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Molecular epidemiology of Legionella pneumophila serogroup 1
isolates identify a prevalent sequence type, ST50S5, and a distinct
clonal group of clinical isolates in Toyama Prefecture, Japan
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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 pulsed-field gel electro-
phoresis (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 dif-
ference with only two restriction fragments, indicating that
ST505 strain was prevalent among L. preumophila 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 envi-
ronmental 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
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with bathwater, suggesting that they were derived from
unrecognized sources.

Keywords Legionella pneumophila - Molecular
epidemiology - Molecular typing

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
L. 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 two 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].

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 elec-
trophoresis (PFGE) is commonly used to determine the
source of infection [9, 14, 15]. However, this typing
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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
seven genes (flaA, pilE, asd, mip, mompS, proA, and neuA)
for L. pneumophila [16-18]. Similar to PFGE, SBT has
been considered to be 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 L. pneumophila SG 1 isolates
from clinical 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 iso-
lates, and we discussed the origin of these clinical
isolates.

Materials and methods
Bacterial strains

Seventy-three strains of L. preumophila 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
two cooling towers (CT1 and CT2) and 1 strain from a
shower (SH1) were collected from each building. Seven-
teen strains from 16 patients (PA1-PA16) with legionel-
losis were collected from four hospitals in Toyama
Prefecture. Of the 17 clinical isolates, 15 were obtained
from 15 patients; the remaining 2 isolates were obtained
from patient PA11 but belonged to different STs and PFGE
types. The incubation period was 2-10 days, depending on
the diagnosis by the physician.

Isolation of L. preumophila SG 1 from environmental
sources

Water samples (500 ml) were filtered with a 0.22-um pore
size membrane (cat. no. GTTP04700; Millipore, Billerica,
MA, USA) and resuspended in 5 ml 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 g for 5 min at room temperature. The supernatant was
used as a DNA template. Polymerase chain reaction (PCR) of
the SBT scheme was carried out according to the protocol of
EWGLI (http://www.hpa-bioinformatics.org.uk/legionella/
legionella_sbt/php/sbt_homepage.php), as described previ-
ously [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 seven SBT alleles was con-
structed by the neighbor-joining method, using the MEGA4
software [21]. A bootstrapping test was performed 1,000
times. Clonal analyses were performed by using eBURST
V3 (http://eburst.mlst.net). Groups were generated with
single- and double-locus variants and defined as clonal
groups.

PEGE analysis

PFGE was carried out as previously described [22] with a
slight modification. Genomic DNA in the plug was
digested overnight with 30 U Sfil (TaKaRa Bio, Shiga,
Japan) at 50 °C. Electrophoresis was carried out at
6 V/em for 19 h with the pulse time ranging from 5 to
50 s, using the CHEF DRIII system (Bio-Rad Laborato-
ries, Hercules, CA; USA). A dendrogram showing the
genetic similarity between PFGE profiles was constructed
by the UPGMA method with the Fingerprinting II soft-
ware (Bio-Rad Laboratories) using a Dice coefficient at
1.2 % of tolerance and 1.0 % of optimization. Reproduc-
ibility 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 (I0OD)
To assess the molecular typing methods, we calculated the

IODs of isolates from patients and public baths as descri-
bed previously [23].
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Table 1 Sequence-based typing (SBT) and pulsed-field gel electrophoresis (PFGE) profiles of Legionella pneumophila SG 1 isolates used in this

study

No.  Strain Origin® Year Month  SBT profile ST PFGE  Sources of
flaA  pilE  asd mip mompS proA  neuA pe infection

