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Influence of aquatic microorganisms
on Legionella pneumophila survival
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The ability of aquatic bacteria Pseudomonas fluorescens SSD (Ps-D) and Pseudomonas putida SSC (Ps-C) to sup-
port the persistence of Legionella pneumophila (Lp-1) in an artificial water microcosm was investigated for 42 day,
at two different incubation temperatures. At 4 °C, individually suspended Lp-1 was no longer detectable just after
24 hours, while in co-cultures with Pseudomonas, Lp1 showed a better survival capability. At 30 °C, Lp-1 alone dis-
played high survival rates over the entire period of observation. When Lp-1 was inoculated with Ps-C and Ps-D, its
count showed a marked decrease, followed by a gradual and costant decline.
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A number of studies are available on the abili-
ty of Legionella pneumophila to survive in
aquatic systems and the role of amoebal hosts
in its ecology is widely documented (Borella et
al., 2005). Nevertheless, few studies are report-
ed to date on the relationship between Legionella
and other water-borne microorganisms, fre-
quently isolated from the same samples
(Sommerse et al., 1996). The microbial flora of
aquatic environments is generally made up of sev-
eral species of bacteria, fungi and protozoa.
Within this complex community, a large num-
ber of interactions occur, in particular among dif-
ferent bacteria (Messi et al., 2003; Messi et al.,
2005). Thus, we cannot exclude that legionella
survival may also be positively or negatively influ-
enced by other aquatic germs. A mutualistic
mechanism was observed in complex media lack-

ing cysteine or iron salts, unable to support the
growth of L. pneumophila, where the bacterium
formed satellite colonies around strains of
some common aquatic species, including
Flavobacterium, Pseudomonas, Alcaligenes and
Acinetobacter (Wadowsky et al., 1985). A role of
aquatic bacteria in supporting the growth or
influencing the survival of L. pneumophila in sim-
ple media or water has been supposed. In a study
on cooling towers, the highest counts of legionel-
lae were observed in samples with high con-
centrations of heterotrophic bacteria, even if the
correlation between the occurrence of the
pathogen and heterotrophic bacteria was not sig-
nificant (Yamamoto et al., 1992). In this case the
authors suggested an indirect or synergistic rela-
tionship, rather than a direct relationship with
specific bacteria. Wadowsky et al. (1991)
observed that killed cells of Pseudomonas pauci-
mobilis represented a source of nutrients for host
protozoa, thus playing a positive role in legionel-
la survival. Surman et al. (1994) demonstrated
that bacteria isolated from biofilms grown in a
continous culture model system enhanced the
viability of L. pneumophila when inoculated onto
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R2A medium, a phenomenon not observed when
heat-killed and cell-free extracts were used. Lee
and West (1991) confirmed that other bacteria
could represent an essential nutrient for the pro-
tozoa, although the ability of these microor-
ganisms to support the growth of legionellas
under natural conditions is not proven.
In this study, the survival capability of a strain
of L. pneumophila was investigated in an artifi-
cial water microcosm, in the presence of other
water-borne bacteria to better define their abil-
ity to support/inhibit the environmental per-
sistence of the pathogen. Two strains belonging
to the genus Pseudomonas, the most frequently
present in water habitat, were chosen as repre-
sentative of the natural microflora of aquatic
environments. 
L. pneumophila serogroup 1 strain (Lp-1), iso-
lated from hot tap water and already employed
in previous studies (Guerrieri et al., 2005), was
subcultured on buffered charcoal-yeast extract
agar supplemented with a-ketoglutarate (aBCYE,
OXOID Milan, Italy) (Edelstein, 1981) and
incubated for 4 d at 36 °C in a moist chamber
with 2.5% CO2 added. 
Pseudomonas fluorescens SSD (Ps-D) and
Pseudomonas putida SSC (Ps-C), isolated in our
laboratory from mineral water samples (Messi
et al., 2002), were used as aquatic bacteria. The
isolates were recovered by using standard pro-
cedures for screening of coliforms in water and
wastewater (APHA, 1995), and were tested for
oxidase production (NN-dimethyl-p-phenylene-
diamine dihydrochloride, Sigma Chemical Co.,
St. Louis, MO, USA). Identification was made
according to standardized tests API 20 NE strips
(bioMèrioux, Marcy l’Etoile, France). Cultures of
Pseudomonas were then grown in Tryptic Soy
Broth (TSB, Difco Laboratories, Detroit, MI) sup-
plemented with 0.6% yeast extract (TSB-YE)
(Difco) at 30 °C for 18 h. 
All the strains were stored in phosphate-buffered
saline (PBS; 8 g NaCl, 0.2 g KCl, 2.9 g
Na2HPO4·12H2O, 0.2 g KH2PO4 with 1 l of dis-
tilled water) supplemented with 30% (vol./vol.)
glycerine at -80 °C.
Cell suspensions of Lp-1 were obtained by col-
lecting colonies, grown on aBCYE agar plates,
with a sterile swab and suspending the same in
5 ml of sterile deionized water. For Pseudomonas
overnight cultures grown in TSB-YE at 30 °C for

