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Molecular epidemiology of Legionella pneumophila serogroup 1 isolates from

sputum specimens and environmental sources in Toyama Prefecture, Japan

Legionellosis caused by Legionella species has 2 distinct forms: Pontiac fever,

which 1s an influenza-like illness, and Legionnaires’ disease, which i1s a more

severe form that causes pneumonia. Pontiac fever is self-limited, generally

lasting from 2 to 5 days. On the other hand, Legionnaires’ disease, which is

characterized principally by chill, fever, headache, and dyspnea, is a

potentially fatal pneumonia. To date, pathogenic genes of Legionella species

causing Legionnaires’ disease have not been identified, so the mechanism of

increasing clinical severity remain unclear. In 2013, 39 patients with

legionellosis were reported in Toyama Prefecture among 1,124 patients in

Japan. Monthly distribution revealed that the largest number of

legionellosis cases was reported in July, the rainy season in Japan. Toyama

Prefecture has the largest number of patients with legionellosis per 100,000



population in 2013 (3.57 in Toyama Prefecture and 0.88 in Japan). This trend

has been going on for 9 years. Furthermore, the number of patients with

legionellosis per 100,000 population in the western part of Toyama

Prefecture for the last 10 years (20.8) was larger than those in the eastern

part (12.0).

Legionella species is ubiquitous in natural environments. In addition,

it has been found in anthropogenic environments, such as cooling towers,

baths, and showers. Although 58 species of Legionella species have been

identified, more than 80% of legionellosis cases are caused by L.

pneumophila serogroup (SG) 1. In Japan, public baths are the major source

of infection, according to the National Epidemiological Surveillance of

Infectious Diseases. In Toyama Prefecture, infection sources of about half of

legionellosis cases were bath water as determined by epidemiological

investigation, although the remaining cases were unclear.

L. pneumophila isolates can be characterized by sequence-based



typing (SBT) using the 7 loci (724, pilE, asd, mip, mompS, proA, and neuA)

proposed by the European Working Group for Legionella Infections. A

previous study revealed that sequence type (ST) 120 clinical strains of L.

pneumophila SG 1 were detected in 5.3% of isolates from patients with

legionellosis in Japan, although the sources of the bacteria remain unclear.

Recently, isolates of L. pneumophila SG 1 from several environments, such

as public baths, soil, and cooling towers were characterized, and then

compared to clinical isolates to determine relations between isolates from

different environments and from patients. However, the prevalence of

Legionella species isolated from puddles on asphalt roads throughout the

year and the genetic relationships between strains from clinical specimens

and this environmental source by molecular typing techniques have not been

clearly analyzed. In this study, to elucidate the potential new sources of

infection, we characterized the genetic relationship between L. pneumophila

SG 1 isolates from puddles and from stock strains previously isolated from



sputum specimens, public baths, and some other environmental sources. The

results were described below.

1) After rainfall, water samples were collected at 6 fixed locations along 3

main national roads once per month from November 2010 to October 2011 in

Toyama Prefecture. Legionella species were detected in 33/69 samples

(47.8%) from all sampling locations. Among the 33 positive samples, the

concentrations of Legionella species ranged from 10 to 99 CFU/100 ml in 18

(54.5%) samples, 14 (42.4%) samples contained 100—999 CFU/100 ml, and 1

(3.0%) sample contained 7520 CFU/100 ml. Even when mean temperature

was <0°C in January, Legionella species were isolated from 4 of 5 samples,

and 3 samples contained 100-999 CFU/100 ml. Furthermore, the isolation

rates of Legionella species at mean temperature >20°C (50.0%, 12/24) and

<20°C (46.7%, 21/45) were almost the same (P> 0.05; the x2 test), indicating

that Legionella species were detected regardless of temperature. However,



the concentrations of Legionella species ranged from 20 to 7520 CFU/100 ml

at mean temperature >20°C and from 10 to 240 CFU/100 ml at mean

temperature <20°C. Student's ¢ tests revealed that the concentrations of

Legionella species at mean temperatures >20°C and <20°C were significantly

different (P < 0.05): the geometric means + SD (logio CFU/100 ml) in

Legionella-positive puddles were 2.30 + 0.68 and 1.63 + 0.47, respectively.

These results indicated that Legionella species were frequently detected in

puddles throughout the year, regardless of sampling locations. Furthermore,

an increase in the number of CFU of Legionella species was seen during the

warm season.

2) We isolated 325 colonies from puddles from the 6 sampling locations.

Overall, the most prevalent species was L. pneumophila (n = 245, 75.4%),

whereas other Legionella species accounted for the remaining 24.6% (2 = 80).

Among the 245 L. pneumophila isolates, SG 1 accounted for 25.3% (n = 62),
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followed by SG 5 (n =56, 22.9%), SG 8 (n= 50, 20.4%), and others (SG 2, SG 6,

SG 9, SG 3, SG 11, SG 14, and untypable; n = 77, 31.4%). Among the 80

non-L. pneumophila isolates, 31 were randomly selected, and the species of

these isolates were determined by 16S rRNA gene sequencing. L. gresilensis

accounted for 71.0% (n = 22), followed by L. longbeachae (n = 6, 19.4%), L.

oakridgensis (n=1, 3.2%), L. sainthelensi (n=1, 3.2%), and L. waltersii (n =

1, 3.2%). Thus, puddles on asphalt roads are important in the etiology of

community-acquired pneumonia.

3) We analyzed 62 L. pneumophila SG 1 isolates obtained from puddles on

asphalt roads in comparison with 73 L. pneumophila SG 1 stock strains (51

strains from 24 public baths, 4 strains from 2 cooling towers, 1 strain from a

shower, and 17 strains from 16 patients with legionellosis) from a previous

study and 5 isolates (1 isolate from a cooling tower, 2 isolate from 2 showers,

and 2 isolates from 2 patients) from this study. A total of 140 L. pneumophila
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SG 1 i1solates were classified into 74 STs. Among these, ST505 strain, the

most-prevalent strain, was identified in 5 isolates from public baths and 4

isolates from patients, and these isolates belonged to 2 PFGE patterns.

These, however, were similar because of the difference with only 2 restriction

fragments, indicating that ST505 strain was prevalent among L.

pneumophila SG 1 isolates in Toyama Prefecture. Furthermore, ST505

strain was widely distributed along the river in the western part of Toyama

Prefecture, suggesting that it is one of the etiologies of the large number of

patients with legionellosis in the western part of Toyama Prefecture.

ST48 (n = 8) and ST120 (n = 8) strains were the second

most-prevalent strains. ST48 strain, which was primarily isolated from soil,

was identified in 7 isolates from puddles and 1 isolate from a cooling tower.

ST120 strain was identified in 7 isolates from puddles and 1 isolate from a

patient. Environmental ST120 strain was not mentioned in the previous

report, or in the EWGLI SBT database. Puddle isolates of ST48 were

12



detected in isolates from 4 locations and puddle isolates of ST120 in isolates

from 3 locations. Furthermore, ST48 and ST120 strains were isolated during

3 (November 2010; February, May, and June 2011) and 4 (November 2010;

January and May 2011) different months, respectively. These results showed

that ST120 strain, which was found 1n an environmental source for the first

time in this study, was widely distributed in Toyama Prefecture regardless of

the season and sampling locations. Furthermore, puddles on asphalt roads

may be considered potential new source of infection.

4) PCR amplification of the /ag-I gene, a tentative marker for clinical isolates,

was carried out. Thirty-seven out of 62 L. pneumophila SG 1 isolates from

puddles harbored the /ag-I gene (59.7%). Among the isolates belonging to

ST48 and ST120, which were the major STs of puddle isolates, the /ag-1 gene

was missing in all ST48 isolates (0/8), and was present in all ST120 isolates

(8/8), indicating the correlation between allelic profiles of ST and the

13



virulence of L. pneumophila SG 1.

5) Clonal analysis was performed using L. pneumophila SG 1 isolates

obtained from puddles on roads (n = 62), public baths (n = 51), cooling towers

(n = 5), showers (n = 3), and patients with legionellosis (n = 19) by using

eBURST V3 (http://eburst.mlst.net). Groups that were generated with

single-, double-, and triple-locus variants were defined as clonal groups

(CGs). A total of 8 CGs, which included 80.0% of isolates, were generated

[CG1 (n=46), CG2 (n=28), CG3 (n=19), CG4 (n=16), CG5 (n=5), CG6 (n=

4), CG7 (n=2), CG8 (n = 2)]. Puddle isolates formed 2 major CGs, CG1 and

CG4, which included 58.1% and 8.1% of puddle isolates, respectively. On the

other hand, bath isolates formed other CGs, CG2 and CG3, which included

49.0% and 25.5% of bath isolates, respectively. Among the 14 STs of clinical

isolates (n=19), 4 STs (ST120, ST132, ST384, and ST507; n=6) and 3 STs

(ST138, ST505, and ST644; n= 6) were also detected in isolates from puddles
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and public baths, respectively. The remaining 7 STs (1 = 7) were detected in

CGs including environmental isolates, although the same ST was not

observed in the environmental isolates. CG1, CG2, CG3, CG4, and CG5

included 7 STs (ST120, ST132, ST353, ST384, ST506, ST507, and ST973), 3

STs (ST2, ST502, and ST644), 2 STs (ST505 and ST682), ST42, and ST138,

respectively. Infection sources of legionellosis cases may be elucidated by

SBT analysis, because our results suggest that each environment constitutes

an independent habitat.

