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Abstract

This study was conducted to evaluate the relationship between antimicrobial resistance and antimicrobial use in a university hospital
in Taiwan. Disk susceptibility data dfscherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Serratia marcescens, Proteus Spp.,
Pseudomonas aeruginosa, Acinetobacter Spp., Stenotrophomonas maltophilia and other non-fermentative Gram-negative bacilli causing
nosocomial infections were evaluated. Data on annual patient-days and annual consumption (defined daily dose (DDD) per 1000 patient-
days) of extended-spectrum cephalosporins (cefotaxime, ceftriaxone, ceftazidime, flumoxef, cefepime and cgigimotag);3-lactamase
inhibitor combinations (ticarcillin/clavulanic acid and piperacillin/tazobactam), carbapenems (imipenem and meropenem), aminoglycosides
(amikacin, gentamicin and tobramycin), fluoroquinolones (ciprofloxacin (oral and injectable) and oral levofloxacin and moxifloxacin) from
1991 to 2003 were analysed. Increasing trends of incidences of several of these bacteria causing all nosocomial infections or nosocomial
bloodstream infections were noted from 1991 to 2003. The annual patient-days of the hospital significantly increased, from 360210 in 1991
to 672676 in 2002 (linear regression analy$1s;0.05), but slightly decreased in 2003 (629 168) owing to the severe acute respiratory
syndrome epidemic in Taiwan. The rise in cefotaxime-resistant or ciprofloxacin-redistaitand meropenem-resistaRtaeruginosa was
significantly correlated with increased consumption of extended-spectrum cephalospdaosm--lactamase inhibitor combinations,
carbapenems, fluoroquinolones and aminoglycosides (for ciprofloxacin-redistaitand meropenem-resistaRtaeruginosa only) in the
hospital (Pearson’s correlation coefficient; 0.72 (or <-0.72) andP-value <0.05). Increased ciprofloxacin-resist&npneumoniae and
meropenem-resistadtinetobacter spp. was significantly associated with the increased usage of extended-spectrum cephalosporins but not
with the other four classes of antibiotics. This 13-year study in a hospital demonstrated significant changes in antimicrobial use, which may
have affected antimicrobial resistance in certain Gram-negative bacteria at the hospital.
© 2005 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction

Antimicrobial resistance is an increasing threat in hos-
mpondmg author. Tel.: +886 2 2312 3456x5363; pitaliged patients, and both mortality an_d .morb.idity from
fax: +886 2 2322 4263. infection are greater when caused by antimicrobial-resistant

