 4, 3 ia.h L, i a7,k fl, 3 L, 5 77.8
TOTAL 01+102 PO 21973 19301 IBTH5 20456 1BBA 5 IBIS 5 1T4 0 IRI0.H 1929.1 2029, 6
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#— C. Hospital(C &84 £ M &

Antimicrobials ATC @®iE 20056 F 2006 2007 2008
Antibacterials for systemic use 101- p 186.9 1591 175. 2 184.0
Beta-lactam antibacterials, penicillins Joic- P 22. 8 20.5 18.7 18.9
I &2 cephalosporins JOLDB+I01DC P - - -

3 & 4 cephalosporins JO1DD+J01DE p 65. 3 35.9 (5. 7 5.3
Carbapenems T01DH p 16. 2 13.2 16.8 18.7
Aminoglycoside 1016 p - - — —
Glycopeptide 101 XA p 49. 9 43. 5 45, (0 39.0
Quinolone 014 p o 30.9 24. 6 26. 6 25. 8
Antimycotics for systemic use J02- F 14.8 15. 6 14.3 13. 3
TOTAL 1014702 386.7 3324 3623 375.1
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= 1999 -2008 KBS PoFLEMAMELFE TR FODD/10004RAE)

1999 2000 2001 2003 2004 2005 2006 2007 2008
Carbapenems(AE ) 12 1884 2457 30.28 27.58 25,34 26,83 27.01  30.18
Carbapenems(BE ) 3.4 1.28 4.91 9. 36 9. 03 8.6  13.73 17.68  16.86
Carbapenems(CE ) 16.18  13.25  16.84
Quinolones (A ) 20. 03 22.02 24,11 3. 11 39.32 49.79 49.23  45.97 44,41
Quinolones (BE &) 9.28 15.50 1534 19.46 21.63 18.77 19.22 17.09 1286
Quinolones (CHE &) 30.96  24.64  26.56
Glycopeptide(AB ) 21,28 26.15  31.39 3719 36.4  29.61  28.80  29.39  33.16
Glycopeptide(B% i2) 12.46  16.36 18.4 2243 18,68 17.23 16.58 19.78  20.32
Glycopeptide(CEFE) 49. 86 43.5  45.01
Antifungals(AR ) 3.9  38.46 4413 56.28  5L.BR  48.22 46,16 46.12  49.51
Antifungals(BE ) 8.49  10.23 9. 87 9. 44 8. 93 8. 16 8.69  14.27 12.94
Antifungals(CE )% 14. 81 15.96  14.33
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#Fe =A. 2002-2008 HOSPITAL A. 2P% & B4 88 M P2 i R 3% 14 #4818

2002 2003 2004 2005 20006 2007 2008
Staphylococcus aureus
MRSA (No. ) 402 340 337 297 329 200
MRSA (%) 77,31 74.40  T72.31  T1.39 73.20 6684
Enterococcus sp.
VRE(No. ) 9 20 14 i 21 37
VRE (%) "3.84 " 6.09 " 3.91 " 1.97 T 6.03 ~ 8.80
K. pneumoniae
A, preumoniae(ESBL) (No. )
A, pneumonrae(ESBL )% 0 0 0 0 0 0
£ ocoli
£. col 1(ESBL)No
£, col 1 (ESBL)% 0 0 0 0 0 0
A, baumannri
CRAB(No) 8 15 9 b b 80
CRAB(%) 3.15 4.95 2.7D 1. 67 2.11 24. 69
Ps.  aeruginosa
CR-Fs. aerugrinosa(No. ) 2 i 29 b2 22 62
CR-Fs. aeruginosa(%) 1. 40 1.09 12.72  13.39 12.06 13.05
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F< =B. 2002-2008 HOSPITAL B. &% & S48 bk B2 P 6 5 16 F84% 38

2002 2003 2004 2005 2006 2007 2008
Staphviococcus aureus
MESY (No. ) 324 343 270 269 107 159 121
MESA (%) 88. 28 86.18 82. 57 77. 30 63. 31 74, 30 69. 94
Enterococcus sp.
VRECNo. ) 1 0 4 4 3 3 2
VRECS) 1.75 0.00 4. 44 3. 23 3.06 2. 63 1.80
K. pneumonize
K. preumoniae(ESRL No 28 19 35 67 61 50 49
K. pneumoniac(ESEL )% 20.74 13.10 26. 32 32. 52 31.44 29. 41 27. 84
E. coli
E. coli(ESBL )No 26 44 43 47 46 65 o4
E. coli(ESBL )Y 14.77 26.99 26. 38 25. 97 23.35 29. 55 26.73
A, bavumanni 1
CRAB(No ) 14 46 02 76 58 97 90
CRAB(%) 7.33 19,01 21. 05 30. 52 32.58 38. 34 47. 37
Ps. aeruginoss
CR-Ps, aeruginosa(No) 13 12 17 15 15 24 19
CR-Ps. aeruginosa (%) 8.02 6.03 9.83 6. 44 6. 36 10. 43 8.52

110



Fe=C. 2002-2008, HOSPITAL C 205 8 %4 @ B, i 1 FE 5 ik

2005 2006 2007 2008
Staphy lococcus aureus
MESA (Mo, ) 492 ol4 472 378
MESA (%) 8.4 79.32 T1.95 T2.55
fnterococcus sp.
FRENo. ) 23 17 34 a0
VRECS) 8. 21 6.25 10. 89 14.5
&, prnewmoniae
A, preumoniae( £SEL INo 150 158 124
A, preumoniac{ ESFEL Y 30.99 29,92 25,94
£ ocoli
£ col 1 (ESBL)No 83 04 69
£ col 1(ESBELMY 15.74 17.09 13. 66
1. baumannii
CRAB(No ) 34 34 45 121
CRABCE ) 1111 11.88 12. 6 33. 42
Hs.  aeriginosa
(K-Fs. aeruginosaiNo} 43 44 61 48
(K-Ps. aeruginosal¥) 8. 62 9.52 116,20 8. 41
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2D ZFE2 P02 N £ R cinetobacter haumanni 146 %
(AB, )R 2 # carbapenendt it #((RAB, %)

20022003 2004 2005 2006 2007 2008

k|

AB

Hospital 4 5,80  7.60 T30 T2 T 8.2

Hospital B 1250 1490 1680 13.90 1030 13.00  10.50
Hospital C 6,50  7.70 740 730 6A0 T T30
R

fospital A .10 400 2T L6T 211 24.69

Hospital B 793 1900 2005 30,52 3298 3.4 AT
lospital ¢ 461 1.9 138 IL10 1188 126 33.42
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EZA ZERRToREAREE(AHE 00 patient-days),
2002 2003 2004 2005 2006 2007 2008

fospital A

Total I 567 621 &I BO3 38T B9
M| AT % T A T - B O - T % 11
kT 1 .oz 056 032 0al 0al ek
]| 1 TIN 1 THR A T R ¥
ITI |66 L& L8 Z08 1% 20l

fospital B

Total I 442 48 48 5% 4B 4B AT
Nl L4 L3 147 L L 142 13
kT 107 T O FAR 101 S O A Y S OO | O % 1
]| bed 058 e 0T 048 03 0H
ITI 1 T A B .66 133 Ld LM

tospital €

Total S 36 300 379 38 373 AW 4N
B 08 L2 LIE LE O Ll LB OLH
KT 1 N | R 1101 1 T ) B 1 T 1]
S8l 1 T | R 11 N | N | | B
ITI L0y L3 L L3 L3 L& L%
BSL: bloodstrean infection; NI: nosocomial infection; BTL: respiratory tract
Sl surgical site infection; UTL: wrinary tract infection,
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EZR ZERS P oA ER(EBREN000 patient-days).
2002 2003 2004 2005 20006 2007 2008

Total NI

A 5. 67 G. 21 G.11 G. 03 0. 87 G.19

B 4. 42 4, 23 4. 27 5. 93 4. 63 4. G& 4,37
C 3.6 3. 4l 3. 79 3. 88 3. 73 4. 04 1.04
BSI

A 2. 20 2.57 2.43 2. 29 2. 25 2.07

B 1. 41 1. 39 1. 47 1.49 1. 28 1. 42 1.39
C 0. B8 1. 21 1. 18 1. 34 1.15 1. 25 1. 26
RTI

A 0,52 0. 56 0.52 0. 51 0. 51 0. 52

B 0.93 1. 07 0. 98 1. 46 1. 05 1. 03 0. 81
C 0. 41 0. 44 0. 36 0. 37 0. 41 0. 43 0.47
551

A 0. 57 0. 57 0.49 0. 46 0. 44 0. 42

B 0. 64 0,58 0,52 0. 75 0. 48 0, 38 30
C . 0b 0. 56 al G 0. 56 o 16
UTI

A 1. GG 1. &7 1. &G 2. 08 1. 95 2.01

B 0. 87 0. 76 1.0 1. GG 1. 53 1. 59 1.54
C 1.09 1. 31 1.490 1.5 1. 35 1. 25 1. 26

B51: bloodstream infection; NI@ nosocomial infection: RTI: respiratory
551: surgical site infection: UTI: urinary tract infection
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doh bERReroREEPAMMBRNY

i -2

Hospital 4
g nm M FLK] mi a7 20m
Total isolate 1192 % Total isolate [RE ‘1 Totl isolaie [E ! Total isolaie 176l % Total isolate 1597 % Total isolate IiE % Total isolate 5
| E-cali 2194 E-onli M 180 Other veasts M1 199 E-cali T4 212 ither vemsts hHa 2124 E-cali T B4
1 Mther yemsts nmalhicans 85 15,5 Dther vaists 27T 169 E-emli Hi IR0 Nher wmsts M1 19,5 E-ali He 25 Niher yemis HI A
1 Candida al bkicms 141 1.8 Candida alhicans 13d 1L& Elchsielln smp I35 0.5 P pemiginesae 168 9.5 Elelsiclla sip 169 1§ tereoms sp 6T 101
4 Paendmoms acrigims 120 10,9 Eléhsiclla sp 128 9.5 Ps. mrniginom 134 0.5 Elebsiclla pp 166 9.4 Ps acnginesa 146 4.1 Ps. acrugimsa G4 49
i KlehsielIn spp 120 10,1 P, merigims 121 9.2 Codida alhicors 118 &0 Enteromeocus spp, 132 806 Entermwmeis spp 141 4.0 Klehsiel In spp 159 46
i termoms gp TG0 Etemexos spo N7 &7 Entemencous spp, 109 T4 Enterohacter spp, 1D 6,4 Enterohacter spp, 4.4 Enterchacter spp @ il
7 Enterchacier gp 260 Etemhacier spp aoonl \cinetohacter spp. &2 A6 Acineichacter sppdh a4 Cadida alhicms ™ 4.4 W incinhacter sm. 67 41
] wimmhacter sm # 19 Ainctohcter smp i 5.0  Entembhacter smp. ®™ 34 Cmdida albicms & 4.9  Acinetchocter spp7l 44 Gndida albicms Gl 11
q b k1] 14 Proteus spp 5 11 Proteus spp £ 19 Protcus spp a 1.2 Pmitcus gp ia] 1.7 Foicis Sp 4 7
1] Proieis s B 1?2 Siphylocoms mreus 6 1.9 Serraiin sp H L9 Staaureis n 1.4 Stnaurens 1] 1.9 WFip 1 21
Hospital B
g i 20M FLIK pLI a7 20m
Total isolate AT % Total islate [ERL Totl isolate [EE (/-1 Total isolate AL -1 Total isolate 1515 % Total isolate &% Towml isolate 1804 %
| St Aureis A0 2.1 St mras M3 127 Sta mros WA N0 Smoanmeis WA IG5 Ps scmginmsa T AMZ 2 A hmmannii H1 L4 Ps mrniginom A
1 inetohacter hamanii X7 100 X bmmamii Mi 115 N bumamii R 151 N hwmennii wa 123 E-ali NP OTEAN P merugimsn M 12,4 E-mmli T I
1 E-coli 197 1.5 P, mrigims i 1L Ps, mriginom 185 .1 Ps semginsa &1 115 kP 196 THL9  Sta oureiss n5 130 8 umamii 18 104
4 Ps. mcrugimsa 182 9.7 E-mli 164 9.0 E-mli 179 47 kP #9102 N hmmmni i 178 AT 6 E-coli A9 LG kP 1% a8
] Elehsic|la pnoumonine 148 7.9 W 147 8.1 kP 141 7.8 E=<oli AT 9.2 Smoaureis 170 GFa 4 W 1G9 40 Stomres 171 9.5
Enternmaus
i fandids =p 126 6.7  [Entemhacter clmeme T 41 Candida albicas 100 54 Cadida albicns UG 49 fwemlis ™ TG Tandids albicans 119 &0 Candida alhicans Im 7.2
Enteromecus Enterohacter Enterococis Enterococos
7 Mtermwomis g Wl 5.4 Candida albicans # 1Y Entemencous sp i 14 foeomlis T 12 clomcae ] 2ml 0 faecalis T 19 famalis o412
Stenoi rophmmas Entemhacier Enterohacter Enterchacter Enterohac ter
] fnterchacer sm M 0T mlioghilia £ 25 clmome 4 24 cloacae T 1.2 Pmoteus mirchilis 4l 15181 closce: W 10 clmcae I
Cnagulase negat ive Serratin Sermitin
L] staphylomeci M 14 Protes wimahilis M 24 mancscms 4 24 Enterooocous s, 6 28 maroescens 4l 151340 Protens mimhbhilis 5 29 Serratia mroescens 4 1
Protens Smphy lnmens Stemirophmoms Stenotrphommis
1] Proteis mirahil is K1l 2.7 Eniemcwos sp R 21 Proicus wirahkilis 4 22 wmirdhilis il .6 ecpidermidis N IEL T maltophilia 1] 17 waligphilia HE] 21
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kb L BEFPosENHARAGREE N0 -0

fpital C

anz i gl i 200 e pllIE

Total isolate 1989 % Total isolate A2 % Tobl imlate 468 % Tokal islate A% % Total isolote W% Totaliselote 43YT % Total isolate 1.9
[ Sta. mrens it 4.3 Sta. mrens ] 1L Samras W 13 Soaras G a.d Sta, mrens iid I8 Stmrens 0% 1.1 Fs. wmugimsa 371
3 h pnamcnise I (.3 E coli i [1L9 E coli il (.0 E coli il (.0 £ coli ] (L0 E eddi i (.1 Stoares 51
p Eoli qr 3 Bopoeeenize o DY R enmniae o 106 e —— (2.0 K. poeuscniae g W0 pmeunonise o 108 £ ool i
| B aemigincsa n 0.1 Fs. aeruginsa 403 14 Fs. aerugincs {41 39 L. meumnie 180 I.§ Fi. ®mugincsa i? 10.5 B, ®mugincsa 35 .7 . peosoniae 17
5 A bomannii % i3 A bamannii 1 1.7 Entereeocens i .7 A bausanii i T3 A bamannii o f.3 A baannii 1 11 A baueannii 5
i Iteronecys 5] il Enterococes ay 70 A baueani 1 T4 Enterocecens M L7 Entemcocens 7 i.? Itemeocos 10 il Entemcoccns 1

terdocter cloae 119 L0 E. clcae M Cations 15 M Eelwae 165 Y7 E clocse b 1 M m
g o oY Calbns 1 MO m A At albics 0 B MO abions 2
0 Sermfis sems 1 L G Edaee & Calbias om0 2T ™ o MW oM e
[l (andidy alkicans 9 3 5 mamesems 99 H 5 mamceeens 7 B 5. FOTCEsCEns 5. Earcesgens E L 8 EaTCESoENs 1 5. marcescats 7
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%i.zi

1994
1993
1996
1997
1998
1999
2000
2001
2002
2003
2004
2003
2006

EEBEVCHEMRNALEE R LEE - FBRRLEERAME Ao R
B AR/1000 patient-dayBSI/1000 patient-days (TL/1000 patient-days Nosocomial fungemia
i B C A B B C A C
J.89 0.97 121 (. 06
3.8 0.85 0.% 0.07
J.42 0.83 105 0.07
217 410 0.64 .79 L2 0.06  0.12
24 .69 0.58 0.61 113 0.05 0.0
4% 248 3% Le8  0.67 .76 L2303 008 005
.60 L&Y 38 2l 0.6 o6 L23 0. 003 003
0.8 276 e 228 0T 0.7 L1303 006 0.06
067 413 36 23 LU .80 L2 0. 008 007
0.2 447 1WA L4 0.8 L3 0.8 008 01d
(I ) A [ B A . B 0.9 148 0.3 008 018
03 548 389 228 14 Lo Ly 030 0 0.2
087 49% 3T 2BY L% Lg L 0 0 012
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CREREPORERAE EE TR SO0/ 1000EEA D)

ZRERE VA AL T F R4 R E(DDD/I000ERAR) -

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
(arbapenenstErtapenen(A %1% ) h 19.84 2057 2324 3028 2038 2034 20.83 2000 30.18
(arbapenens+Ertapenen(b% % ) o4 42 490 Al 936 9.0 8065 1373 1768 16.86
(arbapenenstErtapenen(C B ) 16,18 13.20 16.84
uinolonestquimlones (AR%) 2003 2202 2411 2673 35.11 39.32 4979 4923 46.97 441
quinolonestquimlones (B%%) 9.8 15,50 1534 167 1946 2163 1877 1922 1709 12.86
quinolonestQuinolones ((%% ) 30.88 2464 26.96
Glycopeptide(AB% ) 2.3 .15 339 3222 3119 364 2960 2868 2039 .10
Glycopeptide(BR% ) 12.46 16,36 184 18.85 2243 18.68 1723 1658 1978 20.32
Glycopeptide(C &%) 1986 4.5 45.00
Intifungin(A% %) L% 846 413 419 96,28 0088 4822 4616 46.12 49.31
Intifungin(B% %) .49 1025 9.8T 834 944 BAF 816 809 14T 12M
Intifungin(CH %) 1481 15,06 13.2
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B= ABREESMESARLKTERE » 2000 -2008.

