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Background: Antimicrobial resistance (AMR) is an is-
sue not only with regard to public health, but also in
terms of economic impact. AMR surveillance has
mainly been carried out in general hospitals, and not
in nursing hospitals. This study was conducted to in-
vestigate the AMR rate for bacterial strains isolated
from nursing hospital samples.

Methods: Antimicrobial susceptibility testing (AST) re-
sults from a total of 23,518 bacterial isolates recov-
ered from clinical specimens taken in 61 nursing hos-
als were analyzed. AST was conducted using Vitek 2
with AST cards specific for the bacterial strains.
Results: A total of 19,357 Gram-negative and 4,161
Gram-positive bacterial strains were isolated. Pseudo-
monas aeruginosa (n=6,384) and Escherichia coli (n=
5,468) were the most prevalent bacterial species
and, among Gram-positive bacteria, Staphylococcus
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aureus (n=1,565) was common. The AMR rate was
high for the following strains: cefotaxime-resistant Kleb-
siella pneumoniae, 77.4%; cefotaxime-resistant E. coli,
70.6%; imipenem-resistant Acinetobacter baumannii,
90.3%; imipenem-resistant P. aeruginosa, 49.3%; ox-
acillin-resistant S. aureus, 81.1%, penicillin-resistant
Enterococcus faecalis, 44.8%, and vancomycin-resistant
Enterococcus faecium, 53.5%. AMR rate change varied
by bacterial species and antimicrobial drug.
Conclusion: AMR rates of major pathogens from nursing
hospitals were higher than those from general hospi-
tals with the exception of imipenem-resistant A. bau-
mannii. Continuous monitoring and infection control strate-
gies are needed. (Ann Clin Microbiol 2019;22:96-104)
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Table 1. Patients included in the study
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MATERIALS AND METHODS
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Fig. 1. Participating nursing hospitals in this study. Numbers of
nursing hospitals are indicated in parentheses after the name of each
district.

Sex
Species Total
Male Female Unknown
E. coli 5,468 (23.3%) 1,129 (27.8%) 2,934 (72.2%) 1,405
K. pneumoniae 3,346 (14.2%) 1,338 (52.4%) 1,216 (47.6%) 769
A. baumannii 2,885 (12.3%) 1,433 (63.8%) 812 (36.2%) 640
P. aeruginosa 6,384 (27.1%) 2,955 (58.9%) 2,061 (41.1%) 1,368
Other Gram-negatives* 1,274 (5.4%) 574 (57.1%) 431 (42.9%) 269
S. aureus 1,565 (6.7%) 650 (49.6%) 660 (50.4%) 255
E. faecalis 564 (2.4%) 160 (37.4%) 268 (62.6%) 136
E. faecium 776 (3.3%) 225 (35.3%) 413 (64.7%) 138
Other Gram—positivesT 1,256 (5.3%) 530 (50.3%) 23 (49.7%) 203
Total 23,518 (100%) 8,994 (49.1%) 9,318 (50.9%) 5,183

*Other Gram-negatives include S. marcescense (n=641), Enterobacter spp. (n=319), and Citrobacter spp. (n=314);

TOther Gram-positive include

coagulase-negative staphylocci (n=972), S. agalatiae (n=160), and S. pneumoniae (n=124).
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ZAAollA Eeld Ald VITEK 2 (bioMerieux, Marcy-
I'Etoile, France) AH|E o] &3+ As}sk#] why = Bruker
Biotyper (Bruker Daltonics GmbH, Bremen, Germany) AH]&
AL-8-3F matrix assisted laser desorption ionization-time of flight
mass spectrometry HOZ FAsINCE Al AeAL
VITEK 2 )% A-gele] Adsigich. FEUE 453 44
A AA FV=R3=, Escherichia coli, Klebsiella pneumonia,
Enterobacter spp, Citrobacter spp, Serratia marcesces 52
Enterobacteriaceae= AST-N274 7}=&, H] wtgAl 9l
Acinetobacter baumannii®} Pseudomonas aeruginoisa% AST-
N255 7}=, staphylococcit AST-P610 7}E, enterococcit
AST-P600 7}=, streptococcit AST-STO1 7F=E A8t}

