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Background: Salmonella is an important pathogen
that causes gastroenteritis and sepsis in humans.
Recently, changes in serotype prevalence and an in-
crease in antimicrobial resistance have been
reported. This study investigated the distribution of
Salmonella serotypes and determined the anti-
microbial susceptibility of various strains.

Methods: We collected 113 Salmonella isolates other
than Salmonella serotype Typhi from 18 university
hospitals in 2015. The serotypes were identified by
Salmonella antisera O and H according to the
Kauffman White scheme. Antimicrobial susceptibility
tests for 12 antibiotics were performed using the disk
diffusion method or E-test.

Results: We identified 22 serotypes. Serotype group
B (44.2%) was the most common, followed by groups
C (34.5%) and D (21.2%). Salmonella | 4,[5],12:i:-
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(23.0%), S. Enteritidis (16.8%), and S. Typhimurium
(12.4%) were the most common species. Resistance
rates for ampicillin, chloramphenicol, ceftriaxone, and
trimethoprim/sulfamethoxazole were 46.9%, 18.5%,
8.8%, and 5.3%, respectively. The intermediate re-
sistance rate to ciprofloxacin was 29.2%. Six isolates
were extended-spectrum J-lactamase (ESBL) pro-
ducers, including 5 blactx-m-1s and 1 blactx-m-ss.

Conclusion: There have been changes in the sero-
type prevalence and antimicrobial resistance of
Salmonella in Korea, with a high prevalence of
CTX-M 15-positive strains. Continuous monitoring of
Salmonella serotypes and antimicrobial resistance is
warranted. (Ann Clin Microbiol 2019;22:55-60)
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MATERIALS AND METHODS
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(bioMerieux, Inc., Marcy 1’Etoile, France)< ©]
gov], YAPNNAZ ol Gelo] Aot

Vitek 2 system
gl st
Aol A5

A =70°C AL Eatel] Haksigiet
Andlgl#o] EA3%-2 Kauffman White schemeol] whe}

x| G} F 579 HEYD-S ARSI} Salmonella O an-
tisera (Becton, Dickinson and company, Sparks, MD, USA)E
o] gslo] O FUS AAHY & Salmonella H antisera (Becton,
Dickinson and company)ol] that &% S Folslo] H &Y
= AR A 4 A vl - (Becton,
Dickinson and company) ¥+ E-test (bioMerieux, Inc.)5 o]-&
3}, Clinical and Laboratory Standards Institute (CLSI) A%
ol weh gsielcs), Aol o] 88 BFAE & Eoz

amoxicillin-clavulanic acid, ampicillin, amikacin, azithromycin,

ciprofloxacin, ceftriaxone, chloramphenicol, gentamicin, imipe-
nem, nalidixic acid, trimethoprim-sulfamethoxazole, tetracycline
o]9laL ciprofloxacin E-test® ZASIAT}. Escherichia coli
ATCC 25922% AEse] FF& o83k

A A A1E A3} ceftriaxonel] WA 3 55 WA

< Hol& A% ESBL 4% A Ald¥slsict. 7t
o7 S Belaglr}l. ESBL £ o322 #alsly] $jal
blacrxw1, blacrxaa, blacrxas, blacrxmas® RS e
E PCR< Ale¥aglond, 7k 7ol th3t primer A4 B F
Z59] 77]+= Table 13} 2t} PCR HES 2712 94°CollA] 5
E7F DNAE WAAIZ] 3 94°C 30%, 56°C 20, 72°C 4025
1 cycle® s}e] 303] HHESE & 72°CollA] 787F F9ek 2%
agarose gele o|-&sto] A7| G5 F #ld FAAloll that 5
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RESULTS

TR 11332 ARdEE stool (n=55)7} blood culture
n=36)oll4] 7} Ho] Eg|x|9lom gastrointestinal tract
(n=3), urine (n=2), sputum (n=1), other (n=3) =2 & YE}}o
w133 22E AAS o 4 g9l Andle] Ao
Bio]l 442% (50/113)% 7}75} wrolon] o] 34.5%

