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1,4-Dioxane is a newly added compound to the
water quality standards in Japan that were revised in
2003. In order to estimate the contribution of 1,4-di-
oxane in drinking water to the total exposure in hu-
mans, it is necessary to take into account the quantity
of the compound in food. In an earlier study, we mea-
sured the infake of 1,4-dioxane in food based on the
average consumption of food in the Kanto area.” The
total daily intake of 1,4-dioxane was calculated to be
0.440 pg. In the present study, we investigated the in-
take of 1,4-dioxane from food by sampling meals from
3 days from 3 homes in 9 prefectures, respectively. 1,4-
Dioxane was extracted from 20 g of homogenates of
mixed meals using the steam distillation, concentrated
by a solid phase cartridge and then measured using
gas-chromatography/mass spectrometry. The detection
limit of the analysis was 2 pg/kg. No 1,4-dioxane was
detected in 26 samples, while 3 ug/kg was detected in
one sample. In this sample case, the daily intake of the
1,4-dioxane was calculated as 4.5 ug that represented
0.56% of the total daily intake (TDI) (4.5 ng/{16 ug/
kg body weight/day X 50 kg}).
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INTRODUCTION

1,4-Dioxane has been classified as a carcino-
genic compound by both the USA Environmental
Protection Agency? and the International Agency for
Research on Cancer (IARC).® Long-term oral ad-
ministration of 1,4-dioxane has been shown to cause
tumors in the liver and gallbladder in guinea pigs,”
and in the nasal cavity and liver of rats.”® Studies
in mice using a two-stage carcinogenic test have
demonstrated 1,4-dioxane also has promoter activ-
ity.”

In 2003, 1,4-dioxane was added to the revised
water quality standards in Japan. The compound is
used extensively as an industrial solvent and is also
added as a stabilizer to chlorinated solvents.'” 1,4-
Dioxane escapes to the aquatic environment and af-
ter discharging into the atmosphere returns to the
surface as rainwater. As a result of its low adsorp-
tion to soil, 1,4-dioxane then permeates into the
groundwater causing long term water pollution. As
a consequence, 1,4-dioxane has the potential to cause
widespread contamination of the environment and
it is therefore important when evaluating exposure
to the compound that every potential route of con-
tamination is taken into account. Although there are
several reports of 1,4-dioxane being detected in the
environment,''"!® there have been few reports on the
content of 1,4-dioxane in food. Levels of 1,4-diox-
ane between 0.2 and 1.5 mg/l were detected in tap
water samples collected between 1995 and 1996
from six cities in Kanagawa prefecture, Japan,'® this
finding raises the possibility that food may also have
become contaminated. As there have been few re-
ports on the contents and intake of 1,4-dioxane in
food, in order to safeguard human health in Japan it
is important to determine the intake levels of 1,4-
dioxane in food.
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In an earlier study we measured the intake of
1,4-dioxane in food based on the average intake of
food in the Kanto area of Japan as reported by the
Ministry of Health, Labor and Welfare." The total
daily intake of 1,4-dioxane was calculated to be
0.440 ug. An intake of this magnitude corresponded
to 0.055% of the calculated total daily intake (TDI)
of 16 pg/kg body weight/day. In this paper, we ex-
tended these investigations by measuring the intake
of 1,4-dioxane from meals.

MATERIALS AND METHODS

Chemicals — 1,4-Dioxane was purchased from
Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan),
1,4-dioxane-dg from Sigma-Aldrich Co., Ltd. (To-
kyo, Japan), dichloromethane from Kanto Chemi-
cal Industry Co., Ltd. (Tokyo, Japan), ethanol from
Katayama Chemical Industry Co., Ltd. (Osaka, Ja-
pan), acetonitrile and acetone from Wako Pure
Chemical Industry Co., Ltd. (Osaka, Japan), and the
antifoaming agent silicon TAS730 from Toshiba Sili-
con Co., Ltd. (Tokyo, Japan). All solvents were of
the highest reagent grade. Purified water was pre-
pared using a Milli-Q water purification PSS20 sys-
tem (Millipore Corp., Bedford, MA, U.S.A.).
Preparation of Standard Solutions —— Standard
solutions of 1,4-dioxane and 1,4-dioxane-d, were
prepared in dichloromethane from stock solutions
of 1 mg/ml 1,4-dioxane and 10 mg/ml 1,4-dioxane-
dg as described previously."

Preparation of Food Samples — Samples of
meals from 3 days were collected daily from 3 homes
in 9 prefectures. The samples of the three meals
cooked each day were added to samples of between-
meal snacks and drink, followed by mixing and ho-
mogenization. The homogenates were then stored
in glass bottles with silicon seals and kept frozen
at —20°C until analyzed.