Antivacterials for syatemic use (Hospital A

16 16,7

il

|56465,7

15167

14667

14167
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Abstract

Purpose: This study wanted to know the effect of different infection control
measures on antibiotic resistance rate, and to establish the hospital antibiotic
resistance prevalence assessment model. We also wish that can find out the
infection control measures predictors.

Method: This research uses the questionnaire which including the hospital
basic data, manpower structure, nosocomial infection control, and the antibiotics
usage etc. The study uses the convenient sampling, and investigates 28 hospitals
through E-mail and posting.

Results: In the infection control manpower aspect, the VRE rates of doctors

none enough (9.6%) was higher than doctors enough (2% > p=0.021). In the

protect measures aspect, some hospitals had addited washing hands equipment,

their VRE rates were lower (2.7%and 23.3% ° p=0.039). In the MDRO control

plans aspect, the plans contained isolated measures, their ESBL E. coli rates

were lower (13.9% and 34.2% > p=0.023). In the antibiotics aspect, used the

infectious department control, but not let the doctors in outpatient and

emergency department, their CRAB rates were lower (19.2% and 29.8% -

p=0.045). In the protection aspect, when the patients in the hospitals, there were

cleaning in the ICU, their MRSA rates were lower (66.3% and 81.3% > p=0.034).

The hospitals do the audit for the isolation protection of staffs, their CRAB rates
were lower (25.6% and 44.8% > p=0.005).

Conclusion: (1)to enforce the infection control of rural hospitals, (1)to add the
infection control doctors, (2)to enhance the MDRO monitor plan, (3)to
strengthen the antibiotic useage, (4)hand washing promotion, ward cleaning and
protect checking should be advance, (5)the follow up study could make a bigger
scope.

Keywords: infection control, antibiotic resistance, questionnaire investigation
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U ¥ 19(67.9) 6(75) 10(62.5) 3(75)
i S 14(50) 4(50) 8(50) 2(50)
*X?-test, p<0.05

2I2~ LR ERB S FREE R (%)

IS EEE

vl vZ

® ¢

O
Pt 5
ok FL 4 FEIF? 5
DAL e o %

61.8(36.9,81.7)

54.9(25.2,82.5)

62.1(47.2,86.5)
36.5(10.1,66)

69.5(49.6,87)

62.5(30,89.5)
59(30,83.2)
38.8(0,63)

75.7(58.4,91.6)
67.8(40,85.4)
76.8(40,91)
20.8(6.8,43.3)

213~ Al S R

R EAPM 2 e B3 5 (%0)

o R AR 2

PR AR R 2

YR AR B2

N LE e IRE R %%
A S 3.6(0.1,20.6) 1.7(0,9) 5.7(0.2,25.4)
R % 6.2(0,28.7) 3.2(0,14.3) 5.1(0.2,22.9)
b % 5.1(0.15,27.5) 2.5(0.2,6.9) 4(0.2,17.2)
A S 0.7(0,2.4) 1(0,6.1) 0.6(0,2.3)
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% 14 - Bk 7 AP B

rFR OFH o REFR FERFR

n=28(%) n=8(%) n=16(%) n=4(%)

IEETERAEEER F

e L chpk 24(85.7) 7(87.5) 13(81.3) 4(100)
I REE L i B 24(85.7) 7(87.5) 13(81.3) 4(100)
5 ok £ B i ¥ 18(64.3) 6(75) 11(68.8) 1(25)
IESIEEE Y 20(71.4) 7(87.5) 10(62.5) 3(75)
By A Bk L s 19(67.9) 6(75) 9(56.3) 4(100)
o ] £ 15(53.6) 4(50) 8(50) 3(75)
RGEF R 4 f kL
R S 1 21(75) 6(75) 11(68.8) 4(100)
§ $e ik ok S A 4(14.3) 0 4(25) 0
T 23(82.1) 7(87.5) 13(81.3) 3(75)
FEEE R R ST 18(64.3) 7(87.5) 10(62.5) 1(25)
56 Pk L 5 37 18(64.3) 7(87.5) 9(56.3) 2(50)
Wit FRE AR 2(7.1) 2(25) 0 0
A N L ok SR E
EEE S N 8(28.6) 2(25) 5(31.3) 125)
BB . B L 2(7.1) 1(12.5) 0 1(25)
AT b 0 0 0 0
2~3 % 0 0 0 0
1 3% 12 p 8(28.6) 2(25) 5(31.3) 1(25)
1k b~ B2 2 4(14.3) 1(12.5) 2(12.5) 1(25)
1o 0 0 0 0
x i 6(21.4) 2(25) 4(25) 0

*X*-test, p<0.05
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2 15~ BABEEE AP
i%fi?}% %ﬁé?v"u ‘;wé%?rfu fi‘;vp%rsb
n=28(%) n=8(%) n=16(%) n=4(%)
TERPEEE R L EH
& ;C EFRAR 21(75) 7(87.5) 10(62.5) 4(100)
CFERARE 15(53.6) 6(75) 5(31.3) 4(100)
- ﬂx;ga SERAR® 19(67.9) 7(87.5) 8(50) 4(100)
wERBTFRAR 19(67.9) 6(75) 9(56.3) 4(100)
rwﬁp@ S ¥~ R 23(82.1) 7(87.5) 12(75) 4(100)
LHEF R AR 12(42.9) 5(62.5) 4(25) 3(75)
W& EF 4R 17(60.7) 5(62.5) 8(50) 4(100)
Frcr B 13(46.4) 5(62.5) 6(37.5) 2(50)
the LR 16(57.1) 7(87.5) 6(37.5) 3(75)
= 7(25) 4(50) 2(12.5) 1(25)
FRE AR 9(32.1) 5(62.5) 2(12.5) 2(50)
AR % KR T Rk
ERE S 22(78.6) 7(87.5) 11(68.8) 4(100)
kD T 11(39.3) 4(50) 5(31.3) 2(50)
B R L 6(21.4) 4(50) 2(12.5) 0
3P S 6 R %
A 20(71.4) 6(75) 11(68.8) 3(75)
R 18(64.3) 6(75) 9(56.3) 3(75)
=% 17(60.7) 6(75) 9(56.3) 2(50)
F# 20(71.4) 6(75) 11(68.8) 3(75)

*X -test, p<0.05
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% 16~ WAL a5 & 1A M

2FR FEY e REFR EERFR

n=28(%) n=8(%) n=16(%) n=4(%)

ayep 3
BABELE TR 15(53.6) 6(75) 7(43.8) 2(50)
By 17(60.7) 6(75) 8(50) 3(75)
RN L0 14(50) 6(75) 6(37.5) 2(50)
kb kg s 12(42.9) 6(75) 4(25) 2(50)
ey 2 18(64.3) 6(75) 9(56.3) 3(75)
Pu(rE &L E)mEae 14(50) 5(62.5) 7(43.8) 2(50)
F o A &g 15(53.6) 5(62.5) 8(50) 2(50)
AP
ek p = 9(32.1) 4(50) 4(25) 1(25)
BAE I B 20(71.5) 6(75) 11(68.8) 3(75)
EFAaPAR
HoeE 7(25) 4(50) 2(12.5) 1(25)
B EAEL 19(67.9) 5(62.5) 11(68.8) 3(75)
Bafas 8 4(14.3) 2(25) 2(12.5) 0
L H =R AR 4(14.3) 1(12.5) 3(18.8) 0
P F
S 14(50) 3(37.5) 8(50) 3(75)
Ea 4(14.3) 2(25) 2(12.5) 0
F 2 0 0 0 0
% 0 0 0 0
FL 0 0 0 0
S 0 0 0 0
X 10(35.7) 3(37.5) 6(37.5) 1(25)
*X -test, p<0.05
217~ % & REB W F TR (0=28) H =9
FtR/E B 2006 2007 2008 p-value
MRSA 64.40(6-84.8)  66.32(4.8-88.5)  64.57(4.9-87.7)  0.923
VRE 5.77(0-33.3) 9.16(0-66.7) 10.99(0-50) 0.432
ESBL E coli. 16.48(1.1-42.9) 16.24(0.8-40) 14.98(2.3-28) 0.889

ESBL K. pneumoniae  21.61(0.2-43.1)  21.73(2.4-41.6)  22.09(1.1-38.3)  0.990
Carbapenem-resistant (5 63 31.76(5.8-70) 37.70(0-65) 0.075
A. baumannii

Carbapenem-resistant

P. aeruginosa 14.85(0-79) 12.77(0-39.3) 9.68(0-20.1) 0.353

Kruskal-Wallis Test
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18~ 2 b ks Flrz @i F T 0 Hi+:9%

i 2N F I ??F"G ?Fiﬁ“%gl‘% HT&?I‘%
n=28 n=8 n=16 n=4 p

MRSA 65.2(5-84)  66.9(50-75) 62.2(5-84) 73.2(66-81)  0.559
VRE 8.6(0-50) 8.9(2-24) 9.5(0-50) 3.3(0-11)  0.542
ESBLE. coli 15.9(1-35) 16.1(8-27) 13.8(1-33) 25.1(15-35) 0.388
ESBL K. 21.9(1-40)  24.9(13-34) 18.9(1-40) 26.7(24-29) 0.340
pneumoniae

CRAB 32(6-66) 21.5(6-39) 35.7(24-66)  43.9(22-61) 0.088
Carbapenem-resistant  12.4(0-37) 12.1(2-20) 11.9(0-37) 16.0(7-25)  0.779
Paeruginosa

Kruskal-Wallis Test

%19~ 7 B % 3 $1#5 % 2 MRSA 1 % (n=24)

A z
S E %d i i %d i ik p
(B B-Bot ) (3] E-Bt iB)
MDRO ##13 %
MDRO £: 413+ % R 5 ¢ 463 % ] 46.3(5-69) 69.7(50-84)  0.049
A
& 2R
RMEHFRL B RTE L FR A 65.6(5-84) 73.9(69-81)  0.022
£
Bl R g 66.3(5-81) 81.3(78-84)  0.034

Mann-Whitney test

% 20 ~ 7 Fe g % F #1453 2 VRE 5 (n=23)

2 z
S8 %*® 1 #c %*® 1 #c p
(B B-B = E) (B] E-B E)
BAEHIL 4
FE3 R 9.6(3-24) 2.0(0-50) 0.021
B %
B4k K chpe B L GEFOR A B ES 2.7(0-11) 23.3(2-50) 0.039

Mann-Whitney test
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321~ 7 & % % #145 % 2. ESBLE. coli »* % (n=20)

A 3
i %® i #kc % = #ikc p
JE-dt ) (] E-E A )
MDRO #3133
MDRO #4134 % & # F IR b 344 %5 13.9(1-27) 34.2(33-35) 0.023
FH 5% E A% MDRO - Rld &% F 4 H 14.7(1-35) 22.3(11-33) 0.044
P PR I AL
Mann-Whitney test
% 22~ % bR % H 418 %% 2 CRAB ¥ & (n=22)
2 3
3] %¥ > #ic %" i #ic p
JE- R E) (B B X E)
Lt F i
fI* BAPFH A F B RPELFI R 19.2(6-39) 29.8(22-66) 0.045
B AEARE &
MDRO ##13+ %
E@skE A I MDRO » Bld i 9 5% 18.9(8-24) 34.2(6-66) 0.041
i E Nt A R
B %
FEHRAREYR » v B R L R 23.8(6-45) 48.4(30-66) 0.006
4F 1Y f&’\ia;‘%%y;‘ AR kE
R LR EH S 7 A 25.6(6-48) 44.8(41-66) 0.005
BN F e B A B g hY R 28.0(6-42) 46.6(24-66) 0.015
EPNF RIS ERS 25.6(6-42) 43.1(24-66) 0.016
R A NP = Y Ff;;}L =3 25.6(6-42) 43.1(24-66) 0.016
R N I =Yt FE#“ 27.3(6-48) 44.8(29-66) 0.021
LR dE #wm@“’ 25.6(6-48) 41.5(11-66) 0.041

Mann-Whitney test
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F 23~ 3 GFH AT R

MRSA

B ESBLE. coli ESBL K. pneumoniae
‘ B 95%C.1. B 95%C.1 P B 95%C.1 P
R A ERIIEP

A ER RN R

MDRO % i

4 %% MDRO [ 3

17 3 i %

-0.060  (-0.095,-0.024)

-0.029  (-0.054,-0.004)

-0.039  (-0.060,-0.018)  0.001

-0.040  (-0.073,-0.007)  0.020

-0.026  (-0.046,-0.005)  0.017
-0.030 (-0.052,-0.008) 0.012

SRR A CRATRITED T N PR R E TR R AL i Bl L F ~4ut R * L&) 7 ~ MDRO E ]~ % % MDRO I #4th

2§
EERTHE G S SR LB ,2{:%35’W1 R N - E N (A 4 7 N BB GF ke (600 s 27 /601-1000 F& /1001 s 14+ ) o
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”JL§4L*TAA’D%4;}7’ /P/g—r ‘3;%
2

D > F &

FE R JI* T s RE R ARFATHE 22 p B it TR RS
Eégﬁ%%’}%f}fﬁfﬁé RABFEEZLHFA o

g #F‘F"?gl‘*”"%,f MEFHREFFAARLFHR E 2T BES
ER S R 2R EH w i L ¥ oRoAn b A R ¥y X
BRFARRELERT T A4 E SRS F2Z 2T o

A EFR 1 Mean+2SD 5 B E(2S rule) ¥ B 2 B FtR 0 3 IR 2.7% (4/150)
R BEAZE R B o A B =R Z R > 1 2Srule 3R > 5 2.3% (76/3300)
T PIBAZE R B F B B B 442 100% 2 3 F = B0 A28 50%
% 1% % (Relative Increase, RI) » 0.5% (17/3300) <1 ip|Bkik & ¥ 4421
FRERF Y S EERF 2 %12 5 2Srule 2 RIEF PIEFE 66.7% (4/6)2- F %
FEYE

BHEZZRIA AP FEY A A FTRELTEEY A K
TRIFAFERFLGE > TH 2 FRF KB k%E > Mean +2SD (2S rule)
2= " 44248 100%: @ = B P A28 50% 5 124 (Relative
Increase, RI) » 375 7 45 ek > H R H 7 SHFRZRE > Ao
HRFFVRE AV ATRSET c AR BT E L LD cE

PIRBEZRE- HRFE > AP RN TRIE/ G AT R R
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Q&= &

Purpose:This study aims to develop a computer-based tracking system using
microbiologic data as an aid in detecting potential outbreaks of
healthcare-associated infections on a hospital setting.

Materials and Methods:All bacterial culture results are obtainable from the
laboratory information system. A computerized program was developed to
systemically monitor the weekly cultured isolates of selected major nosocomial
pathogens. Selected documented previous major outbreaks in clinical settings
were evaluated with the parameters from the preliminary model of this
microbiological surveillance system. After such verification process, the system
was run concurrently and compared with regular nosocomial infection
surveillance conducted by infection control nurses in regular basis. The
performance selected computerized parameters of the surveillance system was
analyzed

Major Findings : Using the 28S rule as detection threshold, 4 alarms (2.7%) was

identified hospital-wide. With 2S rule as alarming threshold and location as
detection target, 76 (2.3%) alarms were identified. And the corresponding figure
for the RI rule was 17 (0.5%). Both rules successfully detected four of six
outbreaks.

Conclusion and Suggestion:A computer-based tracking system was
successfully developed using microbiologic data as an aid in detecting potential
outbreaks of healthcare-associated infections on a hospital setting. Both the 2S
rule and RI rule successfully alarmed 80% of outbreaks with the false-positive
rate of 2.3% and 0.3% respectively. In some cases, the system seemed to alarm
earlier than the ICP. Though longer testing would be required to improve and
address the sensitivity of the computerized surveillance system, it seemed to be
adequate to assist ICP to detect potential outbreak.

