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FIG. 3. Percentage of biovolumes represented by filamentous cells within various L. preumophila Knoxville-1 cultures. Black bars represent
growth at 25°C, white bars represent growth at 37°C, and gray bars represent growth at 42°C. The arrow indicates the point at which detachment
of biofilms at 37°C and 42°C occurred. Double brackets indicate days when only 25°C biofilms were assessed. Values are presented as means *
SD of triplicate data. Statistical analysis was performed using Student’s ¢ test to compare the differences between groups, and £ values of <0.05

were considered statistically significant.

enhanced ability by L. pneumophila to form biofilms on glass,
PS, and possibly other surfaces would likely increase its chance
of association with humans. On the other hand, the fact that
biofilm formation is favored on PP at 25°C also suggests that
the competitive edge conferred may be dependent on a com-
bination of the temperature and the type of attachment sur-
faces.

It is interesting to note that the properties of L. preumophila
biofilms formed at 25°C differ considerably from those formed
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FIG. 4. Growth of L. preumophila Knoxville-1 in BYE. The culture
was shaken at 37°C and seeded from filamentous cells of a 37°C biofilm
at day 4 (open circles) and rod-shaped planktonic cells of a 37°C
culture shaken for 30 h (black circles). Data are means = SD from
three independent experiments.

at 37°C and 42°C. At higher temperatures, the biofilms are
formed faster, thicker, and spread wider. Most interestingly, at
higher temperatures, they are mycelial mat like in structure.
Bacterial biofilms reported to date commonly show structures
of polymeric matrices interspersed with water channels (32).
For rod-shaped bacteria, e.g., Pseudomonas spp. and Vibrio
cholerae, cells within biofilms remain rod shaped (60), with
only a rare appearance of filaments (38). In rivers and on
riverbeds, mixed-community biofilms may have filamentous
components (bacteria or fungi) among rods and cocci (35), but
biofilms composed primarily of extensive meshwork of fila-
ments, to our knowledge, have only been reported for Thiothrix
spp. in cases of biofouling (6) and Methanosaeta spp. in anaer-
obic sludge granules (29). Furthermore, although filamenta-
tion in rod-shaped bacteria with physiological abnormalities
has been reported (13, 28, 48, 66), temperature-regulated fila-
mentation in a biofilm context is highly unusual.

One question that may arise with this novel form of biofilm
is, can we truly consider it a “biofilm”? The definition given by
Donlan and Costerton (16) states that a biofilm is “a microbi-
ally derived sessile community characterized by cells that are
irreversibly attached to a substratum or interface or to each
other, are embedded in a matrix of extracellular polymeric
substances that they have produced, and exhibit an altered
phenotype with respect to growth rate and gene transcription.”
For our mycelial mat-like structure, the criteria of attachment
is certainly satisfied; furthermore, a thin layer of ruthenium
red-stainable substance (possibly exopolysaccharide) (24)
coats the filaments (data not shown). The filamentous cells
have a growth profile (Fig. 4) that indicates an altered pheno-
type from the planktonic, rod-shaped form and are expected to
have considerable modification in gene expression compared
to expression in a binary fission mode. QOur current analysis of
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the transcriptional profiles of the biofilm filamentous versus
planktonic L. prneumophila cells also substantiates this point
(Z. Piao, unpublished data). Thus, all the criteria seem to have
been met for the mycelial mat-like structure to be referred 1o
as a biofilm.

L. prneumophila have long been known to be pleomorphic
(31), varying its morphology with physiological conditions (36,
43) or infectious cycle phases (61). Species of Legionella have
also been reported to form varied microcolonies within Vero
cells, some appearing filamentous, although the septation sta-
tus has not been addressed (44). L. pneumophila also “differ-
entiates” into a few extracellular or infracellular forms with
varying degrees of infectivity for HeLa cells (25), which can be
distinguished by the ultrastructural properties of their cell en-
velopes (21). In our study, the electron micrograph of the
filamentous L. pneumophila cell (Fig. 2G) shows cell wall struc-
ture that is consistent with that of the extracellular stationary
phase rod forms reported by Faulkner et al. (21), confirming its
“extracellular” status.

Extensive filamentation by L. prneumophila has previously
been described in conditions of physiological stress such as
exposure to antibiotics (19, 59) and nutrient limitation (63). In
other rod-shaped bacteria, filamentation by mutants of global
regulator (28) or cell division genes (13, 48) and when exposed
to high salt concentrations (66) has also been reported. We
considered, by analogy with the phenotype of an E. coli mutant
(10), that our filamentation phenomenon could be due to the
regulatory action of the rec4 gene. The thermosensitive muta-
tion recA441 (formerly tif-1) of E. coli is known to convert cells
to multinucleate, aseptate filaments at 40°C through the con-
stitutive expression of the sul4 gene that encodes an inhibitor
of the cell division protein FtsZ (34). However, this possibility
was ruled out for L. pneuwmophila because disruption of the
recA homologue was found to be without effect on the pheno-
type. Another immediate possibility, suggested by analogy with
E. coli fisZ mutants (28, 47), is that L. prnewmophila FisZ
protein might be thermosensitive. We have not yet been suc-
cessful in substantiating this idea, but we intend to continue to
dissect the mechanism of regulation in this novel form of
biofilm. The recently completed L. prneumophila genome se-
quences of strains Philadelphia-1 (12) and Paris (11) (http:
/lgenome3.cpme.columbia.edu/~legion/seq__anno.html) indi-
cate that the organism possesses not only rec4 and ftsZ but also
homologues of other E. coli genes, e.g., ftsA and mreB, involved
in cell division and maintenance of cell morphology (48). We
are currently looking into how these genes are regulated and
correlated with the biofilm phenotype of L. pneumophila.

Filamentation is often a consequence of some stress-induced
disruption of normal cell division functions. However, in rare
cases, it serves as a strategy to counter specific types of stress.
Elongation of cells by nutrient-deprived Pseudomonas aerugi-
nosa has been proposed to be a strategic response to enlarge
their nutrient collection surface without substantially changing
the surface area-to-volume ratio (60). Temperature-regulated
filamentation in L. pneumophila biofilm is unusual in that it is
clearly not a simple case of cell division inhibition by sublethal
heat stress, e.g., as seen with Listeria monocytogenes (53). In-
duction of filamentation at 37°C or 42°C was not observed for
L. pneumophila cells outside of the biofilms or in a shaken
liquid medium. Instead, only surface-associated cells, i.c.,
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within biofilm or on agar, exhibited filamentation (Fig. 3).
Some other signal(s) besides temperature, e.g., attachment to
surfaces, is possibly involved, and it is conceivable that fila-
mentation is a strategic regulated response rather than an
accidental by-product of stress. Our growth experiment
showed that cell proliferation of the biofilm filamentous form
is faster at the initial stage than the planktonic rod-shaped
form (Fig. 4). During this initial stage, the multinucleate fila-
mentous cells have converted into rod-shaped forms, after
which no difference in growth rate could be observed. The
filament-turned-rod-shaped cells therefore do not differ in
terms of growth rate from the normal rod-shaped celis. Pre-
sumably, the time and energy required by a filamentous cell to
increase in number involve only the formation of cell septa,
whereas binary fission involves DNA replication and biomass
generation, in addition to septa formation. Hence, filamenta-
tion may represent a novel strategy utilized by L. preumophila
to rapidly increase its population.

