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ABSTRACT

The aim of this study is to explore the dispersion, clonality, and virulence of Legionella pneumophila serogroups 2 to 14 in the
Greek environment. Eighty L. pneumophila serogroup 2 to 14 strains isolated from water distribution systems of hotels, hospi-
tals, athletic venues, and ferries in Greece were tested by monoclonal antibodies (MAbs) for serogroup discrimination and mo-
lecularly by amplified fragment length polymorphism (AFLP) for genetic diversity. Fifty-six of 80 strains were also typed by the
sequence-based typing (SBT) method. �ll strains were further analyzed for detection of two pathogenicity loci: Legionella vir
homologue (lvh) and repeats in structural toxin (rtxA). Thirty-seven strains (46.2%) belonged to serogroup 6, 26 strains (32.5%)
to serogroup 3, and 7 (8.8%) to other serogroups (4, 5, 8, and 10). Ten strains (12.5%) were nontypeable (NT) into the known
serogroups. Thirty-nine different AFLP types were found among the 80 L. pneumophila serogroup 2 to 14 strains, and 24 differ-
ent SBT types were found among the 56 strains tested. Among the 80 strains, the lvh locus was present in 75 (93.8%), the rtxA
locus was found in 76 (95%), and both loci were found in 73 (91.3%) strains. This study showed that there is genetic variability of
L. pneumophila serogroups 2 to 14 in the Greek environment as well as a high percentage of the pathogenicity loci. �ntroducing
an effective diagnostic test for L. pneumophila serogroups 2 to 14 in urine and promoting the examination of respiratory speci-
mens from patients hospitalized for pneumonia in Greek hospitals are essential.

IMPORTANCE

In this study, the dispersion, clonality, and virulence of environmental isolates of Legionella pneumophila serogroups 2 to 14
(Lp2–14) in Greece were investigated. Genetic variability of Lp2–14 in the Greek environment was identified together with the
presence of the pathogenicity loci in a high percentage of the isolates. Despite the high prevalence of Lp2–14 in the Greek envi-
ronment, no clinical cases were reported, which may be due to underdiagnosis of the disease. Almost all the legionellosis cases
are diagnosed in Greece by using the urine antigen test, which is specific for Lp1. There is an urgent need to improve the clinical
diagnosis of legionellosis by introducing an effective diagnostic test for Lp2–14 in urine and by promoting the PCR examination
of respiratory specimens from patients with compatible clinical symptoms.

Legionella species are inhabitants of water and biofilms in both
natural and industrial aquatic environments (1). Legionella

spp. can cause Legionnaires’ disease and the flu-like Pontiac fever
in humans, through inhalation of Legionella-contaminated water
aerosols (2, 3). In Europe, according to the World Health Orga-
nization (WHO), the incidence rate was 10 to 15 cases per million
population, and the total case-fatality rate (CFR) was about 12%
(4, 5). In the last surveillance report from the European Centre for
Disease Prevention and Control (ECDC), for the year 2014, the
notification rate of Legionnaires’ disease in Europe for the same
year was 13.5 cases per million inhabitants and the CFR was 8%.
Specifically for Greece, the notification rate was 2.5 per million
inhabitants and the CFR was 12% (6).

There are around 60 known Legionella species (http://www
.bacterio.net/legionella.html), and among them, Legionella pneu-
mophila, especially serogroup 1 (sg1), causes the majority of Le-
gionnaires’ disease cases (7, 8). Specifically, approximately 90% of
Legionnaires’ disease cases are caused by L. pneumophila. More
than 75% of the total are due to L. pneumophila serogroup 1 (Lp1),
and the remaining cases (ranging from 5% to 22%) are caused by

the other serogroups, i.e., non-serogroup 1 of L. pneumophila
(Lpnon-1) (9, 10). It should be noted that L. pneumophila presents
a variety of 16 serogroups (11).

Different methods have been developed for molecular typing
of the Lp1 strains, such as pulsed-field gel electrophoresis (PFGE),
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amplified fragment length polymorphism (AFLP) analysis, and
sequence-based typing (SBT). These are useful tools during
investigations of Legionnaires’ disease cases, clusters, or out-
breaks (12–14).

Lp1 has been studied for the presence of a variety of virulence
genes, such as intracellular multiplication/defective in organelle
trafficking (icm/dot) (15, 16), repeats in structural toxin (rtxA)
(17), and Legionella vir homologue (lvh) (18). The icm/dot genes
encode the type IV secretion system and are responsible for intra-
cellular multiplication. The lvh locus derives proteins for a second
type IV secretion system that contributes to conjugation and vir-
ulence (18). The role of rtxA is to help Legionella entry and adher-
ence to the host cell (17).

One of the factors that can explain the high proportion of clin-
ical cases of Legionnaires’ disease reported to be due to Lp1 is the
diagnostic method used in the hospital laboratories. In particular,
Greek and other European hospitals use mainly the urine antigen
test for lab diagnosis. The test detects only Lp1, implying that cases
due to Lpnon-1 are probably underdiagnosed. Given that proba-
bly more than 10% of Legionella infections internationally (9, 10)
are caused by serogroups other than Lp1, the investigation of the
existence and the molecular epidemiology of such serogroups in
the environment of a region with enhanced tourism and a pro-
longed warm vacation period are of obvious interest. Epidemio-
logical data for Greece and Europe since 2011 show that the ma-
jority of cases were diagnosed with the urine antigen test at a
percentage ranging from 82 to 96% and 77 to 82%, respectively (6,
19–21). Two recent studies in Greece performed environmental
detection of Legionella in water distribution systems and molecu-
lar typing, but until now no other study in Greece had detected
virulence genes (22, 23). The objective of this study was to inves-
tigate the genetic diversity of L. pneumophila sg2 to sg14 (Lp2–14)
in the Greek environment and the existence of virulence genes
among them.

MATERIALS AND METHODS
Isolates. Eighty-two strains of Lp2–14 serotyped by latex were randomly
selected from 171 strains isolated from water samples collected during a
2-year period within the public health inspection program for the Athens
Olympic Games in 2004. Confirmation of the serogroups was conducted
by use of monoclonal antibodies (MAbs), and two of the strains proved to
be serogroup 1 and were excluded from the study. The remaining 80 strains
were used for typing by AFLP and detection of virulence genes. Due to finan-
cial restrictions, 56 of 80 strains were additionally typed by SBT.

