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Abstract
The genus Legionella comprises more than 40 species and 64 serogroups with approximately half of those species associated with human diseases. Legionella pneumophila Serogroup 1 is the most common pathogenic species and is responsible
for up to 80% of legionellosis cases in the world. Legionella levels in water are assessed routinely by culture on a selective
medium, but its slow growth is a serious drawback, given that at least 10 days are required to obtain results. In an attempt
to provide a simple screening method for Legionella pneumophila in water systems samples a real time PCR assay using
SYBR Green was developed. A total of 50 samples from cooling towers and hot tap water systems were analysed by DNA
amplification using 2 pairs of primers targeting the mip and dot genes. Legionella pneumophila Serogroup 1 (NCTC12821)
was used as a reference strain and to evaluate real-time PCR performance. The assays were successful with both primer
sets; good and similar amplification efficiencies were achieved. In addition, high sensitivity was obtained; the method
proved to allow for the detection of fewer than 10 gene copies per reaction. Results of real-time PCR were compared to conventional analysis based on culture. Although no strong correlation was observed between both methods and consequently
real-time PCR could not substitute for the reference method, it represents a powerful screening tool. The inexpensive, sensitive and rapid real-time PCR based in SYBR Green method is of interest in monitoring Legionella pneumophila contamination, especially in environmental samples, and should be economical for large-scale routine tests.
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Introduction
Legionellae are ubiquitous in the natural environment, being
present in soils and aquatic ecosystems (Fliermans et al., 1981;
Fliermans, 1996). Legionella sometimes survives as an intracellular parasite of amoebae and ciliates (Ratcliff et al., 1998).
They are present in process facilities’ water systems such as
cooling towers, water networks in hospitals, industrial or residential buildings and hydrothermal devices, among others. As
a consequence of favourable temperatures, and lack of or poor
disinfection, levels of legionellae may be of concern in these
systems.
The genus Legionella comprises more than 40 species and
64 serogroups (O´Connell et al., 1996), with approximately half
of those species associated with human diseases (Stout and
Yu, 1997). Furthermore, Legionella pneumophila Serogroup 1
is the most common pathogenic species and is responsible for
up to 80% of legionellosis cases in the world (Doleans et al.,
2004). Between 1995 and 2005, a total of 4 056 culture-confirmed cases of Legionnaires’ disease from European countries
were notified to the European Working Group for Legionella
Infections (EWGLI) (Diereden, 2008).
Respiratory infection by Legionella pneumophila (Lp) is
mainly attributed to contaminated water aerosols inhalation
(Grabow, 1991; Anonymous, 1994), produced by systems such
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as cooling towers (Rosmini et al., 1984), showers (Mastro et al.,
1991), and nebulisers (Blatt et al., 1993). Aspiration of contaminated water aerosols has also been proposed as a possible
mechanism of transmission (Yu, 1993; Steinert et al., 1997).
Legionellosis is generally considered to be a preventable
illness because controlling or eliminating the bacterium in
certain reservoirs will (in theory) prevent disease. This fact
has resulted in a number of guidelines and control strategies
aimed at reducing the risk of legionellosis in building water
systems (Diereden, 2008). A risk assessment and management
approach is implemented by the American Society of Heating,
Refrigerating and Air Conditioning Engineers (ASHRAE)
and the U.K. Health and Safety Executive (Mascone, 2008).
Legionella levels in water are assessed routinely by culture on a
selective medium like buffered charcoal yeast extract (BCYE)
or glycine vancomycin polymyxin cycloheximide agar (GVPC),
but its slow growth is a serious drawback, given that it requires
at least 10 days to obtain results. Standard culture methods
are time consuming and special reagents, culture media and a
high degree of technical skill are required in their application
(Bartie et al., 2001) because it is difficult to isolate Legionella
in waters with high levels of other heterotrophic bacteria.
However, until now, standard culture methods have proven to
be useful tools. Nevertheless, in the ‘hazard analysis critical
control point’ (HACCP) process in environments or during
outbreak investigations this delay is a serious drawback.
In recent years polymerase chain reaction (PCR) methods have become the alternative to detect the presence of
Legionella in a few hours, through amplification of specific
DNA sequences. The evolution of conventional PCR to
real-time PCR has improved this situation even more. The
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procedure follows the general principle of PCR, but its key feature is that the amplified DNA is quantified as it accumulates
in the reaction in real time after each amplification cycle. Two
common methods of quantification are the use of fluorescent
dyes that intercalate with double-stranded DNA, and modified
DNA oligonucleotide probes that fluoresce when hybridised
with complementary DNA.
Multiple Legionella detection assays have been published
using different target genes (Diederen et al., 2008; Yañez et al.,
2005), probe chemistries (Behets et al., 2007; Joly et al., 2006)
and real-time thermal cyclers (StØlhaug and Bergh, 2006;
Yaradou et al., 2007) but, until now, little has been known
about the feasibility of a procedure based on SYBR Green.
However, there are some reports which demonstrate that SYBR
Green can be used for detection of pathogenic microorganisms
(Somogyvari et al., 2007; Kares et al., 2004; O’Mahony and
Hill, 2002).
SYBR Green is a non-specific dye which binds to any
double-stranded DNA. Therefore, it will not only bind to PCR
products but to non-specific products that have been amplified,
as well as primer dimers. Due to this non-specificity, SYBR
Green requires more time for optimisation than protocols based
on primers and probes. Nevertheless, when SYBR Green is
used as the fluorescent dye, a subsequent melting curve analysis of PCR products generates a specific profile (depicting the
fluorescence change rate over time as a function of temperature
for each sample), which can be used to determine the success
of the PCR reaction (O’Mahony and Hill, 2002). Furthermore,
the use of master mixes based on SYBR Green chemistries is
simple, fast and inexpensive.
The objective of this study was to develop a simple, screening real-time PCR assay for Legionella pneumophila in water
systems samples, using SYBR Green-based detection and two
pairs of primers targeting the mip and dot genes. These primers were previously published as part of a set of primers-probes
(Hayden et al., 2001; Yañez et al., 2005). Results of real-time
PCR were compared with conventional analysis based on
culture.

