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A b s t r a c t .  The  ab i l i ty  o f  h e t e r o t r o p h i c  p la t e  c o u n t  bac t e r i a l  s t r a ins  i so l a t ed  f rom c h l o r i n a t e d  
d r ink ing  w a t e r  on l o w - n u t r i e n t  m e d i a  to  inhibi t  the  g r o w t h  o f  Legionella s p e c i e s  was  e x a m i n e d .  
B e t w e e n  16% and  32% o f  t hese  s t ra ins  we re  ab le  to inhibi t  the  g r o w t h  o f  Legionella s p e c i e s  
when  t e s t ed  on  bu f fe red  c h a r c o a l  y e a s t  e x t r a c t  agar .  The  e x a c t  p r o p o r t i o n  o f  inh ib i t ing  s t ra ins  
va r i ed  wi th  the  ind iv idua l  Legionella spec ie s .  T w o  s t ra ins  tha t  i nh ib i t ed  the  g r o w t h  o f  s e v e r a l  
Legionella spec i e s  cou ld  a lso  s t imu la t e  the  g r o w t h  o f  the  s a m e  s p e c i e s  w h e n  bo th  the  t es t  s t ra in  
and the Legionella spec i e s  we re  g r o w n  on bu f f e r ed  c h a r c o a l  y e a s t  e x t r a c t  aga r  tha t  l a c k e d  the  
e s sen t i a l  a m i n o  ac id  L-cys t e ine .  

Legionella is a nu t r i t i ona l ly  f a s t i d ious  b a c t e r i u m  re-  
quir ing a m i n o  ac ids  as  the  s o u r c e  o f  e n e r g y  18]. A 
sugges t ed  m o d e  o f  su rv iva l  in the  e n v i r o n m e n t  is 
by  the  i n t e r ac t ion  o f  the  Legionella cel ls  wi th  non-  
Legionella b a c t e r i a  [16]. T h e r e  have  been  s eve ra l  
r epo r t s  o f  m i c r o o r g a n i s m s  shar ing  the s a m e  e n v i r o n -  
men t  as Legionella be ing  ab le  to s u p p o r t  the  g r o w t h  
o f  Legionella. M i c r o o r g a n i s m s  s u p p o r t i n g  the 
g rowth  o f  Legionella i nc lude  a lgae  such  as  Fischer- 
ella I2, 3], g reen  a lgae  [12], and  c y a n o b a c t e r i a  [18]; 
a m o e b a e  [14, 19, 22]; and  non-Legionella h e t e r o t r o -  
phic  b a c t e r i a  [16, 17, 20, 21]. Such  h e t e r o t r o p h i c  
b a c t e r i a  have  b e e n  s h o w n  to s u p p o r t  the  g r o w t h  o f  
L. pneumophila on m e d i a  l ack ing  the  a m i n o  ac id  
L-cys te ine  [16, 17, 20, 21]. It has  been  s u g g e s t e d  tha t  
the  p h e n o m e n a  invo lv ing  the  s t imu la t i on  o f  Legion- 
ella growth  by  non-Legionella b a c t e r i a  a re  impor t -  
ant  to the  su rv iva l  and  g r o w t h  o f  Legionella in 
aqua t i c  e c o s y s t e m s  [17, 20]. 

V e r y  l i t t le has  been  d o c u m e n t e d  on  n o n - L e -  
gionella b a c t e r i a  inh ib i t ing  the  g r o w t h  ofLegionella. 
Ca r r i ng ton  and  E m m e r l i n g  and  S t i c h t - G r o h  f o u n d  
that  s eve ra l  r e s p i r a t o r y  b a c t e r i a l  s t r a ins  we re  c a p a -  
ble  o f  inhib i t ing  the  g r o w t h  o f L .  pneumophila [4, 6]. 
C h a n d l e r  n o t e d  tha t  L. pneumophila was  inh ib i t ed  in 
v i t ro  by  Aspergillus sp. [5]. M a k i n  n o t e d  inh ib i t ion  
o f  L. pneumophila g r o w t h  b y  48% of  non-Legionella 
bac te r i a l  s t ra ins  i so l a t ed  f rom w a t e r  s a m p l e s  [10]. 
This  s tudy  was  u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  
bac te r i a l  s t ra ins  i so l a t ed  f rom h e t e r o t r o p h i c  p la t e  

c o u n t s  o f  c h l o r i n a t e d  d r i n k i n g  w a t e r  we re  c a p a b l e  
o f  inh ib i t ing  the  g r o w t h  o f  Legionella s p e c i e s  on  
sol id  med ia .  

