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Fig. 1 Filtration material used in Hiuga Sun-Park hot
spring bath “OFUNADE-NO-YU". Crashed ceram-
ics around 0.6mm in size. Left . Obtained on 23 Oc-
tober 2002 from one of the filtration tanks in
“OFUNADE-NO-YU". Yellowish brown and sticky.
5 grams of the used material contained 1,700 CFU
of L. pneumophila SG 1. Right © New product of ma-

terial same with the left. Faint grayish-white in
color, without any stickiness.
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An Outbreak of Legionellosis in a New Facility of Hot Spring Bath in Hiuga City

Eiko YABUUCHI" & Kunio AGATA?
YDepartment of Microbial-Bioinformatics, Gifu University Graduate School of Medicine
?Tsukuba Research Labaratory, Aquas Co, Ltd.

Following cerebrating ceremony in 20 June 2002, for the completion of Hiuga Sun-Park Hot
Spring Bath “Ofunade-no-Yu" facilities, Mivazaki Prefecture, Kyushu Island, 200 neighbors were in-
vited each day to experience bathing on 20 and 21 June. The Bath “Ofunade-no-Yu” officially opened
on 1 July 2002. On 18 July, Hiuga Health Center was informed that 3 suspected Legionells pneumonia
patients in a hospital and all of them have bathing history of “Ofunade-no-Yu". Health Center officers
notified Hiuga City, the main proprietor of the Bath business, that on-site inspection on sanitary man-
agements will be done next day and requested the City to keep the bath facilities as they are. On 19
July, Health Center officers collected bath water from seven places and recommended voluntary-
closing of “Ofunade-no-Yu” business. Because of various reasons, Hiuga City did not accept the rec-
ommendation and continued business up to 23 July. Because Legionella pneumophila serogroup 1
strains from 4 patients’ sputa and several bath water specimens were determined genetically similar
by Pulsed Field Gel Electrophoresis of $fi I-cut DNA, “Ofunede-no-Yu” was regarded as the source of
infection of this outbreak. On 24 July, “Ofunade-no-Yu" accepted the Command to prohibit the busi-
ness. Among 19, 773 persons who took the bath during the period from 20 June to 23 July, 295 be-
came ill, and 7 died. Among them, 34 were definitely diagnosed as Legionella pneumonia due to
L. pneumophila SG 1, by either one or two tests of positive sputum culture, Legionella-specific urinary
antigen, and significant rise of serum antibody titer against L. pneumophila SG 1.

In addition to the 8 items shown by Miyazaki-Prefecture Investigation Committee as the cause
of infection, Hiuga City Investigation Committee pointed out following 3 items : 1) Insufficient knowl-
edge and understanding of stuffs on Legionella and legionellosis ; 2) Residual water in tubing system
after trial runs might lead multiplication of legionellae in it ; and 3) Inadequate disinfection and wash-
ing for whole circulation system prior the experience bathing.

The Hiuga City Committee directed 24 measures to improve the sanitary condition of the facility
including following 5 items. 1) Fix the manual for maintenance and management of the bath. 2) Keep
sufficient overflow of bath water. 3) Put disinfection of filters into practice. 4) Precise measurement
and control of the residual chlorine concentration in bath water. 5) Replacement of filtrating material
from crushed porous ceramic into natural sand.
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A 3-Year Follow-Up Study of Anti-Legionella Antibodies in Users
of Japanese 24-Hour Hot Water Baths
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Abstract: A 3-Year Follow-Up Study of Anti-
Legionella Antibodies in Users of Japanese 24-
Hour Hot Water Baths: Masahiro Irig, et al. Institute
of Health Science, Kyushu University—Although it
has been found that legionellae can exist in a 24-h hot
water bath (24HHWB), which has been used recently
in Japan, whether longer use of the 24HHWB causes
legionellosis is unclear. The present longitudinal study
was conducted in 2000 to investigate the 3-yr change
in antibody titers in association with the continuous use,
non-use, or canceling the use of the 24HHWB, and
possible factors relating to the antibody changes.
Ninety-two subjects (85 males and 7 females), who
had had their anti-Legionella pneumophila (Lp) serum
antibody titers measured in our initial study in 1997
and consented to blood sampling 3 yr later, were
selected as subjects. There were no clinical cases who
had experienced Legionnaires’ disease or Pontiac fever
during the 3 yr. The continuous users showed no
significant changes in antibody titers within 3 yr,
whereas the continuous non-users had a significant
increase in antibody titers against the Lp serogroup
(8G) 5 and 6. Eleven ex-users of the 24HHWB showed
a significant decrease in antibody titers against Lp SG
8. The changes in the 24HHWB use, job sector, stress
coping strategies, and alcohol-drinking habit were
associated with the changes in antibody titers against
Lp SG 1, 5 or 6. The anti-Lp antibodies were
considered to be IgM dominant. In conclusion, this
study indicates that 24HHWB use by healthy subjects
does not tend to result in a higher onset risk of
legionellosis, even if it is continuously used for 3 yr,
although 24HHWB use is likely to induce production of
antibodies against legionellae.
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Legionellae are important causative agents in the
development of both nosocomial and community-acquired
pneumonias'™. Among various kinds of legionellae,
Legionella pneumophila (Lp) has been considered as a
representative etiological pathogen of legionellosis,
Legionnaires’ disease and Pontiac fever'™. Legionellae
are widely found in most natural water sources, but in
low concentrations?. These bacteria readily flourish
within amoebae in warm water sources, particularly in
man-made apparatuses that maintain water at warm
temperatures and produce aerosols?. When airborne
water droplets contaminated with legionellae in such
waler sources are inhaled, they can survive and replicate
inside alveolar macrophages by preventing phagosome-
lysosome fusion and cause pneumonias®. Clinically
infected patients and those who have had subclinical
exposure produce humoral antibodies to legionellae®.
Thus, the production of anti-Lp serum antibodies reflects
the exposure to legionellae, and increased titers can be
used to assess the risk of legionellosis retrospectively.

