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Prevalence, virulence characteristics and antimicrobial resistance of
Listeria monocytogenes isolated from salmon products
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Abstract This study investigated the prevalence, serotypes, virulence genes, and antimicrobial resistance patterns of
Listeria monocytogenes isolates collected from salmon products. A total of 16 out of 65 salmon products (24.6%) were
positive for L. monocytogenes. Bacteria were most frequently identified in smoked salmon products (15/53, 28.3%).
Serological tests revealed that serotype 1/2b (62.5%) was the predominant serotype of L. monocytogenes, followed by 1/
2a (37.5%). All isolates harbored 10 virulence-associated genes (inl4, inlB, plcA, plcB, hlyA, actA, prf, fopA, iap, and mpl),
confirming their potential pathogenicity. The isolates of L. monocytogenes showed resistance to cefotetan (100%),
cefotaxime (87.5%), cefepime (31.3%), erythromycin (6.3%), and tetracycline (6.3%); however, most of the strains were
susceptible to antimicrobials except cephalosporins. These results provide useful information regarding the contamination
of salmon products with L. monocytogenes, which may have implications for public health.
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g=to] 1909 SHE AH|ERe A7 60 kel Sutsle] AlAl F
{3 71 F3 FEO)H(MOF, 2017), 4HE - o] &H|E
£ 20109 12,000=0014 20159 34,0002 FASA S7181
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At 2% A F217F Hasth(Lee, 2018).

gl &H glo} B Alo] EAY| X (Listeria monocytogenes)= 573
G714 addd 7oz AAAd £3] ER|5hH, A2olMxe
A = e 540 Jen, pH 5 st 4 22 9 &
NME Ago] 7Fss Ao® HyEo] UrkElbashir 5, 2018).
1980 At =4l o]3 ¥ .2=-Al AE = Tlkst ARE o) w
A Wl Folxl AF Aokl A
2930 ¢laE ‘E]—(MFDS 2020a).
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2006), 21F2 A} A A EeE #5379 95% HE=E 12a, 1/
2b, 172¢c, 4b Folth. HF 1Ra= 2FE AA A Ea=d w

glgjoleoll A A dEEE P IH(Orsi 5, 2011), 4b
/‘S%é] St AdE A AAelA EelEs ﬂiEﬂﬂOH&r] 7}
} 235 g3y oz BuEo] Qrh(Datta?t Burall, 2018).
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= ]E]O]'ET(LISKEI‘IOSIS)—‘ w93k = 7h7)9k fASE 4
F5 7] Z4o] Uit T gelAe] a7 e 79 2
e} A2 45 ABF L AAFY ol et 58 9
I, Aol el T3t o] HoEo] AstE AlgEelA 47
WHEE, QAN A4S FFY W f4, AR 55U S
ATHFDA, 2007). 2lZ=H|glo}52] o= 1 Aol o5 A
AlEE B4 dalzlEo] F9 QxE dEA 9 uq =Exo1z12
+ PrfA, InlA, InIB, Vip, LAP, Ami, LLO, ActA BSH 5°]

2lTHRay®} Bhunia, 2007). 9% g2HgolEe Uo7l Sxps=
30% 7S =& AARES e ER E‘L/lg;(ﬂ 27t D54

o™, FAAZE ampicillin/penicillin T %= streptomycin/
gentamicin®} 752 aminoglycosidesA] A2} -85l A1-8-3}
£ Zo] @I o|t(Charpentier?t Courvalin, 1999). #]Z=H|Z]o}
RAlo| EAU| 2] 4tA] WAL T AF5dd vlE] 2 &
SARE T el o7 #FollA] Bavt wHo] Sltk(Shen
2013).
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2|2H2[0F 2L A0 =AML

A Fo] oA AFF X (MFDS, 2020b) AN 1y
st 7S EEEInh HAl 25 goll ElzElgol SR (Listeria
Enrichment broth, Oxoid, Basingstoke, UK) 225 mL< 7}ale]
Asket $ 30°C, 2447 12 ST S M gNS Fraser
broth (Oxoid)?ll H&3}ed 35°C, 24A17F 23} wj kst & Aeu)x]
Q1 Palcam (Oxoid) HIJA] ALOA (BioMerieux, Marcy
L’Etoile, France) B]X|ol &4 Z=waled 30°C, 24-48A17F vl s}
Sk A=A e AH3le] Brain Heart Infusion agar (BHI,
Becton Dickinson, Bergen, USA)° wl<FalAl APl Listeria 71E
(BioMerieux)s ©|-&3l 3 43I h
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HEY A
YA 32 Listeria Antisera Set (Denka-Selken Tokyo, Japan)=
o]g3te] A AR W] mEF 0-39 AARs ol W

o2, H-3Y A= wbed o2 A3

Hald & [T &l
& glol RisAlol EAV| 2] WHAGH AddE 1059 /4
AW nlA, inlB, plcA, pleB, hiyA, actd, prf, fopA, iap, mple| ©i