Key words: nosocomial infection, outbreak, computer-assisted surveillance
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A=
DT e RFTRFEZFFERR - F Y P nE
ERFHLFRSTEpA X 2ER0- Ik - RFREHIA T 7] £
EORF O FIARPEFEEREL DR O OFR L N[13] L £
FE R RaEs Fand AFRHIORA SRS T EEAFRARYINF R
o BFIFA CRpEA 0 H I FR AR 22003 £ SARS 2R o
FAFR AR R DR RrePky o RRERL . L8R R
dRAFAELEF RN R AT RS AQE 20 #[4] 0 2 A Ja 2
SIRAPF I FR > s HRFR ST (AT LEFDE FEEHLTR
B AR RS 2 BEEAZ A CERE o S P TR I SR
IPrARIL > B WHB I T RAIBF - FEIEFR T T A ERF
Rl Tl S AF IR AR FEE (o HEFRP )23 2[6]°2003 # SARS
RIAN O LA B FRRATM SARS 2 HWRE F 0 3 R FH @
FACBREACTECFRAR O DELIAG SR REFE -

Bp 3 &fhm%ﬁ,ﬁé}*ﬁﬁa BipE & L ety Tk A B
AR R R S A A RETRRF T L Y 4 BE

TR EN S AW REFIELESLATE B TRE o Ao -
WA A FORE . TR TS FRT LR AT KA
BFTR A2 BT - BEYS e o MY FF Fﬁ}%*\*mﬁié‘?
(Information technology ) =% E @ @ kA€ IIEAR[T-10] o Flo AR
FI* Az fed FERE > A 1THEFEY A FERIMFLFERFE LG

1B °
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@
AT AN A B2 F ey AL % ¥u(Hospital Information System,
HIS)# % % % F 3 % $i(Laboratory Informatory System, LIS)° & # Microsoft”
Office Access 2003 it #82& = B 55 3¢ 742 2 (Relational Database, RDB) > %"ﬁ“ d
B 2z 3¢ 34 R i % (Open Database Connectivity, ODBC) 5 #° 7.5 12 = &7 A [
%51‘ TR ERERHRZTFTN A2 - PHEDOTHRF e P
[PATNUMBER]( 7 & % # ) ~ [NAME]( % %) ~ [SEX]( # ] )

/4

[BENNUMBER]( ¥ i» % 3 %5 & £ B 5.45) ~ [BIRTHDATE](#1 2 & 7 p ) »

/4

[LOCCODE]( ¥ # ¥ ) - [ACCESSNUMBER]( # & *& — % 4 )
[REQDATE]( ¥ 3 P # ) ~ [COLLECTIONDATE]( # # # f< B # )

/

[RESUPDDATE](3F % P #7 ) ~ [LASTUPDTESTDATE](# {4 § #7 p #) -

[TESTCODE](# % #5) ~ [TEXTCODE](# % 5 % ) & #f = o T B2~ [ 1
& 1< P #12006/01/01 5 Az - FgP-2 2P R AT HE LR w4
Acinetobacter baumannii, Burholderia cepacia, Chryseobacterium species,
Enterococcus species, Enterobacter cloacae, Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus
(methicillin-susceptible Staphylococcus aureus, methicillin-resistant
Staphylococcus aureus, and coagulase-negative Staphylococcus)e & 4¢ i 47 3%
RERZFLEPFREY THEFPRET o BE8p ¥t > 8 BI
(Business Information)z- $#£4 » #3082 THILATH £ 35 2 2 0 [E 18 {

AP AR REERATHE A (F )L MDB TR 4 -

LRI K A R AT e B E O AR EAL S
A2 At Ao T IoBcR B L X o B PR O Bs B 2
M P PR B 2N S %?)ﬁiw% CATHEHRFZHE > BEFFTHAL AT
i 2 A~ 73] (05 (endemic) # 2 (colonization) /& % (infection) ]

B DT E R Ko A FER L HRE 0 ARER L2
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??r}"’_vﬁwup I;"

[
Bl

f Wﬂ%'}ii,j s UE LT fe 2 EH R o M

TR ET G RBA R L E R T AT kB2 s e

1. 223 %tpdai TR/ &7 LRTHE

e & 7 &% Microsoft® Office Access 2003 # #2& = B 5 ;% T &
(Relational Database, RDB) %’ﬁ" d B2z ;¢ F o R i % (Open Database
Connectivity, ODBC)5g#> 47412 = &7 & F?u%g PRl A LB REHR T TN
2 TEH AT A2 S NI TR [B S (ATP )R Bk
P T~ MDB A o AR R 2 v 4o T AHTRA D F
i$ 59 BT -
2, 2V ELER LK

SR AT RREB TN (T i 5 € & w7 > ¢ 45 Acinetobacter baumannii,
Burholderia cepacia, Chryseobacterium species, Enterococcus species,
Enterobacter cloacae, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis,
Pseudomonas aeruginosa, Staphylococcus (methicillin-susceptible

Staphylococcus aureus, methicillin-resistant Staphylococcus aureus, and
coagulase-negative Staphylococcus) > FAL M H =% 2 ¥ 4R 45> FHH
Tiofg R EHL P ke
3. BRI ET Sk

FI* e SRIEDL2ZFRFFE RBFIF LET Sz R o 1Y

FERR BT kb2 ¥ % 2 22007 &£ 8 7 3 2008 & 10 ! £33t = Rk Rk

\
\\\?Er

+3
S

ZHERFNLIEFEL > WG 12007 & 07~08 ¥ 4E T > % Enterobacter cloacae
# %% B ¢ (Outbreak 1)~ 2008 & 02 7 o b p & ¥ LI 1S 5 02
Pseudomonas aeruginosa f % (Outbreak 2) ~ 2008 & 03 * 5DI1 ¢ ;Efﬁa 5

Vancomycin-resistant enterococci (VRE)#t 12 # % (Outbreak 3) - 12 2 B & & 1
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5 2] 4R > Outbreak 1 €% 2 Fas 3 Fjthdicm 2 % (B - ) > L § =
SRR F ﬂéi’%f’%ﬁiii?fﬁi BB L fprt > ¥ IR 2008 £ 08 !
2 B HcATIE 2 BE X (B2 ) B 2006 & 1~12 7 2 T iaficse 2 BiRE
A5 2R R T AR 2007 £ 07~08 F 04 s % 2 HRH 0 £ F AR
2007 # 4~6 ¥ 9 42iF 2 B L (B =)o Outbreak 2 &2 d ¥ 2 Fas 3
BB r ) ? H 2 (06B ~ 09A ~ 09D ~ 11D 75 % )4 3t phdic i R T (B T )
Outbreak 3 ¥ d 7 >FuZ H >~ 3 FthEcd (K= ) & d H 2 w7 &~ 3l
T 5 12007 # 4~5 0 TG EE -

12009 s JFETRECZ T (E - )A T 0 U 1og rule & R FIR
VRE 2. A 3licte = v ~= ~ A0 F 3 F 2 8RB ) S TG 2.7% (4/150)
i RIBRE B O AR e ) 2 R H S TR H s PR Igrule &
TR - RERISHE 22 BEEI0B Y - FF 2R & 76 (&)
He s 2. 2.3%1d P BLiE ﬁ»gfp 5P o F100 2 EHE L TRz E A
R S B ATiE 100%3 b A = B Y 4B 50% 5 1 H (Relative
Increase, RI) » o ¥R 5 452 1S 822 B H - F 5 10 B 7 - § & F 2 Fin K

£ 10 = » 4 Table 2 » 3% % 2 7 0.5% (17/3300) 18 i Bhik & 3 $ 7]

EURIAAZSE LEE S I rule 2 BB EF L 2.3%(76/3300) 0 RI
2 & B S 0.5% (17/3300)0 12 2007~2009 & 6 i+ ¥ % 3 2 % i % F > I rule
2 RI 37 pI1E 67.7% (4/6)2. FH R 3 % 1% o
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()3t

P REZD R A EAIELEFIRP R R E R S AR 20 E 5 T
@ IR g 2 RHCE A ox[4] o e B TR ek 2 B [S]RAIF L E o ¢
HFEREF (WA FEEDE phesL 2 f) 12 2Ll 2
FERE AL CPERR b THLAILL S R A I E 2 RS
BT R AABEF o RFKETHETFI R T %ﬂpﬁ%‘}‘m%iﬁﬁ—ﬁ\ AFBR L
AHFE (fHBFRF) 284[6] FR 4P fU* 2 T4 TR %
BE BT N2 HEF T L EEY S h e AR E TRk R

s
wh
)

o pl— TEE F|F %5 B T A E (Information technology ) 7% & ﬁ N

@F éﬁ%diﬁnmpﬁﬁww§m&i%ﬁ$%%azaﬁﬂ
A S RFRARR T AR F L s f ] TR SRR A
MR Od AR XA 0 R F2 57 o 2 BRI RIRE
Bz %% o R AW EFTHLILART v BTRR o 23 5EY R LR

* 1 F 5 B 88 (Microsoft” Office Access 2003) (5 B 38 1 £ » 12 = B 5 3¢ 7
#L & (Relational Database, RDB) » J:%%r’ B2z 38 AL R i % (Open Database
Connectivity, ODBC)5g#: 42 ;% i = &2 & l‘m?ﬁ RS2 N
2o - RPLZEARDTHBEMEE B LT T H < il - P
Microsoft® Office Access 2003 & & 3 3+ Microsoft® Office £ % #c48¢ » LR
EEBRAGRTZG BT EMLEF ER 0 %ﬁd RSN S
BN TE SRR TG RHRTE 2
Access 2003 #% #3255 A H (40 R AR R)VEN A E AT T 246 A
R oow R E T RY P RApE B LK T .

APFEY A2 2 P EREA TR E Y M2 R R 2 G

2 F#L o = | Microsoft” Office

%
F2WE o A R Tt 2 BHRELZETRE 2T H 2 FERFE

Bk A T A o SRR H e R A A 2 BB L L
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i “$ B 7 % ¥ % (Outbreak 2)& ;= B {8 ¢t » H &3 3 % % (Outbreak 1 and
N FRE A EFTRTRSIET AT NG HE ARFRLZFRE o 247
122 Rl Outbreak 2> faip] v st LHF AR 7 5 > p A AT LR 5
(06B ~ 09A ~ 09D ~ 11D 5 %) » 12 33 3 ks HLEc™ i AL R #eh ~ 73] eh
73 (endemic) # 2 (colonization) /& % (infection)3] i ”Lr:ﬁ?r% v Flm | E
RIF - pRF I RAS AN REFH GRS o ok FE R B
%F’lﬂ?’f%ﬁﬁ}%g:j}i{, AFRE A MEIRAAZ SR SIRE o I rule 2 B
H2 5 2.3% (76/3300)  RI 2. % I 4 % 0.5% (17/3300) < 12 200~2009 & 3% %
F2 kR RF o Iyrule 2 RIIET R 66.7% (46)2 HRFHE -

S)Emi ik

AP FEY AR AP THREAITFEHEY A P AT RF A HER
W2 W E o FRE R E kB%E > Mean +2SD (2Srule) % i - B 7 M e A2
i 100%:% 3 F = B * 42iF 50% 5 1% (Relative Increase, RI) > 385 # 4 e
EOOBFRGR SHREZREN A BEIFETRE A
GE LN IR oS-

(=1

R

=y
r

Hz& { EPaekplEpihie- hxkmE N

1

i Tl A P ERIE T AV R AR RS o

G)FFERFT A 52
TR AL

1o 2=t p ot~ TR/ EF K FTHRRE D ¢ X#E* Microsoft®
Office Access 2003 #ix %822 = B 55 3% F 1 & (Relational Database, RDB): ;ﬁ
d B3zt F R R i % (Open Database Connectivity, ODBC) g 4% 3% 12 *
BARFRTEIAEFRITA A2 X FF IR HH2L S S
CUREB 2 TR U [Bts L ATP B ] 5 8L PEA TR ~ MDB R
Fooo BN T 2T AT N AHTBA D ¥ ITEE S P FEEF) -
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2. 22V AL Eip bl P A A RATERNTRET LR W ¢ 3

7

Acinetobacter baumannii, Burholderia cepacia, Chryseobacterium species,
Enterococcus species, Enterobacter cloacae, Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Staphylococcus
(methicillin-susceptible ~ Staphylococcus  aureus, methicillin-resistant

Staphylococcus aureus, and coagulase-negative Staphylococcus) » 3 i 12 5
A R R R S R = S I S
3. H#ET i Eor S8iciMean + 2SD (2S rule) % i 5 = B 7 3 4 4216 100%
2= B A2 50% 5 2 (Relative Increase, RI) » 385 7 45 %k
%m%ﬁ7éﬁﬁﬁ%ﬂ@”’ﬂ%W%ﬁiﬁ??W@’ﬁf?ﬁ?
HHFET o RRASGREEGTEL AP RPEREZRE- HRE A
Wmﬁ?%ﬂ%i%iﬂ%ﬁﬁﬁﬁﬁﬁ@KAﬁ@ﬂﬁ%%o
£ Rk
d 3t A GREY RS R Mot (Microsoft® Office Access 2003)
FERFLIEH A kv B E Y HEMEH L > Mean + 2SD (2S rule)
2o B R AR 100% S = B Y A2 50% 5 R (Relative
Increase, RI) » ¥8F 7 4 ek » 7 { £ P ik R s hie- #Ho%kEd

AER > T REHET TREMUEF PR R FRF L GRS
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Number of Enterobacter Cloacae Isolates by Month in Ward 04E
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Number of Enterobacter Cloacae Isolates by Month in Ward 04E
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Number of Pseudomonas aeruginosa Isolates by Month
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Number of Vancomycin-resistant enterococcus Isolates by Month
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Fo- ~ 2122009 &0 A RE IR £

Isolate 09/01 | 09/02 | 09/03 | 09/04 | 09/05 | 09/06 | 09/07 | 09/08 | 09/09 | 09/10 | Limit
E. coli 393 412 | 391 439 | 451 493 512 | 491 463 | 441 593.5
K. pneumoniae 183 172 190 | 200 | 200 198 | 269 | 238 | 228 | 229 303.5
E. cloacae 51 52 80 65 80 67 84 81 58 49 106
P. mirabilis 85 80 100 86 53 80 94 101 93 88 112.3
E. coli (ESBL) 43 28 31 30 51 52 30 26 40 54 55.3
K. Pneumoniae (ESBL) 23 26 23 33 20 24 27 21 33 19 38.2
P. mirabilis (ESBL) 8 5 3 7 10 4 5 7 9 10 16.5
P. aeruginosa 272 244 | 239 | 236 | 232 | 273 300 | 240 | 254 | 306 399.9
B. cepacia 29 24 29 30 29 21 27 11 9 8 55.5
A. baumannii 133 115 94 111 121 122 132 120 116 127 193.8
A .baumannii (XDR) 58 51 48 40 40 62 60 63 40 37 67.6
P. aeruginosa (XDR) 8 3 1 2 1 2 3 1 2 1 19.8
S. aureus (MSSA) 99 115 90 113 117 83 91 105 121 120 154.6
S. aureus (MRSA) 120 104 121 98 97 108 133 108 107 85 239.2
Enterococcus sp (VRE) 13 36 19 25 20 18 27 23 14 6 21.8
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-~ 2P 2009 # H = w] P 2 # A tklicE & 12Srule - £

Location |Isolate 09/01 [09/02 ]09/03 |09/04 |09/05 [09/06 |09/07 |09/08 [09/09 |09/10 |Limit

OPD E. coli (ESBL) 9 5 1 7 10 9 4 8 8 4 6.7
04D K. pneumoniae 4 4 4 1 5 0 5 6 2 3 4.9
08A Enterococcus sp (VRE) 6 10 1 6 2 0 7 7 4 4 6.5
ER Enterococcus sp (VRE) 1 4 0 3 0 2 1 5 0 2 2.8
03D A .baumannii (XDR) 19 5 8 0 1 13 2 2 1 1 9.7
05C A.baumannii (XDR) 4 15 7 7 8 12 20 20 11 18 19.9
05D B. cepacia 11 5 4 4 2 ) 10 1 | | 9.9
08B Enterococcus sp (VRE) 0 3 4 0 0 1 2 0 0 0 2.5
08D K. pneumoniae 9 2 2 16 4 6 11 3 4 5 10.3
09A P. mirabilis 6 5 9 4 4 0 5 8 11 1 8.7
09B E. cloacae 4 3 2 0 2 1 2 5 5 1 4.8
OPD K. Pneumoniae (ESBL) 0 | 1 0 0 4 0 0 4 2 2.6
OPD Enterococcus sp (VRE) 1 | 1 2 0 3 | 1 1 0 1.8
03D E. cloacae 3 3 10 4 5 2 2 7 0 2 9.7
03D K. Pneumoniae (ESBL) 2 1 0 6 2 4 4 0 2 0 5.8
04B K. pneumoniae 0 0 0 0 0 0 0 4 2 0 2.6
04B E. cloacae 2 0 0 0 0 0 0 0 0 0 1
04D E. coli 8 8 8 6 20 11 14 10 8 11 14
04D E. coli (ESBL) 0 0 1 0 2 1 1 0 0 0 1
04D A. baumannii 3 0 0 0 0 0 0 1 0 1 2.2
05C Enterococcus sp (VRE) 2 12 3 2 1 4 3 3 2 0 8.1
05D E. coli (ESBL) 0 0 1 0 2 1 0 0 0 5 33
05D A .baumannii (XDR) 4 4 2 6 7 8 10 8 | 0 8.7
06A P. mirabilis (ESBL) 0 0 0 0 2 0 0 0 0 1 1
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Location |Isolate 09/01 |09/02 [09/03 [09/04 109/05 109/06 [09/07 [09/08 [09/09 |09/10 |Limit

07A P. mirabilis (ESBL) 3 0 0 0 0 1 3 2 4 1 3.6
07A A.baumannii (XDR) 11 9 10 10 9 11 13 12 6 3 12.6
08A E. coli (ESBL) 3 2 0 1 0 1 0 1 4 6 54
08A K. Pneumoniae (ESBL) 2 7 0 4 4 2 | 2 4 2 6.3
08A S. aureus (MSSA) 2 3 3 0 5 2 1 4 2 9 6.7
08B A .baumannii (XDR) 3 | 3 2 1 6 2 4 3 4 4.7
08B S. aureus (MSSA) 0 9 6 6 6 1 3 4 6 6 8.9
08D P. mirabilis 7 1 2 1 1 5 2 3 0 2 54
08D A.baumannii (XDR) 1 0 2 4 1 2 0 0 0 0 2.6
08D Enterococcus sp (VRE) 0 0 0 0 1 0 2 0 0 0 1
09A A. baumannii 5 2 4 2 6 1 2 9 3 3 7
09A S. aureus (MSSA) 12 11 8 5 8 13 8 10 11 6 12.6
09B E. coli 15 8 6 16 4 6 11 9 7 13 15.6
09B P. aeruginosa 14 15 8 9 11 11 20 7 9 7 18.7
09B B. cepacia 0 0 2 0 0 0 1 0 0 0 1
09B A.baumannii (XDR) 0 2 3 1 2 1 1 0 1 0 2.6
09B S. aureus (MSSA) 1 5 3 9 0 1 1 2 6 6 7.8
09D P. mirabilis 1 | 1 2 1 3 0 1 1 0 2.9
09D K. Pneumoniae (ESBL) 0 0 0 2 1 0 0 0 0 0 1
09D B. cepacia 2 0 0 0 0 0 0 0 0 0 1
09D S. aureus (MRSA) 2 8 6 0 0 0 0 2 0 1 7.1
11D K. pneumoniae 10 12 6 10 11 13 3 8 16 8 15.4
11D E. coli (ESBL) 2 0 0 2 7 1 0 1 0 3 3
12D E. coli 1 4 2 3 5 2 3 2 7 0 6.8
12D P. mirabilis 0 0 1 0 1 3 1 0 0 0 2.6
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Location |Isolate 09/01 |09/02 [09/03 [09/04 109/05 109/06 [09/07 [09/08 [09/09 |09/10 |Limit

