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Study on antimicrobial resistance and detection of MRSA
of Staphylococcus aureus isolated from carcass in Daegu
slaughterhouses

Hyun-Sook Lim*, Dong-Keun Suh, Hwan-Deuk Kim, Hye-Hwa Lee, Jeong-Mi Kim, MiHa Im, Jae-Keun Cho

Metropolitan Health & Environmental Research Institute, Daegu 42183, Korea

At the present study, it was aimed to explore the states of antimicrobial resistant Staphylococcus
aureus isolates from 1,360 chickens, pigs and cattle carcass (400 chickens, 480 pigs and 480 cattle) in
Daegu province from January 2022 to December 2022. Among 1,360 samples, 81 of S. aureus were
isolated cattle (1.4%), pigs (7.7%) and chickens (9.2%). In antimicrobial susceptibility test, all of the
isolates were demonstrated susceptibility to rifampin. But the isolates were showed resistance other
antibiotics in order of tetracycline (62.9%), ciprofloxacin (62.9%), tobramycin (58.0%), gentamicin
(51.8%), amikacin (40.7%), penicillin (39.5%), clindamycin (35.8%), enrofloxacin (33.3%), trim-
ethoprim/sulfamethoxazole (30.8%), oxacillin (30.8%), minocycline (29.6%), erythromycin (25.9%),
quinupristin/dalfopristin (20.9%), chloramphenicol (12.3%), cefoxitin (9.8%). Among the 81 S. au-
reus isolates, 25 (30.8%) methicillin-resistant staphylococcus aureus (MRSA) were observed. Seven
(28.0%) of 25 MRSA harbored mecA gene. About 96% of MRSA were multidrug resistance to at least
3 more drugs. A continuous monitoring and surveillance program to prevent antimicrobial resistance
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(McEween¥} Reid-Smith, 2004; McDermott 5, 2022).
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AR A E BASHH AT LA Zofshs SAF FFA U
o TAAA 5 AlFo = SHE et 2 AtgolA= AT
A 7t d EA9 WS ES YR ARAHE, AsE A
, o= WY Aol izt FBA WS AL ATHEH
AP 2R, 2022b). AHAFA] 7150 A 9 R A A A
ol E. AF= A2l Salmo-
nella spp. C. jejuni/coli, S. aureusS EYEH35IL . 1
% S. aureuse= 1H P o2 JAAC 2] £t 9l
on, AT &9 35l AAste B4 AlatolAet, Aet
@727d0] FoIAH ofe] 717 A4S Lol /)5 Ao
o} A A AE Aot @O“HHXMW 43242 HEhiH,
H/go] AstaL, ol A 5E0 57H, 5%,
A
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coli, E. faecium, E. faecalis,

& A JtHTimoney 5, 1988; Davis &, 1990). S. aureus
2 It of2] 7}A] S A =57] flsf FH e A9 7
Ak AR B Y eto] 85l E9] tAUdte] §45
S7Foto] A 5=9] A8 W2 ojEFo] U= Aot
(Frost?} O'Boyle, 1981; Carven, 1986; Myllys 5, 1998).
£ ol Hs] g €5 £t waa, =
2 p-lactamaseE AJ4d5t9] p-lactamAI B o] Aol Wi
< 79, plasmidE &3l AEE o] o oAl Wzt S5t
St7]1% gt} B-lactamase®] &Jsf 7RIS A = Higt
A HYAAA Q] methicillin®] S. aureus?] & A =50] o]&
=2 8H methicillino] 2% W/Ad<Ql methicillin-resistant
staphylococcus aureus (MRSA)7F £d3to] B W g9
2% Ao 7 AA Frhe]A3], 1998: FAE, 1998).
b & AT AL A Y =57 &5 7150 =4
oA S. aureusE & 5to] A U ST MRSAS] &4
FE oofsto] S aureus®?] W it A9 AF & 3
o] FE el tigt 7|2 A= E gH 5t A} gt

oA

S. aureus+=

2022 1955 20229 129704 449 =544 9 =
AR A Estole & 480%F, HHA| 4805, & 400575 2
2 AS A4 #HA ARE AH 6kt & 9 HA ==
HHA0x10 cm)9] 371 FolA AFH s, ¥ =A4= 19t

