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Summary

Quantitative detection of Legionella spp. in bath water was performed by real time PCR assay (QPCR). In
16 samples where L. spp. strains were isolated by culture method, all of the samples were positive by
gPCR; however, the bacterial count of L. spp. obtained from gPCR was 10%-10° times more than from the
culture method. In the other 16 samples where L. spp. strains were negative by culture method, 10
samples were negative and 6 samples were positive by qPCR.

Also, gPCR for the detection of L. pneumophila was carried out. From 13 of the 16 samples mentioned
above where L. spp. were positive by culture method, L. pneumophila strains were isolated; however, the
results of gPCR were positive in al of the 16 samples. In the other 16 samples mentioned above where
L. spp. were not isolated, 6 samples were positive by gPCR and 10 samples were negative by gPCR.

The gPCR assay was 100% specific for L. spp. or L. pneumophila with the detection limit of 2.2x10°
CFU/mL, and showed excellent correlation coefficient and PCR efficiency. Improvement of the gPCR and
the culture method (specimen-preprocessing, culture medium and isolation) is necessary to correspond with
both of the results better.
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Table 1. Oligonucleotides used in gPCR assay for L. spp. and L. pneumophila detection
Assay Name Sequences
MB-gPCR for Primer-16SLF 5-Agg CTA ATC TTA AAg CgC C-3
L. spp. Primer-16SLR  5-CCT ggC TCA gAT TgA ACg-3'
(16SrRNA gene) MB-16SMB 5-FAM-CCg AgC ggT gAg TAA CgC gTA ggA ATA Tgg CTC gg-Dabcyl-3'
TMp-gPCR for Primer-LegF 5-CTA ATT ggC TgA TTg TCT TgA C-3'
L. spp. and Primer-LegRr ~ 5-ggC gAT gAC CTA CTT TCg-3'
L. pneumophila TMp-LGP? 5-VIC-CgA ACT CAg AAg TgA AAC-TAMRA-3
(23S-5S spacer TMp-LPP° 5-FAM-ATC gTg TAA ACT CTg ACT CTT TAC CAA ACC TgT gg-TAMRA-3'

sequences)

aTagMan probe for L. spp. detection

3.gPCR
PCR Platinum Quantitative PCR
SuperMix-UDG  Invitrogen MB-gPCR 10
ML DNA TMp-gPCR 5p L DNA
50u L
MB-gPCR 03p M
044py M MB TMp-gPCR 02y M
TMp L. spp. L.
pneumophila TMp-gPCR multiplex
assay TMp 01y M
PCR Stratagene  Mx3000P
Real Time PCR System Mx3000P Multiplex
Quantitative PCR System
34 MB-gPCR 95 15
-56 30 -72 30 45
TMp-gPCR 94 15 -60 60
45 TMp-gPCR  multiplex
assay MB-gPCR 3 step-PCR

b TagMan probe for L. pneumophila detection

4.qPCR L. spp. L. pneumophila
L. spp. 16
16 32 gPCR
L. spp. L. pneumophila
MWY
gPCR 5
QlIAamp DNA Mini Kit Qiagen
DNA DNA
1.MB-qPCR TMp-gPCR
gPCR Table 2
L. spp. MB-gPCR 1.00
2.2 x 10°CFU/mL PCR
22CFU L. spp. TMp-gPCR
monoassay multiplex assay
1.00 2.2 x 10°CFU/mL PCR



11CFU 2.2 x 10°CFU/mL PCR 11CFU
L. pneumophilla TMp-gPCR  monoassay
multiplex assay 1.00 Fig. 1 Fig. 2

Table 2. The result of gPCR with standard suspensions of L. pneumophila SG1 strain

