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Antimicrobial Susceptibility and Clonal Distribution of the Blood Isolates
of Pseudomonas aeruginosa from Two Korean Hospitals
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An increasing prevalence of infections caused by multidrug-resistant (MDR) Pseudomonas aeruginosa (P. aeruginosa)
causes a serious therapeutic problem in clinical setting. This study investigated the antimicrobial susceptibility, resistance
mechanisms against aminoglycosides, and molecular epidemiology of 76 blood isolates of P. aeruginosa from two Korean
hospitals. Thirty-four isolates were susceptible to all 13 antimicrobial agents tested, whereas 28 isolates showed a MDR
or extensively drug-resistant phenotype. There was a significant difference in resistance rates of P. aeruginosa isolates
against aztreonam, piperacillin-tazobactam, imipenem, meropenem, ciprofloxacin, and norfloxacin between two hospitals.
Genes for aminoglycoside-modifying enzymes (AMESs), including aphA6 (n = 14), aadB (n = 11), aacA4 (n = 8), and
aphAl (n = 1), and 16S rRNA methylase armA (n = 6) were detected in 26 P. aeruginosa isolates resistant to
aminoglycosides. There was no significant difference in carriage of genes for AME and 16S rRNA methylase between
two hospitals, but aacA4 and aphA1 were specifically detected in P. aeruginosa isolates from one hospital. Seventy-six
P. aeruginosa isolates were classified into 55 pulsotypes at similarity value of 0.85, and 31 and 24 pulsotypes were
specifically detected in each hospital. This study demonstrates that differences in antimicrobial susceptibility of P.
aeruginosa isolates between two hospitals are possibly due to the presence of diverse clones specific in each hospital.
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Table 1. PCR primers used in this study

Genes Sequences (5' to 3") Annealing temperature (C) PCR products (bp) References
CCGAAATGACAGTTC CTATC

armA 55 846 19
GAA AAT GAG TGC CTT GGA GG
CCGAAATGACAGTTC CTATC

rmtA 60 635 19
GAA AAT GAG TGC CTT GGA GG
ATG AAC ATC AAC GAT GCCCT

rmtB 55 769 19
CCT TCT GAT TGG CTT ATC CA
AGT GTATGA AAA ATG TCT GG

rmtC 55 1,201 20
GGT GTG TTAGAATTTGCCTT
CTC AAAGGAACAAAGACGG

npmA 58 660 21
GAAACATGG CCAGAAACTC
ACCTAC TCC CAA CAT CAG CC

aacCl 55 169 13
ATA TAG ATC TCA CTA CGC GC
ACT GTG ATG GGATAC GCGTC

aacC2 55 237 13
CTC CGT CAG CGT TTC AGC TA
TAT GAG TGG CTAAAT CGAT

aacA4 55 395 22
CCCGCTTTCTCGTAG CA
GCATTT TAT CCG TACTCC TG

aphAl 57 386 13
AAC CTATTAATT TCC CCT CG
ATA CAG AGA CCA CCATAC AGT

aphA6 55 234 23
GGA CAATCA ATA ATA GCA AT
GCT ATT CGG CTATGA CTG GGC

aphA?2 55 531 13
CCA CCATGATAT TCG GCAAGC
TCT GCC GCT CTG GAT

aadB 55 404 24
CGA GCCTGTAGG ACT
ATG AGG GAA GCG GTG ATC GC

aadAl 50 792 13

TTATTT GCC GACTAC CTT GG
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Table 2. Antimicrobial susceptibility of P. aeruginosa isolates from two Korean hospitals
Antibiotics foal =70 H((:’Sglgagl)A H((:lszlga;)B
MIC range MICs, MICy, No. of resistant No. of resistant No. of resistant
(ng/ml) (ug/ml) (ng/ml) isolates (%) isolates (%) isolates (%)

Amikacin 2->1024 8 256 14 (18.4) 5(12.8) 9(24.3)
Gentamicin 2->1024 4 >1024 27 (35.5) 11 (28.2) 16 (43.2)
Netilmicin 1->1024 8 1024 26 (34.2) 10 (25.6) 16 (43.2)
Tobramycin 0.25->1024 1 >1024 26 (34.2) 10 (25.6) 16 (43.2)
Piperacillin-tazobactam 2->512 8 256 19 (25.0) 6(15.4) 13(35.1)
Cefepime 0.5->1024 8 64 17 (22.4) 9(23.1) 8(21.6)
Ceftazidime 0.5->512 4 64 17 (22.4) 8(20.5) 9(24.3)
Aztreonam 2-512 8 32 11 (14.5) 8(20.5) 3(8.1)
Imipenem 0.06-128 2 16 22 (28.9) 5(12.8) 17 (45.9)
Meropenem 0.06-1024 0.5 16 14 (18.4) 3(7.7) 11 (29.7)
Ciprofloxacin 0.03-128 1 32 33(434) 12 (30.8) 21 (56.8)
Norfloxacin 0.25-128 1 128 33(434) 12 (30.8) 21 (56.8)
Colistin 2-4 2 4 0 0 0

Table 3. Antimicrobial susceptibility profiles that fit MDR, XDR, and PDR for 76 P. aeruginosa isolates

No. of isolates (%)

Antimicrobial susceptibility profiles®

Total (n="76) Hospital A (n = 39) Hospital B (n=37)
Susceptible to antimicrobial agents 34 (44.7) 20(51.3) 14 (37.8)
Resistant to 1 or 2 antimicrobial categories 14 (18.4) 9(23.1) 5(13.5)
Multidrug-resistant 14 (18.4) 6(15.4) 8(21.6)
Extensively drug-resistant 14 (18.4) 4(10.3) 10 (27.0)
Pandrug-resistant 0 0 0

* Multidrug-resistant (MDR), the isolate is non-susceptible to at least 1 agent in > 3 antimicrobial classes; extensively drug-resistant (XDR),
the isolate is non-susceptible to at least 1 agent in all but 2 or fewer antimicrobial classes; pandrug-resistant (PDR), non- susceptibility to

all agents in all antimicrobial classes for each bacterium.
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Table 4. Detection of resistant determinants for aminoglycosides in P. aeruginosa isolates from two Korean hospitals
Resistant pattern 2 f No. of isolates Genes No. of isolates

aminoglycosides Hospital A Hospital B
aadB, armA 1 4
aphA6, aadB - 4
Amk, Gem, Tob, Ntl 13 aacA4, aphA6, aadB 2 -
aacA4, aphA6, armA 1 -
Not detected - 1
Gem, Tob, Nl 1 aactd 4 -
aphA6 - 7
Amk, Gem 1 Not detected 1 -
Gem, Ntl 1 aphAl 1 -
Ntl, Tob 1 aacA4 1 -

? Abbreviations. Amk, amikacin; Gem, gentamicin; Tob, tobramycin; Ntl, netilmicin.
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Figure 1. Pulsed-field gel electrophoresis analysis of 76 P. aeruginosa isolates from two Korean hospitals. Dendrogram showing a
clustering of Spel- generated PFGE patterns from P, aeruginosa isolates. Abbreviations: KNUH, Hospital A; CNUH, hospital B.
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