The 80 strains included in the study have been isolated from the anal-
ysis of 1,870 water samples that were taken from 385 hotels (1,086 sam-
ples), 94 athletic venues (382 samples), 10 cruise ships (133 samples), and
21 ferries (269 samples). Parts of these results have been published else-
where (24–26).

Water samples came from 13 different Olympic prefectures, which
represent about 70% of the population of Greece and are distributed
geographically in northern, central, and southern Greece. Four prefec-
tures belong to Attica and nine to the rest of Greece.

Detection and enumeration of Legionella spp. in water samples. Wa-
ter samples were analyzed with a method based on the ISO 11731:1998
standard (27). The final identification of the colony was made by the latex
agglutination test (Oxoid). This test can discriminate Lp1 and Lp2–14
without specifying the exact serotype of the Lp2–14 strain, while it is
capable of detecting a group of particular non-pneumophila species.

Serological typing. Further serogroup typing was conducted by us-
ing MAbs in an enzyme-linked immunosorbent assay (ELISA) and/or
an indirect immunofluorescent method, to discriminate the strains of

Lp2–14. Serogroup-specific MAbs of the Dresden panel were used
when needed (9).

Molecular typing. The AFLP protocol was implemented as described
previously (12, 13, 28). DNA extraction from Legionella strains has been
conducted using the Nucleon BACC2 DNA extraction kit (Amersham
Pharmacia Biotech). Bands within the range of 300 to 3,500 bp only were
included for each pattern. The comparison of the AFLP profiles between
different gels was performed by the software Gelcompare II (Applied
Maths, Belgium). Cluster analysis was based on the Dice coefficient and
the method of unweighted pair group method with averages (UPGMA).
Strains with genetic homology of �90% were interpreted as homologues
(29).

The European Society of Clinical Microbiology and Infectious Dis-
eases (ESCMID) Study Group for Legionella Infections (ESGLI) SBT
protocol for epidemiological typing of Legionella pneumophila (SBT
protocol, version 5) was followed for the typing of the Lp2–14 strains
(http://bioinformatics.phe.org.uk/legionella/legionella_sbt/php
/sbt_homepage.php [protocols]). For a single strain, neuAh sequence-
based typing (SBT protocol version 1) for epidemiological typing of Legion-
ella pneumophila was applied (see URL above). The Legionella sequence
quality tool (http://www.hpa-bioinformatics.org.uk/cgi-bin/legionella
/sbt/seq_assemble_legionella1.cgi) was used for the analysis of the pri-
mary sequence data. All data, including new sequence types (STs), were
introduced in the ESGLI SBT database (http://bioinformatics.phe.org.uk
/legionella/legionella_sbt/php/sbt_homepage.php [strain data submis-
sion]).

Detection of virulence traits. Two virulence gene loci (lvh and rtxA),
previously proven to have a strong correlation with Legionnaires’ disease
in clinical cases by Lp1 (28, 30) were selected to be detected in Lp2–14
strains. Six pairs of virulence gene-based PCR primers have been used in
this study. They were lvh1-prpA and lvh2-prpA, lvh3-lvhB3 and lvh4-
lvhB4, lvh5-lvhB8 and lvh6-lvhB9, and lvr1-lvrE and lvr2-lvrE for the de-
tection of the lvh region and rtx1-rtxA and rtx2-rtxA as well as rtx3-rtxA
and rtx4-rtxA for the amplification of the rtxA region. The same primer
sequences and PCR conditions were used as those described in the former
studies (28, 30).

Statistical analysis. Fisher’s exact test was used to explore any associ-
ations between categorical variables. A result was considered statistically
significant when the P value was �0.05.

RESULTS
Detection and enumeration of Legionella spp. in water samples.
Among 1,870 water samples, 172 (9.2%) were positive for Lp1,
171 (9.1%) for Lp2–14, and 45 (2.4%) for Legionella non-pneu-
mophila. Analytical results for the total water samples are shown in
Table 1 (24–26).

Serological typing. The 80 randomly selected study strains be-
longed to different serogroups. The major part consisted of 37
strains (46.2%) that were sg6, while 26 strains (32.5%) belonged
to sg3. Seven strains (8.8%) belonged to various serogroups: 1 sg4
strain (1.3%), 1 sg5 strain (1.3%), 3 sg8 strains (3.7%), and 2 sg10
strains (2.5%). Ten strains (12.5%) were nontypeable (NT) into
the known serogroups. A statistically significant difference (P �
0.001) in the distributions of serogroups between Attica and the
rest of Greece was identified. In Attica, 23 of 37 strains (62.2%)
were sg6, while in the rest of Greece, sg3 was the most frequent,
since 22 of 43 strains (51.2%) belonged to sg3.

Molecular typing. (i) AFLP. Thirty-nine AFLP types were
found among the 80 Lp2–14 strains. Among the 36 sg6 strains, 17
different AFLP types were found, and among the 27 sg3 strains, 14
different AFLP types were found. Nine NT strains belonged to 8
AFLP types.

As shown in Table S1 in the supplemental material, the most
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frequent AFLP type was AF8 (n � 8), followed by AF1 (n � 7) and
AF6 and AF35 (n � 4 each). A statistically significant difference
(P � 0.001) in the distributions of AFLP types between Attica and
the rest of Greece was also found. In Attica, 18.9% of the strains
belonged to AF5 and AF35 (7 of 37). In the rest of Greece, 18.6% of
the strains belonged to one AFLP type, AF8 (8 of 43 strains).

(ii) SBT. Among the 28 sg6 strains, 11 different STs have been
found. Among the 19 strains of sg3, 6 different STs have been
found. Five NT strains belonged to 5 different STs. Overall, 10 new
STs were found. They are ST1825, ST1929, ST1930, ST2082,
ST2083, ST2084, ST2085, ST2086, ST2087, and ST2088. The de-
tailed molecular typing results are presented in Table 2. Finally, a
statistically significant difference (P � 0.001) in the distributions
of STs between Attica and the rest of Greece was identified. The
prevalent ST in Attica was ST68, with 7 of 25 strains (28%), while
in other regions of Greece 8 of 31 strains (25.8%) belonged to
ST728.

Comparison of SBT and AFLP. As shown in Table 2, for the 19
strains of sg3, 6 different STs and 10 different AFLP types were
identified. For the 28 strains of sg6, 10 different STs and 18 differ-
ent AFLP types were found. Comparing these results, it seems that
strains of the same ST can belong to more than one AFLP type. For
example, strains of ST68 presented the highest variability, belong-
ing to 5 different AFLP types, while those belonging to ST87 be-
longed to 3 different AFLP types, as did strains of ST728.