Table 1. Primers used for PCR amplification and sequencing of ESBL genes

Target gene Primer name

Primer sequences (5'-3") Amplicon size (bp)

blacrx-wi CTX-M-1 F GACTATTCATGTTGTTGTTAWTTC 973
CTX-M-1 R TAAGGCGATAAACAAAAACGGA

blacrxm2 CTX-M-2 F GAGGGATAATACTAATAGAGGA 964
CTX-M-2 R CTGAAGTTCAGGAGCACATT

blacrxmo CTX-M-9 F GAATACTGATGTAACACGGATT 962
CTX-M-9 R CTGATCCTTCAACTCAGCAA

blacrx-ms CTX-M-25 F GGAATTTAGGCTTCACTCAC 972
CTX-M-25 R TTAGAATACAAATAGTAAGTGGAG
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(39/113), D°] 21.2% (24/113)Qt}. E2|® Amdlalio] F
9 AL Sulmonella I4,[5],12:i:-°] 23.0% (n=26), S.
Enteritidis”} 16.8% (n=19), S. Typhimuriume] 12.4% (n=14)Z
AA F32] 52.2% (n=59)F RFAsF3IcK Table 2). BollAl&
S. Stanley®} S. AgonaZt Zt7t 49} 2% ReElEda, S
Paratypi B 25 ZE|= ek Co- EAF S 27} 7 o
oFsto] & 13%9] IH3o] Helx9lom, S Bareilly7} 95, S.
Infanis, S. Thompson, S. Virchow?} 27} 5554 |5 Qic).
el ArRdlebe] Al WAL Table 33 ek ZA)|
A dlgl o] WAE-S ampicillin®] 46.9%, chloramphenicol©]
18.6%, ceftriaxone©] 8.8%, trimethoprim-sulfamethoxazole©]
5.3%%.3L, ciprofloxacinoll= WAQl #571 HEE|A] &%
GAGHEZ Al Aol ZolE KA, Salmonella
14,[5],12:i:- (n=26)2] 73-- ampicillinoll 4] 96.1% (n=25)Z 7}%+
=2 WAHES EYor, ampicillindl] WAQ AA FF F
472%%5 XAgE WP, ceftriaxone, trimethoprim-sulfamethox-
azoleoll= 27 ZHAdoldel. S Enteritidis (n=19)% ampi-
cillin, chloramphenicol, ceftriaxoneol] 22} 36.8% (n=7), 47.4%
(0=9), 21.0% (n=4)] WA &5 232 trimethoprim-sulfame-
thoxazoleol| A= WA& HolA] &3k} S Typhimurium (n=14)
< ampicillin 64.3% (n=9), chloramphenicol 21.4% (n=3), trime-
thoprim-sulfamethoxazole 14.3% (n=2), ceftriaxone 7.1% (n=1)
ollA WAoldrl. S Bareillyd] A% 9F F 250l4(22.2%)
ampicillin, ceftriaxoneol] 25 HAS Ho|1 o} Aol
WAS HolA ¢kgkrt S Rissend} S, Virchow?] 73-$- ampi-
cillinof] Tgk WAE-E 75.0% (n=3)%} 60.0% (n=3)Z =S}A|ut
S. Virchow+= ceftriaxone WA-E°] 60% (n=3)%13, S. Rissen<
B5F ZHpAlolgie) S Infantis (n=5), S. Thompson (n=5), S.
Narashino (n=3), S. Agona (n=2), S. Bardo (n=2), S. Paratyphi

Table 2. Serogroup and serotype distribution of Salmonella isolates

B (n=2), S. Livingstone (n=1), S. Mbandaka (n=1), S. Saintpaul
(n=1) B Salmonella 116,7:g,[m],s,t:[z42] (n=1)9] A% BE &
TA WS Hol#] ¢kgirh.