Extraction of 1,4-Dioxane — 1,4-Dioxane was
extracted from 20 g of each mixed meal homoge-
nate using steam distillation as described previously
reported.” Briefly, the samples were added to 150 ml
of purified water and 100 z of 2 ug/ml 1,4-dioxane-
dg solution and then extracted, followed by con-
centration using a solid phase cartridge.

GC/MS Analysis — Gas-chromatography/mass
spectrometry (GC/MS) analysis was carried out us-
ing an Agilent 6890/5973N instrument (Agilent
Technologies Inc., Palo Alto, CA, U.S.A.) instru-
ment with an SPB-624 capillary column (60 m x

0.25 mm i.d. X 1.4-um film thickness) (Sigma-
Aldrich Co., Ltd.), as reported previously.” In the
selected ion monitoring (SIM) mode, the monitor-
ing ions were 58 and 88 for 1,4-dioxane and 64 and
96 for 1,4-dioxane-d,. A calibration curve was pre-
pared from the ratio of the peak height of 1,4-diox-
ane and 1,4-dioxane-d,.

RESULTS AND DISCUSSION

Detection Limit in Food Samples

The minimum detection level of 1,4-dioxane
added as an internal standard was 0.04 ug/l (S/N =
10), while the minimum detection limit of 1,4-diox-

- ane in the prepared mixed meal was 2 ug/kg calcu-

lated using the following formula: (0.04 pg/l x 1 ml)/
20 g = 0.002 pg/g = 2 ug/kg. In this formula, 1 ml
represents the final volume of the GC/MS analysis
and 20 g represents the weight of the mixed meal
homogenate.

Recovery Test of 1,4-Dioxane

The concentration of 1,4-dioxane in the purified
water used in the analysis was less than 0.04 ug/ml.
After the addition of 0.2 ug of 1,4-dioxane and 1 ug
of 1,4-dioxane-dg to 4 g of the prepared food
samples, the recovery rate of 1,4-dioxane was ob-
tained using the method described in the MATERI-
ALS AND METHODS. The recovery rate of 0.2 ug
of 1,4-dioxane was between 99 and 111% in the
12 food groups.” These results indicate that extrac-
tion of the compound from any food was efficient
and met the requirements for this study.

Content of 1,4-Dioxane in the Mixed Meal
Samples

The extraction of 1,4-dioxane from each of the
20 g prepared mixed meal samples was carried out
according to the method described in the MATERI-
ALS AND METHODS. Table 1 shows the content
of 1,4-dioxane in the 27 mixed meal samples. 1,4-
Dioxane was not detected in 26 of these samples
but was detected in the remaining sample of a meal
which collected on the first day from home C in the
Nagano prefecture. The content of 1,4-dioxane de-
tected in this sample was 3 ug/kg. Based on data re-
ported by the Ministry of Health, Labor and Wel-
fare the total weight of meals consumed each day is
approximately 1.5 kg. Therefore, in the case of the
positive sample the daily intake of the 1,4-dioxane

-was calculated to be 4.5 ug.
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Table 1. Content of 1,4-Dioxane in the Mixed Meal Samples

Sample Site Home Day Content Sample Site Home Day Content
Name (uglkg) Name (pglkg)
Hokkaido A 1st day ND Nagano Prefecture A 1st day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
B 1st day ND B 1st day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
C 1st day ND C 1st day 3
2nd day ND 2nd day ND
3rd day ND 3rd day ND
Miyagi Prefecture A 1st day ND Hyogo Prefecture A 1st day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
B 1st day ND B 1st day ND
2ndday  ND 2ndday ~ ND
3rd day ND 3rd day ND
C 1st day ND C 1st day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
Tokyo A 1st day ND Kagawa Prefecture A 1st day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
B 1st day ND B 1st day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
C 1st day ND c Ist day ND
2nd day ND 2nd day ND
3rd day ND 3rd day ND
Aichi Prefecture A 1st day ND
2ndday ~ ND
3rd day ND
B 1st day ND
2nd day ND
3rd day ND
C Ist day ND
2nd day ND
3rd day ND

There is evidence that long-term oral adminis-
tration of 1,4-dioxane in rodents causes hepatic and
nasal cavity tumors in rodents,*'? and accordingly
the IARC has classified 1,4-dioxane as a group 2B
carcinogen.® With regard to a cancer endpoints, a
TDI of 16 pg of 1,4-dioxane/kg body weight/day has
been calculated by applying an uncertainty factor of
1000 to the level of 16 ug/kg body weight/day at

which no adverse effects were observed in a long-
term study of drinking water in rats.'>'® This uncer-
tainty factor incorporates 100 for inter- and intraspe-
cies variation and 10 for nongenotoxic carcinoge-
nicity. An intake of 4.5 ug of 1,4-dioxane corre-
sponded to 0.56% of the TDI (4.5 ug/{16 ug/kg body
weight/day x 50 kg}). As this proportion was the
highest value in this investigation, we consider all
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other proportions would be equal to or less than
0.56%. We therefore conclude that the intake of 1,4-
dioxane from food appears to be very low and that
this value does not increase the risk of carcinoge-
nicity.
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SUMMARY

