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At the end of 2015, a global action plan on antimicrobial resistance (AMR) was proposed by the World
Health Organization, and the Global AMR Surveillance System (GLASS) was subsequently initiated. The
Centers for Disease Control and Prevention of South Korea established a customized AMR surveillance
system for South Korea, called Kor-GLASS, in early 2016. A pilot phase of Kor-GLASS was operated from
May to December 2016 with six sentinel hospitals, and phase I of Kor-GLASS started in January 2017 with
eight sentinel hospitals. Previous surveillance data for overestimated AMR due to duplicate isolation of
drug-resistant pathogens were corrected and error-free AMR data were compared with those from other
countries. One-half (53.2%, 377/708) of Staphylococcus aureus blood strains exhibited resistance to
cefoxitin, indicating methicillin-resistant S. aureus. Resistance to ampicillin in Enterococcus faecalis blood
strains was rare (0.6%, 1/175), while the resistance rate to penicillin was 26.3% (46/175). Resistance to
vancomycin (34.0%, 98/288) and teicoplanin (18.8%, 98/288) was frequently observed in Enterococcus
faecium strains. The resistance rate of Escherichia coli strains to cefotaxime was 32.4% (574/1772), and that
of Klebsiella pneumoniae strains was 26.1% (181/693). The resistance rates of Pseudomonas aeruginosa
strains to imipenem and meropenem were 19.5% (29/149) and 18.1% (27/149), respectively. And 92.1%
(187/203) of Acinetobacter baumannii strains were resistant to both imipenem and meropenem. The high
incidence of bacteremia caused by major AMR pathogens among hospitalized patients especially in
intensive care units emphasized the importance of hospital infection control and the need to improve the
crowded hospitalization system in South Korea. The isolation rate of the Salmonella spp. is decreasing,
reflecting the current socio-economic status of South Korea. The proportions of bacterial species in the

blood strains were similar to those in other Asian countries with similar lifestyles.
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Published by Elsevier Ltd. All rights reserved.

* All authors meet the ICMJE authorship criteria.

* Corresponding author. Department of Laboratory Medicine, Research Institute
of Bacterial Resistance, Gangnam Severance Hospital, Yonsei University College of
Medicine, 211 Eonju-ro, Gangnam-gu, Seoul, 06273, South Korea.

E-mail address: kscpjsh@yuhs.ac (S.H. Jeong).

https://doi.org/10.1016/j.jiac.2019.06.010

1341-321X/© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.


mailto:kscpjsh@yuhs.ac
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jiac.2019.06.010&domain=pdf
www.sciencedirect.com/science/journal/1341321X
http://www.elsevier.com/locate/jic
https://doi.org/10.1016/j.jiac.2019.06.010
https://doi.org/10.1016/j.jiac.2019.06.010
https://doi.org/10.1016/j.jiac.2019.06.010

846 C. Liu et al. / J Infect Chemother 25 (2019) 845—859

Contents
B T (o) € 7 N NP - 7 (o)
2.  Collection of blood isolates and patient data at each sentinel hospital .............c.iiiiiiiiiiiiiii it s it et e i e i iieeieeinenn..... 846
3. Microbiological analyses at the analysSis CENMEET .. .. .......ueuteenen ettt et e te ettt e eeaees et e it te e taeieeeneannannenneenaa... 846
4, Recovery of bacterial pathogens from blood CUILUIES . ... ........oiuiuinii ittt e et e et et et ee e eiaineaenneen... 847
5. Antimicrobial susceptibilities of Major Pathogens .. ..........c.iiiiiiiii ittt it et e e, 850
520 PO 1 AR - 611
5.2, E fABCAHS ... e e ... 850
ST TR S [ T-or 111 AP - o1 |
54, S.PNEUIMOMIAC ..ottt ettt ettt et e ettt ettt et et e ettt e e e e et ee e et et e et e e e e ettt e e e e e 852
5.5, B COli e e e e, .. 852
5.6. K PNOUMOMIAE . ...\ttt e ettt ettt ettt e e e et e et e e e e e e ettt e e ettt ittt te ettt i, .. 853
5.7, SAIMONEIIA SPP. .« vttt ettt ettt et e e e e e e e e et .. .. 854
5.8, P AETUZIMOSA ..ottt ettt et ettt et et et et e e et e et e et et et e e e et e e e e, .. 854
o T TR Vo 1 T30 T Lot =3 A o) S AP POPPR - fo
6. The occurrence of bacteremia caused by major AMR pathogens stratified by patient admissiontype ..................ccoeiiiiiieenenn..... 856
7. The occurrence of bacteremia caused by major AMR pathogens in inpati€nts ...............oiiiiiiiiiiiiienn e eiieiieeaennennannaan.. 857
LS R €10} s U 11T ) o PP 1o1:
L0 3 o S = )03 1<) 3 L PP < 1o1:
(000 11 Tal E o) 0081 ] PP - 51 |
AUthOrs' CONLTIDULIONS . . ...ttt et ettt ettt ettt e ettt e et et e e ettt et eeiiaeeaenneee... 859
S (] (<) 1 Lo PP < Fo 1
1. Kor-GLASS 2. Collection of blood isolates and patient data at each

