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Background: The emergence of non-typhoidal Salmo-
nella (NTS) with decreased susceptibilities to fluo-
roquinolone, ampicillin, or ceftriaxone has been re-
ported worldwide. However, current surveillance studies
of resistance among NTS in Korea are limited. Thus,
the antimicrobial susceptibilities; resistance mechanisms
such as extended-spectrum £ -lactamase (ESBL), plas-
mid-mediated AmpC A-lactamase (PABL), and plas-
mid-mediated quinolone resistance (PMQR); and molec-
ular epidemiologic characteristics were investigated in
the present study.

Methods: National Institute of Health and National
Veterinary Research and Quarantine Service collected
NTS strains from 219 clinical and 293 non-clinical
specimens from 2006 to 2008. The antimicrobial sus-
ceptibilities were determined using the Clinical and
Laboratory Standards Institute disk diffusion test.
ESBL, PABL, and qnr genotyping were performed us-
ing PCR and nucleotide sequencing. Pulsed-field gel
electrophoresis was used for the molecular epidemio-
logic study.

Results: The resistance to ampicillin in clinical and
non-clinical NTS was 49% and 18 to 47%, respec-
tively. The resistance rates to trimethoprim-sulfamethox-
azole in clinical and non-clinical NTS were 8% and 0 to
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41%, respectively. The rates to extended- spectrum
cephalosporin were 0 to 1%. One CTX-M- 15-produ-
cing isolate and four CMY-2-producing isolates were
detected. Notably, PFGE analysis showed four isolates
carrying blacuy-2, including one non-clinical strain had
high clonality. Although the rate of ciprofloxacin resist-
ance was very low, two gnrSi1-carrying NTS strains
were detected in non-clinical specimens.

Conclusion: The resistance rates to ampicillin in both
clinical and non-clinical NTS were high, while those
to trimethoprim-sulfamethoxazole varied depending
on the specimen. NTS strains harboring CTX-M-15-
type ESBL or CMY-2-type PABL were detected even
though the resistance rates to cephalosporins were
very low. Four NTS strains carrying the blacuy-2-
gene implied zoonotic infection. Continuous effort to
minimize transfer of resistance genes in NTS s
necessary. (Korean J Clin Microbiol 2012;15:14-20)
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53] quinolone AJAIE Foid = & 16A41] ]k LolollA] 34
™ cephalosporin WA 1 ZHedo] WS 735 2| 5419 9] 7}
Aol SEh3l.

At cephalosporing &3l <+ 9= B-lactamase 284 A
2= A Ao Huwa 9vh4,5. SHV, TEM,
CTX-M¥ 9] extended-spectrum B -lactamase (ESBL)© &2k
=5 &3 W3 At 7hsske(s), RsA AR X8
ofl A4-8=]& 3, 44t cephalosporing F3E T+ A& 54l
gt v §38 AYolA CMY-28  plasmid-mediated
AmpC -lactamase (PABL)S AJAls}o] ceftriaxones H]E3k
olg] gAloll WS Hol= AmpC 434 multidrug resistant
S. Newport 57} B.31%] 31 Qlek4-6]. o] 52] F32 &2l
A A2EdE 34 cephalosporin®] ceftiofure] AR-g-o] 191

4 Zlo g FHsla 9t Plasmid-mediated quinolone resist-

Table 1. Primers used in this study

ance (PMQR)= 199413 w|=19] Klebsiella pneumoniaedl| A |
Z B35 o]l olAofoll A& 20011 F Adstolol| A HelH
Escherichia coliolX gurAle] H3E]cH7,8]. o5 DNA
gyrases quinolone®] Zrg-0 ZHE] B slo] UAl-& Hoidli)
FHollA 1995-199613} 2000-2002% 2] NTSellA] nali-
dixic acid WA &2 5718t o} gnr A 54 253k
th9]. & vl Fell A Hel® NTSF PMQRE] HIEE 1996-2003
W 0.08%0]9.01} 2004-20061 0.3%5 Z7Fstgleh10,11].
it Fol| 4] thAA AR dlzkete] PMQRe]l thgE odt+= Al
gh=lo] gl

