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Analysis of antimicrobial resistance and PFGE patterns
of Salmonella spp. isolated from chickens
at slaughterhouse in Incheon area
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Salmonella spp. are the important pathogens both economically and clinically in animals as well as human.
Some of them have highly zoonotic potentials even though they are asymptomatic in animals. Therefore,
the prevalence of Salmonella spp. in animals is highly concerned for human health. The present study was
carried out to investigate the prevalence, antimicrobial resistance and PFGE patterns of Salmonella spp.
isolated from chickens at slaughterhouse in Incheon area. The overall isolation rate of Salmonella spp. from
cloaca and cecum specimens was 7.3 % (37/510). Thirty seven isolates of Salmonella spp. were identified
to 5 serotypes; S. Enteritidis, S. Newport, S. Typhimurium, S. Gallinarum, and S. Derby with prevalence of
46.0%, 40.5%, 8.1%, 2.7%, and 2.7%, respectively. Resistance to nalidixic acid was found in 97.3% of Sal-
monella spp. isolated, followed by streptomycin (16.2%), tetracycline (16.2%), ampicillin (5.4%). Only 6
isolates (16.2%) showed resistance to more than two antimicrobials. In PFGE analysis of chicken and
human isolates with Xba I, S. Enteritidis isolates from chicken showed very high similarity over 82.8% and
also the similarity was very high in the comparison with human isolates. However, the higher similarity
(100%) was observed among chicken isolates of S. Typhimurium. These results suggest the close genetic
relatedness of Salmonella spp. isolated from chickens with human.
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2 2§t 7haoll A= S. Pullorumof oJgh F82], S.
Gallinarumo]| 2|3t 7}FE|EA & AR AYLE o
o

7)1, S. Enteritidis, S. Typhimurium 5 7€} €% 3
shautere| o] 919l0] FITk. ARkl S, Typhizh
AVE|FEA S, ParatyphiZ} T2}E]FEAE, S, Enteritidis,
S. Typhimurium, S. Infantis, S. Hadar, S. Heidelberg =
9] 7€} Salmonella &0 Armdlg)l 7=
52 Qo7 welo] HokE A WA 93
IS Sl BERATHCRE 9 Fa7
Aot Gast2} Beard, 1990; David, 2004). Arwdla}
AT = FHoA =04 AEmiids 5 7t
ZF wko BB 2126} i1 (Michael 5, 2006; Euro-
pean Food Safety Authority, 2007) -] 42} 2008
715 el ABUAEE % emutolel Ao ofo] £
WA o] whAlshel om (AW ke R, 20090) .
Enteritidis?} S. Typhimurium 52 =545 54 4 of
4 g Adk eI g 52005 4 5.
2002; - 5 2000; & 5, 2003).

gt 24l 7}°ﬂ/ﬂ ‘*v‘:’-r—i‘—;ﬂ, A E s et
Ajs 8 gl ARgSHE BHAAIC] o] ol WA
FAA 2 - Fgol wATE HA Q= TR EHE 5,
2003; FDA, 2003) v]=, Y& 5 AZl=roA= =713t
9] AAHL FYA HUEF Ago] FAHIL gle
H(NARMS, 2003; National Veterinary Assay Labora-
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QA AA7| o) 4] methicillin resistant Staphylococcus
aureus (MRSA), vancomycin resistant Staphylococcus
aureus (VRSA), vancomycin resistant Enterococci (VRE),
S. Typhimurium DT104 5 8 WAWS ZYEHH 5}
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FHA =29 molecular typing (DNA fingerprinting)
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AAA ] YEQIE 23810 277 E A | of
i X*E% WFSEAL T 4, 2009a).