At the end of 2015, a global action plan on Antimicrobial resis-
tance (AMR) was proposed by the World Health Organization
(WHO), and the Global AMR Surveillance System (GLASS) was
subsequently initiated to gather the necessary evidence to guide
further policy and decision making [1,2]. The GLASS protocol was
generated to standardize the surveillance methods to enable a
comparative overview of global AMR. With the advent of the new
system in early 2016, the Centers for Disease Control and Preven-
tion of South Korea (KCDC) established a customized AMR sur-
veillance system for South Korea, the Korean GLASS (Kor-GLASS),
replacing the existing laboratory-monitoring based surveillance
system, the Korean AMR Monitoring System (KARMS) [3,4].
Following the principles of GLASS, including representativeness,
specialization, harmonization, and localization, all non-duplicate
clinical isolates of major pathogens were collected from sentinel
hospitals across the Korean peninsula along with the clinical data of
the patients. A pilot phase of Kor-GLASS was operated from May to
December 2016 with six sentinel hospitals, and the established
system received good reviews internationally as a desirable
example of AMR surveillance [5,6].

The success of the pilot phase of Kor-GLASS encouraged the
KCDC to expand the system by increasing the number of sentinel
hospitals from six in the pilot phase to eight in phase I (2017—2019)
and 10 in phase Il (2020—2022). During the pilot phase, Kor-GLASS
was reinforced by establishing two supplemental structures: (i) a
quality control center for ensuring the accuracy of the results from
the analysis center by performing parallel tests and (ii) a web-based
data-managing constitution for clinical data from sentinel hospi-
tals, laboratory data from the analysis center, and parallel test re-
sults from the quality control center. The phase I of Kor-GLASS
started in January 2017 with eight sentinel hospitals and is now in
its third year. Here, we report on the blood isolates from the one-
year assessment in 2017 to mainly present their characteristics
and the clinical information of the patients with bacteremia caused
by nine major pathogens.

sentinel hospital

All non-duplicated blood isolates of Staphylococcus aureus,
Enterococcus faecalis, Enterococcus faecium, Streptococcus pneumo-
niae, Escherichia coli, Klebsiella pneumoniae, Salmonella spp., Pseu-
domonas aeruginosa, and Acinetobacter spp. recovered through
enrichment cultures of blood specimens were collected from 8
sentinel hospitals (Fig. 1). Each isolate was inoculated in a cryotube
containing 20% (w/v) skimmed milk and then stored at —80 °C [7].
The collected blood isolates were transferred to an analysis center
twice a month through a cold chain delivery system. For the
transferred clinical isolates, purity and viability were verified by
sub-culture. If an isolate did not grow or had been contaminated,
the sentinel hospital was asked to resend the isolate. Feedback was
given in cases of contamination and no growth to improve the
performance in sentinel hospitals.

Demographic data (age and sex), infection origin [hospital origin
(HO) or community origin (CO)], and admission type [outpatient
department (OPD), general ward (GW), or intensive care unit (ICU)]
of all patients for whom blood cultures were performed during the
study period were recorded at each sentinel hospital. An infection of
HO was defined when a blood specimen was taken from an inpatient
hospitalized for >2 calendar days, including the hospitalization days
in another healthcare facility before transfer. An infection of CO was
defined when a blood specimen was taken either from an outpatient
or from an inpatient hospitalized for <2 calendar days.

3. Microbiological analyses at the analysis center

Bacterial species were confirmed in the analysis center using a
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometer (Bruker Biotyper, Bruker Daltonics GmbH, Bremen,
Germany). And we selectively used the VITEK 2 system (bio-
Mérieux, Marcy I'Etoile, France) for the identification of
S. pneumoniae. Additional sequence analyses of the rpoB gene were
performed to identify the Acinetobacter species, and species
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Sentinel hospital B Number of isolates 562 (4.3%)
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Number of isolates 423 (4.6%)
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CO/HO (%) 61/39
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Sentinel hospital E Total
Beds 630 Beds 6,476
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CO/HO (%) 81/19 CO/HO (%) 63/37
OPD/GW/ICU (%) 14/79/8 OPD/GW/ICU (%) 33/49/18
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Fig. 1. Location of the sentinel hospitals in South Korea and the number of blood isolates collected by each hospital. Abbreviations: CO, community origin; G+, Gram-positive; G-,
Gram-negative; GW, general ward; HO, hospital origin; ICU, intensive care unit; OPD, outpatient department.

identification discrepancy between methods or between sentinel
hospitals and the analysis center was confirmed by 16S rDNA
sequencing. Antimicrobial susceptibility testing (AST) was per-
formed using the disk diffusion and broth microdilution methods
following the guidelines of the Clinical and Laboratory Standards
Institute [8].