Materials and methods
Water samples and culture
A total of 50 samples were analysed. All samples were from
urban areas around Barcelona city (north-east Spain), with two
different origins: cooling tower (20 samples) or hot tap water
from big buildings (30 samples). Water samples were collected
in Pyrex bottles and the quantification of Lp by culture was
performed according to international standard ISO 11731:1998
(ISO) using culture media (GVPC) and reagents from OXOID.
The quantification limit was 1 x 102 CFU/ℓ.
Sample concentration and DNA extraction
A litre of water for each sample was concentrated by membrane filtration using a nylon membrane (0.45 µm pore diameter, Millipore). Cells were re-suspended in 10 mℓ of saline
solution by vigorous vortexing for 60 s with 5 glass beads
(5 mm diameter) and sonication for 3 min in an ultrasound
water bath (Selecta 40W power, 40 kHz ultrasound frequency). The cell suspension was again concentrated to
2 mℓ and then to 150 µℓ by centrifugation (14 000 revolutions/min, 5 min) using a MiniSpin centrifuge (Eppendorf,
Hamburg, Germany). DNA was extracted with DNeasy Tissue

418

Kit (Qiagen, Valencia, CA) according to the manufacturer’s
instructions.

Real-time PCR optimisation
The procedure was set up using previously reported primers
targeting dot (Yañez et al., 2005) and mip genes (Hayden et
al., 2001). Three key points of real-time PCR reactions were
considered for method adaptation and optimisation: annealing temperature and primers and MgCl2 concentrations.
Optimisation of each parameter was performed by modifying one of them while keeping the rest fixed at a given value
(one-factor-at-a-time, OFAT). The sequence used was the same
described previously (temperature, primer concentration and
MgCl2 concentration). At each step, the optimum value of each
parameter was selected using as criteria the highest annealing
temperature and the lowest threshold cycle (Ct); under those
conditions dimerization is minimised. Assays were performed
in triplicate in all cases. Real-time PCR conditions evaluated
with the selected primers considered annealing temperatures
of 55, 56, 57, 58, 59, 60, 61 and 62°C; primer concentrations of
0.50, 0.75, 1.00 and 1.50 µM and MgCl2 concentrations of 1, 2,
3, 4 and 5 mM.
Evaluation of optimal annealing temperature and primer
concentration was carried out using a Quantitect SYBR Green
PCR kit (Qiagen, Valencia, CA), according to the manufacturer’s instructions. Determination of MgCl2 concentration
was performed using a Lightcycler 1.5 (Roche Molecular
Diagnostic, Manheim, Germany) in combination with FastStart
DNA masters SYBR Green 1 kit (Roche, Germany), according to the manufacturer’s instructions. Contribution of MgCl2
to the reaction efficiency, at optimum temperature and primer
concentrations, was evaluated using a different mix, because
this commercial mix does not contain MgCl2 and the level
has to be fixed by the user; other commercial mixes, such as
Quantitect SYBR Green PCR kit (Qiagen, Valencia, CA),
usually contain MgCl2 in optimum concentration for most
purposes.
Primer specificity was re-evaluated in order to ensure their
good performance in the absence of an internal control. First, a
GenBank query was performed. Second, the specificity of the
real-time PCR assay was investigated using DNA extracts of
Legionella pneumophila, Legionella species and non-Legionella
bacteria (Table 1). After culture on their appropriate medium for
24 h, bacterial cells were harvested and suspended in saline solution. After adjusting the concentration of cell suspension at
600 nm, it was 10-fold diluted and a 200 µℓ aliquot of the dilution related to 106 colony-forming units (CFU/mℓ) was extracted
with the DNeasy Tissue Kit (Qiagen, Valencia, CA).
Legionella pneumophila DNA standard
The DNA used for reaction validation and as reference for
Lp quantification in water samples was prepared according to AFNOR XP T90-471. Lp Serogroup 1 (NCTC12821)
was used as a reference strain and to evaluate real-time PCR
performance.
A standard DNA curve was established using a 4-day culture. DNA was obtained with the DNeasy Tissue Kit (Qiagen,
Valencia, CA) according to the manufacturer’s instructions.
The DNA amount was determined by measuring florescence
at 530 nm using the Nucleic Acid Quantification method from
Lightcycler 1.5 (Roche). SYBR Green and DNA standard
(Maize GMO Standard for NK 603, Fluka Biochemika, Sigma)
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Table 1
Legionella and non-Legionella bacteria used in
real-time PCR specificity test
Bacteria

