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PULSED-FIELD GEL ELECTROPHORESIS
ANALYSIS AND SEQUENCE-BASED
TYPING OF LEGIONELLA
PNEUMOPHILA SEROGROUP 1
ISOLATES FROM JAPAN

Junko Amemura-Maekawa, Fumiaki Kura,
Bin Chang, and Haruo Watanabe
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In Japan, hot springs and public baths are more
probable sources of legionellosis than cooling
towers.

Pulsed-field gel electrophoresis (PFGE) 1s
considered to be one of the most discriminative
epidemiological methods for subtyping Le-
gionella pnewmophila strains and for elucidating
the sources of infection (2). On the other hand,
sequence-based typing (SBT), which was re-
cently developed, is also a powerful epidemio-
logical method. Six genes, flaA, mompS, pilE, asd,
mip, and proA, which are probably under selec-
tive pressure, were shown to be useful genetic
markers for epidemiological typing (4). We used
PFGE and SBT to analyze L. pneumophila
serogroup 1 1solates from Japan and compared
the usefulness of these techniques.

All L. pneumophila serogroup 1 isolates used
in this study were independently obtained
from a wide variety of Japanese locations (10
from cooling towers, 10 from public spas
and/or hot spring baths, 7 from patients with
bath-related infections, and 4 from patients in-
fected at unknown sources (Fig. 1). These 1s0-
lates were cultivated on a buffered charcoal

Junko Amemunra-Mackaiva, Fumiaki Kura, Bin Chang, and Hanie

Watanabe  Department of Bacteriology, Nadonal Instituee of
Infectious Diseases, Toyama, Shinjuku-ku, Tokyo, 162-8640,
Japan.

yeast extract agar (Difco, Detroit, MI) plate for
3 days at 35°C.The cultured colonies were di-
rectly used for PFGE and SBT.

Preparations for PFGE typing were carried
out as described previously (2). A dendrogram
of the PFGE pattern based on Ward’s method
was constructed using the Fingerprinting Il
software (Bio-Rad Laboratories).

The 31 epidemiologically unrelated isolates
were discriminated into 30 PFGE types (Fig. 2).
The dendrogram of the PFGE pattern of iso-
lates from cooling towers formed a distinct ge-
netic cluster. The cluster is quite different from
the cluster of isolates derived from public spas
and hot spring baths. This result suggests that
the PFGE pattern reflects the habitat of iso-
lates rather than their geographic location.

We applied SBT to the same L. preumophila
serogroup 1 isolates as those used in the PFGE
analysis. The sequences of flaA, pilE, asd, mip,
mompS, and proA were determined. The
primers used for SBT and the reaction mix-~
ture and conditions were the same as those
used by Gaia et al. (4, 5; http://www.ewgli.org).
The nucleotide sequences obtained
trimmed based on the data of flaA, pilE, asd,
mip, mompS, and proA presented by Norman
Fry (http://www.ewgli.org). Putative novel
variants found in this study were submitted to
the curators of the European Working Group

were
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Yamagata 263P
Niigata
Nagano 1288
2958 370B
Hyogo
2298 Gifu
2308 124C Ibaraki 292BP
Oita 158B 226C Tokyo
159B 160B 122C 223C
g
Saga o ) Kanagawa
81P* RS Nara 182C
217C .
; Kacawa Shizuoka
Nagasaki 22oC 121C 126B
79P*
of 224C231B
80p* 83P* Osak 252P 301BP
Miyazaki saka
374BP 228C
FIGURE 1 Isolates of L. preumophila serogroup 1 in Japan were used in this

study. All isolates are epidemiologically unrelated to each other. The names of
these isolates are indicated on the map along with the names of the prefec-
tures where they were isolated. C, isolates from cooling tower water; B, isolates
from spa and/or hot spring bath water; P, isolates from patients assumed to be
infected at spas and/or hot spring baths; P*, isolates from patients infected at
unknown sources; BP, representative isolates obtained from both patients and
bath water in an outbreak. The P isolates are indicated on the prefectures
where the patients visited, and P* isolates are indicated on the prefectures
where the hospitals of patients’ admission were located.

for Legionella Infections SBT database for veri-
fication and assignment of new allelic numbers
according to the curators’ instructions (http://
www.ewgli.org).

