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An outbreak of Legionnaires’ disease associated with a circulating 
bathwater system at a public bathhouse. I: a clinical analysis

after adjusting for the severity of pneumonia. Taking a 
careful history and documenting potential Legionella expo-
sure, as well as microbiological testing, is important for an 
accurate diagnosis of Legionnaires’ disease. Antimicrobials 
effective against Legionella bacteria should be administered 
without delay in subjects with suspected Legionnaires’ 
disease.
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Introduction

Nearly all cases of Legionnaires’ disease result from the 
contamination of constructed warm-water reservoirs, such 
as air-conditioning units, cooling towers, warm-water baths, 
and re-circulating water systems.1 Legionnaires’ disease was 
fi rst recognized in 1976 as the cause of a pneumonia out-
break at a Pennsylvania State American Legion convention 
in Philadelphia.2 The fi rst case of Legionnaires’ disease in 
Japan was reported in 1981 by Saito et al.3 Since these 
reports, there have been multiple outbreaks of Legion-
naires’ disease linked to hospitals, hotels, and spas.4–8 In 
Japan, although the maintenance of residual chlorine con-
centrations in re-circulating bathwater has been promoted 
for the prevention of Legionella bacteria growth, outbreaks 
of Legionnaires’ disease linked to public bathhouses have 
continued, even recently.9–12

In July 2002, one of the largest outbreaks of Legion-
naires’ disease associated with a public bathhouse in Japan 
occurred in Miyazaki. The local government and the Uni-
versity of Miyazaki performed a retrospective investigation 
of individuals who were considered to have been exposed 
to Legionella bacteria. This investigation provided a unique 
opportunity to analyze the clinical presentation of patients 
with outbreak-associated Legionnaires’ disease. We evalu-
ated the clinical pictures of the patients, the usage of diag-
nostic tools, and differences in clinical courses, based on the 
medical records of local physicians.
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Abstract Few reports have analyzed the clinical manifesta-
tions of patients with Legionnaires’ disease in large out-
breaks throughout the world. We retrospectively evaluated 
the clinical presentation and prognostic factors in 76 patients 
with Legionnaires’ disease, reported by local physicians, in 
a large outbreak resulting from contamination of the water 
in a public bathhouse in Miyazaki, Japan. Fever, gastroin-
testinal tract symptoms, and abnormal neurological fi ndings 
were seen in 95%, 35%, and 21% of the 76 patients, respec-
tively. Respiratory tract symptoms were seen in only 42% 
of the patients, although all of these patients revealed pneu-
monia on chest X-ray. Only 20 (31%) of the 64 patients who 
had microbiological tests were reported to have positive 
results for one of the three microbiological tests (sputum 
culture, serology, and urinary antigen) which are specifi c 
for Legionella infection. Based on univariate analysis, the 
existence of neurological symptoms, elevated levels of 
C-reactive protein and transaminases, hyponatremia, a 
positive urinary antigen test, and serological evidence of 
Legionella infection were independent risk factors for poor 
clinical courses in patients with Legionnaires’ disease. 
Patients treated with antimicrobial agents, such as macro-
lides, tetracyclines, and/or fl uoroquinolones, within 3 days 
of onset of illness exhibited signifi cantly better outcomes, 
when assessed by a multivariate logistic-regression model, 
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Patients and methods

Outbreak in Miyazaki, Japan

On July 18, 2002, the local governmental health center 
received a report of multiple cases of severe pneumonia in 
individuals who had visited a single public bathhouse that 
had opened in June 2002. The bathhouse was closed on July 
24. Legionella pneumophila serogroup (SG) 1 was isolated 
from the sputa of one of the reported patients. Pulse-fi eld 
gel electrophoresis showed that the isolated L. pneumoph-
ila was identical to that discovered in the water of the bath-
house. In addition, L. dumoffi i as well as L. pneumophila 
SG8 were isolated from the water of the bathhouse. The 
local population and doctors were alerted to the outbreak 
of Legionnaires’ disease by the local government. Offi cials 
recommended that any suspected cases should be registered 
with the health center. According to the records of the bath-
house, 19 773 individuals had visited the bathhouse at least 
once between June 20 and July 23. Eventually, 295 individu-
als were registered by local physicians as representing 
potential cases of Legionnaires’ disease.

