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Abstract
Background: Legionella pneumophila as a ubiquitous bacterium is inherently resistant to chlorine in tap
water. It can easily enter water piping systems and get transmitted to immunocompromised populations
and cause severe pneumonia. Owing to the fact that its presence in water sources doesn’t necessarily
lead to onset of disease;  therefore, several factors such as inhaled bacteria dose, virulence factors and
diversity of serogroups can be considered as contributing factors. The main aim of current project was to
investigate the contamination rate of hospital water systems with Legionella by culture and evaluate
presence of major virulence factor genes as well as the ability to form bio�lms among the Legionella
isolates.

Results: Twelve (12%) of the 100 water samples produced positive results in culture method. Additional
con�rmation was performed by PCR method with speci�c primers for Legionella genus (16SrRNA) and
pneumophila species (mip). Fifty (5%) samples of 12 with positive culture have a colony forming unit
higher than 1000cfu/100 ml.  Legionella were isolated with a rate of 8%, 3% and 1% from shower heads,
oxygen humidi�er bottle and water bath, respectively. PCR assay for the virulence genes showed that all
12 (100%) isolates were positive for mip genes, 9 (75%) were positive for dot gene, 8 (66.66%) were
positive for hsp, 6(50%) were positive for lvh and 4(33.33%) for rtx.  Two of the isolates displayed higher
ability to form bio�lm in reference to the standard strain.

Conclusion: Although the presence of Legionella pneumophila in hospital environment does not
necessarily confer a threat to public health; continuous monitoring of water sources should be conducted
in order to avoid elevated concentration of this bacterium and visible bio�lm formation.

Background
Legionella pneumophila is a facultative intracellular pathogen, which is the etiological agent of
legionellosis, legionnar’s disease [1–4]. Legionella pneumophila as a ubiquitous bacterium is resistant to
chlorine in treated water and can easily enter piping systems and transmitted to human through
contaminated arti�cial and natural water systems including cooling systems, air conditioning, shower
baths and drinking water and cause mild to severe pneumonia with high mortality among
immunocompromised populations [5–7]. The bacterium enters respiratory tract by infected droplets and
swallowed by macrophages. It prevents the fusion of lysosomes to contaminated phagosomes [8, 9]. The
bacterium is an opportunistic pathogen that can cause disease in compromised immune system
individuals and a common cause of hospital acquired pneumonia [10]. Environmental surveillance in
hospitals as performed by culturing of water supplies is useful for risk assessment and prevention of
disease [11]. Owing to the fact that presence of Legionella in water source doesn’t always leads to
disease; therefore, several factors such as inhaled bacteria dose, virulence factors and diversity of
serogroups can effect on this process [12, 13]. Virulence factors of legionella are LPS, �agella, T2SS
secretion system and some other membrane proteins [14]. Many of these are found in the legionella
pneumophila wall compositions, which include OMVs, peptidoglycans associated with lipoprotein (PLA),
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phospholipase A, external membrane proteins, HSP60, FeoB, and mip [15]. lvh is a locus derived from
proteins of the type 4 secretion system that is involved in invasion and bacterial virulence [16]. The rtxa
protein in Legionella pneumophila causes the bacterium bind to host cells and invades them. This
bacterial super�cial protein also plays a role in the binding and entry of bacteria to the Acanthamoeba
castellanii protozoan and its survival in nature. In rtxa mutants, the ability to bind and entery of the
bacterium into epithelial cells and monocytes is reduced [17]. The L. pneumophila major outer membrane
protein (MOMP) is involved in the attachment to host cells [18]. The heat shock protein (Hsp60) is also
important for attachment to and invasion of a HeLa cell model [19]. Mip, the macrophage infectivity
potentiator, is a membrane-associated homodimeric protein that is mainly found on the bacterial surface
[20]. One mechanism that has been proposed for establishment of the unique L. pneumophila replication
vacuole involves the Dot/Icm secretion system [21].

The main aims of current project was to investigate the contamination frequency of hospital water
systems with Legionella by cultural methods, evaluate the water condition for the presence of legionella
and detection of major virulence factor genes and ability for bio�lm formation among Legionella isolates
for risk assessment and prevention.

