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Relationship between Antibiotic Use and Antibiotic Resistance in Major
Nosocomial Pathogens at a University Hospital
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This study was performed to evaluate the prescribing pattern of antibiotics and the relationship between
antibiotic use and antibiotic resistance in major nosocomial pathogens at a university hospital in Korea.
Data on annual patient-days and annual consumption (defined daily dose (DDD)/1,000 patient-days) of all
antibiotics from 2000 to 2006 were analyzed. The antibiotic resistance in major nosocomial pathogens was
determined by disc diffusion or automated systems. Spearman’s correlation coefficient was used to
determine the relationship between antibiotic use and resistance. Increasing trend on incidences of Klebsiella
pneumoniae causing nosocomial bloodstream infections was noted from 2000 to 2006 (r=0.786, p=0.036).
Even though the annual patient-days of the hospital did not change (r=—0.107, p=0.819), the annual usage
of antibiotics significantly increased from 2000 to 2006 (r=0.929, p=0.003). A significant stepwise increase
in consumption (r>0.72 and p<0.05) was found for several broad-spectrum antibiotics such as ceftriaxone,
piperacillin/tazobactam, imipenem, and vancomycin. The rise in piperacillin/tazobactam-resistant Serratia
marcenscens (r=0.893, p=0.007) and piperacillinftazobactam-resistant Pseudomonas aeruginosa (r=1.000,
p=0.000) was significantly correlated with increased consumption of piperacillin/tazobactam respectively.
Increased ciprofloxacin-resistant S. marcescens was significantly associated with increased usage of
ciprofloxacin (r=0.919, p=0.003). This study demonstrated the significant changes in antibiotic use and
positive relationship between antibiotic use and antibiotic resistance in several nosocomial pathogens.
Continuous surveillance of antibiotic use is needed to encourage appropriate use of antibiotics and to
reduce antibiotics resistance.
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Fig. 1. Incidence (episodes per 10,000 patient-days) of nosocomial
bloodstream infection caused by major nosocomial pathogens from
patients treated at Chonnam National University Hospital in Korea
from 2000 ~ 2006,
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Table 1, Trends of resistance rates among major nosocomial pathogens causing nosocomial bloodstream infections at Chonnam National
University Hospital, 2000 ~2006

Antimicrobial resistance (%) by year Correlation
Organism/antimicrobial agent
2000 2001 2002 2003 2004 2005 2006 r p

Escherichia coli

No, of isolates 23 48 27 48 32 16 29

Ciprofloxacin 174 340 296 438 323 50.0 483 0.786 0.036*

Cefotaxime 43 149 185 177 3.2 18.8 310 0.607 0.148

Ceftazidime 43 128 185 8.3 6.5 18.8 310 0.679 0.094

Piperacillin/tazobactam 0 43 74 6.3 0 0 34 —0.185 0.691

Gentamicin 217 298 222 292 194 313 414 0.536 0.215
Klebsiella pneumoniae

No, of isolates 27 33 35 34 37 49 36

Ciprofloxacin 185 6.0 29 29 378 347 M7 0,631 0129

Cefotaxime 37.0 241 171 118 459 490 333 0.321 0.482

Ceftazidime 37.0 303 257 147 459 551 44 4 0.536 0.215

Piperacillin/tazobactam 110 91 8.6 8.8 8.1 16.3 917 0,321 0,482

Gentamicin 148 303 200 235 432 480 333 0.786 0.036*
Enterobacter species

No, of isolates 16 36 27 28 31 19 27

Ciprofloxacin 6.3 28 74 3.6 97 105 74 0.649 0115

Cefotaxime 375 389 296 321 310 316 44 4 0.036 0.939

Ceftazidime 56.3 417 333 28.6 452 316 556 —0.179 0.702

Piperacillin/tazobactam 188 222 148 10,7 206 158 185 —0.250 0,589

Gentamicin 500 194 259 28.6 194 211 185 —0.631 0.129

Amikacin 125 94 4 96.3 929 6.5 0 3.7 —0.714 0.071
Serratia marcescens

No, of isolates 11 10 29 15 29 15 19

Ciprofloxacin 0 10.0 6.9 20,0 103 20,0 158 0.757 0.049*

Cefotaxime 90 200 379 200 58.6 533 68.4 0.901 0.006*

Piperacillin/tazobactam 90 10.0 24 1 133 517 33.3 579 0.929 0.003"

