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EFNgD> D D Campylobacter fetus subsp. fetus DIRETE

AL #re, JREE MBS, S ERfe, HJF ke

Campylobacter fetus subsp. fetus (LA Cff) 1%, b bxFLRUMAE, BEIRZE, THISOZERREMRLZIEEZT. B MNCE
5 C fetus IEHHEDO—R & LT, FIBOERPEFH SN TWDER, AL E Lz CfFf OEERBRE TV, 22T
HHFIED D D Cff DMEIEIZ DWW TR L=, T O#EE, Bolton #EEHLIT 37°C, 48 Mef, MMUFKEEE%, HEaHE 28R
SyBEREHLOD CCDA (SEL), Skirrow HHILICIBEE L, 30°C, 48~72 FE[], MUFREERSEMT T, CHAEAGIIHBET S Z &0

AHEE 2o Tz,
¥ LTz,

¥ 72, Cff & Campylobacter fetus subsp.venerealis
61T, BIRGHES A 30°CH LUV 42°Co 2 FEORE THET 5 2 & T, F—MENS CfF 721 T/l C

(LUFCtv) ZEMNFTEZIVTALEALALAPCRATTA~—

Jejuni <2 C. coli DR HFREE 72V, BRPFMREICK T MM DORIEEE XL L.

¥ —U— R : Campylobacter fetus subsp. fetus, Campylobacter fetus subsp.venerealis, 152 5%, BoltondEE L5, A-Fh,

B, U7 A APCR
&
Campylobacter fetus subsp. fetus (LLF Cff ) &, B b
WL, BRmsE, sk, BEiEZE, ONIRE, TRIZEOZ
Bz T RINE & LTambhTn5g V. K,
PEPRI, NFREZE, ARl & OEBEREBEZFF OB I,
HERIERZFR T 2 @ERE V. —F, Cf I
Campylobacter fetus subsp. venerealis (LL'F Cfv ) &3z,
TR Y VEOFEEDREDIFEKE & U CEREFEEK T
H<AHMBEN TV D NBIRERIYEDFRHEE TH H 5.
sl & AN FEHE L 72FA T, WAL D C ferus RERIE
6.6% EHEESNTVD 2. b MIBIFD C fetus BEYED
—RKIZ, AFFHOBERNZETF HND 2V KRC/NERE
BT, EIRPORBEN VAR LA L2 LT, T

il

EANTHREAS CFF Y L, FrERICERE
TIEGI SRR S Tng 29,

—JF, DRETIE, C feus Z#FRKEE LI-EHEYE
HHOFEMEIT D 72 <, Table 11273 Lz K 9 IZ4HHIN
HDHDOHTHD D, 2011 FI, Frex TR L TETIIRE
L7z Cff ZJRAE & Lo EH R EEE Gkl - B 2
&, THER . BE14) OREZFER L. FREHFORE
Rz, TH, R, BERET, —RERD oy H
—BPEFAER ML TRY, LEAE LT 413
L] Z#BEL T

INET, EREND O CIEAEEE Ok & O 5L %10
IZOWTCOHREILH DD, C. jejuni, C. coli TRIFLTVND
§ 0 e EHERHBIEORFHI T TR &, Cff R HH

PR A 7

Table 1. Outbreaks of Campylobacter fetus enteritis in Japan

No. of patients

Case Place of . ,
mo. VT curence PO of people Estimated cause food Symptoms %
eaten

Raw beef liver, Diarrhea 100
1 2004 Osaka 9/31 Yukke, Fever 100
Korean barbecue, etc Abdominal pams 67
Raw beef liver, Diarrhea 100
2 2006 Tokyo 4/4 Korean barbecue, etc Fever 100
Abdominal pams 50
Raw beef liver, Diarrhea 100

3 2009 Tokyo 2/2 Korean barbecue, etc Fever 50
Abdominal pams 50
Raw beef liver, Diarrhea 100
4 2011 Tokyo, Chiba 6/9 Yukke, Fever 100

Korean barbecue, etc Abdominal pains 83
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Table 2. Primer sets used to C. fetus subspecies identification method by real-time PCR in this study

Target Amplicon

Species Primer name Sequence (5'—3") gene size (bp) Cff Cfv
. F: ACA GCT CTT AGT ATA TGT CAG ATT GG
C. fetus common CP000487 nahE 166 + +
R: CGG CTA AAT GTCCGATGT TTT T
i F: AAA ACCTGA TGA ATT AACTCG TGG
C. fetus subsp. venerealis AM260752 1SCfel 136 — +

R: TTG GTC ATT TGA ACT AACTCT TGC

Bzt 23RBS 2. 22T, Cff &4
H R THE»ORE R BREIEICONWT OB 2T 7D T
WiET 5.