Results

Collection and measurement of temperature, pH and
residual chlorine of water samples
During one year period, from December 2018 to December 2019, a total of 100 water samples were
collected from nine hospitals in Tehran, Iran. Samples were from oxygen humidi�er bottle (43%), shower
head (46%) and water bath (11%). All samples had residual chlorine between 0.3 to 0.6 mg/ml (Fig. 1).
The pH of the water samples were between 5.6 to 6 (Fig. 1). Temperature of the samples was between
25–30 C in 43%, 31–36 C in 9% and 37–41 C in 48% of the cases (Fig. 1).

Concentration And Treatment Of Water Samples
For this step, we examined two different concentrations (centrifugation and �ltration) and then used two
different treatments methods for each concentration (heat and acid). Water samples were concentrated
with centrifuge at 3000 rpm for 10 minutes at 4º C. The deposits were resuspended in 5 ml of original
water sample as concentrates. In concentration by �ltration, at �rst all water samples were passed
through 0.45 µm pore size nitrocellulose membranes. Then the membranes were aseptically removed, put
into sterilized 50 ml tube and resuspended in 10 ml of the original water samples. Each concentrated
water samples was shaken for 30 min to get out bacterial cells from the membrane. To exclusion of non-
legionella bacteria, the concentrated water samples were diluted (1:10) in Kcl-Hcl solution (pH: 2.2), mixed
and incubated at room temperature for 4 minutes. In an alternative treatment for concentrated water,
heating at 50ºC for 30 min was used.
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Culture of water samples on GVPC (Glcine, Vancomycin, Polymyxin and Cycloheximide)

A 0.1 ml volume of concentrated and treated water samples were spread onto the surface of BCYE
supplemented with glycin, vancomycin Hcl (1 µg/ml), polymyxin B (79.2 IU/ml), and cycloheximide
(80 µg/ml) (GVPC agar). Plates were incubated in candle jar (3–5% Co2) at 37ºC in a humidi�ed
atmosphere.

Identi�cation of Legionella pneumophila colony

For veri�cation of suspected colonies with the typical ground glass appearance on GVPC, these colonies
were inoculated on BCYE with or without L-cysteine and onto non selective media such as blood agar.
Identi�cation of Legionella pneumophila were performed with gram stain and biochemical tests. Strains
unable to grow on media without L-cycteine and blood agar were further analyzed by PCR with speci�c
primers for Legionella genus (16srRNA gene) and pneumophila specie (mip gene).

DNA extraction from Legionella pneumophila colonies

Freshly grown legionella colonies on GVPC medium were suspended in distilled water and 200 µl of the
suspension was used for DNA extraction and puri�cation according to a commercial kit manufacture
instruction. 50 µl of lysis solution was added into each microcentrifuge tube containing legionella
suspension for breakage of the cell membrane. The tubes were vortexed and then incubated at 95 °C for
10 min in a hot plate and then were left to equilibrate at room temperature for 5 minutes. The tubes were
then vortexed and centrifuged at 6,000 rpm for 2 minutes and the eluted DNA was transferred to an
eppendorf tube. Quality of the extracted DNA was assessed by optical density at 260 nm and
electrophoresis on agarose gel. Extracted DNA from legionella colonies was stored at − 20 °C for a
maximum of 2 days.

Biochemical Analysis, Culture And Pcr Methods On Water
Samples
None of the 12 suspected colonies grown on GVPC with a negative reaction in gram staining when
cultured on blood agar and BCYE without L-cystein showed any growth. Identi�cation of these suspected
colonies were performed by biochemical test such as positive oxidate test and weak reaction in catalase
test. Additional molecular con�rmation was performed by PCR method with speci�c primers for
Legionella genus (16srRNA) and pneumophila species (mip). All of the isolates were positive as
Legionella pneumophila. Using culture and PCR methods for isolation and detection of Legionella in
water samples shown that 12 and 42% of the hospital water samples were colonized by Legionella,
respectively. All of the samples that were positive in culture methods (12%) were also positive by PCR.
Legionella was isolated with a rate of 8%, 3% and 1% from shower heads; oxygen humidi�er bottle and
water bath respectively (Fig. 2). Fifty (5%) samples from 12 with positive culture have a colony forming
unit higher than 1000 cfu/100 ml and the rest had values. A correlation was found between Legionella
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culture positivity rate and temperature of water samples in analysis by chi-square and likehood test (p
value = 0.000, r = 0.493). No signi�cant correlation was found between residual chlorine of water samples
and the presence of Legionella with chi-square and Fisher test (p value = 0.313). A correlation was
detected between the presence of Legionella and pH (p = 0.000; r = 0.546). Since sample collection
continued for a period of one year, the isolation rate in summer and spring was 10 cases of 12 ( 83.33% )
as compared to winter and autumn which was 2 cases (16.66%).