As described above, Legionella species were frequently detected in puddles

throughout the year and regardless of sampling locations. Furthermore, an

increase in the number of CFU of Legionella species was seen during the

warm season. Six Legionella species, including L. pneumophila, were

detected in puddles. Thus, puddles on asphalt roads are important in the

etiology of community-acquired pneumonia. By SBT analysis, ST505 strain
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was widely distributed along the river in the western part of Toyama

Prefecture, suggesting that it is one of the etiologies of the large number of

patients with legionellosis in the western part of Toyama Prefecture.

Environmental ST120 strains of L. pneumophila SG 1 were isolated from

puddles on asphalt roads for the first time in this study throughout the year

and regardless of sampling locations. Furthermore, the Jlag-1 gene, a

tentative marker for clinical isolates, was prevalent in puddle isolates

(61.3%). By SBT analysis using eBURST V3, puddle and bath isolates

formed 2 (CG1 and CG4) and 2 (CG2 and CG3) clonal groups, respectively,

suggesting that each environment constitutes an independent habitat. To

identify unrecognized sources of infection in legionellosis cases, we need to

isolate L. pneumolhila strains from clinical specimens and various

environmental sources, including water from puddles on roads, and to

analyze these strains by the combination of SBT analysis and

epidemiological investigation. In conclusion, distribution of endemic ST505

16



strain is correlated with the large number of patients with legionellosis in

the western part of Toyama Prefecture. Furthermore, puddles on asphalt

roads serve as potential reservoirs for L. pneumophila in environment.
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ABSTRACT

We performed comparative analyses of Legionella pneumophila serogroup (SG)

1 isolates obtained during 2005-2012 in Toyama prefecture, Japan, by sequence-based

typing (SBT) and pulsetd-field gel electrophoresis (PFGE). Seventy-three isolates of L.

pneumophila SG 1, including 17 isolates from patients, 51 from public baths, 4 from

cooling towers, and 1 from a shower, were analyzed. The isolates were classified into

43 sequence types (STs) by SBT and 52 types by PFGE. Fourteen STs were unique to

Toyama prefecture, as determined from the SBT database of European Working Group

for Legionella Infections (EWGLI), as of October 31, 2012. ST505 strain was

identified in 4 isolates from patients and 5 isolates from public baths, and these isolates

belonged to 2 PFGE types. These, however, were similar because of the difference

with only 2 restriction fragments, indicating that ST505 strain was prevalent among L.

pneumophila SG 1 isolates in this area. ST505 strains isolated from patients and public

baths were distributed along the river in a western part of Toyama prefecture. SBT and

PFGE profiles of 3 clinical isolates were identical with those of 3 environmental
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isolates from the suspected origins of the infection in each case, respectively. This

finding suggested that SBT and PFGE were useful for epidemiological study.

Furthermore, by SBT analysis, we identified a clonal group formed only by 7 clinical

isolates that are not associated with bath water, suggesting that they were derived from

unrecognized sources.

KEY WORDS

Legionella pneumophila, Molecular epidemiology, Molecular typing
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INTRODUCTION

Legionella are pathogenic gram-negative bacteria that cause legionellosis and are

ubiquitously found in the environment. Although 55 species and more than 70

serogroups of Legionella spp. have been identified [1], more than 90% of legionellosis

cases are caused by Legionella pneumophila [2]. Among 15 serogroups of Legionella

pneumophila, most clinical strains (80%) belonged to serogroup (SG) 1 in Japan [3].

Legionellosis is usually acquired through inhalation of aerosolized water

contaminated with Legionella spp. [4]. Legionellosis has 2 distinct forms: Pontiac

fever, which is an influenza-like illness, and Legionnaires’ disease, which is a more

severe form that causes pneumonia [5, 6]. Legionella spp. have been found in artificial

environments such as cooling towers, baths, showers, and decorative fountains [7-10].

Therefore, these facilities are potential sources of sporadic or outbreak cases of

infection. In Japan, public baths are a major source of infection according to the

National Epidemiological Surveillance of Infectious Diseases [11]. Fatal cases have

been reported in homes and spa pools [12, 13].
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When a case of legionellosis is reported, it is important to identify the source of

infection by molecular typing methods for public health purposes. Pulsed-field gel

electrophoresis (PFGE) is commonly used to determine the source of infection [9, 14,

15]. However, this typing method is time consuming. Sequence-based typing (SBT) is

a rapid identification method developed by the European Working Group for

Legionella Infections (EWGLI). SBT is a sequence-based scheme comprising defined

regions of 7 genes (flaA, pilE, asd, mip, mompS, proA, and neuA) for L. pneumophila

[16-18]. Like PFGE, SBT has been considered as a powerful epidemiological tool

[19].

Toyama prefecture in Japan has the largest number of patients with legionellosis

per 100,000 population from 2008 to 2010 (1.98 [1.80-2.07] in Toyama prefecture and

0.62 [0.56-0.70] in Japan) [20]. However, in many cases, the sources of infection have

been unclear. Comparative analysis of L. pneumophila SG 1 isolates from clinical

specimens and public baths in a local area has been rarely reported. In this study, we

performed comparative analyses of Legionella pneumophila SG 1 isolates from clinical
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specimens and public baths obtained during 2005-2012 in Toyama prefecture by SBT

and PFGE, and we found that L. pneumophila SG 1 strain ST505 was prevalent in this

area. We also found a clonal group formed only by clinical isolates distinct from bath

isolates, and we discussed the origin of these clinical isolates.

MATERIALS AND METHODS

Bacterial strains. Seventy-three strains of L. pneumophila SG 1 were isolated

and collected during 2005-2012 in Toyama prefecture (Table 1). Fifty-one strains from

24 public baths (PB1-PB24) were isolated in our laboratory. Four strains from 2

cooling towers (CT1 and CT2) and 1 strain from a shower (SH1) were collected from

each building. Seventeen strains from 16 patients (PA1-PA16) with legionellosis were

collected from 4 hospitals in Toyama prefecture. Of the 17 clinical isolates, 15 were

obtained from 15 patients. The remaining 2 isolates were obtained from patient PA11l

but belonged to different STs and PFGE types. The incubation period was 2—-10 days,

depending on the diagnosis by the physician.
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Isolation of L. pneumophila SG 1 from environmental sources. Water samples

(500 ml) were filtered with a 0.22-um pore size membrane (cat. no. GTTP04700,

Millipore, MA, USA) and resuspended in 5 ml of distilled water. After the

concentrated samples were heated at 50°C for 20 min, they were spread onto

glycine-vancomycin-polymyxin B-cycloheximide agar plates (bioMerieux, Lyon,

France). These agar plates were incubated at 35°C for 7 days in a moist chamber.

Smooth gray colonies were subcultured onto buffered charcoal yeast extract (BCYE)

agar plates (bioMerieux) and blood agar plates (Eiken Chemical, Tokyo, Japan).

Suspected colonies that grew only on BCYE agar plates were tested by slide

agglutination with commercial antisera (Denka Seiken, Tokyo, Japan) to identify L.

pneumophila SG 1 strains among various Legionella spp. and serogroups.

SBT analysis. Isolates were suspended in distilled water. The suspension was

boiled at 100°C for 10 min and then centrifuged at 20,000 x g for 5 min at room

temperature. The supernatant was used as a DNA template. PCR of the SBT scheme

was carried out according to the protocol of EWGLI

25



(http://www.hpa-bioinformatics.org.uk/legionella/legionella_sbt/php/sbt_homepage.ph

p), as described previously [16, 17]. Novel alleles and sequence types (STs) were

submitted to the EWGLI SBT database for assigning the newly identified alleles and

STs. A phylogenetic tree with concatenated sequences of 7 SBT alleles was constructed

by the neighbor-joining method, using the MEGA 4 software [21]. A bootstrapping test

was performed 1000 times. Clonal analyses were performed by using eBURST V3

(http://eburst.mlst.net). Groups were generated with single- and double-locus variants

and they were defined as clonal groups.

PFGE analysis. PFGE was carried out as previously described [22] with a slight

modification. Genomic DNA in the plug was digested overnight with 30 U of Sfil

(TaKaRa Bio, Shiga, Japan) at 50°C. Electrophoresis was carried out at 6 \V/cm for 19

h with the pulse time ranging from 5 to 50 s, using the CHEF DRIII system (Bio-Rad

Laboratories, CA, USA). A dendrogram showing the genetic similarity between PFGE

profiles was constructed by the UPGMA method with the Fingerprinting II software

(Bio-Rad Laboratories) using a Dice coefficient at 1.2% of tolerance and 1.0% of
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optimization. Reproducibility was confirmed by repeat analysis of 17 randomly

selected isolates. PFGE types were defined at the 100% similarity breakpoint given by

the software. PFGE with Sfil digestion had the ability to type all L. pneumophila

isolates in this study.

Indices of discrimination. To assess the molecular typing methods, we

calculated the indices of discrimination (IODs) of isolates from patients and public

baths as described previously [23].

RESULTS

SBT analysis. Seventy-three isolates were divided into 43 STs (Table 1). The

IODs of 17 isolates from patients and 38 isolates from public baths were 0.934 (95%

confidence interval [CI] 0.859-1.000) and 0.986 (95% CI 0.971-1.000), respectively;

strains obtained on the same day from the same public bath and with identical STs

were represented as a single strain. Fourteen STs were unique to this area in the

EWGLI SBT database, as of October 31, 2012. Among these, 9 ST505 isolates were
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obtained from 4 patients and 3 public baths along the Shou River (Fig. 1; LG0003,

LG0215, LGO0585, LG0613; LG0007, LG0030, LG1116, LG0254, and LG0626 in

Table 1). The ST of 3 of 4 isolates (75%) from cooling towers and 1 isolate from a

shower was ST1. A phylogenetic tree was constructed and 7 clonal groups were

generated by SBT (Fig. 2). Among the 7 clonal groups (CG1-CG7), CG3 was formed

by isolates from 7 patients (LG0123, LG0124, LG0232, LG0392, LG0586, LG0716,

and LG1060; Table 1). No environmental isolates were present in CG3. Isolates

belonging to CG3 found by using eBURST V3 were also clustered using the

neighbor-joining method by the MEGA4 software, as shown by the bootstrap support

value of 67%.