MB-gPCR TMp-gPCR monoassay TMp-gPCR multiplex assay
CFU/mL L. spp. L. spp. L. pneumophila L. spp. L. pneumophila
22x 10° 35.44 38.51 36.92 38.19 37.59
22x 10* 32.02 35.24 33.66 35.40 34.15
Cttvaues 22x 10° 28.61 30.92 30.51 32.26 31.21
2.2x 10° 25.14 27.42 27.24 28.12 27.93
2.2x 107 21.61 23.17 23.58 24.92 24.31
22x 108 18.05 19.61 20.36 21.19 20.53
R sguared value 1.00 1.00 1.00 1.00 1.00
PCR efficiency(%) 94.0 82.3 100.0 95.1 97.9
Slope -3.48 -3.83 -3.32 -3.45 -3.37
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Fig. 1. Amplification plots of L. pneumophila SG1 strain amplified by MB-qPCR assay.
e , 2.2x10°CFU/mL; o , 2.2x10°CFU/mL; m , 2.2x10*CFU/mL; O , 2.2x10°CFU/mL;
A, 2.2x10°CFU/mL; , 2.2x10°CFU/mL; , 2.2x10°CFU/mL; , OCFU/mL.
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Fig. 2. Standard curve for L. pneumophila SG1 strain (2.2x 10° 2.2 x 108CFU/mL) by MB-gPCR assay.
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3.gPCR L. spp. L. pneumophila
gPCR L. spp. Table 4
L. spp. 16 PL P16
MB-gPCR TMp-gPCR gPCR
10*  10*CFU/100mL
10°  10°CFU/100mL
L. spp. 10CFU/100mL 16 N1

N16  gPCR 6
TMp-gPCR monoassay

MB-gPCR

multiplex assay
10  10°CFU/100mL

Table 3. Specificity of the qPCR assay

PR ke

Species MB-

gPCR?
L. pneumophila“ +(10/10) +(10/10) +(10/10)
L. spp.© +(6/6) +(6/6) -
Bacillus cereus - - -
B. subtilis - - -

B. thuringiensis - - -
Clostridium perfringens
C. botulinum - - -
Enterococcus faecalis - - -
Saphylococcus aureus - - -
S epidermidis - - -
Microccocus luteus - - -
Aeromonas hydrophila - - -
A. sobria - - -
Vibrio cholerae (2" - - -
V. parahaemolyticus - - -
V. fluvialis - - -
Campylobacter jgjuni - - -
Escherichia coli (29) - - -
Shigella flexneri - - -

32 TMp-gPCR Shigella sonnei - - -
. . Salmonella Enteritidis - - -
multiplex assay L. pneumophila S. Typhimurium i, . .

Tatle s L . o femameclica -

P16 13 L. pneumophila %‘%E%C%Eggr'}'s ) ) )
TMp-gPCR multiplex assay 16 L. Proteus vulgaris - - -
pneumophila () : Number of strains tested

L. Spp. 16 N1 N16 :MB-qPCR for L. Spp. detectiqn
TMp-gPCR for L. spp. detection
6 L. pneumophila ¢ TMp-gPCR for L. pneumophila detection
6 MBGPCR TMpRCR monomssy L eeetls comprs 0 sodous § SG
multiplex assay L. spp. € L. spp. comprise 6 species ; bozemanii, dumoffii,

maceachernii, oakridgensis, micdadei, feeleii.

" Vibrio cholerae and NAG-Vibrio strain

9STEC(O157:H 7)and ETEC (O 6: H 16)

Table 4. Detection of L. spp. in bath water by cultivation and the gPCR assay
CFU/100mL CFU/100mL

