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28.04.04 05
28.09.01 02
29.03.29 30

Orientia tsutsugamushi 3

28.05.24 1

28.07.12
Salmonella Agona

1

28.08.13 17 1

28.09.05
Campyrobacter jejuni Penner PCR

1

28.09.08
Escherichia albertii

1
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1
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1
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GII.17

GII.4 GII.17

GII.17
GII.4

nested real-time PCR

35 /g

GII.4

GII.17

28 30

2016

NoV
SaV

2016
NoV SaV

2016 1 NoV GII
3 NoV GI 2

GII.3 GII.17 GI.2 GI.4
1

NoV GII.17 2
NoV GII.4 Sydney 2012

GII.17 GI.2 GI.4 3
NoV GII.6 GI.7

1 3
SaV 10 11 12

12
NoV GII.2 GII.3

NoV GII.2 11
NoV GI.7 12

2016 3
NoV GII
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GII.4 Sydney 2012 GII.17
NoV 

GII.2 10
12

NoV GII.4 Sydney 2012
NoV GII.2

11 12 SaV GI.1
GII.3

NoV SaV

28 30

1,4-

1,4-

1,4-

1,4-
A B

Mycobacterium
A B Mycobacterium

A 0.27 0.85
B

4 18
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28
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25 28
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1 2
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28 30

RNA

*1

RNA
RNA

RNA
SaV RNA

SaV RT-PCR real-time PCR

PCR
Tm LNA Locked Nucleic Acid

Tm 1st. PCR 2nd. PCR real-time PCR
SaV 

1,2)

NoV
SaV

A

3) 19
21

NoV

4-13) 22~24

14-19)

20)

NoV
SaV RNA

SaV-GI.1 Accession No: 
AB685711

Tris-HCl pH8.4 – 0.5 M NaCl – 0.1% Tween20

*1
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HDM Labs Inc.

DW 5%

RNA
TRIzol-LS Thermo Fischer Scientific

RNA
QIAamp Viral RNA Mini Kit Qiagen

AVL
DNase I RT Grade RNase 

inhibitor

-Amylase

conventional PCR
1st.PCR KAPA2G Robust HotStart PCR Kit
KAPA BIOSYSTEMS

buffer A Mg2+ 4.5 mM
dUTP 20)

2nd. PCR AptaTaq Fast PCR Master Roche 
Diagnostics

anti-Taq high

ReverTra Ace

9 mer
PANR-SV 4

conventional PCR
Kitajima 21)

LNA Locked Nucleic Acid
22) 1 2

conventional PCR
PC-320

real-time PCR
LightCycler 480

 real-time PCR
LightCycler 480 Probe Master

real-time PCR
Oka 23)

LNA 3

2

PCR

22 1

25
DNase I 2

10g

50mL

3,000 rpm 30

5% 150 L

1.0mL

37 15

3,000 rpm 20

250 L

TRIzol-LS  750 L

200 L

12,000 rpm 15

0.8

QIAamp Viral RNA Mini Kit

DNase I RNA 2

15

-Amylase 1mL 
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0.8 EtOH

TRIzol

8,000rpm, 1

8,000rpm, 1

AW1, 500 l

8,000rpm, 1

40 l

5

AW2, 500 l

1

DW 16 l

10× 4 l

DNase I (1unit/ l)  20 l

8,000rpm, 1

AW2, 500 l

15,000rpm, 3

AVE 60 l

PCR
5×105 / L SaV GI.1 cDNA DW

1 Kitajima
1st. PCR LNA

25 L
5 L PCR

95 2 1
95 30 50 30 72 60 40
72 7 1

60

95 2 1
95 30 60 30 72 60 40
72 7 1

5×103 / L SaV GI.1 cDNA DW

2 Kitajima 2nd. PCR

LNA

60
95 2 1
95 30 60 30 72 30 40
72 7 1

SaV GI.1 cDNA 101 103

3 real-time PCR
Tm

SaV1245R LNA

2×106 / L SaV GI.1 RNA DW

4
PANR-SV cDNA

PANR-SV PANR-SVa PANR-SVb
PANR-SVc 6:3:1

42
20 L 10 L

30 DW 20 L
2 5 L

conventional PCR real-time PCR

 PCR
3

50 DW
10-4

10-2

16s

60

SaV
1 Tm
R13 R14 LNA Tm

R13-L5 R14-L4
60 10-4

SaV
Tm SaV1245Rfwd LNA

10-4 4
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Tm SaV1245R LNA
real-time PCR