RESULTS
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ZF St A A4 SJE|E]o] wiek Al A FAe] 2
A2 A4 20149 4,78370014 wid oF 29% Z7}s}
6,1777301 Z3l9dch(Table 1). ZH-SA AT
Wﬂ%ﬂ ]3] 4.0 =4h(19,357 : 4,161).
V2] E. coli (28.2%, 5,468/19,357)

(3.3%, n=641), Enterobacter spp. (1.6%, n=319), Citrobacter
spp. (1.6%, n=314)7} L 5= o|ich azte kAT He| F5e
S. aureus (37.6%, 1,565/4,161)8} E. faecalis (16.2%, n=674), E.
Saecium (16.0%, n=666)°] 70%% XFASFY L coagulase-neg-
ative staphylocci’} 19.9% (n=972), Str. agalatiae?} 3.3%
(n=160) S. pneumoniae?} 2.5% (n=124)5 A A5}l EAA
02 E. coli$t P. aeruginosa®] £-2l-&o] AA|Q] Auts XA
.

A9 e, FEUE el Aolh gort, 49.1% ;
50.9%%2 ol 2] ulgo] 72| 29kek(Table 1). E. coli®} E. fue-
calis, E. faecium< g0l v]&o] 35 : 65014 30 : 7022 oA
skAtoll A ] o] Helxl= oS B, 4. baumanniiSh P.
aeruginosa= 65 : 35, 60 : 402] v]-&E FA skAlollA] T o)
el = 9t

FEue el Eelwe A1) £} AolelleTable
2). E. coli (80.8%, 4,417/5468)8} E. faecalis (81.9%, 462/564)
+ LAAellA ] FelnlEol] 4/5 ThRkelRd
(63.5%, 2,126/3,346), A. baumannii (76.8%, 2,215/2,885), P.
aeruginosa (75.1%, 4,794/6,384) = EF7|1 A4 E2lnl&
o] 7} 3/4 7}Foldrt. S. aureus FHto] TH7IZAlA F
2] 3(57.1%, 894/1,565), B4 Ao A Ll 739(17.2%,
n=269)7} 1 HZ ot} E. faeciums THito] L 7A|el|A]
(57.6%, 447/776) S-el=) it

al, K. pneumoniae

2 72 @59 T 2+
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1%

= P. aeruginosa (33 0%, n=6,384)°]91.2 ™, K. pneumoniae 193, I F FQNANTF EeES A E B4}
(17.3%, n=3,346), A. baumannii (14.9%, n=2,885), S. marcescense K. pneumpniae= cefoxitin®} 7HFHIS Ale]g AF2] W)
Table 2. Specimens included in the study
Specimens
Species Total
Abscess Blood Respiratory Urinary Wound Others
E. coli 5,468 (23.3%) 71 (18.2%) 358 (20.0%) 415 (3.6%) 4,417 (54.1%) 185 (14.8%) 22 (5.7%)
K. pneumoniae 3,346 (14.2%) 30 (7.7%) 108 (6.0%) 2,126 (18.5%) 941 (11.5%) 100 (8.0%) 18 (4.6%)
A. baumannii 2,885 (12.3%) 47 (12.0%) 47 (2.6%) 2,215 (193%) 302 (3.7%) 253 (20.2%) 21 (5.4%)
P. aeruginosa 6384 (27.1%) 88 (22.5%) 67 3.7%) 4,794 (41.7%) 1,083 (13.3%) 327 (26.1%) 25 (6.4%)
Other 1,274 (5.4%) 9 (2.3%) 39 (22%) 896 (7.8%) 273 (3.3%) 52 (4.2%) 5 (1.3%)
Gram-negatives™
S. aureus 1,565 (6.7%) 109 (27.9%) 179 (10.0%) 894 (7.8%) 101 (1.2%) 269 (21.5%) 13 (3.4%)
E. faecalis 564 (2.4%) 3 (0.5%) 72 (12.8%) - 462 (81.9%) 11 (2.0%) 16 (2.8%)
E. faecium 776 (3.3%) - 46 (5.9%) 4 (0.5%) 447 (57.6%) 19 (24%) 260 (33.5%)
Other 1,256 (5.3%) 34 (8.7%) 877 (48.9%) 158 (1.4%) 143 (1.8%) 36 (2.9%) 8 (2.1%)
Gram-positives T
Total 23,518 391 1,793 11,502 8,169 1,252 388

