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Comparison of Real-Time PCR and Culture Methods for Detection of
Campylobacter jejuni in Various Foods
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Abstract In this study, performances of culture methods using two selective media and real-time PCR were evaluated for
detection of Campylobacter jejuni (C. jejuni) in various food samples. Sausage, ground beef, and radish sprouts inoculated
with C. jejuni were enriched in Hunt broth and then streaked onto modified cefoperazone charcoal deoxycholate agar and
Preston agar, followed by incubation under microaerobic conditions. The enriched Hunt broth (1 mL) was used in real-time
PCR assay. No statistical differences were observed in sensitivity among the two selective media and real-time PCR for
sausage and ground beef. However, the number of positives by real-time PCR in radish sprouts was much higher than the
two selective media (p<0.05). It appears that real-time PCR could be used as an effective screening tool to detect C. jejuni,
particularly in foods with a high number of background microflora such as fresh vegetables.
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o ZhE] AFES dodle ¥AA Alelth(l,2). Campylo-
bacter spp.2 A8 2F5 Alale AAAA oM, 53] Hrle} f
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WS AER FAVE HA Avk3-5). 7P RIMEHA AEss ¢
o7 FL Campylobacter jejuni(C. jejuni)@ 1 A Campylo-
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C. jeuni Bl = A Vo] el gk wix|eh deof
Al BEES H7He wA R EREE, ol S 2
AaEAE FITIE 98 dri(10-13). Bad e 7
HIRSL Al 7] FE7] iz, H2de 9 il S4%
< A7k miAE Msslar th(14,15). 7 7H AlEe] A=
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Ml Fo] olsolAlA] eiskey.

H A= ”Ioﬂ/\ﬂ real-time PCR¥} BiA]HiFHE-S v
=31 realtime PCRO| ¥ F3lE 7HEW<l HHX]HHOR”OH LK
or Hro] M=} AEHAS 7 AeA] ¥wE st sich
BAlOl =ele] tieksl g2l AERNM AREE 9)(9,10,18,22)
gdet sHElAQ] modified cefoperazone charcoal deoxycholate
(mCCD) agar?} FASHFHIA]Ql Preston agare] #HE5S Y|}

ATt 2F W C jguni AEA &S P AFE0] HFE 7=
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de] AEFS AER st} FYHIAT

Tz %
AE0 ARRE 2F

C. jejunic A A 25 (Seoul, Korea)ZHE EFdol Ae4l
oA Bfstar Y HEEHETE ARSIl e 70"C°ﬂ 2y
st o8 ujnitt 455 Este] ARESHATE 5%9] horse
blood(Oxoid, Hampshire, U.K.)7} $H-r=o] = Hn)=] 3%
H gFS Ewsle] 42°CoA mE7)F o g 2447 vigalgiTh
n5 714 27L 1572 (BioMérieux, Marcy I’Etoile, France)}
anaerobic jar(Mitsubishi Gas Chemical Co., Inc., Tokyo, Japan)=
AMEste] REQTE MlgE Jg 5 SdAdee A9 ste] Hunt
broth(Oxoid)ollA] 42°ColA] 244 7¢ Hﬂok;}%‘guq 29 ol Ak
wjoksl Fole BAlsle] HEA o= ALE-3IATH

AlZMEC| FH|et ME

BE AEMZLS XA FRIT $IR
st AEL UH A APARE &7 F, 4°C HAsIL
w 6AIZE ouiell Adol ARSI AFAES THAE, A
K57, Aok & 74 g FRAS A9k 7HAES Y
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|3t
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A3 500 g°] bulk A&%—oﬂ uﬂoot & AA3 34w
S JEFFL o] I2A BEXHES £22 SRS F
JHO R 25 g2 FUNZTOE, E TE 252 SAUIRTEORE
ARsFRoH FdUZEZAE 100 CFUML 1’32 C jeunis,

AZzFol+= 1mLe phosphate buffered saline(PBS, pH 7.4;
Sigma Chemical Co., St Louis, MO, USA)E HZ3Iith HEol
€ BE AZLS Han 5(24) 975 #=x3sle] 4°ColA 18-244]
7F R BAsle] A0 | AFMEF FARIES vhEo] F
Ak AFol HEH dol o= BEA Fls] st HE
I SAl HEHS FLAFES AuRo] HEStd 42°Col|A
2477k B9 M S 1HQ 2o R widste] AA HEHS Y
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HiX[ueHHE 0|88t C. jejuniel HE
T 7 A E AR sl el dH 2 real-time PCRE: ©]
83t C jounis HEIAoH 1 HFL g3t 2o s T
oF WA &AW 500g9] bulk S-S 25¢% 20/ E ol