Since the early 1980s, the 24-h hot water bath
(24HHWB), which maintains a consistent temperature
all day long with the use of recycled bath water, has
become a new style of bath in Japan because of its water
conservation and convenience. As shown in Fig. 1, a
total of 1,550,910 units were sold in Japan from 1984 to
2003. Japan’s population being approximately 127
million, roughly 1% of Japanese are assumed to own a
24HHWB. This rate could be larger in view of the fact
that a bath may be used by more than one family member.
Water in the 24HHWB is purified mainly by biological
cleaning with microorganisms naturally occurring in the
filtering section®. In brief, waste matter derived from
the 24HHWB users is consumed as nutrients by bacteria
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Fig. 1. Changes in the number of 24HHWB units sold in
Japan. After the detection of Legionella pnewmophila
in this apparatus in 1996, sales of the 24HHWB have
fallen off considerably. (Data were obtained from the
24HHWB association with permission).

for their growth, and amoebae phagocyte the bacteria.
The bath water is then cleaned and reused after the use
of physical disinfectants, such as heat, ultraviolet, or
ozone. This biological activation of microorganisms
resulted in the isolation of Lp, which can grow within
amoebae, from this apparatus in 1996%. Nagai et al.®
recently reported the first case of neonatal Legionnaires’
disease associated with water birth in the 24HHWB. In
comparison with the large number of 24HHWB units sold
in Japan, however, the number of cases of legionellosis
due to 24HHWBs is extremely small, possibly due to
physical disinfectants used or other countermeasures such
as chlonne use. Nevertheless, sales of the 24HHWB have
fallen off remarkably since the detection of Lp in 1996%
because of fear of Legionella infection (Fig. 1). Asa
result of such economic damage, the number of members
of the 24HHWB association, consisting of the 24 HHWB
manufacturing and marketing corporations, has decreased
from 44 to 14 due to bankruptcy or withdrawal. In
addition, with respect to the occupational problems related
to Legionella infection, Straus and coworkers” reported
that legionellosis was associated with working more than
40 h a week. The possibility of legionellosis due to using
24HHWBsS has therefore been an important problem in
view of not only public health, but also occupational
health.

To clarify the risk of Legionella infection due to the
use of 24HHWBs and other factors, we initially
investigated the prevalence of anti-Lp serum antibody
titers in 24HHWB users and non-users, and also analyzed
the possible factors causing the antibody production®.
As aresult, an increase in the antibody titers in dilutions

of =8 against Lp serogroup (SG) 5 and Lp SG 6 was
found in the 24HHWB users compared to the 24HHWB
non-users, though the 24HHWB use resulted in
subclinical infection. Stress-related factors, bathtub
materials, and lifestyles regarding bathing also seemed
to contribute to the increase in antibody titers. No
significant correlations were observed retrospectively
between the duration of 24HHWB use and the antibody
titers. We next conducted a one year follow-up study
and found that the continuous use of 24HHWBs did not
cause an apparent increase in the production of anti-Lp
antibodies, when compared to the 24HHWB non-users®.
These studies suggested that immunological sensitization
tended to occur when healthy subjects were exposed to
legionellae not only by the 24HHWBs, but also by other
bio-psycho-socio-ecological factors. It was also
suggested that the risk of legionellosis was not increased
with prolonged use of the 2dHHWBs. Nevertheless, the
interpretation of the relationship between the antibody-
related factors, including the use of the 24HHWBS, and
increased antibody titers and the time course of the
antibody titers in the 2dHHWB users, were relatively
limited because of the cross-sectional nature of the study
or the short time observation. It still remains unclear
whether longer use of the 2dHHWBs causes higher
susceptibility to legionellosis. Moreover, sufficient
evaluation of the effects of countermeasures to prevent
the infection (chlorine-disinfection etc.) could not be
made, because of the very small number of subjects
investigated.

The present longitudinal study was thus carried out 3
yr after our initial study, to investigate the possibility of
legionellosis due to the continuous use of the 24HHWBg,
the changes in the anti-Lp serum antibody titers during 3
years, the effects on the antibody titers of the cancellation
or initiation of 24HHWB use, the effects on the antibody
titers of the bactericidal improvements in the 2dHHWBs
and the use of chlorine disinfectant, and the factors
relating to the changes in the antibody titers during 3 yr.

Materials and Methods

Subjects

Participants were recrnited from 134 employees of a
24HHWB manufacturing corporation (Showa
Manufacturing Co., Ltd.) whose anti-Lp serum antibody
titers had been measured in 19979, A total of 92 subjects
(85 men and 7 women) agreed to participate in the present
study in 2000, and gave a written form of informed
consent. They ranged in age from 23 to 60 yr (mean +
S.D., 45.1 £9.6). The number of participants decreased
compared to that in 1997 (n=204), because one of two
corporations investigated in 1997 had gone bankrupt after
the 1997 study®.

The demographic characteristics of the subjects are
shown in Table 1. This group did not differ from the
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Table 1. Characteristics of the subjects
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Characteristics Category n %
Age <30 8 8.7
30-39 18 19.6

40-49 32 34.8

250 34 37.0

Sex Men 85 924
Types of work White collar 65 70.7
Work position Executive 3 33
Director 9 9.8

Section head 14 15.2

Chief clerk 20 21.7

Clerk 46 50.0

24-h hot water bath Continuous users 30 32.6
(24HHWB) Continuous non-users 46 50.0
Past users 4 4.3