In January 2003, two cases of Legionnaires’ disease associated with a ship’s cruise were registered
in the database of National Epidemiological Surveillance of Infectious Diseases. A 70-year-old
male heavy smoker with mild emphysema contracted the disease during a cruise. Legionella
pneumophila serogroup (sg) 5 was isolated from the patient’s sputum and the ship’s indoor spa.
The isolate from the spa matched the patient’s isolate by genotyping performed by pulsed-field
gel electrophoresis (PFGE). The second case was in a 73-year-old female. During epidemiological
investigation, a third case of Legionnaire’s disease in a 71-year-old male was subsequently
diagnosed among passengers on the same ship on the following cruise. Environmental
investigation revealed that porous natural stones (Maifanshi) in the filters of the spas had
harboured L. pneumophila, a phenomenon which has not been reported except in Japan. This is
the first documented evidence of L. pneumophila sg 5 infection on a ship and of porous stones as

a source of Legionella infection.

INTRODUCTION

Legionnaires’ disease is a severe form of atypical
pneumonia often caused by L. pneumophila, which in
the United States from 1980 to 1998 accounted for
91-4% of clinical isolates [1]. Of the L. preumophila
isolates whose serogroup (sg) was known, 85% were
sg 1, and only 1:9% were sg 5. In Japan from 1999
to 2002, 91% of clinical isolates for Legionnaires’
disease were L. pneumophila; and among known

* Author for correspondence and reprint request: Dr F. Kura,
Department of Bacteriology, National Institute of Infectious
Diseases, Toyama 1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan.
(Email: fkura@nih.go.jp)

serogroups, 65% and 3-8 % were L. pneumophila sg 1
and sg 5 respectively [2]. Similarly, most ship-
associated cases have been ascribed to infection by
L. pneumophila sg 1, and isolation of sg 5 has been
rare [3], only one being previously reported, in a
Pacific cruise out of Sydney [4]. A molecular link
between the disease and a source of infection on a ship
has been documented in only two clusters caused by
L. pneumophila sg 1 [5, 6].

In this report, we describe an outbreak of
Legionnaires’ disease caused by L. prneumophila sg
5 which was molecular-epidemiologically linked
to the spa baths during the two cruises on the same
ship.



386 F. Kura and others

MATERIALS AND METHODS
Description of the cases
Case 1 (the index case in this cluster)

A 70-year-old Japanese man had been a passenger on
a cruise ship with his wife from 27 December 2002 to 5
January 2003. They had never stayed ashore over-
night. He had used the men’s indoor spa bath at least
seven times during the cruise. He presented with dry
cough and mild fever since 1 January and with
diminished appetite and general fatigue since 6
January [7). On 13 January, he was admitted to the
emergency room with severe dyspnoea. L. preumo-
phila sg 5 was isolated from the patient’s sputum
collected on the day of admittance, and urinary
antigen was detected by Binax NOW Legionella
immunochromatographic test (Binax Inc., Portland,
ME, USA) in a specimen collected on hospital day 3.
He rapidly developed multiple organ failure ac-
companied by septicaemia. Although the patient was
discharged from the intensive care unit on day 22 of
his hospitalization, the disease resulted in chronic
need for supplemental oxygen.

Case 2

A 73-year-old female passenger on the same cruise
ship had complained of cough and fever since 3
January. On 14 January, she was hospitalized for
dyspnoea and severe pneumonia [8]. Biotest EIA test
(Biotest AG, Dreieich, Germany) and Binax NOW
Legionella immunochromatographic test detected uri-
nary antigen of ‘serogroups 1 and/or 5°. Culture and
PCR of a sputum specimen were negative. By micro-
plate agglutination test, single-serum antibody titres
against L. preumophila sg 1 to sg 6 were also negative.
In spite of macrolide and aminoglycoside antibiotic
therapy and steroid pulse therapy, she developed a
pulmonary thromboembolism but on 16 March 2003
was finally discharged from the hospital. She had used
the women’s indoor spa bath in the cruise. Her home
bath was not a spa, and the bath water was emptied
after use every day. She had used neither pool nor spa
except for the women’s indoor spa and possibly also
the whirlpool spa on the ship. There was no fountain in
the public gardens near her home. No legionella was
isolated from the female patient’s home bath.