Z¥zy A vdel] g3z, ZF vidWlel] 5%9] horse blood(Oxoid)
o} AA EF A (cefoperazone, trimethoprim, vancomycin,
amphotericinB)©] F7F# 100 mLe] Hunt brothE %ol ¥,
stomacher(BagMixer by Interscience, St. Nom, France)E ©|-83}
o 3027F @3t AAFUT adsh d AEL 37°CelA
AA7F FoF A Swu) W(pre-enrichment)3FH o ASHu Yt &
cefoperazoneS % 71810] 42°CollA 44A17F &<t SHl Y(enrich-
ment)SFATE Sdo] B FH Preston agar2} mCCD agardl]
Zbzh HAEEEE F 42°ColA mE71 A 2o R 4877F B9t
AdeiueFaiict. deld =, 23 FHsie A Fuje ¢
AREE st Zbzb 3719 vSr) 27102 A gl
th S71eMe SR B nsrleA v wSake el o
sled APl Campy strip(BioMérieux)S ©]-8-3+ Ays}shs] 21574
S AN C jgunis HF 1A AT

DNA F&1} Real-time PCRY AA|

Saifgels Al gHedsle T Seo F(25)9]
ATE Fxst] 1mLe Sdulgdols A5 DNAS F=313
om 2 AL o Atk ZF AEA A 1 mLe HHXl
WS 14,000 pm e E 377 YA R E AT Ae W T
PrepMan® Ultra reagent(Applied Biosystems, Foster City, CA,
USA) 02mLE &3t dolle I&E(pellet)o] £H3] 3t
AE & J=EZ 10% °)d vortexings AAISFL 100°C2] E-oi|4]
10827 7Hdsl ok, 7FE &, 23 b AF2olA AS]aL 14,000
rpml 2 37 oA d4liE] silem AdEEv B S
BTdE AEL FHo| m=E Fo} realtime PCRS FIE AE
DNAZ ARE31S T}

Real-time PCRE 24 Best 5(26)2] 972 =23l C jejuni
o] & E0]¥2 mapd FHAE B & primer/prober] E-S
AH8-3F ). Forward primeri= CTG GTG GIT TTG AAG CAA
AGA TT, reverse primer= CAA TAC CAG TGI CTA AAG
TGC GIT TAT, probe= 5' FAM-TTG AAT TCC AAC ATC
GCT AAT GIA TAA AAG CCC TTT-TAMRA 3'& Al&-31]t)
Ul e FS 25uLZ 3912, TagMan® Universal PCR
Master mix(Applied Biosystems) 12.5uL, forward$} reverse
primer(300 nM) Z}Z} 2.5 uL, probe(100 nM) 2.5 uL, 412 DNA+=
5uLE ¥olFAtt. ABI PRISM 7500HT sequence detection sys-
tem(Applied Biosystems)S AF&-3led 50°ColA] 2%, 95TCoA 10
Rty H&—AV T, 95°CollA] 15%, 60°ColAM 135 132 W

Z7S B30l 40 cycless ‘?}?"]ﬁ‘:}-

AlZ L) MAMEEC =X
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ZAMZ2 stomacher bag®l 225mL buffered peptone
water(BPW; Difco, Becton Dickinson, Sparks, MD, USA)¢} &7
—8— T stomacherg ©]83td 30%7F A3} AAFIUTE F+E
Y 0.1 mLE 9AE A3t nutrient agar(Difco)el] F
ZF3IaL 37°CoA 24X17F FRF vkt vl & HgS Al
Sl sAulE sl AE Ul Al 52 Ak

ol C jejuni
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Table 1. Comparison of the number of background microflora
and inoculation level of tested foods

Mol H W= 121

Table 2. Comparison of two selective media and real-time PCR
in artificially inoculated food samples

Background microflora  Inoculation level

Sample  Trial

(Log CFU/g) (Log CFU/500 g)
S 1 <2 1.34
ausage 5 <2 1.83
Ground 1 5.79 1.79
beef 2 5.57 1.94
Radish 1 7.79 3.26
sprout 2 7.55 4.14

T 7 AYuiRE ARES BiX I real-time PCR3S]
= X239l GraphPad Instat(GraphPad Soft-
ware, Inc. San Diego, CA, USA)S A}M8-3}4] Fisher’s exact test
2 SAH 722K p<0.05)F stk

AEME W HMMTEe +=FE3 °c§§$

Table 191= 7z} AEQ] FdAGFe] 534, 2 &) gt
Aol AAE Ak DA A= Xowﬂ&%ﬂ AEEA
AU, A7) B8-S 557-5.79 log CFU/g 55, F-<=2 7.55-
7.79 log CFU/g & Ho] Fo] 7 =2 739 A+
FS HItKTable 1). HEFS 2AR9 H77] 488 500 ¢
Z 2 log CFU "|Rlo|R o, 722 326-4.14 log CFU 7FEOR
Feo] HEFe] v AFel vs] 84 =UTH(Table 1). Hyeon
SN Foot #EdA ANHFT @ Salmonella spp. S HET
A AFE Fal Aok A, B 7 BAAEE
EX o] TS A Wi FEFel soke Aol
B39 TE Chon %(27) AAl V. parahaemolyticus A=l &3t
AFel A Fiee] A, thE A vls) FdAEEe] N =
7] wiel] o] A=W wEbA QIIHTA B =2 JETY
o] a3ty RH3Git) o= # A9 dA|s= *V‘f-_*i