Study protocol and data collection

A research team was established, as a collaborative endeavor 
between the local government and the University of 
Miyazaki, to perform an epidemiological study of this out-
break. The study protocol was approved by the institutional 
review board of the University of Miyazaki. All 295 regis-
tered subjects who were suspected of having Legionnaires’ 
disease by the local doctors were invited to participate in 
the study. Of these, 162 individuals agreed to participate in 
this study and provided written informed consent. Partici-
pating individuals provided responses to a questionnaire 
given during face-to-face interviews conducted by public 
health nurses. Clinical data, including the medical records 
from regional hospitals and chest X-ray/chest computed 
tomography (CT) fi lms, were available for 142 of the 162 
subjects. The fi lms were assessed independently by two 
doctors whose specialties are respiratory diseases.

The following criteria were used to identify patients with 
probable Legionnaires’ disease: (1) visit to the bathhouse 
between June 20 and July 24, 2002, (2) the occurrence of 
symptoms within 14 days of visiting the bathhouse (if any 
subject had had more than one visit, the fi nal visit was used 
for the analysis), and (3) the presence of new pulmonary 
infi ltrates suggestive of Legionnaires’ disease by chest 
X-ray and/or chest CT at the time of patient consultation. 
Of the 142 subjects enrolled in this study, 76 met these 
criteria.

The following data were collected from medical charts: 
(1) premorbid conditions and characteristics, such as age, 
sex, previous history of smoking, alcohol use, and other 
underlying diseases; (2) date of bathhouse visit, date of the 
fi rst day of illness, and the dates of admission to and dis-
charge from the hospital; (3) symptoms, signs, and the 
results of routine biochemical and hematological testing at 

initial consultation; (4) the degree of pulmonary infi ltration 
seen on chest X-ray and/or CT, scored according to the cri-
teria proposed by the Working Party for Legionellosis, 
Japanese Ministry of Health and Welfare;13 (5) microbio-
logical testing for Legionella bacteria by local doctors, 
including sputum cultures, antibody titers, and urinary 
antigen tests; and (6) antimicrobial treatment.

Assessment of clinical course and statistical analysis

Of the 76 patients enrolled in this study, 22 were treated 
exclusively as outpatients. Fifty-four patients were admitted 
to the hospital, with a median admission period of 17 days. 
Four patients died of Legionnaires’ disease; another patient 
died of underlying colon cancer. We divided the 75 patients 
(excluding the patient who died of colon cancer) into four 
groups and categorized their clinical courses: group 1 con-
sisted of the 22 outpatients, group 2 consisted of 27 patients 
who were admitted to hospital for less than 17 days (median 
admission period), group 3 consisted of 27 patients who 
were admitted to hospital for equal to or longer than 17 
days, and group 4 consisted of the 4 patients who died of 
Legionnaires’ disease.

Associations between markers and clinical course were 
assessed by univariate analysis, using the Wilcoxon signed-
ranks test and Spearman’s rank correlation coeffi cient. The 
independent association between antimicrobial treatment 
and clinical course was assessed by multivariate logistic 
regression analysis after adjusting for sex, age, and the 
severity of pneumonia at the time of initial consultation, 
based on the scores determined from chest X-rays.13 Values 
of P ≤ 0.05 were considered to be statistically signifi cant. All 
statistical analyses were evaluated using SPSS for Windows 
software (version 10.0.5J, SPSS Japan, Tokyo, Japan) and 
based on two-tailed probabilities.

Results

Clinical picture of patients

The average age of the 76 patients with probable Legion-
naires’ disease was 65 years, ranging from 9 to 95 years. In 
the 69 patients for whom information about smoking was 
available, a history of smoking was present in 35 patients 
(51%). We noted the presence of additional underlying 
diseases, including hypertension (22 patients), cardiovascu-
lar disease (7 patients), diabetes (5 patients), renal disease 
(4 patients), chronic respiratory disease (3 patients), malig-
nancy (2 patients), and other minor diseases (13 patients) 
in 39 of the 76 patients (51%; Table 1).