12D K. Pneumoniae (ESBL) 0 0 0 0 0 0 0 0 2 0 1
ER P. mirabilis 28 26 31 31 23 35 25 36 36 39 374
ER E. coli (ESBL) 10 10 12 13 16 24 14 10 16 18 20.4
OPD E. coli 89 84 85 115 95| 104/ 138§ 121 120 115 133.7
OPD K. pneumoniae 16 13 16 28 23 30 47 27 37 30 40
OPD E. cloacae 3 2 8 8 9 14 6 6 7 8 12.9
OPD S. aureus (MSSA) 27 32 28 40 47 18 21 30 39 31 46.7
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2=~ 212009 & § =%] 7 A g EtcliciE £ Rlrule*- 4

Location Isolate 09/01 09/02 09/03 09/04 09/05 09/06 09/07 09/08 09/09 09/10 MEAN
A.baumannii

03D (XDR) 486.8% 54.4% 147.1% -100.0% -69.1% 301.5% -38.2% -38.2% -69.1% -69.1% 3.2

04D E. coli 12.0% 12.0% 12.0% -16.0% 180.0% 54.0% 96.0% 40.0% 12.0% 54.0% 7.1

04D K. pneumoniae 77.0% 77.0% 77.0% -55.7% 121.3% -100.0% 121.3% 165.6% -11.5% 32.8% 2.3
A.baumannii

05D (XDR) -79%  -7.9% -54.0% 38.1% 61.2% 84.2% 130.2% 84.2% -77.0% -100.0% 4.3
A .baumannii

07A (XDR) 54.0% 26.0% 40.0% 40.0% 26.0% 54.0% 82.0% 68.0% -16.0% -58.0% 7.1
Enterococcus

08A sp (VRE) 136.8% 294.7% -60.5% 136.8% -21.1% -100.0% 176.3% 176.3% 57.9% 579% 2.5
S. aureus

08B (MSSA) -100.0% 126.6% 51.1% 51.1% 51.1% -74.8% -24.5% 0.7% 51.1% 51.1% 4.0
Enterococcus

08B sp (VRE) -100.0% 150.0% 233.3% -100.0% -100.0% -16.7% 66.7% -100.0% -100.0% -100.0% 1.2

08D P. mirabilis 188.2% -58.8% -17.6% -58.8% -58.8% 105.9% -17.6% 23.5% -100.0% -17.6% 2.4
Enterococcus

09A sp (VRE) -100.0% -100.0% -100.0% -100.0% 100.0% 300.0% 200.0% 100.0% -100.0% -100.0% 1.0

*Rlrule: ™27 T35 B8 > Ll - B 7 A2iB 100%5 4 2 @ = B 7 4246 50% 5 2| T4 o
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s Rl FE R4 (selection pressure) T g B D A & &2
i R - BB L hm e i D RE AR S L
LR & e B % (nosocomial infection)i & e = 5 A S BRE MR
FREF e 2 Ij‘*u{%g P> AR A FH D iy 5 (intensive care
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W ST REE S s AR PR L RN B R e

e 0od g,

A
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Since 1940, bacterial infection has been successfully treated by introduction
of antibiotics, but resistant species have evolved through the selection pressure
of antibiotics too. Most of bacteria have developed the character of drug
resistance and become the major pathogens of health-associated infections
(HAIs) all over the world. Resistant strains are commonly found in intensive
care unit (ICU) of medical centers in Taiwan. Patients in ICU are more
susceptible to multiresistant bacterial infections due to various invasive
manipulations, and the increased usage of antibiotics has sped up the process of
bacterial resistance. Many antibiotics are used in ICU for various severe
infections. In this study, the primary objective is to evaluate the improvement of
HAI by controlling with active microbiologic surveillance in ICU. During the
study period, with executing active surveillance of VRE and patient isolation
policy, there is less than 1 VRE case per month, and the VRE colonization rate
in ICU of Tri-Service General Hospital from 2002 until 2008 was maintained at
about 10% in average.

For the result of MRSA active surveillance in early stage, the colonization
rate 1s 23.5% upon ICU admission (47 out of 200 patients). But there is no
significant difference between the proportions of patients with MRSA
colonization when comparing the study result with last year by Chi-square
statistic method. The possible reasons that the implementation didn’t decrease
the MRSA colonization rate might be resulted by short study period, high cost of
surveillance culture then result in low sample size, and didn’t follow up the
executing result of contact isolation for positive case. But from the other view,
only one HAI case of MRSA found in May during Jan to Sep in 2009. Even
though the collection of 200 sample sizes was completed in Mar 2009, but as the
result of implementing the contact isolation policy by healthcare personnel, the
HAI case of MRSA in ICU is near to zero in average. As a conclusion, executing

VRE or MRSA surveillance and cooperate with enforced contact isolation policy
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is an effective strategy to prevent VRE or MRSA transmission within the
hospital. However, the impact of active surveillance in VRE and MRSA

colonization rate will need further study in advance.
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Abstract

The hospital is the base camp of production and spread of multiple-drug
resistant bacteria. Some patients are carrying the multiple-drug resistant
bacteria while coming to the hospital, more patients turn into and have
multiple-drug resistant bacteria because of the antibiotic treatment. The
multiple-drug resistant bacteria will propagate and pass to other inpatients,
especially those have lower immunity. So, the deriving of multiple-drug
resistant bacteria is a global question. In the medical center, especially in
intensive care units (ICU), the second-line antibiotics have already been used
extensively. Therefore, in the hospitals of Taiwan, especially in the medical
center, the infection of the multiple-drug resistant bacteria is extremely ordinary.
It is not rare to see the report of bacteria that resistant to all antibiotics. in recent
years, under the IDS system, a medical system of Taiwan, supported by National
Health Administration, the patient will be looked after and be dynamic
transferred among the acute sick bed, intensive care unit (ICU), respiratory care
center (RCC) and respiratory care ward (RCW), thus leading to a nosocomial
infection in the courtyard. the multiple-drug resistant bacteria is thereupon
spread too, resulting the great burden on medical treatment. Under the support of
the CDC project, in the past year, we continue the research on the multiple-drug
resistant bacteria in the RCC.

In the first year, we find: The multiple-drug resistant bacteria, in the past 9
years, the prevailing rate rose year by year, including various kinds of common
multiple-drug resistant bacteria, including Acinetobacter baumannii
Pseudomonas aeruginosa , Staphylococcus aureus. The prevail rate of these
multiple-drug resistant bacteria is higher than that in acute sick bed, and
intensive care unit (ICU). In addition, the resistance against a lot of specific
antibiotic is also rising year by year too. We find it as for Acinetobacter

baumannii: To Imipenen, Meropenem resistance rate rises year by year; And to
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some new antibiotics, it maintain a good sensitiveness, such as Salbactum,
Tigecycline. As for Pseudomonas aeruginosa: To Ciprofloxacin about 30% of
resistance, to Ceftazidium about 20~30% of resistance, to Aminoglycosides
(Amikacin) the resistance rate reduces year by year instead, the resistance of the
past two years is less than 10%. Meanwhile, we also focus on the infection of
Pseudomonas aeruginosa in RCC: It is still the most common etiology of lower
respiratory tract infection, account for 70.9%, death rate can be up to 37.9%.
Infecting a patient in all Pseudomonas aeruginosa, 59.2% is multiple-drug
resistant pseudomonas, that will cause a longer duration of hospital stay and
finally a higher in-hospital mortality in RCC. Among them an important one is,
we find: The period of the antibiotic uses and whether patients infected
Pseudomonas aeruginosa in ICU were the main factors of the emerging of
multiple-drug resistant pseudomonas.

In the second year, we find: (1) For the Pseudomonas aeruginosa infection
in RCC, there is obvious relation nature between the transer ICU to RCC and the
emerging of multiple-drug resistant pseudomonas (78.7% vs. 50.0%, p<0.05). (2)
In addition, we find the infection control policy and the execution state in RCC
will influence the emergence of multiple-drug resistant bacteria directly. The
infection control policy in RCC include: | Really carry out washing hands and
aseptic technology, @. Strengthen the care of urinary catheter, ®. Strengthen
the care of central intravenous catheter, @. Strengthen the care of blood vessel
device, ®. Reduce the unnecessary antibiotics. For the Pseudomonas
aeruginosa infection in RCC, the execution of the policy described above
significant reduces the production of the drug-resistant Pseudomonas
aeruginosa (to Ciprofloxacin, Ceftazidium Aminoglycosides (Amikacin), the
resistance rate reduces year by year). But we find it for Acinetobacter baumannii:
the infection control policy described above does not have obvious result, the
resistance rate has trend of rising year by year. So, we set about introducing and

studying the new antibiotic operation technique: the use of aerosolized
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antibiotics for airway infection (For instance: Aminoglycosides [Amikacin or
Gentamicin | or Colistin). At the same time it is necessary to set up a new
infection control policy in RCC: Such as: . Concentrate the infected patient,
and fix assigning the healthcare personnels, @. Isolate and districtly separate
the infected things, ®. The medical personnel really carry out the isolation
policy, @. routinely examine MDR-AB for the patients admitted to the RCC.
Believe, these are the main points that we will investigate and implement
continuously in RCC in the future.

We hope CDC can support it to continue. Under the CDC's continuing
supporting, our medical treatment can be more intact for these chronic
respiratory failure patients. Finally, we can reduce the production of
multiple-drug resistant bacteria further, and avoid the use of the inappropriate

antibiotics.

Keyword: Multiple-drug resistant bacteria, Nosocomial infection, Respiratory

care center (RCC), Antibiotics, Infection control
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Site: RCC
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Total numbers of patients with Aciento. Baumannii: 631

Total numbers of cultures with Aciento. Baumannii: 1373
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Table 1. Demography of patients with nosocomial Ps. Aeruginosa infection,
n=103

Variables Total, n=103
Baseline characters

Age (years) 72.8+ 1.3
Male, n(%) 52 (50.5)
Chronic lung disease, n(%) 39 (37.9)
Cardiovascular disease, n(%) 63 (61.2)
ESRD, n(%) 27 (26.2)
Liver cirrhosis, n(%) 9 (8.7)
DM, n(%) 37 (35.9)
Coma, n(%) 46 (44.7)
Ventilated days when Ps. Aeruginosa infection 485+2.2
Antibiotics treatment duration, days 13.7+0.7
Initial ventilation indication

Pneumonia, n(%) 69 (67)
Pulmonary edema, n(%) 11 (10.7)
Status after CPCR, n(%) 4(3.9)
Airway protect, n(%) 7 (6.8)
Neuromuscular disease, n(%) 12 (11.6)
Outcome

Resistance after antibiotic treatment, n(%) 61 (59.2)
Cure of Ps. Aeruginosa infection, n(%) 83 (80.6)
Mortality by Ps. Aeruginosa infection, n (%) 24 (23.3)
In-hospital mortality, n (%) 39 (37.9)

ESRD, End stage renal disease; DM, Diabetes mellitus; CPCR, Cardiopulmonary cerebral
resuscitation; ICU, Intensive care unit.
Continuous variables expressed as mean + SEM

70.9%

3.8%

R

N N\
Q)% &2

Infection focus, n=103
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Figure 1

Table 2. Factors leading to resistance of Ps. Aeruginosa after antibiotic treatmentin
prolong ventilated patients with nosocomial infection in the RCC, n=103

Factors With resistance Without resistance
development, n=61 developement, n=42

Agc, years 722118 737122 0.59
Male, n 34 18 C.2
Bacteriemia,n 18 21 g.15
Pathogen origins from ICU*, n 48 21 0.002

ventilated days when Ps. 46.9+2.3 50.9+4.1 0.37

Aeruginosainfection detection

Underlying numbers of

combodities, 2 2 c.96
Median

Days af antibiatics use* 15.2+0.8 11.5+1.3 0.01

ICU, Intensive Care Unit; RCC, Respiratory

*.p < 0.05, continuous variables expressed as mean + SEM

Table 3 Resistance rate and time to resistance production after respective
antibiotics treatment
Resistance after Time to resistance detection
Treated antibiotics antibiotic after antibiotic use, days;
use, n median,

Frequent used antibiotics

Ceftazidum, n=59 26 13

Imipenem, n= 49 35 16

Ciprofloxacin, n= 46 19 11

subtotal, n=154 80 14
Infrequent used antibiotics

Tazocin, n= 20 7 13

Cefepime, n=13 3 21

Amikacin,n=4 L] none

subtotal, n=37 10 13
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Summary:

1. Lower respiratory tract infection is the most common site of nosocomial Ps.
Aeruginosa infection in prolong ventilated patients (figure 1).

2. Ps. Aeruginosa since previous ICU and longer antibiotics use may cause
resistance after antibiotics treatment (table 2). It implied that poorly
eradicated pathogen from ICU to RCC may develop resistance easily. Also,
avoid overuse antibiotics used days may decrease resistance.

3. Frequent used antibiotics (ceftazidium, imipenem and ciprofloxacin) had
higher resistance rate [51.9% (44.1%, 71.4% and 41.3%) vs. 27% (35%,
23.1% and 0%)] than infrequent used antibiotics (tazocin, cefepime and
amikacin). (table 3)

4. Antibiotics used days of cured group were less than those of uncured group
supported that even less days of antibiotics use did not worsen cured rate

(figure 2), but did decrease resistance to antibiotics (table 2.).
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Q&= &
Abstract:

We conducted a two-stage prospective study on the prevalence and risk
factors among emergency room (ER) patients colonization of multi-drug
resistant micro-organism (MDRO) in a university-affiliated tertiary hospital in
northern Taiwan. MDROs includes methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant enterococcus (VRE), multi-drug resistant
gram-negative bacilli (MDRGNB), and extended-spectrum beta-lactamases
producing bacilli (ESBL), which were defined in accordance to previous studies.
The stage-one study monitoring clinical isolates from all ER patients in the
detection of MDRO was conducted from September 15, 2008 to January 31,
2009. The stage-two study using active microbiological surveillance from all ER
patients in the detection of MDRO was conducted from March 20, 2009 to
September. The detection ability of the two diffenent surveillance methods was
compared. Independent risk factors for ER patients colonizing MDRO were
assessed. We tried to propse and validate a prediction model for MDRO
colonization to help clinical decision-making in infection control policy.

We found 11.4% ER patients had positive culture of MDRO from clinical
isolates during the stage-one study. MRSA(109/391 > 27.9%) -~ multi-drug

resistant E. coli(96/391 > 24.6%) and meltu-drug resistant A. baumannii
(44/391 » 11.3%) were the most frequently identified MDRO bacteria. In

analyzing the ER MDRO burden, there was an average of 5.18
MDRO-colonized patients staying in the ER. In stage-two study, a total of 1001
ER patients wating for hospitalization received active microbiological
surveillance. Among these ER patients, 22.1% (221/1001) had positive culture
of MDRO from active microbiological surveillance. MRSA (119/318 ~37.4% ) ~
multi-drug resistant Stenotrophomonas maltophilia ( 46/318 ~ 14.5% ) and

multi-drug resistant Acinetobacter baumannii (36/318 ~ 11.3% ) were the most
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frequently isolated MDRO bacteria. Active microbiological surveillance is more
sensitive than clinical isolate monitoring in the detection of MDRO in the ER,
especially for drug-resistant gram-positive bacteria as MRSA or VRE.
Multi-variate analysis revealed recent hospitalization in one months, nursing
home residence, bed-ridden status, prior culture of MDR-GNB in 3 months,
presence of foley catheter were the independent predictors for MDR-GNB
colonization. Prior culture of MRSA in 12 months, nursing home residence,
prior intensive care unit admission in 6 months, out-patient invasive procedure
in 3 months, and prior hospitalization for more than 48 hours in recent 3 months

were the independent predictors for MRSA.

Keyword: multi-drug resistant micro-organism, emergency room burden, active

surveillance, clinical effectiveness, prediction model
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4125 Adult Emergency Foom (ER) Patients Obtained

Microbiological Studies as Physician’s Request

Patient with negative culture result were

excluded
. 662 excluded

L

3463 Adult ER. Patients with Positive Bacterial

Culture Result

Bacteria screening for multi-dig resistant
micro-crganism (MDEO) judged by

antimicrobial susceptibility test

v

h A

Patient withowt Positive Culture for MDREO
(n=3087)

(Control Group)

Patient with at Least One Positive Culture for MDRO
(n=376)

(Casze Group)
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1015 Adnlr Emergency Foom (EF) Patenrs

Feecruited for Screening

Inform Consent not obiained

8 exchaded

1007 Adulr EF. Parents Received Interview and

Surveillance Culnres

by caremiver

Prior medical history could not provided

6 exchided

1001 Adult ER. Pattents Entering Final Analysis for

Active Surveillance Stdy

;

Patient without Posinve Surveillance Culmure for
Multi-dmgz Fesistant Micro-organism (MDEO)

T80}

E— s FHAYBRA

!