Ciprofloxacin WY ¥+ HEHA $AT, F55 W
Aol 292% (n=33)E =A| Jelyrh S Enteritidis7} 84.2%
(16/19)0l14] 5% W0l o] ciprofloxacindl] &%=
WAS Hole 33F F 48.5%5 Ak theez S
Rissen 75.0% (3/4), S. Montevideo 50% (1/2), S. Typhimurium
28.6% (W1HZ TS5 WAES] =%or, S Agamad} S
Babour Z7F 159 A= QAR 25 ciprofloxacindl] 5%
& uAS E3lvk

Z 11359 ARdgd F 55(4.4%)7} ampicillin, chlor-
amphenicol, ceftriaxone, trimethoprim-sulfamethoxazole, cipro-
floxacin®] 57}A] A T 3714 o A& Kol thAl
Aol 5579 JAATF EF  ampicillin?}  chlor-
amphenicololl W35 Hick XY E chAlA &S vl
RH3ok& w] S Dabou 100% (1/1), S. Panama 40.0% (2/5), S.
Typhimurium 14.3% (2/14)Z Yeb} S. Bareilly, S. Rissen,
S. Enteritidist 25 thAWA To] obd Ao g 2R1=|glAut,
2714 o] htAlel]l WA Hole w7F 247 100% (4/4),
85.7% (6/7), 70.0% (14/20)Z 27}A] o]t ghetAloll A& K
ol T F 63.2% (24/38)5 XA 313 E. Ceftriaxoneol] WA
3l 105 § 65l ESBL fr4A4F71 2Q1%|giet. ESBL 8¢
6F % 45 S. EnteritidisZ. blactxm1s A 0] 35, blactxss
o] 15790 0m U] 235 S, Virchow® R blacrxowts
Foz AF e

Serogroup B Serogroup C Serogroup D

Serotype No. (%) Serotype No. (%) Serotype No. (%)

I 4,[5],12:1:- 26 (23.0) Bareilly 9 (8.0) Enteritidis 19 (16.8)

Typhimurium 14 (12.4) Infantis 5 44 Panama 5 44
Stanley 4 (3.5) Thompson 544
Agona 2 (1.8) Virchow 544
Paratyphi B 2 (1.8) Rissen 4 (3.5
Agama 1 (0.9) Narashino 327
Saintpaul 1 (0.9) Montevideo 2 (1.8)
I 6,7:g,[m],s,t:[z42] 1 (0.9
Bardo 1 (0.9
Dabou 1 (0.9)
Hindmarsh 1 (0.9)
Livingstone 1 (0.9)
Mbandaka 1 (0.9)




‘uexopjoidn ‘IO ‘uroAwonpize ‘[Zy ‘ploe OJIXIpIeu ‘YN :d[ozexoyjawejns-wLidoyouLny
‘IXS ‘ourpAoene) ‘Il UmeyIue ANV ‘uniueued NFD euoxeuyed ‘Oy) weuadnur NJI oomeydweroyo Q) ‘uroidwe NV 9IeUB[NAB[O-UI[[IOIXOWE ‘DAY  :SUOTBIAQIQQY
‘[nedjureg ‘exepueq ‘@uojsSuIAI ‘YsrewpulH ‘noqe ‘opreqg ‘ewedy ‘[gyz]asTw]B:L9 14

