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Serotyping and antibiotic susceptibility of Salmonella species
from pigs with rectal stricture found in slaughterhouses

Jiyeon Kim*, Jinju Gwak, Doori Seo, Jaegi Lee, Daewoong Lim, Hana Kim, Jiyeong Park, Jongwoog Choi,
Byeongcheol Yoon

Health and Environment Research Institute of Gwangju, Gwangju 61954, Korea

From November 2021 to October 2022, 151 pigs were discarded due to the suspected salmonellosis,
when assessed by antemortem inspection at slaughterhouses in Gwangju. Among them, 85 cases
shown with the rectal stricture were confirmed to be infected with Salmonella spp, when assessed
by postmortem inspection and Salmonella-oriented culture in the laboratory, accounting for 56.3%
of the carcass discard cases. Salmonella spp. were isolated in 58 cases (68.2%) out of 85 total discard
cases. As for serotyping of the Salmonella isolates, 28 cases (48.3%) belonged to serogroup B and 28
cases (48.3%) belonged to serogroup C, those were the most frequent isolates, and 2 cases (3.4%)
belonged to serogroup E. The most prevalent serotype was Rissen (39.7%), followed by 14,[5],12:i:-
(37.9%), Derby (8.6%), Bareilly (5.2%), Infantis (3.4%), Give (3.4%), and Typhimurium (1.7%). The
58 isolates of salmonellae showed resistance to tetracycline (63.8%), chloramphenicol (56.9%), am-
picillin (53.4%), and ampicillin-sulbactam (51.7%). S. Rissen showed resistance to chloramphenicol
(82.6%), ampicillin (52.2%), ampicillin-sulbactam (52.2%), and tetracyclin (47.8%). S. 14,[5],12:i:-
was resistant to tetracycline (90.9%), ampicillin (81.8%), ampicillin-sulbactam (77.3%), and chloram-

phenicol (59.1%). Among the isoates, S. Bareilly (3 strains), S. Infantis (2 strains), S. Give (2 strains),
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S. Rissen (3 strains), and S. I4,[5],12:i:- (1 strain) showed no resistance to the tested antimicrobials.
As for the prevalence of the antibiotic resistance pattern, AM-SAM-TE-C was the most common,
which was shown in 15.5% of S. Rissen. At second, the resistance pattern was occurred as AM-
SAM—TE (12.1%) and AM-SAM-CF-CZ-FOX-CTX-NA-TE-C (12.1%), respectively in the case of S.

Jiyeon Kim 14,[5],12:i:-.
kj3003@korea.kr
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Number of discards due to rectal strictures per month

Total 21.11 21.12 22.01 22.02
No. of discard 151 26 21 14 8 18
No. of rectal 85 17 10 10 7 15
stricture (%)  (56.3) (65.3) (47.6) (71.4) (87.5)
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Ao A8 7171 BioMerieuxAHFrance)?] ViteklIo]
H, YA 7| E= bioMerieux?] AST-N169E AH&5}9al,
202149 FAAHAIES7]E(clinical and laboratory stan-
dard institute, CLSI) 7]l w5ttt Al@HH-2 Triptic soy
agar (Difco, USA)oll &5to] 37CollA 24A17H4 23] AHh
sto] =5 EE|E 52 SIS & BioMerieuxAto Al Al-ggt
AST-N169 AFEHo| w2t 3 mLY salinedl] LS 34519
0.6McF& TH=11 o] #H¥ 145 uLE Fdf 3 mL salinell
7| Eof F=sto] HARS HAISHIH. & A
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719] 49lo] AFEa AL & 4= AUUHTable 1). 28
o2 #7145 857 & 68.2% (n=58)0|4] Andelr} Ealw
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(Table 2).

Hx]oflA 2AgEz U Audet 2e8s BH A& 11
LEH o]E55) 3974 A EZH69.4%)°] Bk H# ofy e}
Arpdlako] Bal8(67.2%) % =9k I 7} fYPA= 495 H
= AREA 9 andlel 2e)go] 4SS Btk Ardet
o 7w X9 F2 50 kg "% 5.2% (n=1), 50 kg °]AF
60 kg 1|9k 0.3% (n=6), 60 kg ©]4}F 70 kg "9t 17.2% (n=10),
70 kg °14F 80 kg "9t 36.2% (n=21), 80 kg °14F 90 kg w]t
32.8% (n=19), 90 kg °]4F 100 kg ¥t 1.7% (n=1)& 65.5%
(n=38)9] HA7} 80 kg m|RFOE FAEUTHTable 3).

