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2009
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CAC/GL 78-2011

Bacteroides

2 450

28 10



29 9

2 B. fragilis
BHIS broth

11

30

B. fragilis an-51

30

24

33
3)
19 mL
PBS, pH7.4 mCCDA
42 48
5
PCR
1g
Iml 9mL
42 48
PCR
2.
1
1
6
( 3 )
1 5
10g 100mL 42
48
1 CCDA SEL Oxoid
42 48
3
10g
100mL RV Oxoid 42

24



1 DHL

37 24

6
( 3
400
5cmx>=5cm
M
t 5
2
10
1.428g/4mL 10mL 1M
10L
pH
C. jejuni 3
4 20
30
5

PBS200 mL

1

0.1% Na

2,160xg 20

2.5mL PBS
mCCDA
VRBG
4009 /
14.2cm x 13.2cm x 2.8 cm
1
-30
-20

4

3 N=3

3 2
-20 4
20
1

1
1
6 5 30



25

cm2 5 cmx5 cm SATO
KASEI KOGYOSHO, Co., Ltd.
5 2 3
1 2
3 5
70 80
100 ppm
MPN
10 ml Oxoid, Ltd.
MPN 3
10 100
1 3 9
10 ml
MH
Oxoid
42
48
PCR
PCR
C. jejuni VS15 VS16
C. coli CC18F
CC519R 4
2 pmol/ul 2 ul
EmeraldAmp PCR Master Mix TAKARA BIO
10 pl 2 ul 20l 1
1

C. jejuni C. coli

DNA

E. coli
E. coli
EC

AC

2017

MPN
25¢g

PCR

E. coli

9 ml

PCR

3M

6

9.9 ml

3M

x4

10

1ml

48

225 mi
ml 3

0.1 ml



2 A B B.fragilis
1g
A 1.46
10°CFU/ 1.16 10'CFU/
2
B 1.15 10°CFU/g

8.40 10°CFU/g A

2 /g
1
1
6 (A P 30
A CF 5
B E 5 4
D 5
17 1
30 1
44
0.5
A
F
B 5 4
C 5 A E

10%
10%

76 /ml 81 /ml
392.2 /ml 10%
1.6 /ml
1.9 /ml 118.3 /ml

2

100ppm

2.08 logCFU/

1.03 logCFU/
50ppm 100ppm
2.69 logCFU/ 3.29 logCFU/

50ppm

pH 25ppm H4.6

50ppm pH4.3 100ppm pH4.0 200ppm
pH3.8

pH2.5, 10, 50, 150ppm 30
4.75logCFU/
pH
PBS
pH4.0

400



0.96%
0.93%
2.97%

100 cfu/25cm? E. coli

7 cfu/25cm?

46.3 cfu/25cm?

E. coli

6.5

cfu/25cm?

2.1x
10? cfu/25cm?
1.0 cfu/25cm?

12 5

18 13
E. coli 10cfu/25cm?
1 41cfu/25cm?

17 5cfu/25cm?

E. coli

8.3x10 4.1x107 cfu/25cm?
18 12
cfu/25cm? 4
103%cfu/25cm?
6 cfu/25cm?

1.0%x10?

10

7 9 6
5 83 % 11 6

2 33% 2 6

2

1
0 cfu/g 4.1x10? cfu/g
E. coli 2.8x10° cfu/g
5
9.0%10 cfu/g 6.8
=10? cfu/g 4
1
4.0x10° cfu/g
2 1.0x10 cfu/g
4
7.0%x10 cfu/g
3
6 4 10* cfu/g
1
3.8x10* cfu/g
2
7.4%
10? cfu/g 1.5%10° cfu/g
1 4.6x<10° MPN/10g
1.5
=10 MPN/10g
E. coli
4.0%10 cfu/g 6



4 E. coli

cfu/g 3.7x10%cfu/g

cfu/g

10* cfu/g 1

cfu/g
2

2.4 log cfu/g

4.1 log cfu/g
3.5 log cfu/g
2.6 log cfu/g
cfu/g
3 2
p>0.05

2.0x10
5 4
1.0x10

1.6x
5.0x10°

102 cfu/g

2.0 log cfu/g

1.7 log

p <0.05
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70 2 3

pH pH4.0 1.2cm
57.5 52.1
<10
cfu/g
70
70
E. coli
4.1=10%cfu/g
1 2.8x%10°cfu/g
E. coli
E. coli
E. coli
10*MPN/100g
E. coli

12



90 92
30

1.5%x10%cfu/g
1.0x10%cfu/g

Bacteroides

pH

13

Ishihara K, Chuma T, Andoh M, Yamashita
M, Asakura H, Yamamoto S. (2017) Effect of
climatic elements on Campylobacter
colonization in broiler flocks reared in
southern Japan from 2008 to 2012.

Poultry Sci. 96(4): 931-937.

Asakura H, Takahashi N, Yamamoto S,
Maruyama H. Draft genome sequence of
Campylobacter jejuni CAM970 and C. coli
CAM962, associated with a large outbreak
of foodborne illness in Fukuoka, Japan, in
2016. Genome Announc. 5(24): e00508-17.

Asakura H, Yamamoto S, Momose Y, Kato H,
lwaki M, Shibayama K. Genome Sequence of
Clostridium  botulinum strain  Adk2012
associated with a foodborne botulinum case
in Tottori, Japan, in 2012. Genome Announc.
5(34): e00872-17.
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2018 3
91
2018 3
44
2017 9
29
2018 1
5
4
2017 9
2017
10
7
160
2017 9
8
2017 10
9
2017 10
10
2017 10
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11
10
2017 11
12
Campylobacter coli
10
2017 11
H.



29

NPO
NPO
Bacteroides
Campylobacter jejuni
A B 2
A 1.46 10°CFU/
1.16 10'CFU/ 2 B
1.15 10°CFU/g A
8.40 103CFU/g A /g

2-3

50

17




29

11

2 B. fragilis

BHIS broth B. fragilis
an-51
24
33
3)
1g mL
PBS, pH7.4
mCCDA 42 48
5
PCR
1g
Bacteroides Iml 9mL
42 48
PCR
2 A B B.fragilis
1g
A 1.46
10°CFU/ 1.16
10’CFU/ 2

18



1.15 10°CFU/g

8.40 10°CFU/g A
2 /9

Bacteroides

Bacteroides

A

19



1.E+10
1.E+09
1.E+08
1.E+07
1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01
1.E+00

CFU/g

Bacteroides

1 2 3 -

HES
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29

0%

21

1 5
10g 100mL 42
48
1 CCDA SEL  Oxoid
42 48
3
10g
100mL RV Oxoid 42 24
1
DHL
37
24



5cm><5cm

400

17

6
3 )
BM
30
ACF 5
5 4

22

30 1

44 0.5
A F
B
5 4 C 5
A E 5
D F
(10% 10% )
10%
76 /ml 81
/ml 3922  /ml 10%
16 /ml 19
/ml 1183 /ml t
(p 0.05) 10%
10%
D.
1.
6
1 5
5



0.05)

0%

F
D
10%
0.5% 2.
5
10%
10%
t (p
G
1
2.
0
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£1 BEBASYDROHUEQNIE—-H )LERSOBRE KR

Mo I :
i g il m DA B S HILERT

Ay b

A 9/5 0/5

B 4/5 0/5

C 5/5 0/5

D 1/5 0/5

E 4/5 0/5

F 5/5 0/5
i3 24/30 0/30

F2 ARBHRDOEADBRABTYERDEIGHICHESTRYIZELD
KBE. KIEES. —REFH

_ B P R LLT&OD o I EEEZ DS ETHLY
AEE BREYER a @ (f&/ml)
DEE ’
AEBE A 6.4
B 4.3
>10%
c 16.0
T L
D 1.9
E 1.2
10% =
F 1.8
T 559
BT s
AR E B i o1
>10% ° -
c 15.2
T £l
D 1.9
E 1.9
10% =
F 2.0
TS =
BT s
— R AEE A 842.4
I B 237.0
C 302.2
T —
D 150.8
E 95.0
10% =
F 115.6
T 118.3
HBF 2154
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R | =| L BBE|=|LFHRE = .ﬁIF?iiaﬁ@ = |REEE| - - - - F9—

TEFHAOREE hrEnny 2—RH

n 2 BRRY o wam SBARY EEA/DS
By k xR B &Y
A 17% 30% 4% 5/5 1/5
B 10% 18% 32% 4/5 4/5
C 8% 10% 20% 5/5 3/5
D 3% 6% 10% 1/5 0/5
E 2% 1% 1% 4/5 1/5
F 1% 1% 0.50% 5/5 0/5
T3 6.8% 11% 17.9% 24/30 9/30

E1 REOYMNIEHTAHZLEBEIRIEOBEABTYCHBOBIBOFRERLAED
N 3— KR
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29

28 10
10mL 1M
1oL
28 10 pH
C. jejuni 3
4
20
30
5
PBS200 mL
1
0.1% Na
10 2,160xg 20
2.5mL PBS
1.428g/4mL mCCDA