Table 1. Primers sequences and amplification conditions

=2 Z 388 %] A 53 WA 4 & (2021)

3l PCRE 42Xt} DNA &2 boiling Ho 2 &4 #23

& B SRl dEFete] 100°CoA 1587F 2 & 12,000
pm, ST AHED S FS5AS F3 DNAZ A5 AR

e
Sk primer ¥ A% AL ¥ 13 2oH, PCR AFH= 1.5%
o

agarose gel2 H7|gF3te] &elslirt.
BN =M AIE
A 74 AEL Clinical and Laboratory Standard

Institute (CLSI)®] 7Fe]=glel mhe} tj23 hbgoz HAAJs)

STHCLSI, 2018). &#] TIZ~=(Oxoid)= penicillin (P 10 IU),
ampicillin (AMP 10 mcg), amoxicillin/clavulanic acid (AMC 30
mcg), ampicillin/sulbactam (SAM 20 mcg), cephalothin (KF 30
mcg), cefotetan (CTT 30 mcg), (CTX 30 mcg),
cefepime (FEP 30 mcg), genamicin (CN 10 mcg), ciprofloxacin
tetracycline (TE 30
mcg), trimethoprim/sulfamethoxazole (SXT 25 mcg) erythromycin
(E 15mcg), chloramphenicol (C 30 mcg) % S AREEIR o,
WA= 5% sheep bloodE 3 7}3k Mueller Hinton (Becton
Dickinson, Bergen, USA) ®iA|& AMg3t9tt. A3 FG2
EUCAST (2020)9} CLSI 23 Al 715=(CLSI, 2018)°l w}z}
i

cefotaxime

(CIP 5mcg), vancomycin (VA 30 mcg),

al

ol ks,

23} al
o 228
o] AF 6570l tlste] 2lzHE|ol Al EAUAE A
Ave Ax = 1674(24 6%)0lA l2ElEjop RicAte] EA| 27}
AZF AU AFHZE EAAS 5371 F 1570(283%), 7Iet 4
o] 1] 274 ?; 17d(8.3%)°] | Eo] FAIA A HEEC

uﬁg
AENL, W AFo] 234 F 671(26.1%), W&

¢

xﬂ% 2 7d_ = 1074(23 8%) HE|Fo] HIHogE= AEE &
zpol= QATh o AR EE =29olA 434 F 137

Virulence genes Primer sequences (5'—3") Product size (bp) References Amplification conditions
TTATTTCCTCGCATCCTAGC . . .
JbpA 435 Skowron et al., 2018 Ini. denaturation - 94°C, 2 min
TATCAATTCGACCTGCTGAG 35 cycles:
JcA ACACGAGCAATAAAATCCCT 278 Suoetal. 2010 denaturation - 94°C, 15 s
P ATACTGACGAGGTGTGAATG ? annealing - 48.5°C, 30 s
elongation - 72°C, 50 s
hiyA XTCTTTGC/&*% GGCgéi%‘éi%TG 101 Skowron et al., 2018 Final elongation - 72°C, 1 min
pleB igé?g CT gg,{igérﬂ%TCTTrGCTCGC;G 794 Franciosa et al., 2005
niB TCCGACTAAACAAGGCTATG 302
" TGTACCATAATTTTCCGCCA Ini. denaturation - 94°C, 2 min
Skowron et al., 2018 16 cycles:
actd ACGAACAAAGCAGACCTAAT 231 denaturation - 94°C, 30 s
TGTACCATAATTTTCCGCCA . 0 .
annealing - 57°C, 45 s
i ACAAGCTGCACCTGTTGCAG 131 Rawool et al.. 2007 elongation - 72°C, 45 s
P TGACAGCGTGTGTAGTAGCA v 19 cycles:
denaturation - 94°C, 30 s
. CAGGCAGCTACAATTACACA . o
inl4 ATATAGTCCGAAAACCACATCT 234 annealing - 49°C, 45 s
elongation - 72°C, 45 s
TATGACGGTAAAAGCAGATT . Final elongation - 72°C, 1 min
mpl TTCCCAAGCTTCAGCAACTT 1458 Franciosa et al., 2005
prfd CATGAACGCTCAAGCAGAAG 706