PFGE analysis. A dendrogram of the PFGE pattern was constructed (Fig. 3). Fig.

4 showed the original gel image of band patterns of isolates belonging to 3 STs (ST1,

ST278, and ST505) among 13 STs (ST1, ST59, ST122, ST128, ST278, ST384, ST505,

ST644, ST763, ST769, ST1094, ST1098, and ST1101) that were found in more than 1

isolate. Seventy-three isolates were divided into 52 PFGE types. The 10Ds of 17
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isolates from patients and 46 isolates from public baths were 0.978 (95% CI

0.934-1.000) and 0.976 (95% CI 0.949-1.000), respectively; strains obtained on the

same day from the same public bath and with the identical type by PFGE were

represented as a single strain. Although 9 ST505 isolates belonged to 2 PFGE types

(P13 and P14; Fig. 3), band patterns of these types were different by only 2 restriction

fragments with similarity of approximately 90% (Fig. 4). The CG3 consisting of 7

clinical isolates was split into 2 PFGE groups with similarity of more than 80% each

(Fig. 3). Epidemiologically unrelated ST1 isolates obtained from a cooling tower and a

shower had the same PFGE type (LG0593 and LG1948; Fig. 3). However, band

patterns of other isolates belonging to ST1 were different by more than 3 restriction

fragments (Fig. 4). The other isolates from different environmental sources did not

have identical PFGE types.

DISCUSSION

In this study, we found ST505 to be the most prevalent strain in Toyama
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prefecture, Japan, and identified a clonal group (CG3, Fig. 2) formed only by 7 clinical

isolates that were not associated with bath water. Travel histories of 14 out of the 16

patients during the likely exposure period were available. Although patient PA5 had a

history of a visit outside Toyama prefecture, we couldn’t identify whether this patient

had been infected in Toyama prefecture or not. However, the remaining 13 patients had

been in Toyama prefecture, suggesting that most patients had been infected in Toyama

prefecture. ST1 strain was isolated from public baths (1 of 51, 2.0%), cooling towers (3

of 4, 75%), and a shower (1 of 1, 100%). ST1 strain was not isolated from clinical

specimens in this study, although this strain has been frequently isolated worldwide

from clinical specimens and environmental sources [24-26]. Cases of legionellosis

from cooling towers and showers have not been reported yet in Toyama prefecture by

epidemiological investigation, but these environmental sources, as well as public baths,

are still possible infection sources of legionellosis in this area.

The ST505 strain was the most frequently isolated from patients and bath

facilities, and 2 PFGE types of the isolates were similar because of the difference with
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only 2 restriction fragments (Fig. 4), indicating that this strain was prevalent among L.

pneumophila SG 1 isolates in this area. A recent study observed high diversity and high

abundance of Legionella spp. in a river by 16S rRNA gene sequencing and quantitative

PCR [27]. Because the ST505 isolates were obtained along the Shou River, this strain

was likely to be distributed along this river and may contaminate artificial

environments such as public bath facilities. Alternatively, other sources of bacterial

contamination may be present upstream of the river, as reported in the previous paper

in which the presence of L. pneumophila in the river was due to the release of

wastewater from industrial aeration ponds [28].

The isolation rates of the ST505 strain from patients and public baths were

23.5% (4 of 17) and 9.8% (5 of 51), respectively. Several studies of endemic clones

have been reported. In Ontario, Canada, endemic ST211 (flaA3, pilE10, asdl, mipl,

mompS14, proA9, and neuAll) and ST222 (flaA2, pilE19, asd5, mipl0, mompS18,

proAl, and neuA10) strains were detected in 7.7% (15 of 194) and 6.7% (13 of 194) of

the total clinical isolates, respectively [29]. Thus, the higher isolation rate of clinical
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ST505 strain found in this study suggests that this strain may be highly pathogenic. In

South Korea, ST-K1 (flaA7, pilE12, asd17, mip3, mompS35, proAll, and neuAll)

strains accounted for 36.1% of the total isolates in hot-water samples [26]. It is notable

that ST505 is a triple-locus variant of ST-K1. These endemic clones were not detected

in this study. Further investigation of endemic clones is required, as our study, in

addition to previous findings, suggested that it was important to determine the

infection source of legionellosis by the combination of molecular typing methods such

as PFGE and SBT analyses, monoclonal antibody subgrouping [3], and

epidemiological investigation in certain areas.

By SBT and PFGE analyses, LG0003 strain from PA2 and LG0007 strain from

PB1 as the suspected origin of the infection in this case had the same profile (ST505

and P14; Table 1). In another case, LG0604 and LG0613 strains that were obtained on

the same day from PA11l had different profiles (ST644 and P27; ST505 and P13 in

Table 1). These profiles were identical with those of LG0643 strain from PB12 and

LG0626 strain from PB13, respectively, that were obtained from the suspected origins

32



of the infection. Therefore, this patient might be serially infected with 2 different

strains by using several public baths. These findings indicated that SBT and PFGE

were useful for epidemiological study and that several colonies should be isolated from

a patient for epidemiological study.

By SBT analysis, the 7 clinical isolates belonged to CG3 (Fig. 2), in which no

environmental isolates were present. Among the 7 clinical isolates, 6 were not

associated with bath water by epidemiological investigation. The STs of clinical strains

in this clonal group were ST120, ST132, ST384, ST506, and ST507. All registered

strains belonging to these STs in the EWGLI SBT database were isolated only from

patients and not from the environment. Amemura-Maekawa et al. suggested the

possibility of habitat segregation of L. pneumophila [30]. Thus, these clinical isolates

belonging to the same clonal group were originally derived from unrecognized

environmental sources. These STs have single-, double-, and triple-locus variants of

STs belonging to group S1, which mainly consisted of isolates from soil as well as

from bath water in rare cases, but not isolates from cooling towers [30], suggesting that

33



the clinical strains belonging to the 5 STs in this study may originate from soil.

Although the LG0123 strain in CG3 (Fig. 2) was suspected to be derived from bath

water by epidemiological investigation, L. pneumophila SG 1 strains were not isolated

from the suspected origin of the infection in this case. Our findings, in addition to

those of previous reports, may reveal potential major routes of infection from soil.

Alternatively, it is important to type more than 1 isolate from an environmental source

because otherwise the causative strain might be not detected. Further investigation by

SBT analysis of isolates from various environmental sources, including soil, and those

from patients is required to reveal potential major routes of Legionella infection.
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Table 1 SBT and PFGE profiles of L. pneumophila SG 1 isolates used in this study