Finally, the diversity of AFLP types of strains which belong in
the same ST group is enhanced as the number of strains constitut-
ing the group increases. In cases of ST groups consisting of a low
number of strains, a single AFLP type is observed for each ST.

Additionally, strains with identical AFLP types may belong to
different serogroups. This is observed in the group of strains that
belong to AFLP type 1, in which strains belonging to both sg6 and
sg3 are included. In contrast, most of the strains with a common
ST show stability to the kind of serogroup to which they belong.
These data are summarized in Table S2 in the supplemental ma-
terial.

Detection of pathogenicity genes. All strains were subjected to
detection of pathogenicity gene loci rtxA and lvh. The lvh locus
was present in 75 strains (93.8%), while the rtxA locus was found
in 76 strains (95%). The presence of both loci was detected in 73
strains (91.3%). The simultaneous absence of the two genes has
not been found in any strain.

The lvh and rtxA loci were detected in high proportions among
the different serogroups. Results are shown in Table 3.

DISCUSSION

The results of the present study showed that a large variety of
different Lp2–14 clones can be found in the environment. The

most frequently identified serogroup proved to be sg6, followed
by sg3. In a study that took place in France for the Legionella
distribution of 259 clinical and 2,747 environmental strains, Lp1
comprised 95.4% of cases but only 28.2% of the environmental
samples. Serogroup 6 and sg3, although making up a low percent-
age (2%) of the clinical cases, were the most common from the
Lpnon-1 clinical cases. In environmental strains, the same two
serogroups were also found in higher percentages, 10.8% (sg3)
and 11.1% (sg6), making a sum of 21.9% (31). These specific
serogroups are the most frequent and virulent Lpnon-1 sero-
groups among clinical cases (6, 9, 10). That means that there is a
strong possibility of transmission of Legionnaires’ disease caused
by those serogroups in Greece in susceptible humans. Further,
several case reports describe Lpnon-1 Legionnaires’ disease in hu-
mans. They include serogroups 6, 3, 5, 8, 10, 11, and 12 (32–37). It
is worth mentioning that coinfections in humans by two different
serogroups have been reported as well (34, 37).

Our results are in concordance with data from a study in the
Netherlands from 2002 to 2012, in which 24.7% (367/1,117) of
environmental samples were positive for Legionella. Seventy-six of
367 samples (20.7%) were positive for Lpnon-1, and 26.4% (97/
367) were positive for Lp1. Lp1 was found in 28 (19.7%) clinical
cases, Lpnon-1 in 6 (4.2%), and Legionella spp. other than L. pneu-
mophila in 22 (15.5%) (38). In England and Wales, from 2000 to
2008, Harrison et al. found 43.5% (120/276) Lp2–15 and 55.8%
Lp1 (154/276) in environmental samples, while in clinical isolates
only 2.4% (4/167) belonged to Lp2–14 (39). In contrast, in south-
eastern Italy from 2000 to 2009, Lp2–14 was found in community
buildings at a prevalence of 40.8% (831/2038), versus 33% (673/
2038) for Lp1. No specific data for serotyping exist for the clinical
strains (40).

Anevlavis et al. reported in a study that from 1,390 communi-
ty-acquired pneumonia (CAP) cases admitted in two hospitals of
northern and southern Greece, only 435 (31.3%) had positive
sputum cultures. The remaining 955 cases (68.7%) remained un-
diagnosed. These data show that a rather large percentage of CAP
cases without a known etiologic agent exist in Greece. In combi-
nation with the facts that no rapid test for Lp2–14 is implemented
and that the application of the sputum or BAL fluid culture for the
isolation of Legionella spp. is rare, it is highly likely that Legion-
naires’ disease due to Lp2–14 is underdiagnosed (41).

In our study, 39 different AF types came from the 80 strains.
The genetic clusters that were close to each other tended to share
the same serogroup. For instance, the clusters AF8 to AF12 con-
sisted of 15 strains; 12/15 strains belonged to sg3. In neighboring
clusters, AF13 to AF18 (total, 10 strains), all strains belonged to
sg6. In AF22 to AF28, 7/9 strains were nontypeable, and finally in
AF31 to AF36, 12/13 strains belonged to sg6.

TABLE 1 Site of environmental sample collection and Legionella-positive results

Facility type
No. of environmental
samples

No (%) of positive environmental samples

Legionella spp. L. pneumophila sg1 L. pneumophila sg2–14 Legionella non-pneumophila

Hotel 1,086 268 (24.7) 121 (11.1) 120 (11.0) 36 (3.3)
Cruise ship 133 0 0 0 0
Ferry 269 82 (30.5) 43 (16) 44 (16.3) 9 (3.3)
Athletic venue 382 15 (3.9) 8 (2.1) 7 (1.8) 0

Total 1,870 365 (19.5) 172 (9.2) 171 (9.1) 45 (2.4)
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TABLE 2 Results of serological and molecular typing of all 56 L. pneumophila sg2–14 strains tested by SG, AFLP, and SBT typing methods, linked
with environmental epidemiological data

Strain ID no.
Code of health
inspection pointa

Prefecture
codeb

AFLP (AF)
type ST

ST gene allelec

SGflaA pilA asd mip mompS proA neuA

1 O-1 P-1 1 87 2 10 3 28 9 4 13 3
2 O-2 P-1 1 461 6 10 14 28 21 14 9 6
3 H-1 P-2 1 461 6 10 14 28 21 14 9 6
4 O-3 P-1 1 87 2 10 3 28 9 4 13 3
5 O-2 P-1 1 461 6 10 14 28 21 14 9 6
6 O-2 P-1 1 461 6 10 14 28 21 14 9 6
7 H-2 P-3 1 1825 6 10 15 3 21 4 15 6
8 H-3 P-4 2 1929 6 6 3 28 9 4 6 3
9 H-4 P-5 2 1929 6 6 3 28 9 4 6 3
10 H-4 P-5 2 1929 6 6 3 28 9 4 6 3