E-mail address: hsporen@ha.mc.ntu.edu.tw (P.-R. Hsueh). bacteria[1-4]. Among these resistant bacteria, extended-
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spectrum  cephalosporin-resistant ~ Enterobacteriaceaecoli, Kilebsiella pneumoniae, Enterobacter cloacae, Serraba
carbapenem-resistaRkeudomonas aeruginosa andAcine- marcescens, Proteus Spp., P. aeruginosa, Acinetobacter
tobacter baumannii, and ciprofloxacin-resistant Entero- spp., Stenotrophomonas maltophilia, and NFGNB other
bacteriaceae and non-fermentative Gram-negative bacillithan P. aeruginosa, Acinetobacter spp. andS. maltophilia
(NFGNB) are of great concern because antimicrobial therapy (Pseudomonas fluorescens, Pseudomonas putida, Acine-
for infections due to these resistant pathogens remains atobacter junii, Acinetobacter haemolyticus, Acinetobacter
clinical dilemma in hospitalised patierfts-11]. Increases in Iwoffii, Burkholderia cepacia, Chryseobacterium indolo-
the prevalence of these resistant pathogens in hospitals argenes, Chryseobacterium meningosepticum andAlcaligenes
frequently related to the high selective pressure of antimicro- spp.) (hereafter ‘other NFGNB’). These isolates were
bials commonly used in hospitalised patients, particularly non-duplicate samples, as several isolates of each species
extended-spectrum cephalosporisjactam--lactamase  from each patient recovered with 7 days were considered one
inhibitor combinations, carbapenems, fluoroquinolones isolate. Isolates were identified by conventional biochemical
and aminoglycoside$12—20] Importantly, susceptibility  tests as well as by two commercial identification kits, VITEK
profiles of nosocomial pathogens are affected not only by Identification cards (bioMerieux, Hazelwood, MO) and
a single agent but also by use of multiple agg@ty. The Phoenix System (Becton Dickson, Sparks, MD), if necessary.
higher resistance of organisms to some antimicrobial agents
is frequently associated with heavy use of fewer antimicro- 2.3. Antibiotic consumption
bials [12—-22] Understanding the hospital antibiogram and
hospital profile of antimicrobial use is mandatory in solving Data on annual consumption of extended-spectrum
the problem of antimicrobial resistance in hospitals. cephalosporins (cefotaxime, ceftriaxone, ceftazidime,
This report aims to evaluate antimicrobial usage and flumoxef, cefepime and cefpiromej;lactam-8-lactamase
antimicrobial resistance trends for prominent nosocomial inhibitor combinations (ticarcillin/clavulanic acid and
Gram-negative pathogens from 1991 to 2003 at a univer- piperacillin/tazobactam), carbapenems (imipenem and
sity hospital in Taiwan. For each antimicrobial-resistant meropenem), aminoglycosides (amikacin, gentamicin and
pathogen, annual resistance rates and the usage of a singlbramycin) and fluoroquinolones (ciprofloxacin (oral and
agent and several classes of agents were analysed. injectable) and oral levofloxacin and moxifloxacin) from
1991 to 2003 were obtained from the Pharmacy Department
of the hospital. Antibiotic consumption was expressed as the
2. Materials and methods number of defined daily doses (DDDs)/1000 patient-days)
[24].
2.1. Setting
2.4. Trends in resistance
National Taiwan University Hospital (NTUH) is a tertiary
referral centre and a university-affiliated hospital with 2000 To determine the secular trend of resistance in major
beds. There were 175 beds in the intensive care unit and 150Gram-negative pathogens causing nosocomial infections at
beds in the haemo-oncology ward of this hospital during the NTUH, data on the disk diffusion susceptibilities of these
study period. The Nosocomial Infection Control Committee organisms recovered from 1991 to 2003 were retrieved from
of the hospital was established in 198Q. Prior to 2004, the annual summary documd@b]. To calculate the resis-
no specific and well-established antibiotic control polices tance rates, isolates of each species with identical resistance
were implemented at the hospital. All attending physicians profiles recovered from each patient within 7 days were calcu-
at the hospital can prescribe nearly all antimicrobial agents lated once (non-duplicate isolates). Screening for extended-
(except for liposomal amphotericin B, voriconazole, caspo- spectrump-lactamase (ESBL) phenotypes amohgcoli
fungin, linezolid and ganciclovir) without the permission of andK. pneumoniae isolates began in 20J26]. Escherichia

the infection disease specialists. coli and K. pneumoniae isolates with an inhibition zone
diameter for cefotaxime (30g disk) or aztreonam (30g

2.2. Incidence of nosocomial infections caused by disk) of <27 mm were subjected to the ESBL confirma-

Gram-negative bacteria tion method using the following four antimicrobial disks:

cefotaxime (3Qug), cefotaxime/clavulanic acid (30/1@

Definitions for nosocomial infections followed the disk), ceftazidime (3Q.g disk) and ceftazidime/clavulanic
National Nosocomial Infections Surveillance guidelines acid (30/1Qug disk). The results were interpreted based on
[23]. Annual incidences of several major Gram-negative the National Committee for Clinical Laboratory Standards
bacteria causing all nosocomial infections (bloodstream, (NCCLS) criteria[26].
respiratory tract, urinary tract, gastrointestinal, surgical = Regular quality assurance was performed among isolates
site, and skin and soft tissue infections) and nosocomial processed using the following American Type Culture Col-
bloodstream infections were expressed as episodes pefection (ATCC) strainsk. coli ATCC 25922 K. pneumoniae
10000 discharged. These organisms includecherichia ATCC 70063 (for confirmation testing of ESBL-producing
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strains) andP. aeruginosa ATCC 27853. Isolates were were considered statistically significant. The autoregressive
classified as susceptible or resistant (including intermediateintegrated moving average (ARIMA) model was used to
category) according to the NCCLS critefi2b,26] demonstrate the time series of antimicrobial resistance and
antimicrobial use (cefotaxime resistancefincoli and cef-