No.  Strain  Origin® Year Month - SBT profile PFGE  Sources of
flaA pilE asd mip mompS proA neuA type infection
1 LG0002 PA1 2005 May 6 10 19 3 19 4 6 502 P39 unknown
2 LG0003 PA2 2005  Aug 7 6 17 3 11 11 9 505° P14 bath water®
3 LG0122 PA3 2006 Sep 8 10 15 51 6 353 P6 unknown
4 LG0123 PA4 2006 Sep 2 3 13 2 6 506° P3 bath water
5 LG0124 PA5 2006 Sep 2 3 10 2 6 507 P11 unknown
6 LG0215 PAG6 2006 Oct 7 6 17 3 11 11 9 505° P13 bath water
7 LG0232 PA7 2006 Nov 2 3 11 2 6 120 P12 unknown
8 LG0392 PA8 2007 Feb 2 3 10 2 10 384 P2 unknown
9 LG0585 PA9 2008 May 7 6 17 3 11 11 9 505° P13 unknown
10 LGO0586 PA10 2008 Jun 2 3 9 10 2 1 10 384 P4 unknown
11 LG0604 PA11 2008 Sep 6 10 20 10 14 11 644 p27 bath water®
12 LG0613 PAl1l 2008 Sep 7 6 17 3 11 11 505° P13 bath water®
13 LGO0716 PA12 2008 Sep 2 1 6 15 2 1 132 P5 unknown
14  LG0977 PA13 2008 Dec 6 10 19 3 19 4 2 P38 bath water
15 LG1008 PA14 2009 Feb 7 17 10 13 11 682 P17 bath water
16 LG1060 PA15 2009 Jun 2 9 10 2 10 384 P1 unknown
17 LG1171 PAl16 2009 Dec 4 11 3 11 12 9 42 P24 bath water
18 LG0017 PB1 2005  Aug 6 10 19 28 19 4 11 763 P37
19 LG0006 PB1 2005  Aug 6 10 19 28 19 4 11 763 P40
20  LG0007 PB1 2005  Aug 7 6 17 3 11 11 9 505° P14
21  LG0029 PB1 2005 Nov 6 10 19 28 19 4 11 763 P37
22  LG0030 PB1 2005 Nov 7 17 11 11 505° P13
23 LGl116 PB1 2009 Nov 7 17 11 11 505° P14
24  LGI1119 PB1 2009 Nov 2 10 14 10 19 4 285 P32
25 LGO0128 PB2 2006 Sep 3 13 1 28 14 11 493 P22
26 LGO0129 PB2 2006 Sep 7 10 17 13 14 11 11 1091° P16
27 LGO0156 PB3 2006 Oct 6 10 15 28 4 14 11 278 P43
28 LG0326 PB3 2006 Dec 6 10 15 28 4 14 11 278 P43
29 LG0347 PB3 2006 Dec 7 4 31 10 48 15 11 1092° P19
30 LG0218 PB4 2006 Oct 3 13 1 14 664 P22
31 LG0219 PB4 2006 Oct 6 10 17 9 136 P50
32 LG0254 PB5 2006 Nov 7 6 17 11 11 505° P13
33 LG0258 PB6 2006 Dec 6 10 15 13 17 14 11 122 P33
34 LG0478 PB6 2007 Oct 6 10 15 13 17 14 11 122 P34
35 LG0490 PB6 2007 Oct 10 12 7 3 16 18 138 P48
36 LGO0301 PB7 2006 Dec 10 12 21 16 18 769 P49
37 LGO0534 PB7 2007 Nov 10 12 21 16 18 769 P49
38 LG0449 PB8 2007 Sep 7 43 31 3 48 15 40 1151 P20
39 LG0453 PB9 2007 Oct 6 10 19 28 19 4 11 763 P37
40 LGO0454 PB9 2007 Oct 7 6 17 3 13 11 11 59 P15
41 LGO0469 PB10 2007 Oct 6 10 15 14 21 7 6 1093° P36
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42 LGO0516 PBl11 2007  Oct 7 6 17 3 13 11 40 1152 P13
43 LG0622 PB12 2008  Sep 6 10 20 10 9 14 11 644 P29
44 LG0643 PB12 2008  Sep 6 10 20 10 9 14 11 644 p27
45 LGO0646 PB12 2008  Sep 6 10 20 10 9 14 11 644 P28
46 LG0638 PB12 2008  Sep 6 10 20 10 9 4 1094 P30
47 LG0641 PB12 2008  Sep 6 10 20 10 9 4 1094 P31
48 LG0626 PB13 2008  Sep 7 6 17 11 11 505° P13
49 LG0629 PB13 2008  Sep 6 10 20 9 4 530 P25
50 LGO708 PB14 2008  Sep 6 10 15 28 21 14 11 1095° P42
51 LGO709 PB14 2008  Sep 7 17 3 14 11 11 128 P16
52 LGO710 PB14 2008  Sep 7 17 3 14 11 11 128 P13
53 LG0864 PB15 2008 Nov 7 17 3 13 11 11 59 P13
54 LG0903 PB16 2008 Nov 6 10 20 28 9 4 1097 P26
55 LGO0909 PB17 2008 Nov 2 12 6 14 141 P51
56 LG0941 PB18 2008 Nov 23 10 3 4 1098 P46
57 LG0954 PB18 2008 Nov 6 6 15 3 14 11 1101° P44
58 LG0964 PB18 2008 Nov 7 6 17 6 13 11 9 1099 P18
59 LG1132 PB18 2009  Nov 6 6 15 3 9 14 11 1101° P44
60 LG1134 PB18 2009 Nov 10 22 3 16 162 P47
61 LG1142 PB18 2009 Nov 23 10 3 8 1098 P45
62 LG0976 PB19 2008 Nov 6 10 15 28 4 14 11 278 P42
63 LG0987 PB20 2008  Dec 6 10 19 28 19 4 11 763 P41
64 LG1034 PB21 2009 May 6 10 15 3 17 14 1100° P52
65 LG1124 PB22 2009 Nov 6 10 14 10 2 7 P35
66 LG1156 PB23 2009 Nov 3 6 28 14 11 1102° P23
67 LG1167 PB24 2009 Nov 1 4 1 1 1 1 P10
68 LG1169 PB24 2009 Nov 7 6 17 3 13 11 11 59 P13
69 LG0808 CT1 2008  Oct 1 4 3 1 1 P9

70 LG1948 CT2 2012  Apr 1 4 3 1 1 P7

71 LG1949 CT2 2012  Apr 1 4 3 1 1 P8

72 LG1950 CT2 2012  Apr 5 2 22 27 6 10 12 48 P21
73 LGO0593 SH1 2008  Aug 1 4 3 1 1 1 1 1 P7

 PA = patient, PB = public bath, CT = cooling tower, SH = shower

® Fourteen of 43 STs were unique to this area, as of October 31, 2012

¢ confirmed by PFGE with environmental isolates
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LEGENDS TO FIGURES

Fig. 1 Geographic distribution of ST505 strain. Isolate name indicates the strain/origin

as described in Table 1. The size of the circle indicates the number of isolates. Asterisk

indicates the clinical isolates associated with bath water by epidemiological

investigation

Fig. 2 Phylogenetic analysis of the concatenated sequences (flaA, pilE, asd, mip,

mompsS, proA, and neuA) of L. pneumophila SG 1 isolates in this study. Isolate name

indicates the strain/origin/month/year as described in Table 1. Isolates in boldface are

from patients. Asterisk indicates the clinical isolates associated with bath water by

epidemiological investigation. More than 60% of bootstrap values are shown on the

branches. Clonal groups (CG1-CG7) were generated with single- and double-locus

variants by using eBURST V3 (http://eburst.mlst.net)

Fig. 3 A dendrogram of the PFGE pattern constructed from L. pneumophila SG 1
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isolates in this study. Isolate name indicates the strain/origin/month/year as described

in Table 1. Isolates in boldface are from patients. Asterisk indicates the clinical isolates

associated with bath water by epidemiological investigation. Two PFGE types (P13

and P14) and ST505 are denoted by boldface. Italic letters indicate STs belonging to

CG3

Fig. 4 PFGE patterns with Sfil digestion of L. pneumophila SG 1 isolates. Lanes: M, S.

enterica serovar Braenderup H9812 strain digested with Xbal as a size marker; 1,

LG0215; 2, LG0254; 3, LG0030; 4, LG0613; 5, LG0585; 6, LG0626; 7, LG0003; 8,

LGO0007; 9, LG1116; 10, LGO0S93; 11, LGO808; 12, LG11l67; 13, LG1948; 14,

LG1949; 15, LG0156; 16, LG0326; 17, LG0976
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LG0006/PB1/Aug/05
87| LG0453/PB9/Oct/07

LG0017/PB1/Aug/05 ST763
87 | LG0029/PB1/Nov/05
LG0987/PB20/Dec/08
LG0002/PA1/May/05 ST502
77- LG0977/PA13/Dec/08* ST2

LG1119/PB1/Nov/09 ST285
74 LG0326/PB3/Dec/06

g LG0976/PB19/Nov/08 |ST278
LG0156/PB3/Oct/06
LG0708/PB14/Sep/08 ST1095
LG0469/PB10/Oct/07 ST1093
| LG1034/PB21/May/09 ST1100
99 LG0258/PB6/Dec/06 |ST122
LG0478/PB6/Dec/06
LG0219/PB4/Oct/06 ST136
LG0629/PB13/Sep/08 ST530
LG0903/PB16/Nov/08 ST1097
LG0638/PB12/Sep/08
99 LG0641/PB12/Sep/08 | sT1004
LG0643/PB12/Sep/08
LG0646/PB12/Sep/08
99 LG0604/PA11/Sep/08* ST644
LG0622/PB12/Sep/08
LG1124/PB22/Nov/09 ST77
LG0122/PA3/Sep/06 ST353
LG0941/PB18/Nov/08 |
100' _LG1142/PB18/Nov/09 ST1098
L __LG0954/PB18/Nov/08
62 100' LG1132/PB18/Nov/09 | ST1101
LG1948/CT2/Apr/12
100 LG1949/CT2/Apr/12
LG0808/CT1/Oct/08 ST1
LG1167/PB24/Nov/09
LG0593/SH1/Aug/08
P - LG0909/PB17/Nov/08 ST141
LG0232/PA7/Nov/06 ST120
[ LG0123/PA4/Sep/06* ST506
67 LGO0716/PA12/Sep/08 ST132
LG0124/PA5/Sep/06 ST507
LG0392/PA8/Feb/07
7] LGO586/PA10/Jun/08 ST384
LG1060/PA15/Jun/09
LG1950/CT2/Apr/12 ST48

99 LG0301/PB7/Dec/06
9 100711 G0534/PB7/NoV/07 | sT760
LG0490/PB6/Oct/07 ST138
ST162

LG1134/PB18/Nov/09
LG0128/PB2/Sep/06 ST493

96 LG0218/PB4/Oct/06  ST664
98 LG1156/PB23/Nov/09 ST1102
62 LG0709/PB14/Sep/08

TOOLGO710/PBL4/Sep/08 | sT128
LGO129/PB2/Sep/06 ST1091

99/ LG0864/PB15/Nov/08
LG1169/PB24/Nov/09 | ST59

LG0454/PB9/Oct/07

LG0449/PB8/Sep/07 ST1151
9 LG0516/PB11/Oct/07 ST1152
LG0964/PB18/Nov/08 ST1099
LG0347/PB3/Dec/06 ST1092
LG1008/PA14/Feb/09* ST682
LG1171/PA16/Dec/09* ST42
LG0030/PB1/Nov/05
LG0585/PA9/May/08
63 LG0007/PB1/Aug/05
LG1116/PB1/Nov/09
99 LG0215/PA6/Oct/06* ST505
LG0254/PB5/Nov/06
LG0003/PA2/Aug/05*
LG0613/PA11/Sep/08*
LG0626/PB13/Sep/08 -