2l AAE ddez st At S A @

(o]}
[=]

rar

& ST - BES - 0lalat - 2H0| - Yolot - EXI2

et Buffered Peptone Water (BPW) 1 mLE 6.5% NaCl=
H7Vet tryptic soy brothollAl 37C, 16A1%F Bl sttt ¥l
A 50 pLE CHROMagar-Staph. aureus® 8% &, 37T, 16
Azt v Fstath. A3 AEZ A= siA blood agarell &
< 3 37T, 16417+ Wigst AL, B-hemolysis @40] Lojyf=
T nutrient agarol &3] 37C, 16417t v gt} -S4l
coagulase testE AA|5t0] G UL SRlsHA T

SAlTFol| Hi3t genomic DNA &2 boiling HO.2 AA|5}
Aot A tryptic soy broth (Oxoid, UK)of| FZ&35}o] 37Cf
A 18~24A17F et vfjFolo] A2 o 7 1 mLE 13,000
rpmOlAl 2827 AR & *}%@1—‘% AAT 2 B 57
% 0.5 mLE AE7 oot A2 EF= 2 1087 71
Sk T2 13,000 rpmofl 4] 10—5—?} HEYE = A5HS Fot
o] template DNAZ AR5t

o W

S. aureus®] #F &I Real-time PCR (7500 fast real
&3ttt Pow-
erCheck staphylococcus aureus Real-time PCR kit (&
Avto] LENE ARE5IH o, &3t template DNA 5 uls
staphylococcus aureus Real-time PCR premix©l 713l
Z 20 pL FA sko] 7500 fast real time systemsQ.2 AHS
st

time systems, Applied biosystems)< ©]

FA 44 A" Clinical and Laboratory Stan-
dards Institute®] 7](2017)°] w2} gA3 Aoz A
Attt PAA tATE OxoidAHUK)Q] oxacillin (1 pg,
OX), cefoxitin (30 pg, FOX), penicillin (10 UI, PC), gen-
tamicin (10 pg, GM), amikacin (30 pg, AN), tobramycin
(10 pg, TB), erythromycin (15 pg, EM), tetracycline (30
pg, TC), minocycline (30 ng, MC), ciprofloxacin (5 pg,
CIP), enrofloxacin (10 pg, ENR), clindamycin (2 ug, DA),
trimethoprim/sulfamethoxazole (1.25/23.75 pg, SXT),
chloramphenicol (30 pg, CM), rifampin (5 pg, RD), qui-

nupristin/dalfopristin (15 pg, QD) & 165& FAIs3tt. S.
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7RIS =5 EotEQ TH UM 22|68t Staphylococeus aureus2| SR LIAM MRSA AE0] &5t A7

aureus= OXo] WA #=E MRSAZ TH459tt.

AW F A HmecA)9] &2 PCRE 0|85t o]d
FAE] WRol et AAsHRtH(Nakaminami 5, 2020).
PCR 932 Maxime PCR PreMix (i-StarTag, Intron, Ko-
rea)°ll 22t9] 10 pmol primer 1 puLe} template DNA 1 pL
£ 92 3 2dH SRTE A6t F veEe] 20 ul =
|
many)Z A8 $£HsHHTable 1). PCR ¥ A2 pre-
denaturationZ 95C 5&%F AA] &, denaturation 94T
oAl 30%, annealing2 58T 9llA 45%, polymerization<
72CoIA 12 3027 F 25 cycle® &3, I % 72T oA
587} post-polymerizations AAISITH SE2H AHE-S 2}
5 7] 95HA(QIAxcel Advanced System)Z ©]-&3}to] &

Lt

Y

5} Tprofessional Thermal Cycler (Biometra, Ger-

20k WA, H] =AM EEt S aureus] EE&-2 Ta-
ble 20412} Zo] & 1,3607 5 5.9% 815Ut H5E £
& 204 1.4% (752/48074), =HAINA 7.7% (375+/480740),
SollA 9.2% (375/40070) .