2.5. Statistical analysis tazidime resistance iR aeruginosa) [27,28]

Pearson’s correlation coefficient was used to determine
the relationship between antibiotic consumption and trends 3. Results
in resistance. Linear regression analysis was used to anal-
yse the trend of hospital patient-days and the trends of rates3.1. Incidence of nosocomial infections
among Gram-negative pathogens causing all nosocomial
infections and nosocomial bloodstream infections withtime. ~ Annual rates of major Gram-negative bacilli causing all
Trends of annual resistance rates to each antimicrobial agennhosocomial infections and nosocomial bloodstream infec-
for microorganisms were performed using Durbin—Watson tions are shown irFig. 1A and 1B, respectively. FoA.
statistics. An-value >0.72 (or <0.72) and &-value <0.05 baumannii, a 3.6-fold increase in nosocomial bloodstream
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Fig. 1. Incidence (episodes per 10 000 discharged) of (A) all nosocomial infections and (B) nosocomial bloodstream infections caused by megati@eam-n
bacilli isolated from patients treated at a university hospital in Taiwan from 1991-2003. NFGNB, non-fermentative Gram-negative bacilli.
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Table 1
Trends of incidence rates among Gram-negative pathogens causing all nosocomial infections and nosocomial bloodstream infections at National Taiw
University Hospital, 1991-2003

Microorganism All nosocomial infections Nosocomial bloodstream infection
r P r P

Escherichia coli 0.850 <0.001 0.846 <0.001
Klebsiella pneumoniae 0.696 0.008 0.829 <0.001
Enterobacter spp. 0.013 0.968 0.669 0.012
Serratia Spp. 0.555 0.049 0.810 <0.001
Proteus spp. 0.628 0.096 0.912 0.002
Pseudomonas aeruginosa 0.367 0.005 0.904 0.006
Acinetobacter Spp. 0.730 0.218 0.729 <0.001
Stenotrophomonas maltophilia 0.778 0.113 0.730 0.161
Other NFGNB 0.758 0.003 0.258 0.395

NFGNB, non-fermentative Gram-negative bacilli.
* Statistically significant association¥0.72,P < 0.05).
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Fig. 2. (A) Annual patient-days and (B) annual consumption (defined daily dose (DDD) per 1000 patient-days) of five classes of antimicrobial agents and
resistance trends for five drug/organism combinations at a university hospital in Taiwan from 1991-2003.
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infections was noted (7.5 episodes/10000 discharges in
1991 versus 27.1 episodes/10000 discharges in 2003),
along with a 2.1-fold increase in all nosocomial infec-
tions (24.5 episodes/10 000 discharges in 1991 versus 50.8
episodes/10 000 discharges in 2003). There was a 2.2-fold
increase in other NFGNB causing nosocomial bloodstream
infections (4.9 episodes/10000 discharges in 1991 versus
10.7 episodes/10 000 discharges in 2003). Among the eight
Gram-negative bacterial species and other NFGNB isolates,
trends of increased incidences were significant@.72 and

P <0.05) amond-. coli and other NFGNB causing all noso-
comial infections, and among coli, K. pneumoniae, Serra-

tia Spp.,Proteus Spp.,P. aeruginosa andAcinetobacter spp.
causing nosocomial bloodstream infectiomalfle J).

3.2. Annual antibiotic consumption

The annual patient-days of the hospital significantly
increased, from 360210 in 1991 to 672676 in 2002 (linear
regression analysi® < 0.05), but slightly decreased in 2003
(629 168) owing to the severe acute respiratory syndrome
epidemic in TaiwanKig. 2A). Table 2shows the annual con-
sumption of several commonly used antimicrobial agents,
and Fig. 2B illustrates the annual consumption of five
classes of agents from 1991 to 2003. In general, the usage
of each individual antimicrobial agent varied with years.
A significant stepwise increase in consumptior» Q.72
and P<0.05) was found for piperacillin/tazobactam,
cefepime, meropenem and ciprofloxacifaljle 3. Antibi-
otics with significantly decreased annual use in the past
4 years (2000-2003) were amikacin and sulphamethox-
azole/trimethoprim < —0.72 andP <0.05). For the five
classes of agents, a 4.2-fold, 5.1-fold and 801.3-fold increase
in usage was noted for extended-spectrum cephalosporins,
carbapenems and fluoroquinolones, respectively, in 2003
compared with 1991. An 8.8-fold increase in usage of
B-lactam-B-lactamase inhibitor combinations was noted in
2003 (19.55 DDD per 1000 patient-days) compared with
1994 (2.22 DDD per 1000 patient-days).