Detection of virulence factors in the Legionella pneumophila isolates

To estimate whether Legionella isolates are pathogenic for human the presence of virulence genes
including mip, dot, hsp, rtx and lvh were detected among the isolates. Findings showed that 12 (100%)
isolates were positive for mip genes, 9 (75%) were positive for dot gene, 8 (66.66%) were positive for hsp,
6(50%) were positive for lvh and 4(33.33%) for rtx (Fig. 3, Fig. 4). Twelve cases showed eight virulence
patterns that were reported in Table 2 and Fig. 5. All of the isolates had at least two of these virulence
factors.

Bio�lm Formation Assay Among Isolates
The ability of Legionella pneumophila for bio�lm formation were estimated and results revealed that two
isolates in �rst day have a higher ability to form bio�lm in reference to the standard strain and this ability
increased to eight and ten isolates compare to standard strain in third and ninth days (Table 3).
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Table 2
Different patterns of virulence genes among isolated

Legionella strains.
Strains Lvh Rtx a Hsp60 Dot Mip 16srRNA

Lp1 + + + + + +

Lp2 - - + - + +

Lp3 + + + - + +

Lp4 + - + + + +

Lp5 - - + + + +

Lp6 - - + + + +

Lp7 - - - + + +

Lp8 + + - + + +

Lp9 + - - + + +

Lp10 - - - + + +

Lp11 - - + + + +

Lp12 + + + - + +
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Table 3
Results of OD mean for bio�lm formation among isolated Legionella