Drug resistance was categorized following Magiorakos et al. [9]
with a few modifications: susceptible to all tested drugs (drug-
susceptible, DS); non-susceptible to one or two drug classes (drug-
resistant, DR); non-susceptible to >3 antimicrobial classes (multi-
ple drug-resistant, MDR); susceptible to <2 antimicrobial classes
(extensively drug-resistant, XDR); and non-susceptible to all anti-
microbial classes tested (pandrug-resistant, PDR).

The testing panel of antimicrobial drugs was carefully selected
to categorize pathogen-specific AMR. To ensure accurate isolations

and AST results, blind cross-checks between the analysis center and
the quality control center had been carried out every month to
validate the results, and feedback was given (Fig. 2). And also, all
sentinel hospitals and the analysis center were certified by the
External Quality Control program every three months.

4. Recovery of bacterial pathogens from blood cultures

During the one year of 2017, a total of 4129 (5.1%) isolates of
target pathogens were recovered from the blood specimens of
81,176 patients (Fig. 3). E. coli (42.9%, 1772/4129) was the most
common species, followed by S. aureus (17.1%, 708/4129) and
K. pneumoniae (16.8%, 693/4129). E. faecium (7.0%, 288/4129) was
the 4th most common species, with 1.6-fold more isolates than
E. faecalis (4.2%,175/4129). Acinetobacter spp. (5.7%, 235/4129) were
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Fig. 2. Structure and governance of Kor-GLASS. Abbreviations: GLASS, Global Antimicrobial Resistance Surveillance System; KCDC, Korean Center for Disease Control and Pre-

vention; WHO, World Health Organization.

the 5th most common, mostly consisting of A. baumannii (86.4%,
203/235). The non-baumannii Acinetobacter spp. (NBA, 32/235)
included A. nosocomialis (16/32), A. soli (5/32), A. pittii (4/32),
A. bereziniae (4/32), A. seifertii (2/32), and A. grimontii (1/32).
P. aeruginosa was recovered from 149 (3.6%) patients, and Salmo-
nella spp. (1.4%, 56/4129) and S. pneumoniae (1.3%, 53/4129) were
occasionally recovered.

E. coli blood strains were recovered 1.4-fold more often from
female patients than from male (male:female = 0.7:1) (Fig. 4),
while the ratios were reversed for other species: 1.5:1 for
S. aureus, 1.7:1 for E. faecalis, 1.6:1 for K. pneumoniae, 2.0:1 for
P. aeruginosa, and 1.6:1 for Acinetobacter spp. E. faecium blood
strains were equally recovered from both sexes. The majority of
Enterobacteriaceae were recovered from infections of CO, 80.5%
(1426/1772) of E. coli and 70.7% (490/693) of K. pneumoniae, while
most of the Acinetobacter spp. (88.1%, 207/235) and E. faecium
(80.6%, 232/288) were from recovered from infections of HO. The
origins of S. aureus blood strains were nearly equal between CO
and HO, at 358 and 350, respectively. The proportions of each
species among nine target pathogens recovered from blood
specimens differed by age group (AG) (Fig. 5). S. aureus blood
strains peaked in the 5-<15 AG (45.5%) and decreased with age,
and the lowest proportion was observed in the 75-<85 AG (15.2%).
E. coli presented a different trend: its proportion was high in the
<1 AG (32.5%), was markedly lower in the 1-<5 AG (26.5%) and 5-
<15 AG (6.1%), increased with age to 34.8% in the 25-<35 AG, and
peaked in the >85 AG (51.2%). The proportion of K. pneumoniae
was the lowest in the <1 AG (2.5%), followed by gradual increase
with age to 21.5% in the 45-<55 AG, and remaining at approxi-
mately 17% through the >85 AG.