2204 22,05 2206 2207 22.08 22.09 22.10
17 11 14 7 5 5 5
6 6 4 3 1 2 4
(353) (54.5) (28.6) (42.9) (20.0) (40.0) (80.0)
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ARG - TRE - SR ORY7] - UTHS - Bt - WK - HES -
Number of Salmonella infections in pigs with rectal strictures per month
Total  21.11 21.12 22.01 22.02 22.03 22.04 22.05 22.06 2207 22.08 22.09 22.10
No. of rectal 85 17 10 10 7 15 6 6 4 3 1 2 4
stricture
No. of 58 12 7 7 6 7 6 2 1 1 - 1 2
Salmonella (68.2) (70.5) (70.0) (70.0) (85.7) (46.7) (100.0) (33.3) (25.00 (33.3) (0.0) (50.0) (50.0)

infection (%)

Number of Salmonella-infected pigs by weight range

Range of weigh (kg) No. of samples (%)
<50 1(5.2)
50=~<60 6(10.3)
60<~<70 10 (17.2)
70<~<80 21(36.2)
80<~<90 19 (32.8)
90<~<100 1(1.7)

Total 58 (100.0)
22 Ardesto] @3 P-2 Table 49+ At

H 58FE o r 4% dAE o A%
Armdlal G2 B0l 48.3% (n=28), C£0] 48.3% (n=28)
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phimurium 1.7% (n=1)°]% C# S. Bareilly 5.2% (n=3), S.
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fazolin 17.2% (n=10), cefotaxim 15.5% (n=9), ceftriaxone
15.5% (n=9), nalidixic acid 15.5% (n=9), trimethoprim-
sulfamethoxazole 6.9% (n=4) 1L, cefotetan, imipenem,
amikacin, gentamycin, ciprofloxacin®l+ WA #+57F 4
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Serogroup and serotype distribution of Salmonella isolates

Serogroup B Serogroup C Serogroup E
Serotype No. (%) Serotype No. (%) Serotype No. (%)
14,[5],12::- 22 (37.9) Rissen 23 (39.7) Give 2(3.4)
Derby 5(8.6) Bareilly 3(5.2)
Thyphimurium 1(1.7) Infantis 2(3.4)
Antibiotic resistance rate by Salmonella serotype
Antibiotic agents Salmonella serotype
Rissen 14,[5],12:1:- Derby Bareilly Infantis Give Thyphimurium Total
Classification ~ Names
No. (%) No. (%) No. (%) No. (%) No. (%)  No. (%) No. (%) No. (%)
B-lactams AMP 12 (52.2) 18 (81.8) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 31 (53.4)
AMC 2 (8.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 3(5.2)
SAM 12 (52.8) 17 (77.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 30 (51.7)
Cephalosporins ~ CF 0(0.0) 9 (40.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 10 (17.2)
CZ 0(0.0) 9 (40.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 10 (17.2)
CTT 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
FOX 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 1(1.7)
CTX 0(0.0) 9 (40.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 9 (15.5)
CRO 0(0.0) 9 (40.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 9 (15.5)
Cabapenems IPM 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Aminoglycosides AN 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
GM 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Qulnolones NA 0(0.0) 8 (36.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 9 (15.5)
CIP 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Tetracycline TE 11 (47.8) 20 (90.9) 5(100.0)  0(0.0) 0(0.0) 0(0.0) 1 (100.0) 37 (63.8)
Phenicol C 19 (82.6) 13 (59.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 33 (59.9)
Sulfa-Drug SXT 1(4.3) 2(9.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1 (100.0) 4(6.9)
n=23 n=22 n=5 n=3 n=2 n=2 n=1 n=58

AMP, ampicillin; AMC, amoxillin-clavulanic acid; SAM, ampicillin-sulbactam; CF, cefalotin; CZ, cefazolin; CTT, cefatetan; FOX,
cefoxitin; CTX, cefotaxime; CRO, ceftriaxone; IPM, imipenem; AN, amikacin; GM, gentamicin; NA, nalidixic acid; CIP, ciprofloxacin;
TE, tetracycline; C, chloramphenicol; STX, trimethoprim-sulfamethoxazole.

J(AM-SAM-TE-C)2.2 39.1% (n=9)%tt. o] 2 HA| 4+
mdle} 58F oA E 7MY W2 fgoltt 34 o] WAAES
52.2% (n=12)%2H, 54| o]} WAES 8.7% (n=2)AH(Ta-
ble 6). S. 14,[5],12:i:-]l 4] Eo] Uehd 5382 34| WA (AM-
SAM—TE) 12.1% (n=7)2} 9A4] W/ (AM-SAM-CF-CZ-FOX-
CTX-NA-TE-C) 12.1% (n=7)°|HTable 7). S. 14,[5],12:i:-
£ 24914 9AI7HA] 871 K& HEtdo] tE FHFETt
oot E35] BEH 225004 1538 A 95.5%0014 2
Al o] WAHES Uetdiol @33 5 7MY 2 WEES UE
Witk 1535 2219 S. Thyphimurium AM-SAM-CF-CZ-
CFX-FOX-NA-TE-C-STX®| W& Z+= 104 Aol
cH(Table 8).
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S. Rissen simultaneously resistance ratio which follows
in antibiotics