M e t h o d s  a n d  M a t e r i a l s  

Legionella strains and growth conditions. The Legionella strains 
used were the following: L. pneumophila (Philadelphia 1) 
87A-2120 ( = ATCC 33152); L. bozema nii N CTC I 1368 ( = ATC C 
33217); L. dumoffii NCTC 11370 ( = ATCC 33279); L. gormanii 
NCTC 11401 (=ATCC 33297); L, Iongbeachae NCTC 11477 
(= ATCC 33462); L. micdadei NCTC 11371 (= ATCC 33218); L. 
oakridgensis NCTC 11531 ( = ATCC 33761 ); and L. wadsworthii 
NCTC 11532 ( -ATCC 33877). All the Legionella species were 
derived from the National Collection of Type Cultures (NCTC) 
except for the L. pneumophila strain, which was from the Califor- 
nia State Health Service. 

All Legionella species were grown aerobically at 35°C for 3 
days, on buffered charcoal yeast extract agar supplemented with 
c~-ketoglutarate (aBCYEA). 

Isolation and identification of heterotrophic plate count (HPC) 
bacteria from chlorinated drinking water. All strains were isolated 
from the water distribution systems of the Brisbane City Council 
and the Gold Coast City Council (Queensland, Australia) and the 
Mornington Peninsular Water Board (Victoria, Australia) by use 
of the heterotrophic plate count media RzA [13], Standard Meth- 
ods Agar (SMA) [9], Casein Peptone Starch Agar (CPS) [9], or 
Dilute Peptone Agar (DPA) [9]. AH isolated strains were main- 
tained on R2A at 20°C. R~A is a low-nutrient medium specifically 
designed to yield maximum viable counts of bacteria from drink- 
ing water [13]. The disinfection of the water differs among the 
three water authorities. The Brisbane City Council uses chlorami- 
nation, the Gold Coast City Council uses a chlorine dioxide and 
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Table 1. Proport ion of  HPC strains f rom drinking water  able to 
inhibit Legionella growth 

Percent  strains inhibiting 
Legionella species  Legionella growth" 

L. pneumophila 16 
L. bozemanii 23 
L. dumoffii 29 
L. gormanii 20 
L. longbeaehae 26 
L. micdadei 23 
L. oakridgensis 32 
L. wadsworthii 24 

" 100 strains were tested.  

chlorine mixture ,  and the Mornington Peninsular  Wate r  Board 
uses  free chlorine. 

In total, 100 HPC strains were isolated from the different 
water  distr ibution s y s t e m s  and used to test  for the ability to inhibit 
Legionella growth.  

Identification of  the 100 HPC strains was a t tempted  by either 
the API20NE rapid identification sys tem (API), or by the identifi- 
cat ion protocol outl ined in an EPA report  on the identification of  
heterotrophic  bacteria f rom drinking water  [15] and the scheme  
for the identification of  Gram-negat ive  nonfermenta t ive  bacteria 
devised by Ward et al [23]. Where  possible,  an identity was given 
to each HPC strain. Strains for which a definite identity could not 
be given but that  were Gram-negat ive  rods that were oxidase and 
catalase posit ive and oxidative in the glucose oxidat ion/ fermenta-  
tion test  were grouped as Pseudomonas-like strains.  Strains that 
could not  be placed in the Pseudomonas-like group owing to the 
lack of  one or more  of  the charac ters  of  the Pseudomonas-like 
group but  were Gram-negat ive  rods that did not ferment  glucose 
were grouped as Gram-negat ive ,  nonfermenta t ive  (GN N F) bacte- 
ria [23]. If the strain was classified as unidentifiable by the 
API20NE identification sys tem or did not fit into ei ther of  these  
groups  by the classification me thods  from the EPA report  and 
the identification scheme  of  Ward et al, it was character ized as 
unidentifiable. 

