KFAS #a+ e
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 56(6), 826-832, 2023

Original Article

Korean J Fish Aquat Sci 56(6),826-832,2023

oot
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Toxin Genes and Antimicrobial Resistance of Clostridium perfringens
Strains Isolated from Commercial Jeotgals

Shin-Hye Lee and Kwon-Sam Park*

Department of Food Science and Biotechnology, Kunsan National University, Gunsan 54150, Republic of Korea

Clostridium perfringens causes diarrhea and other diseases in humans and animals. We investigated the prevalence,
toxin gene profiles, and antimicrobial resistance of C. perfringens isolated from commercial jeotgal sample. C. per-
fringens was isolated from 11 of 22 commercial jeotgals. All C. perfringens strains were positive for the alpha toxin
gene, but not for the beta, epsilon, iota, CPE or NetB toxin genes; therefore, all strains were identified as type A C.
perfringens. However, the beta2 toxin gene was identified in 54.5% of isolates. Disk diffusion susceptibility tests
showed that most isolates were resistant to kanamycin (90.9%), nalidixic acid (72.7%), oxacillin (54.5%), erythro-
mycin (27.3%), ciprofloxacin (9.1%) and clindamycin (9.1%). However, all strains were susceptible to 14 other an-
timicrobial including amoxicillin, ampicillin, and chloramphenicol. The average minimum inhibitory concentrations
against C. perfringens of clindamycin, kanamycin, and nalidixic acid were 128.0, 128.0, and 54.0 pg/mL, respec-
tively. These results provide new insight into the necessity for sanitation of commercial jeotgal, and provide evidence
to help reduce the risk of contamination with antimicrobial-resistant bacteria.

Keywords: Antimicrobial susceptibility, Clostridium perfringens, Commercial jeotgals, Minimum inhibitory concen-
tration, Toxin genes

M 2 -2 CPE 54 2 type G- NetB 54 AYAlsH= F3o|th
(Petit et al., 1999; Jang et al., 2020). Alpha =4~ -4 x= A
Clostridium perfringens= 871449 XZA& FAdsl= 1% A DNA©| ZA3} A7 betal X beta2, epsilon, iota X NetB &

G Ao R B B AT S0 Aol EAIs 7k & GRS plasmid DNAOY E43hH, CPE H4 444

rr

A, 45, AU, GVEBS U PR VA S 5
Hsl= ®H9Al Aol th(Ohtani and Shimizu, 2016; Rood et
al., 2018; Kiu et al., 2019). C. perfringense= 20% o]|A4+9] &4
7F e A glom Batsls Eaol ofa A-GE7HA] 77 type
o2 sl 9 =42 = alpha (cpa), beta (cpb), epsilon
(etx), iota (iap), enterotoxin (CPE) ! NetB 5-©] 1 Th(Petit et
al., 1999; Jang et al., 2020). Type A& alpha toxin AJAFs}
= o1, type BE-2 betal} epsilon toxin, type CH-2 beta
toxin, type D&-2 epsilon toxin, type E&-2 iota toxin, type F

AWA| E+= plasmid DNA®| EA8k= A &2 oe] 4] §ITH(Petit
etal,, 1999; Rood et al., 2018). 4|35 2] FEHH A A EHA
Kol A= BAof oJatH 2013 K E 2022W7HA] 2
107 9-2utetol| A HAYSE C. perfringensol| &3 4155 A
o HhAI AL W SRt 247 1437 E 5,6307 2.2 o] o]l
o5t A %5 sl A Hat 39.4 o] LRSI THMFEDS,
2023a). Al A5 A1l WY g g+, At dlet, 3]
F2HFE o] o]o] Al WA =2 = 49]o]| B, SRl 2
= HeA W, Adrdete] o]o] 39]2 2pA | BlsiA = C.
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Clostridium perfiingens®] 524 7312} 9 G#A| A4 827

perfiingens®]| 2|3t A5 AFILO] H]F-2 HA} F7FskaL Q)
Ao THMEDS, 2023a).