Legionella pneumophila
10 Legionella
pneumophila
Legionella bozemanii

Source

NCTC 12821
Environmental isolate according
ISO 11731. Confirmed by PCR.
Environmental isolate according
ISO 11731. Confirmed by PCR.
Legionella oakridgensis NCTC 11531
Environmental isolate according
10 Legionella spp.
ISO 11731. Confirmed by PCR.
Mycobacterium Vaccae ATCC 14483 T
Clinical isolate
Helicobacter pylori
ATCC 51477
Bacteroides fragilis
ATCC 43895
E. coli 0157
ATCC 23655
Enterococcus fecalis
Staphylococcus aureus ATCC 12598
were used to quantify DNA. DNA concentration was about
30(±0.5) ng/µℓ, as the genome of Legionella pneumophila is
4.3 fg (according to AFNOR XP90-471), and the number of
DNA genomic units (GU) of Lp theoretically contained in the
extract was evaluated to be 6.05 106 GU/µℓ. Consequently,
serial logarithmic dilutions in PCR water, from 101 to 106 GU
per reaction, were performed. Amplification efficiency was
estimated by means of the slope calculation method from a
calibration dilution curve (Rasmussen, 2001). In each case the
standard curve was performed by duplicate.
In order to compare GU and CFU values for pure culture, Legionella pneumophila Serogroup 1 was cultured in
Legionella selective medium GVPC (Oxoid) for 4 days at 37°C.
Once the culture was ready, a bacterial suspension was prepared transferring single colonies into sterile saline solution
and adjusting the optical density (measured at 600 nm) to 0.2
using a Pharmacia Biotech Novaspec® II spectrophotometer.
Serial dilutions were prepared. Each solution was tested by culture and real-time PCR for mip and dot genes using Lightcycler
1.5 (Roche). These assays were performed in duplicate and
the corresponding mean values were calculated. Dissociation
curves were also recorded after each run.
Real-time PCR assays
Water sample analysis was performed on a Lightcycler 1.5
(Roche). The reaction mixtures for both primers were composed of 9 µℓ SYBRGreen (Quantitect SYBR Green PCR kit,
Quiagen, Valencia, CA), 0.4 U of Uracil-DNA-glycosylase
(UDG, New England Biolabs, UK), 9 µℓ of sample and 0.5 µM
of mip primers or 0.75 µM of dot primers respectively. These
concentrations were the results of the real-time PCR optimisation assay.
The experimental protocol was as follows: 2 min at 50°C to
allow UDG to break down the possible contaminating amplicons, 15 min at 95°C for Taq polymerase activation, 45 cycles
(94°C for 15 s, 59°C for 30 s and 72°C for 30 s) for DNA amplification and finally a melting temperature ramp from 65°C to
95°C at 0.1°C/s.
For each assay, Ct was determined in order to quantify
each DNA product. Quantification was performed by including 1 or 2 external standards, theoretically containing 4.5 104
GU, in each set of PCR experiments. The GU number of each
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sample was determined by comparison to each standard. Each
sample was tested in duplicate and the mean value was used for
statistical analysis. A negative control (water, PCR grade) was
included in all assays. Melting curve analysis was done for all
assays to evaluate positive and negative results.
Statistical analyses
In order to compare the equivalence between PCR and conventional microbiology, qualitative results for ISO/TR 13843:2000
is used as a reference. Statistical analysis to compare culture
and PCR results was performed using Microsoft Excel and
correlation was established using Pearson’s coefficient. A Chisquare test was used to examine whether the results of 2 methods (culture and real-time PCR) were independent or not. This