18 h were used. All cultures were centrifuged at
2,000 x g for 20 min. After discarding the super-
natant fluid, the pellets were re-suspended in 5 ml
sterile deionized water. Centrifugation, super-
natant discard and re-suspension were repeat-
ed three times. The density of the final suspen-
sions was measured by the plate count method. 
The survival experiments were carried out by the
previously described “macromethod” (Guerrieri
et al., 2005) on samples of tap water filtered
through membrane filters (0.45-mm-pore-size
Sartorius AG, Goettingen, Germany) to remove
autochthonous microbiota. Eight hundred ml-
volumes of the water were added to sterile Pyrex
glass flasks (1 l), cleaned with acid and autoclaved
before use. 
The flasks were then inoculated with 0.8 ml of
the test strain suspensions in different combi-
nations (Lp-1 alone, Lp-1 with Ps-D, Lp-1 with
Ps-C, Ps-D alone and Ps-C alone) to yield a final
bacterial count of 4 x 106 cfu ml-1 for Lp-1, 3 x
105 cfu ml-1 for Ps-D and 5 x 105 cfu ml-1 for Ps-
C. The flasks were incubated for 42 days at 4 °C
and 30 °C. 
At regular intervals, daily during the first week
and every three days afterwards, the bacterial
count was determined by spreading 0.1 ml of seri-
al tenfold dilution samples on appropriate agar
plates. The medium α-BCYE was used for singly
inoculated legionella counts, while the more
selective MWY and GVPC (OXOID Milan, Italy)
were used to enumerate legionella cells in the
presence of other bacteria; Tryptic Soy Agar (TSA,
Difco Laboratories, Detroit, MI) was used for the
other bacterial counts.
Plates were incubated at 36 °C in a moist cham-
ber with 2.5% CO2 added for Lp-1 and at 30 °C
for pseudomonas. During incubation, plates were
examined daily for up to 7 d, and finally the
grown colonies counted. The experiment was
conducted in triplicate and the bacterial count
was performed on three plates. The arithmeti-
cal mean of three sample determinations,
expressed as log bacterial count, was plotted
against incubation time (days). 
The results obtained at 4 °C and 30 °C are shown
in Figures 1 and 2. Reported data refer to the
experiments performed with the Ps-D strain, as
the results obtained employing Ps-C were simi-
lar. At 4 °C (Figure 1), individually suspended Lp-
1 was no longer detectable after just 24 hours.
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FIGURE 1 - Viable cell count of Legionella pneumophila serogroup 1 (Lp-1) and Pseudomonas fluorescens SSD
(Ps-D) at 4°C. � Lp-1 alone; �� Lp-1 in co-culture with Ps-D; � Ps-D alone; �� Ps-D in co-culture with Lp-1.

FIGURE 2 - Viable cell count of Legionella pneumophila serogroup 1 (Lp-1) and Pseudomonas fluorescens SSD
(Ps-D) at 30°C. � Lp-1 alone; �� Lp-1 in co-culture with Ps-D; �� Ps-D alone; � Ps-D in co-culture with Lp-1.