11 SP-1 P-2 3 1358 5 2 22 10 6 25 203 8
12 SP-1 P-2 3 1358 5 2 22 10 6 25 203 8
13 O-4 P-1 3 461 6 10 14 28 21 14 9 6
14 H-5 P-3 5 2083 2 10 15 28 21 4 9 6
15 H-5 P-3 5 2083 2 10 15 28 21 4 9 6
16 H-5 P-3 5 2083 2 10 15 28 21 4 9 6
17 H-6 P-6 6 2083 2 10 15 28 21 4 9 6
18 O-5 P-1 6 2084 6 10 19 2 19 4 9 6
19 H-7 P-6 6 2085 6 10 15 28 4 3 1 6
20 H-8 P-7 6 2083 2 10 15 28 21 4 9 6

21 H-9 P-8 7 993 10 22 7 28 16 18 13 3
22 O-3 P-1 8 728 2 10 3 28 9 4 3 3
23 O-3 P-1 8 728 2 10 3 28 9 4 3 3
24 H-10 P-1 8 728 2 10 3 28 9 4 3 3
25 H-10 P-1 8 728 2 10 3 28 9 4 3 3
26 H-10 P-1 8 728 2 10 3 28 9 4 3 3
27 H-11 P-9 8 728 2 10 3 28 9 4 3 3
28 H-12 P-10 8 421 2 10 3 3 9 4 3 6
29 H-13 P-9 8 2086 6 10 15 28 9 14 3 NT
30 H-14 P-9 9 1930 6 10 2 28 21 14 3 10

31 H-10 P-1 9 728 2 10 3 28 9 4 3 3
32 H-16 P-11 11 87 2 10 3 28 9 4 13 3
33 H-16 P-11 12 87 2 10 3 28 9 4 13 3
34 H-16 P-11 12 87 2 10 3 28 9 4 13 3
35 H-18 P-3 13 153 2 10 3 28 9 14 3 6
36 O-7 P-9 15 68 3 13 1 28 14 9 3 6
37 F-4 P-2 16 68 3 13 1 28 14 9 3 6
38 H-20 P-4 16 81 2 10 3 28 9 4 9 6
39 H-21 P-7 17 68 3 13 1 28 14 9 3 6
40 H-21 P-7 17 68 3 13 1 28 14 9 3 6

41 H-20 P-4 18 81 2 10 3 28 9 4 9 6
42 F-2 P-2 19 2082 2 10 15 28 21 4 207 NT
43 O-8 P-1 21 728 2 10 3 28 9 4 3 3
44 F-1 P-3 22 1575 4 3 18 10 5 1 6 NT
45 H-22 P-12 22 1226 7 10 17 28 13 11 3 4
46 H-5 P-3 24 2087 2 10 15 28 21 4 6 NT
47 H-5 P-3 28 2088 2 10 15 28 21 4 1 NT
48 H-22 P-12 29 361 7 10 17 28 13 11 13 3
49 H-25 P-9 30 297 7 10 17 28 13 4 13 3

50 H-27 P-12 32 649 3 13 1 3 14 9 3 6
51 F-2 P-2 34 1999 3 6 1 6 1 11 9 6
52 H-1 P-2 35 421 2 10 3 3 9 4 3 6
53 F-1 P-2 35 68 3 13 1 28 14 9 3 6
54 F-1 P-2 35 68 3 13 1 28 14 9 3 6
55 F-1 P-2 36 68 3 13 1 28 14 9 3 6
56 H-21 P-7 36 68 3 13 1 28 14 9 3 6
a �, house; �, hotel; F, ferry; SP, sports center; C, city.
b P-2, P-3, P-4, and P-7 are in Attica; P-1, P-5, P-6, P-8, P-9, P-10, P-11, and P12 are in the rest of Greece.
c Each number is the allele variant of the gene.
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STs that were found in this study are encountered in the ESGLI
database in clinical cases also. This means that inevitably they have
caused pneumonia in humans. Among the 14 known STs, 11 are
responsible for clinical cases. Additionally, 11 new STs have been
found. The STs in clinical strains most often found in the ESGLI
database from the STs of this study are ST68 and ST87. STs from
our study that have not been found yet in the database of ESGLI as
clinical strains are ST1575, ST1226, and ST361.

Results show that different clones of Lp2–14 are more preva-
lent in the Attica region than in the rest of Greece. ST68, which
belongs to the more frequent STs of clinical cases in the ESGLI
database, is encountered more often in Attica than in the rest of
Greece. This differentiation is in agreement with the prevalence of
serogroups in the two areas, since sg6 is prevalent in Attica
whereas sg3 is prevalent in the rest of Greece. Both areas are urban,
and there was not any specific predominance of a certain clone in
a specific water site (hotel, ship, etc.). Thus, the most likely expla-
nation for the differences in clone predominance is the geograph-
ical location.

In addition to those in this study, all strains have been exam-
ined for pathogenicity genes that have already been examined for
Lp1. Specific genetic loci lvh and rtxA were chosen because they
were suggested as appropriate indicators of L. pneumophila viru-
lence after 19 major virulence genes were studied (42). A genetic
element of the lvh locus in the genome of strain Philadelphia 1
(derived from the strain of the first outbreak in Philadelphia, PA)
was detected in the genome of an Lp6 strain that has been se-
quenced in Canada (43). Different studies suggest that there is
recombination and horizontal gene transfer through the plasmid
pP36 of the lvh locus and other loci involved in type IV secretion
systems (43, 44). rtxA encodes the dot/icm-regulated pore-form-
ing toxin and plays a significant role in the entry of the bacteria
into the host cell (17). Rtx toxin consists of two regions; the N-ter-
minal region is responsible for adhesion, and the C-terminal re-
gion participates in adhesion and pore formation (42).

Our data showed that these genetic loci exist in Lpnon-1 strains
at a very high percentage. This fact leads to the conclusion that
Lpnon-1 has the pathogenicity mechanisms to adhere to, enter,
and escape acidification of the vacuole in a host cell, a fact consis-
tent with the virulence potential of these strains.

To our knowledge, no clinical case of Legionnaires’ disease due
to Lpnon-1 has ever been diagnosed in Greece. This can be attrib-
uted to the almost exclusive use of the immunochromatography
(ICT) urine antigen test for the diagnosis of Legionnaires’ disease

in Greek hospitals. This test has excellent sensitivity for Lp1
(97.2% in concentrated urine samples) and specificity (100%) and
is recommended for this diagnostic purpose (45). It is worth men-
tioning that the Binax NOW Legionella urinary antigen kit (ICT)
had given a positive result for Lp3 and Lp6 when the detection
limit was more than 100-fold higher than the detection limit for
Lp1 (46).