29



VRBG

100ppm pH4.0
2.08
logCFU/ 1.03
logCFU/
50ppm 100ppm
2.69 logCFU/ 3.29
logCFU/ 50ppm
pH 25ppm H4.6

50ppm pH4.3 100ppm pH4.0
200ppm pH3.8

pH2.5, 10, 50, 150ppm
30
4.75logCFU/

pH PBS
pH4.0
pH

30

pH



44
2017

9

31



(106 CFU/mL)

[ —FoL—T Ao ANTHE |

| ke T20 minfEL  REIEEERHAE |

| PBS 200mLEMZ . 157 FRH \ >
(FhikE L HRIADRETIZN)
10mLERERL . final0. 1%F 7 BBk ‘ SOMLERERL . FABREE S b)) LZ im0 (FIREE0.1%) |
TR LTREHOREL
| 3000 pmT20min FLL. EEERE |
ERERRERE I
0.1 mL D D24RIZEH B %EPBS 2.5mLTHA
| HIE | ‘ mCCDAKEHRIZ0.1 mL D D28 ‘

5

PIRSEERA~NOEFENEYO—

Y

FRKKR

1.00E+06 *
1.00E+05

1.00E+04

<1.00E+03

2.9
04

03

<1.2l01

Oppm 25ppm 50ppm 100ppm 200ppm

2.2
05

04
1.2

CFU/H

1.00E+02

1.00E+01

1.00E+00

*P<0.01
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CFU /¥

CFU/H

1.00E+06

1.00E+05

1.00E+04

1.00E+03

1.00E+02

1.00E+01

1.00E+00

1.20E+06

1.00E+06

8.00E+05

6.00E+05

4.00E+05

2.00E+05

0.00E+00

* % %

30 min

JKIEIK
(#3700)

pH7.4cont
pH

pH3.5

4

30 min

REIRFRENa
100 ppm

pH3.75

30

10 min

pH4.0

33

pH4.25

20 min

el s

50 ppm

pH4.5

pH4.75

30 min

*  p<0.01
** 0<0.05

pH5.00



1. 30
HUE D E— B AET
MR R A B A —mEEy R KIpEE E.coli
ANEH BEREH BIEH REH BHE EOEH REH BEOEH RUEHR BLEH REE RLER
itk 664 562 103 000 654 000 585 000 594 000 590 0.00
BEEEAA2500m 645 428 217 134 600 054 541 044 543 051 <412 >1.78
BEFEAMAISOpm 666 397 269 165 574 080 470 116 481 1.13 483 107
BEFEAHAI00ppm  6.56 327 329 235 541 113 <402 >1.83 <418 >1.76 <407 >1.83
BEEEAHAI200p0m 645 <170 >475 >392 397 257 <300 >2.85 <3.00 >2.94 <3.00 >2.90
H2.55A K 8K
MZSMEAK 578 (170 >5.08 >3.12 583 080 <329 >254 431 172 374 221
Neclo: 10Pm 686 <1.70 >5.16 >3.12 575 088 <327 >256 428 174 <331 >2.64
Neclo: SOm 666 <1.70 >4.96 >3.12 565 098 <3.12 >271 <368 >2.35 <300 >2.95
Nacio: T50ppm 6.45 <1.70 >475 >312 555 108 <3.08 >2.75 354 248 <300 >295

pH2.5
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E. coli
TVC 6 cfu/g

8.1><10 MPN/10g
E. coli

450

39

TC



25 cm? 5 cm><5

cm SATO KASEI KOGYOSHO,
Co., Ltd.
5 2 3
1
2
3 5
70 80
100 ppm
2. MPN
10 ml
Oxoid, Ltd.
30 MPN 3
30
2
10 100 3
1 3 9
10 ml
B.
1 Mueller-Hinton MH
1 Oxoid, Ltd.
1 6 5 42 48
30 PCR
2016 8 1 2 9 3 11
4 2017 2 5 3.  Polymerase chain reaction (PCR)
1
C. jejuni VS15 VS16
C. coli CC18F

40



CC519R 4
2 pmol/pl 2 ul
EmeraldAmp PCR Master Mix TAKARA BIO,
INC. 10 pl 2 ul 20 pl
1 1
C. jejuni C. coli
DNA PCR 94 1
94 20 * 56 30 * 72 30 *
72 1 * 30
PCR 15 % Agarose
[, amresco 100 V 60
4, E coli
E. coli
EC 3M
AC 3M
10 100
1ml
37 24
C.
1. E. coli
No. 1 12
100 ppm
No. 13~30
70
30 E. coli
-ABCD

100 cfu/25cm? E

41

coli
7 cfu/25cm?

46.3 cfu/25cm? 6.5 cfu/25cm?

E. coli

2.1><10? cfu/25cm?

1.0 cfu/25cm?

No.1 6 No.7 12 2 12
C. coli 2

12 5

C. jejuni 10

Jejuni

No. 13~30
E. coli

18
10 cfu/25cm?
1 41 cfu/25cm?
17

13

5 cfu/25cm?
E. coli

No. 15

10 cfu/25cm?
18
No. 15

14
96 cfu/25cm?

8.3%10 4.1><10? cfu/25cm?

18 12



1.0><10? cfu/25cm?

18 No.24 30
1.8>< 107 cfu/25cm?
4 10° cfu/25cm? 6
6 cfu/25cm? 14
No.13 30 18
7
9 No.13 18
6 5 83 % 11 No. 19
24 6 2 33% 2
No. 25~30 6
0 %
C. jejuni 8 9 11 2
100 % 12/12 83 % 5/6 33 %
2/6 0% 0/6
D 7 8 9
E. coli
30 5 10 87% 97%

12 6.7% 1 33 %

6 cfu/25cm?

100 ppm

42



AC 3

1ml 37
24
B.
1
C.
1
2017 6 8 1
2 E. coli
3 4
6 -A
BCD
3 3 0 cfu/g 4.1><10? cfu/g
2 E. coli 2.8><10°
2 48 cfu/g 5
6 <4 E. coli
2. MPN
25¢ 225 ml 9.0
10ml 3 =10 cfu/g 6.8><10? cfu/g
9ml 9.9 ml 4
1ml 0.1 ml 4.0><10? cfu/g 1
3 2 1.0><10
1 cfu/g 4
7.0
><10 cfu/g
3.  Polymerase Chain Reaction (PCR) 6 4 10* cfu/g
1
1 3.8><10* cfu/g
4. E coli 2
7.4>=<10?
10g 90 ml cfu/g 15>10° cfu/g
10 100 1 4.6>10? MPN/10g
EC 1ml

43



2 1.5><10 MPN/10g 2

p > 0.05
E. coli
4.0><10 cfu/g 6
4 E. coli D.
2.0x><10
cfu/g 3.7><10% cfu/g
3
5
4
1.0><10 cfu/g
16
><10* cfu/g 1 5.0x 575 521
10® cfu/g
2 10?
cfu/g
2.
2
0
4,1>=<10? cfu/g
1
2.4 log cfu/g
2.0 log cfu/g
4.1 log cfu/g
3.5 log cfu/g
2.6
log cfu/g 1.7 log cfu/g
F 3

p < 0.05

70 2

1.2 cm

< 10 cfu/g

70

70

E. coli

2.8><10° cfu/g

E. coli
E. coli

E. coli



10* MPN/100g

E. coli

90 92
30
92

1.5>10% cfu/g
1.0><10? cfu/g

E. coli
TC
TVC
6 cfu/g

Ishihara K., Chuma T., Andoh M., Yamashita M.,
Asakura H., Yamamoto S.

Effect of climatic elements on Campylobacter
colonization in broiler flocks reared in southern
Japan from 2008 to 2012.  Poultry Sci. (96)
931-937 2017.

2,
2017 9 13
2017
10 5
2017 10 15
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Na 100ppm
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A
30
E. coli
20 | cfu/25cm?
10
1
0 e SN
C
15=10%
T cfu/25cm?
1.0><10°
05x=10% F
0 |
2
(A)E. coli (B) ©)
e No.1-12 No.13 30

48

80

60

40

20
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]
D
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REARAIL(92°C0F))

4
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9
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9

ATAR(RF4 )

A 4

AERE
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4
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LSI

2005 2005
2016

Campylobacter Salmonella Vibrio parahaemolyticus 3
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2011
3
2016 2006 2016 11
2005
FoodNet
1995 FoodNet 2005
2011
3
FoodNet 10

52



2011

AiEAE (EFIT1-3

2006
2007
o
2
o
LSI
3
2006 11 22
12 4 1
2007 7 14 7 27 1

53

24

2016 7

Palaside

2009 12
1 2000
2014 7
1 3
22 8 283
2
24 3

Microsoft Excel
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Campylobacter Salmonella

Vibrio parahaemolyticus 3

3
2 52%
2016 1 12
2005 1 JJ—~2015
12 11
100%
P. Mead et al., 1999
Campylobacter  80%
Salmonella 95% Vibrio
parahaemolyticus  65%

54

Web

2010
3
Campylobacter Salmonella Vibrio
parahaemolyticus 3
2010 2016 3
LSl 2009
2 LSl
2006 2008 1
EHEC 2009
2010 LSl
EHEC 0157
2011
LSl
2
2014 7 8 2016
7 8



