
3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

2015 1

 2015 2018 8 5 3,000 

CFU/ 100 mL  
 2019

 10 200 CFU/100 mL  2020

 2021 1 20 CFU/100 mL Legionella pneumophila SG 6

 
  

 

1  
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A.  

 

 
1 2 3 -

4  

 

 
 

 2015

 8

  20 CFU/100 mL  
 

 
 

 
SNPs 2015

SNPs  
  

 
  2015

 
Sequence-Based Typing SBT  

Single Nucleotide Polymorphisms SNPs SBT

Sequence Type ST  SNPs

SNPs

  
 

 
SNPs  2 L. 

pneumophila SG1 1 L. pneumophila SG13

SNPs L. pneumophila ST2114 7

2 ST2114

  SNPs

3

L. pneumophila  SNPs 21 SNPs

SNPs  
SNPs  
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2017  
 

 

 DNA

 
 

 3,000 CFU/100 mL

 

 2018 2

 5 10 400 CFU/100 

mL  
 

 
 

 2018

 2020

4 5  

  

 2019 2021

 

 

 

 

 
5  

 

 

1

  

 
 

 
 

 

 

 
 

 
 

 

 

2015
2 3

 
Sequence-Based Typing SBT

Single 

Nucleotide Polymorphisms SNPs

  

 

B.  

1

 

1 1  

1  

1  2019

9 1  2020
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5  
1 7  

 10  11 5

2021 10 1

 2 

  
 
14  2020

10  
2 4

 

3  

 
  pH

 

 

2  

 

1  
 3L  

6 1

 1  4

 12  2019 9  2020

10  2021 7

 6

4 2021

8 9  

 
 

  pH

 

 

1-2   pH

 

25 1.0 

mL 500 mL

 
pH

50 mL

 pH

 DPD

 “

”AQ-101

 

 

1-3  

500 mL  47 mm 0.2 µm

 5 mL 50 PBS

 0.5 

mL  50� 20

0.5 mL pH2.2

 4

50 PBS 10

 10 100 100 

µL MWY Oxoid

GVPC  
36� 7

BCYEα

  

 

1-4 Loop-Mediated Isothermal Amplification

LAMP
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LAMP

 Loopamp

 E 1-3

1.5 mL  
 

 

1-5  

 
LEG (genus Legionella 16S rRNA gene)

Lmip (L. pneumophila macrophage infectivity 

potentiator gene) PCR6

7 L. pneumophila

 

 

 

1-6  

PBS 10  
1 mL R2A BD

 20 7

  

 

2

 

 

2-1  

(1)  

 
2018 1 2020 10

Legionella pneumophila (SG1: 8 , SG6: 

5  SG9: 5 ) 1 1  

(2)  

2015 1

( 7 )

 4 (1~4) 2 (1, 

2) Legionella pneumophila 

(SG1: 8 , SG13: 3 ) 1 2  

 

2-2 SBT  

DNA

DNA  
http://www.ewgli.org/  

flaA, pliE, asd, mip, mompS, proA, 

neuA PCR  
 

 
ST  

 

2-3 SNPs  

DNA QIAmp DNA Mini 

Kit (QIAGEN)

DNA Collibri™ PCR-free ES DNA 

Library Prep Kit Thermo Fisher Scientific

QIAseq FX DNA Library Kit 

QIAGEN  
iSeq100 System (illumina)  

 

 L. pneumophila subsp. pneumophila str. 

Philadelphia

AE017354

 Genbank complete 

genome 6 L. 

pneumophila SG1 Alcoy Corby 
Lens Paris Philadelphia 130b (

: CP001828, CP000675, 

NC006369, NC006368, AE017354, FR687201)

 kmer
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kmer

KmerID 

(https://github.com/phe-bioinformatics/kmerid)

 

Burrows-Wheeler Aligner 

(http://bio-bwa.sourceforge.net)  SNPs

Genome Analysis Toolkit 

(https://gatk.broadinstitute.org/hc/en-us)

SNPs CLC Genomics Work-

bench (QIAGEN)  
 

 

C.  