test uses a null hypothesis that the results achieved by culture
and real-time PCR are independent. Consequently, a false null
hypothesis means that culture and real-time PCR are dependent. In this case Yates’ correction was used due to the reduced
sample size, given that use of the chi-square distribution can
introduce some bias to the calculations by making the value of
statistical chi-square greater (Fleiss et al., 2003).

Results
Real-time PCR optimisation
We adapted and validated a real-time PCR procedure based on
SYBR Green with 2 pairs of primers that targeted the mip and
dot genes. We found that the optimal annealing temperature
for the primers was 59°C. The optimal concentrations were
0.5 µM for the mip primer set and 0.75 µM for the dot primer set.
The optimisation of the MgCl2 concentration in the master mix
indicated that between 3 or 4 mM was an optimal concentration for both primer sets. The Quantitect SYBR Green PCR kit
(Qiagen, Valencia, CA) provided a 4 mM MgCl2 concentration.
The specificity of the SYBR Green assay was tested on a
panel of Legionella and non-Legionella bacteria. The results
showed positive signals (mean Ct values of 18.22) for all
Legionella pneumophila bacteria (the reference strain and
the environmental isolates). The amplification of the other
Legionella species and non-Legionella bacteria produced only
faint signals (Ct values higher than 35) and showed negative
signals in the melting curve and agarose gel analyses.
Standard curve
A linear regression analysis was performed by plotting
the Ct values against the logarithm of the copy number of
each gene target. We found that the experimental points
aligned in a straight line with correlation coefficients (R) of
- 0.994 (R2=0.9885) and ‑0.996 (R2=0.9923) for mip and dot,
respectively.
For mip gene detection, the equation from the regression
curve was: Ct = -3.4135 log [GU] + 39.356. The slope of -3.4135
corresponded to an amplification efficiency of 98.1%. The assay
showed a sensitivity of 9 GU per reaction (mean Ct = 35.3;
Fig. 1A). The quantification limit was estimated to be 9.60 102
GU/ℓ of sample. The coefficient of variation ranged from 1.7%
to 2.8%, depending on the concentration of the DNA sample.
For dot gene detection, the equation from the regression
curve was: Ct = -3.3698 log [GU] + 38.752. The slope of -3.3698
corresponded to an amplification efficiency of 99%. The assay
showed a sensitivity of approximately 9 GU per reaction (mean
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Figure 1 (above)
A. Standard curve for the mip (▲) and dot (□) genes. Serial
10-fold dilutions of Legionella pneumophila (Lp) DNA were
amplified; and the standard curve was generated by a linear
regression of the threshold cycles (Ct) versus the logarithm of
the Lp DNA concentration per qPCR reaction. GU: genome
units. E: PCR amplification efficiency.
B. Correlation between quantitative SYBR Green-based realtime PCR methods for detected Lp for mip and dot targets.
Figure 2 (right)
Correlation between the results obtained by quantitative SYBR
Green-based real-time PCR method and those obtained by the
culture isolation technique for Legionella pneumophila (Lp).
A. Dilutions of Lp pure cultures B. Water samples for primer dot,
x sanitary water samples, o cooling tower samples. C. Water
samples for primer mip, x sanitary water samples, o cooling
tower samples.

