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1. S U M M A R Y  

Extended survival of Legionella pneumophila, 
using both a clinical and an environmental iso- 
late, was studied in drinking water, creek water, 
and estuarine water microcosms. Legionella pop- 
ulations were monitored by acridine orange di- 
rect counts (AODC)  and viable count on buffered 
charcoal yeast extract agar amended with alpha- 
ketoglutarate (BCYEa) .  Initial colony counts of 
the clinical isolate in drinking and creek water 
microcosms were 2 × 10 8 c fu /ml  and, after incu- 
bation for 1.5 years, the plate counts decreased to 
3 x 10 6 c fu /ml .  The A O D C  counts, however, did 
not change significantly. The clinical isolate in 
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estuarine water  decreased in plate counts to 10 2 

(c fu /ml)  over the same period. After  incubation 
for 1.5 years at 15°C in the microcosms, Le- 
gionella plate counts of creek and drinking water 
decreased by two logs. Direct microscopic exami- 
nation of aliquots removed from all microcosms 
revealed the presence of small bacilli, large bacilli 
and rare filamentous cells. The environmental 
isolate demonstrated only one colony morphology 
upon culture on BCYEa.  Interestingly, after four 
months incubation in the microcosm, upon plat- 
ing the clinical isolate on BCYEa ,  two distinct 
colony types were evident. Examination by im- 
munofluorescent staining employing a mono- 
clonal antibody against L. pneumophila revealed 
both bacillus and filamentous forms. The total 
cellular proteins of both morphotypes were exam- 
ined by sodium dodecyl sulfate polyacrylyamide 
gel electrophoresis (SDS-PAGE),  demonstrating 
identical protein patterns. Those "Legionella cells 
remaining culturable during 1.5 years of incuba- 
tion grew rapidly when transferred to BCYEa.  
Incubation was continued and it was found that 
some strains of L, pneumophila serogroup 1 can 
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remain viable for longer than 2.4 years under 
low-nutrient conditions. 

prolonged incubation under nutrient-limiting 
conditions. 

2. INTRODUCTION 3. MATERIALS AND METHODS 

A large number of microbial ecology studies 
have been done which have established the ubiq- 
uity of legionellae in the environment [1-5]. 
However, very few studies have involved investi- 
gating the long-term survival and morphological 
changes of Legionella spp. in aquatic habitats 
[6,7]. Morphology, physiology and response of 
Legionella to physical and environmental parame- 
ters can change significantly with fluctuations in 
temperature, osmolarity, a n d / o r  nutrient levels 
[8-10]. For example, Legionella spp. isolated from 
a variety of environmental sources exhibit differ- 
ent sensitivities to disinfectants [3,6]. Thus, long- 
term residence in a given environmental habitat 
may influence many aspects of cell metabolism 
and structure. 

Changes in Legionella morphology associated 
with nutrient concentration, nutrient composi- 
tion, and redox potential have been observed 
[6,11]. Legionella cells grown in a chemostat re- 
vealed pleomorphism [6], whereas in batch cul- 
tures, Pine et al. [11] observed drastic changes in 
cell surface-to-volume ratio, shape, and size which 
could be related to temperature, nutrient, and 
aeration conditions for both bacillus and filamen- 
tous forms of Legionella. It is important to note 
that morphological changes are often the direct 
result of physiological or genetic selection, often 
in response to environmental pressure. Transfor- 
mation from the bacillus to the filamentous form 
has been associated with a partial loss of viru- 
lence of Legionella pneumophila serogroup 1 
[12,13]. In addition, only the bacillus form has 
been observed in patient specimens when viewed 
by immunofluorescent staining, while the fila- 
mentous form is only observed following subcul- 
ture onto laboratory media [13] or detected by 
direct fluorescent antibody staining in environ- 
mental samples. 

The objective of this study was to examine the 
morphology and culturability of clinical as well as 
environmental isolates of L. pneumophila during 

3.1. Strain selection 
Two strains of L. pneumophila serogroup 1 

were employed, a clinical and an environmental 
isolate. The clinical strain, designated 320, was 
isolated from a Buffalo, NY, patient with Legion- 
naires' Disease. The environmental strain, desig- 
nated 082, was isolated by swabbing a dripping 
sub-basement wall in a building on the University 
of Maryland at College Park campus. Both strains 
were maintained in aquatic microcosms and regu- 
larly monitored for 1.5 years, with periodical sam- 
piing for up to 2.4 years. Both strains were con- 
firmed as L. pneumophila by cysteine require- 
ment, serotyping, G + C mol percent over-all 
DNA base composition, and DNA-DNA hy- 
bridization [14]. 