BAEEol 53] =RE Feo A SHRAS HE F
o] JAH o] 2-3 log units 7FFe] U £ HEFS 8= d

Aoz Helrh 3y 2|a7] El&o] X 3] A Al
ZFo] BN =l T WS HFE v 28 & ),
o] AEE Y IAEE dolx 2Fe] 44 52 v
23 g2 Q9150 Y AoT molg

e AF Hlg] 2E#2 8Rlo] Bl AAHEe] FEl
o 7Li A e AR ANXE(3,21,27) C. jeuni AZE
Al PFFe o] vtow FFo] A} 24 AxE
S Aoz dAEn F2E Aokl 93|A &
k9 o] 7hssithe Mo® Qlal, C jeunid &
deelog AL 9O HF(3,628-30), Aol o]
JA AL C jeguni 2FF Y oM FAH el AP s
Ue oz FaE

14

Real-time PCRz} HiX|u{jgkHo| ZH&Es=H|W

Table 291+ real-time PCR3} 5 714 Agiuj=]e] o HAE&
2ol 7t HluEST, . AolA AgE &4 Oe}/“tﬂiﬂ‘%
T 7K AEHOA 47 243 FHoE et Agd A
ol e BTt 53] STl SR L]'%i

No. of positives™?

Sample Trial Real-time
mCCD agar Preston agar PCR

S 1 5120* 5120 5120°
ausage 2 2/20° 2/20° 2/20°

Ground 1 8/20% 8/20% 8/20°
beef 2 14/20° 14/20° 14/20°

Radish 1 0/20 0/20 0/20
sprout 2 2/20* 1/20° 18/20°

UNumber of positive samples/number of total samples
IDifferent letters within a row indicate a significant difference (p<0.05)

B2 4% W AL A Fsge AE,

ZAANAE A A ¥
PIe BESAIL, 4271 A % 2E 1 8
A, 22 1he] FHS AEH FAREL FRE o]

A BTHp>0.05, Table 2). 2AA Y AL 12} FEFwoh 23}
HEo] Bokeox e 238 2xF A3 A$r o A
=U|(Table 2), ©]= £2Z bulk sampler— ‘EIAI—X]’B‘ = A A

ol F2A HAA P& F

XM= AR 2 *14—7] 35 HISH %‘ZO] =95olE 1
M BE W Holx| %‘}'O]' HEFS 100 7}
g 584 27 2 @% AAEAT 23 A8 Al real-time PCRO
A 1819 FS AEF 2, mCCD agar®} Preston agarol| 4]
= A AEste] 7 Hzells SAH
2212 YR tH(p<0.05, Table 2). Hyeon 5-(21)3% Chon 5(27)

& B 5o Aokl Salmonella-d Virbio parahaemobyticus
Al

2 iﬁ
pad
- N
;‘;

A% A, real-time PCRo] HiX| S A3 AEZFQl AZ7|Ho| H)
) o 97w 4 =ry BHyEiEd], ol B Ao Axt
9} dXA|sh= AMdolt) ol YL =2 AAYEE vES
Aok o] theFet 2EF A QRlo = Q8| HA o] Mgyl
A)2gell A & 8l8 (recovery)EI A 49k7] Wt oZ Rt} $hH F
w9 12 HEAGMAM e g 23 AFeAe Fdol A&
ol HEFo] o] WEQ HROZ HolH, X} HEAF A
o] JFEFHE T WY BT AESH olsil Aoz AlsHr.

Malrony 5 (31)

= 2, o AS T o107 AEedA
Salmonella spp & HE

3171 $18t real-time PCR‘“—O— B7rskd=
tl real-time PCR 2 100%2] WI=sl Sol=S Hol &
ATt =5 BTk B3 300709 ”‘“‘%QW Vibrio
parahaemolytzcus HE A, real-time PCR3} viA|ul| S v]wgh
Cai 5(32)°|1*+= real-time PCR®| 97711€] OVA% AEsI 7871
o S AET AP HET S8 ASAEE BT o
et A= T8I B3kS ), real-time PCRHES vl A6l
#} Blwste] FEsAY 8 RIAES VA e AR AL
S5} Wb real-time PCRS A XoplE W] #3F U}J?_ A&
N C. jguni A& A EFHHQ] &go] 7k Ao dAddn
@}ﬁ:} ‘EﬂOH_Q_ ’6‘1— “o‘]— Preston agarg]. g—/ﬁlﬂ—
agar= F3 AEE) ol AL Y FHS 7‘:%
Al FoXE Holx] 2FSTHp>0.05, Table 1). ©]+=
C. jejuni®] 7% Al, mCCD agar®} Preston agar®] 7
BT (p>0.05) BT Peterz(14)e] SA7-9} Ax|Fr) B A 1
M 7HS0] obd tdst A4S Ad AFAA T ik
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&2 APl 7 7 AHiiAE 283 wiAPEH real-
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