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Prevalence and Characterization of Campylobacter in Bile from Bovine Gallbladders
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Campylobacter is one of the most important causes of food-borne infectious diseases. Antibiotics
are rarely needed to treat campylobacteriosis, but occasionally used in severe or prolonged cases.
Consumption of contaminated bovine liver is a source of campylobacteriosis. Bovine liver can be
contaminated with Campylobacter on the surface and inside by the bile at slaughterhouses. There-
fore, we investigated the current prevalence and characteristics of Campylobacter in bovine bile at a
slaughterhouse. Campylobacter was isolated from 85.7% (55/154) of bile samples. C. jejuni and
C. fetus were the two most frequent species. High antimicrobial resistant rates in C. jejuni were ob-
served against tetracycline (63.0%) and ciprofloxacin (44.4%). Multi-locus sequence typing divid-
ed C. jejuni isolates (27 isolates) into 12 sequence types (STs) in which ST806 was the most fre-
quent ST and accounted for 37.0%. All C. fetus were identified as C. fetus subsp. fetus which can
cause systemic infections. High antimicrobial resistant rates in C. fetus were observed against cip-
rofloxacin (66.6%), streptomycin (58.3%) and tetracycline (33.3%). All the C. fetus isolates were
divided into two STs, ST3 (16 isolates) and ST6 (8 isolates). Of the 16 ST3 isolates, 15 (93.8%)
were resistant to both streptomycin and ciprofloxacin. Our data shows high prevalence of Campylo-
bacter in bovine bile and their high rates of antimicrobial resistance. Preventing bile contamination
of bovine liver at slaughterhouses is thus considered to be one of control measures to reduce the
risk of Campylobacter infections.

(Received April 14, 2020 ; Accepted June 8, 2020)
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EZOLNTWEY, FBOL - I3RELZNBIRETD
RENERREL 252t 3d5. BEYHEOEDHERE
(https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/
kenkou_iryou/shokuhin/syokuchu/04.html) 2 X fLig,
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Campylobacter; MM EF W #E Enterobacteriaceae; - JRit

D, 0I5ELRIE, RO LA—REBFANVELE, B
B NBGRRE DR E oRARER L EE SN h ~
¥uny ¥ —BRHEFEFIFIRESTYS, S5, — K
WP ZoER (BEEBR) TidhwDds, SR
DBREBIHERL R OER B L2 BE D 5 Campylo-
bacter fetus A EEE N EHABHEIATWEYD Lo
HBRARPETOA Y EaNT ¥ —FHHRIZDOWTIE,
Enokimoto® & %2002 4E 5~8 A2 & B35 TR L 72 P HE
W& D56% (6/108) B & CTHEWH H 0454%
(49/108) HoHh vy ¥u Ny ¥ —ppMsh, EHHOR
MBI 3~7 log)y CFUML CTHh o722 &, &5, JAHT
C. jejuni, C. coli3 L U°C. fetus PSHEFETMFECTH - 1- 2 &
BIEL TWD, FOHK, Matsumoto 5% it, 200446
B~20064 12 3 O BIC RSB L CIREPN N % B
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L, FFFBAED1.4% (2/148) BLCHENEH O
23.4% (68/290) 2*5 C. jejuniaEES -2 &, Tz,
HRZEREH 0 20.0% (58/290) 25 30 CEU/mL I Lok
BrRBEIroHESHh, ThoKBEEBERED67.2%
(39/58) TIX#DHEED10° CFUMLMU ETHo7Z &
ERELTVS. X512, haR69 1%, RERBERIR
WL-FOFBARIO S yEans ¥ —Bosh, %
NSO BRI S b EETFE L BRI Sy — >~
DE UG EINZ e BEL TS, hr¥uny
y—Pstch, KERTH LA, FHED0.54% (5/933)
M HRBE 01577, 4 BH D 0.8% (28/3,500) 75 YV E
AIWSHMENEDHEY b b D,

LB, LERBICAELALFTH-TH, 20
JRBNIEH I v ¥ any ¥ — % EOREMESEL
L, MEHED S O FFIEHS e IR R OB H R I & 5
IR BERER DM HE R, & 512, JRE 28 UM
OMBEHEROTWREEEREL TV 5.