The median incubation period from the date of the bath-
house visit to the onset of initial symptoms was 6 days (Fig. 
1). The distribution curve of incubation periods exhibited 
one peak similar to a normal distribution. Of the initial signs 
and symptoms, high fever with or without chills was observed 
in 72 patients (95%). Symptoms of respiratory tract illness 
(cough, sputum, and dyspnea) were seen in 32 patients 
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Only 42% of the patients complained of respiratory tract 
symptoms, despite the confi rmation of pneumonia by chest 
X-ray in all 76 patients.

Routine biochemical and hematological tests, performed 
within 7 days of onset of illness and prior to the administra-
tion of any antimicrobial medication, were available for 64 
patients. White blood cell counts, and serum levels of C-
reactive protein (CRP), transaminases, and sodium were 
analyzed (Fig. 2a–d). White blood cell counts and CRP 
levels were elevated in 55% and 100% of the patients, 
respectively. Aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and gamma-glutamyl transpepti-
dase (GTP) levels were elevated in 50%–60% of the 
patients. Mild hyponatremia (Na ≤137 mEq/l) was observed 
in 60% of the patients.

Based on the medical records, at least one microbiologi-
cal test to detect Legionella infection had been performed 
in 64 of the 76 patients at some point in their clinical course 
(Fig. 3). The medical records indicated that sputum cultures 
for Legionella were positive in 4 (22%) of the 18 patients 
tested. None of the common pathogens of pneumonia, such 
as Streptococcus pneumoniae, were isolated from the sputa 
of these patients. Legionella infection was confi rmed by 
serological testing (indirect immunofl uorescent antibody 
test and/or microplate agglutination test) in 7 (13%) of 52 
patients, in whom titers were greater than or equal to 1 : 512 
at a single measurement or exhibited a fourfold rise in 
paired measurements. Retrospective serological tests of 
preserved serum samples for Mycoplasma pneumoniae 
(particle agglutination test) and Chlamydophila pneumoniae 
(enzyme immunoassay) were also negative (data not 

Table 1. Background characteristics of the 76 subjects in this study

Age (years) 64.9 ± 12.2
Sex (male/female) 49/27
Patients with underlying diseases 39
 Hypertension 22
 Cardiovascular disease  7
 Diabetes mellitus  5
 Renal disease  4
 Chronic respiratory disease  3
 Malignancy  2
 Other diseases 13
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Fig. 1. Incubation periods (horizontal axis) in 76 patients with Legion-
naires’ disease in this outbreak
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Fig. 2. Laboratory data for 
patients with Legionnaires’ 
disease on initial presentation 
to hospital. Panel a, Number of 
white blood cells (WBC) in 
peripheral blood (number of 
patients, 62); panel b, serum 
concentrations of C-reactive 
protein (CRP; number of 
patients, 53); panel c, serum 
concentrations of aspartate 
aminotransferase (AST; number 
of patients, 59), alanine 
aminotransferase (ALT; number 
of patients, 59), and gamma-
glutamyl transpeptidase 
(gamma-GTP, number of 
patients, 51); panel d, serum 
concentrations of sodium 
(number of patients, 48). Bars 
indicate the mean value

(42%). Symptoms of digestive tract distress (nausea, vomit-
ing, diarrhea, and abdominal pain) were present in 27 
patients (35%), and neurological symptoms (unconscious-
ness and delirium) were documented in 16 patients (21%). 
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shown). Although the method used for urinary antigen 
testing could not be confi rmed, the Legionella Urine 
Antigen EIA (Biotest AG, Dreieich, Germany) was the 
only commercial kit available to the laboratories in this area 
at the time of the outbreak. In 11 (26%) of the 43 patients 
tested for urinary antigen, results were reported as positive. 
In total, Legionella infection was confi rmed in 20 (31%) of 
64 patients, based on at least one positive Legionella-
specifi c test.