AATTTTCCCAAGTAGCAGGA




Ao A Fol| A 2|3t Listeria monocytogenes2] #-3,

(302%), A4 227 F 37(13.6%)°] AEHo] =golat 4
ool HEE] =UTHEZ v A, =l k2 A7} Bl
SEH Jeong 52014y SA2F T AFAA 12%, Ao AF

= 187 T 271(11.1%)e1AM glZEg]okto] 2=kl Hals)

o] B ALRT} HEF0] Wekon Lee 5(2017) H*é ah
AT AE Az A 2ol 335 Relsira

QA oo} AZEL H]JJ_O]'7]7]' o]

Hot U doE xg3 2 FoA Eejsk gXEH o}
ol gk A7} Bol o]FAR|R] ol AEES MW7 o
He Aot} FooMe FYWET ¢ B A7t RuHUE
ol ofdA:MsolA T Wy EFHE FAH 12079 AR

£ A A3 glzEglol BAll AU 27} 21.6%2 AE

AL, FH 120FA AR EA A 774 AES A A
3}, gzEgol RiAl|EAY 27T 202%004 AEHATTL B
T35t (Lee, 2018) 2 AFet GAME ARE BT EH
Wieczorek®} Osek (2017)0] w2 A1X3F o] 79} FA| o] FollA
2o} EiAtolEAV A RUEE A3 747} 21.5%9F 17.0%
o AZES R, Ramires SQ02D)E o] Z2AJelA 21.4%
AZHYU T BHusle B ArAdn= 2o mUEY Azl
Aol Hlszg 22l Ao 2 IRIFHAT oA 20189 AEA]
9 00 FaLFeoA F2H 2o} BisAto|EAU| 20 o]gh
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Lee 5(2017) dlhhe, S44F & AFddA 22¢ g&H g
ol2]l Aol 1/2b, 4b, 12a 377Gk BusdEd 4b
< AQdstare £ A7 Y8ttt 59 Ao} HlwsEH
UE-9] Inoue 5(2000)°] WEH FitEoA EeEs F5F= 12a
9} 1/2b o] A8, olE7]o} Korsak 5(2012) dfjakEol
Al BE)d 435 1/2a, 12b, 4b o] $ASTIE Baskgon,
12He] Jamali 5(2015)% o1/ 2 oA oA EEg +5
o] YL 12a (72.1%), 4b (23.3%), 1/2b (4.7%) <=o|2kaL .
A %LH-Q] FAES X3S 2 FolA EEE gz okt
£ Ao} 12a, 12b, 4b Ho] 7} &
-ﬁ}ﬁd%‘ T AT
p_wha, Az B Aoje] A
A3} Table 29} o] Bl we} W
zﬂ%% 6d ?;oﬂ/\i 5457t 12a Yoz g, Y5A3
L 1045 FolA 9757} 120 o g FHQdet B &x
tﬂrEP SAISE A g o] EAltEA g A+ 3 dAl
g AAolola 5 ¢ B2 BUHY AR} ATE T3
Zo] "3l Zog Algdt) AZ3Alet 4T 7LO]
ﬁﬂé A3 AZ3AF SEA-E A T B IRHE A
Lo A z3AloA BlE do] AFoA FA3H ?‘g‘éf’féol gl
3, o] A EE Aido] ERIER] ol Aojo] A

o

49

:J_,

R}

o2

8

o

=

V3l
2|

¢

N—|U

N

=
A

oo

=

SAFE AHZE HEE BAEQIA(Han 5, 2019) o] AlF2 Z 3N o] Lol F= o]FolRE HAE & A
au7k 9 BT e 4RI dedEolel 93 FUNF  FY ARSI ole] FRe) BE ATl AT e W
% 9o}l BolE 4elth, web g A&Ael mUHY 2 Ax 34 39 e9Uds Tond 0¥ Jo® 479
2 Bl o] AF g4t oY Ao Amd), o Lec 018y EAGO] Jhge RS B BN 4
ge] HlFe] B3, 7 Bl ALgHE Ave] EH HEal
dns 24 A & A Al Brke AEANSA HAoFde AHsel 54
Feclelo} LeAOlEANIL 1670 thole] BARE WAL & 1% BN Slal 288 R A A4 o]
A% 1) 2R vrrolRiEd, 12 Fol 6aF(7.5%), I ST SR, B AT s o) 24 Swle 2
2b Fol 1075(62.5%)2 ERJAI=Act. =X Park 5(2016)7 74x}L7} 2 Aoz Azt
Table 2. Serotypes and information of L. monocytogenes isolates from salmon products
Strain No. Serotype Storage method Manufacturing company Country of origin
LM200501 1/2b freeze" A Norway
LM200502 1/2a cold” B Norway
LM200703 1/2b freeze C Norway
LM200704 1/2b freeze C Norway
LM200705 1/2b freeze C Norway
LM200706 1/2a cold B Norway
LM200707 1/2b cold B Norway
LM200708 12a cold B Norway
LM200709 1/2a cold B Norway
LM200710 1/2b freeze C Norway
LM200711 1/2b freeze C Norway
LM200712 1/2b freeze C Norway
LM200713 12a cold D Chile
LM200714 1/2b freeze E Chile
LM200715 12a freeze D Norway
LM200716 1/2b freeze E Chile