S SENG YRS
1. Cff OFRIREFHES S O BB Hh oD e it
1) fEREEH
R E R OH38121% BHI broth (Difco ), Bk DA
WP A BRI K 2 VW . BERHIT C jejuni , C.
coli DRRATIEIZILAH STV 5 Preston B FEH5 1 (Oxoid ) ,
Bolton HEF LS (Oxoid ) Z MV, FHEEKIZIT 5%
DS DIARME ML 2 N 2 7o, RPFBERE UL Campylobacter J&
E O BERE I STV 5 mCCDA (Oxoid ),
CCDA (SEL) (Oxoid #), Skirrow MiKFZEREEH (Oxoid
) | Butzer MIRFEREEH (Oxoid ), 7 /& T MikERXR
Bt (Oxoid B) Z 407 12%#E U CIERIL 72
2) HEREHER L ORER DR
BEAERIT, b NHESRER Cff 6 Bk (IiER! Type A 3 ¥k
: CP05-65, CP06-268, CP08-361, " Type B 3 # : CP10-
59, CP10-355, HP9330) F X VY 7/L# 1 A PCR DOt
&L THMERR Cff ATCC27374T7 (ML Type B), Cfv
NCTC 103547 DFt 8 k& AV 7=, -80°C THUERTE L T
7o FRRERRIE, 7B T MRER T 37°C, 48 WRMATR
BTk, B LI-E% % A4 H C BHI broth [ZHEFEL,
37°C, 24~48 WFIMAF RS TR & O B LI K
(108~10° CFU/mL) %K & L7z,
3) Cif BE Y Ctv OEREERIAY 7 V& A 5 PCR 75
A = —DFRE
CfBLONCtv OEERIH Y 7 V¥ A4 5 PCR 7T A ~<—1D
%, C. fetus common IB5 733 LN C. fetus subsp. venerealis
% 2 ) & L HYBsimulator Ver.4.0 software ( Funakoshi
Co.Ltd.) Z AW T L7z (Table 2). FEHEF K Cff
(ATTC27374") BLOCfv (NCTC 10354") HEiEz T,
Z DI EAT o 72
4) BRGE
1) BRSBEERE BIRSEEE# (mCCDA, CCDA
(SEL) , Skirrow, Butzer L KE5H) % I X F{EIC LD FF
L7z, T7hbb, BEKROEKE AHAEEKT 100~
108CFU/ML 12722 & 9 10 fFEMEEATR L7z, KIREDHR
1R % 45 RS BEES L2 S0 L i R L, 25°C, 30°C, 37°C

T 72 W] RIS ER, AR EOREEEIE L.

(2) WEEEYE  BHI broth THE L 7= ik & JE A P&
HE7K T 102~10° CFU/mL |ZF§% L 7-. Preston ¥ & U* Bolton
HEARE RIS 10 mL 12, FH4% L 7= 100 pL % $EFE L 7=,
25°C, 30°C, 37°CiZC 24, 48, 72 WM R R, 7V
T T MU BER L, 37°C, 48 MrRIMAFRnssk L%
Cff ¥ = JE L7z,

2. AT~ Cff BERERARR

ARPFEPIIE CTREA L7l (M oREL) 12 Cff @ B RTG
PPN & 2R L, BRI HtR L. MR L4
g% 25g oA b~y W—Wizh 7Y 7L, Cff

(ATCC 273747) % 1.8X10%, 1.8X10% 1.8X10* CFU/25g
PERE L 7o1%, 4°CT 1 WRf#E L7=. Bolton HEETHL 225
mL ZfZ, 37°C, 48 WifHiffurcisss L. WERRET
OCHFEEE ) TVH A DERPCRICEVEM Lz, T/
bbb, HEREK 1 mL % 12,000 rpm T 3 HEELE, b
HExBZEL, DW200 pL & %N Lib® & il &,
DNeasy Blood &Tissue Kits (QIAGEN) % H\»T DNA %
M L7=. U7 /%A 2 PCR #5i%, Applied Biosystems
7500 %A\, SYBR Green [& WA v X —H L —H —
ETITo7-. L= 7L —F DNA2 uL, &7 54
~—(20 pmol/uL) 0.2 pL, SYBR Green Realtime PCR Master
Mix 10 pL, Plus solution 2 uL, DW 5.6 pL DAL CTHALIK
B 20uL & L7z, [FEROEAETHIM L7z ATCC 27374 1k
@ DNA ZFAR UIRERRZERR L, ¥R o Cff iz
R L7, F£7o, SEEROEE EIZBIT 5 Cff £ 20
fill M & DIEEIRIL AR LTz,