strains
Legionella strains First day Third day Ninth day

Negative control 0.009 ± 0.001 0.009 ± 0.001 0.009 ± 0.001

Positive control 0.123 ± 0.004 0.644 ± 0.028 1.297 ± 0.070

LP1 0.139 ± 0.001 0.982 ± 0.081 2.008 ± 0.020

LP2 0.101 ± 0.001 0.975 ± 0.223 1.767 ± 0.042

LP3 0.145 ± 0.001 0.905 ± 0.014 1.463 ± 0.026

LP4 0.099 ± 0.001 0.935 ± 0.002 1.841 ± 0.131

LP5 0.93 ± 0.001 0.851 ± 0.093 1.397 ± 0.035

LP6 0.105 ± 0.001 0.804 ± 0.042 1.785 ± 0.0151

LP7 0.098 ± 0.001 0.608 ± 0.013 1.917 ± 0.084

LP8 0.103 ± 0.004 0.500 ± 0.023 1.536 ± 0.082

LP9 0.105 ± 0.001 0.646 ± 0.046 1.188 ± 0.082

LP10 0.103 ± 0.001 0.804 ± 0.042 1.767 ± 0.042

LP11 0.096 ± 0.001 0.608 ± 0.013 1.841 ± 0.131

LP12 0.093 ± 0.001 0.851 ± 0.093 1.297 ± 0.035

Discussion
Water supplies in hospitals are the major infectious sources for Legionella. In many nosocomial
outbreaks of Legionella, water supplies were the most frequent culprit [22]. Elderly individual,
immunocompromised as well as patients having undergone surgery are more at risk and nosocomial
Legionnar’s disease showed a higher fatality than community ones [1]. For these individuals, aerosols
generated from water supplies containing Legionella pneumophila can be a source of Legionella
infection. Previous studies described that the isolation of Legionella SPP from shower heads, oxygen
humidi�er bottles and water baths are highly prevalent [5]. In the present study using culture method
indicated that [12] 12% of the water sources including shower heads, water baths and oxygen humidi�er
bottle of nine hospitals were colonized with Legionella SPP. We could isolate Legionella with a rate of 8%,
3% and 1% from shower heads, oxygen humidi�er bottle and water bath, respectively. The result of colony
count of these 12 samples showed only 5 samples had a critical concentration of Legionella (more
than1000cfu/100 ml) and rest had a moderate risk of Legionella concentration (lower than
1000 cfu/100 ml). Factors such as the present of viable but non culturable bacteria, loss of viability of
bacteria after collection and low concentration of Legionella in the samples may in�uence on
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unsuccessful isolation of Legionella in water samples [23]. The PCR method with 16SrRNA gene target of
Legionella showed a rapid and sensitive test. Twelve samples in a total of 100 gave positive results for
Legionella using the culture methods; whereas, 42 samples were positive when PCR was used. All
samples that were found with the culture method were also positive with the PCR assay. Using primer
speci�c for mip gene con�rmed that all the isolates in culture (100%) were Legionella pneumophila. There
was a signi�cant difference between PCR and culture results for detection of Legionella. Several studies
described PCR to have a higher rate of detection than culture methods [24–26]. Molecular methods were
suggested to be fundamental when an outbreak occurs. Molecular methods have several advantages
such as rapidity, precision and are useful for analysis of samples usually contaminated with
microorganisms other than Legionella. However, isolated DNA may not come from live microbial cells [27,
28]. The physicochemical composition of water samples can affect the colonization and proliferation of
Legionella in hospital water supply. The residual chlorine plays a very important role in clearance of the
bacterium. The residual chlorine in our Legionella positive samples were between 0.3 or 0.6 mg/L.
Several previous researches reported that there was no detection of Legionella SPP when residual
chlorine was over 0.4 mg/L [29, 30]. Concerning the physicochemical analysis of water samples in this
study, we found Legionella pneumophila isolated from chlorinated water samples. Prior studies showed
that Legionella has reduced viability at higher pH [31]. In this study, there was a signi�cant association
between Legionella isolation and pH of the water samples. The mean temperature of the samples
positive for Legionella was lower (25–30ºC) compared to the mean temperature for those negative for
Legionella pneumophila (31–41ºC). This result was consistent with a research in Ohio which showed
that water temperature had an association with Legionella colonization [27]. However, is not consistent
with a research in Italy that showed presence of Legionella was not affected by water temperature [32].
Sample collection in this study was carried for a full one year. All positive samples were collected in
autumn, spring and summer with a high rate in summer (10%) and autumn (2%). Legionella not detected
during winter. The main reason was high temperature and humidity during the summer months which is
optimum for Legionella growth. Additionally, free living amoebae were also abundant mainly during
autumn [33]. The existence of virulence genes in isolates from water sources is important to determine
whether the isolates can have pathogenic potentials. When the virulence genes were studied, every isolate
appeared to have different virulence pattern. The isolates Lp1, Lp3, Lp4 and Lp8 most the effective
bacteria in 12 of experimented followed by the Lp12. Many studies explained the relationship between
putative virulence genes and pathogenesis [1]. In this study, some isolates had least virulence genes.
Hung et al reported lvh and rtx genes as pathogenesis markers that can be used for determining the
infection potential of an isolate [12]. In our study (33.333%) of the isolates showed a positive result for
both of these genes. Previous studies revealed that rtx to be involved in the attachment and entry to
Legionella pneumophila into acanthamobea, human epithelial and monocytes cells and pore formation
in host membrane [34]. Hsp60 of L. pneumophila through a mechanism that involves surface interaction
modulated macrophage function [1]. Legionella attach on surface and secret polysaccharide products for
bio�lm formation. The potential colonization of Legionella isolates could be analysed by the ability to
produce bio�lm on a polyethylene surface. Bio�lm is an ideal microenvironment for proliferation, survival,
dissemination and the likely the pathogenesis of L. pneumophila. Because Legionella in bio�lm can
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become highly resistant to biocides, pH, excess temperature and chemical factors, outbreaks have been
attributed to bio�lm. In the present study, (71.35%) of the isolates had a strong potential for bio�lm
formation. This ability appeared in the �rst day of the assay and increased on third and ninth days.

