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SUMMARY: To evaluate the relationship between the incidence of legionellosis and Legionella concentrations
in bathwater, we sent a questionnaire to 76 prefectural and municipal public health laboratories in Japan and
found that 35 had encountered cases of legionellosis and had implemented investigations to determine the sources
of the infections. Based on the results of the questionnaire, we were able to analyze various characteristics of the
patients, of the facilities that were thought to be associated with the cases, and of the species and serogroups of
the isolates and concentrations of Legionella. Ninety-six cases were included in this study. The median age was
67 years (range, 13 -89 years). The most prevalent underlying medical condition among patients was diabetes, and
the second most prevalent was high blood pressure. Concentrations of Legionella in bathwater ranged from 10 to
160,000 CFU/100 ml. Ten episodes were selected in which causative strains were found in the suspected source
environment, and were then confirmed by pulsed-field gel electrophoresis analysis, enabling us to provide an
estimated infectious concentration range of Legionella of 90 to 140,000 CFU/100 ml. It was thus suggested that
the current Japanese regulatory safety level for Legionella in bathwater, which is set below the detection limit of
culture techniques (10 CFU/100 ml), should be appropriate to prevent bathwater-associated legionellosis. In
tandem with the above-mentioned research, a review of literature concerning bathwater-associated legionellosis

and typical cases was undertaken,

Legionellae are the actiologic agents of legionellosis caused
by the inhalation of aerosols or the microaspiration of water
contaminated with the bacteria, and they are ubiquitous in
not only natural but also man-made water systems, such as
cooling towers, spas, artificial fountains, and drinking water
supply systems (1). Legionellosis has been classified as one
of the Category IV notifiable infectious diseases in the Law
Concerning the Prevention of Infectious Diseases and Medi-
cal Care for Patients of Infections (the Infectious Diseases
Control Law) in Japan. Since the Infectious Diseases Control
Law was enacted in April of 1999, the number of reported
legionellosis cases in Japan each year has steadily increased
from 56 (in 1999) to 668 (in 2007). Many of the cases of
legionellosis in which an infection source was established
have been associated with bathing facilities in Japan, sug-
gesting that the infection occurs via the inhalation of aerosols
proceeding from bathwater (2-4).

The risk of infection apparently depends on many com-
plex factors, among which are: the susceptibility of patients
to illness in general; water-system configurations; disinfec-
tion methods; the concentration and virulence of the bacteria
in the water; the number and size of the sloughed off pieces
of biofilm containing the bacteria that are suspended in the
water; and the frequency of diagnostic testing for legionellosis
among patients (5). Among these factors, the concentration
of the bacteria in the water is certainly one of the most critical
influences upon community-acquired legionellosis, as, in large
outbreaks of bathwater-associated legionellosis in Japan, high
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machiya [-3-1, Chigasaki, Kanagawa 253-0087, Japan. Tel: +81-
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concentrations of the bacteria in bathwater have been reported
(3,6-8). However, there is no established dose-response rela-
tionship for Legionella infections, and the concentration of
legionellae necessary to cause an outbreak is unknown (9).

In this study, data on patients and environmental investi-
gations from 76 prefectural and municipal public health labo-
ratories in Japan and generated between October of 2001
and June of 2007 were collected via a questionnaire. All of
these cases were either thought or proven to be bathwater-
associated legionellosis. With reference to the guidelines for
surveillance, several of the data acquired from questionnaires
were confirmed by the National Epidemiological Surveillance
of Infectious Diseases. The information collected included
the age and gender of the patients; date of onset; latent pe-
riod; symptoms; underlying medical conditions; testing meth-
ods for diagnosis; species and serogroups of Legionella from
patient and suspected source environment; suspected source
facilities; concentrations of Legionella in suspected source
environment; chlorination of bathwater; suspected routes of
infection; and results of pulsed-field gel electrophoresis
(PFGE) analysis for the Legionella isolates.