1 LG0002  PAl 2005  May 6 10 19 3 19 4 6 502 P39 Unknown

2 L.G0003  PA2 2005  Aug 7 6 17 3 11 11 9 505 P14 Bathwater®

3 LGO0122  PA3 2006 Sep 8 10 6 15 51 1 6 353 P6 Unknown

4 LG0123  PA4 2006 Sep 2 3 6 13 2 1 6 506> P3 Bathwater

5 LGO124  PAS 2006  Sep 2 3 5 10 2 1 6 507 P11 Unknown

6 LG0215  PA6 2006 Oct 7 6 17 3 11 11 9 505 PI3 Bathwater

7 LG0232  PA7 2006  Nov 2 3 5 11 2 1 6 120 P12 Unknown

8 LG0392  PA8 2007  Feb 2 3 9 10 2 1 10 384 P2 Unknown

9 LGO0585  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  PAll 2008  Sep 6 10 20 10 9 14 11 644 P27 Bathwater®

12 LG0613  PAll 2008  Sep 7 6 17 3 11 11 9 505 PI3 Bathwater®

13 LG0716  PAl12 2008  Sep 2 1 6 15 2 1 6 132 PS5 Unknown

14 LG0977  PA13 2008  Dec 6 10 19 3 19 4 9 2 P38 Bathwater

15 LGI1008  PAl4 2009  Feb 7 6 17 10 13 9 11 682 P17 Bathwater

16 LG1060  PAlS 2009 Jun 2 3 9 10 2 1 10 384 Pl Unknown

17 LG1171  PA16 2009  Dec 4 7 11 3 11 12 9 42 P24 Bathwater

18 LG0017  PBIL 2005  Aug 6 10 19 28 19 4 11 763 P37

19 LGO0006  PBI1 2005  Aug 6 10 19 28 19 4 11 763 P40

20 LG0007  PBI1 2005  Aug 7 6 17 3 11 11 9 505°  Pl4

21 LG0029  PB1 2005  Nov 6 10 19 28 19 4 11 763 P37

22 LG0030  PB1 2005  Nov 7 6 17 3 11 11 9 505> P13

23 LG1116  PBI1 2009  Nov 7 6 17 11 11 9 505° P4

24 LG1119 PBI1 2009  Nov 2 10 14 10 19 4 3 285 P32

25 LGO0128  PB2 2006 Sep 3 13 1 28 14 9 11 493 P22

26 LGO0129  PB2 2006  Sep 7 10 17 13 14 11 11 1091 P16

27 LG0156  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 3 14 9 9 664 P22

31 LG0219 PB4 2006 Oct 6 10 17 6 9 4 9 136 P50

32 LG0254  PBS 2006  Nov 7 6 17 3 11 11 9 505> 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 6 138 P48

36 LG0301  PB7 2006  Dec 10 12 7 21 16 18 9 769 P49

37 LG0534  PB7 2007  Nov 10 12 7 21 16 18 9 769 P49

38 LG0449  PBS 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 LG0454  PB9 2007 Oct 7 6 17 3 13 11 11 59 P15

41 LG0469  PB10 2007 Oct 6 10 15 14 21 7 6 1093> P36

42 LGO0516  PBI11 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 LG0646  PB12 2008  Sep 6 10 20 10 9 14 11 644 P28

46 LG0638  PB12 2008  Sep 6 10 20 10 9 4 9 1094* P30
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Table 1 continued

No.  Strain Origin®* Year Month  SBT profile ST PFGE  Sources of
- - type infection
flaA pilE  asd mip  mompS  proA  neuA

47 LG0641 PBI2 2008  Sep 6 10 20 10 9 4 9 1094° P31
48 LG0626  PBI13 2008  Sep 7 6 17 3 11 11 9 505> P13
49 1LG0629 PBI13 2008  Sep 6 10 20 9 4 9 530 P25
50 LGO0708 PB14 2008  Sep 6 10 15 28 21 14 11 1095° P42
51 LGO709 PBl4 2008  Sep 7 6 17 3 14 11 11 128 P16
52 LGO0710 PBl4 2008  Sep 7 6 17 3 14 11 11 128 P13
53 LGO864 PBIS 2008  Nov 7 6 17 3 13 11 11 59 P13
54 LG0903 PBI6 2008  Nov 6 10 20 28 9 4 9 1097° P26
55 LG0909 PBI17 2008  Nov 2 12 3 6 8 14 9 141 P51
56 LG0%1 PBI18 2008  Nov 23 10 3 3 8 4 9 1098° P46
57 LG0954 PBIS8 2008  Nov 6 6 15 3 14 11 1101° P44
58 LG094 PBIS8 2008  Nov 7 6 17 6 13 11 9 1099° P18
59 LG1132 PBIS8 2009  Nov 6 6 15 3 9 14 11 1101°* P44
60 LG1134 PBIS8 2009  Nov 10 22 3 16 9 6 162 P47
61 LG1142 PBI8 2009  Nov 23 10 3 8 4 9 1098> P45
62 LG0976  PBI19 2008  Nov 6 10 15 28 4 14 11 278 P42
63 LG0987 PB20 2008  Dec 6 10 19 28 19 4 11 763 P4l
64 1.G1034 PB21 2009  May 6 10 15 3 17 14 9 1100° P52
65 LG1124 PB22 2009  Nov 6 10 14 10 2 3 6 77 P35
66 LG1156 PB23 2009  Nov 3 6 1 28 14 9 11 1102° P23
67 LG1167 PB24 2009  Nov 1 4 3 1 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 1 1 1 P9
70 LG1948 CT2 2012 Apr 1 4 1 1 1 1 1 P7
71 LG1949 CT2 2012 Apr 1 4 1 1 1 1 1 P8
72 LG1950 CT2 2012 Apr 5 2 22 27 6 10 12 48 P21
73 LG0593  SH1 2008  Aug 1 4 3 1 1 1 1 1 P7