It is worth noting that the experimental system of our study
made use of a rich medium. In low-nutrient medium, very little
formation of biofilm could be observed (C. C. Sze, unpublished
data). In the environment, the bacterium more often encoun-
ters low-nutrient status, so one may wonder at the relevance of
this particular study. However, it should not be forgotten that
the environment is dynamic and that bacteria generally expe-
rience cycles of “feast and famine.” The survival of a bacte-
rium, therefore, not only involves living through a famine but
also hinges on how well it exploits the rare but valuable en-
counter of a feast. L. pneumophila is a slow grower compared
to other bacteria such as E. coli, P. aeruginosa, and V. cholerae
and may seem to be in danger of losing out to these fast
growers in nature. It has, in part, made up for its shortcomings
by finding a niche as an intracellular parasite of free-living
protozoans (4, 41, 54, 55). By forming mycelial mat-like bio-
films, L. preumophila may have hit upon another strategy to
compete with fast growers in the environment, which allows it
to (i) anchor itself at a location transiently flooded with nutri-
ents, (ii) increase rapidly in biomass while able to access the
nutrients by eliminating the process of septum formation, and
then (iii) proliferate and disperse in great numbers when con-
ditions are appropriate. We intend to explore this phenome-
non of filamentous biofilms further, from both genetic and
ecological points of view.
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Abstract: Contamination of tap water by Methylobacterium species has become a serious concern in hospi-
tals. This study was planned to examine the distribution of Methylobacterium species inhabiting tap water
used in Japanese hospitals and antibiotic sensitivity of the isolates in 2004. Species identification of 58 iso-
lates was performed based on the homology of a partial sequence of 16S rDNA. The dominant Methy-
lobacterium species in hospital water were M. aquaticum and M. fujisawaense. To examine the biochemical
properties of these isolates, a carbon source utilization was tested using an APIS0CH kit. The phenotypic
character varied widely, and was not necessarily consistent with the results of phylogenic analysis based on
the partial 16S rDNA sequence, suggesting that the biochemical properties are not suitable for identifica-
tion of Methylobacterium species. The isolates were also subjected to antibiotic sensitivity tests. They were
resistant to 8 antibiotics, but highly sensitive to imipenem (MICy=1 pg/ml) and tetracycline (MIC,=8
pg/ml). These findings concerning the isolates revealed the presence of Methylobacterium species with

resistance to multiple antibiotics in hospital tap water.

Key words: Methylobacterium spp., Antibiotic susceptibility, Tap water, Hospital

The investigations of the water used for handwashing
before surgery have revealed the absence of a significant
difference on the effects of handwashing using steril-
1zed water and tap water (5). Consequently, there has
been a move to save on the costs for infection control by
removing equipment installed for sterilized water and
switching to the use of tap water. Although the chlorine
sterilization of tap water is mandatory in Japan, Methy-
lobacterium species resistant to the residual chlorine of
disinfectants widely inhabit tap water piped through
water supply facilities such as water tanks of high-rise
buildings (7, 11). In 1990, Furuhata et al. (6) isolated
Methylobacteritum strains from hospital tap water in
high frequency, showing that hospital tap water is not
free from the contamination.

The genus Methylobacterium was initially proposed
by Patt et al. in 1976 (16), and 19 species have been

*Address correspondence to Dr. Katsunori Furuhata, College
of Environmental Health, Azabu University, 1-17-71 Fuchi-
nobe, Sagamihara, Kanagawa 229-8501, Japan. Fax: +81-
42-754-6215. E-mail: furuhata@azabu-u.ac jp

reported so far (4). This pink pigment-producing bacte-
ria is commonly isolated from various natural environ-
ments, including aqueous environments. The Methy-
lobacterium strains may be environmental indigenous
bacteria, and have been considered to have weak patho-
genicity.

However, Methylobacterium species have also
recently been attracting attention as opportunistic
pathogens in the clinical field (19), and isolation from
clinical materials has been reported (12, 14). Hospital
tap water is considered to be a source of Methylobac-
teriwm infection, and sufficient monitoring of this genus
is necessary. Under these circumstances, the expansion
of Methylobacterium infection due to the change of
water for washing hands from sterile water to tap water
is a concern.

With the aim of contributing to hygienic control, this
study investigates the distribution of Methylobacterium
species in hospital tap water, and their drug sensitivity.

Abbreviations: MIC, minimum inhibitory concentration;
UPGMA, unweighted pair group method average.
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Materials and Methods

Bacterial strains and cultivation. In 2004, 271 sam-
ples of tap water in hospitals in 13 prefectures of Japan
were cultured on R2A agar medium (Wako Pure Chem-
ical Industries, Ltd., Osaka, Japan) at 30 C for 7 days.
Totally 58 colonies with pink pigmentation which were
formed by Gram-negative rod-shaped bacteria were col-
lected and stored at —80 C. The 58 strains were con-
firmed to belong to genus Methylobacterium according
to the definition given by Patt et al. in 1976 (16). The
stored strains were cultured on R2A agar medium at 30
C for 7 days and used for further study. Residual free
chlorine concentrations in tap water was simultaneously
assayed by the colorimetry method with the Aquacheck
LC (Nissan Chemical Industries, Ltd., Tokyo).

Biochemical tests. Forty-nine biochemical properties
were tested using APISOCH (bioMériux, Marcy-
I’Etoile, France) according to the attached instructions.
AUX medium (bioMériux) was used as the test medium,
and positive reaction was judged based on the turbidity
of the medium after incubation at 30 C for 14 days.
The results were analyzed using analytical software,
Bio Numerics 3.5 (Applied Maths, Sint-Martens-
Latem, Belgium), and a phylogenetic tree was prepared
using the UPGMA method (18).

Identification by partial 16S rDNA sequencing.
Genomic DNA was extracted and purified using the
High Pure PCR Template Preparation Kit (Roche Diag-
nostics GmbH, Mannheim, Germany) following the
protocols of the manufacturer. Using the extracted
DNA solution as the template for PCR, of a 5" end par-
tial region about 500-bp of the 16S rRNA gene was
amplified by PCR using a MicroSeq 500 16S rDNA
PCR Kit (Applied Biosystems, Foster City, Calif.,
U.S.A.). The PCR products were purified using PCR
Kleen Spin Columns (Bio-Rad Laboratories, Hercules,
Calif., U.S.A.). The sequencing reactions of the PCR
products were performed using a MicroSeq 500 16S
tDNA sequencing Kit (Applied Biosystems) and the
reaction products were purified with AutoSeq G-50
(Amersham Pharmacia Biotech, Inc., Uppsala, Swe-
den). A model ABI PRISM 310 Genetic Analyzer
(Applied Biosystems) was used for sample elec-
trophoresis and data collection. The obtained sequence
data were compared with reference data from GenBank,
and a phylogenetic tree was prepared by the neighbor-
joining method of Saitou and Nei (1987) (17). Identifi-
cation of the species was performed by the more than
99% similarity of the partial sequence of 16S rDNA.

Susceptibility testing. Drug sensitivity tests were
performed using E-test (AB BIODISK, Dalviigen,

2 K. FURUHATA ET AL

Solna, Sweden) according to the kit instructions.
Antibiotics tested were ampicillin (ABPC), cefuroxime
(CXM), gentamicin (GM), erythromycin (EM), van-
comycin (VCM), tetracycline (TC), imipenem (IPM),
chloramphenicol (CP), ofloxacin (OFLX) and fos-
fomycin (FOM). A bacterial suspension of each test
strain (0.5 ml) was dripped on R2A agar medium
(Wako Pure Chemical Industries, Ltd.) (60 ml in a 150-
mm dish (Corning, Inc., U.S.A))) and smeared over the
surface using a Conradi stick, and an E-test strip was
closely attached to the medium. The plates were cul-
tured at 30 C for 7 days, and the growth inhibition zone
formed around the strip was observed. MIC was
judged by macroscopically reading the graduation at the
point where the end of the growth inhibition zone and
the strip crossed.