0.002 nucleotide substitution/site

48

CG7

CG4

CG2

CG3

CG5

CG6

I CG1




Similarity (%)
70 80

Band patterns of PFGE

49

Isolate PFGE type
LG1060/PA15/Jun/09 Pl
LG0392/PA8/Feb/07 P2
LG0123/PA4/Sep/06*  P3
LG0586/PA10/Jun/08 P4
LG0716/PA12/Sep/08 P5
LG0122/PA3/Sep/06 P6
LG1948/CT2/Apr/12 P7
LG0593/SH1/Aug/08 pP7
LG1949/CT2/Apr/12 P8
LG0808/CT1/Oct/08 P9
LG1167/PB24/Nov/09 P10
LG0124/PA5/Sep/06 P11
LG0232/PA7/Nov/06 P12
LG1169/PB24/Nov/09 P13
LG0215/PA6/Oct/06* P13
LG0254/PB5/Nov/06 P13
LG0030/PB1/Nov/05 P13
LG0516/PB11/Oct/07 P13
LG0585/PA9/May/08 P13
LG0613/PA11/Sep/08* P13
LG0626/PB13/Sep/08 P13
LG0710/PB14/Sep/08 P13
LG0864/PB15/Nov/08 P13
LG1116/PB1/Nov/09 P14
LGO003/PA2/Aug/05* P14
LG0007/PB1/Aug/05 P14
LG0454/PB9/Oct/07 P15
LG0129/PB2/Sep/06 P16
LG0709/PB14/Sep/08 P16
LG1008/PA14/Feb/09* P17
LG0964/PB18/Nov/08 P18
LG0347/PB3/Dec/06 P19
LG0449/PB8/Sep/07 P20
LG1950/CT2/Apr/12 p21
LG0128/PB2/Sep/06 P22
LG0218/PB4/Oct/06 p22
LG1156/PB23/Nov/09 P23
LG1171/PA16/Dec/09* P24
LG0629/PB13/Sep/08 P25
LG0903/PB16/Nov/08 P26
LG0604/PA11/Sep/08* P27
LG0643/PB12/Sep/08 P27
LG0646/PB12/Sep/08 P28
LG0622/PB12/Sep/08 P29
LG0638/PB12/Sep/08 P30
LG0641/PB12/Sep/08 P31
LG1119/PB1/Nov/09 P32
LG0258/PB6/Dec/06 P33
LG0478/PB6/Oct/07 P34
LG1124/PB22/Nov/09 P35
LG0469/PB10/Oct/07 P36
LG0017/PB1/Aug/05 P37
LG0029/PB1/Nov/05 P37
LG0453/PB9/Oct/07 P37
LG0977/PA13/Dec/08* P38
LG0002/PAl/May/05 P39
LG0006/PB1/Aug/05 P40
LG0987/PB20/Dec/08 P41
LG0708/PB14/Sep/08 P42
LG0976/PB19/Nov/08 P42
LG0156/PB3/Oct/06 P43
LG0326/PB3/Dec/06 P43
LG1132/PB18/Nov/09 P44
LG0954/PB18/Nov/08 P44
LG1142/PB18/Nov/09 P45
LG0941/PB18/Nov/08 P46
LG1134/PB18/Nov/09 P47
LG0490/PB6/Oct/07 P48
LG0301/PB7/Dec/06 P49
LG0534/PB7/Nov/07 P49
LG0219/PB4/Oct/06 P50
LG0909/PB17/Nov/08 P51
LG1034/PB21/May/09 P52

ST

ST384
ST384
ST506
ST384
ST132
ST353
ST1
ST1
ST1
ST1
ST1
ST507
ST120
ST59
ST505
ST505
ST505
ST1152
ST505
ST505
ST505
ST128
ST59
ST505
ST505
ST505
ST59
ST1091
ST128
ST682
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ST1092
ST1151
ST48
ST493
ST664
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ST42
ST530
ST1097
ST644
ST644
ST644
ST644
ST1094
ST1094
ST285
ST122
ST122
ST77
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ST763
ST763
ST763
ST2
ST502
ST763
ST763
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ST278
ST278
ST278
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ST1098
ST1098
ST162
ST138
ST769
ST769
ST136
ST141
ST1100
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Close Genetic Relationship between Legionella pneumophila Serogroup
1 Isolates from Sputum Specimens and Puddles on Roads, as
Determined by Sequence-Based Typing

Jun-ichi Kanatani,® Junko Isobe,® Keiko Kimata,® Tomoko Shima,® Miwako Shimizu,® Fumiaki Kura,® Tetsutaro Sata,?
Masanori Watahiki? :

~ Department of Bacfenology Toyama Institute of Health, Nakataikoyama, Imizu-shi, Toyama, Japan?; Department of Bacteriology |, National Institute of Infectious Diseases,
Toyama Shanuku -ku, Tokyo, Japan®

We mvestlgated the prevalence of Legzonella species isolated from puddles on asphalt roads. In addition, we carried out se-
quence-based typing (SBT) analysis on the genetic relationship between L. pneumophila serogroup 1 (SG 1) isolates from pud-
dles and from stock strains previously obtained from sputum specimens and public baths. Sixty-nine water samples were col-
lected from puddles on roads at 6 fixed locations. Legionella species were detected in 33 samples (47.8%) regardless of season.
Among the 325 isolates from puddles, strains of L. pneumophila SG 1, a major causative agent of Legionnaires’ disease, were the
most frequently isolated (n = 62, 19.1%). Sixty-two isolates of L. pneumophila SG 1 from puddles were classified into 36 se-
quence types (STs) by SBT. ST120 and ST48 were identified as major STs. Environmental ST120 strains from puddles were found
for the first time in this study. Among the 14 ST of the clinical isolates (n = 19), 4 STs (n = 6, 31.6%), including ST120, were also
detected in isolates from puddles on roads, and the sources of infection in these cases remained unclear. The lag-1 gene, a tenta-

tive marker for clinical isolates, was prevalent in puddle isolates (61.3%). Our findings suggest that puddles on asphalt roads
serve as potential reservoirs for L. pneumophila in the environment.

5

egionella pneumophila is a major agent causing Legionnaires’

disease, which is a severe form of legionellosis and a potentially
fatal pneumonia (1). L. pneumophila is a Gram-negative bacte-
. rium that is ubiquitous in natural environments. In addition, it
has been found in anthropogenic environments, such as cooling
towers, baths, showers, and decorative fountains (2-5). Legionel-
losis. may be acquired through inhalation of aerosolized water
contaminated with Legionella species (6). Therefore, aquatic facil-

ities are potential sources of sporadic cases or outbreaks of infec- -

tion. Although 58 species and more than 70 serogroups (SG) of
Legionella species have been identified (7), more than 90% of le-
gionellosis cases are caused by L. pneumophila (8). Among 15 se-
rogroups of L. pneumophila, most clinical strains (80%) in Japan
belonged to SG 1 (9). Recently, in the United States, Kozak et al.
revealed that 75% of the L. pneumophila SG 1 clinical isolates but
only 8% of environmental isolates harbored the lag-1 gene, which
is required for the expression of the virulence-associated epitope
recognized by monoclonal antibody 2 of the international stan-
dard panel (10).

To identify the infection sources of legionellosis cases, se-
quence-based typing (SBT) was proposed by the European Work-
ing Group for Legionella Infections (EWGLI); SBT is a sequence-
based scheme comprising defined regions of 7 genes (flaA, pilE,
asd, mip, mompS$; proA, and neuA) for L. pneumophila (11-13).
SBT has been used as a molecular typing method to characterize L.
pneumophila SG 1 strains (14-16).

In Japan, public baths are a major source of infection, accord-
ing to the National Epidemiological Surveillance of Infectious
" Diseases (17). Fatal cases of legionellosis from homes and spa
pools have been reported (18, 19). Recently, several reports re-
vealed that legionellosis could be acquired from puddles of rain-
water on roads (20) and from air-conditioning systems of motor
vehicles (21). These environments have thus been considered po-
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tential new sources of infection. However, the genetic relation-
ships between strains from clinical specimens and from these en-

vironmental sources have not been clearly analyzed by molecular

typing techniques. Furthermore, our previous study reported that
the comparative analysis of L. pneumophila SG 1-isolates from
sputum specimens and public baths found a clonal group formed
only by clinical isolates that were not associated with bath water
(22). The short genetic distance between strains of the clonal
group suggested that they were derived from a common and un-
recognized type of source.

We hypothesize that ¢linical isolates that are not associated
with bath water may be genetically close to isolates from puddles
on asphalt roads. The main objective of this study was to charac-
terize the genetic relationship between L. pneumophila SG 1 iso-

 lates from puddles and stock strains previously isolated from spu-

tum specimens, public baths, and some other environmental

' sources.

'MATERIALS AND METHODS

Bacterial strains. A total of 140 L. pneumophila SG 1 isolates were ana-
lyzed, including isolates from puddles on roads (n = 62), public baths
(n = 51), cooling towers (n = 5), showers (n = 3), and sputum specimens

(n=19). Among these, 62 isolates from puddles and 5 isolates from other

sources (1 isolate from a cooling tower, 2 isolates from 2 showers, and 2
isolates from 2 patients) obtained in this study were collected from 2010 to
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2011 and from 2010 to 2012, respectively, in Toyama Prefecture, Japan
(Table 1); the remaining 73 isolates (51 isolates from 24 public baths, 4
isolates from 2 cooling towers, 1 isolate from a shower, and 17 isolates
from 16 patients), obtained in a previous study, were collected from 2005
to 2012 in Toyama Prefecture, Japan (22).