Culture media. The full growth medium used in this s tudy to 
assay  for the inhibition of  Legionella growth and to maintain 
the Legionella species  was buffered charcoal  yeast  extract  agar 
supp lemented  with a-ketoglutara te  ( aBCYEA) .  This  medium 
conta ins  a final concent ra t ion  of  0.04% of L-cysteine and 0.025%, 
of  ferric pyrophospha te  [7]. 

The  med ium used to assay  for the s t imulat ion of Legionella 
growth was the unsupp lemen ted  buffered charcoal  yeas t  extract  
agar ( U N B C Y E A ) .  This  med ium is the same as the a B C Y E A  
med ium except  that no L-cysteine or ~-ketoglutarate  is added,  
and only 0.001% (final concentrat ion)  of  ferric py rophospha te  is 
added [20]. 

Assay of ability to inhibit Legioneila growth. Each  strain of  Le- 
gionella was s u s p e n de d  in 5 ml of  sterile distilled water  to an  
absorbance  of  1 Mcfar land s tandard 111]. A sterile swab was 
dipped into the suspens ion  o f  each Legionella species  and used 
to inoculate the entire surface of  a n u m b e r  of  a B C Y E A  plates 
with a 'Mas t  Labora to ry '  rotary inoculator.  A small  amoun t  of  
growth of  each HPC strain f rom chlorinated drinking water  was 

Table 2. Extent  of  inhibition of  Legionella growth around HPC 
isolates f rom drinking water  

HPC bacterial isolates 

Legionella sp. MI01" 7A-I b M66 ~ M37 d 

L. pneumophila I e 0 5 0 
L. bozemanii 7 1 4 17 
L. dumoffii 19 8 12 16 
L. gorrnanii 6 0 3 3 
L. Iongbeachae 8 1 5 3 
L. miedadei 7 0 6 22 
L. oakridgensis NG f 6 NG NG 
L. wadsworthii 10 0 5 15 

" M101 was identified as an Aeromonas sp. 
b 7A-I was a strain that was unidentifiable. 
' M66 was a strain that was unidentifiable. 
d M37 was identified as an Aeromonus sp. 
" Inhibition zone around the HPC strain, in ram. 
t NG = no growth of  Legionella owing to complete  inhibition. 

patched onto the surface of  the inoculated c~BCYEA plates with 
a n ichrome wire loop. One or two strains were patched onto each 
a B C Y E A  plate. Inoculated plates were incubated aerobically at 
28°C for 3 -4  days .  

After  incubat ion the plates were examined  with a stereo 
plate microscope  for zones  of  inhibition of  Legionella growth 
around each of the HPC drinking water  strains.  The inhibition 
zones  were measu red  from the edge of  the HPC growth to the 
edge of the inhibition zone. 

Assay of ability to stimulate Legioneila growth. This method,  a 
modification of  the method  used by Wadowsky  and Yee [20], is 
exact ly the same as that descr ibed above for the assay  of  inhibi- 
tion of  Legionella growth except  that the unsupp lemen ted  me- 
d ium U N B C Y E A  was used instead of  the fully supplemented  
medium a B C Y E A .  A posit ive result  was recorded when  satellite 
growth of  Legionella colonies was observed  around colonies of  
the HPC test  strain with the aid of  a stereo plate microscope.  

R e s u l t s  

Preliminary identification o f  the HPC strains used in 
this study assigned ten strains to the genera Aeromo- 
nas, six strains to Pseudomonas vesicular&, two to 
Ps. paucimobilis, one to the genus Pseudornonas, 
one to Vibriofluvialis, and one  strain to Ps. maltoph- 
ilia. Of the remaining 63 strains, 16 were  character- 
ized as being Pseudomonas-like, 22 were  character- 
ized as being G N N F  bacteria, and 29 strains could 
not be identified. N o  identification was  attempted 
for the remaining 12 strains. 