o] theFel Al goflA] Eelgt C. perfringensol] thet =4
AL A WAdoll T A= WotK(Lee et al., 2014;
Jeong et al., 2017; Park et al., 2019; Jang et al., 2020), A] & A
452 2T A FIA C. pertringens®] 2. Aol
P A= A gle Aotk A2 ofF, A4, AAl
| S5 7 59 AA| B dFE) AHE 7heke] WA %
A7 Ao 2 da Aol EAsh= nE 9 Ao
e} 4= o] 553 FuE 7= abd
[e)

rr

Y2 2 o

= Bt
ol A Aol tiet 7| H A4S BEMA B, HE
= A A o] 8.0% o] ko] AlsFol| ghto] A2 HIARS B A
1 g/kg o|5t2 H71e 4= 9o, A5-Et(Bacillus cereus= g
10,000 CFU (colony forming unit) ©]3} ¥ C. perfringens
+=n=5, c=2, m=100, M=1,000)°f] 3} 7|& L -2 o] A 5
o] 2THMFDS, 2023b). whebA] Al 3142 QHA/d 2 =5 9]
3lo] AlmA o)A Bl C. perfiingens] E4 SR B
d QoA WA ol ek At Aate] 542 A AE] @ E T
o] & floto] Al Ao A Eelgt 5 1155 C. perfiingens<
o ® =4 AR B, Al WA 2 W
Aol thgt s Als = s AES

oo e oox qu ok

ERTETE

Mg of| ARE-3E C. perfringenst 20234 69 S5 =44
AR A o) A ol A g 1159 AL 9
L AAAZAE O oA SERIRE 1152

3 |2 Aol A Eegt 17 9 =4 32 757
o gt A 3 A BelE B s] $iste] C. perfiingens
KCTC 5101 #55 AH&-53tt.

w2 ol
N T o)

C. perfringens®| 22| ¥ &9

Al oA C. perfiingens®] ] 9 542 vt &
o] Akt A& 25-30 gofl 9uliEFS] phosphate buffered
saline (PBS; 140 mM NaCl, 5 mM anhydrous Na,HPO, and
15 mM KHPO,; pH 74)& 7}3h71 24 23} F o2
oA 3] Alske] @A ol 1 mLAS 3742] TSC perfringens
agar (Oxoid, Basingstoke, England)o] %3} 37+1.0°C2)
GasPak jar (BD BBL, Mississauga, Canada)ol| A 24A|7F &
7] wjeket 5 95141 22kg ARRsIeLom], C. pertiingens 3
HE WE G e Belsjel 17 4 9 APL20A kit
(bioMerieux, Marcy-1'Etoile, France)S AR8-510] A3}l HA
I} 34 FAR}F 16S rRNAS] 5EZ 3535 PCR assay= 20l
sto] 57513t PCR assay= 54 5}7] $16to] 5= Rein-
forced Clostridial medium (Difco, Sparks, MD, USA)ol| 4%

. #
5101 12,000 rppm ©. &2 387+ A4l Ee]sto] A2 Aol Hat
F4= 100 pL& 7Fsto] #EF 9 100°CollA] 102 7FE sl d3
=

Iacy

d

of 287+ A2] 5 12,000 rpmof| A 1827 L4 H-2]5}o] AF

2 Emerald Amp PCR Master Mix (Takara, Otsu, Japan) 12.
uL, primer Z+2} 1.0 pL, 2.5 pL.e] DNA templateo] DW & %]
% 25 uL7} HA| A7kt SimpliAmp Thermal Cycler (Ther-
moFisher Scientific, Marsiling, Singapore) & A8-5}¢] 523}
Atk C. perfiingens®] 572 9J5F PCR W3- 272 95°Co]|
A 5E7E 13 & WA 3 94°C 18, 53°C 182, 72°C 1322 3¢
©912 sto] o] 353] WhEste] DNAZ SEalgict. 534
DNA Ah=-2 1.5% agarose (Biosesang, Seongnam, Korea) gel
o 4] 7] %45 5 ethidium bromide (Bioneer, Daejeon, Korea)
2 @310 Vilber Lourmat (Bio-Paint ST4; Marne-la-Vallée,
France)A} Gel-Doc system ©. & 2215}5tt. FA4 o] &=s C
perfiingens= 2|& 5% 15%7} ==& Hdd 249 A
7}514] cryovial storage box (Simport, Beloeil QC, Canada)©]]
o] -80°Coll HatslH A Aol ARE-sFGITH

C. perfringens®| E8s &4

|85 AFE2 714Hto] 6 (Seoul, Korea)o A ot
Sheep blood (Kisan Bio Co., Seoul, Korea)E B+ PBS (140
mM NaCl, 5 mM anhydrous Na,HPO, and 1.5 mM KH,PO,;
pH 7.4)& 33| M| & Reinforced Clostridial agar (Difco)ol|
5%%E F7Fsto] Al iAol Ald S Este] 37+1.0°CO|
A 2417 A7) B 3 oA 919 R o R E 885
= SIskit.

