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Introduction 
 Most species belonging to Aeromonas genus, particularly those 

associated with human infections, are widely distributed in the 
environment, especially in freshwater, sewage, marine environments, 
and drinking water, and are also found in a wide range of animal and 
plant food products [1,2]. The US Environmental Protection Agency 
proposed Aeromonas hydrophila as one of the contaminants of concern 
in waterborne diseases [3]. Legionella pneumophila, the causative 
organism of Legionnaires disease, can infect and kill specific species of 
amoebae in aquatic environments and can multiply as an intracellular 
parasite in human phagocytic cells [4]. Legionella spp. are commonly 
found in aquatic environments, and responsible for 1 to 5% of cases of 
community-acquired pneumonia (CAP) [5]. Approximately 70 to 90% 
of Legionella infections are caused by L. pneumophila serogroups 1 and 
6 [6]. Scientists have realized that in the natural world, more than 99% 
of all bacteria exist as biofilms [7]. The most alarming results are the 
presence and multiplication of pathogenic and opportunistic pathogens 
such as Escherichia coli, Pseudomonas, Aeromonas and Legionella 
spp. occurring within biofilms [8,9]. The previous studies found that 
heterotrophic bacteria isolated from environmental water sources were 
capable of inhibiting the growth of Legionella species on solid media 
and included several Aeromonas strains [10,11]. The purpose of this 
investigation was to evaluate the ability of Aeromonas spp. isolated from 
aquatic sources (water sanitation plants, water distribution systems, and 
reverse osmosis water) in Basrah governorate Iraq, to inhibit the growth 
of L. pneumophila serogroup1-15, from the same sources, in vitro.

Materials and Methods
Aeromonas spp. and L. pneumophila growth conditions

A duplicate of 100 ml water samples were filtered by membrane 
filtration (MF) technique using 47 mm cellulose acetate filters with a 
nominal pore size of 0.45 µm (Sartorius, Germany). Filter papers were 
cultured aerobically at 37°C for 24 hours on Ampicillin Dextrin Agar 
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Abstract
This study was designed to determining the ability of six Aeromonas spp. isolated from different water sources 

(sanitation plants, water distribution systems, and Reverse Osmosis water) to inhibit the growth of Legionella 
pneumophila serotype 1 -15, from the same sources, in vitro.

Eighteen isolates of 6 Aeromonas spp. were tested for their ability to inhibiting the growth of six isolates of L. 
pneumophila serotype1-15.The interactions between L. pneumophila and Aeromonas spp. were investigated by 
using cells from broth culture and as solid culture and cell-free supernatants (CFSs) of the latter on the growth of 
the former on the LAB medium. Results showed that A. schubertii, A. encheleia and A. hydrophila supernatant, cells 
and solid cultures have the ability to inhibiting the growth of L. pneumophila serotypes 1 and 2-15. While all tested 
Aeromonas spp. inhibited both L. pneumophila serotypes, when directly inoculated or transferred as ready grown 
solid culture. The results indicated that growth and multiplication of L. pneumophila could be inhibited by other 
bacteria sharing the same habitat and the level of this effect varies among the species.

The presence of Aeromonas spp. and L. pneumophila in drinking water can be an important threat to public 
health, thus greater awareness of these bacteria as potential enteropathogens is warranted.
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with Vancomycin (ADA-V) supplemented with 5 ml of both ampicillin 
dextrin selective supplement and vancomycin (Himedia\India) [12]. 
The other filter papers were cultured aerobically at 35°C for 3 days 
on Legionella Agar Base (LAB) medium which consists of (g/l) yeast 
extract 10.0, charcoal activated 1.5, ACES buffer 6.0, α- ketoglutarate 
1.0, potassium hydroxide 1.5 and agar 17.0 and supplemented with 
colistin sulphate, vancomycin, trimethoprim and amphotericin B 
(Himedia\ India) [13]. Identification of Aeromonas spp. was carried 
out by rapid identification system Hi Carbohydrate Kit (Himedia) 
and biochemical tests. Eighteen isolates have been tested for their 
inhibitory ability, while six isolates as L. pneumophila were identified 
by rapid Slide-Agglutination test system using Hi Legionella Latex Kit 
(Himedia) and biochemical tests, as serogroup 1 and serogroup 2- 15. 