Drepresent a temperature below —18°C
Jrepresent a temperature below 5°C
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Table 3. Antimicrobial resistance of L. monocytogenes isolates from salmon products

Antimicrobial

No. of isolates (%)

Susceptible Intermediate Resistant
Penicillin G 16 (100) 0 0
Ampicillin 16 (100) 0 0
Amoxicillin/Clavulanic acid 16 (100) 0 0
Ampicillin/Sulbactam 16 (100) 0 0
Cephalothin 16 (100) 0 0
Cefotetan 0 0 16 (100)
Cefotaxime 0 2 (12.5) 14 (87.5)
Cefepime 1(6.3) 10 (62.5) 5(31.3)
Gentamicin 16 (100) 0 0
Ciprofloxacin 16 (100) 0 0
Vancomycin 16 (100) 0 0
Tetracycline 15 (93.8) 0 1(6.3)
Trimethoprim/Sulfamethoxazole 16 (100) 0 0
Erythromycin 15(93.8) 0 1(6.3)
Chloramphenicol 16 (100) 0 0

HalM A [EX}(virulence gene) £4 Z3}

g & glol RiAlol EAV A 165 thete] Mgz Aol
e SR plcd, pleB, hiyA, actd, prf fbpA, iap, mpl) <t
internalin &2 W& {FHRKnld, inlB)oll e PCR AAF A3}
BE #7904 10714 H943 3§47 AEEo] AAF e
Hedo] gRlEATt. Bl2E|g|ol BimAlo] EAU| 2] YA
B SRR sFAE Y AE M FaF o
FS #35h= internalin @A} #o] UATHLiv 5, 2007). =
W (Park &, 2016) 2 =)ol RIE o] A Aol w2
AAE 2FE ofF F AFolA S FzHEol BiAlo|E
A 2= g7 399 945 7K e AoE By
(Jamali 5, 2015; Skowron 5, 2018; Wieczorek®} Osek, 2017)
Rt AAHE B | AsiAks o] AlFS HAT o 53]
ForF dad o=z Azt

1k rlo fl

SN LA Zt

Zl&HE|o} RiAP|BEA A 165700 Uik A T A
AF A= Table 33 2] 1589 A SolA cefotetan 165
(100%), cefotaxime 145(87.5%), cefepime 575(31.3%), erythromycin
F tetracycline®l 22t 155(6.3%) =22 WAS el At
Penicillin, ampicillin, amoxicillin/clavulanic  acid, ampicillin/
sulbactam, cephalothin, gentamicin, chloramphenicol, trimethoprim/
sulfamethoxazole, vancomycin, ciprofloxacin & 10%2] &Aoll=
BF A4S Yt glzEElol BiAlo|BEA A= 24
2O 2 cephalosporine Al A WS YEl= FoE o4
Z] A J(CLSI, 2018) cefotetan, cefotaxime, cefepime?} 7+
cephalosporine 7l A& A|2JsHH A WAHES v]§ S
S glskith. FUl9] Jeong 5(2014)0 wEW AFA e
Sk 12750l ik dhAl A A A3 cephalosporinAl &
A9 cefotetan, cefoxaxime, cefepimeo] WAool =L,
tetracycline®] 25%2] WAES 2At 39 =H, tetracyline]
WAES] 2ol AQslae B A7t fA18E 235 YepiS]