Factors affecting clinical outcome

Of the 76 patients enrolled in this study, the number of 
patients who died of Legionnaires’ disease was 4. Thus, it 
was diffi cult to evaluate the disease outcome by mortality 
rate in the present study. Therefore, we evaluated the clini-
cal courses of 75 patients (excluding the patient who died 
of colon cancer) categorized in four groups: group 1, out-
patients (n = 22); group 2, patients with a short hospital 
admission (n = 27); group 3, patients with extended hospital 
admission (n = 22); and group 4, patients who had died of 
the disease (n = 4). Groups with lower number were con-
sidered to have a less severe clinical course than groups with 
higher number. Based on univariate analysis, neurological 
symptoms; elevated CRP, AST, and ALT levels; hypona-
tremia; positive urinary antigen test; and serological evi-
dence of Legionella infection were independent risk factors 
for a more severe clinical course (Table 2).

Of the 70 patients for whom information about medica-
tions was available, 42 patients (60%) were initially treated 
with antimicrobial agents (macrolides, tetracyclines, or fl uo-
roquinolones) that are considered to be effective against 
intracellular bacteria,14 regardless of beta-lactam adminis-
tration. Even in the 28 patients initially treated with beta-
lactams alone, antimicrobial agents that were effective 
against intracellular bacteria were given to all but 4 patients 
at some point later in their clinical course.

To determine whether the initial treatment with a mac-
rolide, tetracycline, or fl uoroquinolone was an important 
factor in improving the outcome of disease, we evaluated a 
multivariate logistic-regression model after adjusting for 
the severity of pneumonia, determined from the chest X-ray 
scores. Patients treated with these antimicrobial agents 
tended to exhibit better clinical outcomes (Table 3). This 
trend was statistically signifi cant when these agents were 
administered within 3 days of the onset of illness.

Discussion

Since the fi rst outbreak of Legionnaires’ disease in Phila-
delphia, there have been several reports of large outbreaks 
associated with hotels, whirlpool spas, and cooling towers.4–8 
Few reports, however, have analyzed the clinical presenta-
tion of affected individuals. The present study details the 
entire spectrum of the Legionnaires’ disease in a group of 
people known to have been exposed to contamination in 
one of the largest outbreaks of Legionnaires’ disease associ-
ated with a public bathhouse in Japan.

This study was performed retrospectively, based on 
subject interviews and an evaluation of medical records and 
chest X-ray/CT fi lms. Therefore, there are several limita-
tions to this study. First, of the 142 patients reported as 
having Legionnaires’ disease by the local physicians, 66 
patients were excluded from the analysis due to insuffi cient 
data or the absence of infi ltration on chest X-rays. Secondly, 
Legionnaires’ disease was confi rmed in only 31% of the 64 
patients for whom Legionella-specifi c microbiological test 
results were available. Therefore, the possibility exists that 
some patients who did not have Legionnaires’ disease were 

Positive by at least one of the three methods : 20/64(31%)

Culture of sputa
4/18(22%)

Urine antigen test
11/43(26%)

Serological test
7/52(13%)

Positive by both methods
1/13(8%)

Positive by both methods
1/33(3%)

Fig. 3. Legionella-specifi c microbiological test results reported by local 
physicians for 64 patients

Table 2. Univariate analysis of factors associated with poorer out-
comes in 75 patients with Legionnaires’ disease

Background P value
 Malea 0.244
 Older ageb 0.210
 History of smokinga 0.326
 Current use of alcohola 0.635
 History of underlying diseasesa 0.973
 Shorter incubation timeb 0.062
Symptoms
 Fevera 0.210
 Cougha 0.937
 Dyspneaa 0.563
 Neurological symptomsa 0.005
 Digestive symptomsa 0.416
Laboratory data
 Elevated white blood cell countb 0.252
 Elevated C-reactive protein levelb 0.026
 Elevated aspartate aminotransferase levelb 0.043
 Elevated alanine aminotransferase levelb 0.016
 Elevated gamma-glutamyl transpeptidase levelb 0.048
 Lower than normal sodium levelb 0.039
Positive L. pneumophila-specifi c microbiological test results
 Sputum culturea 0.454
 Urinary antigena 0.013
 Antibodya 0.011
a Wilcoxon signed-ranks test
b Spearman’s rank correlation coeffi cient