& 3

LCHEBIRCIVDY TNVZA LAPCRIZEDER

ASEFRFFLIZY T AZ A L PCR P54 ~—%HNT,
SRR R Cff (ATTC 27374T) B L UCfv  (NCTC 103547)
@ Dissociation Curve % Fig.1 (Z7R L7z. CP000487 D753
EPED A % Cff, CP000487 15 L U AM260752 73 i B
OEE% Civ EHE L. F£72, C fetus common O
CP000487 774 ~—%H\WTYU 7% A AjER: PCR ik
Z 3P oFEM L, CHEEE CtEDBRE KRG LIz,
EARE (R?=0.9984) Z~L7- (Fig2).
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y=-1454In(x) + 41.915
R2=0.9984

Ct

1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 1.00E+09

No. of bacteria (CFU/ml)

Fig. 2. Relationship between no. of Cff and threshold cycle

2. FEARIREE B DA TR Sy BB Hh oD AT

b hH3KE Cff 6 £ % I A T IEICHEW KIS BEES L 50
pL T L, SERIEET 72 B, MEKEEE, TR
FIZHE LT-Hi%k% Table 3 IR L7z,

25°CHE#IT 1T 5 mCCDA _EOEKIZRERR T, £%
OFRIFHNTH Y, NSO Cff ORIEIRETH -
7-. —J7, CCDA (SEL) ¥ XU\ Skirrow IMLiKFEREEMT
i, L2 6 kD 9 b S CTRGREFEDHEELRD L
N, 14 (HP9330) IIREBARARTH o7z,

30°CH LY 37°CH5#5 TlX, mCCDA, CCDA (SEL) &
X O% Skirrow IMEFERIEHIZ N C, SftEkD BiF72258
BEREDE. L, Butzler METEREH TIE, WTh
DIEFRBE TN TS HPI30 HRIZHRBERR L o 72,

3. WEEEEH O CIf BB R
Preston 35 J2 (Y Bolton #f B I5 HIlZ Cff 28258 L 7=, BEfENE
O Cff BT 04~14 CFUmML Th-7-. KIEE%

25°C, 30°C, 37°CIZIV T 24, 48, 72 R, MiF&REE#H%
TNl T MIERERICEBER L, 37°C, 48 B[, MrRIEE
%0 CIf B4 & HIE L7z (Table4).

1) Preston BB % Hh

25°CH LY 30°C, 72 WRMIESE T, #EAL7ERRT
TC Cff OHJHITHER TE o7z, 37°CHEER TIE, i
T Type A O 3 #EH 2 Bk2S 48 W T 2.4x10°% , 4.0x10°CFU
/mL, X5, 72 BERICIX 3 BRAY 1.4x10°,2.0x10, 8.6x10°
CFU/mL (ZHEFE L 7=, IfiEA Type B D 3 #kIL, W oks
BEMEFIZBWTYH Cff OHFEITMR T,  MmiER Type
B DB & L C Preston B S HUIARE TH - 7=,

2) Bolton 55 Ht

30°C, 72 RS I, ISR Type A AR B 10°
CFU /mL Pl FIZH5E LTV =, fiER Type B 13, 1.0x102%
2.4%10°,5.2x10° CFU /mL & BEIRIZ K o CTHEBOIEH D&M
RO LT, 37°C, 48R TIX, ikl Type A 1 4.5x10°,
4.1x107, 8.4x10° CFU/mL, I {&E% Type B 1%, 1.2x10°,
4.4x10%, 1.6x10° CFU/mL & 720, T _XTOMREKRO # K
73 10YCFU/mL LA BT HA5E L CTuh-.

4. FHFIE~D Cff ERERABR

EFI AR L 25¢ ©o A h~ v I —RIC AN Cff

(ATTC 27374%) Z45FE U7-. BREEIE, 1.8X102, 1.8
X103, 1.8X10*CFU/25g @ 3 B (K - o1 - wnifE) &L
7-. Bolton ¥E M A 225mL A%, 37°C, 48 WifH, %
KB LTZ. B, U T VZ A AGER PCR I D HEag
RO Cff Bk A A Lie. (K, P, SiREICHERE L
FRP O Cff WL, TN 1.4x10% 1.6x10%1.4x10°
CFU/mL Th -7z, HHEIKE 50 uL %z CCDA (SEL) (T8
L, i 30°C, 37°CT 48 WrfiMir&is& L=, 5%
Table 5 (27”9, 37°CEGZE TIE, PR LICHKMEE 3% < 5
EFL Cf OSBHIREETH - 7=, 30°CH:% TR MR I
72 < 37°CIZHHE L C CRf DEENE S & 72~ 1.