£ dFollAlE e 4 AHA| 9l v AHAellA el
NTSO| gtAl WA o2 vlasile). w3k +2 A 74

Aol B2l MES ZAea BAGE 24T el

AL

Primers Nucleotide sequence (5' to 3') Product size (bp) Target gene
TEM F ATG AGT ATT CAA CAT TTC CGT 361 blarem
TEM R TTA CCA ATG CTT AAT CAG TGA
SHV F CCG GGT TAT TCT TAT TTG TCG CT 31 blasiy
SHV R TAG CGT TGC CAG TGC TCG
CTX-M 1F GGA CGT ACA GCA AAA ACT TGC 624 blacriae:
CTX-M 1R CGG TTC GCT TTC ACT TTIT CTT -
CTX-M 2F CGG TGC TTA AAC AGA GCG AG 291 blacrxans
CTX-M 2R CCA TGA ATA AGC AGC TGA TTG CCC o
CTX-M 8&F ACG CTC AAC ACC GCG ATC 490 blacrxans
CTX-M 8R CGT GGG TTC TCG GGG ATA A -
CTX-M 9F GAT TGA CCG TAT TGG GAG TTT 047 blacrsos
CTX-M 9R CGG CTG GGT AAA ATA GGT CA -
PER-1 F GTT AAT TTG GGC TTA GGG CAG 855 blapers
PER-1 R CAG CGC AAT CCC CAC TGT i
VEB F ACC AGA TAG GAG TAC AGA CAT ATG A 727 blaven,
VEB R TTC ATC ACC GCG ATA AAG CAC i
GES/IBC F GTT AGA CGG GCG TAC AAA GAT AAT 903 blages.
GES/IBC R TGT CCG TGC TCA GGA TGA GT ”
TLA F CGC GAA AAT TCT GAA ATG AC 992 blara
TLA R AGG AAA TTG TAC CGA GAC CCT
MOXMF GCT GCT CAA GGA GCA CAG GAT 520 blayiox.1, blavox2, blacvy.,
MOXMR CAC ATT GAC ATA GGT GTG GTG C blacvy-s to blacmy-11
CITMF TGG CCA GAA CTG ACA GGC AAA 462 blayat1 to blayara,
CITMR TTT CTC CTG AAC GTG GCT GGC blacmy2 to blacwy-r, blapi
DHAMF AAC TTT CAC AGG TGT GCT GGG T 405 blavins. blaomns
DHAMR CCG TAC GCA TAC TGG CTT TGC " i
ACCMF AAC AGC CTC AGC AGC CGG TTA 346 blance, blaxce
ACCMR TTC GCC GCA ATC ATC CCT AGC ’
EBCMF TCG GTA AAG CCG ATG TTG CGG 300 blasmas, blascr
EBCMR CTT CCA CTG CGG CTG CCA GTIT w ’
FOXMF AAC ATG GGG TAT CAG GGA GAT G 190 blasoxa 10 blarox.ss
FOXMR CAA AGC GCG TAA CCG GAT TGG i ’
qnrA F AGA GGA TTT CTC ACG CCA GG 520 A l-qnrA6
gnrd R TGC CAG GCA CAG ATC TTG AC
qurB F GGA ATT GAA ATT CGC CAC TG 264 qnBl-qnrB6
qnrB R TTT GCC GCC CGC CAG TCG AA
qurS F GCA AGT TCA TTG AAC AGG GT 48 grSI-gnrS?

gnrS R

TCT AAA CCG TCG AGT TCG GCG
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2006-20081 A e ol A Fel NTS F5
21995, =1 et AGYolA vl @A, =i
| 3418 HelE NTS ¥ 20355 44 skl 4%
A ¥ (serotype, serovar) T8> Z4H7He] FR7 Rl A AJH

F99 ). Ampicillin, cefotaxime, ceftazidime, ceftriaxone, cefox-

N N

of

itin, streptomycin, nalidixic acid, ciprofloxacin, tetracycline, tri-
methoprim-sulfamethoxazole (cotrimoxazole), ZL2]3L chloram-
phenicol T]2=(Becton Dickinson, Cockeysville, MD, USA)Z
Clinical and Laboratory Standards Institute (CLSI) T2 &4k
1210l webA] Al 2 AAE Algekgdet