The 31 isolates were divided into 8,9, 11,8,
11, and 8 types based on the sequences of fla4,
pilE, asd, mip, momps$, and proA, respectively
(Fig. 2). As a result, the 31 isolates were divided
into 16 SB types in total. The isolates with the
same SBT demonstrated similar PFGE pat-
terns. A noteworthy finding was that all 10 iso-

lates from cooling towers clustered into a
unique type.

Both PFGE and SBT indicated that the
spa-bath isolates from Japan were highly di-
verse. The water used in public spa baths in
Japanese resorts is mostly obtained from hot
springs. The characteristics of hot spring water,
such as chemical substances, pH, and tempera-
ture, are highly variable. The genetic diversity
of the spa-bath strains may reflect the wide va-
riety of their habitats.

FIGURE 2 Cluster dendrogram by PEGE and sequence-based types of L. preuinophila serogroup 1 isolates in
Japan. Allele numbers are according to the European Working Group for Legionella Infections SBT database for L.
preumophila (http://www.ewgli.org), and new alleles that were determined in this research are underlined. Char-
acteristics of hot spring water were quoted from the reference of the hot spring.
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Using the methods of PFGE and SBT, 1t
may be possible to determine the environ-
mental source of a strain of unknown origin.
In fact, two of four isolates from patients in-
fected at unknown sources were assigned to
the cooling tower SB type and considered to
derive from cooling towers. The first clinical
isolate (no.79) in Japan (6) was not assigned to
the cooling tower SB-type.

Only four SB types were common between
Europe and Japan (N. Fry personal communi-
cation). One of these was the SB type (flad,
pilE, asd, mip, mompS, proA) = (1,4,3,1,1, 1),
which was the cooling tower type identified
in our study. This type was most commonly
isolated in Europe (see chapter 25). This type
has been isolated from water samples from
European spa pools, hotels, and hospitals, al-
though it is not known if isolates of this type
have been found in European cooling towers.

Although PFGE is the most widely used
technique and is generally accepted to be highly
effective in discriminating genomic differences,
it may have certain drawbacks with regard to
interlaboratory reproducibility (3). SBT appears
to be less effective at discriminating between
strains than PFGE. On the other hand, SBT
shows excellent reproducibility, and it is easy to
create a database of SBT, because SBT does not
require the interpretation of gel images. We
have to consider the advantages and limitations
of both methods and apply the most suitable
method according to the requirements.

This article is partially reprinted from the
Microbiology and Immunology (1) with permis-
sion of the publisher.

ACKNOWLEDGMENTS

We thank Norman Fry and Tim Harrison (Respi-
ratory and Systemic Infection Laboratory, Health Pro-
tection Agency) for helpful advice on SBT, providing
the sequences of flad, pilEE, asd, mip, mompS, and proA

of EUL strains, assigning the alleles newly identified by
us the new numbers, and critical reading of the manu-
script, and Jun Terajima (Deparunent of Bacteriology,
National Institute of Infectious Diseases) for helpful
advice on PFGE analysis. We also thank Eiko Yabuuchi
(Department of Microbial Bioinformatics, Gifu Uni-
versity School of Medicine), Fumio Gondaira (Denka
Seiken Co., Ltd.), Akihito Wada (Department of Bac-
teriology, National Institute of Infectious Diseases),
and the researchers in the prefectural public health in-
stitutes in Japan for providing the L. pueumophila
serogroup 1 isolates.