Ex-users 11 12.0

New users 1 1.1

group in 1997 in the demographic and lifestyle
characteristics, so that the effect of the decrease in the
number of subjects on the outcome was considered to be
negligible. There were no subjects who had
immunosuppressing conditions (eg, cancer, HIV
infection/AIDS, organ or bone marrow transplantation,
kidney dialysis, use of immunosuppressive medications).
The subjects in the present study included: 30 subjects
continuously using the 24HHWB since before the 1997
study® (continuous users); 46 never having used the
24HHWB (continuous non-users); 4 using the 24HHWB
only before the 1997 study® (past users); 11 ceasing to
use the 24HHWB after the 1997 study® (ex-users), and 1
starting to use the 24HHWB during the 3 yr interval (new
user). The water filter units of the 2dHHWBS consisted
of activated charcoal, filter gravel, and either coral or
granite porphyry, and were equipped with an ultraviolet
lamp. These bactericidal systems were generally used in
24HHWBs developed by other corporations. Thirteen
continuous users of the 24HHWB were provided with
antibacterial material 3 months after our initial study®.
Four continuous users changed the filter materials of the
24HHWB during 3 yr. Six continuous users began to
disinfect the bath water by using chlorine (0.9 g) every
other day about 3 months after the initial study®. Based
on the previous study'?, in which viable legionellae were
undetectable within 15 min in a sodium hypochloride
solution with 0.4 mg/l free chlorine, all of the chlorine
users had a sufficient residual chlorine concentration (0.5
mg/l) at least 15 min after the use of chlorine.

Data collection
A self-administered questionnaire was provided to

these 92 subjects in May, 2000. In accordance with the
1997 study®, the questions addressed demographic
factors, present and past disease histories of the subjects
and their family members, bathing-related factors,
contacts with legionella-inhabiting environments,
lifestyles regarding cigarette smoking and alcohol
drinking, the 60-item version of the General Health
Questionnaire (GHQ)'? and its subscales (somatic
symptoms, anxiety and insomnia, social dysfunction,
severe depression), and the possibility of relieving
considerable stress. The questions about disease histories
included physician-diagnosed pneumonia (supposed to
include Legionnaires’ disease) and influenza-like
symptoms (supposed to include Pontiac fever), and other
diseases, such as bronchitis, gastroenteritis, and fever of
unknown origin. The 2dHHWB users were also asked
about the duration of use. Besides these questions, stress
coping items from the NIOSH general job stress
instrument'® were added to the questionnaire in the
present study. Stress-related factors were associated with
the anti-Lp antibody titers in the 1997 study®, so that
stress coping strategies, which play a significant role in
stress responses, might be associated with the change in
antibody titers. The stress coping items had also been
taken, but not used, in the 1997 study®. The items
measure six dimensions of stress coping strategies
regarding planning, neglect, self-blame, wishful-thinking,
consultation, and involvement. All of the items indicate
higher distress or poorer coping patterns as their scores
become higher. In addition, fasting blood samples were
taken early in the morning on weekdays.

The anti-Lp antibody titers of the 92 subjects were
measured by means of a microplate agglutination test
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Table 2. Comparisons of the titers of each anti-L. preumophila antibody between 1997 and 2000

71

L. pneumophila

Antibody titer

p value® p valuei?

Serogroups <8 & 16 32 64 128 256 512
L. pneumophila serogroup 1
1997 90 (92) 0 1 (0) 1(0) 0 (0) 0(0) 0 0(0) ns ns
2000 87 (91) 1{0) 4(1) 0 (0) 0(0) 0 (0) 0 0 (0)
L. pneumophila serogroup 3
1997 86 (92) 1(0) 3 (0) 1(0) 1(0) 0(0) 0(0) 0(0) ns ns
2000 83 (90) 5(2) 3 (0) 1(0) 0 0 0 () 0(0)
L. preumophila serogroup 4
1997 91 (92) 0 (0) 1(0) 00 0(0) 0 () 0 (0) 0 (0 ns ns
2000 90 (92) 0 (0) 2(0) 0(0) 0 (0) 0(0) 0 00
L. pneumophila serogroup 5
1997 86 (90) 4(2) 2(0) 0 0(0) 0 (0) 0(0) 0(0) ns ns
2000 80 (92) 7(0) 20 1(O) 2 (0) (O] 0 (0) 0 ()
L. prneumophila serogroup 6
1997 62 (83) 19(5) 6(2) 1(D) 1 (0) 2 (1) 1(0) 0(0) ns ns
2000 63(8l) 134 113 5@ 0(0) 0 (0) 0(0) 0

Numbers in the table are subjects with total antibody titers, and in the parentheses are subjects with 2-mercaptoethanol-treated
antibody titers. A Wilcoxon signed-ranks test was used to compare the distributions of total antibody titers (¥) or 2-
mercaptoethanol-treated antibody titers (i7) between 1997 and 2000.

(MPAT), which is described in detail elsewhere®. The
antigens were prepared from Lp SG 1 (ATCC 33152),
SG 3 (ATCC 33155), SG 4 (ATCC 33156), SG 5 (ATCC
33216) and SG 6 (ATCC 33215). The agglutination
reaction was observed after serial dilutions (=8) of each
serum sample. Anti-Lp IgG antibody titers were also
examined after treatment of the serum with 0.2 mol/] 2-
mercaptoethanol (2ME), which has been reported to
destroy IgM antibodies'?.

Statistical methods

Data analysis was performed by means of SAS, version
6.11 (SAS Institute Inc, Cary, NC). Statistical analysis
was conducted by comparing the distribution of anti-Lp
antibody titers between 1997 and 2000 by means of the
Wilcoxon signed-ranks test. To investigate the factors in
the questionnaire possibly relating to the antibody titers
in 1997 or 2000, Spearman’s correlation coefficients
between various factors and the antibody titers in each
year were calculated. A total of 35 previously investigated
variables (age, sex, body mass index (BMI), cigarette
smoking, alcohol drinking, frequency of bathing in a
week, duration of bathing time, types of methods of
heating bath water, materials of bathtub, use of air-
conditioners at the work place, use of humidifiers at home,
use of well water at home, use of hot-water supply system
at home, contacts with soil during gardening, GHQ score,
possibility of relieving considerable stress), including
multiple choices and the GHQ subscales in the

questionnaire, and job sector, total score of stress coping
strategies and the duration of the 24HHWB use were
analyzed in relation to the antibody titers. Spearman’s
correlations between the changes in the selected factors
relating to the antibody titers in each year and the antibody
titers within 3 years were also estimated to analyze their
longitudinal relationships. In addition, the factors related
to the changes in the antibody titers in each SG from
1997 to 2000 were examined by multiple regression
analyses, where model selections were done with
minimum Mallow’s C (p) as the criterion. Differences
were considered significant if p<0.05.