Case 3

A 7l-year-old male passenger on the subsequent
cruise from 7 to 9 January 2003, had presented with

cough since 11 January and with fever of 38-39 °C
since 12 January. He consulted a physician and was
diagnosed without roentgenography as having bron-
chitis [9]. He had used the men’s indoor spa bath twice
a day for 3 days, but neither a whirlpool spa nor a
warm pool during the cruise. After the epidemio-
logical investigation had begun, he was informed of
the occurrence of ship-associated Legionnaires’ dis-
ease and visited the local community hospital on 30
January. By Biotest EIA test, his urinary antigen of
probable ‘serogroup 5° was positive and he was
diagnosed as having Legionnaires’ disease and was
hospitalized on the same day. Sputum culture and
paired sera test were both negative. Pathological
examination revealed bronchitis and interstitial
pneumonia. He was discharged on 15 February. His
home bath was not a spa and he had not travelled
except for the cruise.

Infection of other passengers

The cruise ship was a 26500-ton Japanese passenger
ship with capacity for 696 passengers and 204 crew
members. The first cruise of the ship was in 1998.
There were 238 passenger rooms on the ship, of which
40 rooms had baths and the others showers. On 28
January 2003, based on one confirmed case and a
probable source of infection in the cruise ship’s
environment, 1821 of the 1833 passengers who had
travelled in a total of five separate cruises on the same
ship from 27 December 2002 to 19 January 2003 were
informed of the occurrence of Legionnaires’ disease
associated with the ship. All were advised to consult a
physician in case of illness. This resulted in the finding
of case 3, and an additional 18 passengers with illness
(two with pneumonia, and the other 16 with fever,
cough, nausea, and/or diarrhoea) after the cruises.
However, the two other pneumonia patients were
diagnosed as not having Legionnaires’ disease, and no
further case was found. The numbers of passengers on
the first and second cruises, where confirmed cases
were found, were 459 and 514 respectively. About 200
passengers enjoyed the indoor spas every day and the
male : female ratio of indoor spa users was 3: 2. Users of
the whirlpool spa on the deck were fewer than 10a day.

Environmental sampling

On 23 December 2002, three water samples collected
from spas and one cabin’s bath on the ship were tested
by a private inspection company. These specimens



were obtained before any remedial decontamination.
Further water samples collected from the spas on 14
January 2003 were tested at a legally incorporated
foundation. All environmental samples mentioned
above had been voluntarily collected by the ship’s
company for Legionella tests before the confirmation
of the first patient. On 28 January 2003, when the
outbreak was first suspected, a public health centre
in Hyogo prefecture, where the ship was docked,
performed environmental investigations. Sterile
swabs were dipped in sterile saline, rotated against a
10-cm?® surface area, kept and transported in a tube
containing 10 ml of saline. Three residual water sam-
ples and 12 swabs were collected by public health
officers at different sites on the ship, especially the
spas. Two samples of porous mnatural stones
(Maifanshi) used as filter bed material in the indoor-
spa filters were collected on the same day, immersed
and transported in sterile water. These stones and
their immersion water were tested separately.
Maifanshi is also called China medical stone. It is
found in Inner Mongolia and in Japan, and is a kind
of intrusion of granodiorite porphyry composed of
aluminosilicates [10]. In recent years, Maifanshi have
been used in Japan for producing artificial mineral
water and as a refrigerator odour killer.

Laboratory methods

Water samples and swab suspensions were con-
centrated by filtration (0-22 um pore size). The stones
were put into an airtight container and sonicated in
saline at 130 W and 20 kHz for 24 s to collect residual
biofilms from inside the stones. The turbid extract was
concentrated by centrifugation. Diluted and un-
diluted specimens were plated on buffered charcoal
yeast extract (BCYE) a-non-selective and WYO
a-selective agars (Eiken Chemical, Tokyo, Japan)
[11], with and without heat or acid treatment,
following the usual procedures for the isolation of
Legionella spp. ldentification of Legionella isolates
was performed using species-specific and serogroup-
specific monovalent antisera (Denka Seiken, Tokyo,
Japan). Some isolates were confirmed by PCR with
specific primers for Legionella 5S rRNA DNA and
the L. pneumophila mip gene [primers were prepared
according to the sequences from the formerly
commercially available EnviroAmp Legionella
(PerkinElmer Cetus Corporation, Norwalk, CT,
USA)]. All available Legionella strains isolated from
samples were sent to the Legionella Reference Centre,
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Department of Bacteriology in the National Institute
of Infectious Discases in Japan. To show the link
between clinical and environmental L. preumophila
sg 5 isolates, strains were analysed by use of PFGE of
genomic DNA digested with SfI restriction enzymes
[12]. Unfortunately, the isolates from the samples
tested at the private inspection company were dis-
carded after testing, which made retests impossible.