2. B-lactamase MM Zi=: ESBLI} PABL

ESBL A" A} 3598 X HAAE K. penumoniae, K.
oxytoca®} E. colioll g+ CLSI®] ESBL A% 7|58 +83}o]
Algstlet. 5, Cefotaxime 74 A% 23} ESBL A ¥4
7155(<27 mm)ol] 3l|dshi= T4 double-disk synergy™ .2
2 ESBL A4S #HalslgirH12,13]. ESBL 54132 PCRZ 3
I8}l ck(Table 1). DNATE 7hdst A48 1 «L, 20 pmol pri-
mer 27t 1 pL8 1 U] Taq DNA polymerase”’} S0]%e
PreMix (Bioneer, Dacjeon, Korea)oll 5755 d7}sto] 2 20
pL7b 5A slo] PCRE AlB8ll o™, blatems, blasuv-i,
blacrxmis Y T A Atk PCR FFE
Sequenase Version 2.0 DNA sequencing kit (U.S. Biochemicals,
Cleveland, OH, USA)E o] -8-slo] 17|45 Al

Cefoxitinoll H|ZFAY] ¥FE tAFSE multiplex AmpC
PCR-S A|§s}ith(Table 1) [14]. AmpC PCR Az 471414

BAE Aol 449 ssigich,

3. PMQRE Z£ 2 71H

t

Nalidixic acidel] HIZFFAQ) 5 11555 2l 2 Adsto]
PMQR A2t Z gnrd, qnrB, B gnrSE multiplex PCRH .2
ZE813ick(Table 1). 94 PCR A 7] Alg< 418k

R L
4. Pulsed-field gel electrophoresis (PFGE)

A8 FE Luria Broth 1 mLell 5}&8to] a5 siekst <
2% InCert agarose®} 23}sto] moldel] YW e} Lysozyme
3} proteinase K& cell membranes A|7sk3L A& A Xbalo
2 gAA] §AAE Aelkelgdr). o] 2 PFGEE agarose 1% gel
I} CHEF-DR 1I system (Bio-Rad, Hercules, CA, USA)Z &
0.5 second, #|< 30 seconds switch time, S} 6 VE 2047 A
71945 % Tenover 59 7|52 & clonalityE I8t 15].
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2 adellA Eeldl NTSE AAlell webA Aoldt Sy &
5 HSrh &, gAHEAlRIN Eel" NTS 219F &

Salmonella enterica serovar Enteritidis (S. Enteritidis)7} 1365

;.

(62.1%)E. Salmonella enterica serovar Typhimurium (S. Typhi-
murium) 835(37.9%)X.t} T] ESkek Table 2). v el
= AN 158577} Fel gEle] 7hg kA HellA 80,
71k 54l 557F2] RIEFAS Helek siAlolA ek
158 #5 Zoll= S Typhimuriumo] 1155472.8%)% thH-E-S
A8V AL, Salmonella enterica serovar Schwarzengrund 185
(11.4%), Salmonella enterica serovar Rissen 165(10.1%)°]3{c}.
chol|2] Hel¥l 80F Foll= S Enteritidis7} 325:40%)2 7F4+
E319)3, Salmonella enterica serovar Virchow?} 179521.3%),
Salmonella enterica serovar Indiana”} 95+11.3%) S°lich
9] SA1EollA E2l®l 555 Foll= S Enteritidis7} 225(40%),
Salmonella enterica serovar Blokley 1995(34.5%), B S Typhi-
murium 95%(13.4%) So|3itk 20081 2] 1267 WA
225l 662 NTS Folle= S Enteritidis7} 2085+31.4%), S.
Typhimuriumo] 181527.3%)2] E2HIEE HojA H od79}
AT 16]. Bl A= 2001-2002+ BRIl HelH 185
% S Typhimuriume] 95(50%)0|o]4] 2 oo} F-Akslg) ot

Table 2. Resistant rates (%) of nontyphoidal Salmonella species to
various antimicrobial agents as a result of in vitro antimicrobial
susceptibility test

Non-clinical isolates (293)