3.3. Relationship between antibiotic consumption and
rates of resistance

In 2003, the overall rate of resistance to cefotaxime was
22.7% InE. coli and 25.1% inK. pneumoniae. However,
based on the NCCLS guidelines for ESBL confirmation test-
ing [26], the rate of ESBL-producing isolates &f coli
and K. pneumoniae in 2003 was 14.2% and 14%, respec-
tively. Table 3shows the trends of resistance rates among
Gram-negative pathogens. A significant increase in resis-
tance rate with timer(>0.72 andP < 0.05) was found for
cefotaxime- and ciprofloxacin-resistaht coli, cefepime-
and ciprofloxacin-resistantk. pneumoniae, cefepime-
and meropenem-resistank. aeruginosa, ceftazidime-,
piperacillin/tazobactam-, gentamicin- and amikacin-resistant
A. baumannii, and cefepime- and piperacillin/tazobactam-

Table 2

Annual consumption of several representative antimicrobial agents at National Taiwan University Hospital, 1991-2003

Correlation

Antibiotic consumption (DDD/1000 patient-days) by year

Antimicrobial agent

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 P
0.206

1992

1991

0

9.13 13.24 15.83 23.03 25.25 24.50 19.04 18.65 15.55 14.35 14.74 13.81

7.94

Ceftazidime

6.57 10.17 16.22 0.968 0.016

4.88

Piperacillin/tazobactam
Ticarcillin/clavulanic acid

Cefepime

0.03
0.028

0.601
0.994

3.33

39.37

8.31 5.20
35.17

22.88

5.32 7.95
14.72

2.46 3.38 6.48
0.92 7.75

0.86

2.21

6

73

0.560 0
0.943 0°005
29.50 0.851"

19.11
34.36

10.39

23.275
26.78
42.21

12.00
6.63

14.9
10.10 11.28

14.95
20.61
22.86

11.58
3.40 5.66

11.305 1151 14.125 16.81 13.21 9.24 12.09
0.10

5.75

Imipenem

Meropenem

<0.001

25
24.26

14.98
20.04
71.25
5.78

12.19
15.38
58.33
6.82

9.24
13.86
52.79
6.

13.21
25.84

16.81

14.12

14.13
10.80

11.51
7.32
10.00

13.2

11.31
5.18
10.46
13.62

5.75
0.32
13.71
12.7

Imipenem + meropenem

Ciprofloxacin
Gentamicin
Amikacin

* <0.001

0.916

45.75 35.00 0.702 0.004
6-19.867

5.63

48.83

30.96
13.53

24.25

12.64

15.00
13.71

<0.001

5.84

76

325.47 229.51  296.22 284.14 166.11 274.32  293.74 264.62 219.2 208.77 131.11  -IBBAH3 0.002

305.43

Sulphamethoxazole/trimethoprim

DDD, defined daily dose.

Statistically significant association¥0.72,P <0.05).

*
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Trends of resistance rates among Gram-negative pathogens causing nosocomial infections at National Taiwan University Hospital, 1991-2003