Patient with ar Least One Positve Culmre for

Mnlti-dmz Besistant Micro-organtsm (MDEO)

(n=1221)

Staphylococens aureus Enterobacteriaceae Non-fermenting Enterococuss spp
gram-negative bacilli

FOX | Cefoxitin AN Ampicillin AN Amikacin AM Arpieillin
E Erythromryein AmC Amoxicillin/clavmlanta CIP Ciprefloxacm CIP Ciproflexacin
cC Clhndmyein CZ Ceafazalin FEP Cefepime TE Tetracycline
VA Vancomycin CMZ | Cefmetazole TZP Piperacillin-tazobactam VA Vancomycin
TEC | Teicoplanm CTIX Cefotaxime ATM Aztrecnam TEC | Teicoplanm
AT Minoeyeline ETP Ertapenam CAZ Ceftazidime GMh | Gentamicin  high
GM Cantamicin GM Gentamicin TIM Ticarcilln/clavulante P Fanicillin
SXT Sulfamethorazols AN Amikacin EXT Sulfamethoxazols

~trimetheprim -trimethoprim
ox oxactllin CIP Ciprofloxacin LV Levofloxacin
NB Novobioein FEF Ceafepime MEM Meropenem
PB Polymyxin B TZP Piperacillin-tazobactam PB Polymyxm B
A Taxo A (Bacitracin) CAL Ceftazidime VA Vaneomyein
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A= SERRMAPRKBMLATA

Non-fermenting

T Enterobacteriaceae
HH“HHH gram-negative bacilli
[(-lactamase inhibitor AmcC TZP
combinations TIM
Aminoglycosides AN AN
GM
39 or 4™ generation CTX CAZ
cephalosporins CAZ FEP
FEP
Fluoroquinolone CIP CIP
LVX
Carbapenem ETP MEM

REZF-BSRBNEERARAMEYH (268 H#/229 % 8)

Organism n (%)
Escheria coli 96 (35.8
Acinetobacter baumannii 44 (16.4)
Klebsiella pneumoniae 38 (14.2)
Pseudomonas aeruginosa 37 (13.8)
Stenotrophomonas maltophilia 37 (13.8)
Proteus mirabilis g8 (3.0
Others 3 (3.0
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W RS ERBHEMRZEI LA (268 F#r/250 SR4)

Culture site n (%)

Urine 111 (44.4)
Sputum 98 (39.2)
Blood 19 (7.6)
Pus/Wound discharge 14 (5.6)
Sterile site 6 (2.4
Others 2 (0.8)

RE-F-HMRBRERENH BRI AH (109 B#/110 SR4)

Culture site n (%)
Sputum 54 (49.1)
Pus/wound discharge 34 (30.9)
Blood 12 (10.9)
Urine 9 (8.2)
Sterile site 1 (0.9)
AN F-NRARMFEHNAKARDB LS
Antibiotics SuscepTib]e
n (%)
Oxacilliin 0 (0)
Erythromycin 17 (15.6)
Clindamycin 19 (17.4)
Minocycline 77 (70.6)
Gentamicin 43 (39.4)
TMP/SMX 74 (67.9)
Fucidic acid 103 (94.5)
Multi-drug resistance (= 4 antibiotics) 37 (33.9)
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Re - F-HZERBUHRHABLARET

Risk factor OR 95% C.1.
Recent hospitalization in 1 month 42 (3.8-18.4)
Prior culture of MDRGNB 1in 3 months 3.6 (1.5-79)
Nursing home residence 2.8 (1.4-6.6)
Bed ridden patients 2.1 (1.2-4.9)
Foley catheter 1.9 (1.0-4.2)

ANF-HReREeNBEBLELREAT

Risk factor OR 95% C.L

Prior MRSA culture in one year 18.0 (8.2-39.5)

Nursing home residence 14.1 (3.6-54.9)

Prior ICU admission in 6 months 2.5 (1.2-5.1)

OPD invasive procedure in 3 months 23 (1.4-3.7)

Recent hospitalization in 3 months 2.1 (1.3-3.3)

oo mERES R4
Culture site Nasal swabs Threat swabs Axilla swabs Urine Wound Total

{1023) (1332) (46) (734) (83) (3218)

Antimicrobial resistant organism 100 (10.7%) 144 (10.8%) 0 (0%) 46 (6.3%) 10(229%)  318(9.9%)

Non-antimicrobial resistant organism 014 (80.3%)  1188(80.2%) 46 (100%) 688 (93.7%) 64 (77.1%) 2000 (90.1)
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AR SeX o) EE

Organism T?lj;:l:jr }?;1{1}111:2:{ Nasal Throat Urine Wound
MRSA 04 119 71 36 4 8
Stenotrophomonas maltophila (MDR) 42 46 9 32 3 0
Acinatobacter bawmnannii (IMDE) 24 36 11 20 2 3
Escherichia coli (MDE) 22 22 1 12 7 2
Chryseobacterium indologenes (MDR) 19 19 0 12 7 0
Pseudomonas aeruginosa (MDR) 14 15 2 8 5 0
Enterococcus faeciun (VRE) 11 12 1 0 9 2
Klebsiella pnewmoniae (ESBL) 11 12 2 7 3 0
Escherichia coli (ESBL) [ 7 1 2 3 1
Klebsiella pneumoniae (MDER) 5 6 2 2 0 2
Chryseobacterium meningosepticum (MDR) 4 4 2 2 0 0
Enterobacter cloacae (MDE) 4 4 0 4 0 0
Citrobacter freundii (MDR) 3 3 0 3 0 0
Citrobacter koseri (MDR) 3 3 2 1 0 0
Serratio marcescens (MDR) 3 3 3 0 0 0
Achromobacter xylosoxidans (MDER) 2 2 1 1 0 0
Acinetobacter lwoffii (MDR) 1 1 0 0 1 0
Enterobacter aerogenes (MDR) 1 1 1 0 0 0
Morganella morganii (MDE) 1 1 0 1 0 0
Myroides (MDR) 1 1 0 1 0 0
Proteus mirabilis (MDE) 1 1 0 0 0 1
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Et— - FLRM e

. . , . . ARO ARO
MicroOrganism Pan_enr Isolate  Nasal Tlu'-nnr .-'xn-lla U |'1-ne Wound PatientTotal /Organism
™ ™y ™ ™ @™ ™) ™) .
Patient (%) (949)

Achremobacter xylosoxidans (non-MDR) 9 9 1 7 1

Achromobacter xylosoxidans (MDE) 2 2 1 1 0.20 18.18%
Acinatobacrer baamannii (non-MDR) 123 130 12 113 1 3

Acinetobacter bawnannii (MDR) 24 36 11 20 2 3 2.40 21.69%
Acimetobacrer Iwaffii (non-MDE) 33 33 3 3 1

Acinetobacter lwoffii (IMDR) 1 1 1 0.10 2.78%
Chryseobacterium indologenes (non-MDR) 10 10 10

Chryseobacterium indologenes (WMDE) 19 19 12 7 1.90 65.52%
Chryseobacterium meningoseptician (non-MDR) 0 0

Chryseobacterium meningesepticum (MDE) 4 4 2 2 0.40  100.00%
Citrobacter freundii (non-MDR) 11 12 1 7 4

Citrobacter freumdii (MDR) 3 3 3 0.30 20.00%
Citrobacter koseri (non-MDE) 32 35 27 7 1

Citrobacter koseri (MDE) 3 3 2 1 0.30 7.80%
Enterobacter aerogenes (non-NMDE) 35 40 24 14 2

Enterobacter aerogenes (WMDR) 1 1 1 0.10 2.44%
Enrerobacrer cloacae (non-MDR) 75 84 7 68 2 5 2

Enterobacter cloacae (MDE) 4 4 4 0.40 4.55%
Enterococcus (non-VEE) 115 121 40 7 4

Enterococcus faecium (VRE) 11 12 1 o 2 110 9.02%
Escherichia coli (non-MDR) 72 81 5 35 39 2

Escherichia coli (ESBL) 6 7 1 2 3 1 0.60 6.31%
Escherichia coli (MDE) 23 23 1 12 8 2 2.30 20.72%
Klebsiella pnernoniae (non-MDR) 236 263 28 211 22 2

Klebsiella pnewmoniae (ESBL) 11 12 2 7 3 110 4.27%
Klebsiella pnermoniae (MDR) 5 6 2 2 2 0.50 2.14%
Morganella morganii (non-MDR) 11 12 5 5 2

Morganella morganii (MDE) 1 1 1 0.10 7.69%
Myroides (non-MDR) 1 1 1
Myroides (MDR) 1 1 1 0.10 50.00%
Pseudomeonas aeruginosa (non-MDR) 156 212 48 135 22 7
Pseudomonas aeruginosa (MDR) 14 15 2 g 5 1.40 6.61%
Proteus mirabilis (non-MDE) 33 37 13 11 11 2
Proteus mirabilis (MDE) 1 1 1 0.10 2.63%
Serraria marcescens (non-MDE) 21 23 5 16 2

Servatia marcescens (MDR) 3 3 3 0.30 11.54%
Stapivlococcus aureus (MSSA) 188 218 158 48 7 5

Staphylococcus aurens (MESA) a4 119 7 36 4 8 9.39 3531%
Stenotrophomonas maltophilia (non-MDE) 11 11 10 1

Srenotrophomonas maltophilia (MDE) 42 46 9 32 5 4.20 80.70%

A S Lk 0 i e L ] T

Antimicrobial-resistant Methicillin-resistant Vancomycin-resistant Multi-drug resistant  Extended-spectrum  Any
organism (ARO) identifying Stapliylococcus Enterococcus gram-negative bacilli beta-lactamases ARO
method anrens gram-negative bacilli

By clinical culture 27 2 45 12 74
(Clinical method)

By active surviellance culture o4 11 126 17 221
(Surviellance method)

Clinical method/Surveillance 287 18.2 357 70.6 335

method, %

266



FHASEIRPARFEHNAFIAFRGHEY L RELIRFHEN
FRVELFERENE P 2 REF R wFZ TR
e

¥ > H &
P;Bﬁr#%ﬁﬁw%gﬁ%ﬁmﬁimﬁ%@jﬁ%ﬁw%&ﬁﬁm
72 #E o222 DNAp R FRE - g po i 37 280 H R (7% o & Rl 7 7
TREM 2 B REATHIRER

B33k % ibER A2 0 time-killing study

IR BRI ERZAREA G S W= %5 I+ Chryseobacterium
meningosepticum > FE3L G 6tk - A FIAI(A) o B A e 2 Fir
Chryseobacterium indologenes £ i % % % Fﬁ sz Acinetobacter baumannii » %
RKFE2 mE? B ERFLINEFRR . L L EHRE R A 2%
Rk R e FRRp o e EAFIFR o A FEREIR -
08# & = = ¥ L2 F £ FIR2 DNAJ X4 47 > @ RR2THAL® LR %
2_ ESBL-Escherichia coli > 7 6tk F — & FIA1(A) 5 260 kA ® 2B % 2
AmpC-Escherichia coli > 7 4tk - A F1 A1 (A) s 23R A FT R 2 2
ESBL-Klebsiella pneumoniae > 7 4tk e — 2 F13](A) 5 S0tk e B % 2
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ABSTRACT

Goals: Regular surveillance for the epidemic behavior of multi-drug resistance
strains and to confirm the genetic relatedness between strains isolated from
hospitals that potentially have the outbreak. To monitor the multi-drug resistance
mechanisms of isolates and to investigate the potentially effective treatment
strategies.

Methods: Pulsed-field gel electrophoresis (PFGE), time-killing study

Results : In the year of 2008, one small cluster of epidemic clone (A) of

Chryseobacterium meningosepticum disseminated in Tainan municipal Hospital.
The PFGE patterns of Chryseobacterium indologenes isolated from Tainan
municipal Hospital and those of Acinetobacter baumannii isolated from Cha-Yi
Veterans Hospital did not reveal identical DNA finger patterns. Although no
outbreak strain was confirmed, some isolates of both species have similar PFGE
subtypes, suggesting long-term existence of the isolates in each hospital and
undergoing genetic evolution. Continuous monitoring of these subtype strains is
warranted.

In the year of 2009, we complete the DNA finger printing analysis of the
multi-drug resistant organisms, including 27 isolates of community-

acquired ESBL-Escherichia coli with 6 strains belonging to one epidemic clone
(A), 26 isolates of community-acquired AmpC-Escherichia coli with 4 strains
belonging to one epidemic clone (A), 23 isolates of community -acquired
ESBL-KIebsiella pneumoniae with 4 strains belonging to one epidemic clone
(A), 50 isolates of nosocomial Enterococcus with multiple small clusters
involving no more than 5 strains each, 29 isolates of nosocomial MRSA with
small clusters involving no more than 3 strains each, and 26 isolates of
community-

acquired MRSA with 7 small clusters involving 2-4 strains each. Among 42
isolates of Acinetobacter baumannii (AB) isolated from Taipei Veterans General
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Hospital, 13 strains revealed identical DNA finger pattern A and 8 isolates
belonged to genotype B. Of 4 AB isolates from Tainan Sin-Lo Hospital, 3
strains have the identical genotype. To investigate mechanisms of multi-drug
resistance (MDR) isolates, 256 MDR-AB isolates from Chi-Mei Medical Center
were screened for the presence of integrons, and all have class 1 integron, but no
class 2 and class3 integrons were found. With regard to treatment, combination
of colistin with carbapenem or combination of colistin with tigecycline revealed
synergistic bactericidal effect against a MDR-AB isolate.

Conclusion and suggestion: The molecular epidemiology center is efficient to
integrate molecular epidemiology with outbreak investigation, surveillance of
the genetic relatedness of multi-drug resistance strains, controlling the epidemic
trend, thus preventing further dissemination of the epidemic strains with
multi-drug resistance. Monitoring the evolution of the mechanisms of multi-drug
resistance may also help to investigate the potentially new effective combination

therapy.

Key words: multi-drug resistance, outbreak, epidemic strain
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32
“r4 e B EEE 5 VITEK & Suik iR o
2. AfETE R 8 R
AR i A %-d B - /%4543 3ml Luria-Bertani(LB)3% % /% ¢ 3¢
37°C 12 250 rpm BF 32 K 1E i o B 0.9ml S 4~ 03ml o b
(glycerol) » i¢ FiR 24 i et 5 & 3:1- 2 & EW-T0°C 4§ 7 iF
W oo AR A AR JCT0°C A R E R RGORR REER
e

X A

=

bl
T
)Y

ALBE AL »37CEEH7 BARERIS % N
LB 2 § % ¢ W37# 3% % (fresh culture) o
(Z)fed FRE < it
L. 2 2 frfidm
H- @ amFL 3ml LB 2R 2 &is > i § PBS 3

% (PBS:137mM NaCl, 2.7mM KCl, 43mM Na,PO,) 4t 12 - » 12
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spectrophotometer (Beekman)** ODgonm B £ #ic® 2 0.3 > T 5 &8k
Book- wiEthEE 6L h3mILBR SR R ARE 81653264 -
128 v 256 mg/L 7 g R kR o B3t F A& F P 4o » 200pl 9

B R AR A0S (51 3T°C 1 & 0 1620 1 B
PR RS

2. % e
#-LB £ & &A= Ffe 0 23t 55°C -k i #h(Kansin onstrument)® > &g
BRI e r 2 FTAEIRERDIRLIZRESILE > G A ?
FAArR A o RS RER L R B A L BRPRE -

3 . E-test
F LB TR 3mILB R AR Y o RS MR PBS Bk
FliRkRBEL  OD6oonm 3 0.3 r@ Fh = is B AEE w AR
MR R SRR G D R g B e R A o ",f—i g 5
BfhR o (R 5323 % 4F & Mueller-Hinton(M-H)3#% & # (DIFCO)
+ o #9717 e E strip(AB BIODISK)pE>t 32 & 2 end & T F o E strip &_
- EE REERZ ZRASDAE T R E RS R H e ED
MIC - - 4k Estrip ¥ ﬁﬁﬁé’——kﬁ\?ﬁ*&"":}m Z 4 & * K0P
KRl pERREY > ¥ - A HE -t 2R R k- 4 MIC
18 B (NCCLS, 2002) e

4 . Double-disc test
BAEAYM-HBERAY > 2 4ot if Etest #9737 ehfd & Mz
PRSI R A ARG o SRR A RS BT g ind A B B 8T
FAARR e N ERIREF o — fEM42 5 cefotaxime & ceftazidime
¥ AP e pFz 7 cefotaxime 2 ceftazidime fre P i taefis 3 4] H

clavulanic acid> 4p & 30mme Cefepime ¥ amoxicillin-clavulanic acid 3
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LB E ApRE 20 mm ¥ 30mm (17) °
(Z)F A8 g B o 4

B3 % I 7k e0 E. coli ** eppendorff » > &t.< 10,000Xg » 1min > Jc & 7%

B D 0 A ",/Tf FiFiR i o e » solution I (50mM glucose/ 10mM EDTA/
2mg/ml lysozyme), ¢ pellet £ & ;5> 4 » solution II (0.2M NaOH/ 1%SDS)
R EID3 > 7R} F K 10mins » £ 4r ~ solution I (5M potassium acetate,
pH4.8) » Z/kt F J& Smins 0 Zw 10,000Xg  15mins » #F 4 35 fF T & 30

hd-d FAK > & BB R 12T eppendorff oo 4o r R AR AR o5
phenol/chloroform (1:1) (vol/vol) » ] Z] vortex {¢ » &< 10000Xg > Smin °

