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INTRODUCTION

Legionella is a planktonic bacterium found 
within protozoa and biofilms in a variety of 
natural and manmade water systems (Wad-
owsky et al., 1988; Marrào et al., 1993; Manpel 
et al., 2006; Piao et al., 2006; Söderberg et al., 
2008). Legionella is an endoparasite of living 
protozoa, with the ability to invade host cells 
and multiply within them (Rowbotham, 1980). 
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In 1986, we encountered the first case of Legionella micdadei pneumonia in Japan. In the follow-up study to de-
termine the infection route of L. micdadei, we isolated Brevundimonas vesicularis from the shower hose of the 
patient’s home. This motivated us to explore the symbiosis between B. vesicularis and Legionella in this study. B. 
vesicularis type strain, B. vesicularis Kobe strain, Legionella pneumophila serogroup 1 type strain, and L. micdadei 
Kobe strain were used. B. vesicularis was inoculated into 0.01 M phosphate buffer solution containing artificial 
sand, and varying concentrations of glucose at 0.1%, 0.01%, and 0.001%. Legionella was added to the cultures 
after ten days of incubation, and Legionella viable counts were monitored over time. After three days of incuba-
tion, Legionella counts increased approximately twofold in flasks containing 0.001% glucose, but Legionella counts 
decreased in both B. vesicularis inoculated and non-inoculated flasks containing higher concentrations of glucose. 
The counts were significantly higher in flasks inoculated with B. vesicularis than in non-inoculated flasks through-
out the experiments. Under the nutrient-poor conditions, the presence of B. vesicularis was found to aid a further 
increase in Legionella counts. Further research is necessary to understand the symbiotic conditions most support-
ing the growth of L. micdadei.
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Under illuminated conditions, cyanobacteria 
and green algae may produce nutrients uesd 
by L. pneumophila (Tison, 1980; Pope et al., 
1982; Bohach et al., 1983), but since tap water 
is shielded from light inside plumbing systems, 
it has been hypothesized that the growth of L. 
pneumophila is supported by other microor-
ganisms in such environment (Wadowsky et al., 
1988).
In 1986, we encountered the first case of Le-
gionella micdadei pneumonia in Japan (Koide 
et al., 1988). Interestingly, we could not isolate 
L. micdadei from the patient’s surrounding en-
vironment, despite successful isolation of L. 
micdadei from the environment in other situa-
tions (hospital drinking water, hospital shower, 
biofilm in a hydrothermal area, etc.) (Brown et 
al., 1982; Stout et al., 1982; Marrào et al., 1993). 
In a follow-up investigation to identify infec-
tion route, source, and reservoir of L. micdadei, 
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we isolated Brevundimonas vesicularis from 
the shower hose of the patient’s home (Koide 
et al.,1989). B. vesicularis was isolated from the 
swab of the rubber shower hose, but it was not 
isolated from the storage water tank, shower 
water, or a swab of the shower head (Koide et 
al., 1989). This finding suggested that the iso-
late might be an extreme biofilm-forming bac-
terium, as opposed to a free-floating bacterium. 
At the patient’s home, municipal tap water was 
stored in a plastic tank in his terraced garden 
to be used for drinking and shower water. The 
patient generally showered daily suggesting 
that the shower system might be a reservoir for 
bacteria.
Previous research has reported the symbiosis 
between heterotrophic bacteria and Legionella, 
but these studies were not able to detect the 
specific species of bacteria (Stout et al., 1985; 
Wadowsky et al., 1985; Guerrieri et al., 2007). 
Therefore, we investigated the relationship be-
tween B. vesicularis and Legionella in a labora-
tory setting to determine whether B. vesicularis 
can support the growth of Legionella. Since B. 
vesicularis utilizes glucose and Legionella does 
not, we also investigated the influence of vary-
ing glucose concentrations on this relationship.

maTERIaLS aND mETHODS

Bacterial strains
The following four strains were used in this 
study: B. vesicularis type strain ATCC11426, B. 
vesicularis Kobe 1005 strain (isolated from the 
shower hose swab in the patient’s residence in 
1987), L. pneumophila serogroup 1 type strain 
ATCC33152 Philadelphia-1, and L. micdadei 
Kobe 86-009 strain (isolated from the lungs of 
the L. micdadei pneumonia patient during the 
autopsy in 1986). 