The proport ion of  HPC strains able to inhibit 
the growth o f  Legionella varied with the Legionella 
species  (Table 1). Where inhibition was  observed,  
for each Legionella species  the s ize o f  the inhibition 
z o n e  depended on the HPC strain tested. An exam- 
ple o f  this can be seen in Table 2. This pattern was  
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Table 3. Spect rum of inhibition and s t imulat ion of L e g i o n e l l a  

by two HPC strains with both st imulat ing and inhibiting ability 

HPC strains 

4-1 '~ 7C-3 ~' 

L e g i o n e l l a  Stimu- Stimu- 
species lation Inhibition lation Inhibition 

L .  p n e u m o p h i l a  + - + - 

L .  b o z e m a n i i  + - + - 

L .  d u m q f f i i  + - + + 

L .  g o r m a n i i  + + + - 

L .  l o n g b e a c h a e  + + + - 

L .  m i c d a d e i  + - + 

L .  o a k r i d g e n s i s  + + + + 

L .  w a d s w o r t h i i  + - + - 

" Both strains were unidentifiable. 

confirmed over a wider data set for the 100 HPC 
strains tested. Although some of the HPC strains 
were not capable of completely inhibiting the growth 
of a particular Legionella species, it was noted that 
some of these strains were, however, able to reduce 
the amount of Legionella growth. 

Aeromonas strains were identified as inhibitors 
of each of the Legionella species listed in Table 1. 
One strain of Pseudomonas vesicularis inhibited all 
of the Legionella species. The single Vibriofluvialis 
strain inhibited the growth of all the Legionella spe- 
cies except for L. pneumophila. The remaining 
strains were either Pseudomonas-like, unable to be 
identified, or in the group for which no identification 
was attempted. Neither the Pseudomonas paucimo- 
bilis strains nor any of the GNNF bacteria not attrib- 
uted were able to inhibit the growth of any of the 
Legionella species tested. 

One of the interesting phenomena observed was 
that two of the HPC strains, capable in some trials 
of inhibiting the growth of a particular Legionella 
species on the fully supplemented c~BCYEA me- 
dium, were also able to stimulate the growth of the 
same Legionella species on the unsupplemented 
growth medium that lacked L-cysteine and contained 
only minimal iron (UNBCYEA). The spectrum of 
stimulatory or inhibitory activity of these two strains 
against different Legionella species is given in Table 
3. Strain 4-1 displayed this phenomenon when tested 
against L. gormanii, L. longbeachae, and L. oakrid- 
gensis, whereas strain 7C-3 displayed this phenome- 
non only when tested against L. dumoffii and L. 
oakridgensis. The ability of these two strains to stim- 
ulate the growth of Legionella was consistent over 

all tests performed. However, it was noted that the 
ability to inhibit the growth of Legionella occurred 
in some tests but failed to occur in some replicate 
tests. 

Discussion 

It has been suggested that water distribution systems 
are the original source of the Legionella cells that 
cause the Legionella outbreaks in artificial aquatic 
environments such as cooling towers and hot water 
tanks [17]. Water distribution systems are generally 
nutrient-poor environments and Legionella, a nutri- 
tionally fastidious microorganism, must survive in 
these environments. It has been suggested that Le- 
gionella is able to interact with other microorgan- 
isms to obtain the nutrients it requires to survive 
[ 16, 20, 22]. It has been shown that Legionella strains 
are able to interact positively with a variety of non- 
Legionella microorganisms present in the same envi- 
ronment [16, 18-20]. 

Although much work has been conducted on the 
stimulation of Legionella growth by other microor- 
ganisms, little work has been done on the negative 
interactions that occur between Legionella cells and 
other microorganisms. This study has shown that up 
to a third of a collection of heterotrophic plate count 
bacteria isolated from water distribution systems of 
typical subtropical Australian cities are capable of 
inhibiting Legionella growth, with the exact propor- 
tion of inhibition depending on the Legionella spe- 
cies. The study also showed that there are some 
strains that are capable of both stimulating and inhib- 
iting Legionella growth, depending on the medium 
composition. 

The results suggest that up to 32% of heterotro- 
phic plate count bacteria isolated from chlorinated 
drinking water are capable of inhibiting the growth 
of Legionella species. This is comparable to the re- 
sults of Makin, who found that 48% of the non- 
Legionella strains isolated from water samples with 
a selective medium were able to inhibit the growth 
of L. pneumophila on solid media [10]. 