*Other Gram-negatives include S. marcescense (n=641), Enterobacter spp. (n=319), and Citrobacter spp. (n=314);

coagulase-negative staphylocci (n=972), S. agalatiae (n=160), and S. pneumoniae (n=124).

TOther Gram-positives include
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Fig. 2. Resistance rates of K. pneumoniae, E. coli, A. baumannii, and P. aeruginosa in each year. Each bar indicates resistance rate of the year:
black bar for 2014, dark gray for 2015, light gray for 2016, and white for 2017. Numbers of isolates analyzed are presented in parentheses

following the year in the plot legend.
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A. baumanniic= 437F WAE A<3A1E Kol amikacin
(20144 27.5%, 20154 30.9%, 2016 36.3%, 2017 44.6%)
I} ZAFAE Hol= tigecycline (20141 15.9%, 20154
11.0%, 2016% 11.0%, 20173 8.3%), co-trimoxazole (2014'd
73.1%, 20154 72.6%, 20161 72.6%, 20174 67.7%)2 Al]sk
I s #3) glo] Ao g =& UKIES HrkFig. 2).
Aztreonamol] T3t WA Eo] SAZ 0 & wll-- o} 99.5%014]
100%0l] Z&}it}. Imipenemel] thek A& 20144 85.8%,
2015 83.9%, 20161 74.2%°1W Ze] 20171l 90.3%E &
As] st on, 73718 2AgE e dolA] Eeldt
o FA% WAE W3l akeddl o2 IRlE|QrkFig. 3).

P. aeruginosa®) 73-F, 447+ & w3} glo] ampicillin-sulbactam,
cefotaxime, minocycline, tigecycline, co-trimoxazoleol] tgt
AEo] 98.5%0NA 100%E m-¢- =Skk(Fig. 2). EAFoE,
piperacillinel] tEH WAELS 2713415 (20141 45.8%, 2015
1 56.0%, 2016\ 61.5%, 20174 61.2%) H.9131, imipenemol]
3k WAES ZAEFAS (20149 653%, 20159 56.3%,
20161 54.7%, 20174 49.3%) Ric} Az, =4 o] &3}