th Lee 52017y 34 A3 d2tEd AF Az SN &
2]g 335l benzyl penicillin (100%), clindamycin (100%),
oxacillin (100%), ampicillin (97%), tetracycline (18%) <22 U
A BRItk sied, 2 AelA] Aaket StA o) BlastH
penicillin®} ampicillin®] WAAENA 2 x}o]S BT} =22 A
2 ZH=9] Wieczorek® Osek (2017)= A1X8H o] 7ol 34 o
FollA ZEgh w5l MIC He= AR A3 oxacillin,
ceftriaxone, clindamycing #|2|stle AR 1452 Ao &
T AFAE BT silem, $52 Su TQ016)%= AF2t
AA A Ee gk EFel st MIC Hoz ZHAE A3}
ceftriaxone 10.8%, tetracycline 5.8%2] W/AdThS B g]2~|2|o}
Ao EAV| 28] Al W ES o W Holgtal B
st & ATt A AFE JERidT 2y, E8Ee
Skowron 52018y o}F<} ofF AxFFNA EElgt g2HE
of RiAto] EAUA 7050 thal] 552 dtAlel thal Ak
A3} erythromycin®}  trimethoprim/sulfamethoxazole®l]  47.1%,
meropenem 40%, penicillin 41.1%, ampicillin 17.1%2] =2 WA
< BT ES o]@9) Fallah 52013y o}F 2 oA
Ao B3 FFolA ampicillin 38.5%, penicillin 38.1%,
vancomycin 20.9%, tetracycline 18.7%, ciprofloxacin 17.6%2] W
AES BB, tE AL Jamali SQ015)% FUT
ZolA g 3o il AALgE AI} tetracycline 27.9%,
ampicillin - 20.9%, pencillin G 16.3%, streptomycin 16.3%,
cephalothin 16.3%, erythromycin 14% =0Tt H&le] B A
T} HIRPE W vig- ES WEES veRlo] ZF vepEE
e A7t 2 Ao FRIFHRIT gl op RiAlo] &)
vl2=o] 739 CLSI 7tel=gRRlel AR Aol thaiAvt MIC
7150] A Eo] 3L, EUCASTO = Benzylpenicillin, ampicillin,
meropenem, erythromycin, trimethoprim/sulfamethoxazole®l] T} 4]
Btz Sbgel jak 71l 44l o], A7l /]
& AAe] v dAolrt. o|= A Al WAE Aol 9
ol UAME Aoletal Aztem, e 2zEgol RiAlol&E



Ao AFol A 2|3 Listeria monocytogenes®] H-X, H

Alze] A B4 AP A S ge) BEsk V)
Mo BT ACE VEELh ¥ AF A o5k

¥ gl&Eelol RiAlo|EAlU] 0] etA|
FE Ge o FAA ABS ol 2 BAL 9 A
L 3E o Qolo] B35 WY A % o

oL i
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= #le]
o BHoz Be o UM AL, B A A
she WA ARl Te Row YA 41942 A% 4 9

7) Wil o A%Ael RUHYE Fal 22wl
PR WY AFE sfelsie e vl Fasicia Azed,
o (o]

S =

= 2020 5YFE 797 AN i@ viEdA 5
AF 65710l t3iA el=HElol BiAlo|EAU 25
EElaL, BEgh w50 el @3 F, WA #E K314 &
T2 A WA d8S AR Ao AF 657 FellA
FAA AFE 537 F 157(283%), 71eF o] AE 124 F 1
AB3%)014 2lzHgo} RiAlo|EAY| 27 EelEdnh. g
Blgo} RiAtol EAE 1672 3PS 4T 23 12a
ol 675(37.5%), 12b Fol 1085(62.5%)= 1/2b Fo] A3k
Ao g FRIFTE o] AFY B, Ax3|AL B Ao
LA Y] A S ATE A YRS AFA
= 12a Fol, WEAFAE 12b Fo] A eH, U Ax
3aL AlFolM FLE dHPe] FRIFHIAUAL, o] AEHA=
AT ol ERIEA] erol o] AEFA YN 7o o] F=
olFoME A = Aot g 2HEo} EiAlo] EAY| 29
W dEE 107 xRkl B PCR AAME s34
I 167 BT BHYd 398 f1A7F A& Ao o
Ygo] RIS BEE 167 tisted 1559 Aol o
3k A AlES AASE A3 cefotetan 1655(100%), cefotaxime
1452(87.5%), cefepime 55(31.3%), erythromycin?} tetracycline®l]
72tz 157(63%) o2 WS YEriL, vwA 1052 3+t
Aol dsid e 257 249 YepIih gZElgol BimAle]
EAYAE EZH OS2 cefotetan, cefotaxime, cefepime} 72
cephalosporine Al &-Alo] WS YellE AL 7ekshd
29 Al s vehis AeE ERIEATh Sl
2H7F AR 3 AL, H7EE AEHTE iRl Aol AlFelA
M7 QP FRE 98] glZHElol EimAlo| EA 2] T
sk A& BUEY 9 3 A3t e Ao=E Az
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