Organism/antimicrobial agent Antimicrobial resistance (%) by year

Correlation

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2803 P
Escherichia coli
No. of isolates 112 161 180 204 230 196 284 282 313 356 409 415 434
Cefotaxime 3.1 2.6 5.3 5.7 8.5 6.7 8 6.1 174 194 225 189 227 0.918 <£0.001
Cefepime - - - - - - - - 8.4 102 111 6.9 8.5 —-0.297 0.314
Piperacillin/tazobactam - - - - - - - - - - 8.9 12.7 127 0.866 0.167
Ciprofloxacin - - - - - - - - 268 290 341 329 373 0.946  0.008
Gentamicin 23.8 304 360 320 454 425 36 365 377 364 376 340 346 0.327 0.138
Klebsiella pneumoniae
No. of isolates 113 1212 144 170 184 167 198 232 228 267 285 350 382
Cefotaxime 5.6 84 188 21.0 226 140 26.0 284 198 179 206 283 251 0.68 0.005
Cefepime - - - - - - - - 89 136 181 225 18 0.83  0.041
Piperacillin/tazobactam - - - - - - - - - - 195 151 159 -0.768 0.221
Ciprofloxacin - - - - - - - - 89 16.2 202 288 231 0.868 0.028
Gentamicin 154 175 248 235 250 187 273 328 254 173 217 311 19.7 0.31 0.151
Enterobacter cloacae
No. of isolates 117 155 124 126 161 197 235 222 203 236 289 244 276
Cefotaxime 447 480 504 483 519 63.0 605 627 627 489 601 587 513 0.498 0.042
Cefepime - - - - - - - - 7.8 7.6 106 16.2 9.2 0.512 0.189
Piperacillin/tazobactam - - - - - - - - - - 307 348 293 -0.245 0421
Ciprofloxacin - - - - - - - - 6.4 158 145 195 154 0.712 0.089
Gentamicin 380 374 322 222 222 345 342 396 356 297 341 299 260160 0.300
Amikacin 226 219 192 7.9 56 128 188 186 239 132 236 17.6 16:0.07 0.410
Serratia marcescens
No. of isolates 24 15 29 24 17 29 41 70 70 63 72 64 61
Cefotaxime 28.6 83 120 208 176 344 512 571 611 452 347 381 410 0.635 0.010
Cefepime - - - - - - - - 5.6 6.0 9.2 9.5 6.6 0.474 0.210
Piperacillin/tazobactam - - - - - - - - - - 231 26 23.9 0.267 0.414
Ciprofloxacin - - - - - - - - 324 333 200 30.6 30.0-0.222 0.360
Gentamicin 11.8 20.0 115 125 118 345 488 514 400 403 253 266 311 0.542 0.280
Amikacin 23.8 133 111 125 0.0 103 359 232 20 17.7 11.1 109 13:0.019 0.476
Proteus spp.
No. of isolates 30 29 24 36 37 40 57 51 68 68 84 64 86
Cefotaxime 0.0 0.0 9.1 0.0 8.1 25 1.8 3.9 3.3 15 1.2 4.7 5.9 0.168 0.292
Cefepime - - - - - - - - 0.0 1.6 0.0 0.0 2.3 0433 0.233
Piperacillin/tazobactam - - - - - - - - - - 2.7 0.0 0.0 -0.866 0.167
Ciprofloxacin - - - - - - - - 6.2 5.9 7.1 4.7 14.0 0.617 0.134
Gentamicin 214 241 13 25 108 175 182 373 191 269 25 234 244 0.334 0.132
Amikacin 0.0 0.0 4.3 0.0 0.0 25 1.8 5.9 15 15 1.2 1.6 35 0.322 0.141
Pseudomonas aeruginosa
No. of isolates 179 204 230 243 231 255 309 324 372 358 376 357 369
Ceftazidime 136 224 188 9.2 103 11.7 84 101 122 9.3 103 115 96578 0.019
Cefepime - - - - - - - - 6.0 8.9 9.3 121 116 0.934 0.010
Piperacillin/tazobactam - - - - - - - - 234 110 100 150 17.0-0.259 0.337
Meropenem — - — - — - — - 6.4 9.2 9.4 13.0 16.7 0.969 0.003
Ciprofloxacin - - - - - - - - 8.2 9.5 6.4 11.6 16.1 0.759 0.068
Gentamicin 198 264 209 142 189 134 227 202 159 176 123 151 130598 0.016
Amikacin 13.3 176 134 7.9 9.6 6.7 123 8.0 7.1 6.5 4.8 7.3 4.90.803 <0.001
Acinetobacter baumannii
No. of isolates 75 76 103 74 103 106 132 158 170 302 294 272 356
Ceftazidime 243 139 213 174 212 175 345 378 524 473 498 443 479 0.871 "<0.001
Cefepime - - - - - - - — 485 462 430 458 46.5-0.353 0.280
Piperacillin/tazobactam - - - - - - - - 408 411 43.0 452 486 0.962 0.004
Meropenem - - - - - - - - 222 215 236 245 242 0.853 0.033
Ciprofloxacin - - - - - - - - 46.2 422 449 487 489 0.673 0.106
Gentamicin 208 184 268 176 255 179 336 405 494 470 532 531 542 0.921 "<0.001
Amikacin 19.4 158 196 141 129 6.7 223 30.1 47.0 444 407 439 449 0.825 <0.001
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Table 3 Continued)
Organism/antimicrobial agent Antimicrobial resistance (%) by year Correlation
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 P
Stenotrophomonas maltophilia
No. of isolates - - - - - - - - 65 82 94 89 121
Ceftazidime - - - - - - - - 60 375 50 47.2 56.6 0.052 0.467
Cefepime - - - - - - - - 806 79 89.4 921 899 0.841 0.037
Piperacillin/tazobactam - - - - - - - - 70.6 787 831 841 8938 0.968 0.003
Ticarcillin/clavulanic acid - - - - - - - - 474 293 393 326 429-0.122 0.423
Ciprofloxacin - - - - - - - - 152 26.8 554 364 217 0.228 0.356
Sulphamethoxazole/trimethoprim — - - - - - - - - 159 108 26.7 26.9 0.785 0.107
Other NFGNB
No. of isolates 91 80 111 122 132 132 100 78 63 104 97 178 113
Ceftazidime 354 46.2 188 434 355 40 495 468 35 376 452 349 357 0.106 0.366
Cefepime - - - - - - - - 257 346 341 356 301 0.377 0.266
Piperacillin/tazobactam - - - - - - - - 118 223 308 272 182 0.375 0.267
Meropenem - - - - - - - - 296 408 537 427 578 0.683 0.159
Ciprofloxacin - - - - - - - - 447 349 381 438 31.9-0.476 0.209
Gentamicin 738 759 829 802 687 71 227 744 683 69.2 732 802 690001 0.371
Amikacin 61 731 755 731 569 639 123 8 57.1 59.6 68 70.6 65:8.109 0.361