=4 QHERI| B4

()]

C. perfiingens®| 7% =4 §-5xFe] EA]of| A-g-gh primers
9] 97144, 5= DNA 7] ¥ annealing 2= 52 Table 1
o] YelY %1 2™, primers+= Bioneer (Daejon, Korea)ol| 2|Z]
SIS CE ARE-ST template DNA&= 57 o) ARS-SH A1 5
& AL Abgato] EAdslg] o, PCR 271 94°C 5271 13
A A T 94°CollA 30 & WA AR AR 1827 A A
ATt SZH DNA AHE2 1.5% agarose (Biosesang, Seong-
nam, Korea) gelof| 4| 417195 3 ethidium bromide (Bioneer,
Dacgjeon, Korea)= GA13}10] Vilber Lourmat (Bio-Paint ST4;)
A} Gel-Doc system 2.2 2915} T}

S| 244 Al

Z1E =t Aol thgh 22 o529 7<=/d-> Becton Dickinson
(BBL Sensi-Disk; Sparks, MD, USA)AS] &hatA| Tl A= A
=5 AME-310] Acar and Goldstein (1991)9] Tt AT SARH O
2 AA)5}3iT). Reinforced Clostridial medium (Difco)ol] A E
P55 2E510] 3TELOCOIA SHRYE 7] vlof 3 W A1)



828 o] Alg] -

21942 23] A4 3}al =5 McFarland No. 0.52 2% 3}o]
4.0 mm&] Reinforced Clostridial agar (Difco) ol B+
2SO gt = SIQUTh of 7] of HAF Al YA E 3t
5o 37:1.0°Coll A 24417 & 7] v 5 2 Bt Aol olsf @73
H ASA 2] 2715 SA ekl wE x| 3xol| whef 7 of
HE HIIS8FFHCLSI, 2018). A8 &A= amoxicillin (25
pg), ampicillin (10 pg), cefotaxime (30 pg), cefoxitin (30 pg),
cefuroxime (30 pg), ceftriaxone (30 pg), cephalothin (30 pg),
cephazolin (30 pg), chloramphenicol (30 pg), ciprofloxacin (5
pg), clindamycin (2 pg), erythromycin (15 pg), kanamycin (30
pg), lincomycein (30 pg), nalidixic acid (30 pg), oxacillin (1
pg), penicillin G (10 pg), ritampin (5 pg), tetracycline (30 pg)
2 vancomycin (30 pg) 5 2052] FA| HAAE AMESHS
th. MAR index'= U412 P a4l 422 Aol Mg
A A £ vhe gz A

Z|AEATE=(Minimum  inhibitory concentration,
MIC)2 &

WAS Yehls 344l 6Z(ciprofloxacin, clindamycin,
erythromycin, kanamycin, nalidixic acid, oxacillin)of] gt
| AR A 5= = MIC test strip (Liofilchem, Roseto degli
Abruzzi, Italy)& AME-31o] =43} T}, Reinforced Clostridial
medium (Difco)oll A& +FE HEdt] 37+1.0°CollA| s
w7 wjok 3 Hat YAl AR 23] Akl F 5 Mc-
Farland No. 0.52 ZA3}9] 4.0 mm<] Reinforced Clostridial
agar (Difco) ¥l et 2822 o5 = 53l of 7] o]
MIC test strip= 312F5}0] 37+1.0°Coll A 24A|7F &7 HljoF &
AlzzAre] A o] whet 2|2 A s e E S