 

1  
 

 
 

 

 

2019 9

A 2 B 

A 1 

L. pneumophila SG9 10 CFU/100 mL

2  
L. pneumophila SG1 6 Legionella sp.

200 CFU/100 mL pH 8.0 8.4

 
0.01 mg/L

 A 3.45 mg/L 
B 3.35 mg/L  

0.15 0.37mg/L  

 
56.9

55. 3 55  
 33.0 41.5  

2020  
 

4 1 3

 
 
 30

2 4 5 1  

DPD  0.8 2.0 mg/mL

3

 
 

4 1 2  

 
7 1

DPD

   0.8

2.0 mg/L  
 

2

  
3 1 2

4  

5  
 

30  
6

7 1 2

 

2020
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 1 80 CFU/100 mL L. 

pneumophila SG 6 Legionella sp.  
7 10 

CFU/100 mL L. pneumophila SG 6

 
3 9 3

10 20 CFU/100 mL L. pneumophila SG 6 
9 Legionella sp.  5

11 2  60 

CFU/100 mL L. pneumophila SG 6 9

2

 
 pH 8.0 8.2

 1.3 1.9 

mg/L  7 0.1 0.9 mg/L 9 0.5

1.7 mg/L 11 0.4 0.7 mg/L

5

50.0  45.4  
29.2 42.2  

 
7  9  11

 54.9  
55.3  30.9

50.2  

2020  1

7  
8

 
 

9

 
 

 
8  9  

 

1.0

2.0 mg/L  

2021  
A 2 L. pneumophila SG 6

20 CFU/100 mL

2  pH  8.0 8.3

 0.01 

mg/L A 0.1 mg /L A

0.4 mg/L  0.6 1.3 

mg/L 57.3  
55.3  32.7 47.2

 

 

 

 2020

  
 

 

2015  
 LAMP  

2019

LAMP

 2020  2021

 LAMP

 2020

 
 

2020  
54.9
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 2021 55.7 

 

 

 

 
 

 

 

 

1 2019

 2 4

 L. pneumophila SG1  
10 20 CFU/100mL 3

L. pneumophila SG1

0.8 1.2 mg/L 

  
3L A

2  
 ･

 
 

2020  1

2 L. pneumophila SG1

2021 7  12

LAMP

  2019

11  3 2021 3

1

8  
4  1 1 20 CFU/100 

mL  L. pneumophila SG1 LAMP

 
3 1  

1 1

12

3 9

 2 2 20 CFU/100 mL

 L. pneumophila SG1 LAMP

 

7 6 12

 1.0 6.8 103 CFU/mL

8  9

4 8  2.0

8.9 10 CFU/mL

 0.67 mg/L  pH 7.3

7.8 20.6 24.8  

 
 6.8 103 CFU/mL

 
 

2019  1.8

104 1.5 103 CFU/mL

 2.0 6.9 10 CFU/mL

 
 

0 6.7 10 CFU/mL

  

2021

0.67 mg/L  

  
   20 

CFU/100 mL
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3

 

3-1

 

 

SBT  SG

KL2064 Sequence Type ST 1

 ST552 SG6

5 ST191 SG9

ST2693 4  

SNPs L. pneumophila subsp. 

pneumophila str. Philadelphia

 SG1

11,489 SNPs 8  
KL2064 7 SNPs

KL2064 SNPs  7,176 SNPs

5 1 SG6 36,119

SNPs SG6 SBT

ST  
SNPs 1 4 SNPs 3

5 2 SG9

87,741 SNPs SG9

SBT ST

 SNPs 1 2 SNPs

3 5

3  

SBT S  
SG1 SNPs  
SG6 SG9

5 1  2  3 SNPs SBT

8  Raphael

SG

 
 SNPs 5

9

 SBT

ST

2018 1 SG1

KL1997  
2018 10 2019 9

( 1 5 1 )  
SG1  A

KL1997 6  B KL2104

1 5 1  
SG1

 
2020

5  SG1

2  
 

 

2020 5

 4 SG6 9

 2020

2019

 
SG6 9

 
 

SBT
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SNPs  

 
 

 

 

3-2

 

SBT  L. pneumophila SG 7

ST2114 1 ST2121 ( 6)

ST2114 ST2121 neuA Allele

 1

L. pneumophila SG13 3

ST2113 Kuroki
2 3)  

SNPs  11

kmer

Corby (kmer similarity 

89.9%~91.2%)  
 

SNPs  L. pneumophila SG1

8 A (KLH24, KLH31, KLH33, 

KL1528) B (KLH22, KLH32, 

KL1523, KL1524) ( 7(1))