2009 12

100%
Mead

2016

2016

4,920

Escherichia coli

2,440
2,335

Escherichia coli
83.6
282

1.8
ersinia
6

2

1,952

12.1
Aeromonas
13 0.6
0.3 Vibrio
0.1

Campylobacter
Salmonella 42
15 0.6
Edwardsiella tarda
parahaemolyticus

1
Campylobacter

2

Escherichia coli 2
3
95

21

1 -
Vibrio parahaemolyticus

Campylobacter

Campylobacter Salmonella
parahaemolyticus
1
Campylobacter
36
6 8

29

9
30

33

32 10 11
Salmonella
10

4
Vibrio parahaemolyticus

2 8 10 1

9
10

4 7 8

Salmonella
3

Campylobacter

parahaemolyticus

-1-1.
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Salmonella

Vibrio

282

Vibrio
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2005
Campylobacter
78 Vibrio
2006
Salmonella
27

562

parahaemolyticus

Salmonella
36
550
Vibrio parahaemolyticus
538
Vibrio
2008

Salmonella

Campylobacter
46
2007

Salmonella

Campylobacter
46
24
468
Vibrio parahaemolyticus 8
339
Vibrio
2010
Salmonella
15
324
Vibrio
2012

Salmonella

parahaemolyticus
Campylobacter
56
2009

Salmonella

Campylobacter

33
parahaemolyticus 6
354

Vibrio parahaemolyticus

Campylobacter
51
2011

Salmonella

Campylobacter
23
parahaemolyticus 7
262
Vibrio parahaemolyticus 3
226
Vibrio
2014

Salmonella

Campylobacter
30
2013

Salmonella

Campylobacter
33
parahaemolyticus 5
252
Vibrio parahaemolyticus 4
271
Vibrio
2016

Salmonella

Campylobacter
43
2015

Salmonella

Campylobacter

41
parahaemolyticus 4
282

Vibrio parahaemolyticus 2

Campylobacter
42

52%

56

2005

Campylobacter 1,081 Salmonella
150 Vibrio parahaemolyticus 69

2006 1,058 88

52 2007 1,035 88

46 2008 900 108

15 2009 652 63

12 2010 681 98

29 2011 623 44

13 2012 504 58

6 2013 435 63

10 2014 485 83

8 2015 521 79
2016 542 81

-1-2. EIRRCTOHIESE OEEKES

2006 2007
2
2006
2,126 2007 2,121
21.2% 17.7%
3.3% 70 2,126 3.5% 74
2,121
70
27
74 23
32.0%



-1-3. ERRCOEREMZZ2E OmM

2006 2007 2

27
4
23 2
10.9%
-1-4
Campylobacter
37,019 2005 36,238 2006 35,437
2007 30,786 2008 26,272 2009
23,291 2010 21,331 2011 17,256
2012 14,878 2013 16,600 2014
17,835 2015 18,548 2016
Salmonella 5,134 2005 3,028
2006 3,028 2007 3,690 2008

2,169 2009 3,358 2010 1,515 2011
1,973 2012 2,174 2013 2,831 2014
2,698 2015 2,765 2016

Vibrio parahaemolyticus 2,369 2005
1,778 2006 1,582 2007 527 2008
395 2009 988 2010 460 2011
197 2012 329 2013 263 2014
263 2015 132 2016

3 236

57

10

Campylobacter 1,569 2005
1,536 2006 1,502 2007 1,305 2008
1,113 2009 987 2010 904 2011
731 2012 630 2013 703 2014
755 2015 786 2016
Salmonella 10 218 2005
128 2006 128 2007 156 2008
92 2009 142 2010 64 2011 84
2012 92 2013 120 2014 114
2015 117 2016 Vibrio
parahaemolyticus 10 100

2005 75 2006 67 2007 22 2008
17 2009 42 2010 20 2011 8 2012
14 2013 11 2014 11 2015 6 2016

—1-5. EIRICRT 5850 B THFE

Mead

80%

Vibrio parahaemolyticus

Salmonella
65%

Campylobacter
95%

Campylobacter
2006
21,018
2011
13,280

29,615 2005 28,990
28,350 2007 24,629 2008
2009 18,633 2010 17,065
13,805 2012 11,902 2013
2014 14,268 2015 14,838



2016 Salmonella 4,877 2005
2,877 2006 2,877 2007 3,506 2008
2,061 2009 3,190 2010 1,439 2011

1,874 2012 2,065 2013 2,689 2014

2,563 2015 2,627 2016 Vibrio
parahaemolyticus 1,540 2005 1,156
2006 1,028 2007 343 2008 257
2009 642 2010 299 2011 128
2012 214 2013 171 2014 171
2015 86 2016
Campylobacter 143 2005 109

2006 32 2007 33 2008 9 2009
25 2010 9 2011 52 2012 8 2013
32 2014 5 2015 7 2016
Salmonella 12 2005 11 2006

2007 0 2008 23 2009 13 2010
0 2011 12 2012 O 2013 O 2014
0 2015 0 2016 Vibrio
parahaemolyticus 32 2005 0 2006
627 2007 37 2008 19

2009 16 2010 O 2011 1 2012
0 2013 0 2014 0 2015 0 2016

25

2007 Vibrio
parahaemolyticus 627
620 1
1 7
2007
Vibrio parahaemolyticus
610 10 7

17

58

-1-6. £FE%Zxt4 L L7 2016

2014 2009
2016 2014 2009
2016 7 22 8 23 2014
7 11 8 3 2009 12 5H~
12 24 3 2
3 1 3 1 2
2016
13.3% 3,020 2014 15.2%
2,039 2009 16.9% 2,077
96 2016
90 2014 77 2009
3.2% 4.4% 3.7%
-1-7. BEHIRIC
2006
2007 2009 2014
2016
Campylobacter 1,603,178
2005 1,569,344 2006 1,534,698



2007 1,333,266 2008 1,137,788
2009 1,008,678 2010 923,796
2011 747,320 2012 644,303 2013
718,899 2014 772,384 2015 803,240
2016 Salmonella 264,011 2005
155,743 2006 155,743 2007 189,794
2008 111,570 2009 172,687 2010
77,899 2011 101,447 2012 111,787
2013 145,566 2014 138,745 2015
142,210 2016 Vibrio
parahaemolyticus 83,366 2005
62,579 2006 55,650 2007 18,568
2008 13,912 2009 34,754 2010
16,186 2011 6,929 2012 11,585
2013 9,257 2014 9,257 2015
4,656 2016

Campylobacter 3,439 2005 2,297
2006 2,396 2007 3,071 2008
2,206 2009 2,092 2010 2,341 2011
1,834 2012 1,551 2013 1,893 2014
2,089 2015 3,272 2016 Salmonella
3,700 2005 2,053 2006 3,603
2007 2,551 2008 1,518 2009
2,476 2010 3,068 2011 670 2012
861 2013 440 2014 1,918 2015
704 2016 Vibrio parahaemolyticus
2,301 2005 1,236 2006 1,278
2007 168 2008 280 2009 579
2010 87 2011 124 2012 164
2013 47 2014 224 2015 240
2016

-2
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EHEC
LSI
2009 2010
EHEC 0157

0157

EHEC
2016
1.2% 14.0%
2015
1.2%

LSI
4.0%

14.8%
2014
1.5%

LSI 3.7%

15.4% LSI
4.0% 2013
1.4%
16.7%
2012

1.8%

LSI
2.9%
15.7%
2011
1.2%

LSI 2.9%

11.4% LSI
3.1% 2010
1.5% 12.1%
2.2% 2009
11.7% LSI
2.7% 2016 2010
3 2016

19.1% 2015 19.7% 2014 20.9%

LSI



2013 21.0% 2012 20.4% 2011
15.7% 2010 15.8%
2009 LSl
2 14.4%
2006 2008
1 2006 8.5%
2007 7.1% 2008 10.0%
-2-2
2006 1
Campylobacter 10,144
Salmonella 1,888 Vibrio
parahaemolyticus 523 2007 1
Campylobacter 10,962
Salmonella 1,886 Vibrio
parahaemolyticus 421 2008 1
Campylobacter 12,934
Salmonella 1,894 Vibrio
parahaemolyticus 216 2009 2
Campylobacter 14,057
Salmonella 2,059 Vibrio
parahaemolyticus 227 2010 3
Campylobacter 15,401
Salmonella 2,434 Vibrio
parahaemolyticus 563 2011 3
Campylobacter 14,950
Salmonella 2,705 Vibrio
parahaemolyticus 351 2012 3
Campylobacter 12,794
Salmonella 2,258 Vibrio
parahaemolyticus 312 2013 3
Campylobacter 13,947
Salmonella 2,324 Vibrio
parahaemolyticus 287 2014 3
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Campylobacter