The total patient-days of inpatients during the one year in the
eight sentinel hospitals was 2,006,663 days, comprising 204,839

days in ICUs and 1,801,824 days in GWSs. The mean rate of bacter-
emia occurrence per 10,000 patient-days for inpatients was the
highest for E. coli at 4.9 (range: 1.1-9.1 by hospital), followed by 2.5
for S. aureus (1.3—5.0), 2.3 for K. pneumoniae (1.0—3.7), 1.3 for
E. faecium (0.8—1.6), 0.9 for A. baumannii (0—1.6), 0.7 for E. faecalis
(0.2—1.5), and 0.5 for P. aeruginosa (0.1-1.1) (Fig. 6). Bacteremia
occurred more in ICU patients than in GW patients: the relative
occurrence ICU:GW ratio was the highest for A. baumannii at 22.2
(6.6:0.3), followed by E. faecalis at 5.8 (2.8:0.5), E. faecium at 4.9
(4.6:0.9), S. aureus at 4.7 (8.6:1.8), P. aeruginosa at 3.9 (1.6:0.4),
K. pneumoniae at 2.3 (4.7:2.0), and E. coli at 1.3 (6.2:4.8).

The overall incidence of bacteremia caused by the top five
pathogens (E. coli, S. aureus, S. pneumoniae, E. faecalis, and
E. faecium) was increasingly reported in Europe between 2002 and
2008 based on the European Antimicrobial Resistance Surveillance
System (EARSS) database [10]. In this study, both E. coli and
E. faecium occupied more proportion among blood strains than
S. aureus and S. pneumoniae (Fig. 3). The predominance of E. coli
among bacteremia-causing pathogens corresponds to the world-
wide trend, and the relative incidence of bacteremia caused by
S. aureus vs. by E. coli in Kor-GLASS was 1:2.5, which was similar to
the relative incidences of 1:2.4 in Taiwan [11] and 1:2.2 in the
Netherlands [12]; lower than that of 1:3.1 in Norway [13]; and
higher than those of 1:1.1 in Japan [14], 1:1.2 in Vietnam [15],1:0 in
Greece [16], and 1:1.3 in Malawi [17]. The relative incidences of
bacteremia caused by K. pneumoniae vs. by E. coli in Kor-GLASS was
similar, at 1:2.6, comparable to those in Japan (1:2.3) and Taiwan
(1:3.0), lower than those in the Northern European countries (1:5.4
and 1:5.1 in the Netherlands and Norway, respectively), and higher
than that in Vietnam (1:1.0). S. pneumoniae was frequently isolated
from blood specimens in European countries (1:3.2 in the
Netherlands, 1:3.0 in Norway), whereas it was rarely identified in
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Fig. 3. Occurrence of bacteremia during the study period by infection origin. Abbreviations: ABA, Acinetobacter baumannii; ECO, Escherichia coli; EFA, Enterococcus faecalis; EFM,
Enterococcus faecium; KPN, Klebsiella pneumoniae; NBA, Non-baumannii Acinetobacter species; SAL, Salmonella species; SAU, Staphylococcus aureus; SPN, Streptococcus pneumoniae.
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Fig. 4. The number of patients with bacteremia by infection origin and sex.

Kor-GLASS (1:33.4), similar to the ratios in Asian countries (1:18.3
in Vietnam and 1:31.8 in Taiwan). Salmonella spp. remain the major
pathogens causing bacteremia in developing countries, such as
Vietnam (1:2.8) and Malawi (1:0.9); however, in South Korea, the
species were seldom identified (1:31.6), similar to the results in
Taiwan (1:14.2).

5. Antimicrobial susceptibilities of major pathogens
5.1. S. aureus

Approximately one-half (53.2%, 377/708) of S. aureus blood
strains exhibited resistance to cefoxitin, indicating methicillin-
resistant S. aureus (MRSA) (Fig. 7a). Cefoxitin resistance was more
frequently observed in infections of HO (66.3%, 232/377) than those
in CO (40.5%, 145/377). The high prevalence of MRSA among blood
strains in South Korea is likely decreasing according to the KARMS
data, which revealed a decrease from 72% in 2013 to 66% in 2015
[18]. The 53.2% rate reported in 2017 by Kor-GLASS is, indeed, less
than the prevalence of 66% reported in 2016 by KARMS.

Most of the S. aureus strains remained susceptible to recently
developed anti-staphylococcal drugs, including tigecycline, line-
zolid, and quinupristin-dalfopristin, with a few exceptions: three
(0.4%) were resistant to tigecycline, and five (0.7%) were resistant to
quinupristin-dalfopristin. They were all susceptible to the tradi-
tional anti-MRSA drugs vancomycin and teicoplanin. The S. aureus

blood strains were categorized by their AMR phenotype: 38.4%
(272/708) as DS, 8.3% (59/708) as DR, and 53.2% (377/708) as MDR
(Fig. 8). No XDR or PDR strains were identified in this study. All the
MDR strains were MRSA.