AollM= AT & =5 =5
%EHJ Salmonella spp.2] A& 2 A WA o=l
S B A3le] HACCPHE|o| &-838l1ux} 341 A
T & 9] S. Enteritidis @ S. Typhimuriumoj| tfj gk
PFGE 9|€l & H| 3L - 2435} Salmonella <54+2] 48}
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ANE XHH

2008 3YRH 10€7H7] A T o =54 &
shel He o R FHjAZ); swab F WA 7 25571
A 5102 AlmE ARESEth S A7) swabe
buffered peptone water (BPW) =<1l %] Q] E. swab

(3M, USAYE A1g, ARAlA olo] Azistela W
o WA elA Aoz HE, ARAR o]t
2 UgEe B AT
2 22 53

B AL 2R 74EY)E 9 AR
FA ol uhebd AASHATHE U4l ek o g,
2008 .é 2 %3k E. swab° HEE 37°Cof| A 24 A1 7F vl

oFstl T WA LES BPW (BD, USA)o| H7lsto]
A 37°C 24/\]7} HHOko}Oﬂq- o]& =l x| ¢l Tetra-
thionate (TT) broth (Oxoid, UK), Rappaport vassiliadis
(RV) broth (Merck, Germany) % X&8u} 2] Q] Xylose
lysine desoxychocolate (XLD) agar (Merck, Germany),
Rambach agar (CHROMagar, France)o]] W, AlEiuj
Ao A AE A S AEste] Tryptic soy agar
(TSA, Merck, Germany)©of <=<ul|%5}al Triple sugar
iron (TSI, Merck, Germany) A x| of 2 Z}u] 9F,
MUCAP test 5 57} A2FeHA| &l & A A5G T
Salmonella 792 2 24 E= A 7o] sl VITEK
2 Compact (BioMérieux, France)& ©]&35lo] 2 =
Astial F Ao Salmonella spp. real-time PCR Kit
(Kogene, Korea)E AR8-51o] ABI PRISM 7000 Seq-
uence Detection Systems (AB, USA) Ao 4 9] ZZ&
SFolst & Salmonella 422 2% A1
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Serotyping

% 54T FHE 1A Bwing®] W @ A
2250 7ol Eote] O 9 H AARAHES
519l 0 w(Ewing -5, 1986; AW ye]25, 2007) & X
2 Becton, Dickinson and Company (BD, USA)9] A&
= A8

TSAo| Ahet #55 ©]&sto] O 28 <
% 1% Poly, A, B, Cl, C2, DI, D2, E, ViZ 7}x]1 a
52 2A5tal ZF 159 single factorE ]85} 2
% 0288 Asks Stol= SAue AFS A4
st

Hakel A4S o8] Alal 27 BhS A|8S Phase
13} Phase 22 o] Z3Ys5}iTh Phase 1 232 ¢
3} Motility GI medium (BD, USA), Veal infusion (VI)
broth (Oxoid, UK)f| B 3t = 0.6% formalized saline
s @ojetel Feo Apgalon Az Fdn
Spicer-Edwards (1, 2, 3, 4), L-Complex, 1-Complex,
EN-Complex 5 7719 & A o] 85l SHARE
o3t 3 Y-S AASY ) Phase 2 24 95
o] Motility GI medium®]] Phase 19[4 A% 349
VAAE P Wibole] 2ol 22E skl
BATE AN SLAT F 6 ol 2o 4
k2 3PMJL HE7} v o] ofef =
J—l’ & Y(Spicer-Edwards 7| 2])5}A|
AR sAT ol et FUF LS BB

23 E OFH HYH(Phase 1 - 2)2 T &
Kauffmann-White scheme 2! Grimont 5-(2007)2] H'H

o 7|25l AYFL HF sk

S B+ HAL

Clinical and Laboratory StandardsInstitute (CLST)<]
AN 2T 1R 2 AS 2 A WS AAF 98
of oIt t]jA =3 SRAFH(Disc diffusion method)S ©]-&
310 Salmonella spp.2] FAA A AARE AAS)
AATHCLSI, 2002; =+ =21}k 99, 2009).