Results

Clinical features of Legionnaires’ disease or Pontiac fever
from 1997 to 2000

No clinical cases diagnosed with either Legionnaires’
disease or Pontiac fever were found within 3 yr, not only
among the 24HHWRB users, but also among the other
subjects in the present study. Moreover, the 24HHWB
users did not show higher rates of influenza-like
symptoms (supposed to include Pontiac fever) than the
others. No cases of fever of unknown origin during 3 yr
were observed in the 24HHWB users in the present study.

Comparisons of anti-Legionella antibody titers between
1997 and 2000

Table 2 shows the distributions of total and 2ME-
treated antibody titers in 1997 and 2000. In 2000, the
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Table 3. Comparisons of the titers of each anti-L. pneumophila antibody between 1997 and 2000 in continuous 24HHWB users

and continuous non-users

J Occup Health, Vol. 46, 2004

L. pneumophila

Antibody titer

p valuet p valueit

serogroups <8 8 16 32 64 128 256 512
L. pneumophila serogroup 1
Users (n=30)
1997 29 (30) 0 () 0 () 1(0) 0(0) 0(0) 0(0) 0 (0) ns ns
2000 28 (30) 00 2(0) 00) 0 0 (0) 0 (0) 0(0)
Non-users (n=46)
1997 45 (46) 0(0) IX(0) 0 (0) 0(0) 0 (0) 0(0) 0(0) ns ns
2000 44 (46) 1 (0) 1(0) 0(0) 0(0) 0 (0) 0 (0) 0(0)
L. pneumophila serogroup 3
Users (n=30)
1997 26 (30) 1(0) 2 (0) 0(0) 1(0) 0 0(0) 0(0) ns ns
2000 26 (29) 2(1) 2 (0) 0 00 0 (0) 0(0) 0(0)
Non-users (n=46)
1997 44 (46) 0 (0) 1(0) 1(0) 0(0) 0 (0) 0 (0) 0 (0) ns ns
2000 42 (45) 2 (1) 1(0) 1(0) 0(0) 0 ¢0) 0 0
L. pneumophila serogroup 4
Users (n=30)
1997 30 (30) 0 () 00 0(0) 0(0) 00 0 (0) 0(0) ns ns
2000 29 (29) 0 1(1) 0(0) 0 0 () 0(0) 0
Non-users (n=46)
1997 45 (46) 0(0) 1(0) 0(0) 0(0) 0 (0) 0(0) 0 (0) ns ns
2000 45 (45) 0(0) (D 0(0) 0(0) 0 (0) 0 (0) 0(0)
L. pneumophila serogroup 5
Users (n=30)
1997 24 (30) 4.(0) 2 (0) 0(0) 0 (0) 0(0) 0(0) 0 ns ns
2000 26 (30) 3(0) 0 (0) 0(0) 1(0) 0 (0) 0 (0) 0(0)
Non-users (n=46)
1997 46 (46) 0 0 (0) 01(0) 0 0¢0) 0 0 () p<0.05 ns
2000 41 (46) 2 (0) 2 (0) 0(0) 1(0) 0(0) 0(0) 00
L. pneumophila serogroup 6
Users (n=30)
1997 14 (26) 10 (2) 3D 0(1) 1(0) 2(0) 0 0¢0) ns ns
2000 20 (26) 4(D) 3() 3(2) 0 0 0(0) 0 (0)
Non-users (n=46)
1997 41 (44) 2 (0) 2(1) 0(0) 0 (0) 1(1) 0 (0) 0(0) p<0.05 ns
2000 31 (41 9(2) 5(2) 1(1) 0 (0) 0 (0) 0 (0) 0 (0)

Numbers in the table are subjects with total antibody titers, and in the parentheses are subjects with 2-mercaptoethanol-treated
antibody titers. A Wilcoxon signed-ranks test was used to compare the distributions of total antibody titers (i) or 2-
mercaptoethanol-treated antibody titers (1) between 1997 and 2000.

investigated antibody titers were generally low and the
maximum value amounted to 64-fold. No significant
differences in the distributions of total or 2ME-treated
antibody titers were found in any SG. When the subjects
were analyzed further by division into continuous users,
continuous non-users and others, the antibody titers of
the continuous non-users showed a significant increase
from 1997 to 2000 against Lp SG 5 and 6 (Table 3). On

the other hand, the antibody titers of the continuous users
showed no significant increase within these 3 yr. As a
whole, the antibody titers markedly decreased after the
2ME-treatment (Tables 2 and 3). No significant
differences were found in the 2ME-treated antibody titers
between 1997 and 2000, irrespective of the SGs. Among
the 11 ex-users, 7 subjects showed a decrease in the
antibody titers against Lp SG 6 (Wilcoxon signed-ranks
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Table 4. Spearman’s correlation coefficients between several factors and the titers of each anti-L. prneumophila antibody in 1997

Anti-L. pneumophila antibody titers

Variables

N SG1 SG3 SG4 SGS5 SG 5% SG6 SG 6*
Average number of baths in a week 92 -0.14 0.00 -0.24* ~0.05 ~0.15 0.09 -0.05
Frequency of use of air-conditioners 86 -0.03 -0.06 -0.02 0.11 0.33**  -0.05 0.10
Present 24HHWB use (No/Yes) 92 0.01 0.11 -0.10 0.36%* 0.16 0.46%* 0.20
Present or past 24HHWB use (No/Yes) 92 0.01 0.09 ~-0.10 (0.33%* 0.15 0.44%* 0.17

SG=Serogroup. *Antibody titers after treatment with 2-mercaptoethanol. *p<0.05. **p<0.01.