5.2. E. faecalis

Resistance to ampicillin in E. faecalis blood strains was rare
(0.6%,1/175), while the resistance rate to penicillin was 26.3% (46/
175): 31.4% (33/105) among HO and 18.6% (13/70) among CO in-
fections (Fig. 7b). None of the penicillin-resistant strains showed
positive results in the Cefinase test for the identification of beta-
lactamase production. The resistance phenotype has been iden-
tified in E. faecalis clinical strains in many countries, and it is
associated with the overproduction of altered penicillin-binding
protein 4 having a low affinity for beta-lactams [19,20]. Resis-
tance to glycopeptides was also rare: 0.6% (1/175) for both van-
comycin and teicoplanin. High-level resistance to gentamicin was
observed in 26.9% (47/175) of strains, and that to streptomycin
was observed in 6.3% (11/175) of strains. The E. faecalis blood
strains mostly exhibited the DR (38.3%, 67/175) or MDR (25.1%, 44/
175) phenotype (Fig. 8). Neither XDR nor PDR strains were iden-
tified. Most of the penicillin-resistant strains exhibited the MDR
(80.4%, 37/46) phenotype, while penicillin-susceptible strains
(5.4%, 7/129) rarely did.
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Enterococcus faecalis 18 (22.5) 0(0) 1(3.0) 2(4.8) 3 (4.5) 4(2.5) 11 (3.2) 17 (2.5) 49 (5.1) 55 (4.3) 15 (3.4) 175
Enterococcus faecium 5(6.3) 2(5.9) 2(6.1) 3(7.1) 2(3.0) 15 (9.3) 19 (5.4) 58 (8.6) 66 (6.8) 93 (7.3) 23 (5.1) 288
Streptococcus pneumoniae 4(5.0) 5(14.7) 0(0) 0(0) 1(1.5) 6(3.7) 3(0.9) 8(1.2) 10 (1.0) 10 (0.8) 6(1.3) 53
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Klebsiella pneumoniae 2(2.5) 2(5.9) 3(9.1) 6(14.3) 8(12.1) 23(14.3) 75(21.5) 125(18.6) 183(19.0) 187 (14.6) 79 (17.7) 693
Salmonella species 0(0) 4(11.8) 6(18.2) 1(2.4) 5(7.6) 5(3.1) 7(2.0) 12 (1.8) 11 (1.1) 4(0.3) 1(0.2) 56
Pseudomonas aeruginosa 3(3.8) 2(5.9) 1(3.0) 0(0) 2(3.0) 5(3.1) 11 (3.2) 29 (4.3) 35 (3.6) 52 (4.1) 9(2.0) 149
Acinetobacter baumannii 0(0) 2(5.9) 3(9.1) 2(4.8) 5 (7.6) 7(4.3) 23 (6.6) 32 (4.8) 50 (5.2) 65 (5.1) 14 (3.1) 203
Non-baumannii
A s 0(0) 0(0) 0(0) 0(0) 2(3.0) 4(2.5) 2(0.6) 5(0.7) 8(0.8) 9(0.7) 2(0.4) 32
Subtotal 31 (38.8) 19 (55.9) 15 (45.5) 19 (45.2) 45 (68.2) 99 (61.5) 251(71.9) 479(71.3) 685(71.0) 928(72.5) 334(74.7) 2,905
Total 80 34 33 42 66 161 349 672 965 1,280 447 4,129

Fig. 5. Number of patients with bacteremia by target pathogen. The bar is the number of infected patients by Gram stain, and the black line is the percentage of patients positive for
target pathogens. The table shows the number of patients with bloodstream infection by age group.

5.3. E. faecium

Most (89.6%, 258/288) of the E. faecium blood strains were
resistant to ampicillin, and resistance to vancomycin (34.0%, 98/
288) and teicoplanin (18.8%, 54/288) was more frequently observed
in E. faecium strains than in E. faecalis strains (Fig. 7c). For the three
drugs, the resistance rates in HO infections were much higher than
those in CO infections: 92.7% vs. 76.8% for ampicillin, 37.9% vs. 17.9%
for vancomycin, and 21.1% vs. 8.9% for teicoplanin. Notably, the 54/
98 vancomycin-resistant E. faecium blood strains were also resis-
tant to teicoplanin, while 25 and 19 were intermediate and sus-
ceptible to the drug, though they were all vanA-positive. These

findings may be due to the dissemination of clones with vanA
genotype-VanD phenotypes as a result of the impairment of vanY
and vanZ in the vanA operon by the rearrangement of Tn1546
[21,22]. High-level resistance to gentamicin was observed in 18.1%
(52//288) of strains, and that to streptomycin was observed in 1.0%
(3/288) of strains. Regarding the recently developed antimicrobial
drugs for Gram-positive strains, 8.3%/3.1% and 1.4%/0% of strains
were intermediate/resistant to quinupristin-dalfopristin and line-
zolid, respectively, and 0.3% (1/288) was resistant to tigecycline.
More than one-half of E. faecium blood strains were MDR (55.9%,
161/288), one-third were DR (40.3%, 116/288), and the remaining
were DS (3.8%, 11/288) (Fig. 8). All the vancomycin-resistant
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E. faecium strains exhibited MDR phenotypes compared to only
33.2% (63/190) of vancomycin-susceptible E. faecium strains.