WA AFFFE Tryptic soy broth (TSB, BD, USA)
of HFkaL 37°C 2~8A|ZF & vjeFE ¥ 0.5
McFarland &t%=7} EE2 343519 ch &85 X245}
27 Mueller-Hinton agar (MHA, pH 7.2, Merck, Ger-
many)©°]| =83F T2 sensi-disc dispenser (BD, USA)
E AHESto] oFA| discE E21 F 37°C 16~ 1847t uf

SR WY & discE ZAT AN AF
caliperE ©o]-gs}to] 435} 3L CLSIS| 7|59 ‘;‘l—zr
g Aol that WAR), FHAD, 2
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A A £FL= BD BBL™ sensi-disc (BD, USA)A| =
@] amoxicillin/clavulanic acid (AmC, 20/10ug), am-
picillin (AM, 10ug), apramycin (AP, 15ug), cefepime
(FEP, 30ug), ceftiofur (XNL, 30ug), cephalothin (CF,
30ug), chloramphenicol (C, 30ug), ciprofloxacin (CIP,
Sug), enrofloxacin (ENO, 5ug), florfenicol (FFC, 30ug),
gentamicin (GM, 10ug), nalidixic acid (NA, 30ug),
10ug),
tetracycline (TE, 30ug), trimethoprim/sulfamethoxazole
(SXT, 1.25/23.75ug) 5 165 AH&-3st3itt.

neomycin (N, 30ung), streptomycin (S,

Pulsed-Field Gel Electrophoresis (PFGE) & DNA
band patterns 2

2% Salmonella spp. FollA +2 255 At
o] S. Enteritidis ¥ S. Typhimurium®]] tj3t molecular
typing< 913} PFGEE A AI5}3ITt PFGE 412 1=
A ZA A A E(CDC) ‘PulseNet’ 9| Salmonella
serotypes AgH 9 AWy EE PFGE 2543 H

7)20 2 SFATHCDC, 2004; 2 H e =1 2008).

HA AHErst FYnAdT Ul R
marker (Salmonella Braenderup ATCC BAA-664F)E
TSAof ujoF3lt t}2- Cell suspension TE buffer (100mM
Tris, 100mM EDTA, pH 8.0)¢f Vitek colorimeter
(BioMerieux, France)S ©]-83}o] 15~20% transmit-
tance 2 w2 S|AA|FT) o]& A#EHEFH, proteinase K
(Qiagen, 20mg/ml Netherlands), TE buffer (10mM Tris,
ImM EDTA, pH 8.0)& A}-£3} 1.2% SeaKem gold
agarose (Lonza, Switzerland)& ©]-835}o] plugE A=
ahsic

A28t plugof Cell lysis buffer(50mM Tris, 50mM
EDTA, pH 8.0+ 1% sodium-lauroylsarcosine)?} pro-
teinase K (20mg/ml)E #7}slo] vk Aj7] & HA3
HF<= 4 plug wash TE buffer (10mM Tris, ImM EDTA,
PHB.0)S o] §3ko] A7 shlv.

0]% plugE 1~2mm= AHATslo] ARERLR| A o] u}
2} A 2|3t Xba I (40U, Roche, Germany) RF-S-4of 2
A WA T a-SHNS A7 slal TE buffers #5

Sfof ML,
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Agtaa A 2%t plug slicesE combol &8 &1
0.5X TBE bufferg A3t 1.0% SeaKem gold agarose
£ HF35lo] #31 & CHEF Mapper XA System (BIO-
RAD, USA)2] chambero] 0.5X TBE bufferS |17
Two-State, 6V/cm, 120°, 14°C, switch time 2.16 ~63.8
Z9 2702 191 5t A71YE5S AAISHS
A71%950] Bt gel2 ethidium bromide (0.5ug/ml) 2
3027 FASkAL EetFFarE 204 5¢F 2T

BioDocAnalyze (Biometra, Germany) 2 gel-< 23}
&3 Fingerprinting I Informatix software (BIO-RAD,
USA)E o]-&3lo] S A 8-AFAl(Similarity Coeffi-
cient) 2 HA3519ch 7Y DNA bandQ] Ex}sFe
marker®] EX}Fo]| 7] %38}o] normalizationd} 31l
DNA band 2] ¢]%] &]-&%H ¢(tolerance)= 1% S A-83}
ot} @5 7F §44 AFUTALS DNA band Fe) 2
71Z2 3t diceAl o2 EA3}% 1L clustering 2§
UPGMA (Unweighted pair group method of arithmetic
averages) 2] & 4] © & PFGE profile S £33t
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Table 1. Isolation rates of Salmonella spp. by organs

No. of farms No. of samples

Organs
Tested (%) Isolates (%) Tested (%) Isolates (%)

Cloaca 255 15
49 12 (50.0) (5.9)