Determination of experimental conditions
We grew cultures in 200-mL flasks containing 
100 mL of 0.01 M phosphate buffer solution 
(PBS, Na2HPO4 - KH2PO4, pH 7.0), and 1 g of 
artificial sand (Chamotte, 1.0-1.2 mm diameter, 
Zeolite Inc., Fukuoka, Japan). Artificial sand 
was washed ≥5 times with 200 mL of distilled 
water before use. Various concentrations of B. 
vesicularis and glucose (Wako Pure Chemical 

Industries Inc., Osaka, Japan) were added. Glu-
cose was added at concentrations of 0.1% (0.1 
g/100 mL), 0.01% (0.01 g/100 mL), and 0.001% 
(0.001 g/100 mL). 
B. vesicularis type strain or B. vesicularis Kobe 
1005 strain were inoculated onto a Legionella 
agar base (BCYEα agar without L-cysteine, fer-
ric pyrophosphate; adjusted to pH 6.9 with 1N 
KOH; Becton, Dickinson and Company, Sparks, 
MD, USA). The plate was incubated for 2-3 days 
at 30°C. Colonies were harvested in distilled 
water, and concentrations was adjusted to ap-
proximately 108 colony forming units (cfu) /mL 
using a Vitek Colorimeter (BioMerieux Vitek 
Inc., Hazelwood, MO, USA). One hundred μL of 
the dilution of this solution were added to the 
flasks. Flasks were incubated at 30°C. After ten 
days of incubation, viable counts of B. vesicu-
laris and glucose concentration were evaluated 
at various time points. Glucose concentration 
was measured using the hexokinase method. To 
determine the count of B. vesicularis, 100 μL 
of media were serially diluted tenfold, poured 
onto Legionella agar base, and incubated at 
30°C for five to seven days. The number of colo-
nies on the agar plates was counted, and the 
bacterial numbers were determined from these 
counts. Experiments were conducted twice us-
ing different concentrations of inoculum (103 
and 105 cfu/mL). 

Symbiosis experimental design
L. pneumophila type strain ATCC33152 or L. 
micdadei Kobe 86-009 strain was inoculated 
onto BCYEα agar (pH 6.9, Becton, Dickinson 
and Company), and incubated for three to five 
days at 37°C. Colonies were harvested in dis-
tilled water, and the concentrations were ad-
justed to approximately 3x107 cfu/mL. This 
solution was diluted 1:100, and 100 μL were 
added to a flask containing B. vesicularis (104 
cfu/mL inoculation numbers) that had been in-
cubated for ten days.
At various time points during the 30°C post-in-
cubation, viable counts of Legionella were eval-
uated. To determine the count of Legionella, 100 
μL of the media were serially diluted tenfold, 
plated on BCYEα agar, and incubated at 40°C 
for two days and then at 37°C for eight to 12 
days in humidified air. The initial incubation at 
40°C was necessary to prevent the growth and 
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colony formation of B. vesicularis. Experiments 
were conducted in triplicate, and means were 
calculated for comparison. 

RESULTS

Determination of experimental conditions 
The B. vesicularis type strain was inoculated in 
flasks at concentrations of 103 or 105 cfu/mL. 
In the flask containing 0.001% glucose, the B. 
vesicularis count remained stable (104-105 cfu/
mL) throughout the experiment. In the flask 
containing 0.01% glucose, the B. vesicularis 
count decreased gradually, but maintained a 
level of 102-103 cfu/mL at four weeks post inocu-
lation. In the flask containing 0.1% glucose, the 
B. vesicularis population decreased gradually 
and disappeared at three to four weeks post-
inoculation. By day 10, the B. vesicularis in the 
flask containing no glucose had died. Glucose 
concentration remained stable throughout the 
experiments. Replicate experiments produced 
almost identical results regardless of inoculum 
numbers.
In addition, the B. vesicularis Kobe 1005 strain 
was inoculated in flasks at concentrations 
of 103 or 105 cfu/mL. In the flasks containing 
0.001% glucose and 0.01% glucose, the B. ve-
sicularis count remained stable (105-106 cfu/
mL) throughout the experiment. In the flask 

containing 0.1% glucose, the B. vesicularis 
count maintained a level of 104-105 cfu/mL for 
four weeks. The B. vesicularis Kobe 1005 strain 
was able to survive at 104-105 cfu/mL in flasks 
containing no glucose for the duration of the 
experiment. Glucose concentration remained 
stable throughout the experiments. Replicate 
experiments produced almost identical results 
regardless of inoculum numbers.
Thus, we used approximately 104 cfu/mL inocu-
lum number of B. vesicularis for the following 
symbiosis experiments.

