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Changes in Antimicrobial Susceptibility of Blood Isolates
in a University Hospital in South Korea, 1998-2010

Background: Local epidemiologic data on prevalent pathogens are important to
guide empirical antibiotic therapy. In this study, we observed annual changes in
frequency of occurrence and in vitro antimicrobial susceptibility of blood isolates
over a period of 13 years.

Materials and Methods: We reviewed blood isolates identified during the period from
1998 to 2010 at Seoul National University Hospital. Only first isolates for each patient
were included in the analysis. We analyzed the frequency of isolates and their trend
with regard to /in vitro antimicrobial susceptibility. Data were presented according to
guidelines of the Clinical and Laboratory Standards Institute (CLSI) (2009).

Results: A total of 23,501 isolates were identified during the period from 1998 to 2010.
Fifty-five percent of the isolates were gram-positive cocci, 38% were gram-negative rods,
and 3% were fungi. Coagulase-negative Staphylococcus (CoNS) (24%), Escherichia
coli (16%), Staphylococcus aureus (10%), and Klebsiella pneumoniae (8%) were
the most commonly isolated bacteria, and Candida albicans (2%) was the most
commonly isolated fungus. The frequency of CoNS increased from 18.0% to 26.8%,
whereas the frequency of £. coli and K. pneumoniae decreased from 20.2% to 13.7%
and from 11.7% to 6.7%, respectively. Overall, the proportion of methicillin-resistant
S. aureus changed from 47.9% to 62.1%. In E. coll, the resistance rate of cefotaxime
and ciprofloxacin increased over a period of 13 years. However, such an increase of
resistance was not observed in K. pneumoniae. In P aeruginosa, and particularly in A.
baumannii, resistance to imipenem rose alarmingly (3% in 1998 to 27.8% in 2010, 5% in
1998 t0 68.9% in 2010, respectively).

Conclusions: Over the last 13 years, the proportion of CoNS in blood isolates increased,
which led to a relative decrease of isolated gram-negative rods. Proportions of MRSA
showed no significant change, whereas cefotaxime resistant and ciprofloxacin resistant £.
coli increased. Imipenem resistant 2 aeruginosa and A. baumannii also increased during

the study period.
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1998 d3-E] 200653 7F4]:= BACTEC Plus Aerobic/F 3714 Hj |
(BD, Franklin Lakes, NJ, USA)$} Brewer thioglycollated 714 v =]
@Az =, AdA], A7 5, gl E AHESEAL, 2007'd FE
+ BacT/ALERT FA/FN (BioMérieux Inc., Durham, NC, USA)S- A}
galgich e Aol e 3700l 72 Beb wigkERlon] A5
3} AIARI(1998F-E 20063744 =
Hazelwood, MO, USA; 2007 d4-E]= Microscan WalkAway-96,
Siemens Healthcare diagnostics, Deerfield, IL, USA)-S- ©]-8-5}<]
A7 AR A A AR,

Vitek 1 system, BioMérieux,

ol At A BE Y] FAA 722 20119 Clinical
and Laboratory Standards Institute (CLSI) ol| 4] A A3} 715=0] u}2}
AR AL17], 1=} A8A] U2 WHONET 2 T3l (version
5.4; WHO Collaborating Centre for Surveillance of Antimicrobial
Resistance, Boston, MA, USA) & o]-&3}o] #4131 5 20094 CLSI

Aol whet e shArHis).

At
1. 228 25

1998 1955 20109 12€9714] 13 FF FHuljekel| A 23,501
7Re] wro] EEHAet o]F 714 IS ol 12,95770(55.1%),
S 714 23524 0] 9,01770(38.4 %), 87173 THo] 64171(2.7%), X
o] 66771(2.8 %) S A S TH(Table 1). 7% ¥ 2 Coagulase-
negative Staphylococcus (CoNS) 5,7287(24.4%), Escherichia coli
3 79170(16.1%), Staphylococcus aureus 2,22171(9.5%), Klebsiella
pneumonia 1,7677W(7.5%)7} 7178 E-3813 0, X+t ol X+= Candida
albicans 27071(2.2%)7} 717 £33} tH(Table 2).