(100.0) (24.5) 255 2
Cecum (50.0) (8.6)

Toal 49 12 510 37
ota (100.0) (24.5) (100.0) (7.3)

Table 2. Isolation rates of Salmonella spp. by chicken breeds

No. of farms No. of samples

Breeds
Tested (%) Isolates (%) Tested (%) Isolates (%)

Broiler 19 7 200 20
(38.8) (36.8) (39.2) (10.0)

Dual- 30 5 310 17
purpose  (61.2) (16.7) (60.8) (5.5)

Toal 49 12 510 37
ota (100.0) (24.5) (100.0) (7.3)

SE A ST A 155(5.9%), Aol A 225
(8.6%)7} wej= o] Fuj bR WAoA £ HE
&< e THTable 1).

FSHE 4, S4 5 broiler(S-8F)0 4 2057
(10.0%), E£% 5 dual purpose(\H=-HEF)ollA 17
F(5.5%) 7} HEE]] broilero| 4] thAx
X & tHTable 2).

aQda 2yyo| 2y

3739] Salmonella E-2] 30 gt serotyping 23} S.
Enteritidis 173%(46.0%), S. Newport 155(40.5%), S.
Typhimurium 33%(8.1%), S. Derby 15%(2.7%), S. Gall-
inarum 1552.7%) 8] 0 2 ZALE] Q] & o(Table 3), §F
FolA s o] e] R F ol EelE= A= A
oh 7 Zelae] i e HAF A 9 @HPES
Table 4} Zt}.

gun sy

A 3 ANE Ak Table 594t Nalidi-
xic acid®] -9 36597.3%)°4 Wd& UErH e
streptomycin} tetracycline®] Z} 63(16.2%), ampi-
cillino] 255(5.4%) oA WS Eich 7] 459 3
A 2ol WS Uetdl= 7 /Iy ceftio-
fur®] 75~ 185:(48.6%) 014 7 /dE Hrekslch

w7 WS UEhd A /75 EH S Typhi-
murium®]| streptomycin, tetracycline, nalidixic acid 5
3%, S. Derby”} streptomycin, tetracycline 5 2%, S.
Newport ¥ §. Gallinarum©] nalidixic acid 15, S. Enter-
itidis7} ampicillin, streptomycin, tetracycline, nalidixic
acid £ 4221 Ao 2 el tHTable 6).

gk 7HA] ofAle] e Hol 571 315+(83.8%), 2
7N olA+e] oFAol WAL Hol FF7F 65:(16.2%) =
Uebgen 3 WATES A% i NA @
YA 35l S. Newport, S. Gallinarum, S. Enteritidis,
S-TE 24 WA Ziel-2 S. Derby, S-TE-NA 3AUA] =

Table 3. Serotypes of Salmonella spp. isolated from chickens

Groups Serotypes ~ No. of farms (%)  No. of isolates (%)
B Typhimurium 2(13.3) 3(8.1)
Derby 1(6.7) 1(2.7)
Cl Newport 3(20.0) 15 (40.5)
D1 Gallinarum 1(6.7) 12.7)
Enteritidis 8(53.3) 17 (46.0)

Total 15 (100.0) 37 (100.0)
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Table 4. Individual serotypes of Salmonella spp. isolated from chickens