# ST sequence type, PA patient, PB public bath, CT cooling tower, SH shower

® Fourteen of 43 STs were unique to this area, as of 31 Oct 2012
¢ Confirmed by PFGE with environmental isolates

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
31 October 2012. Among these, 9 ST505 isolates were
obtained from four patients and three public baths along

the Shou River (Fig. 1; LGO003, LGO0215, LGO0585,
LG0613; LGO007, LG0030, LGI1116, LGO0254, 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 seven
clonal groups were generated by SBT (Fig. 2). Among
the seven clonal groups (CG1-CG7), CG3 was formed
by isolates from seven patients (LGO0123, LGO0124,
LG0232, LGO0392, LGO0586, LGO716, 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 %.
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Fig. 1 Geographic distribution of ST505 strain. Isolate name indi-
cates 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 bathwater by epidemiological investigation

PFGE analysis

A dendrogram of the PFGE pattern was constructed
(Fig. 3). Figure 4 shows the original gel image of band
patterns of isolates belonging to 3 STs (ST1, ST278,
ST505) among 13 STs (ST1, ST59, ST122, ST128, ST278,
ST384, ST505, ST644, ST763, ST769, ST1094, ST1098,
ST1101) that were found in more than 1 isolate. Seventy-
three isolates were divided into 52 PFGE types. The IODs
of 17 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
two restriction fragments with similarity of approximately
90 % (Fig. 4). The CG3 consisting of 7 clinical isolates
was split into two 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 three restriction fragments

_@_ Springer

(Fig. 4). The other isolates from different environmental
sources did not have identical PFGE types.

Discussion

In this study, we found STS505 to be the most prevalent
strain in Toyama Prefecture, Japan, and identified a clonal
group (CG3, Fig. 2) formed only by seven clinical isolates
that were not associated with bathwater. Travel histories of
14 of the 16 patients during the likely exposure period were
available. Although patient PAS had a history of a visit
outside Toyama Prefecture, we could not identify whether
this patient had been infected in Toyama Prefecture.
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 speci-
mens and environmental sources [24-26]. Cases of legio-
nellosis 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 legio-
nellosis in this area.

The ST505 strain was the most frequently isolated from
patients and bath facilities, and two PFGE types of the
isolates were similar because of the difference with only
two restriction fragments (Fig. 4), indicating that this strain
was prevalent among L. preumophila 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 contami-
nate- 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. preumophila in the river
was caused by the release of wastewater from industrial
aeration ponds [28].

The isolation rates of the STS05 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, asdS, mipl0, mompS18, proAl, and
neuAl0) 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 ST505 strain
found in this study suggests that this strain may be highly
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Fig. 3 Dendrogram of the
pulsed-field gel electrophoresis
(PFGE) pattern constructed
from L. preumophila 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 bathwater by

epidemiological investigation.
Two PFGE types (P13 and P14)
and ST505 are denoted by
boldface. Italic letters indicate

STs belonging to CG3

50 60

Similarity (%)