Ct = 35.2; Fig. 1A). The quantification limit was estimated to
be 9.58 102 GU/ℓof sample. The coefficient of variation ranged
from 0.2% to 3.5%, depending on the concentration of the DNA
template.
The mip and dot primers gave similar results for Legionella
pneumophila quantification by real-time PCR. A comparison of
the number of cycles required for detectable amplification with
each primer showed a linear relationship from 6 to 6·106 GU/
reaction (R2 = 0.989; Fig. 1B).
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Pure suspensions of Lp were analysed by both real-time PCR
and culture methods. We aimed to compare the quantitative
results and determine whether they were correlated. A strong
correlation was found between the positive, quantifiable results
produced by the 2 real-time PCR methods (R2 = 0.996; Fig. 2A).
Fifty purified samples were analysed by culture and realtime PCR methods. Among these samples, 22 (44%) were
culture positive and the remaining 28 (56%) were culture
negative. The real-time PCR method indicated that, among the
22 culture-positive samples, 19 (86.4%) and 21 (95.4%) were
positive for the dot and mip genes, respectively. Moreover, the
real-time PCR showed that, among the 28 culture-negative
samples, 7 (25%) and 10 (35.7%) were positive for mip and dot,
respectively. The real-time PCR results were an average of
2.07 log higher than culture results for detecting the mip gene,
with a margin of error of 0.3368 and a confidence interval (CI)
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Figure 3
Melting curve and agarose gel electrophoresis for Legionella pneumophila using primers
mip and dot like target. Negative strains do not show melting peak or are very different, in
these cases any band could be detected by electrophoresis.

of 95%. Similarly, the real time PCR results were an average of
1.77 log higher than culture results for detecting the dot gene,
with a margin of error of 0.4306 and a CI of 95% (Figs. 2C and
2B).
The melting curves and gel electrophoresis for both primer
sets displayed single peaks and bands, respectively. In contrast,
no peak or band was displayed in the negative controls. This
indicated that these primer sets were specific for Legionella
pneumophila (Fig. 3).
To compare the culture and real-time PCR methodologies, a
linear regression was performed for all samples that had quantifiable amounts of Lp by both methods. A statistical analysis
did not reveal any correlation between the two methods (R2 =
0.137 for mip and R2 = 0.234 for dot). However, there was a general association between a large number of colonies detected
by culture and a high number of Lp genome units detected by
real-time PCR.
Thirty hot tap-water samples were analysed. Among these
samples, 14 (46.7%) were positive and 16 (53.3%) were negative
by culture. Among the 14 culture-positive samples, 13 (92.8%)
were positive for mip and dot by real-time PCR, and only one
was negative by PCR. Real-time PCR results were, on average,
2.03 log higher than culture results for mip PCR, and 2.32 log
higher than culture results for dot PCR. Among the 16 culturenegative samples, 5 (31.2%) and 6 (37.5%) were positive for mip
and dot, respectively, by real- time PCR.
Twenty cooling tower samples were analysed. Among
these, 8 (40%) were positive and 12 (60%) were negative by
culture. Among the 8 culture-positive samples, 8 (100%) and 6
(75%) were positive for mip and dot, respectively, by real-time
PCR. Real-time PCR results were, on average, 2.65 log higher
than culture results for detecting the mip gene, and 2.10 log
higher than culture results for detecting the dot gene. Among
the 12 culture-negative samples, 2 (16.7%) were positive for
mip, 3 (25%) were positive but non-quantifiable, and 1 (8.3%)
was positive for dot by real- time PCR.
To compare the culture and real-time PCR methodologies,
a linear regression was performed for all the samples that had
quantifiable amounts of Lp by both methods. One regression
was performed for the samples from each origin. The statistical
analyses on both the sanitary and cooling tower water results
did not reveal any strong correlations between the culture and
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Table 2
Contingency table for Dot and Mip real-time PCR
Culture