Results

Diversity of Biochemical Properties of Tap Water-
Derived Methylobacterium Strains

The free residual chlorine concentrations of hospital
tap water where 58 strains were isolated are shown in
Table 1. The 58 strains were tested for 49 biochemical
properties (Table 2). Fifty-four strains were positive for

Table 1. The free residual chlorine concentrations of hospital tap
water where 58 strains of Methylobacterium spp. were isolated

Free residual chlorine (mg/liter)

Total

0 01-02 03-04 05-06 07-08 UN?
6 13 17 2 2 18 58
“ Unknown.

Table 2. Positive characteristics of Methylobacterium spp. isolat-
ed from the tap water in hospitals using the APISOCH test

No. Characteristics No. of positive strains (%)
1 Glycerol 42 (77.8)
2 Erythritol 3(5.6)
3 D-Arabinose 14 (25.9)
4 L-Arabinose 23 (42.6)
5 Ribose 1(1.9)
6 D-Xylose 17 (31.5)
7 L-Xylose 4(74)
10 Galactose 12 (22.2)
11 Glucose 9(16.7)
12 Fructose 31(57.4)
16 Dulcitol 3(5.6)
37 Glycogen 1(1.9
41 D-Lyxose 13 (24.1)
43 D-Fucose 17 (31.5)
44 L-Fucose 5(093)
47 Gluconate 31 (574)
48 2-Ketogluconate 2(3.7)

11=>54 strains.
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some properties, and 4 strains were negative for all glycerol (42 strains, 77.8%), followed by fructose and
properties. Positive reaction was detected only in 17 gluconate (31 strains each, 57.4%), and L-arabinose (23
(34.7%) of the 49 biochemical properties, and the num- strains, 42.6%), b-xylose and D-fucose (17 strains each,
ber of positive properties was generally low. The prop- 31.5%), p-arabinose (14 strains, 25.9%), D-lyxose (13
erties shared by most strains were the utilization of strains, 24.1%), galactose (12 strains, 22.2%) and glu-

Test Group

Similality(%) strain
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Fig. 1. Dendrogram of 54 Methylobacterium strains isolated from hospital tap water based on 49 biochemical characteristics.
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cose (9 strains, 16.7%). In addition, positive reaction
for L-fucose was detected in 5 strains (9.3%), L-xylose
in 4 (7.4%), erythritol and dulcitol in 3 each (5.6%), 2-
ketogluconate in 2 (3.7%), and ribose and glycogen in 1
each (1.9%).

The results of cluster analysis based on the biochem-
ical properities are presented as a dendrogram in Fig. 1.
When the strains were grouped at a similarity of 70%,
48 strains (82.8%) were grouped into 10 clusters
{Groups 1 to 10), but 10 strains (17.2%) were not
grouped with any strains, showing considerable diversi-
ty. The highest number of strains (18 strains, 33.3%)
was included in Group 10, and the similarity of charac-
teristics was 100% in 16 of these strains. Five strains
(9.3%) were included in Group 6, and the similarity
was 100% in 3 strains.

ldentification of Tap Water-Derived Methylobacterium
by 16S rDNA Sequence Analysis

From the results of the similarity analysis based on
the partial sequence of 16S rDNA, 36 of the test strains
(62.1%) were identified as Methylobacterium species
(Table 3). M. aguaticum and M. fujisawaense were
most frequently identified (11 strains each, 19.0%), fol-
lowed by 6 strains (10.3%) each of M. mesophilicum
and M. radiotolerans. One strain (1.7%) each were
identified as M. aminovorans and M. hispanicum. Mul-
tiple candidate species were considered for 13 strains
(22.4%), and determination based only on the results of
this study was difficult. M. rhodinum and M. sumiense
were candidates for 3 strains (5.2%).

The results of phylogenic analysis of the isolates
compared with sequence data of known species are
shown in Fig. 2. Arbitrarily, the species were divided
into Group A, with very high homology with allied
species, and Group B with low homology with allied

species. Group A consisted of 12 species: M. zatmanii,
M. thiocyanatum, M. rhodesianum, M. lusitanum, M.
populum, M.aminovorans, M. suomiense, M. rhodinum,
M. chloromethanicum, M. extorquens, M. dichloro-
metanicum and M. organophilum, and 15 isolates
(25.9%). Group B consisted of 6 species: M. hispan-
icum, M. radiotolerans, M. fujisawaense, M. nodulans,
M. aquaticum and M. mesophilicum, and 43 isolates
(74.1%).

Because the similarities of 9 strains (15.5%) (Strain
No. 6, 8, 18, 22, 23, 26, 30, 31, 61) to the sequences of
type strains (Fig. 2) were low (less than 99%), the pos-
sibility of their being new species was considered for
these unidentified strains.

On comparison of these identification results with
the above biochemical property clusters, strains identi-
fied to be the same species belonged to multiple bio-
chemical property clusters (Table 3), showing that iden-
tification based on biochemical properties alone is diffi-
cult.

MIC Distributions of Tap Water-Derived Methylobac-
terium Species

Table 4 shows the ranges of MIC, 50% MIC values
(MICsp), and 90% MIC values (MIC,) of 10 antibiotics
for the test strains. On comparison of the MIC,, of the
drugs tested, IPM showed the highest antibacterial
activity (1 pg/ ml) among the 10 drugs, followed by TC
(8 pg/ml) and GM (128 pig/mi), but the MICy of the
other drugs was the highest concentration tested (>>32

g/ ml, >256 ng/ml, >1,024 pg/ml).

The range of MIC of TC, EM and GM was wide and
the distribution was unimodal. The susceptibility was
also various in ABPC, VCM, CP, and OFLX, and the
number of strains in the highest concentration of MIC
tested was 16 strains (>256 pg/ml, 27.6%), 41 strains

Table 3. Methylobacterium species identified by 16S rDNA sequence analysis, and their groups by biochemical properities

Species No. of strains (%)  Groups of characteristics”
M. aquaticum 11( 19.0) 3, 10, UC?, NG©

M. fujisawaense 11 ( 19.0) 1,2,4,5,6,8,9, UC
M. mesophilicum 6( 10.3) 1,2, 6,NG

M. radiotolerans 6( 10.3) 3,4,5,6,UC

M. aminovorans 1¢ 1.7 10

M. hispanicum 1¢ 1.7) 7

M. rhodinum or M. suomiense 3( 5.2) 10

M. lusitanum or M. populum or M. rhodesianum or M. thiocyanatum or M. zatmanii 9( 15.5) 8, 10

M. extorguens or M. chloromethanicum or M. dichloromethanicum 1¢ 17 uc
Methylobacterium sp. 9( 15.5) 6,7,9,10,0C

Total 58 (100.0)

“ Groups in Fig. 1.
” Unclassified.
“ No growth.
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M. zatmanii DSM 5688 (AB175647)
M, thiocyanatum DSM 11490" (AB175646) A

) AB175642)
0.01 M. rhodesianum DSM 5687" ¢
= M. lusitanum NCIMB 13779" (AB175635)

01
% populum (AY281818)

M. aminovorans JCM 824Q" (AB175629)
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Rhodopseudomonas palustris DSM 123 (AB175650)
Fig. 2. Distance matrix tree showing phylogenetic relationships among the Methylobacterium strains within the type

strains. Rhodopseudomonas palustris was used as a member of outgroups. The scale bar indicates the number of sub-
stitutions per nucleotide position.
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Table 4. Susceptibility of Methylobacterium strains isolated
from the tap water in hospitals to 10 antimicrobial agents using
the E-test

Antibiotic MIC (eg/ml)

Range MICs,, MICy
Ampicillin 8 - >256 128 >256
Cefuroxime 1 - >256 128 =256
Gentamicin 1 - >256 16 128
Erythromycin 0.032- >256 4 >256
Vancomycin 8 - >256 >256 >256
Tetracycline 0.064 - 32 2 8
Imipenem 0.032 - 8 0.25 1
Chloramphenicol 1 -~ >256 256 >256
Ofloxacin 025 - >32 8 >32
Fosfomycin 2 ->1,024 64 >1,024

71=>58 strains.