NFGNB, non-fermentative Gram-negative bacilli (other tffameruginosa, A. baumannii andS. maltophilia).

* Statistically significant association¥ 0.72 or <— 0.72,P<0.05).

resistantS. maltophilia. A significantly increased suscepti-
bility with time (r<—0.72 andP <0.05) was found to cef-
tazidime and amikacin faP. aeruginosa (Table 3.

increased incidence of ciprofloxacin-resistaft coli
(r=—0.9221, P=0.0258) and meropenem-resistatit
aeruginosa (r=-—0.9082, P=0.0264). An increase in

Relationships between rates of resistant Gram-negativemeropenem-resistamtcinetobacter spp. was significantly
pathogens causing nosocomial infections and the annualassociated with increased usage of extended-spectrum

consumption of the corresponding antibiotic in the hospi-
tal from 1991 to 2003 are shown ifable 4 Significant

cephalosporins r0.9316, P=0.0212) and carbapenems
(r=0.9026,P =0.0412) but not with the other four classes of

positive associations (increased resistance associated wittantibiotics. The relationships between rates of ciprofloxacin

increased consumptiom¥ 0.72 andP < 0.05) were found in
cefotaxime- and ciprofloxacin-resistafit coli, cefotaxime-
and gentamicin-resistans. marcescens, ciprofloxacin-
resistant P. aeruginosa, and piperacillin/tazobactam-,
amikacin- and meropenem-resistantbaumannii. Signif-
icant negative associationg<{—0.72 andP <0.05) were
found in cefepime- and gentamicin-resistanbaumannii.
The rise in cefotaxime-resistarf. coli was signif-
icantly correlated with the increased consumption of
extended-spectrum cephalosporins 0.8409,P <0.0001),
B-lactam-B-lactamase inhibitor combinationsg £0.9148,
P<0.0001), carbapenemsr=0.8929, P<0.0001) and
fluoroquinolones (=0.8877, P<0.0001). The rise in
cefotaxime-resistamk. pneumoniae was significantly asso-

resistance irK. pneumoniae andP. aeruginosa and the five
classes of antimicrobials were not significant.

3.4. Time series analysis with ARIMA model

Table 5shows ARIMA and transfer function models for
estimating the percentage of cefotaxime resistance among
E. coli isolates. An increase of 1 DDD/1000 patient-days for
cefotaxime resulted in an increase of 0.98% in the cefotaxime
resistance rate. A forecast of cefotaxime resistanée énli
and ceftazidime resistance m aeruginosa up to 2011 is
shown inFig. 3. In 2011, the predicted cefotaxime resistance
percentage faF. coliis 36.3% (95% confidence interval (Cl),
26.6-42.5%) and the predicted ceftazidime resistance per-

ciated with the use of extended-spectrum cephalosporinsCentage fol: aeruginosa is 8.79% (95% Cl, 3.9-10.6%).

(r=0.7223,P=0.0281) and fluoroquinolones £0.7810,
P<0.0373) only. The increase in rates of ciprofloxacin-
resistantE. coli and meropenem-resista®t aeruginosa
was significantly correlated with increased consumption of
extended-spectrum cephalosporins 0.89446,P =0.0404
and r=0.9283, P=0.0218, respectively),p-lactam--
lactamase inhibitor combinations-£0.9323, P=0.0209
and r=0.8991, P=0.0379, respectively), carbapenems
(r=0.8933,P=0.0412 andr=0.9283,P=0.0218, respec-
tively) and fluoroquinolonesrE0.9612, P=0.0091 and
r=0.9523, P=0.0124, respectively). Decreased use of
aminoglycosides was significantly associated with an

4. Discussion

This study regarding the association between antimicro-
bial resistance in Gram-negative bacteria that cause nosoco-
mial infections and antibiotic use at a Taiwanese teaching
hospital with an increase of annual patient-days during a
13-year period discloses three important points. First, the
incidence of nosocomial bacteraemia due to the major Gram-
negative bacteria generally increased over time. Notable
trends in antimicrobial usage demonstrated sharp increases
in the use of piperacillin/tazobactam, cefepime, ciprofloxacin
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Table 4

Relationship between annual consumption of individual antibiotics and rates of key resistant Gram-negative pathogens causing nosoconsiaitiNfgitinal Taiwan University Hospital, 1991-2003

Other

Stenotrophomonas
maltophilia

Acinetobacter
baumannii

Pseudomonas

aeruginosa

Proteus spp.