Preparation of cell-free supernatants (CFSs)
 Pure cultures of all the 18 Aeromonas isolates were suspended in 

10 ml of nutrient broth each to obtain a concentration of 6×108 CFU/
ml. and then centrifuged at 10000 rpm for 15 min. Supernatants were 
filtered through a filter papers with pore size of 0.22 µm(11) and stored 
at -20°C.

Assay of ability of Aeromonas spp. to inhibit growth of L. 
pneumophila

 Each of the L. pneumophila serogroup was suspended in 10 ml of 
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nutrient broth to obtain a concentration of 3×108 CFU/ml, then 0.1 ml 
of the suspension was spread evenly over the complete surface of LAB 
plate and subjected to the following treatments 

a. Cell-free supernatants (CFSs): by micro pipetting, 20 µl CFS of 
each of the six Aeromonas species on to the inoculated LAB 
medium plates. Sterile distilled water used as control. 

b. Small pieces (6×6 mm) of each of the six Aeromonas species 
bacterial growth on ADA-V medium was placed onto the 
surface of inoculated LAB plates by using wire loop. A small 
part (6×6 mm) of sterile ADA-V medium was used as control. 

c. A loopful of each of the six Aeromonas species bacterial growth 
on ADA-V medium (the bacterial growth without the medium) 
was placed onto the surface of inoculated LAB plates. 

d. Inoculated plates were incubated aerobically at 37°C for 3 
days, and then examined for zones of L. pneumophila growth 
inhibition surrounding each of the Aeromonas isolates. The 
inhibition zones were measured in millimeters, and then 
compared with control.

Results
 The results of the Aeromonas supernatants have revealed their 

ability to inhibiting the growth of L. pneumophila serogroup1 (Figure 
1) as A. encheleia has the largest inhibitory diameter of 12 mm followed 
by A. hydrophila with an inhibitory diameter of 6.75 mm, while A. 
schubertii has inhibitory diameter of 5.75 mm.

The (CFSs) of A. caviae, A. eucrenophila, A. veronii bv. veronii 
showed no inhibitory effect on the growth of L. pneumophila of the 
first serogroup. The (CFSs) of A. schubertii had the largest inhibitory 
diameter of 18.5 mm on the growth of L. pneumophila (serogroup: 
2-15) followed by A. encheleia (11.5 mm), A. hydrophila (9.5 mm) and 

A. eucrenophila which had inhibitory diameter of 6.5 mm, while (CFSs) 
of A. caviae and A. veronii bv. veronii had not shown any inhibitory 
effect on the growth of L. pneumophila serogroup: 2-15 (Table 1).

It is noted that all in case of solid culture of Aeromonas spp. (Figure 
2) have shown ability to inhibiting the growth of L. pneumophila 
serogroup 1 with different diameters from 19 mm for A. veronii bv. 
veronii to 9 mm for A. eucrenophila. While there was a lower inhibitory 
effect of Aeromonas spp. solid cultures on the growth of L. pneumophila 
serogroup 2-15 as A. encheleia and A. schubertii inhibitory zones were 
11.5 mm and 10.5 mm respectively while the inhibitory zone of A. 
caviae and A. eucrenophila were 7.5 mm (Table 2).

Regarding the effect of Aeromonas spp. growth alone on growth of 
L. pneumophila serogroup 1, A. schubertii had the largest inhibitory 
diameter of 11 mm. This is followed by A. eucrenophila and A. veronii 
bv. veronii with an inhibitory diameter of 10 mm for each of them , 
and A. encheleia with an inhibitory diameter of 8 mm. While the 
ability of Aeromonas spp. growth alone in inhibiting the growth of L. 
pneumophila sero group: 2-15 has varied ranging from 11.5 mm by A. 
schubertii to 4 mm by A. caviae (Table 3).