Fiz, hrvuny y—BREREIIHT HEEREICE
WTIE, TRV rEDT s I5 4 FRIIEEIE—
BIRETH 55, BWATICIZ 7 VA %) 0 v RIEHED
FHSNLZEbHBHY.

PlozZehs, BEOHBRNIBHICBIIZH Y EOn
2y — R EOMBERB XY Y ¥y ¥ —BROEHT
PRI 57— 5 &, WEBRMOBTHELREBIEOEEED
FEE S5, FHEAEOBRAZERL TSI ¥R
N5 —BPEQYAIEWERHATLIZATEETHS
LEZONB.

FIT, LERBIERLMEL 154 HO BN
ZIREL, #EuNy y—0EERED L OS5 EROM
REBL S CICBNMEREROEERREER L. &
5, SEREFREAMABE 0157 (STEC 0157) BLU
FIVERTORTICB T 2 HERELREF L0 THET
5.

EEBRAE

1. # #
EERIRRRICE VT, 201711 5 ~2019FE8 B D
WEEREICAEL, SHIKHBREICIYEREL Sh
B 54kt (BEME 1220 B L O ME32HICH
k) OIEFEARTZRENR L Lz, FiEd» SHEZ B
L, BRXELZEEE7 VIV (FHESEGEH)E) Y
BRICESBETHCCETSOmLZRR L. 20k,
MikE 7 —5—KRy 7 A AN THREXL, RNELAFBHIL
WICHEBRZ BB L 7. :

2. AvEONIY—EHHBRS LU EEHER

B3 0.1 mL % modified charcoal cefoperazone deoxy-
cholate Agar ¥ (mCCDA) (BEAbLZE () 8 1%k
L, BIFRAMT C48120FR (42C) HEL: (EERE
#). ¥72, B 1imLz 7V A MV BRAKEES L mL
(BHEEZGR) ) LREL, MFRSEHT 2422

(42C) EZEHBIImCCDAICEIHKL, MITREMT T4812
R (42C) BB LA WREREE). 2561, C feus®
SEEE B, mCCDAYX I LA b v HAEEHICFY
TV AB (NA) ORBEEFSmgL & %5 &5 wmL7
Bz v, BREESC CHEREL X UHEREES
EML72. mCCDALICREL, #vEunsy—LiEE
SNEECOVTE, IBRAEFICOERR2ELZHEL
Kamei 52 OPCREX AV CHELHEL:. 2512,
RPCREIIC L Y C. fetus L I S N2 A 1213, Abril
W OPCREZ HVWTHEREZEN L. REBROBEKIC
DT, R Y 20%BFRICTAEBL, — 80T TH
BREL

3. AVEDOND & —HOEHRZ 4 H 5

KL SSMSNh v ¥uny ¥ —1EE18kICD

W, KE Clinical and Laboratory Standards Institute
(CLSI) D]RMET 2MBWAFRE? (F54 7L —}
KB RUICT L — 1) R LEGRE) 2HVTR
ASREMILRE (MIC) 2#we L. HHEHIE, 7€
YY) ¥ (ABPC), AML 74 Yy (SM), v~
4vY (GM), Zusa7z=a— (CP), Fb+IH%4
7y v (TC),NA, ¥y7uryuix¥y v (CPFX) XU
zyzxa<wAf vy (EM) @8# & Lz BEBEHIZC je-
juni ATCC33560 % L, 7V 4 274K 4 ¥ MiICLSI®
FH#W L CLSIICEBED 2 WEFILBEORE Y |28
CTHELZ.

4. Multilocus Sequence Typing (MLST)

C. jejuniB & UC. fetusiZ 2 W T ik, Campylobacter
MLST database (http:/pubmlst.org/campylobacter/) @
A4 RFITA VIHECBEETREZBEL .

5. BAMEREHOTENER

PBSZ AV T 10REARERE (10'~10°MEHH) Z1ER
L, #0%20mLE2 2 OBEANMEREHENEH 7
L—bF EB7L—1F: R —Z 2T NV 12
£ A41L0mLAoEL, HFREHT TURREEER
(87C), LEMZFHL, 7L — F EOEERDI15~150
BTH o 72HPBEDO 2HMOFHELEE L LTEH L.

