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1. 2. 3. 

 

LC EMA-qPCR PALSAR qPCR Picogene PCR1100

 

Lp-IMB

α  

8 2016 2020

11.5 75.0%

Lp1 0 12.6% lag-1 0.3 4.4% Lp1 lag-1

lag-1/Lp1 7.7 50.0%  

16S × × Pseu-

domonas 14.5% × Phreatobacter 15.1%

× 0.8% × 0.1%

×

α  
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A  

2021 β

2,112 103%
1, 2)

4

1. 

2. 3. 

 

×

7 10

β

DNA PCR

Ethidium monoazide EMA ×

LC 

EMA-qPCR 3)

LC EMA-qPCR

16S rRNA

DNA

PALSAR

qPCR

qPCR qPCR

LAMP

 

β 87% Legionella 

pneumophila 1 Lp1 4)

×

β

Lp-IMB

1 Lp1

O-

lag-1 β

75
5, 6

lag-1  

7)

16S

 

 

B  

1  

8 A H

2016

A B D F Lp1-IMB

A E F 16S

F  

 

2  

0919 1

10 CFU/100 ml

 

 

3 LAMP  

100 2 ml Loopamp

E

117



 

 

4 LC EMA-qPCR  

LC EMA-qPCR

1 × 3

DNA Lysis Buffer for Legionella

NucleoSpin Tissue

Lysis Buffer for Legionella Type2

DNA

Cycleave PCR Legionella (16S rRNA) Detection Kit

qPCR

16S rRNA CFU

1 CFU /100 ml

10 CFU/100 ml

qPCR CFU 1

log 0  

 

5 PALSAR  

PALSAR 100 × 4 ml

MWY × 1 ml

36 18

70 5

16S rRNA

4  

 

6 qPCR  

1)qPCR  

1 × 2 DNA

100 1 ml 2 ml

Lysis Buffer for Legionella

Loopamp E

DNA

100 1 ml 15,000 rpm 5

50 µl

16S rRNA

Taq qPCR qPCR

qPCR Picogene PCR1100

 

Lysis Buffer for Legionella

DNA qPCR TP900

DNA LAMP

LA-320C  

TP900 qPCR Picogene 

PCR1100 qPCR 16S 

rRNA

1 log 0  

2) ×  

500 ml

0.2 µm 47 mm 500 µl

1

5 µl

17 µl qPCR

 

 

7 Lp-IMB  

1) Lp-IMB  

Lp1 2 3 3 IMB

IMB D IMB 2

IMB

DynabeadsTM M-280 Sheep anti-Rabbit IgG

×

8)

D IMB

×

×

 

2) Lp-IMB  
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Lp1 Lp2

Lp3 BCYE

30 3

McFarland 2.0 PBS 10

1 101-4 CFU/ml

1 ml Lp-IMB 25 µl

10 30

PBS 2 PBS

100 200 µl

100 µl BCYE

35 7

3

BCYE

BCYE

 

3) qPCR Lp1 Lp1-qPCR  

LAMP DNA

Lp1 qPCR
9)  

4) Lp1  

IMB 100

5 1 ml

Lp1-IMB 25 µl 10

30 PBS

2

PBS 100 µl

GVPC

35 7  

 

8 lag-1  

Lp1 DNA

Kozak 5) PCR lag-

1  

 

9 16S  

2 59 ×

34 × 1,200 ml

0.22 µm 47 

mm Dneasy Pow-

erBiofilm Kit  DNA 

16S rRNA

V3-V4 Tks Gflex DNA Polymerase 

PCR

Nextera XT Index Kit MiSeq Reagent Kit v3 

(600 Cycles) RUN QIIME2

 

 

 

 

 

C  

1  

318 × 78 × 24.5% 10 CFU/100 

ml 1

10 99 CFU/100 ml 52 ×

16.4% 100 999 CFU/100 ml 19 × 6.0%

1,000 CFU/100 ml 7 × 2.2%

Lp6 38 ×

2

Lp1 28 × Lp

12 ×  

 

2 LC EMA-qPCR  

3 Lysis Buffer for Legionella Type2

91.2%

78.3% 55.4%

96.8% 81.2%

2

NucleoSpin Tissue

P < 0.05

Lysis Buffer for Le-

gionella Lysis Buffer for Legionella Type2

 