To isolate amoebae from the filter stones, 5-6
stones of 1-2 cm in diameter (whole weight, 33-35 g)
were washed by inverting the tube for 1 min in a 50-ml
centrifuge tube with sterilized water added up to
50 ml. The washing solution was transferred to a new
50-ml centrifuge tube and the volume of the solution
was adjusted to 50 ml by adding sterilized distilled
water. Five millilitres of the washing solution was
concentrated to 1 ml in a 15-ml centrifuge tube by
centrifuging at 500 g for 5min. The sediment was
resuspended and inoculated onto a non-nutrient agar
plate coated with heat-inactivated Escherichia coli.
Test plates in a plastic bag were incubated at 30 °C
and examined for 7 days for growth of amoebae [13].

Some L. pneumophila sg 5 strains previously iso-
lated from different origins [Fig. (b)] were used for
comparison of DNA fingerprints.

RESULTS
Environmental investigations

The circulating system in the men’s indoor spa was
identical to but independent of that in the women’s
indoor spa. Each bathtub contained 5-5 m® of water.
The water in the tubs was changed twice a day.
According to the test report of the inspection company
on water samples collected on 23 December before the
first cruise, water samples from the indoor men’s spa
and a whirlpool spa on the deck had yielded legio-
nellae, while water from a royal cabin bath had not
(Table); but that fact was unfortunately not reported
to the ship’s company until after the cruise. Because
the indoor spa water showed high contamination by
legionellae (1-5 x 10* ¢.f.u./100 ml, a spa for males),
these spas were disinfected by circulation of water with
a high concentration of chlorine (5-7 mg/1) for 7 h [9],
resulting in decreased L. preumophila sg 5c.fu. in
water samples collected from an indoor (male) spa and
a whirlpool spa on 14 January. However, legionellae
were still not eradicated from the spas, and subsequent
samples exhibited a legionella concentration of
80 x 10 to 2:9 x 10% ¢.f.u./100 ml (Table).
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Fig. Macrorestriction analysis of chromosomal DNA
derived from Legionella preumophila sg 1 and sg 5 digested
with Sfil and separated by pulsed-field gel electrophoresis.
(a) A comparison of the clinical isolates with the strains
isolated from water samples and swabs at different sites of
the ship. Lanes 1 and 2, sg 5 isolates from patient (case 1)
sputum; lane 3, sg 5 isolate from men’s spa water; lanes 4-8,
sg 5 isolates from natural stones in men’s spa filter; lanes
9-12, sg 5isolates from natural stones in women’s spa filter;
lane 13, sg 5 isolate from a strainer of women’s spa ; lane 14,
sg Sisolate from a whirlpool spa; lane 15, sg 1 isolate from a
swab at a strainer for women’s spa; lane 16, sg 1 isolate
from natural stones in women'’s spa filter. (b) L. pneumophila
sg 5 strains. Lane 1, NIIB 412, Osaka LG02-11 from a spa
bath; lane 2, ATCC 33216 Dallas 1E from a cooling tower;
lane 3, NIIB 98 (EY 3420), a clinical isolate in Osaka [22];
lane 4, NIIB104 (EY 3427), a clinical isolate in Kurashiki;
lane 5, ATCC 33737 USW from shower head water; lane 6,
NIIB 288 Ishioka 1-2-4 from a spa bath [18]; lane 7, NIIB
330 (ThaiNIH 7811) from a cooling tower; lane 8, NIIB 361
(ThaiNIH 10723) from a cooling tower; lane 9, corre-
sponding to lane 14 of panel (a); lane 10, corresponding to
lane 1 of panel (a); lane 11, corresponding to lane 4 of panel
(@); lane 12, corresponding to lane 5 of panel (a); lane 13,

After a passenger was diagnosed with Legionnaires’
disease, administrative inspection of the ship was
begun and environmental samples were collected
from different sites at the spas and in the male
patient’s cabin on 28 January. Of the environmental
water samples collected on 14 and 28 January, most
were negative or soon became negative as a result of
the crew’s and others’ cleaning efforts. The surfaces of
the porous stones appeared clean, and no amoebae,
often a reservoir of legionellae, were isolated from the
stones. But some legionellae were detected in the
water surrounding the stones during transit to the
testing, and sonication dislodged large amounts of
legionellae from inside the porous stones. As a result,
it was found that some cleaning of the stones had been
achieved, but not eradication of legionella. All 36
isolates from men’s spa stones were L. pneumophila sg
5, 14 of 15 isolates from women’s spa stones were
L. pneumophila sg 5, with one isolate sg 1. All other
isolates from the men’s spa and women’s spa were
identified as L. preumophila sg 5, and a mixture of
L. preumophila sg 1 and sg 5 respectively.