3714 2 o Fo A= CoNS$} S, aureus, Enterococcus
faecium®] 7F¢ &3] ®2|= A (Table 1), Streptococcus species
(spp.), Viridans Streptococcus, Enterococcus faecalis 0.2 &
SHA EeEATk 3714 189 7HFO ®1= Bacillus spp.7}F 7V
&3] B HAH(Table 1). 2714 18354 (HH 2= E coli, K.
pneumoniae 7} 7} Bo] 2=
Enterobacter cloacae, Acinetobacter baumannii <=0 .2 Z317 £
2 H At (Table 1). @714 w FolAE Propionibacterium acnes
7} 7V &3 B2 =11, Bacteroides spp., Clostridium spp.,

a1, Pseudomonas aeruginosa,

Table 1. Frequency of Blood Isolates
Organisms

No. of isolates % of isolates

Gram positive organisms 12,957 551
Staphylococcus, coagulase negative 5,728 24.4
Staphylococcus aureus 2,221 9.5
Enterococcus faecium 881 37
Bacillus species 934 4.0
Corynebacterium species 232 1.0

Gram negative organisms 9,017 38.4
Escherichia coli 3,791 16.1
Klebsiella pneumoniae 1,767 75
Pseudomonas aeruginosa 730 31
Enterobacter cloacae 480 2.0
Acinetobacter baumannii 365 1.6

Anaerobic organisms 641 2.7
Propionibacterium acnes 188 0.8
Bacteroides species 139 0.6
Clostridium species 93 04
Lactobacillus species 47 0.2
Peplostreptococcus species 44 0.2

Fungal organisms 667 2.8
Candida albicans 270 11
Candiaa tropicalis 131 0.6
Candiiaa parapsilosis 76 0.3
Candida glabrata 76 0.3
Cryptococcus neoformans 4 0.2

Total 23,501 100.0
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Lactobacillus spp. 2. & B3kt (Table 1). @Yol A 54 JAF&
58 Candida spp.33 24}, Cryptococcus neoformans7} 417,
Aspergillus spp.7} 7 7] E-2] E At (Table 1).

o

A7t AElE B o] 5 FE0] S, B
s = ARl Al whet xhol7t QAT (Fig. 1). 7HE Hol
#2]9 CoNSE 19981 el 18.0%01 4] 2010391 26.8% = F7}a1aL,
E. faccium®) £ B]-&% 1998 1.6%<)|A] 201010l 4.2% 2 &7}
3t Wbl E. colit= 1998139l 20.2%014] 2010%30)] 13.7% % 7+
A FAE ROl QS aureus S} K. pneumoniae & 212} 199810
12.0%2} 11.7%¢114 2010391 8.3% 2} 6. 7%= W=7} A2 &HA 74
1=

Table 2. The 15 QOrganisms Isolated Most Frequently from Blood Cultures

Organisms No. of isolates % of isolates
Staphylococcus, coagulase negative 5,728 24.4
Escherichia coli 3,791 16.1
Staphylococcus aureus 2,221 9.5
Klebsiella pneumoniae 1,767 75
Bacillus species 934 4.0
Enterococcus faecium 881 3.7
Streptococcus species 796 3.4
Pseudomonas aeruginosa 730 31
Viridans Streptococcus 650 2.8
Enterobacter cloacae 480 2.0
Enterococcus fagcalis 456 1.9
Acinetobacter baumannii 365 1.6
Micrococcus species 299 1.3
Streptococcus pneumoniae 289 12
Candioa albicans 270 11
Others 3,844 16.4
Total 23,501 100.0

F29 S aureus®] methicillin W3E-2 58.3% 1L, 134 5t
479%NA 62.1% = Z7FFACE thE-8(99.8 %) 2] B2)H S aureus
£ vancomycin 7FEAdo]9l o) 200533 2007 0l = 55 WA
S Hol= o] 174 ERIFJATHE-test 2 &1 vancomycin FH4x
A F=: 22} 3 pg/mLI} 4 pg/ml). 13\ B¢ B9 S aureus?]
50.1%7} ciprofloxacin of] W32 ¥ 11, rifampin¥} cotrimoxazole
o 3k A2 2H2F 4.9 %9} 16.6% FrHFig. 2).