The Biotest kit based on the enzyme immunoassay (EIA)
method is the only diagnostic tool for rapid laboratory diagnosis
of Legionnaires’ disease caused by strains other than Lp1. Its sen-
sitivity for Lpnon-1 is 86%, versus 94.6% for Lp1 (47).

The culture of clinical specimens such as sputum or bron-
choalveolar lavage (BAL) fluid is extremely rare in Greek hospi-
tals. This is also a common phenomenon in several other Euro-
pean countries (6). Surveillance data from the last report coming
from ECDC show characteristically that for the year 2014, from
the 27 cases reported from Greece, 26 (90%) were diagnosed by a
urine test and 1 (4%) was diagnosed from the high titer of a single
antibody, while none (0%) was confirmed by culture or PCR.
These data can be considered representative for other European
countries. From the total of 6,941 cases, 6,038 (87%) were diag-
nosed by the urine test, 577 (8%) by PCR, 247 (4%) by a high-titer
single-antibody assay, 819 (12%) by culture, 67 (1%) by a 4-fold
antibody rise, and only 2(�1%) by direct immunofluorescence
(6). The majority of reported cases during the period 2010 to 2014
in Greece were diagnosed with the urinary antigen test (82% to
96%), while the cases diagnosed with culture were 4% to 10%,
those with PCR 3% to 5%, and those with a single high titer 4% to
16%. The 4-fold titer rise and the direct immunofluorescence as-
says were never used (6, 19–21, 48). Respiratory secretion culture
can be implemented mainly in Greek Public Health Laboratories.
Even though it is so, clinical samples come in these laboratories
usually after a positive urine test. Inevitably, an unspecified num-
ber of cases of Legionnaires’ disease remain undiagnosed, a fact
that makes the introduction of culture and PCR in the diagnostic
protocol of possible Lp infection crucial.

One possible limitation of our study is the representativeness
of the environmental samples and isolates of the Greek environ-
ment in both time and place. We acknowledge that during the
planning phase representativeness was not perceived, but since the
samples and isolates were from 13 prefectures covering more than
70% of the Greek population, we can assume that the isolates
could be considered to be representative of the Greek environ-
ment.

Finally, based on these results, it would be useful to take into
consideration the quick introduction of a proper diagnostic test
for Lp2–14 in urine and even in upper respiratory specimens in
the Greek hospitals, since we identified several dispersed clones of
Lp2–14 existing in the Greek environment that could be possibly
virulent for humans. A strong consideration of an alternative and
more-cost-effective diagnostic approach would be to focus on the
serogroups of each region in the clinical diagnostic setup in order
to improve the diagnosis of the disease.

Further studies must be conducted to explore if the Lp1 strain
has developed more pathogenicity mechanisms by natural selec-
tion than the Lpnon-1 strains. Exploring the virulence of Lp and
mapping the clone dispersion of this bacterium in the environ-
ment could lead to more-advanced and -intensive measures for
the control and prevention of legionellosis.

TABLE 3 Detection of virulence traits in L. pneumophila sg2–14 strains
per type of serogroup

Serogroup

No. (%) of strains positive for L. pneumophila sg2–14

lvh locus rtxA locus lvh and rtxA loci

6 37/37 (100) 35/37 (94.6) 35/37 (94.6)
3 24/26 (92.3) 25/26 (96.1) 24/26 (92.3)
NT 9/10 (90) 9/10 (90) 9/10 (90)
8 2/3 (66.6) 3/3 (100) 2/3 (66.6)
5 1/1 (100) 1/1 (100) 1/1 (100)
10 2/2 (100) 2/2 (100) 2/2 (100)
4 0/1 (0) 1/1 (100) 0/1 (0)

Total 75/80 (93.8) 76/80 (95) 73/80 (91.3)

Katsiaflaka et al.

6106 aem.asm.org October 2016 Volume 82 Number 20Applied and Environmental Microbiology

http://aem.asm.org


ACKNOWLEDGMENTS

We are grateful to J. H. Helbig from the Institute of Medical Microbiology
and Hygiene, Faculty of Medicine, Dresden, Germany, for implementing
the MAb typing. We also acknowledge the Applied Maths Info for the
permission to publish these data, since Gelcompare II was used in a free
trial.

FUNDING INFORMATION
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

REFERENCES
1. Fliermans CB, Cherry WB, Orrison LH, Smith S, Tison DL, Pope DH.

1981. Ecological distribution of Legionella pneumophila. Appl Environ
Microbiol 41:9 –16.

2. Fraser DW, Tsai TR, Orenstein W, Parkin WE, Beecham HJ, Sharrar
RG, Harris J, Mallison GF, Martin SM, McDade JE, Shepard CC,
Brachman PS. 1977. Legionnaires’ disease: description of an epidemic of
pneumonia. N Engl J Med 297:1189 –1197.

3. Glick TH, Gregg MB, Berman B, Mallison G, Rhodes WW, Jr, Kas-
sanoff I. 1978. Pontiac fever: an epidemic of unknown etiology in a health
department. I. Clinical and epidemiologic aspects. Am J Epidemiol 107:
149 –160.

4. World Health Organization. 2007. Legionella and the prevention of le-
gionellosis. World Health Organization, Geneva, Switzerland. http://www
.who.int/water_sanitation_health/emerging/legionella.pdf. Accessed 14
July 2016.

5. World Health Organization. 2014. Legionellosis, fact sheet N°285 No-
vember. World Health Organization, Geneva, Switzerland. http://www
.who.int/mediacentre/factsheets/fs285/en/. Accessed 14 July 2016.

6. European Centre for Disease Prevention and Control. 2016. ECDC
surveillance report—Legionnaires’ disease in Europe, 2014. http://ecdc
.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx
?List�4f55ad51-4aed-4d32-b960-af70113dbb90&ID�1423. Accessed 14
July 2016.

7. Marston BJ, Plouffe JF, Breiman RF, File TM, Benson RF, Jr, Moy-
enudden M, Thacker WL, Wong KH, Skelton S, Hackman B, Salstrom
SJ, Barbaree JM. 1993. Preliminary findings of a community-based pneu-
monia incidence study, p 36 –37. In Barbaree JM, Breiman RF, Dufour AP
(ed), Legionella: current status and emerging perspectives. American So-
ciety for Microbiology, Washington, DC.

8. Marston BJ, Lipman HB, Breiman RF. 1994. Surveillance for Legion-
naires’ disease. Risk factors for morbidity and mortality. Arch Intern Med
154:2417–2422.