101

5

6
DW

10-5

10-3

PANR-SV
10-5

SaV
1st.PCR 2nd. PCR

SaV
real-time PCR PANR-SV

10-5

7

5’ 3’ Tm

Forward
SaV124F GAYCASGCTCTCGCYACCTAC 65 69 23
SaV1F TTGGCCCTCGCCACCTAC 67 23
SaV5F TTTGAACAAGCTGTGGCATGCTAC 66 23

Reverse
R13 GGTGANAYNCCATTKTCCAT 56 65 21
R14 GGTGAGMMYCCATTCTCCAT 59 67 21

Reverse
R13-L5 GGTGANAYNCCATTKTCCAT 66 77
R14-L4 GGTGAGMMYCCATTCTCCAT 66 74

G, C, T: LNA

5’ 3’ Tm

Forward SaV1245Rfwd TAGTGTTTGARATGGAGGG 57 59 21
Reverse R2 GWGGGRTCAACMCCWGGTGG 65 70 21
Forward SaV1245Rfwd-L3 TAGTGTTTGARATGGAGGG 63 64

G: LNA

5×105 / L cDNA
5 L 25 L

5×103 / L cDNA
5 L 25 L
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5’ 3’ Tm

Forward
SaV124F GAYCASGCTCTCGCYACCTAC 65 69 23
SaV1F TTGGCCCTCGCCACCTAC 67 23
SaV5F TTTGAACAAGCTGTGGCATGCTAC 66 23

Reverse SaV1245R CCCTCCATYTCAAACACTA 57 59 23

Probe
SaV124TP FAM-CCRCCTATRAACCA-TAMRA-MGB *1 23
SaV5TP FAM-TGCCACCAATGTACCA-TAMRA-MGB *2 23

Reverse SaV1245R –L3 CCCTCCATYTCAAACACTA 65 66
C: LNA

*1 DNA Tm 47 55 MGB
*2 DNA Tm 58 MGB

101 103 cDNA 20 L
N.D.:

5’ 3’ Tm
PANR-SVa GCVNYRAARTGKTGRTTVACYTG 61 83 1536
PANR-SVb GMRTTRAARTGKCKRTTVACYTG 60 82 768
PANR-SVc GYGGWRRAATGGYGGTTRACYTG 61 73 128

A, G, C, T: LNA
PANR-SV: PANR-SVa PANR-SVb PANR-SVc 6:3:1

N.D.   N.D. 

103

102

101
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2×106 / L RNA RT-PCR

2×106 / L RNA real-time PCR

NoV
24-26)

NoV
RNA

DNase I
NoV

SaV RNA
NoV

10-1   10-2  10-3   10-4  10-5
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2

PCR

PCR
PCR

cDNA

SaV cDNA

DW

1 Kitajima 1st.PCR
R13 R14 Tm

PCR Tm
50

SaV cDNA DW

SaV
3 PCR

60

SaV

Tm
LNA

1 R13 R14
Tm

R13-L5 R14-L4
60 PCR 3

2 Kitajima 2nd. PCR
SaV1245Rfwd Tm

LNA

R2 Tm
2nd.PCR 50

60
4

3 Oka
real-time PCR

SaV1245R
Tm

62
Tm

DNA Tm MGB

5

SaV1245R LNA
Tm

SaV1245R-L3

PCR

SaV RNA
4

conventional PCR
real-time PCR

6 DW
10-5

10-3

PANR-SV 10-5

2nd. PCR
SaV

real-time PCR
PANR-SV 10-5

Tm
LNA
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Forward Reverse
Tm SaV

Tm
LNA

Tm

5

SaV 
GI.1 GI.2 GII.3 GIV.1
GV.1

E

NoV SaV

RNA
PCR

NoV RNA

SaV 1st. PCR 2nd. 