5.4. S. pneumoniae

Most of the S. pneumoniae blood strains remained susceptible to
penicillin and ceftriaxone with some exceptions: five (9.4%) were
resistant and 14 (26.4%) were intermediate to penicillin, and one
(1.9%) was resistant and five (9.4%) were intermediate to ceftriax-
one (Fig. 7d). Of note, the 19 penicillin-resistant or penicillin-
intermediate strains were frequently non-susceptible to other
drugs, including amoxicillin-clavulanic acid (intermediate in three
and resistant in 10), cefuroxime (resistant in 18), ceftriaxone (in-
termediate in four and resistant in one), erythromycin (resistant in
19), and trimethoprim-sulfamethoxazole (intermediate in three
and resistant in 13). Two strains were resistant to levofloxacin (MIC
>4 ng/mL). A relatively high rate of erythromycin resistance (77.4%,
41/53) was observed in the strains.

5.5. E. coli

Resistance to ampicillin was frequently observed in E. coli blood
strains (65.3%, 1157/1772), and the rate decreased to 28.9% (512/

1772) with supplementation with the enzyme inhibitor sulbactam
(Fig. 7e). The resistance rates to the expanded-spectrum cephalo-
sporins were as follows: 32.4% (574/1772) to cefotaxime, 11.8% (209/
1772) to ceftazidime, and 20.3% (360/1772) to cefepime. The dif-
ference between the AMR rate to cefotaxime and that to ceftazi-
dime may be the result of the dissemination of CTX-M type
extended-spectrum beta-lactamases (ESBLs). With some excep-
tions such as CTX-M-15, CTX-M-55, and CTX-M-27, CTX-M type
ESBLs usually confer resistance to cefotaxime but not to ceftazidime
to the bacterial hosts [23]. Resistance to cefoxitin was rarely iden-
tified (3.9%, 69/1772). Non-susceptibility to carbapenems was
rarely observed: three were resistant to imipenem, three were
resistant to meropenem, and two were intermediate and three
were resistant to ertapenem. Of these, a strain was identified as a
K. pneumoniae carbapenemase (KPC) producer that is currently
disseminating in South Korea [24,25]. The resistance rate to cip-
rofloxacin was 35.8% (635/1772), and that to amikacin was low, at
0.8% (14/1772), whereas that to gentamicin was higher at 26.6%
(471/1772). Resistance to colistin was rare and was detected only in
three strains. HO strains had comparably higher AMR rates to most
of the antimicrobials tested than CO strains. More than one-half of
the E. coli blood strains (58.0%, 1027/1772) exhibited MDR pheno-
types, and 17.7% (314/1772) of them exhibited DR phenotypes
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Fig. 7. Percentage of resistance to major antimicrobials of blood isolates by infection origin and by patient admission type. Abbreviations: CO, community origin; GW, general ward;

HO, hospital origin; ICU, intensive care unit; OPD, outpatient department.

(Fig. 8). All (100%, 593/593) of the cefotaxime-non-susceptible
strains showed MDR phenotypes compared to only 36.8% (434/
1179) of the cefotaxime-susceptible strains. No XDR or PDR strains
were identified in this study.

5.6. K. pneumoniae

One-third (28.9%, 200/693) of K. pneumoniae blood strains were
resistant to piperacillin, penicillinase-resistant penicillin, and a
quarter (27.0%, 187/693) of the strains were resistant to ampicillin-

sulbactam (Fig. 7f). For the expanded-spectrum cephalosporins,
26.1% (181/693) of strains were resistant to cefotaxime, 21.2% (147/
693) to ceftazidime, and 20.6% (143/693) to cefepime. Cefoxitin
resistance was observed in 6.3% (44/693) of the strains. Resistance
to carbapenems was identified more frequently in K. pneumoniae
blood strains than in E. coli strains: 0.7% (5/693) to imipenem, 0.9%
(6/693) to meropenem, and 1.0% (7/693) to ertapenem. Of them,
five strains were identified as KPC producers. The resistance rate to
ciprofloxacin was 18.9% (131/693), and the rates to amikacin and
gentamicin were 2.6% (18/693) and 12.0% (83/693), respectively.
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Fig. 7. (continued).