Serratia

Enterobacter
cloacae

Escherichia Klebsiella
coli

Antimicrobial agent

NFGNB

marcescens

pneumoniae

0.480 0.097 0.437 0.136 0.777 0.002 0.011 0.971

0.002

0.764

Cefotaxime

0.327 0.591 0.245 0.420
0.25 0.684 0.601 0.284
—0.587 0.413

0.980
0.012

0.008
—0.952

0.045

—0.543

Ceftazidime
Cefepime

0.82

0.142
0.931

0.814

0.33D.147
0.921 —-0.784

0.919 0.555
0.124

0.064
0.535 —0.303

0.576
0.469

0.345
—0.667

0.114
0.426

0.787
0.784

0.007 0.963 0.037

0.993

0.069

0.426

Piperacillin/
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tazobactam
Ciprofloxacin
Gentamicin
Amikacin

—-0.627 0.257

—0.404

0.968

0.238 —0.025

0.005

0.049 0.647

0.388
0.037

0.090 0.881
0.241 —0.261

0.819

0.361 —0.069 0.912

0.036 0674 0.212 0.527

0.903
0.342

0.171

1

-0.721

<0.000.350
0.206 —0.322

0.109 0.260 0.391 0.851
—0.264 0.384 —0.376

0.465

0.252

0.183
0.214

0.394
0.786

<0.001 1

0.896

0.283 —0.581

0.899 0.038

0.127

0.771

Meropenem

0.424

—0.470

Ticarcillin/clavulanic

acid
Sulphamethoxazole/trimethoprim

0.063

—0.937

NFGNB, non-fermentative Gram-negative bacilli.

*

Statistically significant association¥0.72 or <— 0.72,P <0.05).

Table 5

Autoregressive integrated moving average (ARIMA) and transfer func-
tion models for estimating percentage of cefotaxime resistance among
Escherichia coliisolated at National Taiwan University Hospital, 1991-2003

Parameter (SE) T-ratio P

ARIMA model for percentage of cefotaxime resistance

Antibiotic use

MA 0.9814 (0.0346) 28.36448 <0.001
Transfer function for cefotaxime resistance

Cefotaxime use 0.9815 (0.03447) 28.4748 <0.001

MA 0.9814 (0.03675) 26.7021 <0.001

SE, standard error; MA, moving average term, representing disturbance and
abrupt changes of resistance.
@ Size and direction of the effect.

and carbapenems, but decreases in the use of amikacin and
sulphamethoxazole/trimethoprim.

Second, widespread use of four major classes of antimi-
crobial agents in the hospital were significantly associated
with the increase in cefotaxime and ciprofloxacin resis-
tance inE. coli and carbapenem resistancePimeruginosa.
Increased use of extended-spectrum cephalosporins was also
significantly related to the increased incidence of cefotaxime
resistance irkK. pneumoniae and carbapenem resistance in