L. pneumophila subtyping

We obtained isolates from only case 1. Genomic
fingerprints (PFGE) of L. pneumophila sg 5 isolates
from the patient and various sites of the ship’s spas
show that the same fingerprint strains as the clinical
isolates (lanes 1 and 2) were obtained [Fig. (a)] from
stones in both spa filters for men (lane 4) and women
(lane 10) and from the men’s spa water (lane 3).
Interestingly, genomic fingerprints of stone isolates
revealed a small variation [lanes 4-12, Fig. (a)]. Some
isolates showing one or two additive band(s) with one
band’s disappearance in PFGE patterns were ob-
served, suggesting that the porous stones harboured a
group of strains derived from a common ancestor.
The fingerprints of a L. pneumophila sg 5 strain from
the water of the whirlpool spa and of a L. pneumophila
sg | strain from the women’s spa water (lanes 14 and
15 respectively) were different from the fingerprint of
the clinical isolates.

We examined whether the variation in PFGE
patterns of L. pneumophila sg S strains is wide enough
to discriminate between clinical and environmental
isolates. As shown in Figure (b), each L. pneumophila

corresponding to lane 6 of panel (a). Ms are DNA size
markers, lambda ladders (Bio-Rad, Richmond, CA, USA),
as indicated on the right and left sides of each electro-
phoregram.
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Table. Isolation and characterization of clinical and environmental Legionella strains with the cruise ship

Legionella Legionella

Specimen (c.f.u./100 ml water) isolates Genomic
Sampling site (date of sampling) (c.f0./100 g stone) serogroup type of LpS
Patient from cabin A Sputum Lp5 A
Indoor spa for males Bath water (23 Dec.) 1-5 % 10 Lost

Bath water (14 Jan.) 2:9x10° Lps A

Bath water (28 Jan.) Not isolated

Strainer water (28 Jan.) Not isolated

Natural stones (28 Jan.) 3-3x10% Lp5 A ALAY
Indoor spa for females Bath water (14 Jan.) 1-0x 10 Lptl

Bath water (28 Jan.) Not isolated

Shower head incrustations (28 Jan.)  Not isolated

Natural stones (28 Jan.) 7-1x 10 Lpl, Lp5 AL A

Strainer incrustations (28 Jan.) Lp5 A
Whirlpool spa Bath water (23 Dec.) 14 x 10* Lost

Bath water (14 Jan.) 8-0x10 Lps B

Cabin A (Case 1)
Cabin B (Case 2)

Bath in royal cabin Bath water (23 Dec.)

Shower head incrustations (28 Jan.)
Shower head incrustations (28 Jan.)

Not isolated
Not isolated
Not isolated

Lpl and Lp5; L. pneumophila serogroups 1 and 5 respectively. Genomic type A, A’, A" and B; PFGE patterns shown in

lanes I, 5, 7, and 14 in Figure (a) respectively.

sg 5 isolate from different origins showed a unique
fingerprint, corresponding to the results of a previous
report on a cluster of nosocomial Legionnaires’ dis-
ease caused by L. preumophila sg 5 [14], while the
clinical and the environmental isolates in this out-
break showed indistinguishable or quite similar
PFGE patterns.

DISCUSSION

Legionnaires’ disease has been linked to passenger-
ship cruises in several reports, but the source of the
infection was clearly demonstrated only in two clusters
[5, 6). In the present cluster, we established that the
source of infection was the ship’s spa baths rather
than the cabin’s shower heads or the royal cabin’s
bath water. Cultures of spa water samples, a strainer
swab, and natural stones in filters of the spas yielded
L. pneumophila sg 1 and sg 5. By analysis with PFGE,
the L. pneumophila sg 5 isolates from one patient were
indistinguishable from the spa water isolates. All three
cases were urinary antigen positive. One male patient’s
illness was confirmed to be due to L. pneumophila sg 5
infection by culture; the other male patient’s illness
was presumed to be due to L. preumophila sg 5 in-
fection because only L. pneumophila sg 5 was detected
in the men’s spa. Whether the causative agent of the
female’s prneumonia belonged to sg 1 or sg 5 could not
be determined because antigen of sg 5 can cross-react

with that of sg 1 in the urine antigen tests. Our results
of positive urines and negative cultures (cases 2 and 3)
are not rare. Generally, obtaining an adequate
sputum specimen from patients with Legionnaires’
disease is difficult and sensitivity is much higher in
urinary antigen detection than in culture [15]. Ruf
et al. reported that only two respiratory secretions
were culture-positive among 13  urine-positive
pneumonia patients [16]. In most situations, the use of
both the urinary antigen test plus sputum culture is
the best combination.

This cluster has relevant clinical implications for
physicians. First, community physicians should
always inquire about recent travel as part of their
patient’s history and consider the possibility of legio-
nellosis, because the disease is often overlooked as a
cause of community-acquired pneumonia [5]. Second,
urinary antigen detection is a rapid and easy test and
can detect most cases of legionellosis caused by
L. pnewmophila sg 1 and others as shown in this out-
break. However, without isolation of clinical strains,
the source of infection cannot be definitely confirmed
[1]. Therefore, clinical specimens for Legionella iso-
lation should always be cultured.