Thirty-five public health laboratories investigated 92 spo-
radic and 4 outbreak cases of legionellosis to determine the
sources and routes of infection. The median age of the cases
was 67 (age range of 13-89 years; mean of 64.8), with 84
males (88.4%) and 11 females (11.6%). The gender of one
patient could not be confirmed. Among the 96 patients ana-
lyzed, 88 (91.7%) patients were older than 49 years. The most
prevalent age group, which included 39 patients, was the
group containing patients aged 60 to 69 years (40.6%).

Eighty of the 96 patients had pneumonia. The remaining 11
patients suffered from symptoms including fever, dyspnea,
cough, fatigue, and diarrhea. One patient was diagnosed with
Pontiac fever. Information about four patients’ symptoms
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could not be obtained. The latent period ranged between 1
and 16 days, with an average of 6.2 days. Underlying medical
conditions included diabetes {14.6%), high blood pressure
(5.2%), hyperlipidemia (3.2%), and others (24.0%). Fifty
patients (52.1%) were reported not to have underlying medi-
cal conditions.

The testing methods for diagnosis are shown in Table 1.
Eighty-two patients (85.4%) in total were diagnosed as hav-
ing legionellosis through urinary antigen detection. Twenty-
five Legionella pneumophila strains were isolated from 24
patients (25.0%). Serogroups included L. pneumophila
serogroup 1 (SG1) (68.0%), SG2 (12.0%), SG3 (8.0%), SG6
(8.0%), and SG4 (4.0%).

Facilities that were suspected to be associated with
legionellosis included public baths (41.7%), inns (13.5%),
hotels (12.5%), sports facilities (6.3%), nursing homes (4.2%),
and other facilities (14.6%). Four patients (4.2%) were
reported to have been infected residentially. Two hundred
thirty-nine Legionella strains were isolated from the suspected
environmental sources of infection in 69 cases. The most
prevalent serogroup was L. pneumophila SG1 (26.8%), fol-
lowed by SG6 (19.7%), 5 (9.2%), and 3 (8.8%). The concen-
trations of Legionella ranged from 10 to 160,000 CFU/100

Table 1. Testing methods used for 96 cases of legionellosis

Method No. of cases (%)

Urinary antigén detection 63 (65.6)
Isolation of Legionella 6(6.3)
IFA for serum 44.2)
Urinary antigen detection and isolation 1 (11.5)
of Legionella :
Urinary antigen detection and PCR assay 2(2.1)
Urinary antigen detection, isolation of 4(42)
Legionella and PCR assay )
Urinary antigen detection, isolation of 1(1.0)
Legionella and TFA for serum ’
Utrinary antigen detection, and IFA for 1(1.0)
serum ’
Isolation of Legionella and PCR assay 2(2.1)
Not specified 2(2.1)
Total 96 (100)

[FA, immunefluorescent antibody.

ml.

Among 18 episodes (20 cases) in which Legionella strains
were isolated from both the patient and the environment, and
the concentration of Legionella organisms was determined, the
PFGE patterns of the strains were indistinguishable from each
other in 10 episodes (12 cases). For these episodes, the PFGE
results provided the evidence of the source of infection, and
estimated concentrations of Legionella in the source of in-
fection ranged from 90 to 140,000 CFU/100 ml (Table 2).

Table 2 shows that all patients except one were males older
than 50 years. Seven out of 12 patients had one or more un-
derlying medical conditions. A circulating bathwater system
was used in 8 of 10 episodes, and chlorination of bathwater
was insisted in 8 episodes but residual chlorine concentra-
tions were less than 0.2 ppm at sampling time. Two patients
suffering from an outbreak of episode no. 10 might have been
infected with Legionella by the inhalation of aerosol from a
whirlpool spa, even though the concentration of Legionella
in the water was quite low. A patient of episode no. 7 was
infected with Legionella by aspiration.