(>256 pg/ml, 70.7%), 21 strains (>256 pg/ml, 36.2%)
and 20 strains (>32 ug/ml, 34.5%) respectively, show-
ing high resistance. In contrast, IPM, CXM and FOM
showed bimodal MIC distribution. Regarding the num-
ber of drugs for which the MIC value was the highest
concentration tested, there were 7 drugs for 1 strain
(1.7%), followed by 6 drugs for 3 strains (5.2%), 5
drugs for 2 strains (3.4%), 4 drugs for 9 strains (15.5%)
and 3 drugs for 8§ strains (5.2%), showing that many
strains were multidrug resistant. As a result, the suscep-
tibility varied in all drugs, and sensitivities varied
markedly among the strains. Excluding IPM and TC,
the cumulative MIC distribution of the other drugs was
considerably shifted to the resistance side (higher con-
centration of MIC).

The drug sensitivities of these test strains were not
related to species. There was no association between
the drug sensitivity and the site of 1solation or the free
residual chlorine concentration in the tap water from
which the bacteria were isolated.

Discussion

The objective of this study was to elucidate which
species of Methylobacterium inhabit tap water in hospi-
tals. Since Methylobacterium species were isolated
from various samples, including aqueous environments
(11, 15), it was showed that the bacteria were widely
distributed in natural environments. Because of the
diversity in the properties among the strains, new
species have been reported continually since 2000 (1,
8, 13). Currently, 19 species belong to the genus
Methylobacterium (4). This study showed that various
Methylobacterium species inhabit hospital tap water in
Japan, and that M. aquaticum and M. fujisawaense are
dominant. M. aquaticum was isolated from tap water in

Spain by Gallego et al. (8) and reported as a new
species in 2005. M. fujisawaense was proposed as a
new species by Green et al. in 1988 (10), and it was
found that these bacteria were isolated in Fujisawa,
Kanagawa Prefecture, Japan, by Kouno and Ozaki.

In the phylogenetic analysis, since the strains belong-
ing to Group B formed 74.1%, it became clear that
there are many strains belonging to Group B in tap
water, and it was in agreement with results reported by
Hiraishi et al. (11). These isolates were investigated
with regard to the relationship with the isolated areas
and the residual chlorine concentration in tap water, but
no marked tendencies were noted in geographical dif-
ferences or with regard to chlorine resistance.

Since the strains belonging to Group A had a high
homology with the partial sequence of 16S rDNA,
more detailed investigation is necessary for identifica-
tion of the species. The 9 strains (No. 6, 8, 18, 22, 23,
26, 30, 31, 61) suggested to be new species could be
divided into 4 groups.

Excluding strain 12 and 56, all other strains belong-
ing to Group A were included in phenotypic Group 10
in Fig. 1, suggesting that the phenotypes of Group A
species are similar. Although 5 strains (No. 16, 18, 22,
24, 26) belonging to Group B were also included in
phenotypic cluster 10, no 168 rDNA group-specific or
species-specific phenotypic characteristics were found.
Based on the above findings, it may be difficult to iden-
tify Methylobacterium species based on the biochemical
properties alone.

The isolation of Methvlobacterium species from clin-
ical materials has been known from the past (9).
Because Methylobacterium-associated sepsis  has
recently been noted occasionally in AIDS patients (20)
and bone marrow-transplanted patients (2), it has
attracted attention as an etiological agent of opportunis-
tic infection (19). Thus, information on the drug sensi-
tivity of clinical isolates is important for therapy.
Brown et al. (3) reported that in drug sensitivity tests of
15 clinical isolates and 3 standard strains, 100% of the
strains were sensitive to amikacin and gentamicin even
at a low concentration, but 9 isolates (60%) were resis-
tant to B-lactams due to P-lactamase production.
Zaharatos et al. and ourselves performed a similar drug
sensitivity test of clinical isclates with imipenem and
meropenem, using an E-test, and the MIC of imipenem
was 0.25-1 pg/ml, showing high sensitivity, but the
MIC of meropenem was >32 pg/ml, showing very
strong resistance (21).

In the present study, the tap water-derived isolates
exhibited strong resistance to 8 drugs, including the -
lactams except for imipenem and tetracycline. Regard-
ing imipenem, the MICy, was 1 pg/ml, showing high
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sensitivity, as reported by Zaharatos et al. (21). Howev-
er, the MIC,, of gentamicin was 128 j1g/ml, showing
low sensitivity, in contrast to the results of Brown et al.
(3). Brown et al. obtained MIC using the agar plate
dilution method, but we used the E-test, and the differ-
ence may have been due to methodological differences.
Since a high resistance to B-lactams such as ampicillin
and cefuroxime was noted, B-lactamase production by
the test isolates was investigated using the disc method.
B-Lactamase production was detected in 51.7% of the
test isolates (data not shown), and it was in agreement
with results reported by Brown et al. (3). Since Methy-
lobacterium strains were multidrag resistant, it will also
be necessary to elucidate the tolerance mechanisms.

As mentioned above, since the classification of
Methylobacterium species is unclear in many regards, it
is thought that a reconsideration of the taxonomy based
on gene techniques will be even more necessary from
NOW Ol

From the fact that Methylobacterium species which
are pathogenic bacteria of opportunistic infection inhab-
it hospital tap water in Japan, careful follow-up study is
necessary to draw a conclusion that tap water can be
used in stead of sterilized water for handwashing before
surgical operations.
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(2379 HBEABETH - 7o, COWELE, LEBE
G)?ﬁi&&i??éo%iﬁfb\ttb\ﬁi 1996 FIZKFREOT A
RFEBICBWTABIO VYA R TMEBEEL, 5H 1
LT LB FPHE I NIY. JFEOKEEFEI
L DR E & F—IBEEED Legionella pneumophila 7548
BOMEK, Z2RMER, IV MEHE»SHEHESH
7o &, 2000 FIZRAFEORFEMNBREOHEERR
R R D BGHR OB R FID 723, 2003 SFICERILD
KEFTRIRBE TG K 08 BRGLR & HERE S N7 B PGB
PHREXNTVAEY, ZO XD BEAMCET 5%
FEPRBRER /TR RR EEESNA VUV R TEREA
BPOFEH T, EEEFRFHRE TIL 2003F7 A
KERHIC LV VAR o BmEx T 7. TORER, v+ U—
~Ny FRERDAZICC L prewmophila HEH S 1,
FAER BTN/ EPRE CRBHEKL» B S L preu-
mophile B SN/, WERBGRBLEEOLV VTR
BEBGEDNIID, BBKOFR & R GRE, b
DBK(7S5 v I X ABETER L. BHBET
BRBEREREO L VA R ZTHE EBREIC DWW TOFEM
THRECZRSALT, FROERSZTHTHS. 4O
OHEDHIE, EEBREICRREOPREERSG G
BB AV YA X5HEREZDBREDOEMN BMAIIC
®RTHI LT, FRIGEICET2MATHBL, K
P BTHV VTR TENERORLEEYET5 LT
H5.

WHRERE

1. FROBE

BEFEEBASRBEIEALE (M - 10 BT 1B, 33
e - 2R, PRAIEE (b E 4 PEHET 1RE) D 3 DR
WTERIN TR, EREED 549165 m? TH
B, WKL 618 T, 21 OBFER L Dk 2 EREER
BETH 5.