The AMR rates in K. pneumoniae of HO were higher than in those of
CO. More than one-half of the K. pneumoniae strains were classified
as DS (60.6%, 420/693), which were all susceptible to cefotaxime
(Fig. 8). Cefotaxime-non-susceptible strains belonged to either
MDR (94.5%,173/183) or XDR (3.8%, 7/183) with a few exceptions of
DR (1.6%, 3/183).

5.7. Salmonella spp.

Among 56 Salmonella blood strains, two (3.6%) were resistant to
cefotaxime, and all of them were intermediate or resistant to cef-
tazidime (Fig. 7g). All the strains remained susceptible to imipe-
nem. Two strains were resistant to ciprofloxacin, and 17.9% (10/56)
of strains were intermediate to the drug.

5.8. P. aeruginosa

Non-susceptibility to piperacillin in P. aeruginosa blood strains
was observed in 30/149 (20.1%) strains [nine (6.0%) intermediate
and 21 (14.1%) resistant] (Fig. 7h). The resistance rates to

ceftazidime and cefepime were 14.1% (21/149) and 10.7% (16/149),
respectively. The rates of carbapenem resistance were higher than
those to expanded-spectrum cephalosporins: 19.5% (29/149) to
imipenem and 18.1% (27/149) to meropenem. Additionally, 5.4% (8/
149) of strains were resistant to amikacin, 8.7% (13/149) to genta-
micin, 6.0% (9/149) to tobramycin, and 15.4% (23/149) to cipro-
floxacin. An approximately two-fold higher rate of resistance was
observed in strains of HO compared to those of CO. The amikacin-
non-susceptible P. aeruginosa blood strains mostly belonged to
XDR (90.9%, 10/11) with one exception belonging to DR (Fig. 8),
while among the imipenem-non-susceptible strains, 42.1% (16/38)
were XDR, 13.2% (5/38) were MDR, and 44.7% (17/38) were DR,
indicating that amikacin non-susceptibility is the better indicator of
XDR P. aeruginosa than imipenem-non-susceptibility.

5.9. Acinetobacter spp.

AMR rates in A. baumannii blood strains to all the drugs
tested were over 70% (Fig. 7i): 93.1% (189/203) to piperacillin,
81.3% (165/203) to ampicillin-sulbactam, 87.7% (178/203) to
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Fig. 7. (continued).

ceftazidime, 92.6% (188/203) to cefepime, 92.1% (187/203) to
both imipenem and meropenem, 75.9% (154/203) to gentamicin,
71.9% (146/203) to tobramycin, 70.9% (144/203) to amikacin, and
92.1% (187/203) to ciprofloxacin. For those drugs, the AMR rates
in the strains of HO were approximately two times higher than
in those of CO. Two exceptional anti-Acinetobacter drugs, min-
ocycline and tigecycline, were still active in 95.1% (193/203) and
84.2% (171/203) strains, respectively. NBA blood strains exhibi-
ted markedly lower rates of AMR than A. baumannii blood

strains (Fig. 7j): 9.4% (3/32) to piperacillin, 9.4% (3/32) to
ampicillin-sulbactam, 3.1% (1/32) to ceftazidime, 3.1% (1/32) to
cefepime, 3.1% (1/32) to both imipenem and meropenem, 6.3%
(2/32) to gentamicin, 3.1% (1/32) to amikacin, and 6.3% (2/32) to
ciprofloxacin. None of the strains were resistant to tobramycin,
minocycline, tigecycline, or colistin. Among the A. baumannii
blood strains, 80.8% (164/203) and 12.3% (25/203) belonged to
XDR and MDR, respectively, and all of those, except one MDR
strain, were imipenem-non-susceptible (Fig. 8).

~—
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Fig. 8. Categorization of resistance phenotypes by bacterial pathogens. Abbreviations: DS, susceptible to all tested drugs; DR, non-susceptible to one or two antimicrobial classes;
MDR, non-susceptible to >3 antimicrobial classes; and XDR, susceptible to <2 antimicrobial classes.