Band patterns of PFGE

70 80 90 100

L

pathogenic. In South Korea, ST-K1 (flaA7, pilE12, asdl7,
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.
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Isolate PFGE type
LG1060/PA15/Jun/09 Pt
LG0392/PA8/Feb/07 P2
LG0123/PA4/Sep/06* P3
LG0586/PA10/Jun/08 P4
LGO716/PA12/Sep/08 P5
LG0122/PA3/Sep/06 P6
LG1948/CT2/Apr/12 P7
LG0593/SH1/Aug/08 P7
LG1949/CT2/Apr/12 P8
LG0808/CT1/Oct/08 P9
LG1167/PB24/Nov/09 P10
L.G0124/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/PB11/0Oct/07 P13
LG0585/PA9/May/08 P13
LG0613/PA11/Sep/08* P13
LG0626/PB13/Sep/08 P13
LG0710/PB14/Sep/08 P13
|.G0864/PB15/Nov/08 P13
LG1116/PB1/Nov/09 P14
LG0003/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
1LG0449/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
1.G0478/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/PA1/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
L.G0941/PB18/Nov/08 P46
LG1134/PB18/Nov/09 P47
LG0490/PB6/Oct/07 P48
1.G0301/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

57384
57384
ST506

ST1152
ST505
ST505
ST505
ST128
ST59
ST505
ST505
ST505
ST59
ST1091
ST128
ST682
ST1099
ST1092
ST1151
ST48
ST493
ST664
ST1102
ST42
ST530
ST1097
ST7644
ST644
ST644
ST644
ST1094
ST1094
ST285
ST122
ST122
ST77
ST1093
ST763
ST763
ST763
ST2
ST502
ST763
ST763
ST1095
ST278
ST278
ST278
ST1101
ST1101
S§T1098
ST1098
ST162
ST138
ST769
ST769
ST136
ST141
ST1100

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
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ST505 ST1 ST278

Fig. 4 PFGE patterns with Sfil digestion of L. pneumophila SG 1
isolates. Lanes: M Salmonella enterica serovar Braenderup H9812
strain digested with Xbal as a size marker, / 1L.G0215, 2 LG0254, 3
LG0030, 4 LG0613, 5 LG0585, 6 LG0626, 7 LG0003, 8§ LG0007, 9
LGI1116, 10 LGO0593, 11 LGO808, 12 LG1167, 13 LG1948, 14
LG1949, 15 1L.GO156, 16 LG0326, 17 LG0976

legionellosis by the combination of molecular typing
methods such as PFGE and SBT analyses, monoclonal
antibody subgrouping [3], and epidemiological investiga-
tion in certain areas.

By SBT and PFGE analyses, L.G0003 strain from PA2
and LGO0O7 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 L.G0O613 strains that
were obtained on the same day from PA11 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 of the
infection. Therefore, this patient might be serially infected
with two 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 seven clinical isolates belonged to
CG3 (Fig. 2), in which no environmental isolates were
present. Among the seven clinical isolates, six were not
associated with bathwater 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. [30] suggested the possibility of
habitat segregation of L. pneumophila. 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 bathwater in rare cases, but not
isolates from cooling towers [30], suggesting that the clin-
ical strains belonging to the 5 STs in this study may origi-
nate from soil. Although the LG0123 strain in CG3 (Fig. 2)
was suspected to be derived from bathwater by epidemio-
logical 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 one isolate
from an environmental source because otherwise the caus-
ative strain might be not detected. Further investigation by
SBT analysis of isolates from various environmental sour-
ces, including soil, and those from patients is required to
reveal potential major routes of Legionella infection.
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Summary of the Legionella Detection in Man-made Water Systems

Hiroaki INOUE*, Tomoko TAKAMA, Tomoki ISHIMA, and Kunio AGATA

Tsukuba Research Laboratories, Aquas Corporation
4-4 Midorigahara, Tsukuba, Ibaraki 300-2646, Japan

We detected Legionella from man-made water systems by using the plate culture method, and summarized
the results between January 2001 and December 2012, The detection rate of Legionella was 259 % from the
cooling tower water, 14.1 % from the bath water, 4.3 % from the pool water, 52 % from the hot water supply;
31.9 % from the heat storage tank water and 106 % from the water for landscaping use. The detection rate of
Legionella from the cooling tower water subjected to various treatment was 53.1 % with no treatment, 9.7 %
with glutaraldehyde treatment, 19.2 % with isothiazolin treatment, 21.9 % with cation surfactant or the
polymer treatment, and 55.0 % with chlorination. Chlorination had no effect against Legionella; moreover,
Legionella contamination of more than 10000 CFU/100ml increased up to 13% From these results, the
organic biocides were estimated to show bacterieidal activity against Legionella. Using an effective biocide

against Legionella is very important for the control of Legionellu contamination.

(Accepted 11 July 2013)

Key words © Biocide (GXB#)/ Cooling tower ($EHE)/ Legionella (VI F 3 5).
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