2. K- BERBOBE

FBIEAC LN R O RS B AGE K & BEERERIKZE DR
BILZHF LD REHHL TS, INLETKIE
5 ERAATIHEL, BKR V7 TREREE FOERE
PRI B AR L 2%, EIC L DESHBCHEEL T
5. MKOBEEZREEIERNE - BN TEY,
0.6~0.8 ppm ICHEFEHEIN TV 5. FEEOHG
KZThODIFREL VBN TRY, BBIREH
REEATH 5. TOHEXER IR, SEERE
CEBRERMO 2 RFIC LD, RESEFICHREINT
B0, BEMBFITALE 4L 10, HHE, ZL
TS, EKEERVIIEAELT 115 3EET
- TW5S. BEEFRRITRAETEEHAT, LEHD
IR FRBMICIHBE SN, ThEPNRETICL D ERKE
Fh IUEBREROEBRENRBEEINS. ENOWRE

=1 BERBOBE
R 2
B ORB LY SERERMR 2400 L, 2 H0EE
{RBRERAT 3300 L, 2 E(BHEY)

BrmtEOME SUS 304

EEAR TrEEX #HEX

BEEVE S =L A = 8% HTLP
mEAR KU & DS

BIHRAREBFIES 57208 15 9 C—HRT5EE(E
BRI ES 1301, EBMRIT 20D ICHAMisN T
Wh. i, BETERREKECERINTEY, B
FEIFRES N Ty, FRETECHERIN TV
FmOia R BITEMEEGR, BRESR, BIURE
SRR 2 ERL-EERTH 5.

3. BURMEEY

Ve =Ny FOREZRY IWRERELFERL Tk
o fc. BEEAKERHNIIR A R R, RES TERIRA—
Tl s> 7o EHFER - BB LB, WERFIVICH
400 mL $EER L7z, RriiEKERHIfF BT (1 A—
WU O#EBE L RBEOF L VE LD ZhZThEE
L7, ARTHEGEAGO F UV V/ESHREICERES
NTEL, FEEROEEEKZBEERRT 5 L4
Kixin o7 BOKOBREEREE L pH ORE I EHE
FUAVKEFONA R R 274/ b 501, HEFEE
BREer, KR) T/ 8K - BEAKE I pH
74~7.6 OEEICHER SN TWo. BB TIHEE
RO P - 7/c®d, BRTFPRAFITH 5 F 1HEE
F R U7 AOREMETHTICEEREICHE L . 54
KIEROITERE F U VER O BUE & K L -8B
WU, KiE, pH, BEEZREAWEL 2. HEVIC
FEWF LIRS U 7 LARRMLUCE, EEAREICHL
7=

4. BERBRE

REW0RHT, WYOe(spHbEa 4, B
Tl GVPCEXEM(BAY A A 2 —Red, H
FOKBEERML.. TO®%ITCTIOREETREEL
Too KK - MRBRVRHIIREIVICEL, RO TR AEE
o BEMESE, 0lmL 252D WYOe & 721
GVPC EREMIZEBA L. 37CTI0 B EE TR
fevk, ML TELLYLIRT EEDNAKAR - BiF
EFERH L. 2HOBMTELNRER LT
BaEH L, SRk 100 mL Bz D OEEH(CFU/100
mL) #EH Lz (R A 5 CFU/100mL). L%
T BN AERIT, SEETFER,ID 1 BFN/D b
EEETHEHL, EHICELY AT/ VEREERTAN,
T OREBRICHE - TUHER D NITEBEROEFHC L S &
2. BERLUMEROREICERGIE (5 v b £ Tk
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R, ®ROLEALC.
AEAMAEFERFE Y 2 — CAEAM T FBR) ICEREL, U
VA F T BRE SN EEEROES R,

—HORMBOBERER

74— FESGEREICHEL /.
5 PCRZ

BB EKEET S0, HEICEU LEG225 &
LEG88 75 4/ v —W a2 AL TPCRERTT- 7.
HEMIGI~4 BROV YIRS LN LMNETE
FHEL., BEAKOUL CEBL .
BT 10 MR L -4, 20000G, 4°C T 2 4 [E

LUEFEZBEIRL /.

TO5uL T DNA L LCH
W, BRI ERE L £ T— BB © PCR O AT

COEW & B

2OV

7.

K&

Tais R Vol. 19 no. 4, 2004

77 )¢ CHEF mapper Y A7 L(BANA S5 v F) %
HERL TESEKEL <.
< Philadelphia—1 ¥k & # A L 7.
BAELITHERS

2002 £ & 2003 FEOREE A THA L /26K E
BRULTHER, BRISEFHE I DERL L.
THEA I N
Lo AROKMBKERETL /-
JTRE

BEFHN B Ole\ Rk & L

G E L

(A GREIR O ERICEET S HIR

¥, ERARI LD

HESF SN TWh - lokd, BEKEYESE
BUIRRTL-0ICHBEE LBETEHL, ITHE
a8 17 (8450 keal/L).
NAITHE S L.

INEBERAS—ICHFERX

BHL, rEHEAOFARIZHE S

ootz BESRBICIE L preumophila Philadelphia—1 NTWirho DT, BEMNIZ4LB~10 AOBKER
(ATCC33152) & i\ 7o. BRIKE) CHEHER & [ U AL 20°C, 11 A~FE3 A% 10C L L TRESRELHEL
& (654 ¥ #) i PCR MilREM P EE SN BTt 7=,
RET VYT RT LWL .
6. JNILAT 4 — )L REXRKE 54 ®
[V—vRZ TN—75 REFxy ] (AR A % SEIORE - BENEERBHFICEE 52 201 (D
Sy F, BRRORERL, BRAFIRBICH W SAL T NIVEDDVIARTHRELR TR ->7c. TOPEEER
DNA %40 L7, $BTS 7z DNA % 1% 7 A0 —2  200RL7 R2ICHFRLTORWS, CofmHce
%2 EEERRFREREGKOLCAXRTBRERRLZOXE
8 somg  wmeg SEENE LOTIORE mEwsm 5 %
2003. 7 Lo T—~w R 1 5(1) 2-124** L. pneumophila (1) B v T — & YUK
v T~ R—RAEEEL)DTH
BBk 4 3 25-500 L. pneumophila(1. 5, 6)
8 Yy TJ—~w R 4 0
8 IR ESERES 66°C LR
9 BEERIFSEEE 75°C T 24 B8R
BB OMBZRTE (381 » BN DRk
9 SERREBEK 2 0
FAEIA Rk 12 1 40 L. pneumophila (1) BRI’ L Y RK
10 FRARKAZ7K 1 0
10 RERREEEEZ 75C T 24 BELER
BB OBZETE (474 » BN Dk
10 Sy T~k 6 0
BB RE A 2 0
R - SMEIEHEK 9 2 95, 320 L. pneumophila(1) SHEREEBIR L Y HIK
10 IR rE SR
1 F5RE - SMERRIBK 2 0
2004, 2 v T—Aw R 6 0
B tE 7k 4 0
TREERE K 20 2 75, 3000 L. pneumophila (5, 6) FHEEBR L Y Bk
3 FERIR AKX 5 5(2) 100-2860 L. pneumophila (5, 6)
3 EERRITSRES 15C C 14 BEEs
4, b EOIKIZHIE(128 5 B Ok
3 4. oREEREK 16 0
5 v J—~vwE 4 0
BT a7k 3 0
kR - SAEREARIK 8 0

* E—EL Y RS BEHCEM AR, Y CRU/RERY AN
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Wt U TN ZERmAER, nigdsk, ATHE
T EIERKOBEERE CH VYA R TEBE S hih-
Jo.o iz, UV SMROBEARLITREDL - /0.