Symbiosis experiment 
Symbiosis between L. pneumophila type strain 
ATCC33152 and B. vesicularis type strain 
ATCC11426
At lower levels of glucose (0.01% and 0.001%), 
Legionella (L. pneumophila type strain 
ATCC33152) survival was enhanced by the ad-
dition of B. vesicularis type strain ATCC11426 
(Fig. 1). In fact, Legionella counts actually in-
creased in B. vesicularis-inoculated flasks at the 
lowest level of glucose (0.001%), whereas they 
decreased in identical flasks that were not B. 
vesicularis-inoculated. At the highest level of 
glucose (0.1%), Legionella counts were non-
existent by three days post inoculation, the 
only surviving Legionella was in B. vesicularis-
inoculated flasks (containing 0.001% glucose) 
(Figure 1). 

FIGURE 1 - Mean viable counts of L. 
pneumophila type strain ATCC33152 
at varying glucose concentrations 
(0.1%, 0.01%, and 0.001%) in B. ve-
sicularis type strain ATCC11426-ino-
culated media. Vertical bars indicate 
the range of L. pneumophila counts of 
3 independent experiments. 
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Symbiosis between L. pneumophila type strain 
ATCC33152 and B. vesicularis Kobe 1005 
strain
At all levels of glucose (0.1%, 0.01%. 0.001%), 
Legionella (L. pneumophila type strain 
ATCC33152) survival was enhanced in the pres-
ence of B. vesicularis Kobe 1005 strain (Fig. 2). 
However, independent of B. vesicularis Kobe 
strain inoculation, Legionella survived better 
at lower concentrations of glucose. By 14 days 
post inoculation, the only surviving Legionella 
was in flasks containing B. vesicularis Kobe 

strain plus a low (0.001%) or moderate (0.01%) 
concentration of glucose (Figure 2). 

Symbiosis between L. micdadei Kobe 86-009 
strain and B. vesicularis Kobe 1005 strain
At lower levels of glucose (0.001% and 0.01%), 
L. micdadei Kobe 86-009 strain survival was en-
hanced in the presence of B. vesicularis Kobe 
1005 strain (Figure 3). Legionella counts actu-
ally increased after three days at 0.001% and 
0.01% glucose in the presence of B. vesicularis. 
By 14 days post inoculation, the only surviving 

FIGURE 2 - Mean viable counts of L. 
pneumophila type strain ATCC33152 
at varying glucose concentrations 
(0.1%, 0.01%, and 0.001%) in B. ve-
sicularis Kobe 1005 strain-inoculated 
media. Vertical bar indicate the range 
of L. pneumophila counts of 3 inde-
pendent experiments.

-100 

0 

100 

200 

300 

400 

500 

600 

700 

800 

0 2 4 6 8 10 12 14 

L.
 p

n
eu

m
op

h
ila

 (c
fu

/m
l)

 

Days post-L. pneumophila inoculation

 0.1% B. ves 

 0.01% B. ves 

 0.001%  B. ves 

 0.1%      control 

 0.01%    control 

 0.001%  control 

FIGURE 3 - Mean viable counts of L. 
micdadei Kobe 86-009 strain at va-
rying glucose concentrations (0.1%, 
0.01%, and 0.001%) in B. vesicularis 
Kobe 1005 strain-inoculated media. 
Vertical bar indicate the range of L. 
micdadei counts of 3 independent ex-
periments.
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Legionella was in B. vesicularis-inoculated flasks 
(containing 0.001% or 0.01% glucose) (Fig-
ure 3). Overall, L. micdadei showed decreased 
survival in comparison to L. pneumophila, al-
though the growth trends were the same.