As seen above, it is noted that all solid cultures and the bacterial 

Figure 1: The inhibiting effect of Aeromonas spp. supernatants on the 
growth of L. pneumophila.

Isolates
cell-free supernatants (CFSs)

L. pneumophila serogroup 1 L. pneumophila serogroup 2-15  
 A.  hydrophila 6.75 9.5

A. caviae - -
A. eucrenophila - 6.5

A. schubertii 5.75 18.5
A. veronii bv. Veronii - -

A. encheleia 12 11.5

Table 1: Zone inhibition diameters (mm) of the cell-free supernatants (CFSs) of 
Aeromonas spp. on the growth of L. pneumophila 

Figure 2: The inhibiting effect of Aeromonas solid culture on the growth of 
L. pneumophila.

Isolates L. pneumophila 
serogroup 1

L. pneumophila 
serogroup2-15

A.  hydrophila 11.5 9. 5
A. caviae 9.5 7.5

A. eucrenophila 9 7.5
A. schubertii 11.5 10.5

A. veronii bv .veronii 19 8.5
A. encheleia 12 11.5

Table 2: Zone inhibition diameters (mm) of Aeromonas spp. growth on the growth 
of L.   pneumophila.

Isolates  L. pneumophila 
serogroup 1

 L. pneumophila 
serogroup 2- 15

A.  hydrophila 9.5 10.5
A. caviae 6 4

A. eucrenophila 10 6
A. schubertii 11 11.5

A. veronii bv .veronii 10 8
A. encheleia 8 7

Table 3: Zone inhibition diameters (mm) of Aeromonas spp. growth alone on the 
growth of L. pneumophila.
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growth alone of the six Aeromonas spp. isolated from drinking water 
were able by different ranges in inhibiting the growth of L. pneumophila 
serogroup 2-15, and serogroup 1. In addition, these serogroups were 
more sensitive towards the solid culture and the Aeromonas spp. growth 
alone as compared with their CFSs.

Discussion
Aeromonas spp. are found worldwide in aquatic environments, 

including ground water, surface waters, estuarine and marine waters, 
drinking water, and wastewater [14]. Legionella are also commonly 
found in aquatic environments, this bacterium has even been isolated 
from drinking water [15]. The presence of these two types and other 
bacterial types living in the same environment may affect the growth of 
each other [11,16]. Storey et al. [17] have indicated that the growth of 
L. pneumophila depends on other living microorganisms that are in the 
same environment and the reactions that occur between L. pneumophila 
and other living microorganisms are still unknown. These reactions 
may be limited by the production of bacteriocins and these compounds 
have a major role in dynamism of population in environmental systems 
[18]. The available information about the sensitivity of L. pneumophila 
for these compounds are limited as Héchard et al. [19] have indicated 
the role of the peptides secreted by Staphylococcus warneri in inhibiting 
the growth of L. pneumophila.

The supernatants (CFSs ) of Aeromonas spp. that are isolated 
from the drinking water have shown different sizes of inhibition 
zone diameter. It was also noted that there was no effect at all for the 
supernatants of A. caviae and A. veronii bv. veronii on the growth of L. 
pneumophila. The difference in the effect of the (CFSs) for the six types 
of Aeromonas that are isolated from the drinking water may be related 
to the difference of the extracellular compounds secreted by these types 
that in turn affect the growth of L. pneumophila as the secretion of these 
extracellular compounds varies according to the environment and this 
depends on the types of bacteria that are in the same environment 
and on the growth conditions [20]. The differences in the ability of the 
bacterial (CFSs) of the different types of Aeromonas on the growth of 
L. pneumophila can be also attributed to the differences in the bacterial 
strains belonging to different species of Aeromonas and the nature of 
the extracellular secretions for each strain [21].