Gentamicin 18.0 50,0 58.6 200 69.0 66.7 737 0.859 0.014*

Amikacin 90 90,0 100 100 58.6 467 526 —0.090 0.848
Pseudomonas aeruginosa

No, of isolates 11 23 22 35 22 17 16

Ciprofloxacin 18.2 348 136 20,0 591 118 313 0.036 0.939

Ceftazidime 455 17.4 136 114 18.2 235 500 0.321 0.482

Piperacillin/tazobactam — — — — 227 250 375 1.000 0.000*

Imipenem 0 304 136 8.6 136 118 375 0.432 0.333

Amikacin 273 348 182 171 500 118 118 —0.595 0.159
Acinetobacter baumannii

No, of isolates 49 79 100 53 39 64 43

Ciprofloxacin 471 354 38.6 127 136 220 16.0 —0.643 0.119

Ceftazidime 64.7 60.8 65.3 209 144 214 18.1 —0.714 0.071

Imipenem 137 152 50 15 32 49 2.1 —0.786 0.071

Amikacin 64.7 519 56 4 16.4 96 203 146 —0.786 0.036*
Staphylococcus aureus

No, of isolates 72 114 163 179 137 115 102

Oxacillin 649 707 788 810 83.2 835 794 0.786 0.036*

Ciprofloxacin 58.3 605 705 742 66.3 661 647 0.321 0.482

Erythromycin 68.9 80.2 824 793 78.1 774 745 —0.214 0.645

Clindamycin 56.8 647 715 66.5 67.2 704 66.7 0.536 0215

*Stastically significant association (p <0,05).
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Fig. 2, Annual consumption and proportional use of several repre-
sentative classes of antimicrobial agents at Chonnam National University
Hospital in Korea, 2000 ~2006, BLBLI, A-lactam/S-lactamase inhibitor.
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Table 2, Annual consumption of several representative antimicrobial agents at Chonnam National University Hospital, 2000 ~2006
Antibiotic consumption (DDD/1000 patient-days) by year Correlation
Antimicrobial agent
2000 2001 2002 2003 2004 2005 2006 r P

Piperacillin/tazobactam 0.73 059 0.83 294 13,44 2550 2782 0.964 0.000*
Cefoperazone/sulbactam 0.00 0.00 0.48 13,65 7.45 1583 327 0667 0102
cefotaxime 2912 39.02 4912 53.60 56.65 4412 2725 0.036 0.939
Ceftriaxone 0.00 5.05 6.97 8.53 10,28 9.33 3437 0.964 0.000*
Ceftizoxime 984 2135 2276 26,28 2914 3712 5567 1.000 0.000*
Ceftazidime 6.24 8.17 10,23 12.67 6.91 7.47 596 —0.286 0.535
Cefepime 185 126 278 457 3.96 1.07 115 —0.321 0.482
Imipenem 0.00 0.00 0.11 5.30 534 8.46 597 0.955 0.001*
Meropenem 168 113 992 3.68 3.40 285 3.22 0.286 0.535
Amikacin 2540 18.62 16.41 10,29 454 3.63 343 —1.000 0.000*
Astromicin 33.74 53.00 30,87 15,23 1197 9.90 8.64 —0.964 0.000*
Netilmicin 2854 2733 30,05 17.26 18,96 18,97 18.27 —0.643 0.119
Isepacin 3215 2732 2819 3420 2503 40183 2757 0.036 0.939
Vancomycin 565 564 10,82 16.41 15,45 16.71 17.33 0.929 0.003*
Teicoplanin 9.35 919 974 11,68 1027 11.00 777 0.107 0.819
Ciprofloxacin 30,07 4229 58,32 76.16 7017 7428 63.56 0.679 0.094
Levofloxacin 922 8.10 8.73 471 3.31 7.69 6.64 —0.679 0.094
Clindamycin 26,72 18.87 13,26 14,63 18,78 21 21 26.50 0.036 0.939
Metronidazole 402 3.96 3.59 520 585 7.25 912 0.857 0.014*

*Statistically significant association (p <0,05).

Table 3, Relationship between annual consumption of individual antibiotics and rates of resistant Gram —negative pathogens causing
nosocomial bloodstream infections at Chonnam National University Hospital, 2000~ 2006

o ) Klebsiella Enterobacter Serratia Pseudomonas Acinetobacter
Escherichia coli . : ) .
Antimicrobial agent jpneumoniae species marcescens aeruginosa baumannii
r p r p r p r p r p r p
Ciprofloxacin 0679 0094 003 0939 0378 0403 0919 0003 —0071 0879 —0857 0014
Cefotaxime —0429 0337 —0107 0819 —0786 0036 0054 0908 — — — -
Ceftazidime —0.071 0879 —0679 0094 —0857 0014 — - —0964 0,000 0321 0482
Piperacillin/tazobactam —0296 0518 0375 0432 —0.321 0,482 0893 0.007* 1.000 0.000* — -
Imipenem — — — - — — — - 0200 0667 —0667 0102
Amikacin — — — - 0714 0071 0.090 0848 0595 0159 0786 0,036"

*Stastically significant association (r>072 or < —0.72, p<0,05),
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