6. BEAPICHBITEIEESRELEHKXKBEOLST

(STEC 0157) B&LUYILERT DIEFEMEER

t FHRSTEC 01574 (2#k: O157-14kB L
0157-2%F) BL e FHRY IV ER Tk (Salmonella
Enteritidis 2% (E9-238 X FE9-3) B X U'S. Typhimuri-
um 28k (T4-3B X UT4-34)) #HRALL I 2—5—¥
YN UBAREBICEBRAEREEREL, TREHT TS
B RS (37C) IZPBST10*~10° CFUML & 72 5 &
AU, ERoOBAMENEEEERBCERET
H o 7283t s ek & R A L 22 B % 12.0 mL IS AR B
£01mLEHRML, HREMHT C5RMEEE (38C) L
2. 2B, PBSO.1mLEZBBMMB L L TRBRICHREL
7o, BHERRRBIUEEZRICE20mLERML, £
OBNHIRH AN CERREEML 2. SHRLAEEINR
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MUZ-EHRTH S L2 MHRTH7-0, FHEEMICRAL
7ZEB7L— FHOKESMEHEILL, STEC 0157 D
EPERERIC OV TIE, Valadez 5 ®PCRE, HIVE SR
5122w Tid Makino 5 DPCRE% AWV CTHE % FE
L7z 2B, SRR IKRICOX 1EERKL..

f& R

1. AVEONI Y—BLUBAHEREFHOD BT

WMERT15EBAP BT IR, LBRFOTEYRBIE
30nA &P 23K, RESTHA) Thotz. H ¥
N7 F—id55Hk (85.7%) »oHaoEEsh, SEEEIX26
~28ABD4I5% P RDEP o712 DD, MORKS
NW—T L OEICEHERIRD N Lo (T4 ¥ % —
DEFEFHERRE: p>0.05, Table 1). H3I, S (BEMm
B LU, MARIEHICOWTS, #r¥an
7y —SEEEORCBERIIED LN o, h v ED
N 7 — X C. jejuni (29%8), C. fetus (24%%) B X U°C.
coli (7T#k) D3WHEICHE SN, sBEDI S E2EHEI S
B & L7 (Table 2). C. fetusit 3 X TC. fetus subsp.
fetus ERIEE NIz C. fetusld, 1BBEE2BEC fetus®
SHEEAHNE L-ERETOADE SN, BAHERHE
B 17THRE (11.0%) »oaEShzds, Ar¥any

Table 1. Isolation of Campylobacter and Enterobacteriaceae

from bile samples

No. of positive samples (%)

Months No. of

of age samples  Cumpylobacter Enterobacteriaceae
23-25 7 2 (28.6) 0 (0.0
26—28 41 17 (41.5) 5 (12.2)
29-31 64 22 (34.4) 7 (10.9)
32-34 34 13 (38.2) 3 (8.8)
35—37 8 1 (12.5) 2 (25.0)
Total 154 55 (35.7) 17 (11.0)

Table 2. Campylobacter species isolated from bile

F— L EBRICHE, MBI UREEORICHEERIERS
N ol BPHTRER R 147 & 511 ED 5
HYEQNT F—BGEEENTN, hreuns vy —o
EDORICEEMIIEED SN o A B PO B R R
i, 1Mk (B#EEI1I0CFUML) # B &, $-7T6.04
logio CFUmLEAE (3 AfE 7.8 logy CFU/mL) TdHh -7z

2. AVEDOING 5—#¥OEAImE

RERBROBEERICHMIFED SNz 56 IOV THE
FBZERERZEM L7z (Table 3). WHERIZOWTIE,
C. fetus HAWHETH B NAZ KL &, CPFX (55.4%)
PRIEL, KWTTC (50.0%), SM (26.8%), ABPC
(12.5%), EM (3.6%) DIETH o 7. GM& CPIZH L
TIREHRVPBRZNETH-72. ABPCIHMERIL, C.jejunidt
C fetus & H 3EE (p<0.05) IZBWVW—FT, SMHER
1%, C. fetusHC. jejunik D bEE (p<0.05) IZFEP -
7.