It is noted in this study that A. encheleia has recorded the largest 
inhibitory rate for the growth of L. pneumophila of the first serogroup 
and no references were found about the presence of any studies 
indicating its effect on the growth of L. pneumophila. So, this study 
may be the first one of its type to isolate A. encheleia from the drinking 
water in Iraq and studying its effect on the growth of L. pneumophila. 
It is known that this species is one of the non-pathogenic species for 
human beings [22] and the presence of other non-pathogenic types of 
Aeromonas species that are able to inhibit the growth of L. pneumophila 
of the first serogroup causing 80% of pneumonia cases [23] is a sort of 
possible control as it works as limiting factors for the growth and spread 
of pathogenic L. pneumophila in water sources.

 In the solid culture and bacterial growth experiments all 
Aeromonas species were able at different rates, in inhibiting the growth 
of L. pneumophila serogroup 1-15 especially A. schubertii which had the 
maximum inhibitory rate for the growth of L. pneumophila. This may 
be related to the incubation periods for Aeromonas species before being 
transferred to the growth medium for L. pneumophila which allowed 
the possibility for providing secondary metabolites when bacterial cells 
approached a static growth period and as L. pneumophila is relatively 
a slowly-growing bacteria. The difference in growth inhibitory rates 

may be related to the limited activity of these secondary metabolites 
for each type, besides, Aeromonas species produce some extra-cellular 
compounds including enzymes and toxins and probably one or more 
of these enzymes can have an anti-bacterial activity. The results of the 
current study are consistent with the results of [11,24] as Aeromonas 
species can affect the growth of L. pneumophila by different rates and it is 
obvious that environmental balance is a necessary factor for the growth 
of L. pneumophila in drinking water systems. The study showed that L. 
pneumophila occupies an environmental position in water distribution 
systems via their relationship with other bacteria like Aeromonas, and 
probably it is possible to control the growth of L. pneumophila through 
Aeromonas that are naturally present in the same environment. 

The different effects of Aeromonas species on the growth of L. 
pneumophila are still unknown [25], and this requires further studies 
especially molecular studies to understand the causes behind the 
different effects in the growth of L. pneumophila.

To our knowledge, this is the first study in Iraq which determined 
the inhibitory effects of Aeromonas spp. against L. pneumophila 
isolated from different water sources in Basrah governorate. The results 
indicated that growth and multiplication of L. pneumophila could be 
affected by other bacteria sharing the same habitat and the level of 
this effect varies among the species. The presence of Aeromonas spp. 
and L. pneumophila in drinking water can be an important threat to 
public health, thus greater awareness of these bacteria as potential 
enteropathogens is warranted.

References

1. Abbott SL (2003) Aeromonas. In: Murray PR, Baron EJ, Pfaller MA, Jorgensen 
JH, Yolken RH (eds). (8thedn), Manual of clinical microbiology, ASM Press, 
Washington, DC.

2. Chang YC, Shih DY, Wang JY, Yang SS (2007) Molecular characterization 
of class 1 integrons and antimicrobial resistance in Aeromonas strains from 
foodborne outbreak-suspect samples and environmental sources in Taiwan. 
Diagn Microbiol Infect Dis 59: 191-197.

3. USEPA (2005) Drinking water contaminant candidate list. Federal Register, 
February 24, 70: 9071-9077. Available from [http: www.epa.gov./fedrgstr/epa-
water/2005/ February/day 24/w3527.html

4. Barker J, Brown MR (1994) Trojan-horses of the microbial world: Protozoa and 
the survival of bacterial pathogens in the environment. Microbiology 140: 1253-
1259.

5. van der Eerden MM, Vlaspolder F, de Graaff CS, Groot T, Jansen HM, et al. 
(2005) Value of intensive diagnostic microbiological investigation in low- and 
high-risk patients with community-acquired pneumonia. Eur J Clin Microbiol 
Infect Dis 24: 241-249.