Enterococci ¥ E. faecalis= 3.6%7} ampicillin W4do]} 0.
w E. faecium-2-88.6% ampicillin WAgo|lc) miz7 A2 155
gentamicin®} penicillinel] & W% E. faecalis= Z17; 43.7%<}
12 4% E. faecium®) 727%2} 88.8% X} @A 3] YSkth Vanco-
mycinol] e+ WAL E. faccalisi=1.9% SR oY, E. faecium-2 22.2%
AT} E. faecium®] vancomycin WAL 19980l = 0% $3.24 2010
o= 35.3%7F vancomycin W3] AtHFig. 3).

B2 E coli®} K. pneumoniae= cefotaxime, ceftazidime, az-
treonam, amikacin®l] tj&}e] 80% ©o]42] w2 7HrAdS HATE,
coli®] 99.7%2} K. pneumoniae®] 99.4%+= imipenem 7F<=4J0]d
t}. E. coli®] cefotaxime, aztreonam, ciprofloxacinel] thg WA &
& ARbo] Aol whet Stk 415 Ko 2010 ZHte]| gk o]
AE-L 23%, 21.7%, 44.2% ©)|JTk WHHol K. pneumoniaed| A= A
Frel| wh2 W5k} glAvH(Fig. 4).

1998\ oY= P aeruginosa®] 9.1%7} ciprofloxacin W3S ¥.5].0.
1}, 20101300 32%001 4 WAS 2913, imipenemdl] thek WA S-S
1998 = 3.0%33 01 2010301= 27.8% = 5718t A, bau-
mannii®] imipenem WA E-2 1998d) 5.0%0l| A AA38] S7}5t
2008\ 3l:= 28 5% = FR1E1oH, oI5 48] T7Fste] 200933
201043001 242} 60.69%9} 68.9%7F thAd 01 R EH(Fig. 5).
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Figure 1. Proportions of blood culture isolates during 1998-2010.



278 NHKim, et al. » Trends of Bacteremia

www.icjournal.org

100

90

80

70

% Resistant

40

" M—r/\ S
\/ ~8-OXA %R

50 - V ~4-RIF %R
\/\ __» —#-SXT %R
v ~#-VAN %R

. /\*—”/\
20

10 ﬂ<:>/\:///‘\

2000

1998 1999 2001 2002 2003

Year

2004

2005 2006 2007 2008 2009 2010

Figure 2. 13-year trend of S. aureus for % resistant to ciprofloxacin, oxacillin, rifampin, cotrimoxazole, vancomycin.
CIP, ciprofloxacin; OXA, oxacillin; RIF, rifampin; SXT, cotrimoxazole; VAN, vancomycin; %R, %resistant.
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Figure 3. 13-year trend of £. faecium and E. faecalis for % resistant to ampicillin and vancomycin.
EFA, £. faecalis;, EFM, E. faecium; AMP, ampicillin; VAN, vancomycin; %R, %resistant.
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Figure 4. 13-year trend of £. coli and K. pneumoniae for % resistant to ceftriaxone and ciprofloxacin.
ECO, E.coli; KPN, K. pneumoniae; CTX, cefotaxime; CIP, ciprofloxacin; %R, %resistant.
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Figure 5. 13-year trend of P aeruginosa and A.baumannii for % resistant to imipenem, colistin, and ciprofloxacin.
PAE, P aeruginosa; ABA, A. baumannif, IMP, imipenem; COL, colistin; CIP, ciprofloxacin; %R, %resistant.
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