3.2 Microcosm inoculation and sampling 
Drinking water, creek water, and estuarine 

water microcosms were employed in the study. 
Drinking water was collected from a faucet in the 
laboratory of the Microbiology Building at the 
University of Maryland at College Park, MD. 
Creek water samples were collected from a creek 
which runs through the University of Maryland 
campus, and the estuarine water samples were 
collected from the Chesapeake Bay, using wide- 
mouth  polypropylene  containers  (Nalgene,  
Rochester, NY) pre-cleaned with dilute hydro- 
chloric acid. The estuarine samples were col- 
lected aboard the Research Vessel R / V  Ridgeley 
Warfield at Tolly Point (30 56.'0 N, 76 26.'0 W) 
in the Fall of 1988. Temperature  of the estuarine 
water sample was 11.3°C and salinity was 14.8 
ppt. 

Both L. pneumophila strains were grown in 
buffered yeast extract broth (BYE), amended with 
alpha-ketoglutarate, for 48 h at 37°C in a humid 
environment with 2.5% CO 2. Cells were har- 
vested by centrifugation at 8000 × g for 15 min 
and washed three times in sterile drinking water, 
to reduce carry-over of nutrients, before being 
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added to filtered (0.2 /.~m polycarbonate filters; 
Nucleopore, Pleasanton, CA), autoclaved (121°C 
for 15 rain) drinking, creek, or estuarine water 
microcosms [7]. Both total- and free-chlorine con- 
centrations were always less than 1.0 ppm (Hanna 
Instruments, Woonsocket, RI) prior to autoclav- 
ing and never detected following autoclaving. The 
clinical strain, L. pneumophila 320, was inocu- 
lated at an initial concentration of l0 s cells/ml,  
into separate 1-1 Pyrex bottles (Corning Glass 
Works, Corning, NY) containing 900 ml auto- 
claved drinking water, creek water, or estuarine 
water. The environmental isolate was inoculated 
at an initial concentration of 107 cel ls /ml into 
900 ml of drinking or creek water. Different 
initial concentrations of L. pneumophila were 
added to the microcosms to assess the effect of 
initial concentration on long-term survival and to 
evaluate metabolic activity once cells became 
non-culturable with [3H]thymidine-uptake experi- 
ments. Incubation of all five flasks was in the 
dark at 15°C and on a shaker (100 rpm) for the 
entire study period. 

At established intervals, samples were asepti- 
cally removed from the microcosms, cultured on 
BCYEa  for viable count (colony forming units 
per ml; c fu /ml)  [15] and simultaneously enumer- 
ated by AODC (cells/ml) as described by Hobbie 
et al. [16] and by DFA (cells/ml) as described by 
Cherry et al. [17] using antisera obtained from 
Scimedix (Denville, N J) and Genetic Systems 
(Seattle, WA). Duplicate 0.1-ml aliquots of sam- 
ples were spread-plated on BCYEa,  using sterile 
bent glass rods and the plates were incubated for 
one week, after which colony forming units (cfu) 
were counted. 

Sampling over a period of 323 days reduced 
the water volume in the microcosm to 100 ml. At 
this time, creek water was not available, so to 
extend the incubation period and to provide 
stringent incubation conditions (in an attempt to 
induce a non-culturable state) 800 ml of filtered, 
autoclaved drinking water was added to each 
microcosm. Again all microcosms were sampled 
and incubated as before, 15°C, in the dark and on 
a shaker (100 rpm). Following dilution of all 
microcosms, future enumerations of c fu /ml  and 
immunofluorescent counts (cells/ml) considered 
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the dilution effect on the final calculations. Sam- 
pies of 10 ml were removed from the clinical and 
environmental drinking water microcosms at ap- 
prox. 2.4 years, concentrated by centrifugation, 
and prepared for electron microscopy. Colonies 
recovered from microcosms on BCYEa  at day 
735 were transferred to Legionella transparent 
medium (LTM) [18], incubated at 37°C in a hu- 
mid environment with 2.5% CO2, and examined 
by scanning electron microscopy. 