Table 5. Spearman’s correlation coefficients between several factors and the titers of each anti-L. preumophila antibody in 2000

Anti-L. pneumophila antibody titers

Variables

N SG 1
Age (yr) 92 -0.11
Body mass index (kg/m?) 92 —0.18
Duration of 2dHHWB use (months) 43 —(.34%*
Frequency of use of air-conditioners 81 -0.16
Use of humidifiers (No/Yes) 71 -0.11
Inadequate stress coping strategies 84 0.09
Social dysfunction in the GHQ test 90 0.13
Use of antibacterial materials (No/Yes) 30 0.16

SG 3 SG 4 SG5 SG 6 SG 6+
-0.14 -0.19 -021%  —0.08 0.04
-022%  -022%  -026* 002 0.13
~0.17 -0.15 -0.31% 0.03 0.17

0.02 -0.24%  -0.01 -0.05 0.06

0.02 0.15 ~0.05 0.24%  031%

0.17 0.13 0.23% 0.14  -0.06

0.24% 0.07 0.14 -0.03 0.02
-0.02 0.21 0.01 031 0.38*

SG=Serogroup. *Antibody titers after treatment with 2-mercaptoethanol. *p<0.05. ##p<0.01.

test, p<0.05). One new user, with all negative responses
(<8) in 1997, was found to be positive for Lp SG 1 (1:16),
3 (1:8), 5 (1:32), and 6 (1:16).

Relationships between various factors and anti-
Legionella antibody titers in 1997

Table 4 shows Spearman’s correlation cocfficients
between the factors in the questionnaire and the antibody
titers in 1997. The relationships between various factors
and the 2ME-treated antibody titers could be analyzed only
against Lp SG 5 and 6, since there were no or too few
subjects who indicated positive titers (28) against Lp SG
1,3, and 4. The average number of baths in a week was
negatively related to the antibody titers against Lp SG 4.
A positive correlation was observed between the frequency
of the use of air-conditioners and the 2ME-treated antibody
titers against Lp SG 5. Present 24HHWB use or present
or past use of a 24HHWB was positively associated with
the antibody titers against Lp SG 5 and 6.

Relationships between various factors and anti-
Legionella antibody titers in 2000

Table 5 shows Spearman’s correlations between the
factors in the questionnaire and the antibody titers in 2000.
The relationships between various factors and the 2ME-
treated antibody titers could be analyzed only against Lp

SG 6, since there were no or too few subjects who
indicated positive titers (=8) against Lp SG 1, 3, 4 and 5.
The duration of 24HHWB use was negatively correlated
to the antibody titers against Lp SG 1. Social dysfunction
(GHQ subscale) was positively, whereas BMI was
negatively, related to the antibody titers against Lp SG 3.
The frequency of the use of air-conditioners and BM1
were negatively correlated to the antibody titers against
Lp SG 4. Age, BMI and the duration of 24HHWB use
were negatively, whereas overall inadequate stress coping
strategies were positively correlated to the antibody titers
against Lp SG 5. There was a positive relationship
between the use of humidifiers and the antibody titers
against Lp SG 6. The use of bumidifiers and the use of
antibacterial materials were positively associated with the
2ME-treated antibody titers against Lp SG 6.

Relationships between the changes in factors and anti-
Legionella antibody titers within 3 yr

Table 6 shows the Spearman’s correlations between
the changes in the antibody-related factors within 3 yr
and the antibody titers within 3 years. Four blue collar
workers changed to white collar workers after the 1997
study® because of the downsizing of the 24HHWB
manufacturing section. The change in job sector, in which
a shift from blue collar to white collar was dominant
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Table 6. Spearman’s correlation coefficients between the changes in the selected factors and the changes of the titers of each anti-

L. pneumophila antibody during 3 yr

Anti-L. pneumophila antibody titers

Variables N SG1  SG3  SG4 SG5  SG5t  SG6  SG6
Change in job sector 92 -0.16 0.00 -0.01 -0.21*  0.01 -0.20  -0.23*
(Blue collar/White collar)
Change in use of humidifiers (Non-use/Use) 71 -0.04 -0.14 -0.02 0.08 0.26* 0.09 0.26*
Change in the possibility of relieving 60 -0.09 -0.06 0.00 0.14 0.30*% 0.19 0.18
considerable stress (Much/Somewhat/No)
Change in 24HHWB use (Yes/No) 92 -0.14 -0.11 -0.02 -0.16  -0.37%** —-0.32%% —0.09

SG=Serogroup. *Antibody titers after treatment with 2-mercaptoethanol. *p<0.05. *¥p<0.01.
Items in parentheses show dominant changes from 1997 (left side) to 2000 (right side), and the coefficients indicate correlations
between the changes in the variables as shown in parentheses and the changes in the antibody titers.

Table 7. Variables related to the changes in the titers of each anti-L. pneumophila during 3 yr by multiple regression analyses

Variables Par'c.mleter SE Stand.ardized p
estimate esfimate
Serogroup 1 (n=83)
Change in 24HHWB use (Yes/No) -0.07 0.03 0.22 0.04
Serogroup 5 (n=83)
Change in 24HHWB use (Yes/No) -0.55 0.24 -0.23 0.02
Change in job sector (Blue collar /White collar) ~0.87 0.31 -0.28 0.01
Change in stress coping strategies (adequate/inadequate) 0.08 0.03 0.26 0.02
Change in alcohol-drinking habit (No/Yes) ~0.72 0.26 -0.30 0.01
Serogroup 6 (n=91)
Change in 24HHWB use (Yes/No) —0.84 0.35 -0.24 0.02
Change in job sector (Blue collar /White collar) -1.03 0.50 -0.21 0.04

Intercept terms were omitied. Dominant changes from 1997 (left side) to 2000 (right side) are shown in the parentheses.

during 3 yr, was negatively associated with the change in
the antibody titers against Lp SG 5 and the 2ME-treated
Lp SG 6. The change in the use of humidifiers, in which
an increase in use was dominant, was positively related
to the change in the antibody titers against the 2ME-
treated Lp SG 5 and 6. The change in the possibility of
relieving considerable stress, in which a decrease in the
possibility was dominant, was positively related to the
change in the antibody titers against the 2ME-treated Lp
SG 5. The change in 24HHWB use, in which a decrease
in use was dominant, was negatively associated with the
change in the antibody titers against Lp SG 6 and the
2ME-treated Lp SG 5.