I BRS¢« T—Avy FOFE

20034 7 A 17 HiC 10 MmO —IRIEE & 551
DY T—Ny FREBMDBELERICT - 7o, FFE
BOIARAODYV v 7=~y FXO UL IVT RS LEDND
WNER OB EEE 3 ABICAED Oz, PCRET
VIVFRSTHHI EDERIN/IOTT A 22 HIZ,
MEY e Uk LURISEOFER L L. i,
BgY % 7 — DK% 30 5 /1T - 7= (R 55°C). %5
LHAHEBE L/ L LD, BnFEA L L TREII 10 R
BORRGEY v 7 —y FE£TUXK) L—BBEDOY
¥y U=~y FOARE), 8K, 5k, KU 4HEREOED
BHEY T =y F(ERTN 1R OREEZERL
7o, ZOFER, 10 BHRBROBINBEY x 77—~y FOD
AXETrLBEVYIRsBEHEINZ. LaL, 10
ARBO B EDY v 7 —Ny F EMOFRHEOE G
B v =Ny FCRERBEDON 7. TDT
DD, I0BBRHEOBINGEY » -y FIZRFEL
eV VTR HEREEL, FRLTW4 5OV %
7= (R 2B L) B Fim s L.

2. ERBIEKDFBSR

7TH28 HOBPHEIC LD 2 /KO HEKIZL Y
FASHERBHH T EPHBE L. FENRITEE OGS
BIREL 62°C TH - /o, BHKOEWRL 51°C T
Holc. Bz, EEERIFEE LBHRED 62C T
5 7, RBKOEIRILZ52°C Th-7z. HRBIRED
BTHABELROREEEE 2, 8 A 14 BIEGKOERR
B 5C L RIC/e A X SWEERER 4°C b, 66C &
Lic. CRICLDEBKOEICE VBRI HET T
% )T (16 BPER) T4 R G 23 S BIRE T 55°C LAEITHE
FHCEL. vk, WAKBOREKEE TRV VA RTE
BH SN T, KOV RS HLROTEMNITED -
7.

3. RELHRERELVORKICLZRE

PR CL YA R SHRARHE SN L LD, B
BAEREEEOLV VI RS HERPER SN, £

T, WEEREREL 75°C 10 LiF T 24 BREE L,
Z ORICKMRAS B P SHORE TS & & THRBRELE
DBRBE HRAT. FOWIKIIE I ITRL. BERSHT
X9 A9 H, EBESRKITI08 10 HOFNFRN OB
o 24 BECHREERL, JOMICHRER,DLORHIK
FERL 7. BHEREBROBKIZ 2 ATATEREL T
v, 2 HLEBokL, BRA—TIE-> THORES
EEL. BELABEET2W EOBOKIEELS1T -
7z, 60°C LLEOBIE TOMKE BRIC, RKHICER Y
L5 afTE T LBROET 2B M. BH
FOBH 5 EBERE D OMKIIEFIEMEBEE Li/d
EHZCEFLL T - 7o BOKFEIFRR T 7~9 K
2, B, RpERS, FME, ICU, sRERBEER
TR ENTNOTEBOBEYEIC L VEBICTERD L
WAV, S~ 1S BFOMIC EFNENThN/. BB
PR CiE 381 » 7, (EBMEFRTIL 474 » D& 855
# T ORBIEE R P DR TN/, BOkKERRILS
BRI CRE 71°C, K& 59°C TEHERIL 66°C T
Hodc. 60CRMOBEOWBRIE L 2T TH - 7.
—7, (KBRS TliRS 71°C, &K 45°C TRHBE
12 64°C TH- 7z 60°CRMEDBROMHBHIL 80 » AT
Btz INLOREBRIEINESEEZE DM IRYE
T EICERL T
FRERFLHGRKOERTZEL L LD -7DT, B
FELREBEO KGR /D, FEERTIIZETOD
BERREBETICKEREOBREMET TH L EOESE
XEEMAL, FEORER I/, A3 EHOH
B BRESHRYER L /28, KBESOEROREELIT D
o7, Eio, BERERICIAHBETORERICERYT S
WRERLFREE L 7.

4, BREUEREOL SR THRE
BIMFERICEFLERREPE S, Z/BRAMENWC &
MR L 7o RS B % WS B 5T 31 a B HEK
L, BEEELRT -/ TOBE, SBEMRF T 20
AR L 7 T (8 BRI &0 B, EEBIERHETIE 11 »Pr
R2 T T1IE) ALV YA RSABEHEIN:. &
BRER, ERRER E DICHFBEKL BIIV VA RSB
HINEh-7l & LD, KuEBRICEERL 2B s

*3 FEREEEOBE

B RERT FIREEEH A (2003 ) RumtG SRk B BUKGSHE Hok=ERIEE (Fi)
LR 4 BE~10 P
[SIEES EAIAE 1 B 9B 98 0~2485 S H9H7RE~9 381 59~71°C (66)
TaRIEE 2 Bt
[ENEIESTS AEEHDF 1 fE~3 P 10 B 10 B 0~24 8% 10810 R 78~180 474 45~71°C(64)

SRR GBI G4, SR

*3ABB21B~3 768218

3A6E8FR~9E 128 53~70°C (60)

* 2004 &£
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E il BREEHROATHRKIEEY 1 FEfT- 2.
T OHOBAE (20034, 10 A3 BERU 11 B4 H)THE
UV R 5idmHE i d -7z,

5. AEREERBROLER SR ERE

20044 2 A 9 BOTIEE (20 » 7)) CTRBHERSD
2 aTURBRE) XD VYR simH k. SERK
R OB THEEAL V] BB Tlhov ] ok
RHEL, BRELBVRETTbhA T, TOK
RAE@ELL. COFBR, FREERLR DD - TR
R REREFRERIGSHARE TR TE D/ DR H
BHINTWe I d, ZOLORBREGED O OHRKIEE
BEBIN T W72 EBHBE L. R, BEs
BRRLAUEFC L 0BEIN TV SHRERL TORK
R LR, BRRERGEFERZELE LA 3R
RICIEgsmR s LU e Ofagk L F UEE O b EIR
(4 WEEEUEE) & T4 EEmEZ) B LU 5 RS
DHEBEBEOEFL aFTE DTN ZENEKRL, BRES
Tolz. BEEEBA, 4BBO3ALBIKLYFRS LEE
bNLEEDETORKTHESN, PCRETLYH
KT THAHI LBERINI. BEALENT L, £TD
BAETU VLRI PRHINA-C 2 XD REACHEEER
FHOKEES F-72(F3). 38 10 BT 4, 5 RO
16 n AT CHARLBELLESS, WFNOBKLL L
VU RS EBH S R e 7.