LC EMA-qPCR

119



CFU

r = 0.4172 Lysis Buffer for Legionella r 

= 0.522 Lysis Buffer for Legionella Type2 r = 0.1931

NucleoSpin Tissue 1  

 

3 PALSAR  

35 ×

100%

60.7% 38.9% 100%

68.6% 4  

 

4 qPCR qPCR  

24 × 5 Lysis Buffer for 

Legionella DNA

qPCR

LAMP LA-320C qPCR TP900

qPCR

33.3% Lysis Buffer for 

Legionella

P < 0.05

qPCR qPCR

TP900

×

2  

1 × DNA

qPCR

DNA LAMP

× Lysis Buffer for 

Legionella DNA qPCR

qPCR  

 

5 × qPCR  

LAMP 75.0%

3/4 × 6A qPCR

Ct 40 45 50

6B D

qPCR

75.0% 3/4 ×

40

×

× 33 8

LAMP 16  

 

6 Lp-IMB  

Lp1 7

IMB Lp1 0.0 1.5% 0.33%

D IMB

50.6 113.3 80.6%

IMB D IMB

103 CFU/mL

 

Lp2 3 2

8 Lp1

IMB 0.0

0.4 0.1% D

IMB 8.3 100.0 48.2%

Lp1 D IMB  

 

7 × Lp1-qPCR Lp1-IMB

 

Lp1-qPCR 23.1% 40/352

× 14.7% 20/352

× Lp1-IMB 6.2% 14/230 ×

9A

Lp1-IMB ×

7 6 × Lp1-qPCR

Lp1-IMB 6

× 20 ×

9B

Lp1-IMB

Lp1 7.8% 18/230 ×
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11.3 26/230 ×  

 

8  lag-1

 

8 2016 2020

10

11.5 75.0%

Lp1 0 12.6% lag-1

0.3 4.4%

Lp1 lag-

1 lag-1/Lp1

7.7% 50.0%

 

 

9 16S  

16S

× 85,333 14,125 201,261

87,243 20,774 187,709

 

×

10 ×

Pseudomonas 14.5% × Phre-

atobacter 15.1% 11 3

Methylobacterium-Methylorubrum

Obscuribacteraceae Mycobacterium

× Legionella ×

0.8% × 0.1%  

× ×

 Faith

Weighted Unifrac

3

 

 

×

× Alphaproteobacteria

4

× ×

 

 

D α  

LC EMA-qPCR DNA Lysis 

Buffer for Legionella

PCR

50 µl

qPCR

Lysis Buffer for Legionella Type2

Lysis Buffer for Legionella

NucleoSpin Tissue

61.8%

87.1% Lysis Buffer for Legionella Type2

NucleoSpin 

Tissue DNA

DNA

×

DNA

α LC EMA-

qPCR DNA

Lysis Buffer for Legionella

Lysis Buffer for Legionella 

Type2  

PALSAR

10)

MWY ×

100%

×
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qPCR

Lysis Buffer for Legionella

DNA

LAMP LA-320C

qPCR TP900

qPCR

1 ×

DNA qPCR

DNA

qPCR

33.3% Lysis Buffer 

for Legionella

DNA

 

× LAMP

40

×

LAMP

×

4 × qPCR

×

0.2 µm

500 ml

 

× β

Lp1

11

IMB

Lp1

Lp1-qPCR Lp1-IMB

Lp1

× Lp1-IMB

Lp1 Lp1-qPCR

Lp1-IMB

Lp1 × Lp1-IMB

Lp1 Lp1-IMB Lp1

× Lp1

Lp1

× IMB

α Lp1-IMB

Lp1

Lp1

α  

lag-1

Lp1

β

12)

 

16S ×

×

×

α 18S
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E  

LC EMA-qPCR PALSAR qPCR

Picogene PCR1100

Lp-IMB

α

Lp1 lag-1

Lp1 lag-1

lag-1/Lp1

16S

×

 

 

α  

1) 

IDWR 2021 52  
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2) 
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3) × Liquid Culture

EMA-qPCR
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quence-based types among Legionella pneumophila 

serogroup 1 clinical and environmental isolates in the 

United States. J Clin Microbiol. 2009, 47(8), 2525-2535. 

6) Wee BA, et al. Population analysis of Legionella 

pneumophila reveals a basis for resistance to comple-

ment-mediated killing. Nat Commun. 2021. 12(1), doi: 

10.1038/s41467-021-27478-z.  