2,726
209

Campylobacter

Salmonella

parahaemolyticus

16,762
Vibrio
2015 3
18,164

Salmonella 2,728
138

Campylobacter

2,689

232

parahaemolyticus

Salmonella

parahaemolyticus

2006

119,341 Salmonella

Vibrio parahaemolyticus

154,423 26,563

2008 129,340
2,160

14,299

97,475

2009
1,576
15,405
95,223

2010
3,563
17,229
2012 62,716
1,529
11,067

80,201

2013
1,367
13,043
92,203

2014
1,000
13,848

2016 96,876

1,212

2-2-

2009
2016 3

2014

Vibrio

2016 3
18,547

Vibrio

Campylobacter
22,212
6,153

2007
5,930
18,940
97,618

2011
2,236
11,069
66,414

2015
701
14,045



25.5%
4.8%

Campylobacter 13,084,001
2006 16,939,998 2007 14,198,429
2008 10,707,971 2009 10,687,320
2010 10,443,399 2011 6,880,816
2012 7,286,661 2013 8,796,321
2014 10,108,930 2015 10,641,732
2016 Salmonella

2,435,193 2006 2,914,508 2007

2,079,158 2008 1,568,451 2009

1,689,042 2010 1,889,592 2011

1,212,503 2012 1,213,198 2013

1,430,543 2014 1,518,232 2015

1,542,870 2016 Vibrio

parahaemolyticus 674,579 2006

650,587 2007 237,116 2008 172,918
2009 390,686 2010 245,193 2011
167,799 2012 149,944 2013 109,678
2014 76,802 2015 133,115 2016

1 2777
10
Campylobacter 10,262 2006 13,286
2007 11,136 2008 8,398 2009

8,382 2010 8,191 2011 5,397 2012
5,715 2013 6,899 2014 7,929 2015
8,347 2016 1,910
2006 2,286 2007 1,631 2008
1,230 2009 1,325 2010 1,482 2011
951 2012 952 2013 1,122 2014

Salmonella
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1,191 2015 1,210 2016 Vibrio
parahaemolyticus 529 2006 510
2007 186 2008 136 2009 306
2010 192 2011 132 2012 118

2013 86 2014 60 2015 104 2016
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Campylobacter
13,551,998 2007
8,566,377 2009

10,467,201 2006
11,358,743 2008

8,549,856 2010 8,354,719 2011
5,504,652 2012 5,829,329 2013
7,037,057 2014 8,087,144 2015
8,513,386 2016 Salmonella
2,313,433 2006 2,768,783 2007
1,975,200 2008 1,490,028 2009
1,604,590 2010 1,795,112 2011
1,151,878 2012 1,152,538 2013
1,359,046 2014 1,442,320 2015
1,465,727 2016 Vibrio
parahaemolyticus 438,477 2006

422,882 2007 154,126 2008 112,397
2009 253,946 2010 159,375 2011
109,069 2012 97,464 2013 71,291
2014 49,921 2015 86,525 2016

10

Campylobacter 8,210 2006 10,629
2007 8,909 2008 6,719 2009
6,706 2010 6,553 2011 4,317 2012
4,572 2013 5,519 2014 6,343 2015
6,677 2016 Salmonella 1,815
2006 2,172 2007 1,549 2008



1,169 2009 1,259 2010 1,408 2011
903 2012 904 2013 1,066 2014
1,131 2015 1,150 2016 Vibrio
parahaemolyticus 344 2006 332
2007 121 2008 88 2009 199
2010 125 2011 86 2012 76 2013
56 2014 39 2015 68 2016

2006 2016
Campylobacter Salmonella Vibrio

parahaemolyticus

2005 2016 12

Vibrio parahaemolyticus

2011

2006

2006 2016
11
Campylobacter 6.7 10.6
Salmonella 9.3 230 Vibrio

parahaemolyticus 54 18.6

EHEC 0157 EHEC

2006 2007
2009 2014
2016
2006 7 2009 2014 2016
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EHEC

EHEC 0157 EHEC

EHEC 0157 EHEC

65% 95%
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2016

2015

Salmonella Vibrio
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25 330 Vibrio
20 200
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7 2015 Salmonella

11

11 2006 2016

Campylobacter
2,600 5,600 Salmonella
580 3,000

220 1,800

Vibrio parahaemolyticus

54 23
7
2016
Salmonella
2015
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2006 2015
38 2017 10

113
2017 11
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2016

7 10 11 12

296 365 404 294 357 442 464 520 494 384 442 458 || 4,920
Escherichia coli 104 142 176 118 142 159 192 206 209 147 159 198 | 1,952
Campylobacter sp 12 14 17 11 23 32 36 32 33 30 29 13 282
Staphylococcus aureus 1 1 4 2 2 2 2 2 3 4 23
Yersinia sp 1 5 1 1 3 1 1 13
Salmonella sp 1 2 5 4 4 5 5 10 4 1 1 42
Aeromonas sp 1 2 1 1 2 5 3 15
Vibrio parahaemolyticus 1 1 2
Vibrio fluvialis 0
Vibrio cholerae 0
Vibrio mimicus 0
Plesiomonas shigelloides 0
Shigella sonnei 0
Shigella flexneri 0
Shigella boydi 0
Edwardsiella tarda 1 1 1 1 1 1 6

119 159 199 135 179 200 237 251 261 190 193 212 | 2,335
Clostridium difficile 2 1 1 1 2 3 1 3 14
Candida sp 1 1
Klebsiella oxytoca 1 7 6 4 7 10 11 10 7 9 7 4 83
Pseudomonas aerginosa 1 1 2 1 1 6
Streptococcus group A 1 1

120 169 205 140 188 211 248 265 273 199 201 221 | 2440
vero toxin 1 1 6 5 6 2 21
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2009 2014 2016

2006 2007
2009 2014 2016
12,265 13,396 22,682
2,077  16.9% 2,039 15.2% 3,020 13.3%
77 3.7% 90 4.4% 96  3.2%
23 29.9% 17 18.9% 17 17.7%
2 87% 0o - 2 11.8%
2006 2007
10,021 11,965
2126 21.2% 2,121 17.7%
70  3.3% 74 3.5%
27  38.6% 23 311%
4 14.8%) 2 8.0%
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2005 2016 1236
1 2 3
10

2005 562 37,019 1,569 29,615 143
2006 550 36,238 1536 28,990 109
2007| 538 35437 1,502 28,350 32
2008| 468 30,786 1,305 24,629 33
2009 339 26,272 1113 21,018 9
2010 354 23,291 987 18,633 25
2011 324 21,331 904 17,065 9
2012 262 17,256 731 13,805 52
2013 226 14,878 630 11,902 8
2014 252 16,600 703 13,280 32
2015 271 17,835 755 14,268 5
2016| 282 18548 786 14,838 7
2005 78 5134 218 4,877 12
2006 46 3,028 128 2,877 11
2007| 46 3,028 128 2,877 25
2008] 56 3,690 156 3,506 0
2009] 33 2,169 92 2,061 23
2010 51 3,358 142 3,190 13
2011 23 1515 64 1,439 0
2012] 30 1973 84 1,874 12
2013 33 2,174 92 2,065 0
2014] 43 2,831 120 2,689 0
2015] 41 2,698 114 2,563 0
2016 42 2,765 117 2,627 0
2005 36 2,369 100 1,540 32
2006 27 1,778 75 1,156 0
2007| 24 1,582 67 1,028 “627(17)
2008 8 527 22 343 37
2009 6 395 17 257 19
2010/ 15 988 42 642 16
2011 7 460 20 299 0
2012 3 197 8 128 1
2013 5 329 14 214 0
2014 4 263 11 171 0
2015 4 263 11 171 0
2016 2 132 6 86 0

1

2 80%

95% 65% Mead et al. 1999

3 17 28

4 620 1 7

2007 17
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2005 2016 1 2777
2005 1,603,178 3,439
2006 1,569,344 2,297
2007 1,534,698 2,396
2008 1,333,266 3,071
2009 1,137,788 2,206
2010 1,008,678 2,092
2011 923,796 2,341
2012 747,320 1,834
2013 644,303 1,551
2014 718,899 1,893
2015 772,384 2,089
2016 803,240 3,272
2005 264,011 3,700
2006 155,743 2,053
2007 155,743 3,603
2008 189,794 2,551
2009 111,570 1,518
2010 172,687 2,476
2011 77,899 3,068
2012 101,447 670
2013 111,787 861
2014 145,566 440
2015 138,745 1,918
2016 142,210 704
2005 83,366 2,301
2006 62,579 1,236
2007 55,650 1,278
2008 18,568 168
2009 13,912 280
2010 34,754 579
2011 16,186 87
2012 6,929 124
2013 11,585 164
2014 9,257 47
2015 9,257 224
2016 4,656 240
17 28
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2006 8.5% 1
2007 71% 1
2008 10.0% 1
2009 14.4% 2
2010 15.8% 3
2011 15.7% 3
2012 20.4% 3
2013 21.0% 3
2014 20.9% 3
2015 19.7% 3
2016 19.1% 3
2010 3
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2006 2016