A number of case reports indicate that hot tubs in public
bath facilities and accommodations are the most common
source of legionellosis in Japan (2-4,6,10-12). According to
a review of related studies, the bacterial concentrations found
in such sources can range from 520,000 to less than 10 CFU/
100 ml (Table 3). The aspiration of bathwater and the use of
corticosteroids both appear to increase the risk of legionellosis,
even with relatively low concentrations of Legionella in
bathwater, such as those under 300 CFU/100 ml. Another
noteworthy point in that regard is that even a very low concen-
tration (3 CFU/100 ml) was sufficient to cause Legionnaires’
disease in a near-drowning case. In #4, 3 out of 1,833 cruise
ship passengers in total were reported to have contracted
Legionnaires’ disease after using the cruise ship hot tubs,
which, though they lacked the potentially problematic air
induction bubble systems and hydrotherapy jet circulation,
nonetheless were shown upon testing to have concentrations
of 15,000 CFU/100 ml of Legionella (December 23, 2002)
(10). In four large outbreaks (#1, #2, #3, and #6, Table 3)
associated with hot tubs which did have air induction bubble
systems, and/or hydrotherapy jet circulation, and/or hot
water-falls, the source of the water being circulating bathwater,

Table 2. Epidemiological features of legionellosis cases in which clinical and epidemiologically finked environmental isolates

were indistinguishable by PFGE

Episode Conceqtration . . des Age of . . -
o, of Legionella Legionella isolate Facilities patient! Underlying medical condition
(CFU/100 ml)
1 140,000 L. pneumophila SG3  home 46 healthy
2% 29,000 L. pneumophila SGt  hotel 69 unknown
68 unknown
3 4,700 L. pneumophila SG1  hotel 60 unknown
4 3,000 L. pneumophila SGI  public bath 68 diabetes
5 1,400 L. pneumophila SGl  nursing home 8l diabetes, cerebral infarction
6 890 L. pneumophila SG2  public bath 53 reduced renal and hepatic function
7 260 L. pneumophila SG3  public bath 68 healthy (near drowning)
8 160 L. pneumophila SGI  public bath 58 diabetes, heavy drinker and smoker
9 110 L. puneumophila SGL  public bath 70 unknown
10% 90 L. pneumophila SG1 sports facilities 70 diabetes, gastric ulcer, atrial fibrillation
58 diabetes, hypertension, arrhythmia

: All patients were male and contracted pneumonia.

2 Two patients were reported to have contracted Legionnaires’ disease after bathing on the same day in a hotel.
M Two patients were infected at the same facilities and presented respiratory symptoms in a period of 15 days one after the other.

SG: serogroup.
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Table 3. Clinical and epidemiolofical characteristic of legionellosis cases associated with bathwater: a literature review

Concentration

Confirmed

Episode of Legionella  Legionella spp. Facility- case Age nGender Undertying medical condition Reference
no y) (% male) no
’ (CFU/100 mi) (Fatal case) '
[mean hypertension, cardiovascular
L. pneumophila  public bath 33 males  disease, diabetes, renal disease,
! 520,000 SG1, L. dumoffii 46.(7) (223_'35) (71.7%)  chronic respiratory disease, 6,13, 14
smalignancy; smoking (76 subjects)
L. pnewmophila . mean
2 130,000 SG1 public bath 9(1) 64.9 male not reported 7
(52-82)
. mean hypertension, hyperlipemia, '
3 88,000 éézJ‘neunlop hila public bath 23(2) 67.0 2(19"“;];5) diabetes, emphysema, gastric 8, 15
(50-86) =7 uleer, smoking (22 subjects)
. emphysema, hypertension,
4 15,000 é’c’;’ieg"s‘)ph”a cruise ship 3(0) 70,71, 73 2(2163!7?‘5) atrial fibrillation, abnormal }g’ 16,17,
e glucose tolerance; smoking
5 14,640 é.é)éwunwp hila home 1(1) 8days female neonate after waterbirth 2
mean 18 males hypertension, diabetes, chronic
6 8,420 L. pneumophila  public bath 27(3) 62.8 A hepatitis (HCV carrier); smokin 3,19
(66.7%) P g
SGl1 (27-85) : (20 subjects)
7 4500 g Prewmophila o piic bath 2(0) 70,76  male not reported 12
8 4,480 not reported home 1 (0) 56 female diabetes, diabetic nephropathy 20
9 300 Iédpézetlr)zoplzila hotel 1(0) 59 male :l;l;nf]:éegmg his entire head 21
L. pneumophila . idiopathic pulmonary fibrosis;
10 <10-70 SG10 hospital L) [ female treated with methylprednisolone 4
L. pneumophila  Japanese inn . chronic pancreatitis, old
i 3 SG3 Lo " female tuberculosis; near-drowning 22,23