3.3. Gel electrophoresis 
A 72-h culture of each colony type obtained by 

plating from the 2.4-year-old microcosms (con- 
taining the clinical isolate) was harvested from 
BCYEc~ medium and the ceils suspended in 10 
ml of SDS buffer (0.06 M Tris • HCL, pH 6.8, 2% 
SDS, 10% glycerol, 5% 2-mercaptoethanol, and 
0.001% bromphenol-blue; Bio-Rad, Richmond, 
CA). The sample mixture and protein standards 
(Bio-Rad) were heated for 5 rain in a boiling 
water bath and centrifuged at 1000 × g  for 10 
rain at room temperature. Following centrifuga- 
tion, aliquots containing 30 /zg of the protein 
sample and 10 ~g of the standard were loaded 
onto the gel. The samples and standards were 
subjected to a constant current of 60 mA for 3.5 h 
(Bio-Rad 3000/300 power source) using a 1.5-cm 
thick slab gel of 11.5% acrylamide as a running 
gel and a 5% acrylamide stacking gel in a discon- 
tinuous buffer system, a modification of the 
Laemmli method [19]. Following electrophoresis, 
gels were stained with Coomassie brilliant blue, 
destained, and photographed. 

3.4. Electron microscopy 
Samples taken directly from the drinking water 

microcosms containing L. pneumophila strains 082 
and 320, were concentrated by centrifugation 
(7000 X g for 20 rain) and plated on BCY Ea  as 
previously described. Samples were then seeded 
on carbon-coated grids, stained with 1% phos- 
photungstic add, dried, and viewed under a Zeiss 
transmission electron microscope (TEM) (model 
EM-10CR, 80 KV). In the case of the clinical 
isolate (320) the two morphotypes were fixed in 
glutaraldehyde directly on plates (72-h growth on 
BCYEa  or LTM) prior to processing for scan- 
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Fig. 1. Legionella pneumophila serogroup 1 (clinical strain 320) incubated in sterilized (a) drinking water, (b) creek water and, (c) 
estuarine water microcosms at 15°C for 535 days. Total counts (AODC) and colony counts ( c fu /m | )  are compared. The line at day 

323 represents  the addition of drinking water to each microcosm. 
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ning electron microscopy (SEM). Samples were 
fixed on poly-L-lysine coated glass coverslips in 
4% glutaraldehyde, post-fixed in 1% osmium 
tetroxide, dehydrated in acetone in graded steps, 
and critical point dried. Samples were mounted 
on aluminum stubs, sputter-coated with gold-pal- 
ladium, and examined by SEM using a Hitachi 
electron microscope (model $500, 20KV). 

4. RESULTS 

In Fig. 1 (a-c)  survival of the clinical strain of 
L. pneumophila in sterilized drinking, creek, and 
estuarine water microcosms, respectively, is illus- 
trated. Colony counts of the clinical isolate, shown 
in Fig. la declined slightly after incubation for 
approx. 300 days in drinking water. The most 
significant decline followed the addition of fresh 
drinking water, which severely diluted the nutri- 
ent pool as evidenced by the increased decline in 
culturable counts. The primary source of carbon 
and energy for the Legionella are amino acids. 
Legionella have been reported to exhibit brief 
periods of growth in both autoclaved drinking 
water [7], and in unsterilized drinking water [20]. 

As shown in Fig. lb, the clinical isolate incu- 
bated in creek water demonstrated a slow decline 
in culturable counts, while the same isolate incu- 
bated, in estuary water (Fig. lc) showed a sharper 
decline, i.e. a one log decline after incubation for 
30 days. Total counts, measured by AODC, 
showed no significant change during the entire 
test period. After incubation for 1.5 years, the 
clinical strain showed a two-log decline in cultur- 
able counts of both drinking and creek water. 
Those cells incubated in estuarine water exhib- 
ited the greatest decrease in culturable counts (6 
logs), approx, a 3-log decline after 1.5 years and 
an additional 3-log decline after the addition of 
the drinking water. Results of cultural and total 
counts of the environmental isolate (082; not 
shown) in drinking water and creek water showed 
a similar two-log decline in cultural counts, with 
no significant change in total count (AODC). 