BRI A R D iR I AT eppendorff ¢ £ EH IS S L UA

B A 08 $HFPE *7-20°C » 30mins 7k DNA © 3. 10,000Xg » 15mins
s 4 “,f Y T 3¢ % DNA pellet » 12 TEg, buffer (10mM Tris-HCI, pHS8.0/
ImM EDTA ) /4 2 DNA pellet > & BamHI *» ¥ plasmid > 37°C K i% [§ & >

£ * 0.8% agarose gel/ TBE system * §a & & 4~ 3 DNA> 2 EtBr (Ethidium
Bromide)% ¢ s B2 (18) °

(2)% % ¢ R

P35 & I e shE] A PettlV(10mM Tris-HCI, pH 8.0, IM NaCl) 7% 2-3
SR ERER S IXI07 BT 40 BAKE Y RE ¥ - 2 G f 1% low
melting temperature agarose (LMP agarose) >+ 7073 f3{s ¥ 3240 R4 42§

ORR e B JF‘]‘ BREES EB500323 8 £ B 100 /2 » 23] ¢ & -205
i# 5218 2 Bk 2~ 10ml EC lysis (6mM Tris-HCI, pH 8.0, 1M NaCl,
100mM EDTA 0.5% Brij-58, 0.2% deoxycholate, 0.5% lauroyl sarcosine,
Img/ml lysozyme 20mg/ml Rnase) ¥ *t 37°C i®* 24 -] pFd 2 iz iR e
RNA 5 %= = (& #-H.k ¥ +* 10ml ESP (0.5M EDTA, 1% lauroyl sarcosine,
Img/ml proteinase K) 50°C iT#* 24 -] pF= =t & Gl # 1 PMSF buffer
(10mM Tris-HCI, pH 8.0, 100mM EDTA, 1mM phenhlmethylsulfonyl
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fluoride) /i — -] F¥ v #r4] EPS proteinase K £ 12 TE buffer(10mM
Tris-HCI, pH 8.0, 100mM EDTA) 5% = = & - ] 3% 4CHc 0.5M
EDTA # %% o
()R F &
AR ZFELS M2 BRI FIERE R T A e R 2 EfEF
R E R4 » 10-20unit 2 fEE >N iE g B AR Y (F% ik o
(+ )% 73 7 # (PFGE)
Size marker o' U4|fix % & a4 ¢ #2205  TBE ¥ brjg %
Z e X B2ZfrRAE bR E T 7 2~ agarose gel R &1 £
1%LMP agarose #-z E %% **4°C Lt 245 - ¥ - > 5 F if £ 0.5xTBE
Bibr o 0 TR P A e ki R % B 45 15°C 4= agarose
gel 2 » & A ¢ K 7 B running time f- pulse time {&kx#H Tk T A&
=& EBr#d & UVERZT Rk -
(-)REMERHF B (PCR)
L% 2 E 4 DNA # 2~{2 2 TEM ~ SHV & CTX-M & - {51+
(primer)
TEM: TI(5’ATAAAATTCTTGAAGACGAAA),
T2(GACAGTTACCAATGCTTAATC),
SHV: S1(5’-TGGTTATGCGTTATATTCGCC),
S2(5’GGTTAGCGTTGCCAGTGC) (Pail999)
Integron: P1 (5'- CGG ATG AAG GCA ACC CA -3"), P2 (5'- AAG CAG
ACT TGA CCT GAT AGT -3")

CTX-MI(5'- TGT TGT TAG GAA GTG TGC CGC -3"), CTX-M2(5'- TCG
TTGGTGGTGCCATAGTC-3)i& iR EEE 24 F &, F it

94°C5 # 48,94C1 ~ 48,55°C1 ~ 4810 §,72°C1 » 48 20 #,5 757k 94°C2
4 48.55C1 & 4810 ,72°C1 # 4820 45,25 # %k, B 18 72°C3 A 4B F i
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AP B Sul AR A A T 0 Tk P RBRST B E RAR(LL, 13) -
(~)DNA sz 2R
. w <94+ HDNA ¥ £
T ARRE Y ATEr A dEen DNA BB T 0 Bt g g ¢ o Y
Gel Extraction Miniprep Kit (Viogene) #d MAr{Lf 472 w jco 7 L4040
WHCE s g ¢ R 4o~ 500plBuffer GEX 3t 60°C 1T * 10 4 48 1 ¥ A8
2 DA fFE > 2R BT 700ul column ® > B-F T column ¥ *tiziE 2ml
s g P > 02 13000 rpm #res 1 A 460 @ DNA # F *° column ¥ ép
*a(resin) o 4 55T & B g ¢ Al > 4~ 500pL wash 1 3] column ¢
EAF L abge e £ 4~ 500plwash [T ¥] coLumn ¥ - €45 F wf 3. 4
Pk o #-column B ST ATOMCAL e B 0 BN E R 2 2487 washl ¢ FpE R
2 > L4 x 202 50 pl TEE @ R>tcolumn 7 » B3 3R 24451
DNA 7% fiZ> 12 12,000 rpm s 2 & 480 3o (8 #TEH R T 5 w2 DNA-
2. A/ EFRYF
B AP & v foeh DNA(200-500ng) @ 4 » 4ul 7 5X sequencing
buffer (PE Biosystems Foster City) > 3.2ul (I pmole) i § 3l + >
4ulterminator ready reaction mix (PE Biosystems Foster City) @ # s 4% -k 3
20ul o H b aF R~ AR B F ¢ 0 R &35 5 12 0 B % Perkin-Elmer
(model 2400, Norwalk, Connecticut > U.S.A)*® & {7 & J& » 96°C 10 §; ~ 50°C
5 ~60°C4 & 48 25 Bifsh - EHR-PCRZ A w T
3.PCR A ¥ it
PCR A& 4 chw febed & e 513 2 H o 4w fcch PCR A 4 0 & 3¢
Hcg 3 g @ > 11 PCR Clean up Purification Kit (Viogene)%?ﬁT d el & 47
2wz o F§ A4 » 500u] Buffer PX *>t2c§ PCR A e B dpw 7 - &

% 2R L3535 (6P~ 700 ul column ® » #-#43 column ¥ 5z iE 2ml
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M s § ¢ 0 12 13000 rpm s 14 48 0 @ DNA F 3 column ¥ efite;
(resin) o & “f“‘ W OHs F Y A 0 £ 4e » 500p] wash 1 ¥ column ¢ 0 £

A A B e £ 4e » 500 pl wash IT | column # > €47 + i e 3 2 o

#-column 2T ¥ S RTEOMAL S 0 BT E

FEE 2441 washIl ¢ P = 24T
o R 4v » 20 & 50pl TE 4 7%t colum % ** 278 2 A 45 1@ DNA 7% /%>

12 12,000 rpm B 2 448 0 s (8T G L w s PCR A 4 o
4 . DNA =&

#-w iz PCR A4 > J1* 2 2 @ B~52% {5 > ¢ ABI PRISM 310 Genetic
Analyzer & {7 DNA Z_F o
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(1 ) Time kill methods

Bacteria was diluted to approximately 5x10° CFU/ml and 6.24 x 10° CFU/ml for
standard inoculun and high inoculum experiments, respectively (19). A 100 p 1
aliquot from each 10 fold serial dilution was plated on nutrient agar and bacteria
colonies were counted at 0, 2, 4, 6, 8, 12, 24, 30, 36 and 48 hours, respectively.
The lower limit of detection was set 10 colonies. All experiments were
performed at least twice to confirm the results. Inhibitory effects of imipenem,
meropenem, tigecycline and colistin alone and in combination against bacteria
were evaluated. A bactericidal effect was defined by > 3-log;( decrease from the
starting inoculum and the effect was sustained for at least 24 hours. Bacterostatic
activity was considered if the inoculum’s size was maintained or reduced by < 3

log;o CFU/ml over 24-hour time periods. Synergism was defined as a = 2 log

reduction in the numbers of CFU /ml by comparing to the reduction number of

the active single constituent after 24 hrs.

)%
97 & R :
Pagad 2 ¥ F=Chryseobacterium meningosepticum 194k~ 7| FLCHET)
1. p et PFGE#%|C. meningosepticumzk F14| » 2| 2 & F H R % -
2. BT ABLES(B?)% 19T %A 5 A~K £ 113]-H ¢ Chry 07, 10,
11,14,15 % 2-18 % - A F)4)(A); Chry 04 3 09 % F - & F]79|(B) ;
m CAl2 DAIRIE A 55 7 I 3] > Chry 03 A F]34p B> C-1 3] >
Chry 17 # #1341 > C-2 4] & Chry 08 # F141 > D-1 4]>Chry 16 #&
FA B D2 3] 5 Baepla Bt E~K Al -
¢ ~ & & 2 ¥ peChryseobacterium indologenes 1744 3147 &
(i o)
1. p ¢ : " PFGE#%|C. indologenes & 14| » 2| 2 & F#H 2% o
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2. RA1EE T RBETABRS SR )ELT 7 RA A 297 H A
2B x &4 5 =434 > Chry 19, Chry 20 % Chry 32 # #1344 I B3¢
A-1 4] > Chry 23, Chry 28 % Chry 34 # F]3]4p F > A-2 3] » Chry 29
AFEA3 A5 A Chry 18 A F131 B B-1 3] » Chry 21 A 713 /&
++B-2 4] > Chry 30 £ F1A]E>B-3 4] ;5 H &R A FH3C~1 4] o
P~ && % 2 F keAcinetobacter baumannii 64~ 414F £ (% 3 )

1. p e MPFGE# %A, baumannii gk 714 » 2| 2 £ F#HRF o

2. A A1% % %6 k¥ R4 2AB 2C = F|AB ”;?]/}ia % 1C05~1IC11 %
SCO07 A Al>»* &AM ZMEL ZA-1-A2 2 A3 = 1 7] ?3 5 1C08
21C09 2B »*x # zB-1 2B-2 a4, n‘v.‘)ﬁqii2248 Pl % CH o

TN EEER ?5 = VRE 2 Enterococcus faecalis7tk 4 3| 3F 2 (F 12 7))

1. P e 2 PFGE #%] VRE % Enterococcus faecalis 8 #]4]

2. A% L THRTEALSADE 4T o HY 15232 5Lk - 4
714 s H AP LS G B~D ] o d ¥V 3P HhEL 1~3 }F% AR AR R
ARG 0 LA 2 TR A DR R RA kP B e

08 # R :
()~ crd3Z Pﬁ P27+ AL % 1 R 2 2. ESBL-Escherichia coli £ 714 A]3F £
(it =)
1. p e 2 PFGE #%| ESBL-Escherichiacoli 2 F14] » feé 2] 2 §_F 3
R o
CRBTAREE(B- ) 2T HRTEA S AU 214 - ¢

[\
it
*=

CaESECO01, 02, 03,06, 10 2 16 % = - & %3] (A)> 2 ¢ CaESECO0I,
03 %2 16 > A-1 4] ; m CaESECI18 2 19 A F]4l4p &>+ B
Al H AR A A C~U A -

(Z)~ ¢ 3+ % FFe 26 AL L8 % 2 AmpC- Escherichia coli z #]4 3]3F
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SN CEES
1. p e 2 PFGE #% AmpC- Escherichia coli £ F13| » g5 B4 2] 2 8 _F #
g
2. BE PRETARLEM@ ) 20 KT RALAUE 217 2
CaCEC06, 15,17,19 2 Fr — £ F131(A)> 2 # CaCEC06 % 15 &>t
A-1 ;4] » CaCEC17 2 19 > A2 %3 @ BAl2 CH|p & 4
53 7 I3 o CaCEC16 # 713 4p F /5> B-1 3] » CaCEC25 %
FA > B-2 4] 5 @ CaCEC26 £ %14 >t C-1 4] » CaCEC29 £
A C-2 4] 5 B AR A B3 D~U ) -
(E) o3 d % ¥ IR23104 % 12 S 2 ESBL-Klebsiella pneumoniae L F) A
AU 2)
1. p e 12 PFGE #%] ESBL-Klebsiella pneumoniae # F]7| » % B4 2 T
2. % RBTARLEB®Z) H2HRTEA L ARE 184 - H Y
ESKP10, 12,15,17 4 I — & %)4](A) > # ¢ ESKPI2 2 17 i
A-1 %3] » ESKP10 2 15~ A2 % A3 373, m BAl%2 C
AR E & 53 72 I A ESKPO6 £ F14] 40 >+ B-1 3] » ESKP22
# 74 > B-2 3] 5 & ESKP19 & %14 F* C-1 4] » ESKP20 £
FAVE> C-2 4] 5 E4R A~ B3 DR A -
(z)~ & s+ % FRRSOEL M & % Enterococcus & F1 3] (%t v )
1. p e 2 PFGE #9| e p B 4 Enterococcus z£ #1734 -
2. BEPRAETARLEM@) HS0KT RA L AW £ 237 ¥ fe
£ Dice &7 Z|%H Dice &+ 3t 89 T 5 fr— 57| » & 4> 81~89

TEA LA L8RS A R AFAlH ¢ AL AT W 5 25

= ~

B aHEE > B B RFRR L A B MW ] -
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()~ rad 2 FROKEN B A2 MRSARFIA(HET) -

1. p & 2 PFGE &% & 4 MRSA £ 717 -
2. Rk I PRHEITAREFWI) H2OKRT EA L AW E 194] 5 ¥ e
& Dice B v %|%H Dice &+ * 84 T 4 [ — #5573 £ 4 >t 73~84

TLARLA TIPS A AR H Y A~H A TR % 5 2-3
WEATHE 2 RGP AR 20 T RRIAF P )5 @
A FKRR & 2 B3 M~W 3] o

(7))~ 6@ % £ FR26P0AE % 2L & 2 MRSAZ FIA| (i 2 7 )

e 1 12 PFGE #9| et i 4 MRSA £ F14]

2. B% I RBEIABLEEM@ A ) 20K T RS G AP X 1640 F 7]
S G 2-4tk2Z R AR E D Al 2 fTF ) 2 ¢ CAMRSAO7,
08,29,30 % I — £ F13](A)» # # CAMRSAO07 % 08 >t A-1 77
2] » CAMRSA10 2 15 R~ fH A2 2 A-3 1 4] 5 CAMRSAIL2 #2
25, CAMRSA23 ¢2 28, CAMRSAZ21,22 ¥ 26 » j§* B,C 2 D>
HEIBY 3P E sxifFik-ala EF2 GAREAZ
3 % F I 4] » CAMRSAO06 & #1440 F &> E-1 4] » CAMRSALS
A 73> B2 4] CAMRSA09 & #]13) &>* F-1 4] » CAMRSA17
A 714 B> F-2 4] CAMRSAL3 & 714 &> G-1 3] - CAMRSALI8
A AR G245 B4R A B H-P A -

(=)~ oA HE B 42tk Acinetobacter baumannii £ F] 3] (%12 = ) o

1. B et 2 PFGE &%) 5 4 ¥ ¥ e AB FA 7173 -
2. BE% I RHBETARLEE (B-) ZR2HKTRAS AP R 163 ¥ e
£ Dice &7 2| % H Dice &+ > 88 T 4 I — #4543t 78~88

WEAR LA LT8R A A RAEAl o B¢ A~E A FA X
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P B¥EG 8tk B THRIF-#AE 1L R LA
C~E#ERE2~34%¥ 53 kI3 m BALFKAE A H> F~P
3 -

(M)~ B ATRF R AR EAEE L AB B RUCHE ) -

1. pen: 2 PFGE &%) & = %‘r%&-%ﬁ}‘% AB F 2 F13] -

2. BEIPBTARMES (MA) H4HRTEAS AZBAA 29 1,2
2 A5 HAFA R 2R B Al S 35 RHAEE L R
ARZTBTER LA RHEANL AR

t)~+ % %5 [R256tRABFE 7 £ 4B b2 B > ¢ $£904RMDR-AB
(susceptible to carbapenem) ~ 35k CR-AB (resistant to carbepenem)f-131
#RPDR-AB2%# 3 % - A& & & (integron) > & AFRF % = fv ¥ = 7]
e S IR o

(1)~ ip%k > o 0 & & colistin¥® carbapenem (B] 4, )&% & & colistin®?
tigecycline (B - )%+ % £ 4 FHABF 7T b= 2 B FE* o & &
colistin# imipenem¥f ¥ & +% |+ 2 Enterobacter cloacaej =

1%&*52]‘1%% (BlL-)o

@it

EEMRPRAAS AP REY L LR IR wARELET R
BREREE Y > BRI HE G §E B L T2 k(7 fk(epidemic strain) °
ZAWIFE e FR LA 3 A4 ESBL 2 K. pneumoniae 7t {7 $4(10-11) ©
BomE AR 9l #A - £ 4 4 ESBL 2 Serratia marcescens i& {7 4
34 $ gz F34 0 ¥ S marcescens A 2 2. ESBL 7 CTX-M-3 % 2
(16) o AF7 3 3 J M-t Al o e SR F Flefap £ 4 7 ERFER
FE AR AL BN 22 s 2 3 DNA 4 ®(PFGE) 7
B oo
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A3 97 EREBEBAGL L e PO %5 = Chryseobacterium
meningosepticum » F£3F 6 ki - A FAA)ZEHZH - S5 P =¥
Chryseobacterium indologenes 2 & ¥ 2td Apfe A F]A| 2 H R3¢ > 25 £ &
FIR B> Al 2 A2 2 pF K3 MEHFFRFEZALL - Fa2FXAF R
Acinetobacter baumannii 2 & ¥ 2td Apfe A F]A| 2 F R 0 L 5 4p ke L 3]
2B LG DT EERERE IR -

AR08 ER AT L2 S EREEFRL DNA R A 47 0 7 4527
AL T 2R % 2. ESBL-Escherichia coli > 3 6 tkIr — A FIA(A) 5 26 it %
t g 4 2. AmpC-Escherichiacoli - 3 4tk - A F13(A) 5 23 thAL® LR 2
2. ESBL-Klebsiella pneumoniae > 3 4 ke — A FIAI(A) 5 50 thFop & % 2
Enterococcus > F A 428 5 th2 in (7 FHR & ) A B 2 ;29 BRI B R 2
methicillin-resistant Staphylococcus aureus (MRSA) » 5 A AZiE 3 th2 7t {7 7
BRI ZATH T 5 26 BRAETR R 22 MRSA > 3 734 85 24 &
2 TR E L AR ZATH ) o I ERIZF LS LB
BAEPREERF O, o X R LA ER m% % 42 ¥k Acinetobacter
baumannii (AB) > /233 13 #RF - A FIAI(A)2 8 tklp - A FIAI(B)Z# %R
oeoop AT ﬁpﬁl‘m41‘%7‘a‘#m%ﬁ’ AB 7> " # I 3R AB B & AR P A F]
Aot B RERLPAFRF wEk > ¢ 7 2RI FEET G H
ﬁ%ﬂiw%ﬁwbﬁ%%§%%6ﬁzgﬁ%ﬁABﬁiﬁ%@%g,ﬁ
+ 3 % - A1F & F(integron) » T AFRF - frr 2 AnFEF > T ASE
AT E R R L EE Y R T o

e > wm 0 & & colistin ¥ carbapenem £ & & colistin £ tigecycline ¥
PEREM AB FF A2 B EFITY o & colistin &2 imipenem ¥ 7 £ #i#
2.2 Enterobacter cloacae 3 4 [F 2. 2 F T * o §@fk F » ¥ I imipenem

meropenem ¢y 5 £ M F A BTOE SR 0 M Re L SR T Ok R TRA
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FEoro ARk 3 ERFLwFR AEF > §ATH 7 LDV iR
3

(i3 1) § M3 P4 R 2R %D ok (PFGE)F 2 BRE© - % 0 72
%iiﬁ*iﬁﬁlk’%&éﬁi*¢~ﬁ$#$w?‘g?ii’%
FoHHF G A FEC-FPFLEYS - TRED

BEKREE T 2 PFGEF %A Bt ) Wil 6 F kg it 53 -

i)

fv
N

,\ n.