50.0

37.5

25.0

% of resistance

e ———————————————————————

125

0.0 - e e e
1991 2001 2006 2011
Year

1996
A
25.0

20.0

15.0

10.0

5.0

5

001
1991

1996 2001 2006 2011

B
Fig. 3. Yearly percentage of (A) cefotaxime-resistBntherichia coli and
(B) ceftazidime-resistamtseudomonas aeruginosa observed between 1991
and 2003 and predicted values up to 2011 with 95% confidence intervals
according to autoregressive integrated moving average (ARIMA) and trans-
fer function models.
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Acinetobacter spp. The increased use of fluoroquinolones  The root causes of the rapid emergence and dissemination
is also significantly associated with the increased incidenceof drug-resistant bacteria in hospitals are multifactorial
of cefotaxime resistance K. pneumoniae and carbapenem  [36], including the high selective pressure that results from
resistance inP. aeruginosa. Third, the decreasing use of inappropriate and widespread use of antimicrobial agents
gentamicin and amikacin in recent years is associated with particularly in intensive care units, cross transmission from
increasing susceptibility &f. marcescens to gentamicin and  patient to patient owing to inconsistent application of appro-
of P. aeruginosa to amikacin; however, resistance to gentam- priate infection control measures, interhospital transfer of
icin and amikacin im. baumannii remained high. resistance (clonal spreading of resistant bacteria or horizon-
The relationship between antimicrobial resistance and tal transfer of resistance genes), a community contribution
antimicrobial usage for a particular drug, or classes of to resistance, or a complex relationship between resistance
drug, and organism combination is partly in line with other and the use of a variety of antimicrobial83,36—38]
previous studied12-22] A significant positive correla-  However, increasing resistance may further drive increased
tion between the increase in the use of extended-spectrumconsumption of several so-called ‘last-line’ antimicrobial
cephalosporins (particularly ceftazidime) and the increasedagents. In this study, the increase in the incidence of noso-
prevalence of ceftazidime-resistakit pneumoniae, Enter- comial infections due to multidrug-resistaBt aeruginosa
obacter spp. andP. aeruginosa has been described in many andA. baumannii and cefotaxime-resistait. coli and K.
previous reportgl 7,29-32] Our study further demonstrated preumoniae resulted in an increase in the use of carbapen-
this positive association with cefotaxime use and cefotaxime- ems. The increased use of these agents was significantly
resistantS. marcescens. However, a significantly increased associated with an increase in the incidence of nosocomial
use of cefepime in NTUH failed to result in an increased infections due to carbapenem-resistanbaumannii andP.
rate of cefepime resistance iA. baumannii and even aeruginosa, S. maltophilia and other NFGNB, particularly
exerted a protective effect against this resistanee-(0.952 among patients hospitalised in intensive care units (data not
and P=0.012). Use of piperacillin/tazobactam has been shown). Previous studies have demonstrated that the spread
demonstrated to reduce rates of ceftazidime-resistant orof pauci-clones of carbapenem-resistant or pandrug-resistant
ESBL-producingK. pneumoniae [12,29,32] However, our A. baumannii and poly-clones of carbapenem-resistant
study showed a significantly positive association between P. aeruginosa in intensive care units and other wards
piperacillin/tazobactam use and piperacillin/tazobactam- at the hospital contributes significantly to the increased
resistantd. baumannii. rates of carbapenem resistance among these isolates
Although the consumption of ceftazidime in 2003 [6,10-12]
decreased to approximately one-half of that in 1996, and Recently, the ARIMA model has been widely used to
although piperacillintazobactam use increased dramati-investigate the relationship between antibiotic use and antibi-
cally, cefotaxime resistance K. pneumoniae remained otic resistance and provides forecasts of resistance based on
high (25.1% in 2003), and rates of piperacillin/tazobactam past antibiotic use and resistance daf428] Owing to the
resistance in these Gram-negative bacteria remained stahuge database in this study, this model was used to anal-

ble. However, cefotaxime resistance Baterobacter spp. yse both cefotaxime resistance #h coli and ceftazidime
and ceftazidime-resistan® aeruginosa declined gradu-  resistance it aeruginosa. Our results clearly demonstrated
ally. Because the incidence of ESBL-producify coli the trends of worsening cefotaxime resistancg.inoli and

and K. pneumoniae was not available prior to 2003, favourable susceptibility i® aeruginosa to ceftazidime in

it was not possible to define the relationship between the next 6 years.

antimicrobial usage and the incidence of ESBL-producing In conclusion, this 13-year study in a hospital demon-

isolates. strated that significant changes in antimicrobial use might
Previous reports demonstrated that fluoroquinolones have affected antimicrobial resistance in certain Gram-

were protective against isolation of third-generation negative bacteria at the hospital. The changes could have

cephalosporin-resistant pathogd34,33] A recent study been due to several other factors, most likely in conjunction

further demonstrated that higher hospital-level use of fluo- with one another. Dissemination and feedback of these data

roquinolones was associated with an increased proportion ofto clinicians and decision-makers at the hospital is crucial

ciprofloxacin resistance amomyaeruginosa isolates caus-  to improve antibiotic prescribing and to implement effective

ing hospital-acquired infection84] but not inE. coli iso- infection control. More judicious use of antimicrobial agents

lates. However, MacDougall et al. demonstrated that there will be necessary to limit this trend.

was no significant relationship between total hospital fluo-

roquinolone use and resistancefincoli [35]. In this study,

increased use of fluoroquinolones was not only associategReferences
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