BAH S, aureus 8139 gt FAAA A5 ANTAA 2
I= Table 33+ Zh. &7 S. aureus 75 FOX, RD<
100% #4d2 eI, Wid&2 MC 55(71.4%), QD 3
F(42.8%), TC, DA, PC, SXT, OX, ENR, TB, EM2 Z 2%
(28.5%), CM, AN, GM, CIP2 Z+ 15:(14.2%) <=°0] it}

HAFH S. aureus 37+ RDO tis] 100%2] <A<
WER AL, WEE2 TB 297(78.3%), PC 285(75.6%), TC

Synthetic oligonucleotides used as primers for PCR

Target gene Sequence (57-37)
mecA TGGCTATCGTGTCACAATCG
CTGGAACTTGTTGAGCAGAG

www.kojvs.org

I DAL 7} 24%(64.8%), SXT¥ OX, ENR, CIPL Z+ 233
(62.1%), AN, GM2 7t 225:(59.4%), EM 195+(51.3%), MC
185+(48.6%), QD 145(37.8%), CM 95+(24.3%), FOX 8%
(21.6%) <=0 9itt.

G4 S. aureus 37F= FOX, SXT, OX, QD, EM, CM,
RDell tisl 100%2] #/d< Ye L, Wide2 CIP 275
(72.9%), TC 255F(67.5%), GM 195(51.3%), TB 165(43.2%),
DA 35(8.1%), PCZ ENR2 7} 25:(5.4%), MCZ+ AN 7} 1
F2.7%) =013t

FE3 S, aureus 96.2% (78F)= AH&H ¢ FF ol4d9] ok
Aol WAS derflem, 65.4% (535)= 37H4] o4 Ad
A el WS Bl thefA] W/dwtolitk(Table 4). &
SHEE B 2004 28.5% (25), HANA 70% (265), HollA
67.5% (255)9] HI&= thobAq] WAES YrEhf it

B AFo)A BEH S aureus 81F % OXol WAS 29l
MRSA+= 204 23, EjR|oA 235, HollA 05 =0 &
255%(30.8%) %t} Methicillinoll WA, 214, #44E &
Ql #F2 E75H0] mecA FAAS] HRAGE AR A=
Table 59} 2t} Methicillin® W& EQl 255 5 mecA
AR =R oA BH 75028%) 0l At A&=] et Methi-
cillinol] SHdoIAY ARl #F5olA= mecA 38R H=
AEEA oot
2 AdolA E8E 25+F9 MRSAE 3714 Al o4
O] A 3l 245F5(96%)7F THofAl Wit o = EQlx]

Isolation rates of S. aureus isolates from cattle, pigs and
chickens carcass

No. of samples

Animal
Tested Isolated (%)
Cattle 480 7(1.4)
Pig 480 37 (7.7)
Chicken 400 37(9.2)
Total 1,360 81 (5.9)
Size (bp) Reference
310 Dziva et al, 2015
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Antimicrobial resistance of 81 S. aureus isolates from cattle, pigs and chickens carcass

No. of isolates with indicated antimicrobial resistance (%)
Antimicrobial agent

Cattle (n=7) Pigs (n=37) Chickens (n=37) Total (n=81)