1 1 2777
1 2 3
10 10
2006| 10,144 13,084,001 10,262 10,467,201 8,210 2,297
2007| 10,962 16,939,998 13,286 13,551,998 10,629 2,396
2008| 12,934 14,198,429 11,136 11,358,743 8,909 3,071
2009| 14,057 10,707,971 8,398 8,566,377 6,719 2,206
2010| 15,401 10,687,320 8,382 8,549,856 6,706 2,092
2011| 14,950 10,443,399 8191 8,354,719 6,553 2,341
2012| 12,794 6,880,816 5,397 5,504,652 4,317 1,834
2013| 13947 7,286,661 5715 5,829,329 4572 1,551
2014| 16,762 8,796,321 6,899 7,037,057 5519 1,893
2015| 18,164 10,108,930 7,929 8,087,144 6,343 2,089
2016| 18547 10,641,732 8,347 8,513,386 6,677 3,272
2006| 1,888 2,435,193 1,910 2,313,433 1,815 2,053
2007| 1,886 2,914,508 2,286 2,768,783 2172 3,603
2008 1,894 2,079,158 1,631 1,975,200 1,549 2,551
2009| 2,059 1,568,451 1,230 1,490,028 1,169 1,518
2010 2,434 1,689,042 1,325 1,604,590 1,259 2,476
2011| 2,705 1,889,592 1,482 1,795,112 1,408 3,068
2012| 2,258 1,212,503 951 1,151,878 903 670
2013| 2,324 1,213,198 952 1,152,538 904 861
2014| 2,726 1,430,543 1122 1,359,046 1,066 440
2015 2,728 1,518,232 1191 1,442,320 1131 1,918
2016| 2,689 1,542,870 1,210 1,465,727 1,150 704
2006 523 674,579 529 438,477 344 1,236
2007| 421 650,587 510 422,882 332 1,278
2008 216 237,116 186 154,126 121 168
2009| 227 172,918 136 112,397 88 280
2010 563 390,686 306 253,946 199 579
2011 351 245,193 192 159,375 125 87
2012| 312 167,799 132 109,069 86 124
2013 287 149,944 118 97,464 76 164
2014| 209 109,678 86 71,291 56 47
2015 138 76,802 60 49,921 39 224
2016 232 133,115 104 86,525 68 240
1

2010 2016 3

LSl

2009 2 LSl

2006 2008 1

2 80% 95%
65% Mead et al. 1999

18 28
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2006 2016 1

2006 1,569,344 10,467,201 2,297
2007 1,534,698 13,551,998 2,396
2008 1,333,266 11,358,743 3,071
2009 1,137,788 8,566,377 2,206
2010 1,008,678 8,549,856 2,092
2011 923,796 8,354,719 2,341
2012 787,320 5,504,652 1,834
2013 644,303 5,829,329 1,551
2014 718,899 7,037,057 1,893
2015 772,384 8,087,144 2,089
2016 803,240 8,513,386 3,272
2006 155,743 2,313,433 2,053
2007 155,743 2,768,783 3,603
2008 189,794 1,975,200 2,551
2009 111,570 1,490,028 1,518
2010 172,687 1,604,590 2,476
2011 77,899 1,795,112 3,068
2012 101,447 1,151,878 670
2013 111,787 1,152,538 861
2014 145,566 1,359,046 440
2015 138,745 1,442,320 1,918
2016 142,210 1,465,727 704
2006 62,579 438,477 1,236
2007 55,650 422,882 1,278
2008 18,568 154,126 168
2009 13,912 112,397 280
2010 34,754 253,946 579
2011 16,186 159,375 87
2012 6,929 109,069 124
2013 11,585 97,464 164
2014 9,257 71,291 47
2015 9,257 49,921 224
2016 4,656 86,525 240
2006 2016

2010 2016 3
LSI
2009 2 LSI
2006 2008 1
18 28
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Effect of climatic elements on Campylobacter colonization in broiler flocks
reared in southern Japan from 2008 to 2012

K. Ishihara,*" T. Chuma,"' M. Andoh,! M. Yamashita,*! H. Asakura,’ and S. Yamamoto®#

*Women’s Future Developing Organization, Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho,
Fuchu, Tokyo, Japan; ' Faculty of Agriculture, Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho,
Fuchu, Tokyo, Japan; * Joint Faculty of Veterinary Medicine, Kagoshima University, 1-21-24 Korimoto,
Kagoshima, Japan; ® National Institute of Health Sciences, Kamiyoga 1-18-1, Setagaya, Tokyo, Japan; and
#School of Marine Science and Technology, Tokai University, 3-20-1 Orido, Shimizu-ku, Shizuoka, Japan

ABSTRACT To demonstrate the effect of climatic el-
ements on Campylobacter colonization in broiler chick-
ens reared in Japan, the correlation between Campy-
lobacter isolated from chickens (191 of 236 flocks,
80.9%) between 2008 and 2012 and climatic elements
was analyzed by logistic regression. We divided the
rearing process into 13 terms of 5 d each (total:
65 d). Terms were numbered backwards, wherein a
0-term lag was considered as the sampling day plus 4
d before sampling; 1-term lag was the 5-d term before
the O-term lag, and so on, until the 12-term lag. We
obtained climatic data tracing back from the 0-term
to the 12-term lags. For evaluation in each season, we
divided chickens reared during periods of rising tem-
perature (spring, summer) and decreasing temperature
(autumn, winter). Air temperature showed a positive
correlation with Campylobacter colonization from the
0- to 12-term lags in chickens reared during the period
of rising temperature (odds ratio [OR], 1.069 to 1.104),
and from the 0- to 4- and 6-term lags (OR, 1.079 to
1.105) in chickens reared during the period of decreasing

temperature. The strong positive effect of air temper-
ature on Campylobacter colonization, particularly dur-
ing the period of rising temperature, may be associated
with the effect on the Campylobacter environmental
sources and/or vectors. A positive correlation was ob-
served between Campylobacter colonization and humid-
ity when chicken houses were empty and new chicks
were introduced (from the 9- to 12-term lags) during the
period of decreasing temperature (OR, 1.076 to 1.141).
Thus, high humidity would be an important factor caus-
ing carry-over of Campylobacter infection during the
period of decreasing temperature. We also found that
solar radiation increased Campylobacter colonization
during the period of decreasing temperature, from the
2- to 8-term lags, except for the 4- and 5-term lags, in
Japan. The results of this study demonstrate the effects
of air temperature, humidity, and solar radiation on
Campylobacter colonization in broiler chickens, and are
potentially important for developing strategies to re-
duce the risk of Campylobacter contamination in broiler
chickens.

Key words: broiler chicken, Campylobacter, climate, temperature, humidity

Highlights

* High temperature was suggested to increase
Campylobacter colonization, especially in warmer
seasons.

* Higher humidity would increase carry-over of
Campylobacter infection in autumn.

INTRODUCTION

Campylobacter spp. are the major causative agents of
bacterial diarrheal infection in humans. The high num-
ber of campylobacteriosis cases in Japan makes this
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pathogen one of the 2 major causes of foodborne ill-
ness every year since 2000 (Infectious Agents Surveil-
lance Report, 2010). Most cases of campylobacteriosis
are sporadic, and the consumption of poultry prod-
ucts has been identified as a risk factor (Vellinga and
Loock, 2002; Domingues et al., 2012). One approach
for preventing campylobacteriosis is to reduce the risk
of contamination of chicken carcasses with enterobac-
teria, including Campylobacter and other pathogens,
during processing. Another strategy is to rear broiler
chickens in such a way as to prevent colonization by
Campylobacter. Therefore, it is crucial to identify both
the risk factors and the protective factors involved in
colonization of broiler chickens by Campylobacter.

A previous study reported that broiler chicken pro-
duction in western Japan faced a higher risk (odds ra-
tio [OR], 2.68) of Campylobacter colonization than that
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in eastern Japan (Sasaki et al., 2011). Approximately
300 million broiler chickens were reared in the Kyushu
region (western Japan) in 2013, constituting almost
50% of all broiler chickens reared in Japan that year
(E-Stat, 2013). Variations among regions, with respect
to the percentage of Campylobacter-contaminated retail
broiler meat products, have also been reported in the
United States (Williams and Oyarzabal, 2012).

In our previous study, the extent of contamination
of chicken products (meat, skin, and liver) by Campy-
lobacter was found to be influenced by air temperature,
humidity, and sunshine duration during chicken rearing,
suggesting that the environmental conditions observed
in broiler farms are correlated with the rate of Campy-
lobacter colonization in broiler flocks (Ishihara et al.,
2012). Other studies have corroborated these findings,
highlighting air temperature, humidity, and sunlight as
the main factors affecting Campylobacter colonization
in broiler flocks (Patrick et al., 2004; Jore et al., 2010).

In the present study, we decided to investigate the ef-
fect of climatic elements on Campylobacter colonization
in chickens. For the purpose, we isolated Campylobacter
from chicken cecal samples at a slaughterhouse.