6. BREOWR

200347 A5 2004 £ 3 A TOMIC, HERPK
HANHBERB 77, YvU—"v FU 57D, &
BRERG # B OEH 15 #FTIC DWW 200445 H 24
BIEERE LT 7. WThOBELLLLV YIRS
FEHIhY, BRERALDTICRE TS LHEL
7. DEEEHOEETE

BBKL D SEIN-EES OHBESAT, B, M
BirPPRLL 5 ERETEA TEGTFRAEHL .
FACARLED I B EKRE 3 DOBEBETFRICSET
- H1RMOBERELICBETSY v 7—"y Kok
B V= 1253), SEEFEBEDREKDBEE
(Vv D) THot. E20MEBERGICET LEEME
GRS OHEEINEHR(L—5), 4 5BFEBOKS
EKSERE (L —1 9,10, 12 55 15)TH - 7. £ 31T
MiER 5 BT A EBH B OB B KO B (L —
6), BEKDEERR(L— 7)), 4 BREREG K o8
SNTEBR (V-8 ¢ D) Th-7c. WREL THEH
L 7= Philadelphia-1 #: (L — v O Y OBEEFRIC LB
étii)‘o?’:-

8. FEBICHSBKEITHEEREDE(L

K5 CHRBKOFEIC L A5K, 5K, THEHRE
OFLE R LIz, BHBEKORERED 62C Tho
2002 4EE & 2003 £E D 4~7 AHiO A FIEH 6 B E 5

BERE Vol 19 no. 4, 2004

F4  $EKEBFEL pneumophila DEEFEIF]
BLFE BEER SBEERRT BREBERH

I UOEH101(1) 2003 £ Ot v T—~w B
78178 (mig)

UOEH104 (1) 20034 10 v T—w E
7A2E (58

UOEH109(1)  2003%F  10BF L +T—~w K
7TR2E8 (EB

D

UOEH111(1) 72}%02 SfﬁE FsiRBK (BE)
I UOEH113(6) 72}303 ;EE SR AKX (ER)
UOEH123(8) 22%045% 4 eRE (BR)
UOEH125(6) 22%0%% 4 PERE (B8)
UOEH128(6) 32%041&5 AEREER
UOEH130(6) 32%04] EFB 4 RERMEE (BE)
UOEH132(6) 32%%13&5 4 HERLEZ (58)
UOEH134(6) «32%)“3 % b P ERTERE (B8)
it UOEH114(5) 72g0§8£ﬁa FPSiEia Bk (R8)
UOEH117(5) 7230385% SRSk (E8)
UOEH120(5) ZZ%O%EE 4_11'%55 ﬁx« =
UOEH126(5) 32%%25 4';% EHZR—X

CEHPEIREARESREERBE LA

MC 123 456 7 8 81011 1213 1415

1 $RBKEFEMRDINILZT 4 — )L RERKEE.
BHROBEITIFR4ICEH. V— M, Lambda lad-
der, C; Philadelphia-1, 1; UOEH101, 2; UOEH104,
3, UOEH109, 4; UOEHI111l, 5, UOEH113, 6;
UOEH114, 7; UOEH117, 8, UOEH120, 9;
UOEH123, 10; UOEH125, 11; UOEHI126, 12;
UOEH128, 13; UOEH130, 14; UOEH132, 15;
UOEH134.
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x5 HHEKOFRICLDHBK, WBinK, HEREOZE(L

ABIFERE (M)

BIEEH
2002 EBF 2008 Ef SUR 2002 £EFF 2003 EfE R iE fte
4~7 Ho 4~7 e (ﬁﬂfﬂaﬁﬂtt) 8~3 fe g~3 Ab (BERIERLL)
1730 (BASeAR A T —) 11429 10719 0.938 13657 12143 0.889 0.948
KT R &) 264500 264000 0.998 336000 332000 0.988 0.99
BB ETBTEK) 2300 2157 0.938 2373 1967 0.829 0.884
Fa7K (FRr & 4K) 46279 45628 0.986 49603 46127 0.93 0.943

° BB RE 62°C, © ERREREIRE 66°C, ¢ 2002 EED 4~7 A& 2003 EED 4~T7 BHID A RITFHFERENE L (BIER
BREAY 1) SARSE L 72356 O 2002 B 8~3 AHIE 2003 S EED 8~3 B HIORIERIHALLE

TN ThREL BIEREIES D) SEEL T, FEfEOR
ERER 4°C LT 66°C TEE L 72 2003 48 8~3 Al
& BREREN 62°C T -7z 2002 £ 8~3 F #i% H#E L
fo. FOER, WHMBEEY 4CHFTHHRERA5—T
FHINOMERTIERICEB IS LT
(FH5). BBRE® LT bbb TRER,5—
DOFTHERE A - 7B REEEREHERH 12% 5
PLIcHdTH-7(FSE). CORPOFERRELT, &
BICBWTHREBRNS LR L T 57-08E4 T 5700
EDNLHEROBARESEL TWA Z EREDN.
LaL, WESEOEKECEMIFD bNE, -7
(F5). BEFERUHBEES LI THSEEST 5
ETKRERE R JUITimE&OBBAE L 5 2 bl

-7z,

% 23

VYRS BHEROER &t 72 1976 £OXE T
4 T TIVT 4 TIRT BB R4 T 2S5
KBREPIFETH - /2P, 2 Dicdh, BHEFE KOV
VAXRSHRICERDEEZ Y, A THEERECKRE
HEARENICTDN T E/D, &7z, BRKTRZEFES
HEDPBBL TO A&, FHEzBL LIS
IS LRI NARET A b, REABRRICE
LT, SBROV VRS HERPEFEHHEK & A%
KEASH, £L0WEBTHONTE/LES, Ll
D, WAETIIRERES KOV VAR5 HRICET
LE|EBIEFIC AT QW0 ZOEREE L L<brbik
WIRIRICH 5.

SEOFEE - REXREBRLMFICET 52 2 Fr Tk
‘BTN, 15 2 Q%) »oEFBPEE SN, U
VERSERBRODD 2T WEELREIEL, BR
DIEWIEEGR A EATORETH - /cDT, TOFHEHE
BRERAERIFEHOBRELRL Ty A Tiday
W, KGR OB RIRBEEEOHRIC DN H-0F
LEA B TH - o, EBEMRHOBGREHRG K, b
FHES NI L BB KD BB X NI RDOB TR
—TH-7cZ LB RMEBSE AN - Tl &

AL TW5S. Wadowsky 518, &F B0 EE DAL
BECRERIC L » T, FEKICRERBAE S N
BREESOBRA Y Vx5 OBMEEREREIC 2D, &
O L 2 OWRKOERFRRIC R AARES 7R L TW
5. AR THEBBICHGOEREN S VWEERD 57
D, BERIVHGEOSVIFBESFHL V5.
D= DIFEENICEERB IR IS T, Fi,
FBRE LED - oo DI ITBEN TL VRS D4TE
FHLICZEREDNS. LaL, EREROBEKE
BHRL TW I b ORKROBETFRE SRR A HE
DR ER—TH - /BRI THTH -7z, T, 108
O RIEREY « 7 —~y FLOG8E Nk 4, 55
FHOBE KR SO ENIHRE, ThThEBERE
BREOREG KD OO H L BIETFREP—FL T,
BEREREBEOBE I, DITEARE I NE» - /20
EEDEZ T, KBHEROBRMEGKE N L THE
EirEfd sl thmREN. L, 10y T —
Ny FEABBREIRUBERIITHLICL22b6
THRHEES R > T, SEOREETHE 1HED
DS EBLPHE  BELLEL-DOT, B0
BHROABPBHEEINR T - EBFEREEDR
L. BEFEHMNMCLD ABEMEEEN 4 - SBHEED
EERFOR D EMICAE L T, YEHEOFYR
DE—BEERIE TOBERIC DD -7 LB E
Motz 4 BRI AN — AL 4 BEREBURE A B Y
BEHRREI - Toicwd, AL THEY L RLRL SHk
BLoEgIN -t Bbhb. SEOEREGTHNGEDER
L O FRERROEGRME CH SRR B ROBEERTEH -
THFBEOREEE > SO HEEEEATETIC S h
TV EBBITEBERDOTFRICOENS Z EHRBEIHh
7o, KUk B AR DELPHA L 7B 53 2 DFE % Rk
THRT T, BBERKOBRELT, HEHEELHE
L, LDERGUEFTLI B8R EEDNS.
RS G R DOTBLOBKOBERBEEKOERTH S
TrREALENTWAY, —AFBRIBT A L BLREE
BRRFT COBHE DHRBIRE G5 CREE) TORMKIEE
THBREITEET, FEREREBKIEEPDLETH-
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7o, FERNEME DY % 7 =13, —REHEO Y v T —iZ N
FRARENMES, Vv 7=y FNICHEKD REERHE
WLOoTWI EBBEROFEREFEDN:. EMYERD
BRPEETH-ERL—BREBIC BT 5868 KEH
IZHAN, YEZE TGS ROERI e <, BRENI
BBKOEHELABI DT s TWiel ¢BELLR
7o Fiz, 4 SIEBRIR G K OIREHEOB L, B
ROFEBRFFICHRKIEERTDON Tk oo &I
kBB BEL— 7 ROBREBKOFBIER2 D
TRAHSC, BKIERIC LD BEAOER KL HEH
LT EPBEROBIEEBEICEELE 2 HN. KRN
THBKOEFI B 2D 2T WIER - BTG EY
¥ TNy F, BRMEZ, SRLERM, BT
HETHHLIEDEOM o7, TNOGOBMIEHEH
FEPBRICDE VSR BLEED D, BELEMAE
<, BROBWSEER LS -7, IhHOKBERTIE
ER R BAFEIC L B ERF b b » LA EEIE 2
LA, TNHLOBFNIL VA RS OKRGEL T EHHY
WKERTATRABHE L TERT, BREAOEERIC
FHEEEZOLNS.

