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Study on the Enumeration of Legionella in Environmental Water Samples
Using Real-time PCR
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Chang-Hee Lee, Ah-Yong Jeong, and Mi-Hye Yoon

Team of Immunodiagnosis, Gyeonggi-province Institute of Health and Environment

ABSTRACT

Objectives: The standard method for the enumeration of environmental Legionella is culturing, which has
several disadvantages, including long incubation and poor sensitivity. The purpose of this study is to demonstrate
the usefulness of real-time PCR and to improve the standard method.

Methods: In 200 environmental water samples, a real-time PCR and culture were conducted to detect and
quantify Legionella. Using with the results of the survey, we compared the real-time PCR with the culture.

Results: Each real-time PCR assay had 100% specificity and excellent sensitivity (5 GU/reaction). In the culture,
36 samples were positive and 164 samples were negative. Based on the results of the culture, real-time PCR
showed a high negative predictive value of 99%, 35 samples were true positive, 105 samples were true negative,
59 samples were false positive and one sample was a false negative. Quantitative analysis of the two methods
indicated a weak linear correlation (7=0.29, ’=0.61, respectively).

Conclusions: Although it is difficult to directly apply quantitative analysis results of real-time PCR in the
enumeration of environmental Legionella, it can be used as a complementary means of culturing to rapidly
screen negative samples and to improve the accuracy of diagnosis.

Key words: Culture, environment, Legionella, real-time PCR, water sample
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4. Multiplex real-time PCR HIS
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Real-time PCR A3} A dlle} #7415 5534
37 Bl AR e+t 1582 Legionella spp.
9} L. pneumophila 45 #2154 A3} X515
t}. 28] 3 non-Legionella 45 real-time PCR 2
I AZEA 9ot 100%2] Eol=E EATHTable 1).

2. Real-time PCRY linearity

16S ¥RNA 2 mip F2249] linearityS ¥43F 2
= Fig. 13 Zoh 2 valuess &5 0.99 Bt} 3
™ reaction efficiency= 2t} 99.5%, 82%% 1SO/
TS 128692] 715=X]<! reaction efficiency 75%~125%

2 gt =3
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Table 1. List of Legionella and non-Legionella strains
used for specificity tests

Inclusivity

Organism Strain/source  16S  mip
Legionella pneumophila  ATCC' 33152+ +
Legionella pneumophila  KCTC* 12009  + +
L. pneumophila sgl Environment®  + +
L. preumophila sg2 Environment + +
L. pneumophila sg3 Environment + +
L. pneumophila sg4 Environment + +
L. pneumophila sg5 Environment + +
L. pneumophila sgb Environment + +
L. prneumophila sg8 Environment + +
L. prneumophila sg9 Environment + +
L. preumophila sgl0 Environment + +
L. pneumophila sgl2 Environment + +
L. anisa Environment + -
L. birminghamensis KCTC 12007 + -
L. brunensis KCTC 12084  + -
L. dumofii Environment + -
L. israelensis KCTC 12008 + -
L. piritensis Environment + -
L. rubrilucens Environment + -
Legionella spp. Non-type Environment + -

fAmerican Type Culture Collection
#Korean Collection for Type Cultures
SEnvironmental isolates
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3. LOD (Limit of Detection)2} LOQ (Limit of
Quantification)
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Table 1. Continued

Exclusivity

Organism Strain/source Organism Strain/source
Bacillus cereus KCTC 1013 Salmonella bongori KCTC 12397
Bacillus subtilis KCTC 2213 Salmonella enterica subsp. arizonae KCTC 12398
Bacillus thuringiensis KCTC 1108  Salmonella enterica subsp. enterica ATCC 14028
Bordetella pertussis ATCC 10380  Salmonella enterica subsp. enterica KTCC 9120
Campylobacter coli KCTC 15212 Salmonella enterica subsp. houtenae ATCC 43974
Campylobacter jejuni ATCC 33250  Salmonella enteritidis ATCC 13076
Clostridium difficile ATCC 9689  Salmonella typhi NCCP'™ 10337
Clostridium perfringens - Salmonella typhimurium ATCC 13311
Corynebacterium diphtheriae ATCC 27010  Salmonella typhimurium NCCP 10812
E. coli KCCM 11234 Shigella flexneri KCTC 2517
E. coli O157:H7 ATCC 43888  Shigella sonnei ATCC 9290
E. coli O157:H7 ATCC 43890  Shigella sonnei KCTC 22530
E. coli O157:H7 ATCC 43889  Staphylococcus aureus ATCC 13565
E. coli O91:H21 ATCC 51434 Staphylococcus aureus NCCP 11470
E. coli O157:H7 ATCC 43894  Staphylococcus aureus ATCC 23235
E. coli O157:H7 ATCC 43895  Staphylococcus aureus NCCP 11470
E. coli 025:K98:NM ATCC 43886  Streptococcus pneumoniae -
E. coli O78:H11 ATCC 35401  Vibrio paraheamolyticus -
Listeria innocua - Vibrio vulnificus ATCC 27562
Listeria monocytogenes ATCC 15313 Vibrio vulnificus KCTC 2980
Listeria monocytogenes ATCC 19115  Yersinia enterocolitica KCCM' 41657
Listeria monocytogenes - Heamophilus influenza -
Mycobacterium pneumoniae ATCC 15531

MNational Culture Collection for Pathogens
IKorean Culture Center of Microorganisms
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Fig. 1. Standard curves for quantification of real-time
PCR assays. Standard curves were obtained using
standard materials (Legionella pneumophila sgl
genomic DNA) corresponding to between 5 and 5
x10'~10° GU (genome unit) /reaction. Standard
materials were prepared by 6 step 10X dilutions.
16S ¥rRNA (M) and mip (@) standard curves were
derived from the multiplex assay. C~=threshold
cycle.

Table 2. Comparison of the detection Legionella spp. and
the detection Legionella pneumophila using
real-time PCR relative to culture; culture and
real-time PCR positive value>LOD (limit of

detection)
Real-time Culture + Culture - Total
PCR

Legionella spp. + 35 59 200

(165 rRNA) - ! 105

. ¥ 24 30
L. pruemophila 200

(mip) _ 2 144

Table 3. Ability of real-time PCR to positive predict
value and negative predict value relative to

culture
Legionella spp. L. pnuemophila
(%) (%)
Positive predict value 37 44
Negative predict value 99 99

Zefut ol FjelA = ol s el tigk A
7} AL o] FARA] gttt =] B AlEE o=
B AlEohs 540] tE F Slon, BFERARC
B = STkt of ) R3] o] Aolditt. & &
of g Aol mE wigFHe] LOD (Limit of
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Fig. 2. Correlation of Legionella culture and real-time
PCR results (16S rRNA) for 30 of 200 water
samples. For the comparison of culture and real-
time PCR, sample pairs below the quantification
limit were omitted. Correlation indicate weak
linearity (*=0.29) between culture and real-time
PCR. GU/L=genome unit per liter, CFU/L=colony
forming unit per liter.

L. pneumophila
7.0

R2=061
6.0 i . . .,

5.0
40 P

3.0

Log(PCR by GUIL)
-
.
.

20

0.0

0.0 1.0 20 30 40 50 6.0
Log(Culture by CFUIL)

Fig. 3. Correlation of Legionella culture and real-time
PCR results (mip) for 24 of 200 water samples.
For the comparison of culture and real-time PCR,
sample pairs below the quantification limit were
omitted. Correlation indicate linearity (+*=0.61)
between culture and real-time PCR. GU/
L=genome unit per liter, CFU/L=colony forming
unit per liter.
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