MATERIAL AND METHODS

Sample Collection and Farm Information

From January 2008 to December 2012, samples of
cecal contents were collected from broiler chickens
(~50 d old) at a slaughterhouse in Kagoshima prefec-
ture. Kagoshima is a leading producer of broiler chick-
ens. Sample collection was performed systematically at
14-d intervals throughout the study period. We col-
lected 3,776 cecal samples from 236 broiler flocks that
were reared on 121 farms over 5 years. At each sam-
pling day, we selected 2 flocks with the largest number
of chickens (~10,000 birds). These 2 flocks were reared
on different farms. From each flock, we collected 16 ce-
cal samples. Ninety-one farms were sampled once or
twice, 25 farms were sampled 3 or 4 times, and in 5
farms, samples were collected 5 to 7 times (average 1.9
flocks per farm during the 5 yr of investigation).

All broiler flocks were reared in open-sided chicken
houses under standard hygiene control procedures. All
farms included in the study were located within the
Kagoshima prefecture. Although the management of
rearing broiler chickens was under the direction of each
farm, consistency in practices was confirmed. The size
of chicken houses, ventilation system, rearing of chicks,
feed, vaccination programs, and hygiene control proce-
dures were generally consistent between farms.

Campylobacter Isolation and Identification

Cecal samples were inoculated into Preston enrich-
ment broth (Oxoid Ltd., Hampshire, UK) supple-
mented with 5% lysed horse blood, and were incubated

Downl oaded from https://academn c. oup. con ps/article-abstract/96/4/931/ 2623824
by National Institute of Health Sciences user
on 14 May 2018

in a micro-aerobic atmosphere at 42°C for 48 hours.
Enrichment cultures were streaked onto Butzler agar
plates (Oxoid Ltd.). Suspected Campylobacter colonies
were picked and sub-cultured on blood agar medium.
These isolates were tested using Gram staining and
catalase and oxidase production tests. One isolate from
each cecal sample was identified by PCR (Chuma et al.,
1997), using the strains Campylobacter jejuni ATCC
33560" and Campylobacter coli ATCC 335597 as posi-
tive controls.

Climate Data

Climatic data at Kagoshima city (N31° 33.3'; E130°
32.8'), which is the prefectural capital, were obtained
from the Japan Meteorological Agency (http://www.
data.jma.go.jp/obd/stats/etrn/index.php), who has
published climatic data in terms of daily values and
as normal values for 10-d periods, from 1981 to 2010.
Climatic data included air temperature (°C), relative
humidity (%), solar radiation (MJ/m?), and rainfall
(mm).

A 5-d period was defined as one term. The first term
includes the day when each sample was collected; how-
ever, as we were exploring the potential factors of cli-
mate influencing the sample infections, we required in-
formation on periods before our sampling. Thus, the
terms were numbered backwards beginning from the
sampling term, expressed as -term lag. In other words,
the 0-term lag is constituted by the sampling day plus
4 d before sampling; 1-term lag represents the term
(5-d period) before the O-term lag, and so on un-
til the 12-term lag, which corresponds to 65 d before
sampling.

We analyzed the effect of climatic elements on
Campylobacter colonization, considering the 65 d be-
fore cecal sampling. We calculated mean values of air
temperature, humidity, and solar radiation, and the to-
tal amount of rainfall for each of the 13 terms from
the daily climatic data published by the Japan Mete-
orological Agency. These climatic data obtained from
periods before sampling (i.e., data for the lag terms)
were used to analyze any potential lagged effects. In
Japan, the average age of a broiler flock at shipment
time is 54 d (range 46 to 73 d) (Sasaki et al., 2011);
therefore, these 13 terms (from 0- to 12-term lags;
65 d) corresponded to the feeding period (0- to 10-term
lags), and the interval between the 2 production cy-
cles, when chicken houses were empty (11- and 12-term
lags).

To evaluate climatic effect in each season, chickens
reared during periods of rising and decreasing temper-
ature were divided for analysis according to our previ-
ous report (Ishihara et al., 2012). Periods of rising and
decreasing temperature were determined by differences
(positive or negative) in air temperature between the
0- and 12-term lags.
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Statistical Analysis

If C. jejuni or C. coli was isolated from at least
one chicken from a flock, the flock was determined
as Campylobacter-positive. For univariate analysis, the
correlation between Campylobacter colonization from
each flock (Campylobacter flock status; positive or neg-
ative) and climatic data for the 0- to 12-term lags was
analyzed by logistic regression analysis, using the forced
entry method.

To select the variable for multivariate analyses, the
correlation between 2 climatic sets of data at O-term
lag was confirmed by all possible regression. An ab-
solute value of Pearson’s correlation coefficient (r) of
less than 0.3 was considered an appropriate variable for
multivariate analyses. Moreover, variance inflation fac-
tors were calculated by linear regression to confirm the
multicollinearity among climatic data. Variance infla-
tion factors of more than 10 were excluded as a vari-
able for multivariate analyses. A stepwise backward
logistic regression analysis (likelihood ratio) was used
for the multivariable analysis. Variables with a P-value
of 0.05 or less in the final model were considered sig-
nificant. Statistical analyses were performed using the
SPSS statistics 23.0 software (IBM Japan Co., Tokyo,
Japan).

RESULTS

Climatic Characteristics of Sampling Place

Climatic data of normal values for 10-d periods at
Kagoshima city are shown in Figure 1. The climate in
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Figure 1. The normal values of climatic data for Kagoshima
city, expressed in means (%, °C, MJ/m?) and total amount (mm),
per 10-d periods (1980 to 2010). The climatic data were ob-
tained from the Japan Meteorological Agency (http://www.data.jma.
go.jp/obd/stats/etrn/index.php). *-1, 1st to 10th; -2, 11th to 20th; -3,
21st to the last day of each month.
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Kagoshima is influenced by seasonal winds; therefore,
the total amount of rainfall and humidity increases from
June to July. In winter, rainfall and humidity decrease.
As Kagoshima prefecture is surrounded by the sea, the
humidity does not decrease severely.

Isolation of Campylobacter spp.

In total, 191 of 236 flocks (80.9%) and 1,987 of 3,776
cecal samples (52.6%) were positive for Campylobac-
ter spp. C. jejuni and C. coli isolates were obtained
from 1,761 cecal samples (46.6%; 180 flocks [76.3%)])
and 226 cecal samples (6.0%; 40 flocks [16.9%]), respec-
tively. Both C. jejuni and C. coli were isolated from 29
flocks (12.3%). Eleven flocks (4.7%) were positive for
only C. coli.

Univariate Analyses

Table 1 shows significantly correlated climatic ele-
ments at each term lag. Results also indicate seasonality

Table 1. Univariable analyses of the effect of climatic elements
on Campylobacter isolation.

Lag
term Variable Coef. SE P OR (95% CI)
During the period of rising temperature
0 Temperature 0.079 0.035 0.024 1.083 (1.011 to 1.160)
1 Temperature 0.080 0.033 0.015 1.083 (1.015 to 1.155)
Humidity 0.052 0.026 0.043 1.054 (1.002 to 1.108)
2 Temperature 0.099 0.035 0.005 1.104 (1.031 to 1.183)
Humidity 0.060 0.023 0.010 1.062 (1.015 to 1.112)
3 Temperature 0.093 0.032 0.004 1.098 (1.030 to 1.170)
Humidity 0.054 0.025 0.031 1.055 (1.005 to 1.108)
Rainfall 0.024 0.009 0.007 1.024 (1.007 to 1.042)
4 Temperature 0.099 0.033 0.003 1.104 (1.035 to 1.177)
Humidity 0.084 0.028 0.002 1.087 (1.030 to 1.148)
5 Temperature 0.080 0.033 0.015 1.083 (1.015 to 1.155)
6 Temperature 0.078 0.031 0.013 1.081 (1.017 to 1.150)
7 Temperature 0.088 0.034 0.009 1.092 (1.022 to 1.166)
Humidity 0.074 0.030 0.014 1.077 (1.015 to 1.143)
8 Temperature 0.067 0.032 0.037 1.069 (1.004 to 1.138)
9 Temperature 0.066 0.032 0.040 1.069 (1.003 to 1.138)
10 Temperature 0.069 0.033 0.040 1.071 (1.003 to 1.144)
Rainfall 0.020 0.010 0.044 1.020 (1.001 to 1.040)
11 Temperature 0.085 0.035 0.016 1.089 (1.016 to 1.167)
12 Temperature 0.085 0.036 0.019 1.089 (1.014 to 1.169)
Solar radiation 0.096 0.047 0.043 1.100 (1.003 to 1.207)
During the period of decreasing temperature
0 Temperature 0.090 0.044 0.041 1.094 (1.004 to 1.193)
1 Temperature 0.099 0.041 0.016 1.105 (1.019 to 1.198)
2 Temperature 0.076 0.038 0.046 1.079 (1.002 to 1.162)
Solar radiation 0.226  0.099 0.022 1.253 (1.032 to 1.521)
3 Temperature 0.087 0.037 0.020 1.091 (1.014 to 1.173)
Solar radiation 0.259 0.095 0.007 1.295 (1.075 to 1.562)
4 Temperature 0.077 0.036 0.034 1.080 (1.006 to 1.159)
6 Temperature 0.086 0.035 0.014 1.090 (1.018 to 1.167)
Solar radiation 0.195 0.078 0.012 1.216 (1.044 to 1.416)
Rainfall —0.024 0.010 0.020 0.976 (0.956 to 0.996)
7 Solar radiation 0.196 0.074 0.008 1.217 (1.052 to 1.408)
8 Solar radiation 0.127 0.061 0.036 1.136 (1.008 to 1.280)
9 Humidity 0.132 0.047 0.005 1.141 (1.040 to 1.251)
10 Humidity 0.125 0.041 0.002 1.133 (1.045 to 1.228)
11 Humidity 0.111 0.043 0.010 1.118 (1.027 to 1.216)
12 Humidity 0.073 0.036 0.043 1.076 (1.002 to 1.154)

Temperature, mean of air temperature; Humidity, mean of humidity;
Solar radiation, mean of solar radiation; Rainfall, total amount of rainfall;
Coef., coefficient; SE, standard error; OR, odds ratio; CI, confidence
interval.
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Figure 2. The effects of air temperature (°C) on Campylobacter colonization. 95% confidence interval of odds ratio is shown by error bar;
*odds ratio; **it represents the period just before sampling; filled circle and filled diamond shape, P < 0.05.
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Figure 3. The effects of relative humidity (%) on Campylobacter colonization. 95% confidence interval of odds ratio is shown by error bar;
*odds ratio; **it represents the period just before sampling; filled circle and filled diamond shape, P < 0.05.