Cefoxitin 0 8 (21.6%) 0 8(9.8%)
Tetracycline 2 (28.5%) 24 (64.8%) 25 (67.5%) 51(62.9%)
Clindamycin 2 (28.5%) 24 (64.8%) 3 (8.1%) 29 (35.8%)
Penicillin 2 (28.5%) 28 (75.6%) 2 (5.4%) 32 (39.5%)
Trimethoprim/sulfamethoxazole 2 (28.5%) 23 (62.1%) 0 25 (30.8%)
Oxacillin 2 (28.5%) 23 (62.1%) 0 25 (30.8%)
Quinupristin/dalfopristin 3 (42.8%) 14 (37.8%) 0 17 (20.9%)
Erythromycin 2 (28.5%) 19 (51.3%) 0 21 (25.9%)
Chloramphenicol 1 (14.2%) 9 (24.3%) 0 10 (12.3%)
Minocycline 5(71.4%) 18 (48.6%) 1(2.7%) 24 (29.6%)
Enrofloxacin 2 (28.5%) 23 (62.1%) 2 (5.4%) 27 (33.3%)
Rifampin 0 0 0 0
Amikacin 1 (14.2%) 22 (59.4%) 1(2.7%) 33 (40.7%)
Tobramycin 2 (28.5%) 29 (78.3%) 16 (43.2%) 47 (58.0%)
Gentamicin 1 (14.2%) 22 (59.4%) 19 (51.3%) 42 (51.8%)
Ciprofloxacin 1 (14.2%) 23 (62.1%) 27 (72.9%) 51(62.9%)

Distribution of multi-drug resistance in 81 S. aureus isolated from cattle, pigs and chickens carcass

No. of antimicrobial No. of resistant isolates (%)

classes Cattle (n=7) Pigs (n=37) Chickens (n=37) Total (n=81)
3 1 10 11 (13.5)
4 2 10 12 (14.8)
5 5 5(6.1)
8 1 1(12)
10 1 6 7(8.6)
11 2 2(24)
12 8 8 (9.8)
13 1 3 4(4.9)
14 2 2(24)
15 1 1(12)
Total 2(28.5) 26 (70) 25 (67.5) 53 (65.4)

Distribution of mecA gene in 81 S. aureus isolated from cattle, pigs and chickens

Methicillin-resistant Methicillin-intermediate resistant Methicillin-susceptible
Axfiael No. of S. aureus S. aureus S. aureus
isolates
No. of isolates mecA (+) No. of isolates mecA (+) No. of isolates mecA (+)

Cattle 7 2 0 4 0 1 0
Pig 37 23 7 (30.4%) 9 0 5 0
Chicken 37 0 0 5 0 32 0
Total 81 25 7 (28%) 18 0 38 0

AH(Table 6). Methicillinol| #sAlo] = #5+= 237
(60.5%), AR #F= 69+5(33.3%)7F 3714 AlE ©]
9] troFA] WA= EAE AT &3] mecA FAAT A&

5 FOX, PC, TC, DA, SXT, ENR, TB, OX°l 100% 4
P & 2o oA WS Boli, 735 25 10714 o9 &
Al W& HERHAH.

o N

)
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Distribution of multi-drug resistance pattern among 81
S. aureus

No. of resistant isolates (%)

No. of Methicillin- Methicillin- Methicillin-
antimicrobial  yegistant intermediate susceptible
classes S. aureus resistant S. aureus
(n=25) S. aureus (n=18) (n=38)
3 2
4 3 9
5 9
6 5
7
8 1
9
10 6 1
11 2
12 8
13 4
14 2
15 1
Total 24 (96.0) 6(33.3) 23 (60.5)

% AE2 20224 195 H 129704 fi4#A1YG =54 2 =&
S &, #HA, F9 =4 1,3604S o= S
aureus !‘ﬂg% ZABFAAL, S, aureus©] Wet FRAA WA
ArE @*16}0““‘% S. aureus®] &€& 5.9% (815F/1,360
Aolet. HFEE B AoA 1.4% (757/48070), HAINA
7.7% (375/4807), oA 9.2% (375F/4007)°1Att. °] &
(2010)°] Rt 49} A =AFEHOA S, aureus EF &S
204 5.6%, EANA 10.6%92H, & 5(2010)°] 2003~
20089 =Y =549 55 TAO1A S. aureus EElE&S AL
St At A4 9.8%, HAINA 18.8%, FolA 36.6%= & A
o] B ¥ Be&S Ytk