(R 2) & AhERY 9732 FANNT R & e F AN PERIF

422 )I% C FEHE 2 + % (manuscript) F o

B 5L > HF A 4 O ;/ X SCI*
Lin KH, Chuang YC, Lee SH, Yu WL. In-vitro synergistic
1 antimicrobial effect of imipenem and colistin against an o SCLE
isolate of multi-drug resistant Enterobacter cloacae. J (2 L)

Micobiol Immunol Infect (accepted)
Ku YH, Chuang YC, Yu WL. In vitro activities of colistin +f&
2 laginst Enterobacteriaceae producing extended-spectrum
beta-lactamases.

¥E LR R AR ME T T ;;—;3%;
3 |Chryseobacterium: an emerging pathogen causes ('L =)

nosocomial infections in the intensive care units.

(432 3) AP E AR FER (FE L D)
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(5)5 & &

A3 97 R AR R LHa P > ¥ = Chryseobacterium
meningosepticum #z:%3 6 thip - A FIA(A)ZFHRHF o ¥ Sad = ¥l
Chryseobacterium indologenes £ i, & % & %51‘% Acinetobacter baumannii z

@ﬁi%wkﬁﬂﬂ’ﬁ%%” RE LT EEK L 2 ARB R

LAl M e LW et FRp o L REARRE 0 &G E=
BLRE IR

\uh.

AL BERFER I MBS A EIBRFRE ST RFRT M
Acinetobacter baumannii 2. # R 3 - 1 2 FAFERF AR ¥V 4 AF
HEFFEFFARATIZAFE R ERT A F L2 F ERELE
th2 DNA 45 R Z R » & 454 % 12 % 2 ESBL-Escherichia coli » 4+ %
2 2. 224 AmpC 2z Escherichia coli » & % 1+ g %4 2. ESBL-Klebsiella
pneumoniae - L B 4 Enterococcus > Fup g 4 2. MRSA > A2 % MR 4 2
MRSA-. 14 2 FRef Rl ¥ L5 EnfFlimp 82

|3l

~m}

£
P
B2 Fgm T BPAEPROHRY > L EFFFE L g &

B3 ¥R ;af#’u%%'b‘_}mﬁ—’x T2 REAL o> wm 0 & @ colistin &2
carbapenem # & & colistin &7 tigecycline ¥t 5 £ LB M m A G +5 b 2 A IF

oV R ETRR FEFATA G o as R g

OFFELEFT F 52 LMEHR

EE NI AR %gamvﬁﬁmuﬁ@ﬁ T ¥ ok chit
A EREENFRPELHERENE  ERRF L EL AT L G
Pobin FHR Flap AALHHF AR A B4 ERwFRERF T
Fepebfap BRI F 2 kdy o NEREF 23 ok TEE G OOUREFZ
Firet HRETRRFFNT T LR EH -
N3+ =

"SD-
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Dice (Tol 1.0%-1.0%) (H=0.0% 5>0.0%) [0.0%- 100.0%]
PFGE PFGE
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CAESEC 21
CAESEC 23
CA ESEC 20
CAESEC 18
CAESEC 19
CA ESEC 24
CAESEC 01
CA ESEC 03
CA ESEC 16
CA ESEC 06
CA ESEC 02
CA ESEC 10
CA ESEC 07
CA ESEC 04
CAESEC 11
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CA ESEC 26
CAESEC 15
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CA ESEC 25
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CAESEC 13
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Dice (Tol 1.0%-1.0%) (H=0.0% S=>0.0%) [0.0%- 100.0%]
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Entro 01
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Entro 31
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Entro 33
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TWGH ABO2
TWGH ABD4
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(1/2 MIC, Standard inoculum)

2

15 f{ ﬁ —— Control
e —— Colistin
E —&— Imipenem
8 1+ -&- Meropenem
) - Cot+IMP
o - Co+tME

0.5 |

0 4 8 12 16 20 24 28 32 36 40 44 48

Time (h)

299



Bl ~ & & colisting tigecycline ¥fPDR-ABE|F ¥4 2 M iE* o

CFU/ml
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Bl - ~ & & colistin® imipenem ¥t 5 £ #2% 4 2_ Enterobacter cloacae} 4 fr 2 B E * o

The Enterobacter cloacae (strain Ent 831) was resistant to ampicillin, cefazolin,
cefuroxime, ceftazidime, ciprofloxacin, ertapenem, flomoxef, gentamicin, lomefloxacin,
piperacillin and piperacillin/tazobactam, by standard disc diffusion test. The MICs of
tigecycline, cefepime, imipenem and colistin against the E. cloacae (strain Ent 831)
were 4.0 pg/ml, 2.0 pg/ml, 0.5 pg/ml and 1.0 pg/ml, respectively. PCR and subsequent

sequence analysis confirmed the presence of blagpy.i».

Survival curves of Ent 831
(2xMIC, standard inoculum)
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d = & + & % i marker, CaESECO01, CaESEC02, CaESEC03, CaESECO04,

CaESECO05, CaESEC06, CaESECO07, CaESECO08, marker, CaESEC09, CaESEC10,
CaESECI11, CaESEC12, CaESEC13, CaESEC14, CaESEC15, marker ©
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®- PFGE 4 4|7 /%l 1

d = I + 4 % % marker, CaCECO01, CaCECO03, CaCEC04, CaCECO05, CaCECO06,

CaCEC08, CaCEC10, CaCECI11, marker, CaCECI13, CaCECI14, CaCECIS,
CaCEC16, CaCEC17, CaCEC18, CaCEC19, CaCEC20, CaCEC21, marker °
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d % 3 + %4 % % marker, CaCECO01, CaCECO03, CaCEC04, CaCECO05, CaCECO08,

CaCEC10, CaCEC13, CaCEC14, marker, CaCEC22, CaCEC23, CaCEC24,
CaCEC25, CaCEC26, CaCEC27, CaCEC28, CaCEC29, CaCEC30, marker °
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ESKP14, ESKP15, ESKP16, ESKP17, marker
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d % I + 4 4| % marker, Entero 01, Entero 02, Entero 03, Entero 04, Entero 05,

Entero 06, Entero 07, Entero 08, Entero 09, marker, Entero 10, Entero 11, Entero 12,
Entero 13, Entero 14, Entero 15, Entero 16, Entero 17, marker -

315



Kb

485.0
388.0

339.5
291.0
242.5
194.0

145.5

97.0

48.5

®l= PFGE » %] % /A {2

d % % + 4 % & marker, , Entero 18, Entero 19, Entero 20, Entero 21, Entero 22,

Entero 23, Entero 24, Entero 25, Entero 26, marker, Entero 27, Entero 28, Entero 29,
Entero 30, Entero 31, Entero 32, Entero 33, Entero 34, marker °
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Ao P T3 R G A RAE o B0 ASH AT F S 2 BRFA Y
P FEIRE B AL AP B A A HARFRR LA B MW A o
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Kb

436.5
388.0
339.5
291.0
242.5

194.0

145.5

97.0

48.5

®- PFGE 4 4|7 /%l 1

d = I + 4 %] % marker, MRSA 01, MRSA 02, MRSA 03, MRSA 04, MRSA 05,
MRSA 06, MRSA 07, MRSA 08, MRSA 09, marker, MRSA 10, MRSA 11, MRSA
12, MRSA 13, MRSA 14, MRSA 15, MRSA 16, MRSA 17, marker °
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Kb

485.0
388.0

339.5
291.0

242.5

194.0

145.5

97.0

48.5

Bl= PFGE 4~ 4| % /< B 2
d

I + % %] 5 marker, , MRSA 18, MRSA 19, MRSA 20, MRSA 21, MRSA 22,

-

MRSA 23, MRSA 24, MRSA 25, marker, MRSA 26, MRSA 27, MRSA 28, MRSA
29, MRSA 30, marker °
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s 32

b

# 13

MRSA 07

MRSA 13

MRSA 15

A-1

A-2

MRSA 19

MRSA 25

MRSA 24

B-1

B-2

MRSA 01

MRSA 06

MRSA 12

MRSA 14

MRSA 18

MRSA 23

MRSA 20

MRSA 21

MRSA 05

MRSA 16

G-1

G-2

MRSA 10

MRSA 17

H-1

H-2

MRSA 02

MRSA 03

MRSA 04

MRSA 08

MRSA 11

MRSA 22

MRSA 26

MRSA 27

MRSA 28

MRSA 29

MRSA 30

©n RO ITO|Z|IZ|IC R[] —
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(i )

[t

1.
2.

3.

PR 4 MRSA (multidrug-resistant Staphylococcus aureus) 4 3] 3% 2,

P ¢h i 12 PFGE #5751 #h g 2 MRSA & 717 -
IER e
(1) ##:26 tri5sriz MRSA» & 5] %% 5 CAMRSA 1 ~ CAMRSA 30

(R ¥ 1,11,20 & 27 % A 4%) -

(2) *i% : F## DNA % Smal *» %] 2 PFGE ¢ {74 4] » £ % DNA %

/< Bl 74 BioNumerics $it 888 (74 47 & A FIA) 2 B efp B 12 > 2R 18 ik

¥ Tenover ¥ §  #r4 4 2. 3 4 & {7 fjf&~ 4l » & Fj#k PFGE 4 47

{6 2. 5 £ 3] 3" (fragment patterns) > & £ £ =7 % * £ RIFF 5 7 g

U FEAR A6 FERE O RFFARLE FARFES3 G

B RGP - agd)

A%

RHTABSE(B- 2 Blo )% 26 ke B4 5 A~P % 16 3(%
~)e 8¢ CAMRSA07,08,29,30 % I — & F4|(A)» & ¢ CAMRSAO7
2 08 3t A-1 ;3] » CAMRSAIO 2 15 BIA A2 2 A3 £
CAMRSAI12 £ 25, CAMRSA23 ¥2 28, CAMRSA21, 22 £2 26 &~ §*+ B, C
2DA O BZR Y =3 F YRt sk-3 A EF2 GARE
%A 3 a3 CAMRSAO06 £ #1440 F &>t E-1 4] » CAMRSAILS
& A F 3 E-2 ] ; CAMRSA09 & F]4] >+ F-1 4] » CAMRSAL7 &

F1A > F-2 4] 5 CAMRSAL3 & F13] &* G-1 4] » CAMRSAI18 £ 7]
A3 G2 4] 5 HAeR L 3 H~P A -
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679.0
630.5
582.0
533.5
485.0
436.5

388.0
339.5
291.0
242.5

194.0
145.5

-
-
-
-

-
-
28]
L
-

- 97.0

48.5

Bl- PFGE » 3|3 A B 1
d 2 % + & % 5 marker, CAMRSAOI, CAMRSA02, CAMRSA03, CAMRSA04,

CAMRSAO05, CAMRSA06, CAMRSAO07, CAMRSAO08, CAMRSA(09, marker,
CAMRSA10, CAMRSA11, CAMRSA12, CAMRSA13, CAMRSA14, CAMRSAI1S5,
CAMRSA16, CAMRSA17, marker °
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Kb
6308
582.0

4 5335
4 485.0

436.5
388.0
339.5

291.0
242.5

194.0
145.5

97.0

48.5

Bl= PFGE 4~ 4| % < B 2
d 2 % % 4 % 5 marker, CAMRSAOI, CAMRSAI18, CAMRSA19, CAMRSA20,

CAMRSA21, CAMRSA22, CAMRSA23, CAMRSA24, marker, CAMRSAZ2S5,
CAMRSA26, CAMRSA28, CAMRSA29, CAMRSA30, CAMRSA11, marker °

326



E
=~

s 32

T

# 517

CAMRSAOQ7

CAMRSAO08

A-1

CAMRSA29

A-2

CAMRSA30

A-3

CAMRSAI2

CAMRSA25

CAMRSA23

CAMRSA28

CAMRSA21

CAMRSA22

CAMRSA26

CAMRSA06

E-1

CAMRSALS

E-2

CAMRSA09

F-1

CAMRSAL17

F-2

CAMRSAI3

CAMRSAIS

G-2

CAMRSAO02

CAMRSAO3

CAMRSA04

CAMRSAOS5

CAMRSAI10

CAMRSA14

CAMRSALl6

CAMRSA19

CAMRSA24

e lleldkdial B las
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(l

1.
2.

it =)

AR ..g%% F% Acinetobacter baumannii 4 %] 3F £,

B 01 2 PFGE #%H)# & A baumannii 2 #13] -

IE R e

(1) #4421 AB 7

(2) =i : F# DNA X Apa | *» %15 2 PFGE i¢ 7 4 4] » £ £ # DNA
@ 7~ B] 12 BioNumerics $x88:8 7 4 47 2 A F|1 A 2. FF eagp i > 2K {38
i& 5 Tenover % ?i T A2 R4 BT RS 3] o & Fk PFGE &
1716 2 7 £ 4] 3% (fragment patterns) > F £ £ =7 i # £ RIGF 5 7
KA AR A 46 E BB &]?f % 7 I I 3| (Possibly related) ;
FARF=3FE > RIF 5 - #23(Closely related)

ANV S
4247 3 3R AB £ iF 874 170 4 WAL 11,19 2 38 chpE ke

HEr A ABRERZ39 %7 HAL 5 AP £ 16 4(%-); * fie & Dice &

VXL H Dice X388 T i k- #gA 0 F A TEEB T E A T

P TI8RN AR AEAl c BP ASE AT Y 5 2tkpEfA Lt e B

PAHEEG B3RP A R-ASET I B¥EE 8K 2P TR

- A2 1 HRE 2R GASCEFHEP T 23T 23R M

HEF®RAE A B3 F~P ) -
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Kb

436.5
388.0
339.5
291.0

242.5

194.0
145.5

97.0
48.5

- PFGE » 2 7 H |

d % 3 + 4 % 5 marker, TVGH AB 01, TVGH AB 02, TVGH AB 03, TVGH AB 04,

TVGH AB 05, TVGH AB 06, TVGH AB 07, TVGH AB 08, TVGH AB 09, marker,
TVGH AB 10, TVGH AB 11, TVGH AB 12, TVGH AB 13, TVGH AB 14, TVGH AB
15, TVGH AB 16, TVGH AB 17, marker -
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- um-:*_-ml-'-u.- t:.--,'_-i Kb

485.0
388.0

339.5
291.0

242.5
194.0

| 14555
97.0

48.5

®l- PFGE 4 2| & /A [l 2

4 % I 44 % % marker,, TVGH AB 18, TVGH AB 19, TVGH AB 20, TVGH AB 21,

TVGH AB 22, TVGH AB 23, TVGH AB 24, TVGH AB 25, TVGH AB 26, marker,
TVGH AB 27, TVGH AB 28, TVGH AB 29, TVGH AB 30, TVGH AB 31, TVGH AB
32, TVGH AB 33, TVGH AB 34, marker -
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4

(I B = = & R

-
-
-
hof
-
-
-

-

E I BLEE
1

Kl
v
E

S

'
)

]

PFGE ~ #| % * B 3 % 4

Bl=4d =3 + 4 % 5 marker,, TVGH AB 35, TVGH AB 36, TVGH AB 37, TVGH
AB 38,TVGH AB 39, marker, TVGH AB 40, TVGH AB 41, TVGH AB 42, marker °
B] 2z marker, TVGH AB 09, TVGH AB 11, TVGH AB 19, TVGH AB 38, marker -
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s 3 2