24| ANE] O] vl ol A Asu]gFo] grfar
S(HAA, LA oA, A-A, 2R 54, o
=24, WA, ER71A, A, 204, s o)Al Bl 7]
A) & 228 A FYsto] A8 1 Ak A HSAl
ol A+ Y] (10 CFU/R), o122 4120 CFU/g), ¥
o]A(10 CFU/g) ¥ 7}=]v] A (10 CFU/g)oll A C. perfringens©]
HEE Y oH, FAaB AR of| A YT Al R A= A
#(10 CFU/g), Z+214:%1(20 CFU/g), 2714 (20 CFU/g) 2 7}
21|10 CFU/g)ollA C. perfiingens’} HZEI ATt A&
Ao A AA|8k= ATl tigt C. perfringens®] 7121 1,000
CFU/g olot5 23t Al o 9AA T 7 n| 3l
2704 FAA Aol F3] HEE U= FollA =471 2
asicta BetE ) 2aly C perfiingens?] 54 API 20A
kit ARE-SF kA AR 9 3184 W &, PCR assay
of 21k 16S rRNA #-21A19] EA] -2 543 ATHWu et
al., 2009). AyztetA AlHo| A= C. perfringens= 57 =] 3.
L 16S rRNA F-34H8] F-30] SRRIE| R 9F2- 2= AR
A BiAISHL 1t 75 tide 2 33 Aol AMgsteitt. £
gk 1155 C. perfiingenso]] ti3t -85 w4 e o=
sheep bloodol| B-&&-5& U= 2oz SRlEdck(d )
u|AA)). U AR A C. perfiingens?] H-2]of T3 AR
A= obA] glout 9=19) Abell= w-E otk o] E O] ket
A0 ) F2EE C perfiingens®] L AEE ZARSH AT, A

—

Table 1. Polymerase chain reaction primers and reaction conditions used in this study

Target gene  Sequence (5'-3")

Amplicon size (bp) Annealing temperature (°C)

Reference

5'-AAAGATGGCATCATCATTCAAC-3'

16STRNA 5 TACCGTCATTATCTTCCCCAAA-3'
. 5-GCTAATGTTACTGCCGTTGA-3
2 5_-CCTCTGATACATCGTGTAAG-3'
b 5-TCCTTTCTTGAGGGAGGATAAA-3'
2 5-TGAACCTCCTATTTTGTATCCCA-3'
ot 5-TGGGAACTTCGATACAAGCA-3'

5-TTAACTCATCTCCCATAACTGCAC-3'

B 5 AAACGCATTAAAGCTCACACC-3'
P 5-CTGCATAACCTGGAATGGCT-3'

5'-GGGGAACCCTCAGTAGTTTCA-3'

cpe 5 ACCAGCTGGATTTGAGTTTAATG-3'

netB 5 -CGCTTCACATAAAGGTTGGAAGGC-3'
5 TCCAGCACCAGCAGTTTTTCCT -3

b2 5 AGATTTTAAATATGATCCTAACC-3'

5'-CAATACCCTTCACCAAATACTC-3'

279 53 Wu et al. (2009)

324 55 Meer and Songer (1997)
611 55 Baums et al. (2004)

396 55 Baums et al. (2004)

293 55 Baums et al. (2004)

506 55 Baums et al. (2004)

316 55 Bailey et al. (2013)

567 54 Bueschel et al. (2003)




Clostridium perfiingens®] =4 A 9 3F4A4 WA 829

ol A =] AL Q)= o1 F(71.0%), Abo] RHEL o] 57(63.0%),
AVl A AT AIAIRE o F(54.5%), o172 AMEE F
AJsl7] ffall ARt =(27.3%) B ofFE=d Al AREH
H E(17.8%)°1A wFo] HEE AUth= Harvt 9l om(Sabry et
al,, 2016), 1= 7hpu| 2 s)detole] 37 S0 A A% =
21071 Al& R Jofel Fof Al 2t 1507] Al=ol A 100% X
26.66%5 A% 9 tH= ¥ 11 (Hafeez et al., 2022)% 917 tj&
off AkE o] B S RS ZRIRITHA A5 Al
o vlFo] HAF F7kskaL Q= C. perfringensel] tiek A%
oA 9] A= w9 F @5}l ket