Factors related to the changes in the antibody titers of
each anti-Legionella within 3 yr by multiple regression
analyses

As shown in Table 7, the change in 24HHWB use, in
which canceling of the use was dominant, was

significantly associated with a decrease in the antibody
titers against Lp SG 1, 5 and 6. The change in job sector,
in which a shift from blue collar to white collar was
dominant, was significantly related to a decrease in the
antibody titers against Lp SG 5 and 6. The change in
alcohol-drinking habit, in which an increase in the alcohol
use was dominant, was significantly related to a decrease
in the antibody titers against Lp SG 5. The change in
stress coping strategies, in which exacerbation of the
strategies was dominant, was significantly associated with
an increase in the antibody titers against Lp SG 5.

Discussion

In accordance with our previous findings that most of
the anti-Lp antibody titers of the 24HHWB users were
generally not higher than those of healthy Japanese
subjects®, the antibody titers were generally low and did
not have values high enough to be an etiologic agent of
legionellosis in 2000. This result supports the clinical
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observations in the present and previous study® that there
were no cases who had had Legionnaires’ disease or
Pontiac fever after they started to use the 24HHWB. The
anti-Lp antibodies were considered to be IgM dominant,
since the antibody titers considerably decreased after the
2ME-treatment, and this was compatible with the findings
of our previous study®.

As a whole, itis recognized that the factors relating to
the antibody titers in 2000 differ from those in 1997.
These findings indicate that there is considerable variation
in the factors relating to the anti-Lp antibodies among
24HHWB users and non-users. As to the reasons, it might
have been due to the decreased number of subjects in the
present study, because the factors related to the antibody
titers of the 92 subjects in 1997 were somewhat different
from those of the 204 subjects in 1997®. Another possible
reason is the changes in the 24HHWB use. Indeed,
change in the 24HHWB use was found to be the factor
relevant to the changes in the antibody titers against Lp
SG 1, 5 and 6 from 1997 to 2000. The antibody titers
significantly decreased in the cases where the use of the
24HHWBs was canceled after the 1997 study®. The
decrease in the antibody titers is not unusual, because
antibodies were considered to be IgM, but not IgG,
dominant. Nevertheless, it must be kept in mind that
unknown factors, which were not investigated in either
year, might have affected the variation.

In the present study, anti-Lp SG 5 and 6 antibody titers
by correlation and regression analyses, and anti-Lp SG 1
antibody titers by regression analysis, showed a decrease
in relation to the cancellation of the 2dHHWB use. This
seems to support our previous findings that the 24HHWB
use was associated with the production of the antibodies
against Lp SG 5 and 6¥. Among other factors related to
the antibody titers, the change in job section seemed to
play a significant role in the changes in the antibody titers
against Lp SG 5 and 6. The shift from blue collar to
white collar was dominant, and this change was associated
with a decrease in the antibody titers during 3 yr. It may
be possible to consider that blue collar workers are likely
to be susceptible to Legionella infection during the
manufacturing process or at the time of maintenance of
the 24HHWBs. The use of humidifiers was positively
correlated to the antibody titers against total and 2ME-
treated Lp SG 6 in 2000, and an increase in the use of
humidifiers was associated with an increase in the
antibody titers against 2ME-treated Lp SG 5 and 6 during
3 yr. The results suggest that the humidifier is a causative
factor in legionellosis. Humidifiers have been reported
to be able to be responsible for the pathogenesis of
legionelosis, mainly owing to Lp SG 1'%, Our findings
seem to support such previous observations, although the
humidifier-related SGs are different. The use of air-
conditioners was positively related to the antibody titers
against 2ME-treated Lp SG 5 in 1997, whereas it was

negaiively associated with the antibody titers against Lp
SG 4 in 2000. Since no consistent associations could be
found in these analyses, the use of air-conditioners might
not be such an important factor related to the antibody
production.

As for stress-related factors, no report had been
published on the effect of stress in the pathogenesis of
legionellosis. We initially found that depressive state
assessed by the GHQ was possibly and positively related
to the antibody titers against Lp SG 6, and a decrease in
the possibility of relieving considerable stress was
associated with the increased titers against Lp SG 6 in
19978, We could not confirm the results concerning
depressive state in the present longitudinal study, but a
decrease in the possibility of relieving considerable stress
showed a significant correlation with an increase in the
antibody titers against 2ME-treated Lp SG 5, but not Lp
SG 6, as a longitudinal variable, although the association
was different in SGs between 1997 and 2000. Social
dysfunction assessed by the GHQ tended to be positively
related to the antibody titers against Lp SG 3 in 1997,
although it was not significant®. In accordance with such
previous findings, social dysfunction was positively
correlated to the antibody titers against Lp SG 3 in 2000.
In addition, inadequate stress coping was a significant
predictor of the increase in the antibody titers against Lp
SG 5 in the present study. Taking these findings into
consideration, stress-associated depression of immune
functions seems to be a factor related to the risk of
legionellosis.

A comparison of the antibody titers between 1997 and
2000 indicated that the antibody titers of the continuous
non-users showed a significant increase from 1997 to
2000, exclusively against Lp SG 5 and 6. The results
appear to be partially consistent with the findings of our
follow-up study carried out in 1998, which showed that
anti-Lp SG 6 antibody titers increased from 1997 and
this tendency was particularly remarkable in the
continuous non-users®”. Several factors that were
positively associated with the changes in total or 2ME-
treated antibody titers against Lp SG 5 and 6 during 3 yr,
such as the use of humidifiers, a decrease in the possibility
of relieving considerable stress, and inadequate stress
coping strategies, might have contributed to the results,
although the subjects investigated were not limited to
continuous non-users because of the small number of
subjects. We cannot neglect the possibility that unknown
factors, which were not investigated in either year, could
have affected the results, so that the precise reason for
the increased antibody titers against Lp SG 5 and 6 in
continuous non-users remains unknown.