Multipicity

of resistance Pattern Total (%)
0 All susceptible 3(13.0)
1 C 8 (34.8)
3 AM-SAM-SXT 1 (4.4)
4 AM-SAM-TE-C 9 (39.1)
5 AM-AMC-SAM-TE-C 2 (8.7)
Total 23 (100.0)
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S. 14,[5],12:1:-simultaneously resistance ratio which
follows in antibiotics

Multl.p ety Pattern Total (%)
of resistance
0 All susceptible 1(4.5)
2 AM-SAM 1(4.5)
TE-C 2(9.2)
3 AM-SAM-TE 7(31.9)
TE-C-SXT 1 (4.5)
5 AM-SAM-TE-C-SXT 1(4.5)
8 AM-SAM-CF-CZ-FOX-CTX-TE-C 1(4.5)
AM-CF-CZ-FOX-CTX-NA-TE-C 1(4.5)
9 AM-SAM-CF-CZ-FOX-CTX-NA-TE-C 7 (31.9)
Total 22 (100.0)
Armdeto] ZraAdeS wotshy] 9o £ A& FE ¥
AFe Befste MRote WEe EEAUHOR ol galsith
Henrik &, 2003). 134 E¥ wjFH EHOZ Alg-S Hj
A5 A Ao R WS HEUY TR AU 5
7] diZoll AT AT o Aol A= gt E g |
mx Ao A Yol 71geks Sudete] 4EEE ol7] 9
of Ardzto] A= o] F2to] H F AAE SHHlAlel ¢
of vjgst= WS o] &SIt HFAME =5 E5tEA] 9
wio sy mae) 2ie] 3 YnEAA # Helgo] ¥US

S H315}¥tHBahnson 5, 2005).
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S. Thyphimurium simultaneously resistance ratio which
follows in antibiotics

Total
(%)

Multipicity

. Pattern
of resistance

10
Total

AM-AMC-SAM-CF-CZ-CFX-FOX-NA-TE-C 1

1 (100.0)

camdEto] ZdE =x]9] ARt ol4do] 2021
_g%qu SAAE (20219 HA4E Bt =4 FFA
o o= ZlE et Andal 7y =i
A 59] UQlo R tE HA S0 Hls) F
e HojZth A H7] A F 56.3%
o] HjA 7 Amdet o4 AAFae R HY|E Y Andet
A4 AFEZ 57| HA F 68.2%04] Ar ek} 2elF o]
=2 AA #7719 = delo] Amdlat A o] THEHUL. &
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S. Typhymurium¥} S. Derby7}
thoksl E 3y gPo] Busl

oA EEE= Ande P
3= AR5t 1 9
AOoZ HIEJOoH(Hah 5, 2011;
Jung 5, 2011), &=ollA S. Typhimurium©] Y& 32.5%, 0]
= 22.6%, oAM= 40.0%7F &2 =o] A AAX SR 7+
g B35l g4 o2 B uE i (Futagawa 5, 2008). T
St A ZEE0] BHOJA S Rissen®] 71 @o] 2= A
o8 BuEYrkKim &, 2011a; Kim 5, 2011b). o]l A+
oA o] AFoA A8 S. Risseno| 71 wo] EE|= AT}
Ty I 53 #A oA gag Hol FFEASH
O & F9F 85k= S Typhimurium2 & 17 28] == ¥HH
S. Typhimurium®] @4 HIL Ho|HQI S. 14,[5],12:1:- °] &
HA 2 wo] B =t S. 14,[5],12:i:-= 19773 AH Q1o A]
A HiE o] A AAHCE Hek A Aot £2&0] T
7Fskal Qe Aol f-EyEtollA= 2008 et &
A oA 1A Yt Wy A7} Barg o]of Wy Eo| e
5] F71ekal tHlee &, 2011). 20199K-H 2021W7HA] =