PCR real-time PCR
Tm LNA

SaV

1
:

1 19 11 18
2007, 16-17.
2 :

, 2007, 35-36.
3

:
2007, 1-2.
4 ,

19 , 2008, 103-111.
5 ,

2

19 , 2008, 
125-133.
6

4 2008 75-81.
7

1 ,7, 2008, 
69-72.
8 ,

1

20
, 2009, 27-38.

9 ,
2

20
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,2009, 181-190.
10

5
2009 54-62.
11 ,

1

21
, 2010, 45-60.

12 ,
2

21
,2010, 187-197.

13

6 2010 59-69.
14

7 2011 43-53.
15 , :

,
, 32, No.12, 2011, 4-5.

16 ,

22 , 2011,
45-57.
17 :

,
, 29, No.1, 2012, 32-37.

18 ,

24
, 2013, 35-48.

19 Saito H., et. al.: Development of a practical 
method to detect noroviruses contamination in 
composite meals. Food Environ. Virol., 7, 2015, 
239-248.
20 ,

25
, 2014, 31-58.

21 Kitajima M., et. al.: Detection and genetic 
analysis of human sapoviruses in river water in Japan.
Appl. Environ. Microbiol., 76, 2010, 2461-2467.
22 Latorra D., et. al.: Design considerations and 
effects of LNA in PCR primers. Mol. Cell. Probes, 17,
2003, 253-259.
23 Oka T., et. al.: Detection of human sapovirus by 
real-time reverse transcription-polymerase chain 
reaction. J. Med. Virol., 78, 2006, 1347-1353.
24 , :

, ,
32, 2011, 13-14.
25 ,

24
, 2013, 175-180.

26 , :
, , 32,

2015, 153-158.
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28

Omphalotus guepiniformis S
LC-MS/MS

LC-MS/MS 80
281 383 g/g

S S 75
S

Omphalotus guepiniformis

1) 2006
2015 206
3 2)

S
1

3)

S

S
4-8

2015

LC-MS/MS S

S

2015 9
2015 10

-30
50 mL 5 g

S
100 g/mL

LC/MS
MeOH LC/MS

LC/MS
Waters Oasis HLB

500 mg/6mL
Whatman

13 mm GD/X
0.45 m PTFE

IFM-650D
KINEMATICA

POLYTRON RT1200E
KUBOTA8850

EYELA MG-2100

LC-MS/MS Agilent Technologies Agilent 
1100 HPLC
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Sciex API4000

Waters AtlantisT3 2.1 
mm i.d. 150 mm 3 m

A 0.1% B
MeOH 40
0.2 mL/min 5 L

ESI
Multiple Reaction Monitoring

MRM
5000 V

400 265>247
265>217

HPLC 0 min B
30% 10 min 90% 15 min 90% 15.1 min

30% 25 min 30%

2
5 g MeOH 30 mL

1300 g 5
MeOH 20 mL

1300
g 5 50 mL

2 mL
20 L Oasis HLB

MeOH 5 mL 5 mL

20 MeOH 5 mL MeOH 5 mL
1 mL

MeOH

1300× g 5 min 

Oasis HLB

MeOH 1mL
0.45 m

2 mL
20 mL

20 MeOH 5 mL
MeOH 5 mL

MeOH 20 mL

1300× g 5 min

MeOH 30 mL

 5 g

MeOH 50 mL
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S MeOH 0.1
0.2 0.5 1 2 5 g/mL
LC-MS/MS

1 g/g
S 2.5

n=3

S LC-MS/MS
MRM S

MS/MS

265>247
265>217 HPLC

S

4) MeOH
Oasis HLB

S

81.2 84.3
1 (S/N 10)