REFERENCES

1. Amemura-Maekawa, J., F. Kura, B. Chang,
and H. Watanabe. 2005. Legionella pnewmophila
serogroup 1 isolates from cooling towers in Japan
form a distinct genetic cluster. Microbiol. Inmunol.
49:1027-1033.

2. Amemura-Maekawa, J., E Kura, H. Watan-
abe, F. Gondaira, and J. Sugiyama. 2002.
Analysis of Legionella pneumophila serogroup 1 iso-
lates in Japan by using pulsed-field gel elec-
trophoresis and monoclonal antibodies, p. 302-
304. In R Marre,Y. Abu Kwaik, C. Bartletr, N. P.
Cianciotto, B. S. Fields, M. Frosch, J. Hacker, and
P. C. Liick (ed.). Legionella, ASM Press, Washing-
ton, D.C.

3. De Zoysa, A. S., and T. G. Harrison. 1999.
Molecular  typing of Legionella  pneumophila
serogroup 1 by pulsed-field gel electrophoresis
with Sfil and comparison of this method with re-
striction fragment-length polymorphism analysis.
J. Med. Microbiol. 48:269-278.

4. Gaia, V., N. K. Fry, B. Afshar, P. C. Liick, H.
Meugnier, J. Etienne, R. Peduzzi, and T. G.
Harrison. 2005. Consensus sequence-based
scheme for epidemiological typing of clinical and
environmental isolates of Legionella prieuniophila.
J. Clin. Microbiol. 43:2047-2052.

5. Gaia, V., N. K. Fry,T. G. Harrison, and R. Pe-
duzzi. 2003. Sequence-based typing of Legionella
pirenmophila serogroup 1 offers the potential for
true portability in legionellosis outbreak investi-
gation. J. Clin. Microbiol. 41:2932-2939.

6. Saito, A., T. Shimoda, M. Nagasawa, H.
Tanaka, N. Ito,Y. Shigeno, K. Yamaguchi, M.
Hirota, M. Nakatomi, and K. Hara. 1981.The
first case of Legionnaires’ disease in Japan. Kairsen-
syogaku Zasshi 55:124-128.

— 173 —



GROWTH OF LEGIONELLA IN
NONSTERILIZED, NATURALLY
CONTAMINATED BATHING WATER
IN A SYSTEM THAT CIRCULATES
THE WATER

Katsuhiko Ohata, Kanji Sugiyama, Mitsuaki Suzuki,
Rieko Shimogawara, Shinji Izumiyama,
Kenji Yagita, and lakuro Endo
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For a long time in Japan, taking a bath in the
hot springs has been a popular activity. In re-
cent years, many public bathhouses introduced
bathing water circulating systems for extended
use, in which a sand filtration unit was in-
stalled. However, this resulted in several large-
scale outbreaks of legionellosis (1) due to the
microbiologically insufficient maintenance of
the bathing facilities. Occurrence of Legionella
in bathing water circulating systems, appears to
be common and is a serious public health con-
cern in Japan.

We constructed a life-size model plant of a
bathing water circulating system for the simu-
lation experiment. The model plant is com-
posed of a filter (a sand filtration unit filled
with three layers of ceramic sand [about 100
kg], with a linear velocity of 25.5m/h), two
bathtubs (1 m” X 2),an automatic chlorine (in
the form of sodium hypochlorite) injector, a
hair catcher, a circulating pump, a heater, and a
UV light lamp. The water temperature is kept
at about 40°C (104°F) and circulated at about
5 m’/h (Fig. 1).

Katsuhiko  Ohata, Kanji  Sugiyama, and Mitsuaki  Suzuki
Shizuoka Institute of Environment and Hygiene, Shizuoka-
City, Shizuoka Pref. 420-8637, Japan. Ricke Shimogamvara,
Shinji Lzumiyama, Kenji Yagita, and Takwro Endo Department
of Parasitology, National Institute of Infectious Disease,
Shinjuku-ku, Tokyo 162-8640, Japan.