22(3):55-60

2019

58 Ann Clin Microbiol

(%0) 0 (%0) 0 (%g8D) € (%E€S) 9 (%ST) 8¢ (%0) 0 L) € (%88 0l (%0 0 (%981 17 (%69) €5 (%ES) 9 €Il [e10L
0 o 0 o 050 ¢ Sz 1 sz 1 0 o 0 o 0 o 0 o 050 ¢ (050 ¢ 0 o 8 +S10UI0
0 o 0 o 0 o 0 o 0) o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 4 g wdAereq
0 o 0 o 009 1 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 4 OJPIASJUON
0 0 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 0 0 o 0 0 4 euogy
0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 0 0 o 0o 0 0 € ourysereN
0 0 0 o 050 1 0 o 0 o 0 o 0 o 0 o 0 0 0 0 0 o 0 o 12 Aaque)g
0 o 0 o 050 1 05D 1 (00D + 0 o 0 o 0 o 0 o (0sL) € (osL) € 0 o 1% uossny
0 o 0 o 0o1) § 0 o 009 ¢ 0 o 0 o (009 ¢ 0 o 0 o (009 € 0 o S MOTPDITA
0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o 0 o S uosduwoy,
0 0 0 o 0 o oor) z  (O0p) T 0 o 0 o 0 o 0 o (oov) ¢ (oov) ¢ 0 o S BuIRUE]
0 o 0 o 0o 0 o 0 o 0 o 0 0 0 o 0 0 0 0 0 o 0 o S spueju|
0 o 0 o 0 o 0 o 0 o 0 o o (@< 0 o 0 0 (T2 ¢ (T ¢ 6 A[piereg
0 o 0 o 10 € €+ ¢ 1L o1 0 o (€vD ¢ (o 0 o 10 € (€+9) 6 (€vD ¢ ¥l winrmuydy,
0 o 0 o (0o1) 61 0o 010 ¥ 0 o €91 010 ¥ 0 o WLy 6 (89¢) L (€91 61 SIPTLIJUL
0 o 0 o 0 o 0o (¢T6) T 0 o 0 o 0 o 0 o Lo e (196) sT 691 9T =relsly 1
dD 1Zv VN LXS 1AL SINY NED o NI 20 dAV OV ‘ON adkom08

ad&jo10s pjjauouypg Kq SajeI 90UBISISAI [RIQOINUNUY € Jqe]



Si Hyun Kim, et al. :
DISCUSSION

ARzl YL vy, Aoy Kol & Holw] wijd chek
g 22 78‘32}3_ Hol7] wiirell A5H Q) R =4} Hast
A58 200513712 Fue] Abndle) S =4 At
oﬂ wL:l S. Enteritidis7} 49%2 713 w157} E=9ks §
Typhimurium¥} S, Typhi7} Z+2F 15.8%2}F 7.9%SCH9]. A3
g o] Kol wEn 2011del| S Enteritidis (47%)2} S.
Typhimurium (14%)°] 7F4 =2 HI=2 vl FchidAol]
2J8t 8 Virchow (7%)9] £2l&o] Z7}sl3la, 2014d6= S,
Enteritidis (16.7%)7} o13%] 7} =2 Bel &g At o
el vl Felgo] Zhazslglom Zrhibgell oJsf S Thompson
(14.4%)3 S. Livingstone (12.8%)9] HEel&o] Z7lslich
[10,11]. S. Typhimurium®] w4 HE ®o]X|2l Salmonella 1
4,[5],12:i:-w 1977 Z=FolA X5 Has o]F A AlAH
o HrhiAy Aol Felgo] FrbekaL qlek12]. ¥ A7
ol A 2008'd =l AEdkte] AY LS 2AI8E
ull Salmonella 14,[5],12:i:-9] el &% 4 glodAH13],
20111 A A2 BN Salmonella 1 4,[5],12:1:-8] FulAy
Al Belsha ) el el Ui A 2A) D
steba sk v) Qlel14]. B A2 IAHE Salmonella 1
4[5],12:i:-0] 7M=& Wl g JYeh} W Salmonella 1
4[5L12:-] Relgo] 27kt 9o Hle 4 glalek. A
Wylg|EH o] 33} H vo]| ul2r] Ml % 3L § Enteritidis
(23.4%), Salmonella 14,[5],12:i:- (12.7%), S. Bareilly (10.7%),
S. Typhimurium (8.6%), S. Montevideo (5.6%)%] =22 2]
Fdel15]. E °4¥7ﬂf+<>ﬂﬂ% Salmonella 14,[5],12:i:-7}
23.0%E 7H =& HIEE HEE QAL S Enteritidise 16.8%
ol A Eel=]o] X}o]7} 9glel. mdF S Montevideo= 1.8%°1A]
EeElo] &5 H2l® HbH S Infantis®t S, Thompson, S.
Virchow, S. Panama’} 4.4%% 3HIE I o 7 Hxjo] X}
o] & Witk olzigt Holel that A3t o] = EIHA X
siglot 2 dqollA= T tishdellA] 2l Tt
tgelol A skabre] Hpolol] 71918 A og A7t
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