9. Helbig JH, Bernander S, Castellani Pastoris M, Etienne J, Gaia V,
Lauwers S, Lindsay D, Lück PC, Marques T, Mentula S, Peeters MF,
Pelaz C, Struelens M, Uldum SA, Wewalka G, Harrison TG. 2002.
Pan-European study on culture-proven Legionnaires’ disease: distribu-
tion of Legionella pneumophila serogroups and monoclonal subgroups.
Eur J Clin Microbiol Infect Dis 21:710 –716. http://dx.doi.org/10.1007
/s10096-002-0820-3.

10. Yu VL, Plouffe JF, Castellani Pastoris M, Stout JE, Schousboe M,
Widmer A, Summersgill J, File T, Heath CM, Paterson DL, Chereshsky
�. 2002. Distribution of Legionella species and serogroups isolated by
culture in patients with sporadic community-acquired legionellosis: an
international collaborative survey. J Infect Dis 186:127–128. http://dx.doi
.org/10.1086/341087.

11. Ratcliff RM, Lanser JA, Manning PA, Heuzenroeder MW. 1998. Se-
quence-based classification scheme for the genus Legionella targeting the
mip gene. J Clin Microbiol 36:1560 –1567.

12. Lück C, Fry NK, Helbig JH, Jarraud S, Harrison TG. 2013. Typing
methods for Legionella. Methods Mol Biol 954:119 –148. http://dx.doi.org
/10.1007/978-1-62703-161-5_6.

13. Valsangiacomo C, Baggi F, Gaia V, Balmelli T, Peduzzi R, Piffaretti JC.
1995. Use of amplified fragment length polymorphism in molecular typ-
ing of Legionella pneumophila and application to epidemiological studies.
J Clin Microbiol 33:1716 –1719.

14. Gaia V, Fry NK, Afshar B, Luc PC, Meugnier H, Etienne J, Peduzzi R,
Harrison TG. 2005. Consensus sequence-based scheme for epidemiolog-
ical typing of clinical and environmental isolates of Legionella pneumo-

phila. J Clin Microbiol 43:2047–2052. http://dx.doi.org/10.1128/JCM.43
.5.2047-2052.2005.

15. Brand BC, Sadosky AB, Shumman HA. 1994. The Legionella pneumo-
phila icm locus: a set of genes required for intracellular multiplication in
human macrophages. Mol Microbiol 14:797– 808.

16. Berger KH, Isberg RR. 1993. Two distinct defects in intracellular growth
complemented by a single genetic locus in Legionella pneumophila. Mol
Microbiol 7:7–19.

17. D’Auria G, Jiménez N, Peris-Bondia F, Pelaz C, Latorre A, Moya A.
2008. Virulence factor rtx in Legionella pneumophila, evidence suggesting
it is a modular multifunctional protein. BMC Genomics 9:14. http://dx
.doi.org/10.1186/1471-2164-9-14.

18. Segal G, Russo JJ, Shuman HA. 1999. Relationships between a new type
IV secretion system and the icm/dot virulence system of Legionella pneu-
mophila. Mol Microbiol 34:799 – 809. http://dx.doi.org/10.1046/j.1365
-2958.1999.01642.x.

19. European Centre for Disease Prevention and Control. 2015. ECDC surveil-
lance report—Legionnaires’ disease in Europe, 2013. http://ecdc.europa.eu
/en/publications/Publications/legionnaires-disease-surveillance-2013.pdf.
Accessed 14 July 2016.

20. European Centre for Disease Prevention and Control. 2014. ECDC
surveillance report—Legionnaires’ disease in Europe, 2012. http://ecdc
.europa.eu/en/publications/publications/legionnaires-disease-in-europe
-2012.pdf. Accessed 14 July 2016.

21. European Centre for Disease Prevention and Control. 2013. ECDC
surveillance report—Legionnaires’ disease in Europe, 2011. http://ecdc
.europa.eu/en/publications/Publications/SUR-Legionnaires-disease
-surveillance-2011.pdf. Accessed 14 July 2016.

22. Alexandropoulou IG, Ntougias S, Konstantinidis TG, Parasidis TA,
Panopoulou M, Constantinidis TC. 2015. Environmental surveillance
and molecular epidemiology of waterborne pathogen Legionella pneumo-
phila in health-care facilities of Northeastern Greece: a 4-year survey. En-
viron Sci Pollut Res Int 22:7628 –7640. http://dx.doi.org/10.1007/s11356
-014-3740-8.

23. Chochlakis D, Sandalakis V, Panoulis C, Goniotakis I, Makridaki E,
Tselentis Y, Psaroulaki AJ. 2013. Typing of Legionella strains isolated
from environmental samples in Crete, Greece, during the period 2004-
2011. Water Health 11:762–771. http://dx.doi.org/10.2166/wh.2013.015.

24. Mouchtouri V, Velonakis E, Tsakalof A, Kapoula C, Goutziana G,
Vatopoulos A, Kremastinou J, Hadjichristodoulou C. 2007. Risk factors
for contamination of hotel water distribution systems by Legionella spe-
cies. Appl Environ Microbiol 73:1489 –1492. http://dx.doi.org/10.1128
/AEM.02191-06.

25. Goutziana G, Mouchtouri VA, Karanika M, Kavagias A, Stathakis NE,
Gourgoulianis K, Kremastinou J, Hadjichristodoulou C. 2008. Legion-
ella species colonization of water distribution systems, pools and air con-
ditioning systems in cruise ships and ferries. BMC Public Health 8:390.
http://dx.doi.org/10.1186/1471-2458-8-390.

26. Mouchtouri V, Velonakis E, Hadjichristodoulou C. 2007. Thermal dis-
infection of hotels, hospitals and athletic venues hot water distribution
systems contaminated by Legionella species. Am J Infect Control 35:623–
627. http://dx.doi.org/10.1016/j.ajic.2007.01.002.

27. International Organization for Standardization. 1998. ISO 11731. Water
quality— detection and enumeration of Legionella. International Organi-
zation for Standardization, Geneva, Switzerland.

28. Samrakandi MM, Cirillo SLG, Ridenour DA, Bermudez LE, Cirillo JD.
2002. Genetic and phenotypic differences between Legionella pneumophila
strains. J Clin Microbiol 40:1352–1362. http://dx.doi.org/10.1128/JCM.40
.4.1352-1362.2002.