] #ol et FBA HEol 22 FAE STEE A
HEH, &FH FFIAE MC(71.4%), HARH 7oA
& TB(78.3%), PC(75.6%), TC, DA(64.8%), SXT, OX, ENR,
CIP(62.1%), B #FAE CIP(72.9%), TC(67.5%)
ojgitt. o] 5(2010)9] =HA - 5ol Het /g Aol A
PC(94.1%), TC(70.6%), EM®} DA(64.7%), GM(76.5%)%
A3} H|W Al DA M|kl HEbE oz B Ago] w2 1
e YepHigitt o] 5(2010)2] Afe F5of tist W32
ol A= PC(88.9%), TCI EM(66.7%), DA (55.67%), GM

www.kojvs.org

(77 8%)% & AAT} H|W A] & A A7t BF o W2 YA
£ YEQlth o]= 2010¥ Tt Syt SAF ARS: A] AL
BH7HE A AHEEA T FAA F8o] @AS] Eole A
I SR AF AREE FAA F771 Al710 wE ohE

of wt FPA WAEE Apol7t & AoE AbmETh 2022
de 571 GAA AR 2 WA BUEE EiA(EESAHEY

BB 2023)0] Th2H 20224 FAHE A SREHA])e
STHEE HA, &, 4 o= WiE e A AR
penicillinsAl FJA7F 717 o] W=l tetracyclines
Al, phenicolsA|, macrolides <=0]{th. & A E S5
2= HAA YiEol 7 #3koH, HAoA penicillin,
tetracyclineo|A] £ WAES 29 AL W Normand 5
(2000)¢ 01"‘“11] W P2 =7 AGS B ddolA AR
Sk A9 F7e &N, Bt o ot gk
- Atk ELQ} A5}

B3 S aureus 96.2% (78%F)7} §F &35 o]Ake] okAo] W
d FE B0, 65.4% (535F)= 37HA] o) FAof| chsh
WS Hol= theAl Yidwtel it S5 2+ 404 28.5%
25, A4 70% (265), HollA 67.5% (255)2] H&E o
oHA WSS UErSITE Yang 5(2008)°] W §-5 SAE
oA B3t S. aureus®] 37HA] ol Al WS Hol=
ToRA] AT 39.4%% = Ao At thh =2 WS
< EYrh

FAAY W 718 FA U ALY AletAlE W
5 9 F29 el AEAS MPor At v, A
EZAsE B39t Aoz Q3| o]Fo)Rt}. Staphylococcus
o] W71 tiFE9] o= A9 90% °l p-lactamase
= X435}t penicillin, ampicillin®] W& Rl o] A%
5o AEE i £ erythromycin ¥ o2
A WS SHtshy| = stek 19509 H]9 penicillin, tet-
racycline, erythromycin 5 &aAo] WS Hol&= thAY
A staphylococcus® 2 HL7dol gy, Hydd &
sl aao] g%t methicillino] 7HE=EAA THAIWA staphy-
lococcus® FAaFolE Bk 18y 197094 &7 MRSA
7t E@SHAA A A CE HATH 725 AAHo=E 2
23A = 3ith MRSAY] W71 Al2d /g a4l Hyid
& Z2dH(PBP)o] ¥stE o] p-lactam¥e] Z13}do] glol#
7] Wj&olt}. o] PBPE PBP2'(PBP 22)% E8|™ mecA 4
Ao ofsfjAl 2 E T mecA FHAH= MRSAS] HAA|ol= 3L
O} methicillin sensitive Staphylococcus aureus (MSSA)
o= glo] MSSA7} o] §-HAE &E535to] methicillin resis-