These experiments are aimed at monitor-
ing changes in the microbial constituents,
especially a possible occurrence of Legionella in
a bathing water circulating system, and devel-
oping preventive measures and intervention
strategies. Prior to microbial monitoring, a to-
tal of either 16 or 40 volunteers were asked to
take baths for 10 days (experiment 1) or for 14
days (experiment 2}, respectively. Chlorine was
added at concentrations ranging from 0.2 to
1.5 mg/liter 1nto the bathing water. After that,
in experiment 1, the chlorine injector was
turned off and the residual chlorine was de-
graded completely with the ultraviolet irradia-
tion. Again, five volunteers took a bath, and the
ultraviolet irradiation was turned off (day 0).
The bathing water was circulated under non-
sterilization (1st to 23rd days) and the circulat-
g system was sterilized by 10 ppm chlorine
at the end of the experiment (23rd day). In ex-
periment 2, after the residual chlorine was to-
tally degraded with the ultraviolet irradiation,
three volunteers took a bath (0 to 1st days). Af-
ter that, the ultraviolet irradiation was turned
off (2nd day) and the bathing water was circu-
lated under nonsterilization (3rd to 31st days).
After the bathing water was exchanged (31st
day), it was recirculated (31st to 36th days). At
the end of the experiment, the system was
sterilized by 6% H,O, (36th day).
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Edited by Nicholas P Cianciotto et al.
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uv lamp

Water bath Water bath < <
L1
/\ A

v Heater
Hair
catcher Circulating Filter
pump

4

The automatic
chlorine injector

FIGURE 1 A system that circulates bathing water of the model plant. The pointed arrows show the flow of the

circulating water.

In these experiments, from the day when
the chlorine injector was turned off, microbial
monitoring occurred for the number of Le-
gionella, total viable bacterial counts, hetero-
trophic bacteria, and free-living amoebae in
the bathing water. This microbial monitoring
occurred in the water, in the filter, and in other
parts of the model plant, either almost daily or
at certain intervals. GVPC Agar (bioMerieux,
France) was used for detection of Legionella,
Standard Method Agar (Nissui Pharmaceutical,
Tokyo) for total viable bacterial counts, R2A
Agar (Becton Dickinson, USA) for hetero-
trophic bacteria, and Bacto-Agar (Difico, USA),
on which a monolayer of Escherichia coli was de-
posited, for free-living amebae. The KMnO,
‘consumption test was also applied continuously
to the bathing water in experiment 2.

As a result of experiment 1 (Fig. 2), Le-
gionella was detected in both the bathing water
and the filter water at concentrations of 6.6 X

10* CFU/100 ml on the 3rd day after residual
chlorine disappeared. The number of Legionella
in the bathing water and the filter water in-
creased to 10> CFU/100 ml on the 5th day
and remained 10° to 10° CFU/100 ml
throughout the experiment. A positive bacte-
rial culture was obtained in the bathing water
and the filter water immediately after residual
chlorine disappeared, and the number of total
bacterial counts reached 10° CFU/ml within a
day. Then it decreased gradually to 10° to 10*
CFU/ml at the end of the experiment. The
number of heterotrophic bacteria was almost
the same as the number of total bacterial
counts. Free-living amoebae, known to be the
hosts of Legionella in this environment, were
detected 2 days after residual chlorine disap-
peared. They were calculated to be 12 cells/mi
in the bathing water and 11 cells/ml in the fil-
ter water. On the 3rd day, the number of
amoebae increased to 136 cells/ml and 129

FIGURE 2 The growth of Legionella, etc. in the bathing water (A) and the filter water (B) in experiment 1. For
10 days about 16 volunteers took baths under the system with chlorine control, in which the chlorine injector was
turned off. After that, five volunteers took baths, and the ultraviolet irradiation was turned off (day 0). The bathing
water was circulated under nonsterilization (Ist to 23rd days). At the end of the experiment (23rd day) the whole
system was sterilized by 10 ppm sodium hypochloride solution. From the day when the chlorine injector was
turned off, there was microbial monitoring for the number of Legionella, total viable bacterial counts, heterotrophic

bacteria, and free-living amoebae.