6. Cordevant C, Tang JS, Clela nd D, Lange M (2003) Characterization of members 
of the Legionellaceae family by automated ribotyping. J Clin Microbiolgy 41: 34-
43.

7. Costerton JW, Cheng KJ, Geesey GG, Ladd TI, Nickel JC, et al. (1987) Bacterial 
biofilms in nature and disease. Annu Rev Microbiol 41: 435-464.

8. Burke V, Robinson J, Gracey M, Peterson D, Partridge K (1984) Isolation of 
Aeromonas hydrophila, from a metropolitan water supply: seasonal correlation 
with clinical isolates. Appl Environ Microbiol 48: 361-366.

9. Storey MV, Langmark J, Ashbolt NJ, Stenstrom TA (2004) The fate of legionellae 
within distribution pipe biofilms: measurement of their persistence, inactivation 
and detachment. Water Sci Technol 49: 269-275.

10. Toze S, Sly L, Hayward C, Fuerst J (1993) Bactericidal effect of inhibitory non-
Legionella bacteria on Legionella pneumophi1a. h Legionella : Current Status 
and Emerging Perspectives. American Society for Microbiology, Washington 
DC.

11. Cotuk A, Dogruz N, Zeybek Z, Kimiran-Erden A, Ilhn- Sungur E (2005) The 
effects of Pseudomonas and Aeromonas strain on Legionella pneumophila 
growth. Annals of Microbiology 55: 219-224. 

http://dx.doi.org/10.4172/2167-7719.1000108
http://www.ncbi.nlm.nih.gov/pubmed/17908616
http://www.ncbi.nlm.nih.gov/pubmed/17908616
http://www.ncbi.nlm.nih.gov/pubmed/17908616
http://www.ncbi.nlm.nih.gov/pubmed/17908616
http://www.ncbi.nlm.nih.gov/pubmed/8081490
http://www.ncbi.nlm.nih.gov/pubmed/8081490
http://www.ncbi.nlm.nih.gov/pubmed/8081490
http://www.ncbi.nlm.nih.gov/pubmed/15902529
http://www.ncbi.nlm.nih.gov/pubmed/15902529
http://www.ncbi.nlm.nih.gov/pubmed/15902529
http://www.ncbi.nlm.nih.gov/pubmed/15902529
http://www.ncbi.nlm.nih.gov/pubmed/12517822
http://www.ncbi.nlm.nih.gov/pubmed/12517822
http://www.ncbi.nlm.nih.gov/pubmed/12517822
http://www.ncbi.nlm.nih.gov/pubmed/3318676
http://www.ncbi.nlm.nih.gov/pubmed/3318676
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC241518/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC241518/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC241518/
http://www.ncbi.nlm.nih.gov/pubmed/15303751
http://www.ncbi.nlm.nih.gov/pubmed/15303751
http://www.ncbi.nlm.nih.gov/pubmed/15303751
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.annmicro.unimi.it%2Ffull%2F55%2Fcotuk_55_219-224.pdf&ei=dSy_Ubj4CsjyrQf3qIDgAg&usg=AFQjCNGN5bL1K6ctlh710zMqiQQOM8vFNA&bvm=bv.47883778,d.bmk&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.annmicro.unimi.it%2Ffull%2F55%2Fcotuk_55_219-224.pdf&ei=dSy_Ubj4CsjyrQf3qIDgAg&usg=AFQjCNGN5bL1K6ctlh710zMqiQQOM8vFNA&bvm=bv.47883778,d.bmk&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CDEQFjAA&url=http%3A%2F%2Fwww.annmicro.unimi.it%2Ffull%2F55%2Fcotuk_55_219-224.pdf&ei=dSy_Ubj4CsjyrQf3qIDgAg&usg=AFQjCNGN5bL1K6ctlh710zMqiQQOM8vFNA&bvm=bv.47883778,d.bmk&cad=rja