A SNPs

8~21 SNPs  ST2114 4

B SNPs

3~6 SNPs  ST2114 3

ST2121 1

A B SNPs 744 

SNPs L. pneumophila SG13 3

 SNPs 16~21 SNPs

( 7(2))  

Reuter 10  
SNPs  5 (

2 3 )

 SNPs

15 SNPs

 Graham 11  
3 1

SNPs  
 20 SNPs

 L. 

pneumophila SG1 A

8~21 SNPs B

3~6 SNPs  SNPs

 
L. 

pneumophila SG13  
16~21 SNPs  

 L. pneumophila SG1 L. 

pneumophila SG13 1833~2562 SNPs

( 7 )  

 
 

1, 2 A

2 (KL1528)

B 1 (KL1523, 

KL1524)  

 A

2  
B 1

L. 

pneumophila SG13  
1 2  

L. pneumophila
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SNPs  cgMLST  SBT
8 Kuroki

cgMLST  ST2114 2

cgMLST

 1 3

 SNPs ST2114

7 2

A, B

ST2114  
 

SNPs

 

L. pneumophila SG1

 (Allele)

2 ST (ST2114 ST2121 1

)  SNPs

 2 ST

B  SNPs

 SBT ST

 
SNPs

 

SNPs  3

(2 L. pneumophila SG1

1 L. pneumophila SG13

 
SNPs 21 SNPs

SNPs

 SNPs

 

 
 

D  

IASR Vol. 34 p. 

157-158: 2013 6  

(IASR Vol. 37 p. 140-141: 2016

7 ) 

Kuroki T, et al.: Outbreak of Legionnaire’s 

Disease Caused by Legionella 

pneumophila Serogroups 1 and 13. Emerg. 

Infect. Dis, 2017, 23, 349–351. 

2008.1 2012.12 (IASR 

Vol. 34 p. 155-157: 2013 6 ) 

.    
    

 
 

  
 

. : PCR  Legionella 

. , 50 

: 394-399,1992. 

Mahbubani MH, et al.: Detection of 

Legionella with polymerase chain reaction 

and gene probe methods. Molecular and 

Cellular 55 Probes, 4: 175-187, 1990. 

David, S. et al.: Evaluation of an Optimal 

Epidemiological Typing Scheme for 

Legionella pneumophila with Whole-

Genome Sequence Data Using Validation 

Guidelines. J Clin Microbiol, 2016, Vol 54, 
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p. 2135-2148. 

Raphael, B.H. et al.: Genomic resolution of 

outbreak-associated Legionella

pneumophila sero-group 1 isolates from 

New York State. Appl. Environ. Microbiol., 

2016, 82, 3582–3590. 

.  Reuter S, et al.: A pilot study of rapid 

whole-genome sequencing for the 

investigation of a Legionella outbreak. 

BMJ Open, 2014, 33(1), e002175. 

. Graham RMA,: Real-time investigation of 

a Legionella pneumophila outbreak using 

whole genome sequencing. Epidemiol 

Infect, 2014, 142, 2347–2351. 

 

E  

 

 

F  

 

 

G  
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1  

 
 

(2)  

���� � �
� ����

2 3 12 .  ���

2 3 12 .  ���

2 3 12 .  ���

 2 3 12 .  ���

2 3 12 .  ���

2 3 12 .  ���

  2 3 12 .  	���

 2 3 12 .  	���

 2 3 12 .  	���

 2 3 12 .  	���

 2 3 12 .  	���
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2 B 

 
L. p. : L. pneumophila L. sp. : Legionella sp. + : - : N. T. : not tested  

2020 10 S 6  

 

LAMP �� LAMP

���	��

��
 CFU/100 mL)

LAMP

���	��

��
 CFU/100 mL)

LAMP

���	��

��
 CFU/100 mL)

LAMP

���	��

��
 CFU/100 mL)

LAMP

���	��

��
 CFU/100 mL)

LAMP

���	��

��
 CFU/100 mL)

�� - - - - - - - - N. T. N. T. - - - -

��� - - - - - - - - N. T. N. T. - - - -

�	�1 - L. p. SG9
10

- - - - - L. p. SG9
10

- L. p. SG9
10

- L. p. SG9
60

- -

�	�2 !

L. p. SG1
L. p. SG6

L. sp.
200

!