7) 

 

(IASR) 2010 31 331-332  

8) 2019 9

×  

https://www.niid.go.jp/niid/images/lab-man-

ual/EHEC20190920.pdf 

9) Ḿerault N et al. Specific Real-Time PCR for Simul-

taneous Detection and Identification of Legionella 

pneumophila Serogroup 1 in Water and Clinical Sam-

ples. Appl Environ Microbiol. 2011, 77(5), 1708-1717. 

10) 

28 30 , 19 33, 2019.  

11) 2017

29

β

 

12) 2008.1 2012.12

 (IASR) 2013 34 155-156  

 

F  
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1  
��
CFU/100 ml� ��� 
%�
10�� 240 (75.5)
10-99 52 (16.4)
100-999 19 (6.0)
1,000�� 7 (2.2)
	 318 (100)

2  

y = 0.5887x + 0.3095
R! = 0.4172

0

1

2

3

4

5

0 1 2 3 4 5

LC
 E

M
A

-q
PC

R
�

lo
g 

C
FU

/1
00

m
l�

Plate count �log CFU/100ml�

Lysis Buffer for Legionella

y = 0.6333x + 0.2302
R! = 0.522

0

1

2

3

4

5

0 1 2 3 4 5

LC
 E

M
A

-q
PC

R
�
lo

g 
C

FU
/1

00
m

l�

Plate count �log CFU/100ml�

Lysis Buffer for Legionella Type2

y = 0.3196x + 0.2483
R! = 0.1931

0

1

2

3

4

5

0 1 2 3 4 5

LC
 E

M
A

-q
PC

R
�
lo

g 
C

FU
/1

00
m

l�

Plate count �log CFU/100ml�

NucleoSpin Tissue

1 LC EMA-qPCR  

�������'%()
DNA��� �	 ��	 �
��� �
��� ���

Lysis Buffer for Legionella 85.3% 73.9% 49.2% 94.4% 76.5%
Lysis Buffer for Legionella  Type2 91.2%* 78.3% 55.4% 96.8%* 81.2%
NucleoSpin Tissue 61.8%* 76.5% 43.8% 87.1%* 73.2%
*P  < 0.05�#%"�$&!����� ����

3 LC EMA-qPCR 149 × 34 ×  

����	

�10 �10 �

PALSAR 	 �� 7 11 18
�� 0 17 17

� 7 28 35
��100%�
��60.7%�����38.9%�
����100%����68.6%

4 PALSAR  

�� ���

L. pneumophila
SG 1 28
SG 2 1
SG 3 10
SG 4 5
SG 5 15
SG 6 38
SG 8 7
SG 9 5
SG 12 1
SG 13 1
SG 14 1
UT 9

Legionella spp. 12
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�$�,�*1E%FG
� ���E&'%��F �	 ��	 #
��� "
��� ���

>;5AqPCR (Lysis Buffer for Legionella ) 93.3%A 66.7% 82.4% 85.7% 83.3%
>;5AqPCR (3A7@��) 86.7%A 66.7% 81.3% 75.0% 79.2%
>;5AqPCR (��(���2!�) 33.3%B 77.8% 71.4% 41.2% 50.0%

qPCR (Lysis Buffer for Legionella ) 93.3% 66.7% 82.4% 85.7% 83.3%
LAMP (3A7@��) 100.0% 66.7% 83.3% 100.0% 87.5%
A+B.���)0EP  < 0.05F(=C<6BD:��,/1<498?D-������

5 24 × 15 ×  

2 qPCR qPCR  

y = 1.1395x + 1.0146
R² = 0.394

0

1

2

3

4

5

0 1 2 3 4 5

Ta
K

aR
a 

qP
C

R
, L

ys
is 

B
uf

fe
r 
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r 
Le
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on
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)
(c

op
ie

s/t
ub

e)

����qPCR����
(copies/tube)

y = 0.7564x + 0.1635
R² = 0.6911

0

1

2

3

4

5

0 1 2 3 4 5

Ta
K

aR
a 

qP
C

R,
 L

ys
is 

Bu
ffe

r 
fo

r
Le
gi
on
el
la

(c
op

ies
/tu

be
)

����qPCR�Lysis Buffer for Legionella
(copies/tube)

y = 0.5701x + 0.2969
R² = 0.556

0

1

2

3

4

5

0 1 2 3 4 5

Ta
K

aR
a 

qP
C

R,
 L

ys
is 

Bu
ffe

r 
fo

r 
Le
gi
on
el
la

(c
op

ie
s/

tu
be

)