DISCUSSION

In 1953, Büsing et al. first reported B. vesicu-
laris as the isolate from the urinary bladder epi-
thelium of the leech Hirudo medicinalis (Büsing 
et al., 1953). 
They designated this bacterium Corynebacte-
rium vesiculare. In 1964, Galarneault and Lei-
fson classified this bacterium as Pseudomonas 
vesicular (Ballard et al., 1968; Galarneault et 
al., 1964;). Later in 1994, following the desig-
nated name Pseudomonas vesicularis, Segers 
et al. proposed the new genus Brevundimonas 
against Pseudomonas vesicularis and Pseudo-
monas diminuta (Segers et al., 1994). At pres-
ent, the genus Brevundimonas consists of 17 
identified species (Estrela et al., 2010). In our 
case, we identified the isolate as Pseudomo-
nas vesicularis at that time in 1987. We then 
performed 16S-rDNA sequencing. This isolate 
formed a coherent cluster with B. vesicularis, 
Brevundimonas nasdae, Brevundimonas in-
termedia, and Brevundimonas aurantiaca, as 
mentioned by Li et al, 2004. This isolate phe-
notypically resembled B. nasdae, but was more 
similar to B. vesicularis on the basis of 16S-rD-
NA sequencing. 
According to the few reports concerning B. 
vesicularis, this bacterium has been isolated 
from environments such as aqueous reservoirs, 
shower hoses, and leeches, but it is rarely iso-
lated from human clinical specimens (Aspinall 
et al., 1989; Planes et al., 1992; Davis et al., 1997; 
Li et al., 2004; Lee et al., 2011). 
Furthermore, even fewer reports have been 
published regarding the symbiosis between 
bacteria and Legionella. Wadowsky et al. re-
ported that one strain of Flavobacterium breve 
supports satellite growth of L. pneumophila on 
an L-cysteine-deficient medium (Wadowsky et 
al., 1983). The same group also reported the 
multiplication of L. pneumophila in tap water 
infected with the naturally occurring suspen-
sion from a gymnasium hot water tank at an in-

creasing level of 1.3 log CFU (Wadowsky et al., 
1985). A mixed suspension of four kinds of un-
identified non-Legionellaceae bacteria isolated 
from this hot water tank slightly increased the 
L. pneumophila concentration at 0.2 to 0.4 log 
CFU level (Wadowsky et al., 1985). This group 
speculated that there are bacteria present in 
plumbing systems that may supply L. pneu-
mophila with at least some of the amino acids 
required for the metabolism of L. pneumophila, 
but later they also mentioned that these bacte-
ria alone fail to support the multiplication of 
L. pneumophila in tap water (Wadowsky et al, 
1988). These findings, taken together with our 
discovery of B. vesicularis in the home of a pa-
tient infected with L. micdadaei, led us to ex-
plore the ability of B. vesicularis to support the 
growth of Legionella.
Prior to conducting these symbiotic experi-
ments in the laboratory,we first needed to es-
tablish growth conditions to support B. vesicu-
laris growth. Using replicate experiments, we 
determined the necessary inoculum number of 
B. vesicularis to be 104 cfu/mL. 
Once these conditions were established, we 
tested the symbiosis between Legionella and B. 
vesicularis by first inoculating flasks with B. ve-
sicularis (type strain or Kobe strain), then with 
Legionella (L. pneumophila serogroup 1 type 
strain or L. micdadei Kobe strain). The survival 
of both Legionella strains was enhanced in the 
presence of B. vesicularis (Figures 1, 2, 3). This 
enhancement was observed under low glucose 
concentrations. 
Glucose concentration did not aid the growth 
of B vesicularis. B vesicularis grew better at low 
glucose concentrations than at high glucose 
concentrations. Therefore, the growth of Legio-
nella was linked to the number of B vesicularis 
present in the culture medium. 
Manpel et al. reported that L. pneumophila 
did not replicate in a defined biofilm under 
nutrient-poor conditions (Manpel et al., 2006), 
but our results contradict this finding. In fact, 
our data suggest that in the presence of trace 
amounts of nutrients, B. vesicularis could po-
tentially support the growth of Legionella. 
Manpel et al. also reported that some bacteria 
(Corynebacterium glutamicum, Klebsiella pneu-
monia, Pseudomonas spp.) can exert a negative 
effect on the growth of Legionella. It will be in-
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teresting to perform the experiment using these 
bacteria as the negative control. 
In order to understand the mechanism that al-
lows for the symbiotic growth of L. micdadei 
and L. pneumophila in the presence of B. vesic-
ularis, we must further investigate the symbi-
otic conditions, including:
1) nutrients used by B. vesicularis such as L-

proline, L-aspartate, L-serine, D-alanine, 
succinate, and fumarate, alone or in combi-
nation with glucose;