B8 5

£

TVGH AB 24

TVGH AB 25

TVGH AB 35

TVGH AB 20

TVGH AB 28

TVGH AB 29

TVGH AB 33

TVGH AB 34

TVGH AB 36

TVGH AB 02

TVGH AB 04

TVGH AB 15

TVGH AB 17

TVGH AB 08

TVGH AB 10

TVGH AB 31

TVGH AB 37

TVGH AB 39

TVGH AB 40

TVGH AB 09

TVGH AB 27

B-1

B-2

TVGH AB 22

TVGH AB 23

TVGH AB 32

C-1

C-2

TVGH AB 12

TVGH AB 14

D-1

D-2

TVGH AB 18

TVGH AB 30

E-1

E-2

TVGH AB 01

TVGH AB 03

TVGH AB 05

TVGH AB 06

TVGH AB 07

TVGH AB 13

TVGH AB 16

TVGH AB 21

TVGH AB 26

TVGH AB 41

TVGH AB 42

0| ZIZ R |~|Z|QlT
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Dice (Tl 1.0%-1.0%) (H=0.0% S>-0.0%) [0O%-100.0%]
AB

333

T™VGH AB15
TVGEH AB1T

TGH AB12
TVGH AB14
TViGH ABDM
TWVGH ABOG
TViGH AB42
TViGH ABDG
TVGH ABDS
TGH ABOT
TViGH AB18
TVGH AB30
TViGH AB16
TViGH AR
T™GH ABZ3
TVGH AB32



("ﬁ' [E3NN )
ATHL ¥ 2 MDR-AB 4 3147 &

1. P e 12 PFGE %5{“4]%?%&-%51‘%?\ MDR-AB £ 7173 o
2. HAg e

(1) 414 : 4 $ MDR-AB

R
1 2 3 4
5
e A %
NS R at’g + W # ag;ﬂ
R

(2) » i . /% DNA 5 Apal *» 2]t 2 PFGE &7 4 4] » £ #-DNA ©
7 B](B]— )2 BioNumerics 3§ :& (7 & 47 & & F1A| 2. & e4p B 14 ()
Z) > #R 18 iz 45 Tenover % ?ﬁiﬂ” rE AR EEHAAS T - Rk
PFGE 4 47 {é 2. % £ 3] ;% (fragment patterns) » % £ B =7 % & B > 7
A RaEal s F AR A 46 iF B B0 BIEF S 3 I I 3] (Possibly

related) ; & £ B &

IA

3 i 8B RIEF & - £73](Closely related) -

3. AAlES%
GABRTRALAZBAA HY 1,22 48 BATA R 24
P AZ A 3 RMAEEERBIZETBIE &SR
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Kb

388.0
339.5
291.0

242.5
194.0

145.5

97.0
48.5

®l- PFGE 4 3| T A B
A. d %3 % & % i marker, 1,2, 3, 4, marker °

B. ¥ % % + & 4| 2 marker, 3, 4, marker °

Dice (Tol 1.0%-1.0%) (H=0.0% S=0.0%) [0.0%-100.0%]
AB AB

65
Fo
F5
Fso
Fss
0
Fos
C100

eI SLABO!
| ee—— s 0
| “m . g SL AB 04

SL AB 03

Bl= & P13 B W
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(2 4)
Buffer % #

(1HPIV

IM NaCl, 10 mM Tris-HCI (pH 7.6) - % &= F s -
(2) 2% LMG % #

2g LMG(Certified Low Melt Agarose, BIO-RAD) per 100ml PIV » * % ¥

7 -

PAALCES

i~

i 53 10sec Fx A% > %> Overn F* (RT# A })
(3) Lysis buffer
IM NaCl, 100mM EDTA (pH 8.0), 6 mM Tris-HCI (pH 7.6), 0.5% SERVA,

0.2% sodium deoxycholate, Img lysozyme per ml °
(4)Lysis buffer for MRSA
IM NacCl, 100mM EDTA (pH 8.0), 6 mM Tris-HCI (pH 7.6), 0.5% SERVA,
0.2% sodium deoxycholate, 0.5% Brij 58, 1mg lysozyme per ml, 50ug
lysostaphin per ml °
(5) 10mg/ml RNase A % %
1. % # RNase solution
10mM Tris-HCI (pH 7.6), 15mM NaCl
2. #- 5ml <7 RNase solution #r » #3¥g 50mg Ribonuclease A (Sigma,
Product no R6513) 50mg p B iF R £355 » £ A %% 1.5ml #ic# o
#(# ¢ 05ml~1ml) » ¥ »-20C#H%F -
(6) 20mg/ml Lysozyme @ # (Fri#fe &)
B~ Iml PIV buffer ¥¥ 20mg Lysozyme powder Z /& £ 323 £ Ilmin> ¥
Aok EFR o
(7) Solution C
1% SERVA , 0.4M EDTA - 3§ &= Fis -

. 7 ey
wRIF e

bl

(8) 20mg/ml Proteinase K % #
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Iml 9 H20 £ 20mg Proteinase K> B R £353 {6 2 %3 1.5ml g &
Yoo d o B 20T T o

(9) REase buffer |
1x RE buffer (# 7 BSA)

(10) REase buffer II
1x RE buffer (7 BSA)% REase

REase :

Enterococcus, VRE, MRSA : Sma |

Escherichia coli, Klebsiella pneumonia, Chryseobacterium
meningosepticum : Xba |

Acinetobacter baumannii, Chryseobacterium indologenes : Apa I

B Fs % paper -
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Pulsed-Field Gel Electrophoresis, PFGE for G (-)

3P % 5}? B3
1 # # (LB broth) > O/N
2 s, 5000 rpm/ 4°C / 20mins
3 e ‘)ﬁ“?n’i’ » 4v ~ PIV buffer » ff?]}'x’i’ OD # & % 1.0~1.1
4 B~ 500ul i 0 4w > 8000 rpm/ 4°C /5 mins
5 |2 ¥ o 4~ 500ul PIV buffer ** § R s s 2 4o 3 o
6 % # 2% Low melting agarose (LMG): g %v_ »~S50°CHE4 0 Fi
# % plug mold (BIO-RAD) » #-% 52 638 » £ 3200 ul ;8 & {5 >
7 2~ plug mold > Pﬂf{r]fb 28/10min > 4°C / 20mins) » #-& 8
Plug 2~ 1115 » ¥ 3> 2ml s ¢ ¢
# ¥ 4 » 1.5 ml Lysis buffer # 12.5 ul RNase A (10mg/ml) > MREA e buffer E %
8 |, %+ 37°C/ 4hr £ fu(Overnight 7 7 ) - N
' 7+ ** buffer ® # (4)
9 3 “,% Lysis buffer ;2 & 4 > £ 4c » 6ml Solution C > p 7 25ul
Proteinase K (20mg/ml) » ¥ ** 50°C/ 16hr (Overnight) * &
2 ",% Solution C ;& & 4 » #-% ¢ Plug 4r » 10ml 7 1xTE buffer
§ 0 37°C/lhr ik 4 %
10 | (A) Ix TE (10ml) = (B) 10ml 1x TE + 100 pul 100mM PMSF
##£ 2% > (C) 1x TE (10ml)
Fets % IXTE Bt 4C& 2 428 T - H el o
11 BB 22 Plug B~ 2 ml i E g @ p
12 #5& ¢ 4e » 1.5ml 0 1x TE buffer » 37°C/30 » » & 4 =
13 #= # 4 » 1.5 ml £ 0.1x TE buffer - 37°C/30 & » &2 =%
14 | # ¢ 4 » 500ul REase buffer I > # % 37°C/30min
15 | #% ¢ 4 » 500pl REase buffer IT » 37°C/ ON*
16 #= 'g 4e » 1.5ml 1x TE buffer » % ** 50°C/1hr ;?‘-;;t 4 =%
17 ELA ? 4e »~ 1.5ml 0.1x TE buffer » ¥ 37°C/30min ‘}%“236 2 =
18 LA ? 4e »~ 1.5ml 0.5x TBE buffer » 37°C/30min - ‘}%"‘}36 1 =x
19 | @ # 2.2L 0.5x TBE buffer (Running buffer)
20 | HFEe#-2.2ml 4845 5 ~ PFGE % i g ) » & #oB B & 5 14
21 % 1% Agarose & > B 7R IAKE 2. 4% GEF Sml/50°C %48)
22 | #F g gl 2 Plug o 238 ~ T AR 2 wiE P (GLY)
23 #-3F F 11 5ml Agarose > 4 T T A F 0 FE 10min F 3 F
24 BT AT A M 0 3R % Autoalgorithm  start run
25 FRie BT AR EBrEd {p 24 20448 :13% 20~30
Ak o 30 PR 5 BIAL(TIFF $23%) » 2 BioNumerics 4" 17 % % ©
26 # ® 12 2.5L miliQ H20 ; i Fikis O MBPTIRRIC

=
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DearDr. #X R #HEE

& &3 3L SR JIMIND1-09-039- 8 B In-vitro synergistic antimicrobial effect of imipenem
and colistin against an isolate of multi-drug resistant Enterobacter cloacae. 3t
% B il 20200998 A 138 1A B4E £ 78 - da AR F R H MR Scientific

Communications&-1k » ¥ K2 A RATHERFERBELSAMB L2030 FAFTBHBES
# 4 + 4 % Original Article & # & #65007 » Case Report® #7 & %4500t - #5355 45 & B udn
BBEFAARERE P L TERBMASHS - MEAS R RI19416959 - E 5
ERHXZHE AL LAMST X CRETRRATANS)  HEHELOFEERZ0e

#4EAR - Fax: 02-23955072 » gk ikt if ik 2 @A L P14 -

Mok ekt IPRER
B34 ¢ #{= (Po-Ren Hsueh)
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L

€5 Tainan Municipal Hospital
Chmmwmmmww Infections in the
Intensive Care Units & &, @42, @EE, M, g
EEEIM LETIHE EEmEN SR BRE NS FARSTLHERTHS

# Chrzechacsrium iz a group of non-glucoze—fermenting gram-negative bacilli widely diztributed in natural eminonment
# There have been no publications specifically studyving Chiys=obacterivm infections among int=nzive care patients
» Antimicrobial susceptibility data on Chryssobacterium spp. remain limited 6l now

[Purpose T

[N Investigate the clinical characteristics of Chryseobactesdum infections in intenzive care unit 4CLA

[ Determine mode of infection

Bl i3=rmify sRective amimicrobial agents

ods

o Puiewed 22 patients whe acguired Chryseobacierium infections during haspitalization in ICU of a teaching
hospital over 2 4-year period
B Anzlyzed clinical characsmristics between surivors and death:

a Phenotypic identification: of izolates: uze commercial AP| 20ME identification system (Biofieriews, VMancy -1 Evaile,
Fram:velanli were confirmed by BD Phoenix Automated Microbiclogy System tBecbn Dickinzen)

I Environmental surveillance in the study period

A DA fingerprinting by pulzed-ield gel elecirophoresiz (PFGE): to determine the spidemiclogscal relabednes: of izolates
B Antmicrobial suzceptibifity: uze an auomatc broth microdiution test and E-best sirips

[Resut= 7]

) Characteristics of ICU-acquired Chryseabacterum infections:

# The incidence was 0.3% (212/ 7868)

@ Accounted for 78% (21 26) of the total nosocomial Chrysecbacterum infections

® Had significantly higher martality (OF, 14; 55% I, 1.37-143; p=0.032} than non- {CU-acquired

® The most commeon site of infection was blsodstream (91%: followed by the lung (9%

# All patients had indwelling devices, including endotracheal tube and central venows catheter

@ Eight patients (360 died of saptic shock caused by thess organi l'ikl.:“_ = frgiz betueen mumiies
(2] w :idmld:nshﬁ between survivors and N — B — e
(Table - |
. Tlmewuennslywﬁ'-ﬂm iHerences in age. gender the e .,_: __.l ]
presence of indwelling device, Chryseabacterium pp., e i = e
length of ICU stay, and APACHE I score ey —
® Fatientz with underlying malignancy (OR,13; 95% C1, 1.47-115; '“"'Tn' i et el
e T PR wae  sme  sen wem
p=0.039) hid!llrrfﬁﬂl!'} hlgh:r.mliy s iz
) DMA fingerprinting by PFGE (Figure 11 can A T
® lzolates from 18 patients (B29%) showed diverse DA fingerprints . FaFRTE :; .L :: :
® Environmentzal cultures vielded 2 izolates of & indologenes il e
# One environmental izolste (Mo, 34) from remcte control'z sitr e o e
zurface had the zame DMA fingerprints as izolates from 2 _M iri A ot
patients (M. 23 & 261 = e e
#® Ancther environmentzl izolate (Na. 32) from health care [ i TEg | ey map
worker's hands had the same DNA fingerprints as isolates s =i m
from 2 patients (Mo 19 & 200 PRI T ) Taw  wEs  eEw
s - i
Figare 1. PFCE fr of |7 salxes of L. Lo L fram
et £ U, ot s oot L, e 8 e | § B
ationts jn genes’ ward) B VT S i amre wnsh i

© Antimicrobial susceptibiliny (Table 21 | ===

# PResiztance to the f-lactams, carbapenems, i W, Mw WI R | e K.
amincglycosides, and vancomycin L T T S I )
# Tigecycline echibited poar activity againz: e ': ': ': : : '::: ':
the organizms (=25% susceptibility) e B | M Hi
. meningosepticum showed slightly higher | [#—= s am e 5 i) aee
1 cmcqlﬂuliymlnuﬂ - Errram ey e
ISiB%anc?ziéq‘b:lmhnfm;::wndmC r"'__ :'_E': _: E -:‘ :.I: ; E _5 ,: E
® The mast active agents were minocycline I
{100% cuzceptibility) and b BE-l BN m2 im @ | mme . T om a
imethopri ATAAP-501Z) Tr e awe G ma v sMAE g oam w
=92.3% suzceptibility) — - T e ;| em I ®
: Tl 13 3 4 w| 3w w  w @ m|
(Gancsad =
ICU-. ired Chryzesbacterum infections can l=ad to a high momnality rate

common site of Chrysecbactenum infections in ICU patient was bloodstream
B} Device-azsociated bloodstream infection with septic shock was the major cauze of death
4] I'h:lﬂ})t:re\\vrﬁo:r. hand: were the zources of infection
a- 1|nﬂt“:|y!a&ﬂﬂuﬁ-ﬂﬂﬂﬂh.ﬂmﬂahmhm&mwmnm

s
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i L

N:50 MR CHAMRARE Ry LRAad N:30 AR E
PDR-AB 186 31 3l CA-AmpC-EC 30
CR-AB 68 3 8

MDR-AB (IMP-S) 168 17 17 (8) N:20

AmpC-EC 63 18 20
AmpC-KP 21 7 20
ESEC 50 14 30
ESKP 172 43 43

ESBL-Eunterobacter 71 15

ESBL-Proteus 0 0

ESBL-Serratia 9 0

Psendomonas aeruginaesa (CAZ-R) 80 3 CA7Z: Ceftazidime

Steno. Maltophilia (CAZ-R) 126 6 AM: Ampicillin

MRSA 200 36 30 IMP: Imipenem
Enterococcus (AM-R) 127 50 50 ESBL: CAZ-I'R

OO L B £y P4y

WhE E b B AV A #H

C. indologenes 17 17
C. meningosepticum 19 19
VRE 7 7
AB & XDR-AB 63 56

2 5

2 5
2 5
2 5

Total class-1 class-2 class-3

MDR-AB & 5k 37%.F% P9 8, 4 17 17 0 0
JE B A AL 3 73 73 0 0
CR-AB . #k3%rr A 4 8 8 0 0
IR PSR 3t 27 27 0 0
PDR-AB & sk i 31 31 0 0
IR PSR 3t 100 100 0 0
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& #F 1 8 1 Chryseobacterium meningosepticum g 4 3 4

1. B #y: el PFGE &5) & & F & § 9 C meningosepticum #.H# -
2. H#H#EF &
(1) #H# 019 &% C. meningosepticum & - L f &% % Chry 1 ~ Chry 17 & Chry 2-18,19 -
(2) Fik @ ek DNA f2 Xba [ 4 848 oo PFGE it #7440+ B 05 DNA E 5 B x4 BioNumerics
PRE AT AT A SR E A B ahdn R - AR R Tenover 2R gk SR EE
g - & Wk PFGE 447 = R B8 & (ragment patterns) - 28 =7 ¢ h & » Bl
TR FERGHACHRRE MRATREA FERLS =GR A MRAR
— R
I MR
A B A R(E—AR 193 TE s & A~K 4 1 $(& —) - L+ Chry 07, 10, 11,
14,152 2-18 B E —REAA) Chry 04 2 09 & F —LEU(B): @ CARE DA &4 8
EAREZEY - Chry03 LB P E B G149 - Chry 17 £ B4 B » C24 1 & Chry 08 £ &
AR D14 Chry 16 REA B4 D24 5 Liels B E~K A -

Kb
388.0
335.5
291.0
242.5

124.0

145.5

97.0

48.5

B — PFGE 4 A E kB 1
# & % # 4 % % marker, Chry 01, Chry 02, Chry 03, Chry 04, Chry 05, Chry 06, Chry 07,
Chry 08, Chry 09, marker, Chry 10, Chry 11, Chry 12, Chry 13, Chry 14, Chry 15, Chry 16,
Chry 17, marker -
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Kb

339.3
291.0

242.5

154.0

145.3

97.0

48.5

@ — PFGE 4 A0 ik 2
th £ £ 7 4 % &% marker, Chry 01, Chry 02, Chry 03, Chry 04, Chry 05, Chry 06, Chry 07,
Chry 08, Chry 09, marker, Chry 12, Chry 13, Chry 14, Chry 15, Chry 16, Chry 17, Chry 2-18,
Chry 2-19, marker -

i 6 4 5% mEa
Chry 07
Chry 10
Chry 11
Chry 14
Chry 15
Chry 2-18
Chry 04
Chry 09
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