(i.e., if reared during periods of rising or decreasing tem-
peratures). Air temperature showed a positive correla-
tion with Campylobacter colonization from the 0- to
12-term lags, without observable influence of the pe-
riods of rising temperature (OR, 1.069 to 1.104). In
chickens reared during the period of decreasing tem-
perature, a positive correlation of air temperature with
Campylobacter colonization was observed from the 0-
to 4- and 6-term lags (OR, 1.079 to 1.105) (Table 1 and

Figure 2). A positive correlation was observed between
Campylobacter colonization and humidity during peri-
ods of rising temperature from the 1- to 4-term lags,
and in the 7-term lag (OR, 1.054 to 1.087), and from
the 9- to 12-term lags for decreasing temperature peri-
ods (OR, 1.076 to 1.141) (Table 1 and Figure 3). Dur-
ing the period of decreasing temperature, solar radia-
tion showed a positive correlation with Campylobacter
colonization from the 2- to 8-term lags (OR, 1.136 to
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1.295), except in the 4- and 5-term lags. However, solar
radiation showed a positive correlation only at the 12-
term lag for rising temperature conditions (OR, 1.100)
(Table 1). During periods of rising temperature, the cor-
relation between total amount of rainfall and Campy-
lobacter colonization at the 3- and 10-term lags was
positive (OR, 1.024 and 1.020, respectively); however,
a significant negative correlation with the amount of
rainfall (OR, 0.976) was observed only at the 6-term lag
during periods of decreasing temperature (Table 1). In
summary, air temperature and humidity showed a posi-
tive correlation with Campylobacter colonization at the
same terms (1- to 4- term lags, and 7-term lag), during
periods of rising temperature, but not during periods of
decreasing temperature. Air temperature and solar ra-
diation showed a positive correlation with Campylobac-
ter colonization at the 2-, 3-, and 6-term lags, during
periods of decreasing temperature.

Multivariate Analyses

To select the variables for multivariate analyses, the
potential correlation between each pair of climatic data
variables was assessed. Mean air temperature and to-
tal amount of rainfall were the only paired variables
that showed independency (i.e., were not correlated),
regardless of season (r < 0.3). Even without multi-
collinearity, we carried out the multivariate analyses.
In the multivariate analysis, we included the variables
that presented P-values < 0.1 in the univariate analysis.
However, the adjusted ORs obtained in the multivari-
ate analysis were equivalent to the ORs obtained in the
univariate analysis. Therefore, the results of the multi-
variate analysis are not shown.

DISCUSSION

Based on univariable logistic regression analyses, air
temperature, humidity, and solar radiation were found
to have a significant effect on Campylobacter coloniza-
tion in broiler chickens. In particular, air temperature
was consistently correlated with Campylobacter colo-
nization in chickens reared during the period of rising
temperature. In European countries, a strong positive
correlation has been reported between mean air tem-
perature and the incidence of Campylobacter in broilers
(Jore et al., 2010). In the present study, we analyzed the
effects of climatic elements on Campylobacter coloniza-
tion in broiler chickens. Strict temperature control must
be performed in broiler houses, depending on the age
of chickens. Therefore, air temperature outside broiler
houses might affect the environmental sources and/or
vectors of Campylobacter. Broiler chicken houses are
more ventilated during warmer seasons, increasing the
chances of contact between susceptible chickens and ex-
ternal or environmental sources of the pathogen (Newell
and Fearnley, 2003). A previous study reported that
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proximity to cattle increased the risk of Campylobac-
ter colonization in broiler chickens (Ellis-Iversen et al.,
2009). Another study revealed that Campylobacter in-
creased during spring and autumn in dairy cattle (Stan-
ley et al., 1998); in broilers, Campylobacter also tended
to increase in spring. Thus, broilers also would increase
their infection in spring, because of an increase in the in-
fection source. In addition, flies are known to act as vec-
tors in the transmission of Campylobacter (Hald et al.,
2007). In this context, Guerin et al. (2008) reported that
temperature-related variables, which were very impor-
tant determinants of flies’ activity, might be valuable
in predicting the risk of Campylobacter colonization of
broiler chickens.

In chickens reared during periods of rising temper-
ature, a significant correlation between air tempera-
ture and Campylobacter colonization was observed for
the 13 consecutive terms (65 d). The same correlation
was detected in chickens reared during periods of de-
creasing temperature, but only in 6 terms, not during
the 13 terms detected during rising temperature terms.
In a previous study, air temperature was suggested
to have a lesser effect on Campylobacter prevalence
among broiler chickens during colder months than dur-
ing warmer months (Patrick et al., 2004). Moreover, air
temperature was thought to be associated with the pro-
duction of Campylobacter-contaminated chickens only
during the period of rising temperature, but not during
the period of decreasing temperature in Japan (Ishi-
hara et al., 2012). Therefore, Campylobacter coloniza-
tion in broiler chickens was thought to increase along
with air temperature during warmer seasons, which cor-
respond to the periods of rising temperature in the
present study.

From the 9- to 12-term lags, the effect of air temper-
ature on Campylobacter colonization was not observed
in broiler chickens reared during the period of decreas-
ing temperature; thus, humidity was identified as a risk
factor. Moreover, high humidity increased Campylobac-
ter colonization between the 1- and 4-term lags, and
in the 7-term lag in broiler chickens reared during the
period of rising temperature. Since Campylobacter can-
not survive in dry conditions, higher humidity would
increase its prevalence near broiler houses. Depending
on the season, the lag term when humidity was as-
sociated with Campylobacter colonization differed. Air
temperature was relatively high during the period in
which there was a significant correlation between hu-
midity and Campylobacter colonization, independent of
the season.

Previous studies have highlighted the previous pres-
ence of a Campylobacter-positive flock on the farm as
a risk factor (Chowdhury et al., 2012; Sandberg et al.,
2015). Our previous study also reported that carry-over
of Campylobacter infection is thought to occur among
chicken flocks on the same farm (Ishihara et al., 2006).
In summer (the period of rising temperature in the
present study), Campylobacter colonized more broiler
chicken flocks, owing to the higher air temperature.
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Thus, carry-over of Campylobacter infection would be
a more relevant factor in autumn (period of decreas-
ing temperature). Therefore, high humidity is poten-
tially an important factor causing carry-over of Campy-
lobacter infection during decreasing temperature peri-
ods, when the chicken houses are empty (correspond-
ing to the 11- and 12-term lags), and rearing of chicks
has begun (corresponding to the 10- and 9-term lags).
Previous studies have demonstrated that humidity is
important for the transmission of Campylobacter from
spent litter to chickens; in fact, a delay in Campylobac-
ter colonization was observed under conditions of low
humidity (approximately 30%) (Line, 2006).

We found that high levels of solar radiation increased
Campuylobacter colonization in chickens reared during
the period of decreasing temperature, although the ef-
fect was observed intermittently. Air temperature is
determined mainly by solar radiation; therefore, so-
lar radiation is highly correlated with air temperature,
which was a risk factor for the Campylobacter colo-
nization of chickens. However, the number of terms in
which the effect of solar radiation was observed was
smaller than those in which the effect of air temperature
was observed. Since sunlight was reported to inactivate
Campylobacter in surface water (Rodriguez and Araujo,
2012), solar radiation was thought to reduce Campy-
lobacter colonization through a decrease in the infec-
tion source. However, we did not observe this reducing
effect of solar radiation. We could not conduct the mul-
tivariate analyses, because we detected a correlation be-
tween air temperature and solar radiation. Therefore,
we could not confirm an independent effect of solar
radiation on Campylobacter colonization. In fact, the
inhibitory effect of solar radiation on Campylobacter
might be reversed by high air temperature, which was
found to increase Campylobacter colonization.