Identification of Legionella species from puddles on a road. After
rainfall, water samples were collected at 6 fixed locations along 3 main
national roads once per month from November 2010 to October 2011 in
- Toyama Prefecture (Fig. 1). The eastern and southern parts of the prefec-
ture were not selected for sampling because they are mountainous and
sparsely populated. Samples from locations A to E were collected from
November 2010 to October 2011; samples from location F were collected
from February to October 2011.

Water samples (150 ml) from puddles on asphalt roads were filtered
with a 0.22-pm-pore-size polycarbonate membrane (catalog no.
GTTP04700; Millipore, Billerica, MA, USA) and resuspended in 3 ml of
distilled water. After the concentrated samples were mixed with equal
volumes of 0.2 mol/liter KCI-HCI buffer (pH 2.2) for 5 min at room
temperature, they were spread onto glycine-vancomycin-polymyxin B-
cycloheximide agar plates (bioMérieux, Lyon, France) and modified Wa-
dowsky Yee agar plates (Oxoid, Basingstoke, Hampshire, United King-
dom). The agar plates were incubated at 35°C for 7 days in a moist
chamber. Smooth gray colonies were subcultured onto buffered charcoal-
yeast extract agar plates (bioMérieux) and blood agar plates (Eiken Chem-
ical, Tokyo, Japan). The colonies growing only on buffered charcoal-yeast
extract agar plates were presumed to belong to the genus Legionella by
observation of the characteristic outward structures (cut-glass-like or mo-
saiclike appearance) under a stereo microscope with oblique illumination
(23). The detection limit of the procedure was 10 CFU/100 ml. These
colonies were tested using a latex agglutination' test kit (catalog no.
DR0800M; Oxoid, Hampshire, United Kingdom) and slide agglutination
with commercial antisera (Denka Seiken, Tokyo, Japan) to determine the
Legionella species and serogroups. The remaining colonies not identified
by serological methods were examined by PCR with primers for Legionella
genus-specific 165 rRNA genes and L. pneumophila species-specific mip
genes (24, 25). The species of some isolates were determined by sequenc-
ing of 165 rRNA genes as described previously, with a slight modification
(26). Sequencing was performed with an ABI Prism 3130x] genetic ana-
lyzer (Applied Biosystems, Foster City, CA, USA) and primers 27f (AGA
GTTTGATCCTGGCTCAG) and r1L (GTATTACCGCGGCTGCTGG).

SBT. SBT was performed according to the protocol of the EWGLI
(http://www.hpa-bioinformatics.org.uk/legionella/legionella_sbt
/php/sbt_homepage.php), as described previously (11, 12). Novel al-
leles and sequence types (STs) were submitted to the EWGLI SBT
database for assignment. Clonal analyses were performed by using
eBURST V3 (http://eburst.mlst.net). Groups that were generated with
single-, double-, and triple-locus variants were defined as clonal
groups (CGs).

PCR amplification of the lag-1 gene. Genomic DNA was extracted by
emulsifying several colonies of L. pneumophila in 100 wl of 5% (wt/vol)
Chelex-100 solution (Bio-Rad Laboratories, Tokyo, Japan). The suspen-
sion was boiled at 100°C for 10 min and then centrifuged at 20,000 X g for
5 min at room temperature. The supernatant was used as a DNA template.
The primers lag-F and lag-R were used for amplification of the lag-1 gene
(10). The PCR was performed using GoTaq green master mix (Promega,
Madison, WI, USA) under the following conditions: initial denaturation
at 95°C for 2 min and 30 cycles of 94°C for 30s, 57°C for 30 s, and 72°C for
1 min.

Statistical analysis. The x? test was performed to compare the pro-
portions of Legionella-positive and -negative puddles, as well as lag-1-
positive and -negative isolates, using Microsoft Excel (Microsoft, Tokyo,
Japan). To test for significant differences in the cell concentrations of
Legionella species, the Mann-Whitney U test was performed using R sta-
tistical software (version 2.15.1). A P value of <0.05 was considered sta-
tistically significant.
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Nucleotide sequence accession numbers. The sequence data from
this study have been submitted to DNA Data Bank of Japan (http://www
.ddbj.nig.acjp/) under accession numbers AB811041, AB811042,
AB811044, AB811045, AB811047 to AB811052, AB811054, AB811055,
AB811057 to AB811064, AB811066 to AB811075, and AB811077.

RESULTS

Isolation of Legionella species from water samples of puddles on
roads. Legionella species were detected in 33 samples (47.8%)
from locations A (n =4),B(n=5),C(n=7),D(n=7),E(n=

'7), and F (n = 3) (Fig. 1). Legionella species were isolated fre-

quently, except in September and October 2011 (Table 2). Among
the 33 positive samples, the concentrations of Legionella species
ranged from 10 to 99 CFU/100 ml in 18 (54.5%) samples, 14
(42.4%) samples contained 100 to 999 CFU/100 ml, and 1 (3.0%)
sample contained 7,520 CFU/100 ml. Even when the mean tem-
perature was <0°C in January, Legionella species were isolated
from 4 of 5 samples, and 3 samples contained 100 to 999 CFU/100
ml. Furthermore, the isolation rates of Legionella species at mean
temperatures of =20°C (50.0%, 12/24) and <20°C (46.7%, 21/
45) were almost the same (P > 0.05; the ¥ test), indicating that
Legionella species were detected regardless of temperature. How-
ever, the concentrations of Legionella species ranged from 20 to
7,520 CFU/100 ml at mean temperatures of =20°C and from 10 to
240 CFU/100 ml at mean temperatures of <20°C. The Mann-
Whitney U test revealed that the concentrations of Legionella spe-
cies at mean temperatures of =20°C and <20°C were significantly
different (P < 0.05): the geometric means = standard deviations
(log,o CFU/100 ml) in Legionella-positive puddles were 2.30 *+
0.68 and 1.63 * 0.47, respectively.

Among the 33 positive samples in which Legionella species were
detected, L. pneumophila was detected in 26 samples(78.8%), includ-
ing 4 samples at mean temperatures of <0°C in January. Thus, L
pneumophila was also frequently detected in samples from puddles
regardless of temperature.

Serological distribution of Legzonella species. We isolated
325 colonies from puddles from the 6 sampling locations. Accord-
ing to the serogroup typing, 234 isolates were identified as L. pneu-
mophila strains. The remaining 91 isolates were examined by PCR,
resulting in 11 additional L. pneumophila strains. Overall, the
most-prevalent species was L. pneumophila (n = 245, 75.4%),
whereas other Legionella species accounted for the remaining
24.6% (n = 80). Among the 245 L. pneumophila isolates, SG 1
accounted for 25.3% (n = 62), followed by SG 5 (n = 56, 22.9%),
SG 8 (n = 50, 20.4%), and others (SG 2, SG 6, SG 9, SG 3, SG 11,
SG 14, and untypeable; n = 77, 31.4%) (Fig. 2A). Among the 80
non-L. pneumophila isolates, 31 were randomly selected, and the
species of these isolates were determined by 16S rRNA gene se-
quencing. L. gresilensis accounted for 71.0% (n = 22), followed by
L. longbeachae (n = 6, 19.4%), L. oakridgensis (n = 1, 3.2%), L.
sainthelensi (n = 1,3.2%), and L. waltersii (n = 1, 3.2%) (Fig. 2B).

- Distribution of STs and lag-1 genes. We analyzed 62 L. pneu-
mophila SG 1 isolates obtained from puddles on asphalt roads in
comparison with 73 L. pneumophila SG 1 stock strains from a
previous study (22) and 5 isolates obtained from sources other
than puddles in this study (Table 1). The 19 (total) clinical isolates
from sputum specimens were collected from 4 hospitals in
Toyama Prefecture. Among these, 17 isolates were obtained from
17 patients; the remaining 2 isolates were obtained from the same
patient but classified into different STs.
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Legionella pneumophila Isolates from Puddles

TABLE 1 Sequence types and lag-1 gene results of L. pneurnophila serogroup 1 isolates obtained in this study”