Since the risk of legionellosis in relation to 24HHWB
use has become a great public concern, manufacturers
have tried to develop bactericidal techniques and improve
the water recycling units by, for example, altering the
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filter materials. Further countermeasures, such as
disinfection with chlorine, have also been employed. In
this longitudinal study, however, we could not find
obvious evidence that the use of antibacterial substances
or the alteration of filter materials decrease the antibody
titers (data not shown). On the contrary, the use of
antibacterial materials was positively associated with the
2ME-treated antibody titers against Lp SG 6. Rather, it
was suggested that the cancellation of 24HHWB use
would largely result in a decrease in the antibody titers.
In this study, however, no significant increase in the
antibody titers was observed in the continuous users
during 3 yr, when compared to the continuous non-users
who showed a significant increase in the antibody titers
against Lp SG 5 and 6. That is to say, it can hardly be
assumed that the risk of legionellosis is increased by
prolonged use of 24dHHWBs, so that we could not
completely rule out the possibility that the
countermeasures, such as improvements in apparatuses
by the manufactures, might contribute to protecting
24HHWB users from legionellosis, although we could
not draw conclusions because of the small number of
subjects investigated. As for the countermeasures to
legionellae, it is therefore supposed that not only short-
term inhibitory effects, but also long-term disinfectant
effects of the 24HHWBs on legionellae should be further
investigated.

Several problems as previously described in our study®
must also be considered in discussing our findings. First,
the power of this study to demonstrate the factors related
to the antibody titers was relatively limited because of
the small number of samples analyzed and low levels of
the titers. Second, the possibility that the MPAT method
might have included cross-reactivity with other organisms
could not be completely neglected. Third, as mentioned
above, there is a possibility that uninvestigated unknown
factors might have affected the outcome. For example,
there have been some outbreaks of legionellosis in users,
particularly older persons, of circulating bath water at
public bath houses in recent years'. The cleaning
mechanisms for bath water are physical filtration and
chlorine-disinfection, which are different from those of
24HHWBs. Nevertheless, inadequate disinfection in the
filtering system leads from the physical filtration system
to the biological cleaning system, because bacteria,
including legionellae, inhabit the filtering system. We
could not neglect the possibility that the subjects in the
present study might have visited public bath houses, and
this might have influenced the outcome. Demographic
factors described in Table 1, such as sex, type of work,
and work position, were at least unrelated to the antibody
titers in 2000. Fourth, the reason why an increase in the
alcohol use was significantly related to a decrease in the
antibody titers against Lp SG 5 remained unclear. Fifth,
the fact that the subjects were limited to employees in a

J Occup Health, Vol. 46, 2004

24HHWB manufacturing corporation might have
included a selection bias, because the employees might
be more careful in maintaining their 24HHWBs than
consumers in general. Sixth, whether our findings can
be applied to other 24HHWB users using different
disinfecting mechanisms needs further consideration.

Despite the limitations, this longitudinal study indicates
that the longer use of 24HHWBs manufactured by a
corporation does not tend to result in a higher risk of the
onset of legionellosis, although the use of the 24HHWBs
is likely to induce production of antibodies against
legionellae. Except for our studies, there have been no
reports in which the risk of legionellosis in relation to
24HHWB use is examined by the antibody titers in a
number of cases. The findings obtained therefore have
important implications regarding the risk of legionellosis
relating to 24HHWB use and will lead to more effective
and comprehensive management of legionellosis.
Although numerous studies have been carried out on
legionellosis, few reports have been made so far relating
to the longitudinal examination of the risk of legionellosis.
From this viewpoint, it is considered that our studies
include extremely important findings concerning the
comprehensive risk of legionellosis over a prolonged
period.

Acknowledgments: This work was funded by a grant
from the Foundation for Total Health Promotion, Tokyo,
Japan. The authors thank Mrs. Shizuko Hirayama,
Hiroaki Hino, and Keiji Mizuguchi (Showa
Manufacturing Co. Ltd.) for their help in the investigation.

References

1) BG Shelton, W Kerbel, L Witherell and JD Millar:
Review of Legionnaires’ disease. ATHAJ 61, 738-742
(2000)

2) RF Breiman and JC Butler: Legionnaires’ disease:
clinical, epidemiological, and public health
perspectives. Semin Respir Infect 13, 84-89 (1998)

3) JP Vogel and RR Isberg: Cell biology of Legionella
preumophila. Curr Opin Microbiol 2, 30-34 (1999)

4) H Friedman, Y Yamamoto, C Newton and T Klein:
Immunologic response and pathophysiology of
Legionella infection. Semin Respir Infect 13, 100~108
(1998)

5) E Yabuuchi: Contamination of 24 hr-home bath water
due to Legionella pneumophila and other bacteria. With
special reference on its biological cleaning mechanism.
Kankyo Kansen 3, 221-227 (1996) (in Japanese)

6) T Nagai, H Sobajima, M Iwasa, T Tsuzuki, F Kura, J
Amemura-Maekawa and H Watanabe: Neonatal sudden
death due to legionella pneumonia associated with
water birth in a domestic spa bath. J Clin Microbiol
41, 2227-2229 (2003)

7) WL Straus, JF Plouffe, TM Jr File, HB Lipman, BH
Hackman, SJ Salstrom, RF Benson and RF Breiman:
Risk factors for domestic acquisition of legionnaires

~ 258 ~



Masahiro IRIE, et al.: 3-Year Risk of Legionellosis due to Recycled Barh Water 77

8)

9)

10)

11)

disease. Ohio legionnaires Disease Group. Arch Intern
Med 156, 1685-1692 (1996)

M Irie, H Miyamoto, S Nagata, M Tkeda and S Yoshida:
Bio-psycho-socio-ecological risk factors for Legionella
infection among Japanese 24-hour hot water bath users
and non-users. J Occup Health 42, 205-212 (2000)

M Irie, H Miyamoto, S Ishimatsu, S Nagata and S
Yoshida: A 1-year follow-up study of anti-Legionella
antibodies in users of Japanese 24-hour hot water baths.
J Occup Health 43, 4649 (2001)