— 175 —



GROWTH OF LEGIONELLA IN CONTAMINATED BATHING WATER B 433

102.

(lu/s|[@9) aegoowy

(W0 L/NJD) 9e]3U0IF] cmpmm
(JW/N4D)SIUNO0D [BII330€Y |qRIA [€30 | cmlifiane
(1w /N49) eaioeq 014d0i301919H exfffe

seqaowy P22

(lw/sj99) seqoowy

(1W001/N49) 98[IPU0TI} cmpm=
(lW/N40)53uUN0o |eluaoeq 3(qela |10 | culfem
(lw/N4D) eHa3oeq oiydoi}04339H wefe
(lw/spje0) seqaouly Y

6

sAep

N W ;o M N~ O

~S O N T M N -0

(O o) s|jeo 2jqeIA

a8]

(% Sop)sjjeo s|gRIA

<

— 176 —



434 B OHATA ETAL.

(1/3w) uonindwnsuoos

YOUNY! Jo Junowy

0’8

ool

0cl

(1w L /N4D) 2e1|du0iH0T caom=
(JW/N4D)SIUN0D [BI910EG IGEIA |€10 | curificem
(lw/N49) ©149308q 314d04301938 H mecfTem

9€ 1€ 0¢€ 0

[A

sAep

1}

S

UORAWNSUOD YOUWD JO JUNOWY meffomm
(1wp01/N40) 28|3uoiFd | cnpem

(W1 /N4D)SIUN09 [€149108q 3|qRIA [P10 | cmlffemmn
(1w /N40) e1i330eq 914d0I}043}9H exffomr

9¢ e O 0

4

sAep

01

S

10

1O

(CLEIEIETE)

©e0@® o

I

~ © W % o W

(° Boj) s||e2 2|qelA

Vi

9.1049q

(O Ho|) s||e2 2|qeip

177



102. GROWTH OF LEGIONELLA IN CONTAMINATED BATHING WATER B 435

cells/ml, followed by a rapid decrease from the
bathing water. They disappeared within 5 days
after that, for unknown reasons. The number
of amoebae in the filter water fluctuated and
amounted to 12 cells/ml at the end of the ex-
periment.

In experiment 2 (Fig. 3), Legionella in the
bathing water and the filter water became de-
tectable from 3 days after stopping ultraviolet ir-
radiation, which was 5 days after residual chlo-
rine disappeared and the number of Legionella
detected in the bathing water and the filter wa-
ter was 1.1 X 10> CFU/100 ml and 2.0 X 10*
CFU/100 ml, respectively. The number of Le-
gionella had increased to 10° CFU/100 ml
within 5 days and was 10° to 10° CFU/100 ml
at the end of the experiment. The total viable
bacterial counts reached 10" to 10° CFU/ml in
5 days after the residual chlorine disappeared.
The number of heterotrophic bacteria was al-
most the same as the number of total bacterial
counts. A large number of Legionella, namely, 1.6
X 10" CFU/g, 3.1 X 10° CFU/g, and 1.8 X
10° CFU/g, was detected from the sand col-
lected from the upper, middle, and lower parts
of the filter, respectively. Similarly, 9.1 X 10’
cells/g, 1.5 X 10° cells/g, and 1.6 x 10° cells/g
of amoebae were detected from the filter. In ad-
ditton, it is noteworthy that Legionella was de-
tected from the hair catcher in the model plant
at concentrations around 3.1 X 10* CFU/swab
m experiment 1 and, 1.2 x 10° CFU/swab in
experiment 2. The amount of KMnQ, con-

sumption in the bathing water was 2.7 mg/liter
before use and was calculated to be around
10.1 mg/liter after the use by 40 volunteers
under the presence of chlorine residues.