Date of
isolation Allele no.
Strain Origin Yr Mo flaA pilE asd  -mip mompS proA neuA ST Presence of lag-1
LG1554 ~PU 2010 Nov 2 3 6 10 2 1 6 22 Negative
LG1555 PU 2010 Nov 2 3 9 10 2 1 6 23 Negative
LG1732 PU 2011 May 2 3 9 10 2 1 6 23 Negative
LG1743 PU 2011 May 2 3 9 10 2 1 6 23 Positive
LG1551 PU 2010 Nov 5 2 22 27 6 10 12 48 Negative
LG1552 PU 2010 Nov 5 ) 22 27 6 10 12 48 Negative
LG1553 PU 2010 Nov 5 2 22 27 6 10 12 48 Negative
LG1625 PU 2011 Jan 5 2 22 27 6 10 12 48 Negative
LG1719 PU 2011 May .5 2 22 27 [ 10 12 48 Negative
LG1723 PU 2011 May 5 2 22 27 6 10 12 48 Negative
LG1742 PU 2011 May 5° 2 22 27 6 10 12 48 Negative
LG1737 PU 2011 May 2 3 18 13 25 5 6 75 Positive
LG1680 PU 2011 Mar 4 10 11 15 29 1 6 89 Positive
LG1729 PU 2011 May 12 8 11 20 5 12 6 118 Positive
LG1550 PU 2010 Nov 2 3 5 11 2 1 6 120 . Positive
LG1674 PU 2011 Mar 2 3 5 11 2 1 6 120 Positive
LG1736 PU 2011 May 2 3 5 11 2 1 6" 120 Positive
LG1746 PU 2011 May 2 3 5 11 2 1 6 120 Positive
LG1747 PU 2011 . May 2 3 5 11 2 1 6 120 Positive
LG1771 PU 2011 Jun 2 3 5 11 2 1 6 120 Positive
LG1772, PU $ 2011 Jun 2 3 5 11 2 1 6 120 Positive
LG1805 PU 2011 Aug 3 13 1 10 14 9 11 127 Negative
LG1604 PU 2010 Dec 2 1 6 15 2 1 6 132 Positive
LG1749 PU 2011 May 2 1 6 15 2 1 6 132 Positive
LG1673 PU 2011 Mar. 2 3 9 10 2 1 10 384 Positive
LG1766 PU 2011 Jun 2 - 3 9 10 2 1 10 384 Positive
LG1698 PU 2011 Mar 2 3 5 10 2 1 6 507 Negative
‘LG1740 PU 2011 - May 2 3 5 10 2 1 6 507 Positive
LG1748 PU 2011 | May 2 3 5. 10 2 1 6 507 Positive
LG1546 PU 2010 Nov 8 10 .3 10 2 1 6 610 Positive
LG1814 PU 2011 Aug 12 9 2 5 27 20 6 615 Positive
LG1679 PU 2011 Mar 12 8 11 10 5 12 6 624 Positive
LG1622 PU 2011 Jan 21 40 43 20 15 26 2 808 Negative
LG1632 PU 2011 Jan 21 40 43 20 15 26 2 808 Negative
LG1768 PU 2011 Jun 2 3 6 15 51 1 6 876 Positive
LG1733 PU 2011 May 2 3 5 3 2 1 9 1186 " Positive
LG1735 PU 2011 May 2 3 5 3 2 1 9 1186 Positive
LG1631 ©~ PU 2011 Jan 2 3 5 13 2 1 6 1187 Positive
LG1767 PU 2011 Jun 2 °3 5 13 2 1 6 1187 Positive
LG1638 PU 2011 Jan 2 3 5 28 2 1 6 1188 Positive
LG1799. = PU 2011 Aug 2 3 5 58 2 1 6 1189 Positive .
LG1683 PU 2011 Mar 2 3 18 12 35 1 6 1190 Positive
LG1797 PU 2011 Aug 2 3 58 10 2 1 6 1191 Positive
LG1753 PU 2011 May 2 10 5 10 2 1 6 1192 Negative
LG1739 - PU 2011 May 2 10 5 10 2. 1 9 1193 Negative
LG1741 PU 2011 May 2 10 5 10 2 1 9 1193 Negative
LG1678 PU 2011 Mar- 2 10 5 47 - 18 -5 9 1194 Negative-
LG1681 PU 2011 Mar 2 10 9 12 2 5 6 1195 Positive
LG1540 PU 2010 Nov 2 10 14 3 18 4 11 1196 Negative
LG1730 PU 2011 May 2 10 57 10 18 5 9 1197 Negative
LG1630 PU 2011 Jan 2 23 13 25 18 22 9 1198 Positive
LG1697 PU 2011 Mar 2 23 13 25 18 22 9 1198 Positive
LG1813 PU 2011 ‘Aug 2 31 5 21 18 12 6 1199 Positive
LG1811 PU 2011 Aug 4 8 11 10 11 12 10 1200 Positive
LG1745 PU 2011 May 12 8 11 56 2 12 34 1201 Positive
LG1686 PU 2011 Mar 12 15 11 56 11 12 34 1202 Positive
LG1541 PU 2010 Nov 21 14 29 1 15 29 6 1203 Positive
LG1543 PU 2010 Nov 34 27 56 57 72 29 44 1204 Negative
LG1544 PU 2010 Nov 34 27 56 57 72 29 44 1204 Negative
(Continued on following page)
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TABLE 1 (Continued)

Date of

isolation Allele no.
Strain Origin Yr Mo flaA pilE asd mip mompS proA neuA ST Presence of lag-1
LG1691 PU 2011 Mar 34 27 56 57 72 29 44 1204 Negative
LG1804 PU 2011 Aug 34 27 56 57 72 29 44 1204 Negative
LG1689 PU 2011 Mar 34 27 55 54 71 44 .44 1225 Negative
LG1975 CT 2011 Jun 1 4 3 1 1 1 1 1 Negative
.LG2051 SH 2012 Nov 7 6 17 3 13 11 11 59 Negative
LG2055 SH 2012 Nov 5 2 22 27 6 10 12 48 Negative
LG1535 PA 2010 Nov 2 3 5 15 2 1 6 973 Positive
LG1757 PA. 2011 May 10 12 7 3 16 18 6 138 Positive

“ PU, puddle; CT, cooling tower; SH, shower; PA, patient; ST, sequence type.

Sixty-two L. pneumophila SG 1 isolates from puddles were clas-
sified into 36 STs (Tables 1 and 3). Twenty of the 36 STs were
identified for the first time in this study. The major STs were
ST120 (n = 7, 11.3%) and ST48 (n-= 7, 11.3%), followed by
ST1204 (n = 4, 6.5%), ST23 (n = 3, 4.8%), and ST507 (n = 3,
4.8%). Twenty-four STs were represented by only a single isolate.

Puddle isolates of ST120 were detected in samples from loca-
tions B (n ='2), C (n = 1), and E (n = 4), and puddle isolates of
ST48 in samples from locations A (n = 1), B (n = 1), C (n = 3),
and D (n = 2) (Fig. 1). Furthermore, ST120 and ST48 strains were
isolated during 4 (November 2010 and February, May, and June
2011) and 3 (November 2010 and January and May 2011) differ-
ent months, respectively.

PCR amplification showed that 59.7% (37/62) of L. pneumo-
phila SG 1isolates from puddles harbored the lag-1 gene (Table 3).
Among the isolates belonging to ST120 and ST48, which were the
major STs of puddle isolates, the lag-1 gene was present in all
ST120 isolates (7/7) and was missing in all ST48 isolates (0/7).

Clonal analysis. Clonal analyses were performed using L.
preumophila isolates obtained from puddles on roads (n = 62),
public baths (n = 51), cooling towers (n = 5), showers (n = 3),
and patients with legionellosis (n = 19) (Table 4). The puddle
isolates formed 2 major CGs, CG1 and CG4, which included
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Toyama Prefecture
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FIG 1 Locations of the 6 fixed points for sampling from puddles on roads.
Sixty-nine samples were collected from the 6 locations as follows: A (n = 12),
B(n=12),C(n=12),D(n=12),E(n=12),andF(n =9).
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58.1% and 8.1% of puddle isolates, respectively (Table 4). On the
other hand, bath isolates formed other CGs, CG2 and CG3, which
included 49.0% and 25.5% of bath isolates, respectively. )

Among the 14 STs of clinical isolates (n = 19), 4 STs (ST120,
ST132, ST384, and ST507; n = 6) and 3 STs (ST138, ST505, and
ST644; n = 6) were also detected in isolates from puddles and
public baths, respectively. The remaining 7 STs (n = 7) were de-
tected in CGs that included environmental isolates, although the
same ST was not observed in the environmental isolates. CG1,
CG2, CG3, CG4, and CG5 included 7 STs (ST120, ST132, ST353,
ST384, ST506, ST507, and ST973), 3 STs (ST2, ST502, and
ST644), 2 STs (ST505 and ST682), ST42, and ST138, respectively.

DISCUSSION

We investigated the prevalence of Legionella species isolated from
puddles on asphalt roads and the genetic relationships between
isolates from sputum specimens and environmental sources. Six-
ty-two isolates of L. pneumophila SG 1 from puddles were classi-
fied into 36 STs by SBT, with ST120 and ST48 being the major STs;
strains of these 2 STs were widely distributed in Toyama Prefec-
ture regardless of the season. Although ST48 environmental
strains were primarily isolated from soil and partially from cooling
towers, as reported previously (27), ST120 environmental strains
were not mentioned either in the previous report or in the EWGLI
SBT database as of 27 February 2013. On the other hand, ST120
clinical strains were detected in 5.8% ofisolates from patients with
legionellosis in Japan, although the sources of infection remain
unclear as determined by epidemiological investigation (9). It was
not described whether isolation of L. pneumophila strains from
environmental sources, including water from puddles on roads,
was carried out or not in these cases. Our results showed that 1
clinical strain also belonged to ST120. This strain was not associ-
ated with bathwater as determined by epidemiological investiga-
tion. Furthermore, isolation of L. pneumophila strains from other
environmental sources was not carried out. Thus, the source of
infection in this case was not clarified. Hicks et al. reported that a
1-cm increase in rainfall was associated with a 2.6% increased risk
of legionellosis (28). Furthermore, Fisman et al. identified an as-
sociation between legionellosis and increased humidity (odds ra-
tio per 1% increase in relative humidity of 1.08, and 95% confi-
denceinterval of 1.05t0 1.11) 6 to 10 days before the occurrence of
legionellosis cases (29). Therefore, our findings suggest the possi-
bility that patients with legionellosis caused by ST120 strains may
have inhaled splashed aerosols from puddles contaminated with
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TABLE 2 Distribution of Legionella species from puddles on roads in Toyama Prefecture, Japan

No. of samples (no. with L. pneumophila):

Geometric mean * SD (log,,

Mean . Legionella With CFU/100 mi of: CFU/100 ml) in Legionella-

Yr Mo temp. (°C) Analyzed positive 10-99 100-999 >1,000 positive puddles
2010 Nov 114 5 4 (4) 4(4) 0 0 1303