After incubation for four months in the micro- 
cosms, only the clinical isolate (L. pneumophila 
strain 320) exhibited aberrant changes in colony 
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morphology. Two colony types were observed on 
BCYEa:  a dry, sticky colony, purple colored at 
the edges, revealing extremely filamentous cells 
upon Gram staining and a creamy, smooth, 
white-colored colony, which demonstrated rod- 
shaped cells upon Gram staining. Both morpho- 
types were confirmed as L. pneumophila through 
DNA-DNA hybridization and immunofluorescent 
antibody staining with both polyclonal and mono- 
clonal antisera against L. pneurnophila serogroup 
1. In addition, contamination was not found fol- 
lowing routine plating (throughout the study pe- 
riod) on both blood and nutrient agars (media on 
which Legionella does not grow). Interestingly, 
upon initial culture at 4 months the bacillus colony 
was predominant, however, over time the fila- 
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Fig. 2. Gel patterns of total membrane  proteins of Legionella 
pneumophila serogroup 1 (clinical strain 320), f i lamentous 
form (lane 1) and bacillus form (lane 2) stained with Comassie 

blue. Lane 3 contains protein standards. 
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mentous form became more apparent,  and after a 
year and a half the ratio of bacillus to filamen- 
tous colonies on B C Y E a  was close to 50:50; 
similar results were obtained by direct examina- 
tion (AODC) of the microcosms containing the 
clinical strains. Acridine orange staining of the 

filamentous form (320), after culturing on B C Y E a  
for 72 h, showed bright, orange-red fluorescent 
filaments. The filaments were non-motile, and if 
agitated, the resultant smaller filaments were also 
non-motile and stained orange-red. Similar exam- 
ination of the rod-shaped cells of the creamy 

i/!! 
# 

A B 

c i o  
Fig. 3. Legionella pneumophila serogroup 1 (strains 320 and 082) incubated in drinking water for > 2.4 years, negatively stained 
with PTA and examined by TEM. (A) Environmental  isolate (strain 082) exhibiting varying electron densities ( x  33000). (B) Cell 
(082) appears to be undergoing division ( ×  20000). (C) Cells (320) with varying length and cell width and injured cell with variable 
electron transparency (X16000). (D) Clinical isolate (320)wi th  uniform electron density and convoluted surface structure 

( x 50000). Bars = 0.5/xm. 
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colony, showed both green and orange fluoresc- 
ing, rod-shaped cells when stained by acridine 
orange. The environmental isolate of L. pneu- 
mophila strain 082 did not exhibit alteration in 
colony morphology upon culture on BCYEa  at 
any time during the study, although bacillus and 
rare filamentous forms could be observed upon 
microscopic examination (AODC and DFA) of 
the microcosms. After the microcosms had been 
incubated for 1.5 years, fluorescent antibody 
staining was done, using samples from each mi- 
crocosm and staining with anti-L, pneumophila 
SG1 polyclonal antisera. In aliquots removed from 
the microcosm, cells of both the clinical and 
environmental isolates stored in drinking water, 
stained well with polyclonal antisera by DFA, 
with a brilliant yellow-green color, while cells 
from creek and estuary microcosms (clinical strain 
only) stained slightly less brilliantly. DFA staining 
of samples from microcosms containing the clini- 
cal isolate revealed yellow-green, brightly fluo- 
rescing, rod-shaped and filamentous ceils. DFA 
staining of L. pneumophila serogroup 1 cells in 
microcosms was again done after incubation of 
the cells for 2.4 years. Again, the strongest stain- 
ing reaction was observed for cells in drinking 
water, followed by creek and estuarine water. 
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To determine whether the variation of colony 
types observed for the clinical isolate were ac- 
companied by changes in protein composition, 
the total cellular proteins were examined using 
sodium dodecyl sulfate polyacrylamide gel elec- 
trophoresis (SDS-PAGE). The protein patterns, 
shown in Fig. 2, were identical for both cell types. 

Cells of the environmental isolate (082) incu- 
bated in drinking water for 2.4 years were exam- 
ined by electron microscopy and appeared elec- 
tron transparent, with central electron dense ar- 
eas (Fig. 3A, B). The clinical strain (320) of L. 
pneumophila, incubated in drinking water for 2.4 
years, demonstrated varying cell lengths, a convo- 
luted cell wall, and uniform electron density (Fig. 
3C, D). 