Lp1, when inoculated with Ps-D, showed an ini-
tial decrease (about 0.5 log) and then remained
nearly constant until the 4th day of incubation.
Successively it showed a progressive decrease,
with a final viable count of about 102 cfu ml-1 after
42 days of incubation. This trend supports the evi-
dence of a favouring role of Pseudomonas on the
survival capability of Legionella under stressing
conditions (very low temperature). We suggest
that this positive effect may be an indirect action
due to increased organic compounds in the medi-
um. These substances derive from the metabol-
ic activity of Pseudomonas, which is able to active-
ly multiply also under low temperature conditions.
Indeed, for both the single inoculated and the co-
cultured experiments, after an initial decline (2-
3 log), the viable count of Ps-D gradually
increased and remained nearly constant (about
105-6 cfu ml-1) until the 42th day. The good sur-
vival capability of Pseudomonas strains in arti-
ficial water microcosms has been previously
demonstrated (Messi et al., 2002) and the pres-
ent investigation confirms that this happens also
under unfavourable physical conditions. 
In the experiments carried out at 30 °C (Figure
2), after the initial physiological decrease, sin-
gle inoculated Lp-1 showed high survival rates
over the entire period of observation (104 cfu ml-
1 after 42 days). In this case Ps-D displayed a neg-
ative influence on the survival capability of Lp1,
which showed a marked initial decrease, if com-
pared to the control, followed by a gradual and
costant decline. However, Legionella was still
recovered with a count of c.a. 102 cfu ml-1 at the
end of the experiment. In this case a competi-
tion for nutrients, resulting more favourable for
Pseudomonas, may be suggested. With regard to
Ps-D, the viable count of both the single inocu-
lated and the co-cultured strain, after a physio-
logical initial decrease, remained nearly constant
until the 21st day. Thereafter Ps-D alone
decreased more than Ps-D in co-colture. 
The results of the present study suggest that the
bacteria belonging to autocthonous microflora
of the aquatic habitat may directly influence L.
pneumophila and therefore play a role in its ecol-
ogy, depending on the environmental conditions.
Actually, the survival capability of the pathogen
was enhanced by the presence of Pseudomonas
strains at a temperature of 4 °C, while it result-
ed negatively influenced at a growing tempera-

ture of 30 °C. This last observation could be in
accordance with Leoni et al. (2001) who report-
ed a statistically significant inverse correlation
between legionellae and Gram negative bacteria
in samples from the showers of several swimming
pool establishments. The water temperature was
higher than that employed in this study, but in
any case this phenomenon was observed only
when the temperature was under 43 °C and other
competitor microorganisms were not present.
Obviously, our experiments cannot completely
reproduce the real conditions of natural habitats,
characterized by a more complex community in
which both the presence of protozoa and the
biofilm formation represent essential features in
Legionella ecology (Borella et al., 2005). As many
aquatic bacteria, including Pseudomonas, are able
to survive and multiply within protozoa or may
act as intracellular parasites (Inglis et al., 2000;
Winiecka-Krusnell and Linder, 2001), a compe-
tition for the protozoan host may exist under nat-
ural conditions. This aspect deserves special con-
sideration also because the capability of intra-
cellular life is considered an important virulence
factor, besides other traits commonly shown by
aquatic bacteria (Bondi et al., 2000). 
Furthermore, the interactions which occur
within biofilms between L. pneumophila and
aquatic bacteria have recently been studied. In
biofilms formed under artificial conditions, the
presence of bacteria like Empedobacter breve or
Micobacterium spp. favoured the adherence and
persistance of L. pneumophila. On the contrary,
Pseudomonas spp., Corynebacterium glutam-
icum and Klebsiella pneumoniae reduced the
adherence of Legionella and accelerated its
detachment from the biofilm (Mampel et al.,
2006). Based on these observations, the authors
suggest the important role of the other bacteria
in modulating the behaviour of L. pneumophi-
la. As Pseudomonas represents the major genus
involved in biofilm formation in aquatic envi-
ronments (Donlan, 2002), studies are in progress
to investigate the interactions between
pseudomonas or pseudomonas-like bacteria
and L. pneumophila occurring in biofilms.

ACKNOWLEDGMENTS
We are sincerely grateful to the Department of
Microbiology-University of Parma, for providing
Acanthamoeba polyphaga UP strain.

250 E. Guerrieri, M. Bondi, P. Borella, P. Messi



This work was supported by the funds of the Italian
University Ministry (MIUR), year 2005.

REFERENCES

APHA -AMERICAN PUBLIC HEALTH ASSOCIATION (1995).
Standard methods for the examination of water and
wastewater, 19th ed. American Public Health
Association, Washington, DC. 953-964.