Citation: Al-Sulami AA, Al-Taee AMR, Yehyazarian AA (2013) The Effect of Aeromonas spp. on the Growth of Legionella pneumophila in vitro. Air 
Water Borne Diseases 2: 108. doi:10.4172/2167-7719.1000108

Page 4 of 4

Volume 2 • Issue 1 • 1000108
Air Water Borne Diseases
ISSN: 2167-7719 AWBD, an open access journal 

12. U.S Environmental Protection Agency (USEPA) (2001) Method 1605: 
Aeromonas in Finished Water by Membrane filtration using Ampicillin-Dextrin 
Agar with Vancomycin (ADA-V). Washington, DC.

13. International Organization for Standardization (ISO) (1998) Water Quality-
Detection and Enumeration of Legionella, ISO.1173: 1998 (E). 

14. Razzolini MT, Di Bari M, Sanchez PS, Sato MI (2008) Aeromonas detection and 
their toxins from drinking water from reservoirs and drinking fountains. J Water 
Health 6: 117-123. 

15. Palusińska M, Cendrowska M (2008) Occurrence and pathogenicity of the 
family of Legionellaceae. Postepy Hig Med Dosw 62: 337-353.

16. Toze S, Sly LI, MacRae IC, Fuerst JA, (1990) Inhibition of growth of Legionella 
species by heterotrophic plate count bacteria isolated from chlorinated drinking 
water. Current Microbiology 21: 139-143.

17. Storey MV, Långmark J, Ashbolt NJ, Stenström TA (2004) The fate of 
legionellae within distribution pipe biofilms: measurement of their inactivation 
and detachment. Water Sci Technol 49: 269-275.

18. Borella P, Montagna MT, Stampi S, Stancanelli G, Romano-Spica V, et al. 
(2005) Legionella Contamination in Hot Water of Italian Hotels. Appl Environ 
Microbiol 71: 5805-5813. 

19. Héchard Y, Ferraz S, Bruneteau E, Steinert M, Berjeaud JM (2005). Isolation 
and characterization of a Staphylococcus warneri strain producing an anti-
Legionella peptide. FEMS Microbiol Lett 252: 19-23.

20. Erdem AK, Yazici A (2008) An in vitro evaluation of the interactions of Legionella 
pneumophila serogroups 2 to 14 strains with other bacteria in the same habitat. 
Annals of Microbiology 58: 395-401.

21. Martin-Carnahan A, Joseph SW (2005) Aeromonadaceae. Bergey’s Manual of 
Systematic Bacteriology. The Proteobacteria, Part B. Vol.2, (2ndedn), Springer-
Verlag, New York, USA. 

22. Brown J, Hort K, Bouwman R, Capon A, Bansal N, et al. (2001) Investigation 
and control of a cluster of cases of Legionnaires’ disease in western Sidney. 
Communicable Disease Intelligence 25: 63-66.

23. Toze S, Caill M, Sly LI, Fuerst JA (1994) The effect of Aeromonas strains on the 
growth of Legionella. J Appl Bacteriol 77: 169-174.

24. Sezen K, Denirbag Z (2001) Bacteriocidal activity and partial characterization 
of an inhibitory compound from Serratia marcescens BN10 isolated from 
Balaninus nucum L. Fresen. Environ Bull 10: 850-853.

25. Guerrieri E, Bondi M, Sabia C, de Niederha¨usern S, Messi P, et al. (2008) Effect 
of Bacterial Interference on Biofilm Development by Legionella pneumophila. 
Curr Microbiol 57: 532-536. 