In the present experiments, it was clearly
demonstrated that Legionella occurred in the
bathing water circulating system within a short
period in a sequential manner of microbial
growth. Namely, concentration of organic
matter (dirt) in the bathing water that can be
monitored as the KMnQO, consumption value
increased in correlation to the number of
bathers. The deposited dirt allows bacteria to
rapidly undergo multiplication in the bathing
water, which consequently supports the oc-
currence of a large number of host amoebae.
The growth of Legionella is a manifestation of
the extended use of bathing water under inad-
equate hygienic maintenance. It also turned
out that the filter acts as the main hotbed for
Legionella multiplication (2).
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FIGURE 3 The growth of Legionella, etc. in the bathing water (A) and the filter water (B) in experiment 2. For
14 days about 40 volunteers took baths under the system with chlorine control, in which the chlorine injector was
turned off. After that, three volunteers took baths (0 to 1st days) and the ultraviolet irradiation was turned off (2nd
day). The bathing water was circulated under nonsterilization (3rd to 31st days). After bathing water was exchanged
(31st day), it was recirculated (31st to 36th days). At the end of the experiment (36th day) the whole system was
sterilized with 6% H,O,. From the day when the chlorine injector was turned off, there was microbial monitor-
ing for the number of Legionella, total viable bacterial counts, heterotrophic bacteria, and the amount of KMnQ,

consumption.
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INHIBITION OF LEGIONELLA GROWTH
IN CIRCULATING BATHING WATER
BY A FILTER REFRESHMENT METHOD
USING A HIGH CONCENTRATION
OF CHLORINE
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Shimogawara, Shinji Izumiyama, Kenji Yagita, and Takuro Endo

120

In most of hot spring baths in Japan, bathing
water 1s circulated for extended use to con-
serve hot spring water. In recent years, massive
outbreaks of Legionnaires’ disease among hot
spring bath users have been reported in many
districts 1n Japan (1-3).

Through experiments using model
bathing facility (consisting of a bathtub (2 m’),
a hair catcher, a circulating pump, a filter (ce-
ramic filtering medium, 100 kg, IV: 25.5
m/h), a water heater (40°C), and pipe), we
could reproduce the growth of Legionella (10°
to 10° CFU/100 ml) naturally under a circu-
lating condition when chlorine was not added
into the water (see chapter 102). Furthermore,
we found that the filtering medium was the
most highly contaminated by Legionella among
the parts of the circulating system. Thus, the
filtering medium itself became a new source
resulting In  continuous contamination of
bathing water by Legionella when disinfection
-of the filtering medium was inadequate, even

a
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though the bathing water had been replaced
(see chapter 102).

In the present study, we used a bath model
to investigate the effectiveness of backwashing
the filtering medium using a high concentra-
tion of chlorine for disinfection and growth in-
hibition of Legionella. We then assessed the use-
fulness of this method from the perspective of
hygiene control of circulating bathing water.

The procedure for assessing short-term and
long-term effectiveness of backwashing using
a model bath is as follows.

Short-term effectiveness: After proliferation
of Legionella in the model bath, backwashing
with chlorinated water at concentrations rang-
ing from 5 to 10 mg/liter was performed for 5
min. We called this “the filter refreshment
method.” The water samples and ceramic sand
were collected from the filter unit and ana-
lyzed both for Legionella and for host amoebae.
Bacto~Agar (DIFCO), a monolayer that heat-
inactivated Escherichia coli is deposited on, was
used for isolating amoebae. The effectiveness
of backwashing with tap water (0.2 mg/liter of
chlorine concentration) was also assessed.

Long-term effectiveness: After depositions
of organic substances by bathing in the pres-
ence of chlorine in the model bath, the addi-
tion of chlorine was stopped while the bath
was in use until the chlorine was disappeared.
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