����qPCR������
	
(copies/tube)

6 × qPCR  

A)
��

+ - �

LAMP + 3 16 19
- 1 60 61

4 76 80

B)
��

+ - �

����qPCR + 3 33 36
Ct � � 50 - 1 32 33

4 65 69

C)
��

+ - �

����qPCR + 3 33 36
Ct � � 45 - 1 32 33

4 65 69

D)
��

+ - �

����qPCR + 3 8 11
Ct � � 40 - 1 57 58

4 65 69
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7 Lp1-IMB  

8 Lp2 Lp3-IMB  

��� ��	�%� ��� ��	�%�
30,000 119 0.40 >1,000 ����

3,000 5 0.17 >1,000 ����

300 0 0.00 237 79.0
30 0 0.00 34 113.3
53,000 146 0.28 >1,000 ����

5,300 12 0.23 >1,000 ����

530 0 0.00 374 70.6
53 0 0.00 42 79.2
67,000 282 0.42 >1,000 ����

6,700 33 0.49 >1,000 ����

670 3 0.45 339 50.6
67 1 1.5 61 91.0

�� 0.33 80.6

1

2

3


��

CFU/1,000 ml
���IMB D��IMB

��� ��	�%� ��� ��	�%�
14000 2 0.0 >1,000 ����

1400 1 0.1 >1,000 ����

140 0 0.0 126 90.0
14 0 0.0 14 100.0
27000 44 0.2 >1,000 ����

2700 12 0.4 >1,000 ����

270 1 0.4 162 60.0
27 0 0.0 13 48.1
24000 11 0.05 >1,000 ����

2400 1 0.04 497 20.7
240 0 0.0 24 10.0
24 0 0.0 2 8.3

�� 0.1 48.2

Lp2

Lp3


��

CFU/1,000 ml
���MB D��IMB

9 2018 2021 Lp1  
A)
Lp1�
 	�� �� % ��

Lp1-qPCR 352 40 23.1
���� 352 20 14.7 7	��Lp1-qPCR��
Lp1-IMB 230 14 6.2 6	��Lp1-qPCR��

B)
Lp1-IMB
� � �

���� � 6 12 18
� 8 204 212
� 14 216 230
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���
���

L. spp 	� Lp1 	� lag-1  	� lag-1 /Lp1
�� N N (%) N (%) N (%) (%)
A 623 159 (25.5) 26 (4.2) 2 (0.3) 7.7
B 604 88 (14.6) 35 (5.8) 5 (0.8) 14.3
C 590 185 (31.4) 67 (11.4) 26 (4.4) 38.8
D 287 33 (11.5) 7 (2.4) NT NT
E 222 103 (46.4) 28 (12.6) 4 (1.8) 14.3
F 205 38 (18.5) 18 (8.8) 9 (4.4) 50.0
G 78 19 (24.4) 7 (9.0) NT NT
H 4 3 (75.0) 0 (0) NT NT

10 2016 2020  

11 16S Genus level  

Source Bath water Shower water
No. of samples 59 34
Amplicon Sequence
Variants

1568 1043

Top10 % %
1 Pseudomonas 14.5 Phreatobacter 15.1
2 Unknown 7.6 Sphingomonas 9.4
3 Staphylococcus 7.2 DSSF69 8.3
4 Candidatus_Obscuribacter 6.1 Novosphingobium 6.8
5 Uncultured 4.6 Mycobacterium 3.4
6 Methylobacterium-Methylorubrum 2.5 Obscuribacteraceae 3.4
7 Obscuribacteraceae 2.4 Blastomonas 3.1
8 Unknown 2.3 SM2D12 3
9 Cutibacterium 2.3 Bradyrhizobium 2.9
10 Mycobacterium 2.2 Methylobacterium-Methylorubrum 2.9

Legionella 0.8 Legionella 0.1
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Axis 1 (35.96%) 

 

 

 

 

 

 

 

 

 

 

 

3 16S  #  

A)! × $ B) × #  

C) $ D) $  

 

 

 

 

 

Axis 2 (10.98%) 

Axis 3 (9.523%) Axis 1 (28.78%) 

Axis 2 (12.97%) 

Axis 3 (10.25%) 

A) B) 

C) D) 

P < 0.05 
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