All episodes except for #11 were associated with hot tubs (with circulating bathwater system). Detailed information on the hot spring (#11 case) was not

available,

Molecular typing of clinical and epidemiologically linked environmental Legionella isolates was performed by PFGE (#1, #3, #4, #6, #9-#11).
In episode #1, a high concentration of L. londiniensis (1,500,000 CFU/100 ml) was detected in a bathwater sample, but this is omitted from this table
since neither increase in serum titier against nor isolation of L. londiniensis were observed among patients.

Legionella water concentrations approached and exceeded
10,000 CFU/100 ml. This would seem to suggest that, in the
case of the discovery of such a high concentration in a public
facility, local public authorities should announce the name
and location of the bathing facilities promptly and make all
feasible efforts to locate epidemiologically linked cases among
area patients presenting with respiratory symptoms. Means +
SE of the attack rates of legionellosis in these outbreaks were
0.13 £0.15% (a confirmed case number divided by total visi-
tor days) (#1, #2, #3, and #6, Table 3) and 3.4 £ 1.7% (a
compensated case number divided by total visitor days) (#1,
#2, and #6, Table 3).

The present study has expanded upon the previous data on
concentrations of Legionella in bathwater as a source of in-
fection, especially in concentrations ranging from 90 to 3,000
CFU/100 ml. There were 10 episodes within our study in
which the PFGE patterns of Legionella strains from the source
of infection and from the patients were indistinguishable, and
the concentrations of Legionella associated with these 10
episodes ranged from 90 to 140,000 CFU/100 ml (Table 2).
Eight of the 10 episodes were linked to a self-contained body
of water that was filtered and ‘chemically disinfected’ (a hot
tub) (24). Hot tubs are designed for sitting or lying in up to
the neck, not for swimming, and are not drained, cleaned,
and refilled after each user. In Japan, however, the tempera-
ture of the water in hot tubs usually ranges from 40°C to
43°C, which is higher than in Europe (30°C to 40°C). A
noteworthy finding was that even a low concentration of
Legionella (90 CFU/100 mL) could be linked to the develop-

ment of legionellosis in a situation of increased aerosol forma-

- tion.
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Advanced age, the state of being male, and other similarly
regrettable chronic medical disorders such as end-stage renal
disease, cancer, and diabetes are known risk factors for
legionellosis (25). Among the 96 patients in the study, 21
were reported to have some kind of underlying medical con-
ditions. The most frequent underlying medical condition was
diabetes, and this was followed by high blood pressure. The
role of high blood pressure as a risk factor is not clear. Only
two patients were reported to be heavy smokers. The habit of
smoking, by the way, should be reported in epidemiological
investigations along with other underlying medical data,
because cigarette smoking is one of the risk factors for
legionellosis (26). In a national surveillance report (January
2003 to September 2008; 2,460 cases), the mean age of
legionellosis patients in Japan was 65.2 years, and the per-
centage of males was 83% (27). These trends—the risk of age
and gender-were borne out by the findings in the present study
as well. The mean age of the patients in the present study was
64.8 years and the percentage of male patients was 88.4%.