C. perfringens?| =4 SXX 24

Ak Aol A 2egt 115 C. perfiingensoll T3] 752
=4 XK (cpa, epb, ext, iap, cpe, netB Y ¢pb2)e] R4
PCR assay2 4151910 1 A3H= Table 20 LFER| AT
cpa frAARE B dtollA Efdol HEd W cpb, ext,
iap, cpe 9 netB 5 550 Ha AN e Aol HEE
7] 1k}, Bt pb2 B4 A 6T-F(54.5%)0l A o
Q1 RPA 53t(45.5%) Nl A= 54 AL 2 ZRIE Qi wket
A =4 frRAre] Bprdol whe el 2Jsh 115t C. per-
fringens= 55 type A8 ] C. perfringens= 57 = A} A&
Al 27 FEHYO] 7N EHol| A B3t 5275 C. perfiingens
= 1% cpa 54 RS A0 B opb, dap W ext S4
A= 2/ ol AL, epb2 =4 AR 394t(75.0%) 9
oA FHLE RlE o] BE FejH o= AT C. per-
fringens= Q1% lth= X 11(Chon et al., 2018)2} 2 A x}e}
= AFeFeATh 225mte] T ol A F- 23k 2545 C. perfiin-
gens cpe, ext, itx 9 NetF 54§82 = H5F S4J<1 §HA
cpa 524 FRAANE B AlmoA A2 HEEHU O, opb
9 opb2 Ed AR 10722(40.0%) L 1573:(60.0%)011 4

PR HEF U A 02 type AT 0] 1575%(60.0%),
type C3 o] 105435(40.0%)°]™ type B, type D & type E&-2
AEEA Gt A2 3N (Park et al.,, 2019)2} B3| = A|
o Az A Bl gt C perfiingens w52 24 G-AR}F BG4
= 2tol 7t Qs A 0= SRIE QT E3F A2 A] 47 AxvfA]
ol Al -3 200709 S5 AlE(421L7] 507, Har7] 1007
4 =2 317] 504)ol|l A He] gt 38 C. perfringens®] S~
SHAF 2548 PCR assay= &1t A3, cpe, cpb, etx, iap
A netB 54> A HEEA| @2 W 2= ool 4] cpa
54 FAARE AEE o] BE F type AB Y C. perfiin-
gens$the ¥ 1% 9lth(Jang et al., 2020). o] 23t Ax}o] 2jo]
+ C. perfringens®| 2] ¢, &2 Al7] 3 £2] 44 Fo] o=
th= o] fioloz BAFc)

C. perfringens®| &= Ao 2M

Algk Aol A Belgt 11445 C. perfiingensS thAHC 2 20
o atAlol gt A B4 taagibi e s S48t
%01 1 A= Table 3o YER I 205-9] Al 5 ka-
namycing Z9eE 659] Aol = 115 5 L7 A0l 4]
U4 vehd vk, amoxicilling Z 3t 1452] gA|ofl=
& 7S UEt ek A Eo] & FtAl= ka-
namycin (90.9%), nalidixic acid (72.7%), oxacillin (54.5%),
erythromycin (27.3%), ciprofloxacin (9.1%) ¥ clindamycin
(9.1%) = AZTE. AEA] 44 A1l A Telak 20074 ]
S5 AEH T 507, 537 1007 D BT 5070)e
A He|et 3833 C. perfiingens®] FA WS HES 2
3}, tetracycline (100.0%), imipenem (71.0%), chlorampheni-
col (68.4%), ampicillin (34.2%), metronidazole (34.2%)= 2}
l=llon He| #52] 78.9%7t 35 o] Aol WA
S YEE tAlUlAd ol itks 2 al(Jang et al., 2020)20=

Table 2. Toxin gene profiles of Clostridium perfringens strains isolated from commercial Jeotgals

. Toxin gene .
Strain No. Source (Jeotgal) - Toxin type
cpa cpb etx iap cpe netB cpb2
1 Octopus + - - - - + A
2 Oyster + - - - - + A
3 Oyster + - - - - - A
4 Pollack roe + - - - - - A
5 Scallop + - - - - + A
6 Octopus + - - - - + A
7 Hairtail + - - - - + A
8 Hairtail + - - - - - A
9 Clam + - - - - - A
10 Clam + - - - - + A
1 Scallop + - - - - - A

+, Positive; -, Negative.