TSR, —BERBRICEBF LV YIRTEE
RARTICIE D 2%, W4 AL, COXORBECIE
BREOER L5 KE 70°C T 20 RBEBERIE LI &
DA THLEEHEL TS, HARBEREEL
THERD 75°C TOHREEE: (24 R & Kumig B
P OORKIEE, 2L THBEOBREYT -/, Thb
iz, HFEEKOBRERES 4C LT 66°C THFF
FEL/. IO LI DETERIC A TRERET
MREOAEREZ 2 T L AFEI NS, AHEEIIE
ofz. CTHIFEEROFBENR > 2T LickREL T
Wio. SEOCREHERFEReGE L TORAAEORE
e ERTELSDTHEEILHHTH - /o B,
TBECEIYEEORER TOERKEHIET 5729,
BEEREBICKEL T, BHOREABEREBICHEEK
OFEKEERL TS, T/, SEOBRBEBIKIFEIL &
DB HH S SBIEEATREEIC 66 #n FTFRET ST &
BB L. ThLORBREIIEOEETLEREINT
WoDT, MEEEEDIBEROBESLTFEL Ty
L. RERGERROTELR P BREEDO BRI D7D % rhk
PEERADBERE CHE B OMEERICIN 2 TEHK
D ERIFFICEE L BN,

% B SREELRETROERICHLD, THIv I E
¥ LBRECICERBRL PR, BICTIIEER, 4%/
TR, BRERRICESRERIEHEE L. EghvL
¥, KBAEOFIIELEFBFFEIEE (HIS-5A FH-
095) & 66 B A iR BB PHE (M PIE C2-15590409) DE)
Gz
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2)

3)

4)

5)

7)

8)

9)

10)

11

12)

13)

14)

15)

16)

17)

B RY Vol. 19 no. 4, 2004

(73
B4R aEEL RAEREE 1999 FHRLV VAL RTIE
BiEtES. MUV EBHE LY ¥ —, HE.
Benin AL, Benson RF, Besser RE: Trends in Legion-
naires disease, 1980-1998: Declining mortality and
new patterns of diagnosis. Clin Infect Dis 2002; 35(9):
1039-46.
Sabria M, Yu LV: Hospital-acquired legionellosis: solu-
tions for a preventable infection. Lancet Infectious
Diseases 2002; 2: 368-73.
HE-B, UOE=: B - B0 HRPERESE
. BRER & A4 1998; 25(1): 53-7.
FE R, THREX, RREX, Bd X, #EH
%, EFFE, i A TE LD TOD Legionnaires’
disease (L VA X SE) DIES & B HBE OMBE RS
. BBrEE 1981; 55(2): 124-8.
MARIE=RE, # #, B &, KA %, w58
M, FIES, 1 EREABRORENREE. BRE
IR 1981; 2986: 15-20
FIEE, MREFR, LIHET, KHFER, Tk
B, BEME, b ABLYTRSHMRBELCOVT
—1979 £ 5 1992 £ & T—. BB 1993; 8(2):
1-10.
WTESR, mEEk, IRST, NE—E BEcR
T, BRER, b HFERVILIRSMEDO 46 A
IB4EE 1998; 102(3): 323.
Torii K, Iinuma Y, Ichikawa M, Kato K, Koide M,
Baba H ef al.: A case of nosocomial Legionella pneu-
mophila pneumonia. Jpn J Infect Dis 2003; 56(3): 101-
2.
P LRSS BRI T R L B4 2004, [
WAFEFXBABREICST AL VI RIECET S
HErsh & E. (http://www.okayama-u.ac.jp/user/hos/
regionella/report.pdf)
Miyamoto H, Yamamoto H, Arima K, Fujii J, Maruta
K, Izu K ¢f al.: Development of a new seminested PCR
method for detection of Legionella species and its appli-
cation to surveillance of legionellae in hospital cooling
tower water. Appl Environ Microbiol 1997; 63(7):
2489-94.
Fraser DW, Tsai TR, Orenstein WE, Parkin HJ,
Beecham RG, Sharrar J ef al.: Legionnaires’ disease;
Description of an epidemic of pneumonia. N Engl J
Med 1977; 297(22): 1189-97.
Darelid J, Lofgren S, Malmvall BE: Control of
nosocomial Legionnaires’ disease by keeping the cir-
culating hot water temperature ahove 55°C: Experience
from a 10-year surveillance programme in a district
general hospital. J Hosp Infect 2002; 50(3): 213-9.
Craven DE: Progress in the battle against nosocomial
Legionnaires’ disease: Shedding light on shades of
gray. Infect Control Hosp Epidemiol 2003; 24(8): 560~
2.
Stout JE, Yu VL: Experience of the first 16 hospials us-
ing copper-silver ionization for Legionella control: im-
plications for the evaluation of other disinfection
modalities. Infect Control Hosp Epidemiol 2003; 24
(8): 563-8.
Heffelfinger JD, Kool JL, Fridkin S, Fraser V], Hage-
man J, Carpenter | ef al.: Risk of hospital-aquired
Legionnaires’ disease in cities using monochloramine
versus other water disinfections. Infect Control Hosp
Epidemiol 2003; 24(8): 569-74.
Srinivasan A, Bova G, Ross T, Mackie K, Paguette N,



TR

18)

19)

Vol. 19 no. 4, 2004

Merz W et al.: A 17-month evaluation of a chlorine di-
oxide water treatment system to control Legionella spe-
cies in a hospital water supply. Infect Contro! Hosp
Epidemiol 2003; 24(8): 575-9.

Wadowsky RM, Yee RB, Mezmar L, Wing EJ, Dowl-
ing JN: Hot water systems as sources of Legionella
prewmophila in hospital and nonhospital plumbing fix-
tures. App! Environ Microbiol 1982; 43(5): 1104-10.
Yamamoto N, Kubota T, Tateyama M, Koide M,
Nakasone C, Tohyama M ef al.: Isolation of Legionella
anisa from multiple sites of a hospital water system:

—490 —
-120-

20)

21)

the eradication of Legionella contamination. J Infect
Chemother 2003; 9(2): 122-5.

&FER, TR, REUH  bRRBERHEO L
VAR HRAE—SEFERICOVWTOERNS. =8
FH - BETSSmE 1999; 73: 1-10. ,
HHEBR, 29 & BESET, AERZ, LEeX
B RERKCETAVYIRSEREZONE. BA
ABEE 1994; 41(11): 1073-83.

[E#&sE : T807~8555 JLAMTE/\EBRKEL » - 1-1

EXERAZEFTHEYFHE BALEE)