Samples O Antigen H Antigen
ri s
Serial . Phasel Phase? Sorotypes
No. Dates Breeds Organs Groups Spicer-Edwards results
Results
1 2 3 4
1 3/12 Broiler Cloaca Dl + + G (g, m) - Enteritidis
2 3/12 Broiler Cloaca D1 + + G (g, m) - Enteritidis
3 3/12 Broiler Cloaca Dl + + G (g, m) — Enteritidis
4 3/12 Broiler Cecum B + i 1(1,2) Typhimurium
5 3/12 Broiler Cecum D1 + + G (g, m) - Enteritidis
6 3/12 Broiler Cecum B + i 1(1,2) Typhimurium
7 3/12 Dual purpose Cecum B + i 1(1,2)  Typhimurium
8 4/14 Broiler Cecum D1 + + G (g, m) - Enteritidis
9 516 Broiler Cloaca D1 + + G (g, m) — Enteritidis
10 6/2 Dual purpose Cecum B + + G(f, g - Derby
11 6/30 Dual purpose Cloaca Cc2 + + eh 1(1,2) Newport
12 6/30 Dual purpose Cloaca Cc2 + + eh 1(1,2) Newport
13 6/30 Dual purpose Cloaca C2 + + eh 1(1,2) Newport
14 6/30 Dual purpose Cloaca Cc2 + + eh 1(1,2) Newport
15 6/30 Dual purpose Cloaca Cc2 + + eh 1(1,2) Newport
16 6/30 Dual purpose Cloaca C2 + + eh 1(1,2) Newport
17 6/30 Dual purpose Cloaca Cc2 + + eh 1(1,2) Newport
18 6/30 Dual purpose Cloaca Cc2 + + eh 1(1,2) Newport
19 6/30 Dual purpose Cloaca C2 + + eh 1(1,2) Newport
20 6/30 Dual purpose Cecum Cc2 + + eh 1(1,2) Newport
21 6/30 Dual purpose Cecum Cc2 + + eh 1(1,2) Newport
22 6/30 Dual purpose Cecum C2 + + eh 1(1,2) Newport
23 6/30 Dual purpose Cecum Cc2 + + eh 1(1,2) Newport
24 6/30 Dual purpose Cecum Cc2 + + eh 1(1,2) Newport
25 6/30 Broiler Cecum Dl + + G (g, m) - Enteritidis
26 7/14 Broiler Cecum D1 - - Gallinarum
27 7/14 Broiler Cecum C2 + + eh 1(1,2) Newport
28 7714 Broiler Cecum Dl + + G (g, m) - Enteritidis
29 7/14 Broiler Cloaca D1 + + G (g, m) - Enteritidis
30 7/14 Broiler Cloaca D1 + + G (g, m) — Enteritidis
31 7114 Broiler Cecum D1 + + G (g, m) - Enteritidis
32 714 Broiler Cecum D1 + + G (g, m) - Enteritidis
33 7/14 Broiler Cecum Dl + + G (g, m) — Enteritidis
34 7114 Broiler Cecum D1 + + G (g, m) - Enteritidis
35 714 Broiler Cecum D1 + + G (g, m) - Enteritidis
36 714 Dual purpose Cecum Dl + + G (g, m) - Enteritidis
37 9/29 Broiler Cecum D1 + + G (g, m) — Enteritidis

€& S. Typhimurium, AM-S-TE-NA 4A|UjA] mj€l&
S. Enteritidisof| 4] UElyTh o]Q} ZFo| S. EnteritidisE
AQjsta dFdEE 17k WAasde 2o S
Enteritidis®= 27} WA ElS Ho] F3dHE Ao o
At WAHE S 7H= A o= Z2AFE Gl tKTable 7).

PFGEE 0|28 & 3 A& Qll Salmonella spp. £
2]F9| Hiu

H Lo A H=% S. Enteritidis 175, S. Typhi-
murium 352} 20093 Alol| 4] E-2]3t S. Enteritidis 5
2, S. Typhimurium 5355 ASta 4 Xba 102 2]t
% PFGE &4 Zi}= 717} Fig. 1, 2¢9F 2t}

S. Enteritidis band patterns 24

1752] S. EnteritidisS 43} 754— 15~ 1,200kbo]|
A 13~16709] band2 Hglom, & g7jo] 9AFgom
TEo] H ook 4 FAMd-2 100.0~82.8% = T+

@RI S - ofsby ARRA} U Ao
etk Eak A felel SEE Fhstel B4l A3t
Z 107119 -3 o7 JLRo] 9l on 100.0~80.0%
A2 FAES 2ol A f-E 9] S. Enteritidis®= &
Flo) RFEI A FAAS 71 AL el
Ch(Fig. 3).
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Table 5. Antimicrobial susceptibility of Salmonella spp. isolated from chickens (n=37)
No. of isolates (%)