Molecular typing and comparison of clinical isolates and
suspected environmental source isolates of Legionella promotes
the identification of sources of the disease and the subsequent
prevention of further cases. Among such methods, PEGE
analysis is considered to be one of the most discriminative
epidemiological methods for subtyping L. pneumophila
strains (28). Selected cases listed in Table 2 confirm that the
culturing of clinical and environmental samples and the sub-
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sequent PFGE analysis are mandatory methods for determin-
ing the sources of infection and the concentrations of Legionella
in an environment. Urinary antigen detection is a rapid and
easy test and can detect most cases of legionellosis caused by
L. pneumophila SG1 (Table 1). However, clinical specimens
for Legionella isolation should always be cultured.

A WHO comprehensive overview of Legionella states that
legionellae are not distributed normally within the aquatic
environment, and that even when high concentrations of the
bacteria are detected, the WHO says that this may not be
related to health risk (9), citing work by Kool et al. (5) and
Bentham (29). First, using multivariate Poisson regression
analysis, the number of nosocomial Legionnaires’ disease
cases in each hospital is reported to correlate better with the
proportion of water-system sites that tested positive for
Legionella than with the concentration of Legionella bacteria
in water samples (5). However, it should be kept in mind that
this counterintuitive result would not necessarily be applied
to cases of community-acquired infection, since the rate of
healthy people in communities is expected to be higher than
in hospitals and healthy people are generally more resistant
to opportunistic pathogens like legionellae. Second, during
the monitoring of cooling tower water, culture results from
Legionella samples taken from the same systems 2 weeks
apart were not statistically related, suggesting that determi-
nations of health risks from cooling tower water cannot be
reliably based upon single or infrequent Legionella tests (29).
Legionella concentrations in bathwater can be influenced by
operating conditions, numbers of users, and concentrations
of disinfectants. One problem when trying to verify an infec-
tion source is whether the bacterial concentration when
sampled is approximately the same as the concentration dur-
ing the time of infection. The facilities suspected as the source
of infection should be kept as they are (without urgent disin-
fection), and the relevant bathwater should be investigated
as soon as possible by local health authorities. These limita-
tions and caveats notwithstanding, facilities with very high
colony counts probably are substantially more likely to be
the source of an outbreak than those with lower counts (30)
(Table 3). In conclusion, our retrospective findings suggest
that the current Japanese regulatory safety level for Legionella
in bathwater, which is set below the detection limit of culture
techniques (10 CFU/100 ml), is appropriate to prevent
bathwater-associated legionellosis.
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1. HERCL 2R

1) HEE%

5 %# > GIFU strain (Legionella pneumophila GTC
296 (ATCC 33152), GTC 297 (ATCC 33216), L. mic-
dadei GTC 299 (ATCC 33218), L. oakrigensis GTC 319
(ATCC 33761), L. spiritensis GTC 401 (ATCC 35249))
BB S LA

2) ERSBEHSH

WBELSERL AT S B4R TH S, 6t
CROUHEA, MEWE T, B EDESLTERT,
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BIOMERIEUX, MERCK) @ GVPC X 4 s, %WF
LD WYOo SR EF M, OXOID #:0) MWY %X
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(=3 SMZ-10, SMZ-1000) CfT » 7-. EErhic Ek
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L, DEERHICAEE Y CAHC LTk » CHBEEOB
BT (WUTREER). EBOBRAR1ITTL ..
%310 BfE, HHT- .

1 Bt FOEERE GBLR BT )
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2. BREBRREIIHT DRE

1) WRREH

B 764 3R, mEBEK 17 36, WEL 23880
783 AEEHIRL, VA R BERELYT - .