Positive
Negative
Total
Culture

Positive
Negative
Total

Real-time PCR ( Dot )
positive
negative

Total

Real-time PCR ( Mip )
positive
negative

Total

19
10
29

21
8
29

3
18
21

1
20
21

22
28
50

22
28
50

real-time PCR methods. But, in general, the correlation for
sanitary samples tended to be stronger than that observed for
cooling tower samples.
Chi-Square Test (X 2)
Two-by-two contingency tables for each primer were constructed (Table 2). The X2 was calculated for each table, considering 1 degree of freedom for both tables, and a p-value
< 0.01 (α = 0.01). According to the chi-square distribution, for
1 degree of freedom and α = 0.01, the critical value is 6.63.
Thus, when a X2 is greater than 6.69, the difference is significant, and the null hypothesis is rejected.
In this study, the X2 were found to be 22.62 and 12.97 for
mip and dot contingency tables, respectively. These results
clearly showed that the culture and real-time PCR methods
were correlated.

Discussion
In this report, we described a simple, sensitive, reliable realtime PCR method for detecting Legionella pneumophila
in water samples. We developed and optimised a real-time
quantitative PCR assay based on SYBR Green and 2 pairs of
primers that targeted the mip and dot genes. Three key features of PCR reactions were considered for optimisation: the
annealing temperature, the primer concentration and the MgCl 2
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concentration. Both primers were found to have the same high
annealing temperature. A high annealing temperature is desirable because it enhances the specificity of the dye binding to
the DNA and avoids inhibition and primer-dimer formation.
In order to quantify the number of copies of Lp in the water
samples, we constructed a standard curve for each gene target.
High amplification efficiencies were achieved for both the mip
and dot primers (1.96 and 1.98, respectively). The amplification
curves were highly correlated. Furthermore, a linear relationship was observed between the real-time PCR quantification
of Legionella pneumophila by mip and dot primers; thus, both
primers would be useful in a specific, fast, economical screening method for detecting Lp in water samples.
When we worked with pure cultures, we observed a strong
linearity between the results achieved with real-time PCR with
SYBR Green and those obtained with conventional culture
techniques. Joly et al. (2006) and Yañez et al. (2005) came to a
similar conclusion. However, when we compared the conventional cultures and SYBR Green-based real-time PCR methods
with different environmental water samples (hot sanitary and
cooling tower samples), we found weak correlation coefficients.
Nevertheless, a tendency was observed towards higher correlation coefficients for hot sanitary samples than for cooling tower
samples, particularly in detecting the dot gene. Several studies
have reported similar results with real-time PCR (Morio et al.,
2008; Wellinghausen et al., 2001; Yaradou et al., 2007; Joly et
al., 2006).
Although no strong correlation was observed in the comparisons of the 2 methods, the statistical analysis showed that
a large number of colonies detected in culture was generally
associated with a high number of genome units of Legionella
pneumophila detected by real-time PCR. We observed that
SYBR Green-based real-time PCR results were, on average,
1 log and 1.9 log higher than conventional culture results,
for pure culture samples and both cooling tower and sanitary
samples, respectively. Similar results have been observed in
other studies (Wellinghausen et al., 2001; Yañez et al., 2005;
Morio et al., 2008). These differences may arise from different
causes. Real-time PCR can detect all cells, both viable (culturable and non-culturable) and non-viable; by contrast, culture
methods can only detect viable, culturable cells (Hussong et
al., 1987). The results from these methods are expressed in
different units – the CFU is the unit used in cultures and the
GU is used in real-time PCR. To our knowledge, no methods
have been established for deriving equivalent units for comparisons (StØlhaug and Bergh, 2006). However, in our case an