0.24 g/g 0.08 g/g

4-8) 84 99

S

84.3±3.5
81.2±3.3

* n=3

2015 10
3

S
S 281 383 g/g

2 4-5,8) 1.9
776.2 g/g S

S
1 mg

4)

3 4 g

120 mL

316 g/g
S

S

g/g

A 122 g 383±14

B 109 g 319±5

C 183 g 281±1

120 mL 316±4

n=3
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S
2015 9

45.0 g S
248.7 g/g
300 mL 30 mL 5 g 10

S
3 S 56.6 g/g

37.5 g/g

S 2.8 mg S 8.9 mg
75

S 11.2 mg
104 S

4)

75

S

S

LC-MS/MS
S

80
S

281 383 g/g
S

S 75
S

S

45.0 249 11.2

300+30

49.5 56.6 2.8

237 37.5 8.9

n=2

104

1)
2009 258.

2)
http://www.mhlw.go.jp/topics/syokuchu/04.ht
ml#4-3 

3)
37

1996 1-7.
4) LC/MS/MS

illudin S
50 2009 167-172.

5) illudin 
S LC/MS/MS

43 2010 1-5.
6) LC-MS/MS
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21 2013 1-7.
7)

LC-MS/MS

48 2014 29-34.
8)

S
65 2015 25-28.
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10
2016 32

2016 7 10

1) BCYE
WYO

1) SfiI

SBT L. pneumophila 7
flaA pilE asd mip mompS proA neuA

1) SBT

4
Legionella pneumophila 1 1
SfiI PFGE No.1
No.8

1 2 PFGE

SBT
4 ST550

ST384 ST679 ST550 L. 
pneumophila 1

B1 B2 B3
C1 C2

S1
S2 S3 U

9 2)

4 S1

1
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67.0
7

3)

1 ,
, 23 10 .

2
,

28 7 .
3 : 2008.1

2012.12, , 34, 2013
155–157.

Lanes, M: DNA size standard ladder, 1: No.1

, 2: No.3 , 3: No.4 ,

4: No.8 .

*PFGE



- 39 -

2
27

10 14.4

25

Variable number of tandem repeat VNTR

25

25 7 29 3
222

QIAamp DNA Micro Kit(QIAGEN)
DNA Japan 

Anti-Tuberculosis Association (JATA)(12)-VNTR
VNTR VNTR

JATA(12)-VNTR 3
JATA(15)-VNTR Hypervariable

HV

VNTR VNTR

JATA(12)-VNTR VNTR
222 58 23

5 2 4
1 3 4 2 16 VNTR

JATA(15)
-VNTR HV 18

4 1 2 9

72 32.4% 150
67.6%

8
4

ST3 ST25/19 STK
ST11/26

STK 84.6
ST3 ST11/26

ST25/19
73.6

65 65
65 ST3

65 Modern

27 8.5

65
80.5 222
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189 85.1% 65

7 8

73.6

ST3

1 : 2016,
28 9 .

2 :
VNTR

83 2008 10 673-678.
3 Seto J. , Wada T. et al. : Phylogenetic assignment 

of Mycobacterium tuberculosis Beijing clinical 
isolates in Japan by maximum a posteriori 
estimation. Infect Genet Evol. , 35, 2015, 82-88.

4 Iwamoto, T et al.: Population structure analysis 
of the Mycobacterium tuberculosis Beijing 
family indicates an association between certain 
sublineages and multidrug resistance. 
Antimicrob. Agents Chemother. , 52, 2008, 
3805-3809.
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26 27

2 2

6

2012 2015
162

katG fabG1/inhA ahpC furA
DNA

VNTR 12
PCR

12
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, 67, 4, 2016, 167-175.