2) BEZ

BRI LU, JEEMERE L 100 (SEE
BEHC DT ABOBEI, SHEMETT-~. A
WEREL, DTorsD Ths. #B500ml #, @
F47mm, JLEO02um R Y H—RRx— AT
V7 4 VA —(ADVANTEC) #(fH L /- AHE$ 75 21
fFERVHINT 5 B A% (NALGENE) THRE| %
WLA AERTH], AVvTS5V 7402 —% 50mL
DEERLERFTSmL OAKICUAL, 10 FHEFET
IRV G L. COREBWEE 100 fSB-ERE & L
7. FRRMEB LU ARBREEIC TR L 2 BER T,
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BWINDL LIRS GEEEOWEERES, BFOR 2. BREREHCHT DG

FICBWCHBFIHTE AR L RET 55D TH - FEAFIA LV VA RS BABERR LEE L
fo. Fiho, DHEESERHOBCER, A—h—), EKOE EROBRKAEER LR, 2KKRL. BREAMT
Wio kD, R2FNEZIBEND 0. EEHRR, i3, Hio, HEEIHEURICRELROSNIERLC
3 HHUME, SBEMNHEORBE LIS, OB BTG, BEE E FROREE VLR L C b OB S
BATERL OB 2B E0H - (K 3). BRDBN. £ 783 Fktdh, 718 s (1K 701 &

ko BEIEEK 16 Bk, L 2 BED) CTRBRYLIVIE
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(#) L. pnewmophila GTC 296 (ATCC 33152), 7% 2 H B (EtEER x124)
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gk o+ 718 703(611)
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oy LOART ELIART
wREES g gt
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OXOID, #HEREE x120)

M6 REEHBTOLCAXTEEEETY

(E)L. geestiana : 12 ¥ L. pnewmophila METE6 - 15 (BBHEER < 120)
CRIL. pneumophila MUE 4 : R v 7, L. rubrilucens : ¥4, L. preumophila METEARY H, L. pnewmophila MiEH 1
7r, L. pnewmophila MiFETE5 : K, L. feeleil : Bt RPHEE<SO)(RAKEELNE, HRAR MWY £ : 0X0ID)

B7 REBEHBETOLCARSBEEES
R AKBEHE 30~ 35 BFHICRE L 7= L. pneumophila 5T 6
(B3RS MWY B4 . OXOID, EB5E x204)
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703 hkich 611 B (IBHEK 594 Ak, AHEK 153
B, HEL2RE 87T%) B, ThHORKBTI,
SEEE LT RE L ERRREETCBRET S L, B,
KEX, HEEEL Y TRZACRVWDBHLBENLH
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HoHEEbh. L, BEMOBREWCCEEYRET S
CHIEELL, HERRETARERLATES.
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Usefulness of Selection of Legionella by Colony Appearance
Yo MORIMOTO

Food Microbiology Division, Department of Microbiology, Center for Infectious Disease Prevention,
Hokkaido Institute of Public Health

Abstract

An acid or heat preprocessing step or a selective isolation agar is required for the Legionella cul-
ture test, since the test sample may contain various other bacteria. However, miscellaneous bacteri-
al growth is sometimes not possible to control even with such precautions. Many Legionella-test
manuals indicate that isolated Legionella colonies are characterized by different-sized grayish-white
moist look with the slight acidic odor peculiar to Legionella. However, in the actual test, Legionella
colonies are often difficult to distinguish from other bacteria in presence of many similar-looking
colonies. Therefore, we suggest a colony-observation method which is more precise and simple.
The characteristic outward structures (cut-glass like or mosaic like appearance) of Legionella spp.
were observed under a stereo microscope with oblique illumination over the growing culture on the
isolation agar. Legionella spp. could be distinguished from other bacteria and efficiently obtained us-
ing this observational method. In addition, bacteria count was easy and extremely accurate with
this method. In this study, 13 serogroups of L. pneumophila and 17 types of other Legionella spp.
were detected efficiently by this method from environmental samples. Since the same features were
observed in the L. pneumophila serogroup 1, which was detected most frequently in Legionella pneu-
monia patients, this observational method is one of the most effective test methods for regular
monitoring of environmental water or investigations of infection or contamination sources.

Key words : Legionella colonies, oblique illumination, cut-glass like, mosaic-like
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