E Yabuuchi, L Wang, T Yamayoshi, M Arakawa and I
Yano: Bactericidal effect of chlorine on strains of
Legionella species. Kansenshogaku Zasshi 69, 151~
157 (1995) (in Japanese)

DP Goldberg and VF Hillier: A scaled version of the
General Health Questionnaire. Psychol Med 9, 139~

12)

13)

14)

15)

-259-

145 (1979)

JJ Hurrell and MA McLaney: Exposure to job stress:
A new psychometric instrument. Scand J Work Environ
Health 14 (Suppl 1), 27-28 (1988)

DS Lindsay and JP Dubey: Direct agglutination test
for the detection of antibodies to Sarcocystis neurona
in experimentally infected animals. Vet Parasitol 95,
179-186 (2001)

JY Zuravleff, VL Yu, JW Shonnard, JD Rihs and M
Best: Legionella pneumophila contamination of a
hospital humidifier. Demonstration of aerosol
transmission and subsequent subclinical infection in
exposed guinea pigs. Am Rev Respir Dis 128, 657—-
661 (1983)

Infectious Agents Surveillance Report. 24, 27-28
(2003)



ERREE (CED <

FEE Rl K Z M DFERICDOULT

Diagnostic Probability for Atypical Pneumonia

EEERRZHBRREESHE g

BAEDENEE = § DA I

Wi oREAEICITE L D50 BEMEFENMD
BMICE TS WELBEEOD L ICHEBEYEBET A I
FEHBERICBVWTEESD TER W, 22 TIRBEES
WD TR RDBIIIOWTEET 5,

1. EEERATHIRECERTS

[ESI (BT -RE)]

27 A R, 1HBERIE ST & D BT <
ICTHOMBERD B WHREZ AL T AERTH
EL2VOEH L7z, WX TIIELMEIZ K
REEZRO 5. HILIRE 8200/ 4Lo

CDBENIEERMH R TH HIERIFHWLL T 5,

[AEF2 (2 -%kH)]
6THBYE. BUCHITAEAT 5. BABOERIZ
FlERE, WIS B 2 ) BAFRET 2-0%2.
WHEX B TIEERPHEICREE LR 5, BILEKE
11200/ 4Lo
ZDEEDEFEM S TH HHERIZN%TH b,

EITNIE RO L) CHEELEHRTELDREA ),

[(RESE RFREREOEMRTHINEINLED
RYUZDTHIENTELIPBANE VY, BREOR
RERERLHIEEORE 2 LICHMRII L RALD
O—RIEREICITEE L v ? ] EEZBLEITRV,
NRA IR E W) BIREZNFET Hviud, HEHE
FEFRE LAVWEMEFRICBWT b BHEEICOWT
ERTHZELEETRETH S,
2. BRBEEOREF/O—F

— i, REBREOBRETCIIBRERS I A 8EBI2LD
BEREOEELTTVIEEZRBRTAILELSIASI VY
— FL2FETH 5.
ERTHERLZZBET 70 -5, BFIRIEECE
R EF R E#O R VIR TERT OB S OBIRE I E
DEFEBMAOLEZERELZEEMLL. JOFERI
EOEPEELRRT L, L WvHILDTHB, BT,
FOMITEI D ENEE B - Tl 5B,

3. FECEIRDLMCEE LESM parameter
 (BBVERNEEEE) OBE - BRE.

 BIUBMARH - BMAERCOVT

TP AOBRME 2 ETERS Wz TF -~
— A%, FHEEOIEEMI R OBWIZBT 5 R

PTM 2(2)AUG,, 2003

- 260 -

(Sn ; sensitivity) B X UUFEE (Sp ; specificity) %
WET 2, EEEFKEMERES & LB T %
B4 (SPOT study ; Saga Pneumonia Optimal
Treatment Study) T—EHIMIZREL -EEN&E
FITH., BLUEEUMABEIOBRDT—FN—-2 %
ECERL-BWEREEOREBL UHEELR

(RE) 12RT (ZOXNRBEOBH — EB M2 H 3k
EEMAPOERN —ITBRMEREC /275X
Y Za—kE=X, FIIVT - 22— EZLOHMK
A 7 EIREERIR TR ICE D ).

T4 HAMRRESEFESOHRT LIEEME (<
4377 X<hig) OTHEE ZSEI, O0R A
Thb, QEBEE 2V, QERLZEIDHS, @B
M EkASseptic range (3000~12000/uL) 127wy, D4
EHBIZoWT, EhENIEEIMEDOZRTIH T 5 K
FELEHREZRDLY BURTIHICEEAORES
IURREIYREPORE 2o TEY., DHEEER
DEE (HDVIIBEE) AT TYEELAT RS
(rule out) HHVIFEE (rule in) §5ZLIITEL
Vo L L, CORBERRICEERTEHRTLII LI
I VEBOGEBEIIODVWTERTA I LT L
bo

JuEEM (likelihood ratio ; odds & & I2fER) 2 A
W 1 & W parameter DFE (HiEd 20
) KXV BELELRELEE ZE#T &b T
TIHER. BiFAbeBERESLER (oint
likelihood ratio) &MHEIL LY,

0dds?¥1 EW) T L R3HEFERORLET HHEN
50%CHbB V) ZELDT, odds L HEE L ORIZIE ;

T (p) =odds . (1 +odds)

EVHRAEK Y L0,

I TARBOBEISHEN Lz 2 Bl i 0 EH
EERERTWREE Y,

(1 (R1BLUR)]

7@ . R, 1ERIT 8 &) BukATER
VCHOMBMERD D, WHELARL THERIL
ELVOZB L, BWBXHTIIE LT IZHE
BEEZRD L, AMmMERE 8200/ ul.

ZOTHDOLTHEEVFEERRMATH L EELE R
280 (FEFRO96%) ThALERTED, fto TERE
BHEERMMAICHREE T ONEELBINT 2725

PHYSICIANS’ THERAPY MANUAL®