Antimicrobials
Resistant Intermediate Susceptible
Ampicillin 2(5.4) 0(0.0) 35(94.6)
Amoxicillin/clavulanic acid 0(0.0) 0(0.0) 37(100.0)
Cephalothin 0(0.0) 2(5.4) 35(94.6)
Cefepime 0(0.0) 0(0.0) 37(100.0)
Ceftiofur 0(0.0) 18 (48.6) 19(51.4)
Gentamicin 0(0.0) 0(0.0) 37(100.0)
Apramycin 0(0.0) 0(0.0) 37(100.0)
Neomycin 0(0.0) 12.7) 36(97.3)
Streptomycin 6(16.2) 3(8.1) 28(75.7)
Tetracycline 6(16.2) 0(0.0) 31(83.8)
Ciprofloxacin 0(0.0) 0(0.0) 37(100.0)
Enrofloxacin 0(0.0) 4(10.8) 33(89.2)
Nalidixic acid 36(97.3) 0(0.0) 12.7)
Trimethoprim/sulfamethoxazole 0(0.0) 0(0.0) 37(100.0)
Chloramphenicol 0(0.0) 0(0.0) 37(100.0)
Florfenico 10(0.0) 0(0.0) 37(100.0)

Table 6. Antimicrobial resistance of Salmonella spp. isolated from chickens

Serot No. of No. of resistant isolates
erotypes .
P isolates AM AmC CF FEP XNL GM AP N N TE CIP ENO NA C SXT FFC
Typhimurium 3 0 0 0 0 0 0 0 0 3 3 0 0 3 0 0 0
Derby 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0
Newport 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0
Gallinarum 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Enteritidis 17 2 0 0 0 0 0 0 0 2 2 0 0 17 0 0 0
Total 37 2 0 0 0 0 0 0 0 6 6 0 0 36 0 0 0

AM: ampicillin, AmC: amoxicillin/clavulanic acid, CF: cephalothin, FEP: cefepime, XNL: ceftiofur, GM: gentamicin, N: neomycin, AP: apramycin, S:
streptomycin, TE: tetracycline, CIP: ciprofloxacin, ENO: enrofloxacin, NA: nalidixic acid, C: chloramphenicol, SXT: trimethoprim/sulfamethoxazole, FFC:
florfenicol

b 5 3 5 8 M O 252600 NJ[ ¥ 30 a1 32 52 M 34 5 56 37 W] ¥ H1 HE H3 HA Ho N

1,135—

i - S B S S ETaBEEREESE-s

452.7— B -

398.4— B —
§m:=!..ltl."l
i - SR S88 -
-—.—l----ﬁ—--'
104.5— —

78.2— . -
547 ™

33.3—

35

Fig. 1. PFGE profiles of S Enteritidis isolated from chickens and human after digestion with Xba I. Lane M: marker (S. Braenderup), Each
number in lanes indicated the isolate numbers from chickens and H1 to H5 from human.
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Table 7. Antimicrobial resistance patterns of Salmonella spp. isolated from chickens

Serotypes
Patterns — - - Subtotal (%)
Typhimurium Derby Newport Gallinarum Enteritidis
NA (%) 0(0.0) 0(0.0) 15 (100.0) 1 (100.0) 15 (88.2) 31(83.8)
S-TE (%) 0(0.0) 1 (100.0) 0(0.0) 0(0.0) 0(0.0) 12.7)
S-TE-NA (%) 3 (100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 3(8.1)
AM-S-TE-NA (%) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 2(11.8) 2(5.4)
Total (%) 3(100.0) 1 (100.0) 15 (100.0) 1 (100.0) 17 (100.0) 37 (100.0)
ST (2008 ST (2008
kb 6 f H1 M HZ HI H4 H- MW (2009 (2009
2 58 18 8 B: &

1,135—

668.9—

452.7—
398.4—

3161

244.4—
216.9—

138.9—
104.5—
78.2—
54.7—

B

Fig. 2. PFGE profiles of S. Typhimurium isolated from chickens
and human after digestion with Xba 1. Lane M: marker (S.
Braenderup), Each number in lanes indicated the isolate
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numbers from chicken and H1 to H5 from human.
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Fig. 3. Relatedness of S. Enteritidis isolated from chickens and

SE (2008)
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human by PFGE analysis with Xba 1.
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Fig. 4. Relatedness of S. Typhimurium isolated from chickens and
human by PFGE analysis with Xba 1.
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