3. C. jejuniBELUC. fetusDETFE & FERITIED

EhE

C. jejuni 27HkiZ, MLST#TIZ & o T8 Clonal com-
plexes (CCs) 2B 3 5 12 @ Sequence types (STs) 24
HENT (Tabled). &DE 2 o72DIECC2LICET 5
ST806 T, &AM 37.0% (10/27) % &5®, TXTHTC
fiftE, PEACPFXMECdH o7z, STS06 MBS M7z
FTRSHEHRRCHET IR OB IR T —
¥, C. fetusi, ST3 (16%) & ST6 (8%k) D 2EIZ5HHH
ENsz. ST BES N4 HIBHRICHTET 55 B
OB EN, 14k%E K ESM & CPFXO W A ICiif 4 T
Hol:. STeHHEES N8035 HIEWICHIET 5 5 8Y
PO Eh, 28ACPFXTHMETH o 245, R D D6k
PR L 8HITRCIEZETH - 7.

4, BEHRICHIFBDSTEC 0157 B RUTILERSDIE

SEE

PAEROTRTH, A CHETE S 2 L 2HRS
Nz, BOMEEREDI o DIZ0157-15T, ¥R
T 3.80 logio DI ATEL & 7z (Table 5). & b

Species No. of samples N
C. jqjun 4 AL 5 72T4-348 T H 3.19 log,, DM AED 5
C. jejuni+C. fetus 4 7o B, RRYEXREMAD DL, HRBIGES X OS5 B
C. jejuni+C. coli 1 EEBLERIBE SN2 o7
C. fetus 20
C. coli 6
Table 3. Antimicrobial resistance in C. jejuni, C. fetus and C. coli
Species 'No. of No. of resistant isolates (%)
isolates ABPC (32) * SM (32) GM (20 CP(16) TC(16) NA (32) CPFX (4) EM (32)

C. jejuni 27 7 (25.9) 0 (0.0) 0 (0.0) 0(0.0) 17 (63.0) 12 (44.4) 12 (44.4) 1(3.8)

C. fetus 24 0 (0.0) 14 (58.3) 0 (0.0) 0 (0.0) 8 (33.3) 24 (100.0) 16 (66.7) 0 (0.0)

C. coli 5 0 (0.0) 1 (20.0) 0 (0.0) 0 (0.0) 3 (60.0) 3 (60.0) 3 (60.0) 1 (20.0)

Total 56 7 (12.5) 15 (26.8) 0 (0.0) 0(0.0) 28 (50.0) 39 (69.6) 31 (55.4) 2 (3.6)

Abbreviation; ABPC: ampicillin, SM: streptomycin, GM: gentamicin, CP: chloramphenicol, TC: tetracycline, NA: nalidixic acid,

CPFX: ciprofloxacin, EM: erythromyecin.

* Values in parentheses are the minimum inhibitory concentration (mg/L) of the breakpoint.
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Table 4. Sequence types and antimicrobial resistant
profiles of C. jejuni and C. fetus.

Species Clonal  Sequence Antimicrobial No. of
complex type resistant profile isolates

C. jejuni 27
CC21 ST21 TC+NA+CPFX 3

Susceptible 1

ST806 ABPC+TC+NA-+CPFX 3

TC+NA-+CPFX 2

TC 5

ST982 ABPC+TC+NA+CPFX 1

ABPCH+TC 1

ST9111 EM+TC 1

CC22 ST22  NA-+CPFX 2

CC42 ST42  Susceptible 1

ST459 TC+NA+CPFX 1

CC48 ST918 Susceptible 1

CC61 ST61  TC+NA-+CPFX 1

CC48 ST1244 ABPCH+TC 1

Susceptible 1

CC464 ST4389 ABPC 1

CC508 ST132 NA+CPFX 1

C. fetus 24
Unassigned ST3 SM+TC+CPFX 8
SM+CPFX 7

Susceptible 1

ST6 CPFX 2

Susceptible 6

Table 5. The bacterial groth in bile spiked with Shiga
toxin-producing Escherichia coli 0157 (STEC
0157) or Salmonella strains