After incubation for 2.4 years, an aliquot was 
removed from the drinking water microcosm con- 
taining the clinical isolate grown on BCYEa  for 
72 h and the bacillus and filamentous colonies 
were identified. The bacillus form (strain 320) 
was isolated and negatively stained, revealing 
smooth, finely grained surfaces (Fig. 4A). The 
filamentous form of L. pneurnophila strain 320 
was processed as described above and examined 
by electron microscopy, which revealed clumps of 
filamentous cells, with many filaments greater 

Fig. 4. TEM examination of Legionella pneumophila strain 320 (clinical isolate) held for 2.4 years in the microcosm and grown on 
B C Y E a  for 72 h. (A) Bacillus form with smooth surface and non-parallel sides ( x  10000). (B) Fi lamentous form ( x  2000). The bars 

in figure (A) and (B) represent  0.5/xm and 5.0 ~m,  respectively. 
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than 100 ~ m  in length (Fig. 4B). L. pneumophila 
bacillus and fi lamentous forms were grown on 
B C Y E a  for 72 h and examined by SEM as shown 
in Fig. 5A and 5B, respectively. The bacillus form 
was transferred from BCYEc~ to LTM media and 
incubated for 72 h. Examination by SEM showed 

slightly elongated cells (Fig. 5C). The fi lamentous 
form of L. pneurnophila also grew well on LTM 
media, examination by SEM, revealed cells which 
reverted to the bacillus form without filaments 
(Fig. 5D). 

f 
# 

Fig. 5. Legionella pneumophila strain 320 (clinical isolate) held for 2.4 years and grown on B C Y E a  for 72 h, (A) Cells examined 
from creamy colonies by SEM are short and rod shaped; note cell with single polar flagellum, (B) Examination of 'sticky' colonies 
by SEM revealed filamentous cell morphology. (C) Bacillus colony from B C Y E a  transferred to LTM for 72 h. (D) Filamentous 

colony taken from BCYEeL and transferred to LTM for 72 h; note reversion to the bacillus form on this media. Bar = 0.5 ~m. 
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5. DISCUSSION 

The association of L. pneumophila with water  
and water systems is now well established 
[3,14,20-22]. Because legionellae are ubiquitous 
in the natural environment, it is often difficult to 
' track' ,  the source of this organism. The question 
has been raised as to whether  L. pneumophila is 
continually re-seeded into water systems or, in 
fact, derives from or occurs naturally in aquatic 
reservoirs, i.e. is autochthonous. It was useful, 
therefore, to establish longevity of L. pneu- 
mophila in drinking water, surface water, and 
estuaries. Clearly, in natural systems, biotic fac- 
tors, e.g. predation, play a significant role in the 
dynamics of Legionella populations [23]. 

In the studies reported here, the incubation 
temperature  of 15°C was selected because it rep- 
resented the average temperature  of the environ- 
mental waters tested [23]. Large increases in vi- 
able counts were not observed in any of the 
microcosms. Viable counts of the clinical isolate 
incubated in estuarine water for 1.5 years showed 
the greatest decrease in culturable counts (over 
both drinking and river water), when plated on 
BCYEc~. Salinity was, therefore, concluded to be 
implicated in the decline in culturable count. In 
fact, it has long been known that the inherent 
toxicity of the sodium ion has an inhibitory effect 
on growth of L. pneumophila [15,24]. The addi- 
tion of drinking water  to the estuarine water  at 
day 323 appeared to have little effect in diluting 
the toxic effects of the sodium ion, and the de- 
crease in viable counts on B C Y E a  continued. It 
is important to note that the survival of the 
Legionella cells in the microcosms after 323 days, 
when fresh drinking water  was added to all mi- 
crocosms, can only be interpreted with caution 
since the composition of the river and estuarine 
waters were altered. 

L. pneumophila cells, in general, are pleomor- 
phic, with three morphological types (small rods, 
large bacilli, and filamentous rods) reported 
[6,11,22,25]. Anecdotal  reports in the literature 
describe the emergence of filamentous forms of 
Legionella upon subculture of a clinical isolate on 
artificial media [11,12,26]; this is possibly due to 
recovery on antibiotic media. Initially, it was 
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speculated in these reports that nutrient concen- 
tration and composition were responsible for the 
observed morphological changes, based on the 
presence of distinct morphologies only under spe- 
cific growth conditions in batch culture [11]. Other  
investigators studying the growth of Legionella in 
a chemostat, however, observed all three forms to 
occur simultaneously [6]. In our studies, all tl~ree 
morphological types were observed in microcosms 
inoculated with the clinical strain; however the 
large rods are believed to originate from the 
filamentous forms and were therefore grouped 
together. 

The pleomorphism observed in our studies ap- 
pears to arise from fragmentation of filamentous 
cell. The filamentous bacilli were non-motile and 
extremely fragile, with rod-shaped cells appearing 
when cultures containing the filaments were 
shaken vigorously (Paszko-Kolva and Colwell, un- 
published data). 