£ =

BIEAEICESE, 201247 A 1 B2 DR E A
NEEIE S Te., ARBEOWIEE, 2011 FI03E LR
EE2 G726 LEBE RGBT IC L 2EREPESHN
T & 2r o THEfT S e, 2 OENI R P EFF ORI &
i MEEa ) Tholn, FFBIC OV THZDONES
B IE IR IGE S M S 4, ZBaeFTFEE A/
DHFENRNZ EERBR L L, PO AL RES EHE ) B
LN HDTHD. RO RIE, IHE H i K5 5 ik
YIEQ R BT, YILERTERH BT X —fElke
IZEBDHEBROIIEY AT 22 TWD. RIENTITULRT],
HNTHRAELZD > Ea "y X —ahHmEFOK 20%1Z,
PO A EH DWVITNMBATREEZIRK E LIzt D TH Y,
FIRE D% AXFWFBNEICFET D C jeuni 125D
DTH-T= . Cff b C jejuni & FFRIZAFIRIN IR
INTWNLT2D, ARIZEDI AT NDD.
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Table 4. Time course of the number of Cff bacteria in enrichiment medium

No.of Gf (CFU/mL)

Ihoculum
amount Preston broth Bolton broth
Serotype  Strain No.  (CFU/ml) a;::e 25°C 30°C 37°C 25°C 30°C 37°C
24h 0 0 0 0 0 0
CP05-65 1 48h 0 0 24x10° 6.0x10" 3.2x10* 4.5x10°
72h 0 0 14x10° 5.3x10° 1.3x10’ 5.6x10
24h 0 0 0 0 0 0
TypeA  CP06-268 08 4sh 0 0 0 0 1.5x10° 4.1x107
72h 0 0 20x10" 1.0x10° 6.5x10° 6.4x10
24h 0 0 0 0 0 0
CP08-361 08 48h 0 0 40x10° 0 2.810° 8.4x10°
72h 0 0 86x10° 0 3.4x10° 2.2x10”
24h 0 0 0 0 0 0
CP10-59 140 48h 0 0 0 0 0 1.2x10°
72h 0 0 0 0 1.0x10° 2.0x10°
24h 0 0 0 0 0 0
TypeB  CP10-355 0.6 4sh 0 0 0 4.0x10° 3.2x10° 4.4x10*
72h 0 0 0 4.810° 2.4x10° 3.7x10°
24h 0 0 0 0 0 0
HP9330 04 48h 0 0 0 0 1.5x10° 1.6x10°
72h 0 0 0 42x10° 5.2x10° 2.0x10°
Alal, Cff IERFREMOENC LY, BRI LDORFIC 27 % — (W% Thermophlic Campylobacter) D %%

RERFENEL D Z L DR ém_ fFff I, FEERHOEE
TlE, Butzler MIKTFEREEHD X 5 7o IR M A3 58\ oAb

HETORBIIREEL 72D, REOKHE LT, Butzler

MR AR % —FRICE 32 O3l S 720 2 L AVHIT L7z,

Campylobacter 53 BfERGH & U CTH S LTV % mCCDA
Ria 2 25°CREE LY, L7z Cff 6 %T/\Tz‘n%%
BARE L2572, AT mCCDA % ESBL FEEAEBE ORE
W45 Z LR TE RNV, FBHHIZ ESBL F‘i-ﬁ:a
ENTWD &, B ET D Campylobacter JBHE D5y BEER %
KFEELEERHD. BLEDOZ Lk, Cff SR Ef
EEHBIZIE, CCDA (SEL) , Skirrow HMii%FERELHS A H
ThHdHIENTRBINT.

7 EOBRRIZI, CIFOHRR BT C.jejuni <° C. coli
ROy Z—RBEMNEEL TV DA D B E
L2 HIER S, 37~42C TR BER M 2 5538895
&, Cjejuni X C. coli \IZHAFEE DI CIf 4y HfE1 3 R
7. FZT, C jejuni =< C. coli FE=DEIRMEN B m N

ZAFT, Cff OFE D FIRE7 BRI RS O RF 3L % 1
FILU7ZRESR, 30CHAM L TWb EEX L.