Concentration (logy, CFU/mL)

. Increase
Strain
Ohr 5 hr (loguo)

STEC 0157

0157-1 2.58 6.38 3.80

0157-2 2.36 6.04 3.68
Salmonella

T4-3 3.13 6.40 3.27

T4-34 2.99 6.18 3.19

E9-2 3.30 6.60 3.30

E9-3 2.81 6.11 3.30

=z =

SEORETIE, EFREICEELEFFD35.7%
(55/154) DIRBEHAREH 57 Y ¥ a8y ¥ —H58 &
h, KEBGHC. jejuni & C. fetus subsp. fetus Td o 7=.
Enokimoto 5% #320024E5~8 B DM ICEH L 2 FHET
12, 45.4% (49/108) DHEAEHPHH Y TNy F—
DGR, FOREGHC. jejuni B X UC. fetus (HFE
ERNIRER) Thoto. ARELFRAREM, FEELEGL
ERBITEN R D02 BT 52 L3 TER
WS, BHEE o 2 FBOK 4 EOBBAIEHHIZ A ¥
YanNy ¥ —HFFEELTWERENH 5. K2, KB
TC. fetus DT XTHC. fetus subsp. fetus & &l S L7z
HEZEBICHET S, C. fetus subsp. fetusix, 2B K
VA H, DY, BEIEE, FEISKENIRE 2 & oo Bt

BEBISEITIEFMONATNSEY Y1972 mroizps
oW TIE, HREDELNN—DBREREY & Oz &
PHREESNTVE 500, EFOL ITBRERBEIRHET
b5V %7, BEOSZIEEHE, EXBRE BRE
L EDBRREREE - IIERBR T A THATH B, &
BOIRBENCEL N2 BELEEC, FERFHE
KEBBREEZRELLEOERNSE D H 5. BNMEH
BBEERICOWTIE, Hr¥any s —k _OmERE
W oo, BEREDI41% (16/17) TRZOHBED
6.04 log,o CFU/mLLA L T& Y, Matsumoto 5% OKXBE
HEERBOER L MAICHEENETICEHE I SREIC
FETAWEEED 5. BENEHOS Y EYunry—58
IR EHOFRENRRETCH 2HEHIZOWT
¥, Emonokimoto 5% O Yy ¥ Ny ¥ —EBREKE
(8—7 logyo CFU/MmL), C. jejuni, C. coli B X U C. fetus D
FEICET AR, SHOEEEREEAURKER
O157 R & BNV E R T HROBIEHRROBEE,H, b
MEPPETHEEMCERE TS, BHEZRBRELT
WIHTEB-0LEZONS. 12721, 40, FREHGT
TEELERL TS0, EROBENICBIT 5%
EERLLWEEND S, T, PBHERKE, &, 2EE
FIXoTRLAMEEIDLZLICDHETRETDH S,

C. jejuni B L U C. coli DEAITHERIZ, BHXKEZD
EHWME=5 1 2 (JVARM) (https//www.maff.go.jp/
nval/yakuzai/yakuzai_p3.html) ®2014~2015% O & D
AR LI, ABPCIRMERAN 3 TH o 725
KELEBVWZFRD SN Hh o7, ABPCIRHEIZEL T,
T TH 5 72C. jejuni D TRRD 9 & 3KEHSTI06TH -
7z. ST806 X5 bR &K D 37% (10/27) % &%, SHIE
HICHETHIBRG PO SN ICHET A2 THo
7z. Asakura 52 &, 2005~20064E D 28 kKD S
Bon/FHRBROMLSTHTZERKL, SEOFEL
FARICCC2LICB T 2R D% L (27.5%), STS06X
EED1T% 2 EO2FHICE o7l 2 HELTEH
D, ENF»S58EINESTRHO12THBEEL LN
5. k4 A& 5% 132014-20164E @ [ 1285 @ B F 4,
20164E%) 123 6 HO WA 45 ST806 % /7 BE L 7248, W
TNHABPCREHETH o EHMEL TS, BHKE
BEEESBET OB AR, EEFNHECER
RBEEBRGERER (https://www.maff.go.jp/mvalfiyakutoun/
hanbaidaka/index.html) TlX, X=3J VY REWED
BREICESCERBERIIB VT, 2015~20184EDH
WREREMBTED LN TR WA, 20164 LLEEIC
ST806 O — A ABPCI 1 2 BfF L - TREMELFH 2. 4
[ 43 B & N7z ST806 9 50.0% (5/10) X CPFX it T &
D, 2017THE I ADERBEEEH D S b ST06 55 B
ENTWBIEDS, FBIUNOBEEMICHRET S
C. jejuniBkD 7 VA uF ) u viiffEE L STROEMICE
BIRETHA.