BONDI, M., MESSI, P., GUERRIERI, E., AND BITONTE, F.
(2000). Virulence profiles and other biological char-
acters in water isolated Aeromonas hydrophila. New
Microbiol 23, 347-356.

BORELLA, P., GUERRIERI, E., MARCHESI, I., BONDI, M.,
AND MESSI, P. (2005). Water ecology of Legionella
and protozoans: environmental and public health
perspectives. Biotechnol Annu Rev 11, 355-380.

DONLAN, R.M. (2002). Biofilms: microbial life on sur-
faces. Emerg Infect Dis 8, 881-890.

EDELSTEIN, P.H., 1981. Improved semiselective medi-
um for isolation of Legionella pneumophila from
contaminated clinical and environmental speci-
mens. J Clin Microbiol 14, 298-303.

GUERRIERI, E., BONDI, M., CIANCIO, C., BORELLA, P., AND

MESSI, P. (2005). Micro- and macromethod assays
for the ecological study of Legionella pneumophi-
la. FEMS Microbiol Lett 252, 113-119.

INGLIS, TJJ., RIGBY, P., ROBERTSON, TA., DUTTON, NS.,
HENDERSON, M., AND CHANG, BJ. (2000). Interaction
between Burkholderia pseudomallei and
Acanthamoeba species results in coiling phagocy-
tosis, endamebic bacterial survival, and escape. Inf
Imm 68, 1681-1686. 

LEE, J., AND WEST, AA. (1991). Survival and growth of
Legionella species in the environment. J Appl
Bacteriol 70, 121S-129S.

LEONI, E., LEGNANI, PP., BUCCI SABATTINI, MA. AND

RIGHI, F. (2001). Prevalence of Legionella spp. in
swimming pool environment. Wat Res 35, 3749-
3753.

MAMPEL, J., SPIRIG, T., WEBER, SS., HAAGENSEN, JA.,
MOLIN, S., AND HILBI, H. (2006). Planktonic repli-
cation is essential for biofilm formation by
Legionella pneumophila in a complex medium
under static and dynamic flow conditions. Appl
Environ Microbiol 72, 2885-2895.

MESSI, P., GUERRIERI, E., AND BONDI, M. (2002).
Survival of an Aeromonas hydrophila in an artifi-
cial mineral water microcosm. Wat Res 36, 3410-
3415.

MESSI, P., GUERRIERI, E., AND BONDI, M. (2003).
Bacteriocin-like substance (BLS) production in
Aeromonas hydrophila water isolates. FEMS
Microbiol Lett 220, 121-125. 

MESSI, P., GUERRIERI, E., AND BONDI, M. (2005).
Antibiotic resistance and antibacterial activity in
heterotrophic bacteria of mineral water origin. Sci
Total Environ 346, 213-219.

SOMMERSE, L., SCARFOGLIERO, P., VITIELLO, M.,
CATALANOTTI, P., GALDIERO, E. (1996). Presence of
Legionella spp. in thermal springs of the Campania
region of south Italy. New Microbiol 19, 315-320.

SURMAN, SB., MORTON, LHG., AND KEEVIL, CW. (1994).
The dependence of Legionella pneumophila on
other aquatic bacteria for survival on R2A medi-
um. Int Biodeter Biodegr 33, 223-236.

WADOWSKY, RM., AND YEE, RB. (1985). Effect of non-
Legionellaceae bacteria on the multliplication of
Legionella pneumophila in potable water. Appl
Environ Microbiol, 49, 1206-1210.

WADOWSKY, RM., WILSON, TM., KAPP, NJ., WEST, AJ.,
KUCHTA, JM., STATES, SJ., DOWLING, JN., AND YEE,
RB. (1991). Multiplication of Legionella spp. in tap
water containing Hartmannella vermiformis. Appl
Environ Microbiol 57, 1950-1955.

WINIECKA-KRUSNELL, J., AND LINDER, E. (2001).
Minireview: Bacterial infections of free-living
amoebae. Res Microbiol 152, 613-619.

YAMAMOTO, H., SUGIURA, M., KUSUNOKI, S., EZAKI, T.,
IKEDO, M., AND YUBUUCHI, E. (1992). Factors stim-
ulating propagation of Legionellae in cooling tower
water. Appl Environ Microbiol 58, 1394-1397.

Aquatic microorganisms and L. pneumophila 251