Clinical isolates*

Antibiotics (219) pig"  Chicken”  Food'
(158) (80) (55)
Ampicillin 49 47 18 38
Cefotaxime NT 1 0 0
Ceftazidime NT <1 0 0
Ceftriaxone <1 NT NT NT
Cefoxitin 1 1 0 0
Streptomycin 48 79 25 47
Nalidixic acid 50 66 68 60
Ciprofloxacin <1 0 0 0
Tetracycline 37 88 25 46
Cotrimoxazole 8 41 1 0
Chloramphenicol 29 29 3 4

*Clinical isolates included S. Typhimurium (83, 37.9%) and S.
Enteritidis (136, 62.1%), TNon-clinical isolates from pig included S.
Typhimurium (115, 72.8%), S. Schwarzengrund (18, 11.4%), and S.
Rissen (16, 10.1%), Non-clinical isolates from chicken included S.
Enteritidis (32, 40.0%), S. Virchow (17, 21.3%), and S. Indiana (9,
11.3%), Non-clinical isolates from food included S. Enteritidis (22,
40.0%), S. Blokley (19, 34.5%), and S. Typhimurium (9, 13.4%).
Abbreviation: NT, not tested.
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7TharollA EelE 38F 5 @AY ¢ T $Ac(non-typable)
NTS7} 155439.5%), Salmonella enterica serovar Infantis7} 115+
(29%)E S. Enteritidis 5513.2%) 2t} T HolA B odgole=
Aol 5 HAATH17]. o] 24 NTSO| EAF L el 7A|, A
3 717kl wEbA] vhefdhe o o Ak

2. SFH LY 2y
VA Bl Gl whebd FRelg vy

P

Of

= frefsk sol] whebA] Alga Al A FEE Al
sl B4l Table 2). Salmonella Y35 X & A 1, 24|
cephalosporinZ} aminoglycoside= A2 a4 2444 Al¢
olAe LAl R Fak= girk NTS 7hedell
F2 ALY ampicillinel] gk WA ES I FollA
49% (S. Enteritidis, 47%; S. Typhimurium, 52%)% 1996-2007\1
ul=re] qlRAelA FelE NTSollA9] ampicillin WHWAE
19.8%01] vlspH AR5 =hel18]. Bl ol Aol
ule} 18-47%0]92L, SollA] HalEl NTSS] ampicillin WA o]
18%= AY Ygieh

Extended-spectrum cephalosporin - A|Q] cefotaxime, cefta-
zidime 3! ceftriaxoneol] Tk WA B2 1% o|3}2 YolA] &
B39} §A3F9EH16-19]. Fluoroquinolone A2l cipro-
floxacinel] tHgF WAE A 0-1%2 vll-$- Y9kor} nalidixic
acid WA B2 47-68%% =9k, 53] v ¥ 60-68%
7} nalidixic acidol] WAdoliel. AAIF L Z ciprofloxacinel] 3L
T WS Hole ¥ AdUF o =EAY MIC 0.1-1 ng/
mLe] ZFpAo] AelEl 72 AxF E3lAAL 9low] o] F na-
lidixic acid 254 HAAZ ©] 917 A& 5 AcH19]. &
ARAA A E2lE NTS9 nalidixic acid WAEO| vl
2.7%0ll EISR 18], TH 67.8%0]ATH16].

Tetracyclineol] tHat WA E2 4 TFollA] EH ol we}
S. Typhimurium 70% B S. Enteritidis 17%% X}o]7} 113,
v F5F F S Typhimuriumo] 72.8%% o]l =]
E2]F+= tetracycline WA Eo] 88%°]%l 2}, S Enteritidis7}
40%2 I g HelF= 25%7o] tetracyclineol] HAjo]9)
t}. Trimethoprim-sulfamethoxazole %JA] 944 ZAlollA Hal=l
S. Typhimurium- 21%7} WAl o]l o1} S. Enteritidiss WA T
F7F I, v Eel T diAOlA 41%8] WSS 2

ol whol], 5 8l SAZNAE 0-1%2] Y2 WA ES Kl
3. Extended-spectrum A-lactamase M 71} LHAIS

CLSI[12]9] ESBL 41" 7]5#(Cefotaxime A <27 mm)
of sfdsl= I AA £el 5777 v AA el 1177
F5 Aeslo] double-disk synergy™ 22 ESBL A& &9l
Alek Azl okAS Hol o4 B2l S Enteritidis 150114
blactxmre AE3ATH0.5%, 1/219). B]Ad T FollA