C. fetus subsp. fetus DFHITHEIZEE L Cid, A DM
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ARy, ERSAOREHRKICETZHRETEELENT
Wiz, AHSRBROFEFHHEICE L TH, BREEIIEE
AL, BIzIE, 1995 ICRA L:ERNERAERS
7Y CHMEE BRI, WFRLABPC, I /A7) v
(MINO), EMBX UL E7a$H4 > (LVFX) ITESH
T, 77V Y, TAM LA FLABXUNAKTYE F
7z, 20164EICHE S N7 B RBIRIEES D5 Bk D
MICi%, ABPC: 1ug/mL,t7 MY 7%V ! 2pg/mL, 4
IRA A (IPM): < 0.25 pg/mL, MINO: < 0.25 ug/mL 33
X U'CPFX: 0.5 pg/mL, 201741238 & hrz DB 32
D 5 8Bk OMICIX, ABPC: 1pg/mL, 2 7 + ¥ ¥ 3 A
(CTX): 1 pg/mL, IPM: < 0.25 ug/mL, EM: 1 pg/mL 3 &
UFCPFX: 0.5 pg/mL & i ST 5 4 EEHRATRE S
NTWBH0D, ABPCE 7t ad /) a s iZxd ik
ftRBD o Twhv, EROBRKEFE2ED, b
C. fetus subsp. fetus BRESEEHITIX, ABPC, CTX, IPM,
AVRRL, Nraef v, MINOzERERH SR TW
2%, LVFX% CPFXAMEH ENB T &b & 502171920,
4E, ABPCTHEIZEED SMedo 7275, CPFXR k)
66.7% L FHRTHY, ZDELIHBST3THo72. EHNOH
F4BEASTIHIM L T WA TRESH Y, 5%, b
b7 Fudx o siHEC. fetus subsp. fetus RS
BES N AR D 5.

4, IRBNEHO3E 7% PO 0 X EanNy ¥ —i5
BEXh, ZOBEEIC jejuni, C. colilZiMz, LEEK, B
Bige, BERBIIRE % L ORRMRBEFERI T C. fetus
subsp. fetus TH o722 &, C. fetus subsp. fetus D 66.7%
M7 AUF /0 RAREICHEETH-722L, E5IC
STEC 0157 B L TV E A B & iR & L CHIE
MEETHo/oZ e FHLNIT LA, EFEHTIE, WA
DOIRHHELEFRE L WE ) CAEBRE2ERLTBY, &
MRRRER, TOEER*HERERTII0THL. T/,
KOs Clx, C. fetus7EEICEEL, mCCDAE L X b v
AR HE R M I NADKIBEN S mg/L & % 5 X 9 I8
L%z v, BREECTERELERLTEY,
COBBREMDC. feus R LICEMLZEZEZ DN
5. R WNEOH Y OUNY F—FERERERATETCHNS
NAEEREIZQ2CTHDL XL, C feusTERIRRT
WML CH RS H B, & b D C. fetus RYE
BABMAZERL, DEIS UEESGEPRETRELE
Abhb,

B2l iz

ABfFex, EEYHHFHAEBRFGDEERORLHERIE
EWFEEE (H28- A& -—#%-005) ICX W EKLE L.
iR Nl s L A Ak A A - = ek < ATl D= e
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FRIHA 22Uy (63.0%) &3 7u7adY Ty (444%) CEERE
PSS 57z, Multi-locus sequence typing 2 X 9, C. jejuni i
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C. fetus ZEFMRBOERE 25 L2 DB C. fetus subsp. fetus &
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