A O D C  staining of the filamentous form re- 
vealed that all such cells stained fluorescent red- 
orange, interpreted as indicating high RNA con- 
centration and metabolically active cells, accord- 
ing to Hobbie et al. [16]. Examination of the 
bacillus form by A O D C  showed yellow-green flu- 
orescence, with some cells staining green (possi- 
bly metabolically inactive) and others orange (ac- 
tive). Because of the resistance of Legionella to 
nalidixic acid, it was not possible to determine 
the proportion of the viable but non-culturable 
cells enumerated by A O D C  that remained sub- 
strate responsive [27]. Strong DFA reactions were 
observed for all samples throughout the study 
period. Positive DFA reactions suggests little or 
no change in cell-wall antigens throughout the 2.4 
years that the samples were examined. However, 
surface antigen integrity may be affected by com- 
position of the water, since intensity of the fluo- 
rescence was stronger in drinking water than 
creek or estuarine water  microcosms. 

When total protein composition of the mor- 
photypes of L. pneumophila were examined by 
SDS-PAGE, the total cellular protein composi- 
tion was found to be identical for both morpho- 
logical types. SDS-PAGE results showed no un- 
usual proteins in the filamentous form. 

Legionella are facultatively oligotrophic bacte- 
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ria, often adapting quickly to fluctuations in nu- 
trient concentration. Obligately oligotrophic bac- 
teria are believed by some investigators to lack 
this ability [28]. Some facultatively oligotrophic 
bacteria are unable to grow in nutrient-rich me- 
dia on initial isolation and will not be detected 
[29], which explains in part the difficulty in cultur- 
ing Legionella even though it is observed to be 
present in large numbers when samples are exam- 
ined by DFA. 

Many microorganisms in aquatic environments 
have been found to demonstrate survival strate- 
gies, including reductive division, increasing the 
number of high-affinity transporters, formation of 
coccoid cells, and cell elongation (increasing the 
surface to volume ratio, with the net effect of 
increasing nutrient uptake sites), and dormant 
cells or 'somnicells' [30-32]. Thus, nutrient con- 
centration appears to be significant in regulating 
cell division, metabolism and morphology. To sur- 
vive in a constantly changing aquatic environ- 
ment, with attendant variations in nutrient con- 
centration, as well as chemical and physical envi- 
ronmental factors, microbial cells must adapt 
rapidly to such changes. Other investigators 
[12,13] have shown that there is often a subpopu- 
lation of L. pneurnophila serogroup 1 cells which 
are able to revert to the filamentous form upon 
culture on laboratory media. Interestingly, this 
subpopulation can convert from a bacillus form 
(considered virulent) to a filamentous form (be- 
lieved to be avirulent); this conversion is believed 
to be a two-way phenomenon. Interestingly, the 
filamentous conversion observed for clinical Le- 
gionella isolates upon transfer from oligotrophic 
microcosms to a high nutrient media may repre- 
sent a nutrient response, with the filamentous 
form an adaptive response by the cell. The fila- 
mentous cells have been shown to be non-motile 
and avirulent. Again, the filamentous form may 
be a survival strategy employed by these bacteria. 
The non-motile, filamentous form is fragile, 
breaking into irregular-sized bacilli upon agita- 
tion, which may aid in the dissemination of this 
pathogen in the environment. However, the pro- 
cessing procedures (centrifugation or filtration) 
employed in Legionella detection may prevent 
the filamentous form from being routinely ob- 

served in environmental samples when the sam- 
ples have been processed for immunofluorescent 
staining. 

Nutrient 'shock' has been offered as an expla- 
nation for the observation that Legionella spp. 
detected by immunofluorescent staining are cul- 
tured only with great difficulty on nutrient media 
[21,33]. Hussong et al. [7] suggested that legionel- 
lae in the aquatic environment may enter a vi- 
able, but non-culturable state, akin to a form of 
sporulation. In addition to the survival strategies 
cited above, other tactics most certainly are em- 
ployed by Legionella spp. for protection from 
environmental exigencies, such as changes in 
temperature a n d / o r  pH, presence of disinfectant 
residuals, etc. Association with cyanobacteria, 
protozoa, and location within, as well as forma- 
tion of, biofilms most certainly must be included 
in strategies employed by Legionella spp. for 
long-term survival in aquatic environments 
[1,5,14,22]. Whatever the strategy and regardless 
of culturability, environmental strains of Le- 
gionella can survive for periods greater than 2.4 
years under low nutrient conditions and still be 
detected by direct fluorescent-antibody staining. 
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