830 o] Alg] -

ohE 2= vehfar Qlok 225uke] @ Brofl A gt 25
= C. perfringens®] oA LH/H ©. amoxicillin/clavulanic
acid (12.0%), meropenem (4.0%) 2 vancomycin (4.0%)°] ™
(Park et al., 2019), A-&A] 24 FE22] 7| ol A £
3} 529+ C. perfiingens+ tetracycline (25.0%)2} clindamy-
cin (21.2%)°ll= W& YE Y ampicillin (94.0%), chlor-
amphenicol (92.0%), metronidazole (100.0%), moxifloxacin
(96.0%) % imipenem (100.0%)oll = AAolQlth= R w
QItH(Chon et al., 2018). A A HQ] st A|Fw} =uju}7l

oA ATk 232749 4_*4#(44171, HAar7], Harz] 9 e
2la7))ell M &2ldt 30at5 C. perfiingens®] @A W/de
ampicillin (100.0%), bacitracin (97.0%), penicillin (97.0%),
tetracycline (93.0%), erythromycin (83.0%), oxytetracycline
(73.0%), lincomycin (20.0%), gentamicin (10.0%), amikacin
(7.0%), trimethoprim (7.0%) ¥ streptomycin (3.0%)°] A th=
H 1% QJtk(Hu et al., 2018). E3F AlF of] AL&3F 1154320]| o
St FatAl W el ¥t k= Table 4] Yebi it 1

T 2052 FatAlel H/ds YERAL 9o, 1095
O WA S 15 FtAlolA 559 FtAI7HA W &
= UER AL )l=H kanamycinol| ?F Y4 & YEtl= o= 1

Table 3. Antimicrobial susceptibility and resistance of Clostridium
pertringens isolated from commercial Jeotgals

Disc No. of isolates

content ] . .
(Mg) Resistant Intermediate Susceptible

Antimicrobials

Amoxicillin (AML) 25 0 0 1
Ampicillin (AMP) 10 0 0 1
Cefotaxime (CTX) 30 0 1 10
Cefoxitin (FOX) 30 0 0 11
Cefuroxime (CXM) 30 0 0 1
Ceftriaxone (CRO) 30 0 0 1
Cephalothin (KF) 30 0 0 1
Cephazolin (KZ) 30 0 0 1
Chloramphenicol (C) 30 0 0 1"
Ciprofloxacin (CIP) 5 1 1 9
Clindamycin (CD) 2 1 1 9
Erythromycin (E) 15 3 1 7
Kanamycin (K) 30 10 0 1
Lincomycin (LIN) 30 0 1 10
Nalidixic acid (NA) 30 8 2 1
Oxacillin (OX) 1 6 2 3
Penicillin G (P) 10 0 0 1
Rifampicin (RD) 5 0 0 1
Tetracycline (TE) 30 0 0 1
Vancomycin (VA) 30 0 0 1

(9.1%)= multiple antimicrobial resistance (MAR) index
+= 0.052 1| ek} Kanamycin-nalidixic acid 23 E+
kanamycin-oxacillin %3}, 2 229] Ao WAS vely
= 9= 22 19d50] 1 MAR index®= 0.050] 21T}, Erythro-
mycin-kanamycin-nalidixic acid 2%} 4 kanamycin-nalidixic
acid-oxacillin ¢, & 359 Ao WS Uehlle= o
= 15 9 445F0]H, erythromycin-kanamycin-nalidixic
acid-oxcillin®] 45-2] g=tAlo] WS Uetl= +5= 19
Foln],  ciprofloxacin-clidamycin-erythromycin-kanamycin-
nalidixic acid®] 5%9] g}Ao] YAS YeElf= 152 1t
OFE|IT). 11575 % 3% ol4e] Aol S ek of
Ao 7 AASIsteke BN A 4
o ohss Aoz ped,

L SAoll tHSt C. perfringensQ| Z|AZFS K|

5= 53

WS etz 652 Aol thigt 11 C. perfiingens
o] M2 AFEE 73 A¥l= Table 50 YefiSict.
Ciprofloxacin®]| W/d-& Uet= o= 4819] 19452 MIC
£ >32 pg/mLol ], T3-S Yeb= YA 1045 1.5-
1.7 pg/mL2 P& =202 =4 %3l} Clindamycin®]| WA
< Uehlls #5499 1972 MIC= 128 pg/mLo| ™, 7+
2248 YeEPf = U4 R] 10735 0.064-0.75 pg/mLE o
wto pxo7 =ZAQIt) Erythromycinol] WAS LR =
218, 49 9 11 F5EE MICE 16> 256 pg/mLo]H,
FeAd S UeR)E U z] 8955 1.5-8.0 pg/mL 4502