In summary, the results of our study suggest that
high air temperature and humidity promote Campy-
lobacter colonization in broiler chickens in Japan. In
chickens reared during periods of rising temperature,
high air temperature increased Campylobacter coloniza-
tion, irrespective of the age of the chickens. In chickens
reared during the period of decreasing temperature, air
temperature was a significant risk factor for older chick-
ens, which were approaching the time of shipping and
processing. The high humidity at the time when chicken
houses were empty and chicks were younger also in-
creased Campylobacter colonization in chickens reared
during periods of decreasing temperature. In fact, hu-
midity was suggested to be an important factor causing
the carry-over of Campylobacter infection.

In conclusion, the present study, carried out in
Kagoshima, which is a major producer of broiler chick-
ens of Japan, demonstrated that the effects of climatic
elements on Campylobacter colonization in chickens de-
pend on the season and the age of chickens. To de-
velop efficient strategies for preventing Campylobacter
colonization, further studies are required to identify the
source of infection, potential reservoirs, and vectors for

transmission of Campylobacter, which in turn could be
associated with climatic elements.
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ABSTRACT Here, we report the draft genome sequences of Campylobacter jejuni

CAM970 and C. coli CAM962, which were associated with a large outbreak of food- FAREIEE] 242 il 20117 (AR 2 iy

borne illness originating from undercooked chicken sushi in Fukuoka, Japan, in May iow P“t:'s:e‘j LSiU:ehZO:N , .
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2016. Their genome sizes were 1,690,901 and 1,704,736 bp, with 22 and 23 rRNAs, 9 Maruyama H. 2017, Draft genome sequence of

and 9 tRNAs, and 411X and 419X coverage for C. jejuni CAM970 and C. coli Campylobacter jejuni CAM970 and C. coli

CAM962, respectively. CAMO962, associated with a large outbreak of
foodborne illness in Fukuoka, Japan, in 2016.
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ampylobacter jejuni and C. coli are two of the leading causes of foodborne gastro- ¢ . J o
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intestinal illnesses, which, worldwide, number approximately 400 to 500 million open-access article distributed under the terms
cases annually (1, 2). In Japan, a total of 339 cases of foodborne campylobacteriosis of the Creative Commons Attribution 4.0
were reported in 2016, which represented 29.7% of all foodborne cases (1,140 cases) itz liaense.
reported that year (3). Epidemiological data have shown that chicken meat is one of the
main sources for human campylobacteriosis (4). In May 2016, a large foodborne
outbreak caused by Campylobacter spp. occurred; 266 patients suffered from gastro-
enteritis due to the consumption of undercooked chicken meat and vinegar rice (sushi)
in Fukuoka city. Bacteriological surveillance determined that both C. jejuni and C. coli
were associated with the outbreak. In order to characterize their genomic traits, we
examined, and report here, the draft genome sequences of C. jejuni CAM970 and C. coli
CAM962, which were isolated from patients treated during the outbreak. Genomic DNA
of the two strains was sequenced by single-end sequencing with an lon Torrent PGM
sequencer (Thermo Fisher Scientific, Waltham, MA, USA), resulting in average coverages
of 411X and 419X, respectively. Raw reads were trimmed and de novo assembled using
CLC Genomics Workbench version 9.0 (Qiagen, Hilden, Germany). The parameters for
trimming were as follows: ambiguous limit, 2; quality limit, 0.05; number of 5’ terminal
nucleotides, 20; and number of 3’ terminal nucleotides, 5. The parameters for the de
novo assembly were as follows: mapping mode, create simple contig sequences (fast);
bubble size, 50; word size, 21; minimum contig length, 500 bp; perform scaffolding, no;
and autodetect paired distances, yes. The draft genomes of C. jejuni CAM970 and C. coli
CAM962 were assembled into 61 and 34 contigs with accumulated lengths of 1,690,901
and 1,704,736 bp (Nso, 92,774 and 156,200 bp) and average G+C contents of 30.2 or
31.3%, respectively. The genome was annotated with the RAST server (5). Annotation
of these assemblies identified 1,813 and 1,820 coding sequences, 22 and 23 rRNAs, and
9 and 9 tRNAs, for C. jejuni CAM970 and C. coli CAM962, respectively.

The sequence types (STs) of these strains were also profiled with a multilocus
sequence typing (MLST) scheme (6). The results showed that strains CAM970 and
CAM962 belonged to ST5716 and ST1181, respectively, and both strains were found to
associate with human infection based on the Campylobacter MLST database (https://
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pubmilst.org/campylobacter). The data provided here can aid in future efforts to identify
the sources of infections, since the genome sequence-based framework has potential
advantages for epidemiological studies of Campylobacter infections (7). With the in-
creased application of whole-genome sequencing technologies to epidemiological
studies of Campylobacter outbreaks (i.e., source tracking) (8, 9), further accumulation of
genomic data of Campylobacter spp. associated with foodborne outbreaks will contrib-
ute to improving our understanding of host and geographic adaptation of this patho-
gen and lead to the development of preventive strategies.

Accession number(s). This whole-genome shotgun project has been deposited at

DDBJ/EMBL/GenBank under the accession numbers BDRZ01000000 (CAM970) and
BDRY01000000 (CAM962). The versions described in this paper are the first versions,
BDRZ01000000 (CAM970) and BDRY01000000 (CAM962).
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Genome Sequence of Clostridium
botulinum Strain Adk2012 Associated
with a Foodborne Botulinum Case in
Tottori, Japan, in 2012
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Masaaki Iwaki,® Keigo Shibayama®

Division of Biomedical Food Research, National Institute of Health Sciences, Tokyo, Japan®; Department of
Bacteriology II, National Institute of Infectious Diseases, Tokyo, Japan®

ABSTRACT We report here a draft genome sequence of Clostridium botulinum
Adk2012 responsible for a foodborne botulism case that occurred in Tottori, Japan,
in 2012. Its genome size was 2,904,173 bp, with 46 rRNAs and 54 tRNAs, at a cover-
age of 14.5X.

lostridium botulinum is a spore-forming anaerobe with the ability to produce

botulinum neurotoxin (BoNT) that causes a neuroparalytic disease, botulism (1, 2).
Although the incidence of botulism is not frequent, this pathogen is recognized as one
of the most serious biological hazards because of its high mortality rate (3). The most
common form in Western countries is infant botulism, while foods also occasionally
transmit this pathogen to humans through the ingestion of BoNT generated in the food
matrixes. Typically, home-canned food substances and fermented uncooked dishes are
thought to be some of the major sources for foodborne botulism (http://www.cdc.gov/
botulism).

On March 2012, one foodborne botulism case occurred by the intake of contami-
nated adzuki batto, a sweet adzuki bean soup containing flat wheat noodles in a
vacuum package (4). Although the causative C. botulinum strain, Adk2012, harbored
both ha33 and p47 genes, representing the BoNT/A and BoNT/B clusters, respectively
(5), only BoNT/A was detected from the causative food at 75,000 50% lethal dose
(LDso)/g of weight intraperitoneally (i.p.) in @ mouse toxicity assay (4).

To further characterize its genomic trait(s), this study determined a draft genome
sequence of the C. botulinum Adk2012 strain originating from the causative food of a
foodborne botulism case in Japan 2012. The genomic DNA of the strain was extracted
using the Genomic tip-500G kit (Qiagen, Hilden, Germany), followed by sequencing
analysis using paired-end sequencing with a FLX Titanium sequencer (Roche, Basel,
Switzerland), which resulted in an average coverage of 14.5X. Raw reads were trimmed
and de novo assembled using CLC Genomics Workbench version 9.5 (Qiagen). The
parameters for trimming were as follows: ambiguous limit, 2; quality limit, 0.05; number
of 5’-terminal nucleotides, 20; and number of 3’-terminal nucleotides, 5. The parame-
ters for de novo assembly were as follows: mapping mode, create simple contig
sequences (fast); bubble size, 50; word size, 21; minimum contig length, 2,000 bp;
perform scaffolding, no; and autodetect paired distances, yes. The draft genome of the
C. botulinum Adk2012 strain was assembled into 275 contigs, with an accumulated
length of 2,904,173 bp (N5, 12,881 bp) and an average G+C content of 28.4%. The
genome was annotated by the RAST server (6). Annotation of these assemblies iden-
tified 3,486 coding sequences (CDSs), 46 rRNAs, and 54 tRNAs.
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The nucleotide sequence of the BoNT/A gene in the Adk2012 strain showed 100%
identity to the BoNT/A1 in strain ATCC 3502, while the sequence of BoNT/B1 gene
contained stop codons and deletions, indicating its loss of function, which was in
agreement with a previous finding by Hutson et al. (7). The SEED Viewer program also
showed that the C. botulinum A strain ATCC 3502 was one of the closest neighbors to
the Adk2012 strain. Considering the genomic diversity of this pathogen (8), further
accumulation of genomic data will provide new information on pathogen biology and

transmission and inform studies on pathogen evolution.

Accession number(s). This whole-genome shotgun project has been deposited at
DDBJ/EMBL/GenBank under the accession number BDQO00000000. The version de-

scribed in this paper is the second version, BDQ002000000.
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