L. p. SG6
L. sp.

80
!

L. p. SG6
10 !

L. p. SG6
L. sp.

20
- L. sp.

20 !

L. p. SG6
L. sp.

60
! L. p. SG6

20

�� - - - - - - - - N. T. N. T. - - - -

��� - - - - - - - - N. T. N. T. - - - -

�	�1 - - - - - - - L. sp.
10

- - ! - - -

�	�2 - L. p. SG1
30

- - - - - - - - - - - -

- - + - + - + - + - + - + -

2021�

10�

�����

��A

��B

2019� 2020�

9� 5�(������) 7� 9� 10� 11�
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3  

 

L. p. : L. pneumophila L. sp. : Legionella sp. + : - : N. T. : not tested 

- 1.7×102 - - 1.0×103 - - 6.8×103 N. T. N. T. N. T. N. T. N. T. N. T.

3L - - 1.5×10 - - 5.4×10 - - 3.9×10 N. T. N. T. N. T. N. T. N. T. N. T.

+ - 1.8×104 - - 5.6×10 - - 9.0 - - 3.1×10 - - 6.9×101

3L - - 1.5×103 - - 2.0 - - 1.7×10 - - 3.3×10 - - 2.5×101

+ L. p  SG1
20 1.0 - - 0 - - 4.0 - - 2.0×10 - - 1.1×101

3L + L. p  SG1
20 0 + - 0 - - 1.0 - - 5.2×10 + L. p  SG1

20 9.5

- - 2.6×103 - - 2.9×10 - - 5.3×103 N. T. N. T. N. T. N. T. N. T. N. T.

3L - - 9.0 - - 0 - - 1.2×102 N. T. N. T. N. T. N. T. N. T. N. T.

- - 4.0 - L. p  SG1
10 5.0 - - 3.6×10 - - 1.1×102 + L. p  SG1

20 8.9×101

3L - - 3.0 - L. p  SG1
20 0 - - 1.2×10 - - 3.8×10 - - 1.1×101

- L. p  SG1
10 6.7×10 - L. p  SG1

20 2.0 - - 4.1×10 - L. p  SG1
20 4.9×10 - - 5.0

3L - L. p  SG1
20 7.0 + - 0 - - 2.1×10 - - 1.8×10 - - 2.0

B 1

2021 3

10�9

B 2

2021 3

A 1

2021 3

A 2

LAMP
(

LAMP
( CFU/100 mL CFU/100 mL

LAMP
(

-

2019 11

LAMP
(

LAMP
(

8�7�

CFU/100 mL CFU/100 mL CFU/mLCFU/mLCFU/mLCFU/mL

202120202019

CFU/100 mL CFU/mL

9�
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4  SBT  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24 834 0 5 38 5 75 8 897 61

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

L K E A E
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5 SNPs  

(1) Legionella pneumophila SG1 

 
SNP 6  

(2) Legionella pneumophila SG6 

 
SNP 6  

 

 

 

2 1 2 0 847

6 0

6 0

6 0

6 0

6 0

6 0

6 0

6 0

36 2 3614 958

70 1 4

70 1 4

70 1 4

70 1 4

70 1 4
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(3) Legionella pneumophila SG9 

 
SNP 6  

 

 

T  

 

 

1 0 1 2 7 6

5 2

5 2

5 2

5 2

5 2

3 23 9 42 4 4 8 5
� �� �� � �� �� 	 ���

� �� �� � �� �� 	 ���

� �� �� � �� �� 	 ���

� �� �� � �� �� 	 ���

� �� �� � �� �� 	 ���

� �� �� � �� �� 	 ����

� �� �� � �� �� 	 ����

� �� �� � �� �� �� ����

� �� �� �� �� �� ��	 ���

� �� �� �� �� �� ��	 ����

� �� �� �� �� �� ��	 ����

8 18 ��
� �	�
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7  T SNPs  

(1) Legionella pneumophila SG1 

 

SNPs ( A B) 

 

(2) Legionella pneumophila SG13 

 
SNPs  

 

����� �� �
�� ���� ���� ���� �����	 ���� ���� ������ ������ ���	

���� ���� � � � ��� ��� ��	 ��� ���
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 ��� ���

���� ���� � ��
 ��� ��� ��� ���
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 ��� ���

���� ���� �
 �� 	 ���
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���� ������ �� ���
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�
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