fr o,

=

AL plasmidE
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tant Staphylococcus aureus (MRSA)7} E 1tk & 4= STt
MRSA+= methicillinol] Al £ ofyz} BE B-lactamAo]
WS YePHTHOIAS], 1998; $A1E, 1998). Thets] F&F
& MRSAZF =ioll A &2 =3l S7Hohd =2 A=l 44
S EAE oI B ofy e} QIFO S AFE 5 o,
#4219l HUE|go] o] FojxoF & Zo|t},
AoNA EEH S. aureus 815 ¥ oxacillino] WS
MRSAE 404 25, A4 235, HolA 0F Z2]5]
25%(30.8%)Att. Methicillinoll WA, 24, 4
HQl #52 E53519] mecA AR B{ATS AL
= methicillino]l W8S EQl 255 & mecAFHA
Aol A EejE 75(28%)0ll AT ERI=| ]It} Methicillin
T oIAY ARl #FollAl = mecA FAA = &
| 93ttt olA" oxacillin ¥/doIHA mecA S/
mecAFA] Woluh #5=0] A% B A B
ctam®] 79 A4t 5ol 93t T2 methicillin W< 71
23] & 4 SIth(Chambers, 1997). 20214 5HSA4t
Fol A A= SARIAIA Wt AR (EESAE A
, 20222)7F Bl A] AH o2 MRSAE 4°fA] 8.8%, =
Ao A 9.8%, FolA n]HEE HIEo] B ZAP|AE 404
28.5%, A4 62.1%Z thA &2 methicillin WASS
ERfi it

MRS #59] tjFE2 3714 Al o]4e] A sl 2
ok 3t FF ol Aol WS Eel thofA] Wt e®E &
#A tHChanayat 5, 2021). & 5(2022)0] 7H] Qo]0
A 223 MRS #5% 77.5%7F TekA] WAL 2 2RIE 9
om, & A4 Eed 25752 MRSAE 37HA] AY o]
O AN il 96%2] THefAl W/t = SRIE Ut 55
mecA 7L FEH #5+= FOX, PC, TC, DA, SXT, ENR,
TBoll 100% W= Ho] oAl WA F/d2 UEHlH oli= MRS
5= penicillin 22 p-lactam AF9] FYA &G of}
tetracycline, erythromycin, ciprofloxacin ¥ clindamycin
22 non-p-lactam AEY] FAGA I AN E =2 WIS Y
Etl(Perreten %, 2010; Chanayat 5, 2021) 7|&9] Z3}9}
FrAFSFAT

o]4o] A A =57 &5} 752 ZAA E2H S
aureus°l Al A W/ F/dT MRSA A2 ARSI 4]
%2 MRSAS] 20 & 7Fs/do] Qlo] 35 BHNAE
F85HA AZHE) wheba FPA Y A5e AR HEol Y
‘et GAPFAIE fl5to] AT v A TSt A AR

A UAEE w7t a7EH.

Lo rf

gy Mo g

ofy

NS 2o oox 9
5

=

P

dr e o &
=

o

S. aureus= 2914 1.4% (752/48071), #A°NA 7.7% (37
/4807), HolA 9.2% (375/4007) = =ct. &7 S.
aureus 75+= MC 71.4%, QD 42.8%, TC, DA, PC, SXT, OX,
ENR, TB, EMZ Z+ 28.5%, CM, AN, GM, CIP= Z+ 14.2%%]

&S YeEtAT X5 S. aureus 375= TOB 78.3%,
PCE 75.6%, TC, DAx= Z} 64.8%, SXT, OX, ENR, CIP= Z+
62.1%, AN, GM= Z} 59.4%, EM 51.3%, MC 48.6%, QD+
37.8%, CM 24.3%, FOX 21.6%9] W8&S Uetiict. ¢
2 S. aureus 375+ CIP 72.9%, TC 67.5%, GM 51.3%, TOB
43.2%, DA 8.1%, PC, ENR 5.4%, MC, AN 2.7%%] Wd&<
YeRR AT E2H S. aureus T 65.4% (535 3714 o4
AlGe] A sl WS Bl thefAvdatol et

MRSAE & 81¢F 5 4004 25, A4 235 E2f=o]
Z 255(30.8%)tt. MRSA 255 & mecA §-AA = = A] ol A
229 73028%)% FEE A mecA FAAL AEH 4F+=
FOX, PC, TC, DA, SXT, ENR, TBe] 100% W= E3oH,
107FA] ool H/d& trehd thefAu/dtol it
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