In Akita Prefecture, patients with Kato type of 
tsutsugamushi disease (Sucrub typhus) transmitted 
by Leptotrombidium akamushi (L. akamushi) were 
identified in August 2008 for the first time in 15 
years, and in 2010 as well. We conducted surveys 
of the habitat of L. akamushi using Suzuki’s 
Method (MITORI-HO) between 2011 and 2014 in 
74 areas of riverbed in which the disease was 
prevalent, including the upstream, midstream, and 
tributary areas of the Omono River. Habitats of L. 
akamushi were identified in 40 areas in three cities 
and one town, and the total distance along Omono 
River was approximately 10 km shorter than that 
reported by a survey conducted in 1964. Some of 
those areas were inhabited by L. akamushi
gradually after river improvement work and the 
disease temporarily became prevalent there, 
although no patient had been identified in these
areas prior to the construction. L. akamushi was 
only collected from sand, sandbanks, and other 
areas in the vicinity of the river, which can easily 
be flooded when the water level rises. No extensive 
research has been conducted on the re-emergence of 
tsutsugamushi disease transmitted by L. akamushi. 
It is necessary to continue to provide people with 
information and increase their awareness.  
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Development of a practica l method to 
detect noroviruses contamination in 
composite meals.  

Hiroyuki Saito  Miho Toho*1  

Tomoyuki Tanaka*2 Mamoru Noda *3

World Biomedical Frontiers, 2016,  
http://biomedfrontiers.org/inf-2016-3-5/

Food safety measures, including prevention of 
viral contamination, have become necessary in 
recent years due to expansion of the food industry 
and distribution system. Noroviruses (NoVs) are 
major causes of food poisoning and food-related 
outbreaks of gastroenteritis worldwide. However,
identification of the responsible etiological agents 
responsible has been restricted due to the difficulty 
in detecting agents in food samples. It is necessary
to concentrate and purify virus particles in a large 
volume of food emersion into a small volume of 
suspension to extract viral RNA for genetic assays 
such as RT-PCR. We have devised an application 
of immune precipitation by Staphylococcus aureus
to recover virus particles from a food emersion. In 
this study, we developed a “PANtrap method” for 
the detection and quantification of foodborne 
viruses in different food samples including samples 
in solid, liquid, paste and oily states.
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PANtrap A novel detection method 
for general food samples.

Hiroyuki Saito  Miho Toho*1  

Tomoyuki Tanaka*2 Mamoru Noda *3

THE NOROVIRUS, Academic Press, 2016, 
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Norovirus (NoV) infection is a major cause of 
diarrhea, responsible for 20% of diarrhea cases 
worldwide and 50,000-100,000 deaths among 
children in developing countries each year. It has 
been reported that NoV affects approximately one 
in 15 people in the United States, causing 
56,000-71,000 hospitalizations and 570-800 deaths 
annually, that more than 50% of cases of NoV 
infection are foodborne, and that NoV infection is 
associated with an annual healthcare cost of $5.5 
billion. 

In Japan, numerous cases of NoV-related illness, 
including food poisoning, are reported during the 
seasonal outbreak between late-autumn and early 
spring. According to the Food Poisoning Statistics, 
2014, by the Ministry of Health, Labour and 
Welfare Japan, 54.3% of food-poisoning cases were 
caused by NoV, and approximately 70% of the 
reported incidents of NoV infection were 
attributable to foods prepared in restaurants.  

Norovirus has been characterized as the major 
causative agent of viral food-poisoning. However, 
there are only a few cases in which NoV was 
successfully detected from common food items, 
except for oysters, resulting in difficulties in 
identifying the sources and routes of contamination 
as well as in establishing effective strategies for the 
prevention of food poisoning. 

In Japan, the concept of viral food-poisoning was 
first established in the Food Sanitation Act of Japan 
in 1997. Since then, the detection of NoV genes 
from stool samples has become an essential 
component of epidemiological investigations of 
food-poisoning outbreaks and, thereby, made 
marked technical progress in recent years. In 
contrast, norovirus detection from food samples has 
been a difficult pursuit for over 10 years, creating 
an urgent need to develop detection methods for 
viruses in food.  

We have explored practical procedures to detect 
NoV in food items and developed a novel method, 
termed the PANtrap method, which allows the 
detection of NoV from various types of food, 

including solid, liquid, paste, and fried items. This 
article discusses the advantages of the PANtrap 
method and prospects for its future applications. 
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