ESBL A4 A72 giglth TEM-528 ESBL A4 NTS 5¢|7}
1995-19974d A= QA4 el Zlo] jollA] Har
5|93, o] 52 S Enteritidis 2, S. enterica serovar Saintpaul,
S. enterica serovar Stanley, L2|1L S. enterica serovar Agona
Z} 150] i TH3]. B3t CTX-M-143] ESBL AYA! S. enterica se-
rovar Londonol] €J3t 1 W] 7= el 4] Harsl uf glck
[20]. 2009 o] w4 AAA E2]E NTS 6925 F
ESBL A4 755 1357(1.9%)°19=dl, ©]& 5 S. Enteritidis
7} 1232 R 3, 2% CTX-M-15% ESBLS A4l
o}, sk g7 A oA Eel= ESBL A4 S. Enteritidis 75 %
557} CTX-M-155, 257} CTX-M-145 A& EH21]. 2000
Aol o] % Ffjoll4] Hel¥E NTS  CTX-M¥ ESBLE] H|Z

o F7hL 9eT F4% F Ak

4., PABL MM71} LHME

Extended-spectrum S-latam W4 7]7%1-2 ESBL ©]2]el|, PABL
ol oA ofg] B-latam Al WS BY F k.
Cefoxitin B 774 Q1 5 35 9 v o 4571 =]
At o] SollA PABLE S 247 913t multiplex PCRZ} &
719 FAE Alss A, ol 0 35 (1.4%, 3/219) &7
oF HA Beldl FF 1340.3%, 1/293)014 blacuy2 SRS
lsodet. Tu|FAE o]EY EF S Typhimurium®] 913l
PFGE 4] Z3} 4 75 7}oll 1 band o]s}e] Xfo]& HofA] =
2 clonalitys HIckFig. 1). Age] Amdle} Zheiz o)t
< Al iR Asl] wiwell, SE SARENA Y WA 7
7+ AstellAl s 7hsAo] k. B oA Anbe chAWA

Fig. 1. PFGE band patterns of non-typhoidal Salmonella strains. Lane
1 and 8, size marker; lane 2-3, blacmy->-negative non-clinical isolates
from swine; lane 4, blacmy-»-positive non-clinical isolates from swine;
lane 5-7, blacmy--positive clinical isolates. All the isolates were S.
Typhimurium.



18 Korean J Clin Microbiol 2012;15(1):14-20

NTSel| &3t Q- #de AlAbshe a7dolgka shehxvt,

FHollA1E Song 5-°] 2000-20031d01] S W el A] =75
Salmonella 17675 % Salmonella seterica serovar Rissen 2+
oAl CMY-2 A& Harsigieh22]. CMY-2& 53] 30
o] thokel HAE§ Hol= NTSoll4 Wt E]o] cephalospor-
inase % 7F4 £33} DHA 32 ACC Y5 EaE|9vh4]. 2
ol A+= DHA 32 ACCE AmpC [A-lactamase 34 NTS
= A=HA kst

5. PMQR HIE 2! RXNY

Nalidixic acidell W81 44 5 577} vl 44 &5 585
= = Adste] gnr Al tHek multiplex PCRE A1)
shoeh ARt I FollA gurd AAF @R T il
ow, 259 B T57) gnrS Aot gnrS PCR AH=S]
7] A B4 723} mutation $lo] 715 gnrSI (GeneBank ac-
cession no. NC_009807)3} L3t et. gnrS A0l 27 =,
152 A FollA Hel®l S Enteritidiso] 9L, thE 15 SA o]
A £2]% S, Typhimuriumo] et 2 7 Av= F=3 4t
EoNAY WA T3 A Tl gnrsyt 43 A9 F 9le
Ve AL ek