A= 9t} Kanamycine] A& ‘%EPLH =T 8HS AL
T 10732 MICE 96->256 pg/mL M9 &2 24 =gl on &
o MICE 128 pg/mLo| I}, Nalidixic acidol] H4& Lre
520, 8 9 9 A| 9|3t 832 MIC= 32-64 g/

\1r:LJ>{

o v d

Table 4. Antimicrobial resistance patterns and multiple antimicro-
bial resistance (MAR) indices of Clostridium perfringens isolated
from commercial Jeotgals

Antimicrobial resistant No. of resistant strain MAR index

patterns

None 1 0.05
K 1 0.05
K-NA 1 0.05
K-OX 1 0.05
E-K-NA 1 0.05
K-NA-OX 4 0.20
E-K-NA-OX 1 0.05
CIP-CD-E-K-NA 1 0.05
Total 1

K, Kanamycin; NA, Nalidixic acid; OX, Oxacillin; E, Erythromy-
cin; CIP, Ciprofloxacin; CD, Clindamycin.



Clostridium perfiingens®] =4 A 9 3F4A4 WA 831

Table 5. MIC of Clostridium perfringens isolated from commercial
Jeotgals

Strain MIC (pg/mL)

No. cD CIP E K NA  OX

1 0.125 15 16 128 32 15
2 0.064 15 3.0 96 24 10

3 0.094 15 15 9% 64 075
4 128 >32 >256 >256 64 0.25
5 0.125 2 8.0 128 48 20

6 0.125 3 2.0 9% 32 15

7 0.5 15 2.0 128 64 20

8 0.38 15 2.0 8 12 0016
9 0.75 15 2.0 128 16 0.016
10 05 15 2.0 128 64 1.0
1" 15 15 16 9% 64 075

MIC, Minimum inhibitory concentration; CD, Clindamycin; CIP,
Ciprofloxacin; E, Erythromycin; K, Kanamycin; NA, Nalidixic
acid; OX, Oxacillin.

mL 92 A E 9o Ht MICE 54 pg/mLo] $it}. Oxa-
cillinof] WA Ut o= 34, 471, 84, 901 2 11H-S
A3t 652 MICE 1.0-2.0 pg/mL H9Z 24w glon
Bt MIC= 1.5 pg/mLol e, A 02 Al A Zo A &
2|8t 114+5 C. perfringens+= clindamycin, kanamycin % nali-
dixic acido]| thafj A= MIC7} thA] 2 2= Hhd ciprofloxacin,
erythromycin @ oxacillin®] &tAo] tdt MIC2 A4S
292 Jlo 2 Sl t(Table 5). & Blo] 27k S+
Eof|A B3t 157+ C. perfringens®] MIC+ clindamycin
(>16 pg/mL), tilmicosin (>64 ng/mL), vancomycin (>8 ng/
mL) 9 imipenem (>64 pg/mL)°| {th= A¥}ek= 2ol 7k QL
%15 ™ (Derongs et al., 2020), 2010-2016d -&utzt Hal7|
oA Bt 16295 C. perfiingens®] MIC+ erythromycin
(0.12—>16 pg/mL), clindamycin (0.5—>8 pg/mL), streptomy-
cin (8—>128 pg/mL), bacitracin (1-64 pg/mL) 2! tetracycline
(0.25->16 pg/mL)o]ith= Aot 2ol 7k AUTH Wei et
al., 2020).

Al AZE] QP 7S fIshe] 2271 Al Aol A Al
= 9ol Alel 1173 C perfiingenss F-2)alo] E4 44
A HRde 2Rl A3, 8 54 {AAE epa (100.0%)
gl cpb2 (54.5%)%1 2 0 & 3F1E| Q) 0, cpb, ext, iap, cpe D
netB G2 s ol A HEE A Qgkeh w3k YR o
+ kanamycin2 3233 652 =tA ol WS LA, ka-
namycin} nalidixic acido]] tafjA= A& o2 =2 MICE
Uet= A o2 SRIE| Q). whehA] Al A9 obr/g ki
£ flsliAls ALY 9A Az, 55 2 o 5o 8]
™, C. perfiingensg X33 /A Alot Y o] 2] A 9] L3t

BUEYE @ asirh g,
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