The results of this investigation have broad public
health implications. Recently, maintenance of spa
baths and adherence to sanitation standards have
been advocated for prevention of Legionnaires’ dis-
ease in Japan and other countries. Such methodology
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is now common at hotels and bathhouses after some
outbreaks of Legionnaires’ disease were attributed to
spa water [17, 18], but not yet on ships. The cruise
company had never performed surveillance for
Legionella in the ship; the surveillance on 23
December was performed for the first time after
inquiries by a regional public health centre about
the probability of Legionella contamination. In the
Japanese guidelines established by the Ministry of
Health, Labour and Welfare, legionellae should not
be detectable in bath water, with a sensitivity thres-
hold of 10c.fu./100 ml. Exact requirements vary
from prefecture to prefecture, but generally any
detection of legionellae must be reported to a public
health centre, which will require disinfection and
retesting or closure.

Given the fact that the spas were implicated as
the source of infection on this cruise ship, the im-
plementation of preventive measures is imperative.
Cruise-ship companies must be aware of the risk of
legionellosis associated with the presence of legion-
ellae in the ships’ spas, and must ensure that their
drains and pipework are as short as possible for easier
cleaning. Moreover, they must maintain all spa ap-
paratus fastidiously. In this cluster, Legionella con-
tamination of spa water occurred in spite of the water
being changed twice a day during the cruises. One
reason might be the porous natural stones in filters
where biofilms harbouring legionellae and other
microbes are formed. Porous natural stones or ceramic
balls in filters maintained poorly are so dangerous
that they should be discarded. Extracts from natural
stone Maifanshi and ceramic balls in domestic spa
filters [19] and a slurry of water and sand taken from a
whirlpool spa sand filter [6] harboured far more
legionellae than bath water. The current most common
ways of disinfecting them include superheat and
hyperchlorination. Another reason is the presence of
about 2001 of residual water in pipework between a
heater on one floor and a bathtub several floors higher
without appropriate drains. Such structural defects in
spa design teach us lessons. Although the chlorine
concentration of the indoor spas was set to 4 mg/l
with automatic dosing devices, the actual concen-
tration of free available chlorine residuals in the spa
water had not been measured and was presumed to
have been much lower than that in the guidelines of
the Minisiry of Health, Labour and Welfare
(0-2-0-4 mg/l, <1-0 mg/1).

The concentration of Legionella spp. in- water
specimens obtained from the ship’s indoor spa water

ranged from 80 to 15000 c.f.u./100 ml, a concen-
tration comparable to those of previous large out-
breaks in spas [18, 20] (8:4x10%c.f.u./100 ml and
80 x 10% c.f.u./100 ml). Legionnaires’ disease is an
opportunistic infection and frequently affects people
who are elderly, smoke cigarettes, or have other
underlying disease [21]. Our three cases were all 70
years or older, and the index case was a heavy smoker
with mild emphysema. In this cluster, however, there
were few confirmed cases of Legionnaires’ disease
although many elderly people participated in these
cruises. One probable explanation is that the indoor
spas have no air compressors and therefore fewer
aerosols. Another explanation may be that physicians
did not order laboratory testing for the diagnosis of
suspected cases.

In conclusion, this report is the first documented
cluster of L. pneumophila sg 5 infection associated
with a cruise ship and is the first cluster of
Legionnaires’ disease associated with a cruise ship in
Japan. Since legionellosis cases associated with cruise
ships have probably been overlooked, and advanced
age 18 a risk factor for the disease [21], it is necessary
to pay close attention to the hygiene of water supply
systems, air-conditioning apparatus, and especially
spas in any cruise ship where elderly people are likely
to be passengers. We strongly recommend that
porous, incompletely washable stones should not be
used in a spa system.
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Abstract

To determine the genotypes of Giardia intestinalis from domestic and wild animals in Japan, Giardia isolates obtained from
feces of 24 dogs kept in households and breeding kennels, three companion cats, five dairy calves and three wild monkeys,
Macaca fuscata, were genotyped using the 177 bp sequence of the glutamete dehydrogenase gene (gdh). The genotypes were
assemblages A, C, D or A/D for dog isolates, Assemblage F for cat isolates, assemblages A or E for calf isolates and assemblage
B for monkey isolates. This is the first report on the genotypes of Giardia isolates from cats, calves and wild monkeys in Japan.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Giardia intestinalis; Dog; Cat; Cattle; Wild monkey; Genotype

1. Introduction asofdomestic and wild animals. Although G. intestinalis
isolates from different host species are morphologically