W Aol A R Amdete] 37 EAoA BH =
W S, T4.[5112:1:-9] £8]£(19.1%)°] S. Enteritidis (20.2%)
o] o]o] FHAZ WSo] B EAUH]Jeong 5, 2022). =H]
A 20129 A2 7h5oA S, T 4,15],12:0:-7F 22 =%
<ol B3 H o]F(Lee 5, 2012) FHFAHGER] 20219
T =7F A AR 2 WA BYE P EAA oA = EHE(EA],
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&, 224 S. Typhimuriume] 7Fg @] 22|H i F¥
AR S. 14,[5],12:1:-0] Ho] £ Y& BISIUTHEH
é&ﬂ0m$ 2022). &3 Eol4E 7HA= A9l S. Typhi
S. Dulin, F1A19] S. Choleasuis® 35 €3 SE0)A
HEES 7ML Qe AR ARdet o8 #3509
HAGT AR HE Abolof] ABEE M= §40]
th(Rabsch &, 2022). o] AoA F HAZ wo| E2|H S,
[ 4,[5],12:1:- & WA #HRo|H 7]9lo] S. Typhimurium©|2kal
golE AAH §2 55 992 7L Qe /1A € 7F5ollA
0l el Bl 2@ Aol 75 P 2

9 715 Aol d ZpEAgHRe T &
FuTAOR S FATE HAE Aol AT
AtollAl HEEjd Ardet 5859 FAYAE WAEE
2 tetracycline®] 63.8%, chloramphenicol 59.9%, ampi-

=)
flo »
L

30 oM

cillin-sulbactam 53.4%, ampicillin 44.8%, amoxicillin-

clavulanic acid 19.0% <= |t} 2755 At Y= 31
ZF I% ampicillin® ampicillin-sulbactam, tetracylcline
o TELE WS Bt AW =R oA EejE Ardato]

A WAdo] &2 FAYAI+= penicillin, tetracycline, lincomy-
cin 5° lEh H 19} A}o}uﬂ(Hah 5, 2011; Jung 5, 2011).

FYSAFG R 214 S4 P4 BohE 1977} 3
A, 2901 AI=eeI A, 3901 HUEA, 4517 w2
gfolEAet st RYshe A3tz HolAnsYSAE Y

B 2022). T3 S. 1 4,051,12:1:-2F S. Thyphimurium 3%
1A9 cephalosporinZ 8l cefalotin®} cefazolin & 34
cephalosporinZ|Q!l cefotaxime¥} ceftriaxone®l WAdo| tk
(n=10) 2o 27] FYA tetracyclineA} penicillinF]
AF2A7F 237F GojA o]Fof 7 cephalsporinAl T4
A7F HA At 72D A A =0 Wol ARREH I S F+=
AHE AmEh

AU e o2 25 ~10F0 Cl27|7H4] H3gstA w
Eton, 2% o9 & 2= F5= 58.0% (n=34)F=
YRt S. Rissen, S. 14,[5]1,12:i:-2F S. Thyphimuriumol|4]
ampicillin, ampicillin-sulbactam, tetracycline, chloram-
phenicol, nalidixic acid®] B W32 715 AL Al o8 &
o] YA EAIste] ARSI Qe 505 st ERE A
o AUl wol Uetthe ' o g 715004 9] 48
Al AR 2 A A ARl AE S AL 2= &
& UK Park 5, 2014).
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20219 1195 2022¢ 109704 335A9 Y =34 27
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A #7] A2 56.3%00 B3t A #7] 85754 584
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Salmonella spp.9] 3P0 2= A B 28740 =2
48.3%9F A Cx= 287 48.3%=% &2 = 7P @Wol &7

HA @A E= 24 3.4%7F B =0

Andat 29 P2 S. Rissen 39.7%, S. 14,[5],12:1:-
37.9%, S. Derby 8.6%, S. Bareilly 5.2%, S. Infantis 3.4%, S
Give 3.4%, S. Thyphimurium 1.7% <=°]3Jt}.

587119 Ardet o5
phenicol 56.9%, ampicillin 53.4%, ampicillin-sulbactam
51.7% WA Bl&2 HAth. SFER A Widel Aol

HEd), S. Rissen (n=23)
picillin 52.2%, ampicillin-sulbactam 52.2%, tetracyclin

= tetracycline 63.8%, chloram-

chloramphenicol 82.6%, am-
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47.8% WE Rt S. 14,05],12:1:- (n=22) < tetracycline
90.9%, ampicillin 81.8%, ampicillin-sulbactam 77.3%,
chlormphenicol 59.1%% YWEeFHTt. S. Bareilly 35, S. In-
fantis 255, S. Give 25, S. Rissen 352} S. 1 14,[5],12:i:-0|4]
F= YAS Holz] gttt

FAYA THAHA HE-e AM-SAM-TE-Ce] 15.5% (9/58) 2.
2 7P Wk=t] o= S. Rissen O ATE THEo.2+& S. 14,[5],
12:i:-9] AM-SAM-TE 12.1% (7/58)% AM-SAM-CF-CZ-
FOX-CTX-NA-TE-C 12.1% (7/58) si€le] &o] Lrehytet.
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