Fig. 3. Heatmap for the proportion of
major drug-resistant bacteria isolated
from each district in each year. The
darker shading indicates higher rate
of resistance and the lighter shading
indicates lower rate of resistance. The
shading indicator is located in the
left-bottom. The district having re-
covered bacteria less than 2 isolates
are removed from the analysis and
indicated as NA, not applicable. The
resistance rate of each year is indicated
in front of the map. Abbreviations:
CTX, cefotaxime; IMP, imipenem; OXA,
oxacillin.
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S. aureus®] oxacillin WAE3} ciprofloxacin A& 2014
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(Fig. 4). Erythromycin (20144 68.6%, 20151 62.9%, 20161
60.1%, 20179 59.1%)3} clindamycinoll &t WA E(20141
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LA ZHAFAE B 2™, quinupristin/dalfopristin WA 72
447 e AEE A okt o]€}F B Eo], linezolid, van-
comycin, teicoplanin WATE 725 1} g19it}l. Mupirocindll
gk WAES 201490l 14.8%0]" Zo] 201540l 17.9%,
20161391l 18.1%, 201740l 21.3%2 wid Z7}5415 Hr).
AL3E Vitek 2 AST-P610 FHEoA &, cefoxitinthAl oxacillin
< methicillin-resistant S. aureus (MRSA)S] WA Z A-gsta
9lo], oxacillin WA-& EHE MRSAS] WHES F4 Sub
ol 8lgict A&y 24 A9 oxacillin WA S. aurues Y
E Aol A9 glglont, FHAG o o] WAl Eoll A=
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(Fig. 3).
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AT 499 A7N7be AEEIA ek Penicillinell T3k
WA Eo] 447F roll A S7kste] 201410l 3.4%0] Ze]
201510l 38.4%, 20161401l 43.9%F Eo], 2017doll= 44.8%
7} =9 cKFig. 4). Quinupristin/dalfopristinol] thalA1E 41 W
W 98.2%0114] 100% Abele] =2 WAAES H9lrl Vancomy-
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Fig. 4. Resistance rates of S. aureus, E. faecalis, and E. faecium in
each year. Each bar indicates resistance rate of the year: black bar
for 2014, dark gray for 2015, light gray for 2016, and white for
2017. Numbers of isolates analyzed are presented in parentheses
following the year in the plot legend.

= B3, tigecycline WATFE 437 skxel = Eel=]A] &
et E2 TR ohn|iFuto| Ao Eofl tigt WAES E
oA = FAoIA], gentamicin-highol] Tgk WA 2014
W 753%°1" Zlo] 201510l 65.0%, 2016WollE 61.1%,
20170 40.9%% Z91L, streptomycin-highol] i3k WA
£ 20144l 26.0%°114] 20151 ollE= 27.9%, 201610l 8.4%,
2017\doll= 12.6%2 E%t}k. Vancomycin WA E. faecium<
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DISCUSSION
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A Ade] Zha i7| 7ol ZolA] st A Aol Ast
of| Flekslvhe A4S 7HAAIE, WA 71 Axpabdoela AW/
o] Z7] uliitoll WAAITS Feles F43 sl 2ol
AAH 0 & ullg- Et) ofol], FEN|ol] o)) gtA| ZHr
9A% A RABE Aol £ WHolet S

2 Qo Seitehe] QopEslold el Algde
Aoz A HAAAY 2ie Pz el
] A WA Ags 44709 QAT B4s B3l £
PR o g dolrgirt Qe ollA] dojub= Aol WAA
g} Fol g UA Lojube oasaazte] WAAstet
fAFsiRE A E 1| Fo], Kor-GLASSOA =35 Z3h9
9] o] g3217+ed(hospital-originated, HO) E-2|72] 34| W
A&7} vlasl Bk} Kor-GLASSE 20169 5¥EE 20174
49747 Selvet A=e] Sl Eelgt df gl e el
ol et 4 AzHE 23 vl 9la1[19], Kor-GLASS]
HO 3 & el WA ET) vl 2g =+ glodek 20171¢]
Lobgsl Eelwe] WAES 20164 59-2017'd 492 Fohy
A Zel WAES vlashd, imipenem WA 4. baumanniis
ALlgE vh A4 e Felde] WA Eol vk A
< 21 4= 99t} Cefotaxime WA K. pneumoniae 77.4% :
50.6%, cefotaxime WA E. coliv= 70.6% : 57.1%, imipenem W4
A. baumannii= 90.3% : 93.4%, imipenem WA P. aeruginosa=
49.3% : 30.0%, L.481°] oxacillin W3 S. aureus®t S8 2]
cefoxitin WA S. aureus= 81.1% : 69.4%, penicillin WA E.
faecalis= 44.8% : 26.7%, vancomycin WAl E. faeciume 61.5% :
54.3%2] #bolE H3ick Ampicillinl] ZH4do]HA] penicillinell
W]l E. faecalis®] Bl E0] FolAw FA= S A
Al A& 2l v} Qlo], T3 el up7EA Z pen-
icillin-binding protein 42] #o]ol] 2]gt AU Ao 7 Z=AH=| 9
tH20].