—J7, RO Cff W Z BERIREMCER L L
Z A, 30°C, 48 BT, 6 £k 5 BRIX 10% cfu/mL LL
Rl U723, %0 o 1 Bk (HP9330) (TR HIRALLT
Thotz. Fiz, HERM%Z 72 B F CIEIZT Z & T,
48 B ClIdBHE SN o 2R b B ATRE & 7 o 7273,
FEIE P OBEEIL 102 cfu/mL & T sncib £ -7z,
WIZ, BEREEE 37°CICRRE LI L 2 A, 24 BfRG#IC

B AEBIIREIRALL T Th 7203, 48 BEEIEEER T
1, TRTOMBEMOEEIL, 104cfumL LA EE 77,
bz &hb, t%-i+%®¥mr#% 37°C& L, HEikT
OB %+ S, BIRGBEERTHI OB IR I K > TR
M (Cjejuni, C.colilZ CEEIZE>THRBZTLH) %
T2 ED, BREORENE, RHBEOHES b B
WeEZ LN, b, Cff OMER#IZIL, Bolton
BA AV, 37°C, 48 BREESENEY TH D Z L AR

Table 5. Inoculation experiment of Cff to beef licer

Inoculum No. of Cff* in Bolton Growth on a plate
amount broth after culturing at (Cff/ Others)
37°C for 48h
(CFU/25g) (CFU/mL) 300 17
1.8x10° (Low) 1.4x10" +/++ £/
1.8x10° (Medium) 1.6x10" +/++ £/
1.8x10" (High) 1.4x10° +/++ £/

*Detection by real-time PCR (CFU/mL)

No. of colonys on a plate: +; =10, ++; 102, +H+; = 103, +; Indistinguishable, — ; No growth
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Beef liver (25 g) +Bolton broth (225 mL)

Incubation in a microaerobic atmosphere at 37°C for 48~72h

DNA extraction Selective isolation
CCDA(SEL) , Skirrow's blood agar

Screening test by real-time PCR

Characteristic colonies

Incubation in a microaerobic atmosphere at 30°C for 48~72h
(Detection of C.jejuni and C.coli : Incubation in a microaerobic atmosphere at 42°C for 48h)

Morphological observation by phase contrast microscope

Bacterial species identification by real-time PCR

Fig.3. Proceduce to detect Cff in beef liver

Shiz. E£7=, DBER#%E, 30°C, 48~72 KRR LS
#9252 &I2& Y, Thermophilic Campylobacter D 5%8:%
MR, CHEERGIZHBET 22 LRFREL o T,

LBl ~ DO BEFEFER X, Bolton LT 37°C 48 K
MR, U 7 VH A 5 PCRIZT CIf OB 10* cfu/mL
I L7= 2 E R S iz, ¥, AT - 2Rk
Bolton HTHEER K% 225mL IR E LT=2%, LEMmED
BEABRET DL, 5%, HBROVELOKRFBE LY
HThAD.

BB, T—HZRL TRV Cff THIEBE O IR
K& HWT, TR E R U5 (Bolton HEERH, CCDA
(SEL)) TOREIEZEMRF LR, Cff OMHMAARET
bolz. B, EHREOREHREDENEHZEL, By
BlEREHE D BE AR 37°C, 48 BRI CHIER, S HIT 72K
M%ECEERL, RKHUEZTIZENEELNESBSZIDL
niz. SRIOBRFHEREZRE 2T, BPHERERD CF R
L% Fig 3 IR LTz, Cf R #EFARCIE, FIKZEH
WCAREEZEA L &0,
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The Detection of Campylobacter fetus subsp. fetus in Beef Liver

Keiko YOKOYAMA?, Satoru AKASE?, Masaki TAKAHASHI?, and Kenji SADAMASU?

Campylobacter fetus subsp. fetus (Cff) causes various diseases, such as sepsis, meningitis, and diarrhea, in humans. Raw beef liver has
been suggested as a cause of C. fetus infections in humans, but there is no standardized test for Cff in food products. In this study,
we examined a method that tests for Cff in beef livers with a straightforward isolation of C. fetus. After incubating raw beef liver in the
CCDA (SEL), Skirrow, or Bolton growth medium under a microaerobic condition at 37°C for 48 hours, the different media was smeared
on plates to incubate at 30°C for 48 to 72 hours in microaerobic conditions. We designed a set of primers for real-time PCR to differentiate
Cft from Campylobacter fetus subsp. venerealis (Ctv). Furthermore, it was possible to detect Cff and C. jejuni and C. coli in the same
specimens by incubating the selective plating medium at two temperatures, 30°C and 42°C. These data suggest the method examined here

is an efficient method for testing food poisoning.

Keywords: Campylobacter fetus subsp. fetus, Campylobacter fetus subsp. venerealis, culture method, beef liver,

food poisoning, real-time PCR
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