Sample Cultivation MB2  TMp-Mo® TMp-Mu® Sample Cultivation MB2  TMp-Mo® TMp-Mu®
P1 1.1E+04 7.9E+06 5.2E+06 5.9E+06 N1 <1.0E+01 5.9E+04 6.4E+05 9.1E+03
P2 43E+03 35E+05  2.1E+05  6.7E+05 N2 <1l.0E+01 6.5E+04 5.6E+04  5.7E+04
P3 9.8E+03 7.0E+05 5.7E+05  4.5E+05 N3 <1.0E+01 8.3E+04 10E+05  7.7E+04
P4 1.8E+03 3.2E+05 3.8E+05  8.0E+05 N4 <1.0E+01 3.4E+04 1.6E+05  5.1E+04
P5 1.2E+03 4.9E+06  5.8E+06 1.1E+07 N5 <l.0E+01 6.4E+04  23E+05  9.6E+04
P6 12E+03 1.7E+06 3.1E+06 3.4E+06 N6 <1.0E+01 7.8E+04 3.3E+05 1.5E+05
pP7 6.1E+02 26E+06  9.0E+05 1.4E+06 N7 <1.0E+01 ND ND ND
P8 24E+02 1.0E+05  2.2E+05 1.4E+05 N8 <1.0E+01 ND ND ND
P9 10E+02 1.6E+05  3.6E+05 1.2E+05 N9 <1.0E+01 ND ND ND
P10 9.0E+01 5.9E+05 4.0E+05  3.3E+05 N10 <1.0E+01 ND ND ND
P11 7.0E+01 6.4E+06 1.0E+07 1.7E+07 N11 <1.0E+01 ND ND ND
P12 5.0E+01 1.7E+05 1.9E+05 1.4E+05 N12 <1.0E+01 ND ND ND
P13 3.0E+01 2.5E+05 15E+05  2.7E+05 N13 <1.0E+01 ND ND ND
P14 20E+01 19E+05 26E+05  3.1E+05 N14 <1.0E+01 ND ND ND
P15 1.0E+01 1.2E+05 1.6E+05 1.6E+05 N15 <1.0E+01 ND ND ND
P16 10E+01 16E+05 2.7E+05  2.8E+05 N16 <1.0E+01 ND ND ND

a@Molecular Beacon assay for L. spp. detection
¢ TagMan probe multiplex assay for L. spp. detection

b TagMan probe monoassay for L. spp. detection



Table 5. Detection of L. pneumophila in bath water by cultivation and TMp-gPCR multiplex assay
Isolation of TMp-Mu? Isolation of TMp-Mu?

Sample L. pneumophila ~ (CFU/100mL) Sample L. pneumophila  (CFU/100mL)
Pl 1.5E+07 N1 1.5E+04
P2 5.4E+05 N2 7.5E+04
1.3E+06 N3 6.8E+04
P4 3.8E+05 N4 4.0E+04
P5 3.7E+06 N5 6.0E+04
P6 2.4E+06 N6 8.3E+04
pP7 8.0E+05 N7 ND
P8 8.1E+04 N8 ND
P9 1.4E+05 N9 ND
P10 3.9E+05 N10 ND
P11 1.2E+07 N11 ND
P12 1.2E+05 N12 ND
P13 2.5E+05 N13 ND
P14 2.4E+05 N14 ND
P15 7.9E+04 N15 ND
P16 1.6E+05 N16 ND
& TagMan probe multiplex assay for L. pneumophila detection
MB-gPCR TMp-gPCR
gPCR 2.2 x 10°CFU/mL PCR 22CFU
L. spp. L. pneumophila 11CFU 1.00
L. spp. L. pneumophila PCR 823 100%
MB-gPCR L. spp. MB-gPCR
TMp-gPCR monoassay L. spp. TMp-gPCR TMp-gPCR monoassay multiplex assay
multiplex assay L. spp. L. pneumophila pneumophila L. spp.
pneumophila TMp-gPCR multiplex assay
gPCR L. spp. L. spp. pneumophila gPCR
16 MB-gPCR TMp-gPCR 3 L. spp.
gPCR
gPCR 10*
10° L. spp. 16 gPCR
gPCR 10 6 DNA
gPCR MPN
gPCR L. pneumophila
L. spp. 16 13 L.
pneumophila TMp-gPCR multiplex assay
16 L. pneumophila
L. spp. 16 6
L. pneumophila gPCR L. spp.
L. spp. VBNC L. spp. 16 gPCR
Viable but Non-Culturable PCR
58  PCR 10t 10° L. spp.
VBNC 16 PCR 10
DNA 6 PCR
gPCR gPCR L. pneumophila



L. spp. 16 13 L.

pneumophila PCR 16
L. pneumophila L. spp.
16 6 L.
pneumophila PCR
gPCR 3 L. spp.
2.2 x 10°CFU/mL
PCR
gPCR
DNA
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