2) the timing of Legionella and B. vesicularis 
co-inoculation, e.g. the simultaneous inocu-
lation of Legionella and B. vesicularis to the 
flask, or preceded Legionella inoculation pri-
or to B. vesicularis inoculation;

3) incubation temperature (20-37°C).
In conclusion, in a nutrient-rich environment, 
amoebae may act as symbiotic partners of Le-
gionella. In an illuminated environment, blue-
green algae mainly act or co-act with amoebae 
as symbiotes of Legionella. However, in dark 
and very nutrient-poor environments, B. ve-
sicularis may potentially support the cryptic 
growth of Legionella. More work is necessary to 
understand the factors that allow for this sym-
biotic growth. Our research also suggests that 
there may be other bacteria with the potential 
to support Legionella in low nutrient environ-
ments.

REFERENCES

aspiNall s.T., grahaM r. (1989). Two sources of con-
tamination of a hydrotherapy pool by environ-
mental organisms. J. Hosp. Infect. 14, 285-292.

ballard r.w., doudoroff M., sTaNier r.Y., MaNdel M. 
(1968). Taxanomy of the aerobic pseudomonads: 
Pseudomonas diminuta and P. vesiculare. J. Gen. 
Microbiol. 53, 349-361.

bohach g.a., sNYder i.s. (1983). Cyanobacterial 
stimulation of growth and oxygen uptake by Le-
gionella pneumophila. Appl. Environ. Microbiol. 
46, 528-531.

browN a., Yu V.l., MagNusseN M.h., Vickers r.M., 
garriTY g.M., elder e.M. (1982). Isolation of 
Pittsburgh pneumonia agentfrom a hospital 
shower. Appl. Environ. Microbiol. 43, 725-726.

büsiNg k.h., döll w., freYTag k. (1953). Die bak-
terienflora der medizinischen blutegel. Archiv. 
für Mikrobiologie. 19, 52-86 (in Germany).

daVis e.p., boopaThY r., MaNNiNg J. (1997). Use of 

trinitrobenzene as a nitrogen source by Pseudo-
monas vesicularis isolated from soil. Curr. Micro-
biol. 34, 192-197.

esTrela a.b., abrahaM w.r. (2010). Brevundimonas 
vancanneyttisp. nov., isolated from blood of a pa-
tient with endocarditis. Int. J. Syst. Evol. Micro-
biol. 60, 2129-2134.

galarNeaulT T.p., leifsoN e. (1964). Pseudomonas 
vesicularis (Büsing et al.) comb. nov. Int. Bull. 
Bacteriol. Nom. Tax. 14, 165-168.

guerrieri e., boNdi M., borelia p., Messi p. (2007). 
Influence of aquatic microorganisms on Legio-
nella pneumophila survival. New Microbiol. 30, 
247-251.

koide M., MiNaMide M., NukiNa M., NakaNishi h., ka-
Miki T., ishikawa T., Nagai k., uMeda b., shiraNe 
h., saiTo a. (1988). Pneumonia caused by Legio-
nella micdadei in a fatal case and its bacteriologi-
cal characterics. Kansenshogaku Zasshi 62, 1-6 
(in Japanese).

koide M., MiYaTa T., NukiNa M., TeraMoTo T., Naka-
Nishi h., kaMiki T., uMeda b., Nakai h. (1989). A 
strain of Pseudomonas vesicularis isolated from 
shower hose which supports the multiplication of 
Legionella. Kansenshogaku Zasshi 63, 1160-1164 
(in Japanese).

lee M.r., huaNg Y.T., liao c.h., chuaNg T.Y., liN c.k., 
lee s.w., lai c.c., Yu c.J., hsueh p.r. (2011). 
Bacterimia caused by Brevundimonas species 
at a tertiary care hospital in Taiwan, 2000-2010. 
Eur. J. Clin. Microbiol. Infect. Dis. 30, 1185-1191.

li Y., kawaMura Y., fuJiwara N., Naka T., liu h., huaNg 
X., kobaYashi k., ezaki T. (2004). Sphingomonas 
yabuuchiae sp. nov. and Brevundimonas nasdae 
sp. nov., isolated from the Russian space labora-
tory Mir. Int. J. Syst. Evol. Microbiol. 54, 819-825.