equivalence could be reached by comparing real-time PCR and
culture methods using pure Legionella pneumophila suspensions. Wellinghausen et al. (2001) showed that DNA extraction
enabled the detection of legionellae in free-living amoeba,
but culturing methods could not detect amoeba. Furthermore,
standard culture techniques based on ISO 11731 have numerous
limitations (Behets et al., 2007) and several factors complicate
the interpretation of plate-counting results (Devos et al., 2005).
Cultures can be fastidious due to various factors; for example:
the legionellae growth requirements necessitate prolonged
incubation periods; the legionellae are difficult to isolate in
samples contaminated with high levels of other microbiota,
particularly environmental samples; the pre-treatment by acid
or heating can lead to underestimates of the number of viable
legionellae; viable, but non-culturable bacteria cannot be
detected (Catalan et al., 1997; Wellinghausen et al., 2001; Yañez
et al., 2005); and Legionella spp. are present at low densities in
environmental samples.
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Although diagnostic methods have improved since Lp
was first described in 1976, no test is currently available that
can diagnose Lp in a timely fashion with a high degree of
sensitivity and specificity (Diederen, 2008). Real-time PCR
methods offer the benefit of speed over traditional culturing
methods, and allow earlier disinfection of water systems that
contain high numbers of Legionella pneumophila bacteria
(Behets et al., 2007). The major disadvantage of real-time
PCR lies in its inability to differentiate between viable and
non-viable cells. This is important in monitoring Legionella
contamination levels in environmental samples. However,
several studies have reported the use of nucleic acid-binding
dyes as an attractive alternative for selectively detecting and
enumerating viable bacteria (Chang et al., 2009; DelgadoViscogliosi et al., 2009).
Occasionally, SYBR Green-based detection strategies
in real-time PCR analyses have been criticised for their
impracticality, due to the lack of dye specificity for binding
to DNA (Hein et al., 2001). There is a common misconception that adding an oligoprobe to a reaction will automatically make the reaction more sensitive. However, specific
and non-specific fluorogenic chemistries are able to detect
amplicons with equal sensitivity (Newby et al., 2003;
Fernández et al., 2006). The presence of primer-dimers or
non-specific products can sometimes be detected in the melting curve analysis.

Conclusions
To our knowledge, this is the first report on the use of
real-time PCR in combination with SYBR Green for the
quantification and identification of Legionella pneumophila
in pure cultures and environmental samples. We achieved
good results in detecting Legionella pneumophila with
an inexpensive, SYBR Green-based, quantitative, realtime PCR method. Furthermore, the results achieved were
comparable to those obtained with real-time assays that
employed expensive fluorescence resonance energy transfer
probes (FRET). Non-specific chemical methods like SYBR
Green are relatively inexpensive, do not require additional
oligonucleotide design or chemical conjugation, and are
minimally affected by small changes in template sequences.
In contrast, small changes in template sequences can abolish the hybridisation of an oligoprobe, even with primers
that have previously amplified the template successfully
(Komurian-Pradel et al., 2001). Therefore, the SYBR Green
method appears to be a suitable alternative for monitoring
Lp contamination, particularly in environmental samples,
and should be economically feasible for large-scale routine
testing. More studies that investigate real-time PCR assays
for Legionella pneumophila detection are necessary to
stimulate broader use of standard PCR methods. The detection and quantification of Legionella by real-time PCR could
play key roles, both during an outbreak investigation and in
the context of a health risk management programme.
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