Preliminary identification of the HPC strains 
tested in this study indicated that the strains able to 
inhibit the growth of the Legionella species tested 
were taxonomically diverse and included Aeromo- 
nas species, Vibrio fluvial&, Pseudomonas vesicu- 
laris and Pseudomonas-like strains. 

A large number of the HPC strains could not be 
identified. Carrington found that five normal respira- 
tory bacterial species, Staphylococcus aureus, 
Klebsiella pneumoniae, Streptococcus pneumon- 
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iae, Bacillus sp., and Streptococcus viridans group 
were capable of inhibiting the growth of L. pneu- 
mophila [4]. In a similar study, Emmerling and 
Sticht-Groh showed that a number of strains of the 
Streptococcus viridans group, pneumococci, Pseu- 
domonas aeruginosa, Staphylococcus, and Bacillus 
sp. inhibited L. pneumophila growth in vitro [6]. The 
results of our study showed that, of the 32 HPC 
strains that were capable of inhibiting Legionella 
growth, only 6 were Gram-positive. This contrasts 
with the results obtained in the two studies con- 
ducted by Carrington and Emmerling and Sticht- 
Groh, in which all the strains inhibiting Legionella 
growth were Gram-positive organisms except for K. 
pneumoniae in Carrington's study [4] and Pseudom- 
onas aeruginosa in Emmerling and Sticht-Groh's 
study [6]. 

Makin suggested that the presence of bacterial 
strains capable of inhibiting Legionella growth in the 
water sample has the potential for causing a false 
negative result [10]. Thus, although Legionella is 
present in a water sample, it may not be isolated on 
solid media owing to masking or inhibition by non- 
Legionella strains growing on the isolation medium. 
We support this view because of the high precentage 
of inhibiting bacterial strains we detected. It is con- 
ceivable that if there are a large number of non- 
Legionella strains present in a water sample capable 
of growth on the selective isolation medium and able 
to inhibit Legionella growth, this would reduce the 
chance of isolating Legionella from the water sam- 
ple. Further work is being carried out to assess the 
number of inhibiting bacterial strains present in a 
water sample by a quantitative plate assay. 

At present little is known about the characteris- 
tics or mode of action of the inhibiting substances 
released by the HPC strains. Initial studies have 
shown that the inhibiting substances differ among 
different HPC strains, with some of the inhibiting 
substances having bactericidal action and some pos- 
sessing a bacteriostatic action. Further work is being 
conducted to further characterize the inhibiting sub- 
stances and to study their modes of action. 

The action of the two strains capable of both 
stimulating and inhibiting Legionella is yet to be 
determined. The mechanisms underlying the phe- 
nomenon, whereby an HPC strain inhibits the 
growth of Legionella on the fully supplemented me- 
dium (c~BCYEA) and also stimulates the growth of 
the same Legionella strain on the unsupplemented 
medium which contains no L-cysteine and only a 
marginal amount of ferric pyrophosphate, has not 
been determined. It is possible that production of 

inhibitory substances by HPC bacteria is, in some 
cases, dependent on L-cysteine in the medium. 

The in situ ability of the HPC isolates from 
drinking water to inhibit the growth of Legionella in 
the natural aquatic environment needs to be exam- 
ined. The results gained in this and future experi- 
ments may lead to an understanding of why some 
Legionella species are more prevalent in the envi- 
ronment than others. For example, L. pneumophila 
is the most commonly detected species of Legionella 
[1]. As can be seen in Table I, the L. pneumophila 
strain used in this study was the species that was 
inhibited by the smallest proportion of the HPC 
strains tested. This could be at least a partial expla- 
nation as to why L. pneumophila is the most preva- 
lent Legionella species detected in environmental 
samples. 

Demonstration that HPC drinking water bacte- 
ria often possess the ability to inhibit Legionella 
growth may lead to a better understanding of the 
interaction of Legionella with other bacteria in the 
environment. This understanding could lead to im- 
proved control measures in which the presence of 
inhibiting non-Legionella strains in the water source 
is encouraged and efforts made to preserve or in- 
crease their numbers. 
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