79 1995-19991 14 9 w4 Aol A EelE NTS
1,279 ¢ % 2057} nalidixic acidel] MIC 128 pg/mLo]4-2]
IEWAE Holout PMQR AR AEEA] AL 34
ol A= grd F27F Holwk EAlslirH21]. 2007 v
9] QIgAAollA E2lE NTS 2,1655<} 0| ZHAllollA &
gl 2,2355 5 IEAANA 2l 6ol A% PMQR 4
A7} AZEE QT 37 (2 S, Typhimurium, 1 Salmonella enter-
ica serovar Corvallis)ol|4] gnrS1o] 7AZ=]o]A] PMQR ZollA]
7 Eal9d23]. BE3F PortugalollAl 2002-2004%  H-2l=
NTS 15115 F 4373AellA E2]=l S Enteritidis 157014]
gnrS10] B Qlrh24]. o] Hol 3] £]2] NTS FollA] gnr
FAAE B3 PMQR 412 o7& mil$- =59 o]
£ Folle quSIrt AY &9t

AZ- o7 I NTS| ampicillin WAES Y4 F3ollA
47-52%, Qg FFollA 18-47%2 =Skt 28y 13 X &
kAl trimethoprim-sulfamethoxazole WHA-E- 0-41%ZE thok
3} ). Extended-spectrum cephalosporin WA &S <1%E Y
o}, CTX-M-15% ESBL A4 ¥ 158 CMY-2% PABL
Y T 475 AEESlh 53] v BeldF 1R £
e blacuy23 A FAQL S, Typhimurium 4795 =2
A AP S HolA QI35 9 7Hsde AlAkelel
t}. Fluoroquinolones] gHfAloll tsiA &= Y2 WA ES Kol
A o vkl fAsdet. e AR v Aol A EelE
NTS 275N gnrSI8 FAARE AZslsdch o5 WA 74
A2 AgkE 7] 913k AEAH Fo7) Tl x F e’k 7

o2 Bekigieh

B AFTE 20089 % AlEo kEebAA oA THA|FARIE
0807238 A134) 2 A)Y w2 =T}
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HiA: H5A vAe]F24 AR W2l (non-typhoidal Salmonella, NTS) Z+dol]l A%+ fluoroquinolone, ampicillin 2! cef-
triaxoneol] ZHrAlo] Asld FF7t AlAIF o2 F3star ot llellA] o]of] st A4t Algkeo] qick B Aol A
© el 4 9 vl AAlelA] Feld NTSO| oAl A o, o WA ke el Hlseh EAred ek 24
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S 2006-2008 Ar | 5ol I o]kt A AdellA] 4 NTS o5 2195 2 v d7lA el NTS 5 2935
5 FEsIct Al A AP Clinical and Laboratory Standards Institute ©]<=L Aoz AJsdsidch
Extended-spectrum B -lactamase (ESBL), plasmid-mediated AmpC B -lactamase (PABL), ZL2]3L plasmid-mediated quinolone
resistancer= A WA H o2 AWslo] PCR, Q71419 148 E3sto] &elelgich Pulsed-field gel electrophoresisE- 0|
g3lo] A JAIE ek

Za}: Ampicillin WA A TollA 49%, Bl LYA F0llA] 18-47%0] e} g 13} %] & 2FA|Q] trimethoprim-sulfa-
methoxazole WAIE-2 U4 TFollA] 8%, WU TFRollA] 0-41%0]91 ). Extended-spectrum cephalosporin WAJE-2 0-1%
o]tk CTX-M-158 ESBL A4 T 159} CMY-2% PABL B4 ¥ 455 AEsqlchk 53] vdd 2elvds 155
EIE blacwy2% FAAL FAQ S, Typhimurium 4532 & A4 QR4S LAk Ciprofloxacinl] B8 HAE 2
QARE v Q4 AAA EelE NTS 295l gnrSIE F2AE A&kt

ZE: ] NTSQ] ampicillin WAES 4 759} vldA 75 ZF =921} trimethoprim-sulfamethoxazole WA B2
225 ZHA ol ulebA dhekslddtl. Extended-spectrum cephalosporin WA &2 Y9ko ), CTX-M-158 ESBL A4 #5¢}
CMY-2% PABL A4 #57F AEE Ak blacw2® +AAF 44821 S. Typhimurium 475+ Q15355 9 7FeAl &
AAFsFATE NTSellAl WA R A=o] Agksle 2 2] 913 ALAQ1 m3o] o3k Zlo g giotalqict [CHEhdat
014283 X| 2012:15:14-20]
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