Dec 10.4 5 3(2) 3(2) 0 0 1403
2011 Jan —0.6 5 4 (1) 1(1) 31(3) 0 2.0*0.1

" Feb 9.0 6 5(5) 4(4) 1(1) 0 1.6 = 0.5

Mar 11.5 6 4(1) 3(1) 1(0) 0 1.7x0.5

Apr 15.0 6 1(0) 0 1(0) 0 2.4

May 21.2 6 4 (4) 1(1) 3(3) 0 1.9+04

Jun 32.2 6 2(2) 1(1) 1(1) 0 1.8 +0.2

Jul 31.0 6 3(1) 0 2(1) 1(0) 32%05

Aug 26.2 6 3(3) 1(1) 2(2) 0 22*+05

Sep 18.0 6 0 0 0 0 Not measured

Oct 16.4 6 0 0 0 0 Not measured
Total 69 33 (26) 18 (15) 14 (11) 1(0)

this strain. The fact that all ST120 isolates in this study harbored
the lag-1 gene, a tentative marker for clinical isolates, supports this
hypothesis. Alternatively, patients with legionellosis may be in-
fected indirectly through a puddle route. In this regard, driving an
automobile using windshield wiper fluid without added wind-
shield washes that usually contain biocidal agents like propranolol
has been reported as a newly identified risk factor for the disease
(30), and L. pneumophila strains were actually found in wind-
shield wiper fluid without added windshield washes (31). So, au-
tomobiles may be contaminated with L. pneumophila strains orig-
inating from puddles due to splashing. To date, Palmer et al. have
not reported the STs of the isolates from windshield wiper fluid.
The lag-1 gene was prevalent in puddle isolates (59.7%).
Among the L. pneumophila SG 1 isolates in Toyama Prefecture,
100% (17/17) of clinical isolates and 43.1% (22/51) of bath isolates
harbored the lag-1 gene (J. Kanatani, . Isobe, K. Kimata, T. Shima,

A
SG11 SG14
1.2% 1.2%4
2?03 ’ ’ Untypeable

4.3%

3G1

n=245

25.3%

M. Shimizu, F. Kura, T. Sata, and M. Watahiki, unpublished data).
The frequencies of the isolates harboring the lag-I gene were not
significantly different between isolates from puddles and public
baths (P > 0.05, X test). In Japan, the number of legionellosis
cases peaked in July, the second half of the rainy season (32, 33).
To elucidate the possibility that splashed aerosols from puddles on
aroad, as well as public bath water, are a probable source of legio-
nellosis, we need further investigation of the virulence of these

strains by a combination of molecular typing profiles such as SBT,

lag-1 allele typing, and monoclonal antibody subgrouping (9).
Among the 14 STs of clinical isolates (n = 19), 4 ST's (ST120,
ST132, ST384, and ST507; n = 6) were also detected in isolates
from puddles on roads, suggesting that 33.3% (6/18) of patients
(6/19 of clinical isolates) may be infected directly or indirectly
through a puddle route rather than a bath route. As with the case
of the ST120 clinical isolate, the infection source of the remaining

B L. oakridgensis
3.2%

L. sainthelensi

L longbeachae I swaltersii

L. gresilensis
71.0%

n=31

FIG 2 Distribution of Legionella species from puddles. (A) Frequencies of serogroups among L. pneumophila isolates. (B) Frequenc1es of Legionella species

among non-L. pneumophila isolates identified by 16S rRNA gene sequencing.
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TABLE 3 Sequence types of L. pneumophila serogroup 1 isolates
obtained from puddles on roads in Toyama Prefecture, Japan

No. with indicated result for

) No. (%) of Jag-1

ST isolates Positive Negative
120 o 7(113) 7 0
48 7(11.3) 0 7
1204" : 4(6.5) 0 4
23 3 (4.8) 3 0
507 3(4.8) 2 1
132 2(3.2) 1 1
384 2(32) 2 0
808 2(32) 0 2
1186" 2(3.2) 2 0
1187 2(32) 2 0
1193° 2(3.2) 0 . 2
1198° 2(3.2) 2 0.
Others® 24 (38.7) 16 8
Total 62 (100) 37 25

“ ST, sequence type.

¥ The ST was identified for the first time in this study.

¢ Fifteen of 24 ST’ were identified for the first time in this study, and each was presented
by only a single isolate.

5 clinical isolates also remained unclear. For the identification of
unrecognized sources of legionellosis, in our opinion, L. pneumo-
phila strains should be isolated from clinical specimens and vari-
ous environmental sources, including water from puddles on
roads, and analyzed by molecular typing methods such as SBT 'and
monoclonal antibody subgrouping (9).

In samples from puddles, L. pneumophila SG 1, SG 5, and SG 8
were frequently detected. In those from soil, among 87 L. pneu-
mophila isolates, SG 1 accounted for 42.5% (n = 37), followed by
SG8(18.4%,n = 16) and SG 3 (16.1%, n = 14), although SG 5 was
not detected (J. Amemura-Maekawa, K. Kikukawa, ]. H. Helbig, S.
Kaneko, A. Suzuki-Hashimoto, K. Furuhata, B. Chang, M. Murai,
M. Ichinose, M. Ohnishi, F. Kura, and the Working Group for
Legionella in Japan, unpublished data). Furthermore, 31 of the 36
puddle isolates belonging to CG1 revealed the same or single-,

double-, and triple-locus variants of STs derived from soil (group
S1 [27]) and 3 of the 5 puddle isolates belonging to CG4 revealed
triple-locus variants of STs derived from soil (group S3 [27]).
These results showed that the isolates from puddles and soil were
genetically and serologically close to each other. However, the
only common ST detected in samples from both puddles and soil
were ST22 and ST48. To elucidate the habitat segregation of L.
pneumophila strains in these environments, further investigation
of isolates from puddles and soil is required.

In this study, Legionella species were isolated even at low tem-
peratures. In this regard, Soderberg et al. reported that L. pneumo-
phila strains could survive in tap water at 4°C for about a year,

‘while a gradual decline in the number of CFU was seen (34). Al-

though Legionella species were not detected in puddles during the
last 2 months of collection for this study (September and October
2011), 4 of 6 puddles regained positivity for L. pneumophila
and/or other Legionella species 2 months later (data not shown).
Thus, Legionella species, including L. pneumophila, were distrib-
uted in puddles regardless of the season. A previous study in met-
ropolitan Tokyo reported that the isolation rates of L. preumo-
phila strains from puddles increased with increasing mean
temperatures and that L. pneumophila SG 1 strains were the most
frequently isolated (20). Because L. pneumophila was frequently
detected in samples from puddles, the possibility of contracting
legionellosis in daily life should be considered. It may be impor-
tant to recommend that individuals who are immunocompro-
mised or elderly wear masks.to avoid acquiring the disease, espe-
cially during the warm rainy season. Among the 5 other Legionella
species detected in samples from puddles in this study, to the best
of our knowledge, L. longbeachae, L. oakridgensis, and L. sainthel-
ensi have been isolated from patients with pneumonia (35-37)
and L. waltersii DNA was identified in a patient with pneumonia

(38). Thus, these species may also'be important in the etiology of \

community-acquired pneumonia.

In conclusion, ST120 environmental strains were 1solated from
puddles on an asphalt road for the first time in this study. Further-
more, 33.3% of patients with legionellosis in Toyama Prefecture,
Japan, may be infected directly or indirectly through a puddle
route. Our findings by SBT analysis suggest that puddles on as-

'TABLE 4 Distributions of clonal groups from 74 sequence-based typing profiles of L. pneumophila serogroup 1 isolates in Toyama Prefecture,

Japan”

. 0 H = .
CG (total no. of STs; No. (%) of isolates (n = 140) from:

ST(s) detected in both clinical and environmental

no. of isolates) PU PB CT SH PA isolate(s)” (no. and sources of isolates with ST)

CG1 (25; 46) 36 (58.1) 1(2.0) Q 0 9 (47.4) 120.(7 from PU, 1 from PA), 384 (2 from PU, 3 from PA),
507 (3 from PU, 1 from PA), 132 (2 from PU, 1 from
PA) '

CG2 (15; 28) 0 25 (49.0) 0 0 3(15.8) 644 (4 from PB, 1 from PA)

CG3(7;19) 0 13 (25.5) 0 1 5(26.3) 505 (5 from PB, 4 from PA)

CG4 (6; 6) 5(8.1) 0 0 0 1(5.3)

CG5.(3;5) 0 4(7.8) 0 0 1(5.3) 138 (1 from PB, 1 from PA)

CG6 (4;4) 1(1.6) 3 (5.9) 0 0 0

CG7(2;2) 1(1.6) 1(2.0) 0 0 0

CG8 (2;2) 0 2(3.9) 0 0 0

Singletons (10; 28)" 19 (30.6) 2(3.9) 5 2 0

Total 62 (100) 51 (100) 5 3 19 (100)

“ CG, clonal group; PU, puddle; PB, public bath; CT, cooling tower; SH, shower; PA, patient; ST, sequence type.

¥ Singletons include 10 STs that are not grouped into any CGs.
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phalt roads serve as potential reservoirs for L. pneumophila in the
environment, which could increase potential opportunities for
exposure. To identify unrecognized sources of infection in legio-
nellosis cases, we need to isolate L. pneumophila strains from clin-
ical specimens and various environmental sources, including wa-
ter from puddles on roads, and to analyze these strains by a
combination of molecular typing techniques and epidemiological
investigation.
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