29. Fry NK, Bangsborg JM, Bergmans A, Bernander S, Etienne J, Franzin L,
Gaia V, Hasenberger P, Baladrón Jiménez B, Jonas D, Lindsay D,
Mentula S, Papoutsi A, Struelens M, Uldum SA, Visca P, Wannet W,
Harrison TG. 2002. Designation of the European Working Group on
Legionella Infection (EWGLI) amplified fragment length polymorphism
types of Legionella pneumophila serogroup 1 and results of intercentre
proficiency testing using a standard protocol. Eur J Clin Microbiol Infect
Dis 21:722–728. http://dx.doi.org/10.1007/s10096-002-0790-5.

30. Huang B, Heron BA, Gray BR, Eglezos S, Bates JR, Savillo J. 2004. A
predominant and virulent Legionella pneumophila serogroup 1 strain de-
tected in isolates from patients and water in Queensland, Australia, by an
amplified fragment length polymorphism protocol and virulence gene-
based PCR assays. J Clin Microbiol 42:4164 – 4168. http://dx.doi.org/10
.1128/JCM.42.9.4164-4168.2004.

L. pneumophila sg2–14 AFLP, SBT, and Virulence Traits

October 2016 Volume 82 Number 20 aem.asm.org 6107Applied and Environmental Microbiology

http://www.who.int/water_sanitation_health/emerging/legionella.pdf
http://www.who.int/water_sanitation_health/emerging/legionella.pdf
http://www.who.int/mediacentre/factsheets/fs285/en/
http://www.who.int/mediacentre/factsheets/fs285/en/
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1423
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1423
http://ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=1423
http://dx.doi.org/10.1007/s10096-002-0820-3
http://dx.doi.org/10.1007/s10096-002-0820-3
http://dx.doi.org/10.1086/341087
http://dx.doi.org/10.1086/341087
http://dx.doi.org/10.1007/978-1-62703-161-5_6
http://dx.doi.org/10.1007/978-1-62703-161-5_6
http://dx.doi.org/10.1128/JCM.43.5.2047-2052.2005
http://dx.doi.org/10.1128/JCM.43.5.2047-2052.2005
http://dx.doi.org/10.1186/1471-2164-9-14
http://dx.doi.org/10.1186/1471-2164-9-14
http://dx.doi.org/10.1046/j.1365-2958.1999.01642.x
http://dx.doi.org/10.1046/j.1365-2958.1999.01642.x
http://ecdc.europa.eu/en/publications/Publications/legionnaires-disease-surveillance-2013.pdf
http://ecdc.europa.eu/en/publications/Publications/legionnaires-disease-surveillance-2013.pdf
http://ecdc.europa.eu/en/publications/publications/legionnaires-disease-in-europe-2012.pdf
http://ecdc.europa.eu/en/publications/publications/legionnaires-disease-in-europe-2012.pdf
http://ecdc.europa.eu/en/publications/publications/legionnaires-disease-in-europe-2012.pdf
http://ecdc.europa.eu/en/publications/Publications/SUR-Legionnaires-disease-surveillance-2011.pdf
http://ecdc.europa.eu/en/publications/Publications/SUR-Legionnaires-disease-surveillance-2011.pdf
http://ecdc.europa.eu/en/publications/Publications/SUR-Legionnaires-disease-surveillance-2011.pdf
http://dx.doi.org/10.1007/s11356-014-3740-8
http://dx.doi.org/10.1007/s11356-014-3740-8
http://dx.doi.org/10.2166/wh.2013.015
http://dx.doi.org/10.1128/AEM.02191-06
http://dx.doi.org/10.1128/AEM.02191-06
http://dx.doi.org/10.1186/1471-2458-8-390
http://dx.doi.org/10.1016/j.ajic.2007.01.002
http://dx.doi.org/10.1128/JCM.40.4.1352-1362.2002
http://dx.doi.org/10.1128/JCM.40.4.1352-1362.2002
http://dx.doi.org/10.1007/s10096-002-0790-5
http://dx.doi.org/10.1128/JCM.42.9.4164-4168.2004
http://dx.doi.org/10.1128/JCM.42.9.4164-4168.2004
http://aem.asm.org


31. Lawrence C, Reyrolle M, Dubrou S, Forey F, Decludt B, Goulvestre C,
Matsiota-Bernard P, Etiene J, Nauciel C. 1999. Single clonal origin of a
high proportion of Legionella pneumophila serogroup 1 isolates from pa-
tients and the environment in the area of Paris, France, over a 10-year
period. J Clin Microbiol 37:2652–2655.

32. Fendukly F, Bernander S, Hanson HS. 2007. Nosocomial Legionnaires’
disease caused by Legionella pneumophila serogroup 6: implication of the
sequence-based typing method (SBT). Scand J Infect Dis 39:213–216.

33. Mencacci A, Corbucci C, Castellani A, Furno P, Bistoni F, Vecchiarelli
A. 2011. Legionella pneumophila serogroup 3 pneumonia in a patient with
low-grade 4 non-Hodgkin lymphoma: a case report. J Med Case Rep
5:387. http://dx.doi.org/10.1186/1752-1947-5-387.

34. Aubert G, Bornstein N, Rayet I, Pozzetto B, Lenormand PH. 1990.
Nosocomial infection with Legionella pneumophila serogroup 1 and 8 in a
neonate. Scand J Infect Dis 22:367–370. http://dx.doi.org/10.3109
/00365549009027062.

35. Grottola A, Forghieri F, Meacci M, Fabio A, Pozzi L, Marchegiano P,
Codeluppi M, Morselli M, Potenza L, Paolini A, Coluccio V, Luppi M,
Rumpianesi F, Pecorari M. 2012. Severe pneumonia caused by Legionella
pneumophila serogroup 11, Italy. Emerg Infect Dis 18:1911–1913. http:
//dx.doi.org/10.3201/eid1811.120216.

36. Nishizuka M, Suzuki H, Ara T, Watanabe M, Morita M, Sato C,
Tsuchida F, Seto J, Amemura-Maekawa J, Kura F, Takeda H. 2014. A
case of pneumonia caused by Legionella pneumophila serogroup 12 and
treated successfully with imipenem. J Infect Chemother 20:390 –393. http:
//dx.doi.org/10.1016/j.jiac.2014.01.010.

37. Zhang Q, Zhou H, Chen R, Qin T, Ren H, Liu B, Ding X, Sha D, Zhou
W. 2014. Legionnaires’ disease caused by Legionella pneumophila 5 and
10, China. Emerg Infect Dis 20:1242–1243. http://dx.doi.org/10.3201
/eid2007.131343.