Giardia intestinalis (syn. G. duodenalis, G. lamblia) indistinguishable from each other, they have been

is the most common intestinal parasite of humans as well grouped into genotypes on the basis of molecular

characteristics. Giardia isolates from humans have
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fax: +81 19 621 6219. as to assemblages A and B (Mayrhofer et al., 1995;
E-mail address: itagaki @iwate-u.ac.jp (T. Itagaki). Monis et al., 1996), which coincide with the formerly
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used terms Polish and Belgian in Europe (Homan et al.,
1992) and groups 1-3 in North America (Nash, 1995),
respectively. Assemblages A and B have also been found
inisolates from domestic and wild animals, such as dogs,
cats, cattle, pigs, slow loris, siamang, beavers, white-
tailed deer and so on, suggesting that these assemblages
have zoonotic potential. On the other hand, Giardia
isolates from animals revealed some genotypes that
differed from assemblages A and B. Assemblages C and
D in dogs isolates, assemblage E in cattle isolates and
assemblages F and G in cat and rat isolates, respectively
(Monis et al., 1996, 1999). These animal-derived
genotypes seem to be each host-specific and non-
zoonotic (Thompson, 2000).

In Japan, Giardia infection has been found in 14.6—
22.9% of dogs kept in households and breeding kennels
(Itoh et al., 2001, 2004) and 31.2% of companion cats
(our unpublished data). Further, Giardia infection has
also been found in 26.7% of wild monkeys, Macaca
fuscata, in Shimokita Peninsula, and in 13.8% in wild
serows, Capricornis crispus, in the north part of Japan
(our unpublished data). There is only one report on the
genotype of Giardia isolated from four dogs (Abe et al.,
2003), though genotyping is of importance in view of
public health for the above-mentioned reasons. In the
present study, we clarified the genotypes of G.
intestinalis isolated from domestic dogs and cats, dairy
calves and wild monkeys in Japan using glutamete
dehydrogenase (gdh) gene sequencing.

2. Materials and methods
2.1. Source of isolates

G. intestinalis isolates were obtained from feces of
seven dogs (D1-D7) kept in households in Aomori
Prefecture and 17 dogs (D8-D24) at six breeding
kennels (a~f) in Aomori, Akita, Nagano, Niigata and
Tokyo, three cats (Ct1—-Ct3) in households in Aomori,
five calves (Cf1-Cf5) from two farms (g and h)
in Iwate and three wild monkeys, Macaca fuscata
(M1-M3), in Shimokita Peninsula.

2.2. Extraction of genomic DNA

Giardia cysts were collected from the feces using
centrifugal sedimentation in sucrose solution of

specific gravity 1.21 and/or a Dynabeads anti-Giardia
kit (Dynal A.S, Oslo, Norway) and were kept at 4 or
—80 °C until use. Genomic DNA was extracted as
described by Kuhn et al. (2002). Briefly, Giardia cysts
were suspended in a mixture of 75 pl TE buffer
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and 25 p.l of
10% SDS and incubated at 37 °C for 24 h. The
suspension was treated with phenol/chloroform, and
DNA was precipitated with chilled ethanol. The dried
DNA was suspended in 10 ul MQ and used as a
template for a nested PCR.

2.3. DNA amplification by nested PCR and
sequencing

A DNA fragment (about 220 bp) of the gdh gene
was amplified using nested PCR with primer sets of
GDHI1 and GDH4 (Homan et al., 1998) in the first
round of PCR and GDHF3 and GDHB5 (Abe et al.,
2003) in the second round of PCR. An additional
primer set of gdh 1f 2nd (forward), AGGATGCTT-
GAGCCGGAGCG and gdh 4r 2nd (reverse), GGA-
TACTTNTCCYTGAACTC, was also used in the first
PCR. Amplification was performed in a total reaction
volume of 25 p.l containing template DNA and the
following PCR mix: 5 x GoTag™ Reaction buffer,
02mM dNTPs, 1.25 units of GoTag™ DNA
polymerase (Promega, Madison, USA) and 25 pmol
of each primer. Three microlitre of the solution after
the first PCR was used as a template for the second
PCR. The conditions of the first and second rounds of
PCR were 94 °C for 3 min initially, then 40 cycles of
94 °C for 30s, 50 or 55 °C for 30s and 72 °C for
1 min, and finally 72 °C for 7 min. The reactions were
performed on a GeneAmp PCR System 2700 (PE
Applied Biosystems, Norwalk, USA). The products of
the second PCR were visualized by electrophoresis
in 1.2% agarose gel with ethidium bromide and
sequenced using an ABI Prism Big Dye Terminator
Cycle Sequencing Kit ver. 3.1 (PE Applied Biosys-
tems) and the same primer set as that used in the
second PCR. Sequencing reactions were analyzed on a
3100-Avant Genetic Analyzer (PE Applied Biosys-
tems). Each DNA sample was sequenced at least two
times using both forward and reverse primers. The
DNAsis program (ver. 3.2, Hitachi Software, Tokyo)
was used to edit sequences. Miscalled bases were
corrected by analyzing chromatogram peaks and