MaNpel J., spriNg T., weber s.s., haageNseN J.a.J., 
MoliN s., hilbi h. (2006). Planktonic replication 
is essential for biofilm formation by Legionella 
pneumophila in a complex medium under static 
and dynamic flow conditions. Appl. Environ. Mi-
crobiol. 72, 2885-2895.

Marrào g., VerissiMo a., bowker g., de-cosTa M.s. 
(1993). Biofilms as major sources of Legionella 
spp. in hydrothermal areas and their dispersion 
into stream water. FEMS Microbiol. Ecol. 12, 25-
33.

piao z., sze c.c., barYsheVa o., iida k., Yoshida s. 
(2006). Temperature-regulated formation of my-
celia mat-like biofilms by Legionella pneumophi-
la. Appl. Environ. Microbiol. 72, 1613-1622.

plaNes a.M., raMirez a., ferNaNdez f., capdeVila a., 
Tolosa c. (1992). Pseudomonas vesicularis bacte-
raemia. Infection. 20, 367-368.

pope d.h., soracco r.J., gill h.k., flierMaNs g.b. 
(1982). Growth of Legionella pneumophila in two-
membered cultures with green algae and cyano-
bacteria. Curr. Microbiol. 7, 319-322.



Effect of B. vesicularis on Legionella growth 39

rowboThaM T.J. (1980). Preliminary report on the 
pathogenicity of Legionella pneumophila for 
freshwater and soil amoebae. J. Clin. Pathol. 33, 
1179-1183.

segers p., VaNcaNNeYT M., poT b., Torck u., hosTe b., 
deweTTiNck d., falseN e., kersTers k., de-Vos p. 
(1994). Classification of Pseudomonas diminuta 
Leifson and Hugh1954 and Pseudomonas vesicu-
laris Büsing, Döll, and Freytag 1953 in Brevun-
dimonas gen. nov. as Brevundimonas diminuta 
comb. nov. and Brevundimonas vesicularis comb. 
nov., respectively. Int. J. Syst. Bacteriol. 44, 499-
510. 

söderberg M.a., dao J., sTarkeNburg s.r., ciaNcioTTo 
N.p. (2008). Importance of type II secretion for 
survival of Legionella pneumophila in tap water 
and in amoebae at low temperatures. Appl. Envi-
ron. Microbiol. 74, 5583-5588.

sofer Y., zMira s., aMir J. (2007). Brevundimonas ve-
sicularis septic arthritis in an immunocompetent 
child. Eur. J. Pediatr. 166, 77-78.

sTouT J., Yu V.l., Vickers r.M., shoNNard J. (1982). 
Potable water supply as the hospital reservoir for 

Pittsburgh pneumonia agent. Lancet. 319 (8270), 
471-472.

sTouT J.e., Yu V.l., besT N.g. (1985). Ecology of Le-
gionella pneumophila within water distribution 
systems. Appl. Environ. Microbial. 49, 221-228.

TisoN d.l., pope d.h., cherrY w.b., flierMaNs c.b. 
(1980). Growth of Legionella pneumophila in as-
sociation with blue-green algae (cyanobacteria). 
Appl. Environ. Microbiol. 39, 456-459.

wadowskY r.M., Yee r.b. (1983). Satellite growth of 
Legionella pneumophila with an environmental 
isolate of Flavobacterium breve. Appl. Environ. 
Microbiol. 46, 1447-1449.

wadowskY r.M., Yee r.b. (1985). Effect of non-
Legionallaceae bacteria on the multiplication of 
Legionella pneumophila in potable water. Appl. 
Environ. Microbiol. 49, 1206-1210.

wadowskY r.M., buTler l.J., cook M.k., VerMa s.M., 
paul M.a., fields b.s., keleTi g., sYkora J.l., 
Yee r.b. (1988). Growth-supporting activity for 
Legionella pneumophila in tap water cultures and 
implication of hartmannellid amoebae as growth 
factors. Appl. Environ. Microbiol. 54, 2677-2682.



bianca