Table 3. Multivariate analysis of factors associated with a poorer 
outcome in 75 patients with Legionnaires’ disease

Treatment Odds ratio (95% CI)

Administration of ML,a FQ,b or TCc 0.44 (0.06, 3.01)
 Within 3 days of onset 0.19 (0.0, 0.83)
 Within 7 days of onset 0.55 (0.17, 1.78)
a Macrolide
b Fluoroquinolone
c Tetracycline
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mistakenly categorized as having probable cases of Legion-
naires’ disease.

However, there seem to be several reasons for the low 
positivity of the Legionella-specifi c microbiological tests in 
the present study. The sensitivity of sputum culture testing 
for Legionella bacteria has been reported to be low, even 
when a suitable culture medium is used.1,14 In addition, 
sputum samples were often obtained after patients had 
received antimicrobials. The rate of positive antibody titers 
to L. pneumophila in this study was also low. The time at 
which blood samples for serological diagnosis were acquired 
varied from patient to patient. It is possible that Legionellae 
infection could have been confi rmed if the most recently 
obtained serum sample had been available. However, the 
study design did not allow this. The urine antigen test is a 
useful diagnostic tool for Legionnaires’ disease. The sensi-
tivity of this test has been reported to be 80%–90% in 
Legionnaires’ disease when infection is confi rmed by an 
additional microbiological method.15 In the present study, 
only 26% of the patients evaluated were positive for the 
urine antigen test. Nakamura et al.12 have also reported a 
low positive rate for the urine antigen test in patients with 
Legionnaires’ disease in a large outbreak. The urine antigen 
test may fail to detect bacterial antigens in all patients with 
Legionnaires’ disease, especially when samples are obtained 
just after the development of the disease.15 Kawano et al.16 
reported that serum antibodies to L. pneumophila SG1, 
without any other serogroups, were detected in 5 of 66 
patients in the same outbreak. They16 also reported that 
several other patients were positive for the antibody to L. 
dumoffi i, which is not detectable by the urinary antigen test. 
In the outbreak in the present study, L. pneumophila SG8 
was also isolated from the bathwater. Thus, there is a pos-
sibility that the pneumonia in some patients was caused by 
serogroups other than SG1, which are not detectable by the 
urinary antigen test.

The distribution of the incubation period for the 76 
patients in our study, which was similar to a normal one-
peak distribution, may suggest a single exposure to a patho-
gen in this population. The pneumonia occurred in the 
subjects exposed to Legionella bacteria during a short 
period in the middle of summer when we do not normally 
see many patients with pneumonia. There was no evidence 
of infection by other pathogens, such as Streptococcus pneu-
moniae, Mycoplasma pneumoniae, or Chlamydophila pneu-
moniae in the patients for whom data were available. Taking 
these results into consideration, we believe that the major-
ity of these 76 patients, if not all, represented true cases of 
Legionnaires’ disease.

An evaluation of the background information of these 
76 patients revealed a predominance of disease in middle-
aged or older (age, 65 years) men (64%). This is similar to 
results seen in previous reports.17 Despite a history of 
smoking and underlying disease in half of the patients, the 
number of patients with severe underlying disease, such as 
nephropathy, chronic heart and lung diseases, and diabetes 
was not large. This result demonstrated that even healthy 
people may develop Legionnaires’ disease following signifi -
cant exposure to the pathogen. Although pneumonia was 

confi rmed radiologically in all the patients, the incidence of 
respiratory symptoms in the patients was only 42%. The 
incidences of digestive tract and central nervous system 
symptoms were 35% and 21%, respectively, data which 
are consistent with rates reported in previous studies by 
Fernandez et al.18 and Falco et al.19 These rates are of impor-
tance when the diagnosis of Legionnaires’ disease from 
patient symptoms is considered.