38. Den Boer JW, Euser SM, Brandsema P, Reijnen L, Bruin JP. 2015.
Results from the national Legionella outbreak detection program, the
Netherlands, 2002-2012. Emerg Infect Dis 21:1167–1173. http://dx.doi
.org/10.3201/eid2107.141130.

39. Harrison TG, Afshar B, Doshi N, Fry NK, Lee JV. 2009. Distribution of
Legionella pneumophila serogroups, monoclonal antibody subgroups
and DNA sequence types in recent clinical and environmental isolates
from England and Wales (2000-2008). Eur J Clin Microbiol Infect Dis
28:781–791. http://dx.doi.org/10.1007/s10096-009-0705-9.

40. Napoli C, Fasano F, Iatta R, Barbuti G, Cuna T, Montagna MT. 2010.
Legionella spp. and legionellosis in southeastern Italy: disease epidemiol-

ogy and environmental surveillance in community and health care facili-
ties. BMC Public Health 10:660. http://dx.doi.org/10.1186/1471-2458-10
-660.

41. Anevlavis S, Petroglou N, Tzavaras A, Maltezos E, Pneumatikos I,
Froudarakis M, Anevlavis E, Bouros D. 2009. A prospective study of the
diagnostic utility of sputum Gram stain in pneumonia. J Infect 59:83– 89.
http://dx.doi.org/10.1016/j.jinf.2009.05.011.

42. Huang B, Yuan Z, Heron BA, Gray BR, Eglezos S, Bates JR, Savill J.
2006. Distribution of 19 major virulence genes in Legionella pneumophila
serogroup 1 isolates from patients and water in Queensland, Australia. J
Med Microbiol 55:993–997. http://dx.doi.org/10.1099/jmm.0.46310-0.

43. Adil Khan MA, Knox N, Prashar A, Alexander D, Abdel-Nour M,
Duncan C. 2013. Comparative genomics reveal that host-innate immune
responses influence the clinical prevalence of Legionella pneumophila se-
rogroups. PLoS One 8:e67298. http://dx.doi.org/10.1371/journal.pone
.0067298.

44. Cazalet C, Rusniok C, Brüggemann H, Zidane N, Magnier A, Ma L,
Tichit M, Jarraud S, Bouchier C, Vandenesch F, Kunst F, Etienne J,
Glaser P, Buchrieser C. 2004. Evidence in the Legionella pneumophila
genome for exploitation of host cell functions and high genome plasticity.
Nat Genet 36:1165–1173. http://dx.doi.org/10.1038/ng1447.

45. Domínguez J, Galí N, Matas L, Pedroso P, Hernández A, Padilla E,
Ausina V. 1999. Evaluation of a rapid immunochromatographic assay for
the detection of Legionella antigen in urine samples. Eur J Clin Microbiol
Infect Dis 18:896 – 898. http://dx.doi.org/10.1007/s100960050427.

46. Helbig JH, Uldum SA, Luck PC, Harisson TG. 2001. Detection of
Legionella pneumophila antigen in urine samples by the Binax NOW im-
munochromatographic assay and comparison with both Binax Legionella
urinary enzyme immunoassay (EIA) and Biotest Legionella urine antigen
EIA. J Med Microbiol 50:509 –516. http://dx.doi.org/10.1099/0022-1317
-50-6-509.

47. Harrison T, Uldum S, Alexiou-Daniel S, Bangsborg J, Bernander S,
Drarar V, Etienne J, Helbig J, Lindsay D, Lochman I, Marques T, de
Ory F, Tartakovskii I, Wewalka G, Fehrenbach F. 1998. A multicenter
evaluation of the Biotest Legionella urinary antigen EIA. Clin Microbiol
Infect 4:359 –365. http://dx.doi.org/10.1111/j.1469-0691.1998.tb00079.x.

48. European Centre for Disease Prevention and Control. 2012. ECDC
Surveillance Report—Legionnaire’s disease in Europe, 2010. http:
//ecdc.europa.eu/en/publications/publications/sur-legionnaires-disease
-surveillance-2010.pdf. Accessed 14 July 2016.

Katsiaflaka et al.

6108 aem.asm.org October 2016 Volume 82 Number 20Applied and Environmental Microbiology

http://dx.doi.org/10.1186/1752-1947-5-387
http://dx.doi.org/10.3109/00365549009027062
http://dx.doi.org/10.3109/00365549009027062
http://dx.doi.org/10.3201/eid1811.120216
http://dx.doi.org/10.3201/eid1811.120216
http://dx.doi.org/10.1016/j.jiac.2014.01.010
http://dx.doi.org/10.1016/j.jiac.2014.01.010
http://dx.doi.org/10.3201/eid2007.131343
http://dx.doi.org/10.3201/eid2007.131343
http://dx.doi.org/10.3201/eid2107.141130
http://dx.doi.org/10.3201/eid2107.141130
http://dx.doi.org/10.1007/s10096-009-0705-9
http://dx.doi.org/10.1186/1471-2458-10-660
http://dx.doi.org/10.1186/1471-2458-10-660
http://dx.doi.org/10.1016/j.jinf.2009.05.011
http://dx.doi.org/10.1099/jmm.0.46310-0
http://dx.doi.org/10.1371/journal.pone.0067298
http://dx.doi.org/10.1371/journal.pone.0067298
http://dx.doi.org/10.1038/ng1447
http://dx.doi.org/10.1007/s100960050427
http://dx.doi.org/10.1099/0022-1317-50-6-509
http://dx.doi.org/10.1099/0022-1317-50-6-509
http://dx.doi.org/10.1111/j.1469-0691.1998.tb00079.x
http://ecdc.europa.eu/en/publications/publications/sur-legionnaires-disease-surveillance-2010.pdf
http://ecdc.europa.eu/en/publications/publications/sur-legionnaires-disease-surveillance-2010.pdf
http://ecdc.europa.eu/en/publications/publications/sur-legionnaires-disease-surveillance-2010.pdf
http://aem.asm.org

	MATERIALS AND METHODS
	Isolates.
	Detection and enumeration of Legionella spp. in water samples.
	Serological typing.
	Molecular typing.
	Detection of virulence traits.
	Statistical analysis.

	RESULTS
	Detection and enumeration of Legionella spp. in water samples.
	Serological typing.
	Molecular typing. (i) AFLP.
	(ii) SBT.
	Comparison of SBT and AFLP.
	Detection of pathogenicity genes.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