6. The occurrence of bacteremia caused by major AMR
pathogens stratified by patient admission type

The AMR rates of major pathogens stratified by patient
admission type were assessed (Fig. 9a). In general, the AMR
rates of blood strains from ICU patients were the highest fol-
lowed by those from GW patients, and those from outpatients
were the lowest: MRSA, 70.1% vs. 53.2% vs. 38.4%; penicillin-

resistant E. faecalis, 31.6% vs. 24.4% vs. 21.9%; vancomycin-
resistant E. faecium, 45.3% vs. 29.8% vs. 18.2%; cefotaxime-
resistant E. coli, 38.3% vs. 35.3% vs. 28.3%; cefotaxime-resistant
K. pneumoniae, 42.3% vs 26.6% vs. 18.6%; meropenem-resistant
P. aeruginosa, 24.2% vs. 20.0% vs. 9.8%; and meropenem-
resistant A. baumannii, 97.1% vs. 83.3% vs. 69.2%. The AMR
rates of major pathogens were much higher in infections of HO
than in infections of CO (Fig. 9b).
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Fig. 9. (a). The prevalence of major AMR pathogens recovered from blood specimens by admission type. Admission types are grouped into outpatients (OPD), inpatients hospi-
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baumannii; MEM-R PAE, meropenem-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant Staphylococcus aureus; PREFA, penicillin-resistant Enterococcus faecalis; VR

EFM, vancomycin-resistant Enterococcus faecium.

7. The occurrence of bacteremia caused by major AMR
pathogens in inpatients

The occurrence of bacteremia caused by major AMR patho-
gens in inpatients per 10,000 patient-days was estimated
(Fig. 10). The mean value of bacteremia occurrence caused by
cefotaxime-resistant E. coli was the highest at 1.7 (n = 351,
ranged from 0.4 to 3.7 by hospital), followed by 1.5 for MRSA
(n = 301, 0.8-2.8), 0.9 for imipenem-resistant A. baumannii

(n = 177, 0—1.5), 0.7 for cefotaxime-resistant K. pneumoniae
(n = 138, 0.4-1.1), 0.5 for vancomycin-resistant E. faecium
(n = 94, 0.2—0.8), 0.2 for penicillin-resistant E. faecalis (n = 39,
0.1-0.3), and 0.1 for meropenem-resistant P. aeruginosa (n = 23,
0—0.4). The ratio of bacteremia occurrence in ICU patients to
that in GW patients was the highest at 7.5 (0.9 vs. 0.1) for
penicillin-resistant E. faecalis, followed by 7.4 (2.1 vs. 0.3) for
vancomycin-resistant E. faecium, 6.2 (6.1 vs. 1.0) for MRSA, 4.7
(0.4 vs. 0.1) for meropenem-resistant P. aeruginosa, 3.7 (2.0 vs.
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Occurrence of bloodstream infections per 10,000 patient-days

Fig. 10. Occurrence of bacteremia per 10,000 patient-days caused by major antimicrobial-resistant pathogens (total patient days = 2,006,663). Abbreviations: CTX-R ECO,
cefotaxime-resistance Escherichia coli; CTX-R KPN, cefotaxime-resistant Klebsiella pneumoniae; ETP-R KPN, ertapenem-resistance Klebsiella pneumoniae; GW, general ward; ICU,
intensive care unit; MEM-R ABA, meropenem-resistant Acinetobacter baumannii; MEM-R PAE, meropenem-resistant Pseudomonas aeruginosa; MRSA, methicillin-resistant Staph-
ylococcus aureus; PREFA, penicillin-resistant Enterococcus faecalis; VR EFM, vancomycin-resistant Enterococcus faecium. The figure shows the mean occurrence across all eight
hospitals, with the lowest and highest values indicated by error bars. The color box for each line represents the first to the third quartile, and the size of the dot depends on the

number of beds in each sentinel hospital.

0.5) for cefotaxime-resistant K. pneumoniae, and the lowest, 1.4
(2.4 vs. 1.7), for cefotaxime-resistant E. coli.

8. Conclusion

Through the pilot phase of Kor-GLASS, we established a reliable
system of AMR surveillance, which includes i) the entire process of
AMR surveillance from collecting the isolates to reporting the re-
sults, ii) a web-based data-managing system for registering the
clinical data by the sentinel hospitals, filing of laboratory data by
the analysis center, and recording of the quality control assessment
results by the quality control center, and iii) secure quality control
of the AST results in charge of the quality control center. Setting the
phase as the starting point, we were able to assess the first year of
phase I of the Kor-GLASS study, and our data indicated an actual
AMR status in South Korea. Former KARMS data of overestimated
AMR due to the duplicate isolation of drug-resistant pathogens
were all corrected, and comparing the error-free AMR data with
those of other countries were made. The higher incidence of
bacteremia caused by major AMR pathogens among inpatients
specifically hospitalized in ICUs distressed the importance of

infection control in hospitals and the needs of amelioration of the
crowded hospitalization system in South Korea. The isolation rate
of the Salmonella spp. is decreasing, reflecting the current socio-
economic status of South Korea. The proportions of bacterial spe-
cies in the blood isolates were similar to those in other Asian
countries with similar lifestyles.
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