TAM o HEY KorGLASSE] 22t Z490l F
=o] gloi12], ¥l APFel BAE FEo A A= T
Wl AE T obel QoA AE AT
Fofl thet FAE E3hskar glom21], 7% wid eokHdd
o] A WA ZHA] ZAet vl ashe Wk | 9lar ARl
Az vl g FHo] 7k Ao A7zt

2 A= HrHA 9 s 7HAH, ol T ARAlell tigt
Aol opd BtA| ZHrAl ATl gk A A4 o] 7HA]
SHA| ullitol] AR 02 FHo] Erls3t Zloldct A,
FAEH 07 Al A Aol ojElHl eok ke
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Sl R A1} SRRkl ol WlEel AT ke
o o3t WA FAe] 7FsAL oAl Al 4 99T, &
g e sUA WA A Azl ghatel g WA E vl
7} 27kssksik. A, WA E Aol ik 4ol 1, o

Aol RNl gt EA FAlo] Hox|o] glk. ol tis
Ae eIl oF|E HewEat A=A, I AAE
w2 B3] ohsle] 71 A7t Erbseich Ui, WA
] WA 2 EHakel] gk FAlo] o] FoA]A] ekoke) UE-
Lo lolA] FAg AT Aol WAENS, U Ao
2 Ztw]o] 7h= Aol #1Hl uf glont, #7t HkElo] 9l
2| go} olo] tisk ARAEE kA £A F-5 A1 = gigich

o|¥l AF-E F3ll QR dollA Feld Al Al WA
Eo| T W EHY Eohe AEE 1T F
ol Y WA wHEEelol o3 A E #e] ke oA
O} A 2 F0] E4(antimicrobial stewardship)e] ®]H]s}aL
Zrodfelol] F kst aokhyde AL vhedsle Zlolg) Atk
= vk, 2o Al WAE ZAZE H Qs Al
gk FA T A A5 A9 ATE 3 2ol
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thzS: 2opEaIe] 713 4 3
stol olol ol 7o) Btk o, Fulel 2] ebslalel o= A i o e e A S
E L

HH: 20149 195 20174 129740A] 447, 6170 okl skxk= Re] Beldt ¥ 2351800 ¢ A4 AdE
RASGIEL VITEK 2 4u1% ASstol AAson, FEo A8 74 g AR =S ol Saielet

A}k E 19357578 2T-SAATFI 4161572 2ok A|TFo] =t 2SI Foll= Pseudomonas aerugino-
sa (n=6,384)2} Escherichia coli (n=5,468), Lot A AT Foll= Staphylococcus aureus (n=1,565)7} 717 Bro| H2|¥l %
olgitt. 2o WAAITFE HeulgS =2 Hog 20179 Hel7e] cefotaxime WA E-S Klebsiella pneumoniaedl| 4]
77.4%, E. coliollA] 70.6%A.2H, imipenem WA B Acinetobacter baumanniiol X 90.3%, P. aeruginosa®ll4] 49.3%, ox-
acillin WAEZE 345 S. aureus] methicillin WA &2 81.1%, Enterococcus faecalis2] penicillin WA-E-2 44.8%, Entero-
coccus faecium®] vancomycin WAIE-2 53.5%0ll 23t WA &S] A5 W3} Fole AW, JHFAEE clokslgic)
AE: H A1E T3l QoY -9PZ]—°1]/H Zalg Al F9 gFAll gk WAE©] imipenem WA 4. baumanniiS
Al o]k & °ﬂ Aol vl =25 RIS ¢ AT, ek Al WA el tidk A EAR1 A9 AFE
&3 A4 $c> A A& eddele] F844E 1% 4 99lek [Ann Clin Microbiol 2019;22:96-104]
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