All the patients examined in our study displayed mark-
edly elevated serum CRP levels (average value, 17.3 mg/dl). 
This observation is consistent with the conclusions of 
Vazquez et al.,20 who demonstrated that CRP levels in 
patients with Legionnaires’ pneumonia were signifi cantly 
higher than those seen in non-Legionnaires’ pneumonia. In 
our study, AST, ALT, and gamma-GTP levels were ele-
vated in 50%–60% of the patients. Although elevations in 
transaminase levels have previously been reported for 
Legionnaires’ disease, no report has detailed the effects of 
this disease on the gamma-GTP level. Gamma-GTP eleva-
tion is commonly observed in liver diseases, especially in 
alcoholic injury.21 The history of current alcohol use in the 
patients was examined for possible connection with the 
gamma-GTP elevation. However, no relationship was 
observed (data not shown). Therefore, it is possible that 
gamma-GTP elevation and mild hyponatremia, both of 
which were seen in 60% of the patients, are characteristics 
of Legionnaires’ disease.

As a severe outcome is not uncommon in patients with 
Legionnaires’ disease, we evaluated the impact of the initial 
symptoms and signs, the results of laboratory tests, and 
the background information on the clinical course of the 
patients in our study. Capelastegui et al.22 evaluated the 
outcome of patients with community-acquired pneumonia 
by the length of hospital stay. They also reported that the 
CURB-65 score (Confusion, Urea > 7 mmol·L−1, Respira-
tory rate ≥ 30 min−1, low Blood pressure, and age ≥ 65 years), 
which is used to evaluate the severity of pneumonia, was 
signifi cantly associated with the length of hospital stay. 
Therefore, we evaluated the outcomes of the patients 
enrolled in this study by categorizing the their hospital stay, 
using four categories: outpatients, patients with a short hos-
pital stay, patients with a longer hospital stay, and patients 
who died as a result of Legionnaires’ disease. Univariate 
analysis showed neurological symptoms; elevated CRP, 
AST, and ALT levels; hyponatremia; and positive urinary 
antigen and Legionella-specifi c antibody test results to be 
associated with severe clinical courses. These factors appear 
to be related to the initial severity of Legionnaires’ disease. 
Supporting this possibility is the connection in this study of 
a number of these markers with the severity of pneumonia 
assessed by chest X-ray.23

Next, we evaluated the ability of initial antimicrobial 
administration to improve the clinical course of patients 
with Legionnaires’ disease. Patients were treated with 
several antimicrobials in various combinations during this 
outbreak. We evaluated the impact of initial treatment with 
macrolides, tetracyclines, or fl uoroquinolones, which are 
reported to be effective against Legionella. Assessment 
using a multivariate logistic-regression model, after adjust-
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ing for the severity of the disease based on the extent of 
pulmonary infi ltration on chest X-ray, revealed that patients 
treated with these antimicrobial agents tended to have 
better clinical outcomes. This trend was statistically signifi -
cant when these agents were given to the patients within 3 
days of onset of illness. The importance of early administra-
tion of effective antimicrobials has also been emphasized in 
reports by Marston et al.17 and Heath et al.24 Our fi ndings 
support these conclusions for the treatment of Legion-
naires’ disease during a large outbreak.

In conclusion, patients with Legionnaires’ disease due to 
a large outbreak associated with a contaminated public 
bathhouse were analyzed in the present study. Respiratory 
tract symptoms were seen in only 42% of the individuals, 
despite the confi rmation of pneumonia in all of these 
patients by chest X-ray. Legionella-specifi c tests, including 
urine antigen testing, yielded positive results in only a small 
proportion of the patients. Therefore, a careful history 
documenting travel, lodging, and public bathhouse patron-
age (especially in Japan) is necessary to identify potential 
sources of Legionella exposure and for the diagnosis of this 
disease. In addition, providing information on an outbreak 
of Legionnaires’ disease to residents and doctors in the 
affected area is of great importance when there is a large 
outbreak. Antimicrobials effective against Legionella 
should be administered as soon as possible when Legion-
naires’ disease is suspected, even if the infection is not con-
fi rmed by microbiological testing.
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