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

•	 User	friendly/feasible	website-translation	of	your	paper	to	50	world’s	leading	languages
•	 Audio	Version	of	published	paper
•	 Digital	articles	to	share	and	explore

Special features:

•	 250	Open	Access	Journals
•	 20,000	editorial	team
•	 21	days	rapid	review	process
•	 Quality	and	quick	editorial,	review	and	publication	processing
•	 Indexing	at	PubMed	(partial),	Scopus,	DOAJ,	EBSCO,	Index	Copernicus	and	Google	Scholar	etc
•	 Sharing	Option:	Social	Networking	Enabled
•	 Authors,	Reviewers	and	Editors	rewarded	with	online	Scientific	Credits
•	 Better	discount	for	your	subsequent	articles

Submit	your	manuscript	at:	http://www.omicsonline.org/submission

Citation: Al-Sulami AA, Al-Taee AMR, Yehyazarian AA (2013) The Effect of 
Aeromonas spp. on the Growth of Legionella pneumophila in vitro. Air Water 
Borne Diseases 2: 108. doi:10.4172/2167-7719.1000108

http://dx.doi.org/10.4172/2167-7719.1000108
http://yosemite.epa.gov/water/owrccatalog.nsf/e673c95b11602f2385256ae1007279fe/3f513f25ad25288f85256b8e00592ded!OpenDocument
http://yosemite.epa.gov/water/owrccatalog.nsf/e673c95b11602f2385256ae1007279fe/3f513f25ad25288f85256b8e00592ded!OpenDocument
http://yosemite.epa.gov/water/owrccatalog.nsf/e673c95b11602f2385256ae1007279fe/3f513f25ad25288f85256b8e00592ded!OpenDocument
http://www.iso.org/iso/catalogue_detail?csnumber=19653
http://www.iso.org/iso/catalogue_detail?csnumber=19653
http://www.ncbi.nlm.nih.gov/pubmed/17998612
http://www.ncbi.nlm.nih.gov/pubmed/17998612
http://www.ncbi.nlm.nih.gov/pubmed/17998612
http://www.ncbi.nlm.nih.gov/pubmed/18633335
http://www.ncbi.nlm.nih.gov/pubmed/18633335
http://link.springer.com/article/10.1007%2FBF02091832
http://link.springer.com/article/10.1007%2FBF02091832
http://link.springer.com/article/10.1007%2FBF02091832
http://www.ncbi.nlm.nih.gov/pubmed/15303751
http://www.ncbi.nlm.nih.gov/pubmed/15303751
http://www.ncbi.nlm.nih.gov/pubmed/15303751
http://www.ncbi.nlm.nih.gov/pubmed/16204491
http://www.ncbi.nlm.nih.gov/pubmed/16204491
http://www.ncbi.nlm.nih.gov/pubmed/16204491
http://onlinelibrary.wiley.com/doi/10.1016/j.femsle.2005.03.046/full
http://onlinelibrary.wiley.com/doi/10.1016/j.femsle.2005.03.046/full
http://onlinelibrary.wiley.com/doi/10.1016/j.femsle.2005.03.046/full
http://link.springer.com/article/10.1007%2FBF03175534
http://link.springer.com/article/10.1007%2FBF03175534
http://link.springer.com/article/10.1007%2FBF03175534
http://www.health.gov.au/internet/main/Publishing.nsf/Content/cda-pubs-cdi-2001-cdi2502-cdi2502h.htm
http://www.health.gov.au/internet/main/Publishing.nsf/Content/cda-pubs-cdi-2001-cdi2502-cdi2502h.htm
http://www.health.gov.au/internet/main/Publishing.nsf/Content/cda-pubs-cdi-2001-cdi2502-cdi2502h.htm
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.1994.tb03061.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2672.1994.tb03061.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/18769851
http://www.ncbi.nlm.nih.gov/pubmed/18769851
http://www.ncbi.nlm.nih.gov/pubmed/18769851
http://dx.doi.org/10.4172/2167-7719.1000108

	Title
	Corresponding author
	Abstract
	References
	Introduction
	Materials and Methods 
	Aeromonas spp. and L. pneumophila growth conditions 
	Preparation of cell-free supernatants (CFSs) 
	Assay of ability of Aeromonas spp. to inhibit growth of L. pneumophila 

	Results
	Discussion
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	References