Conclusion
Findings of this project showed that although the presence of Legionella pneumophila does not
necessarily equate a threat to public health but continuous monitoring and checking of the water sources
should be performed in order to avoid high concentration of this bacterium and visible bio�lm formation.

Materials And Methods

Collection and measurement of temperature, pH and
chlorine of water samples
In this project, during a one year period between September 2018 and September 2019, a total of 100
water samples were taken from different hospital water supplies in Tehran, Iran (Table 1).

Five hundred millimeter or �fty millimeters of water samples were collected in sterile bottles or small
polypropylene containers respectively. Water temperature, chlorine and pH were measured at time of
sample collection and then 0.1 M sodium thiosulphate was added to neutralize residual free chlorine in
the samples. All samples were transported to the Microbiology laboratory of Iran University without delay.

Pcr Methods For Determination Of Virulence Genes
The virulence factor genes (rtx, dot, hsp, mip and lvh) were assessed by ampli�cation with speci�c
primers (Table 2) for all legionella isolates. PCR reactions were prepared in 25 µl consisting of 2.5 µl of
2X master mix, 0.2 Mm of each primers and 2 µl of DNA template. Initial denaturation of legionella
chromosome DNA was carried out at 95ºC for 5 min then 35 cycles of PCR ampli�cation followed with
95ºC for 30 s, 58ºC for 1 min and 70ºC for 90 s with a �nal extension at 70ºC for 5 min. PCR products
were analyzed on 1.5% agarose gel containing 0.5 µg/ml safe stain. Gels were visualized in a gel
document device.

Determination of bio�lm formation in Legionella pneumophila isolates

The legionella bio�lm formation was performed based on Hinder et al protocol [35]. The legionella
isolates freshly grown on BCYE agar and suspended to an OD of 0.3 at 600 nm. 200 µl of the legionella
suspension were added to 96 wells microplates. After attachment of Legionella to the polysterene wells,
300 µl BYE broth was added for extended bio�lm. The well contents were collected and washed gently
three times. The wells were �lled with 1% crystal violet at 15 min. After washing steps, the dye which had
been absorbed by bio�lm was revealed using ethanol: acetone (80:20) incubation for 15 min. Solutions
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were subjected to another microplate and quanti�ed by spectrophotometer at 595 nm. The results were
interpreted basis on Stepanovic et al. [36] Table 1.

Table 1
Primer sequences for ampli�cation of virulence factors of Legionella pneumoniae
gene Primer sequences

5/ -> 3/

Product size reference

16 s rRNA AGGGTTGATAGGTTAAGAGC 386 [37]

16 s rRNA CCAACAGCTAGTTGACATCG 386 [37]

lvh1/lvhB3 ATTGGGAGCTTCTGGCAATA 186 [38]

lvh2/lvhB3 GCTGGGGTGACCTTTGAATA 186 [38]

rtx1/rtxA GCTGCAACCACCTCTTTGAT 181 [38]

rtx2/rtxA CAGGGGCTGGTTATGTTGAT 181 [38]

dot1/dotA CAAATCCGGCATTCAAAATC 174 [38]

dot2/dotA CTATTGTCGCCTTGGGTGTT 174 [38]

hsp1/hsp60 GCGAATCGTTGTTACCAAAGAAAAC 401 [39]

hsp2/hsp60 CAATTTGACGCATTGGAGATTCAATAG 401 [39]

mip1/mip GGTGACTGCGGCTGTTATGG 632 [39]

mip2/mip GGCCAATAGGTCCGCCAACG 632 [39]

Statistical analysis
All data collected from each assay and analysis on hospital water samples were imported into an Exel �le
(Microsoft o�ce, Microsoft Excel). Statistical analysis was performed using IBM SPP statistics software
(v.22). Quantitative variables are expressed either mean values with standard deviation. Chi-square,
Fisher’s exact and likehood ratio tests were used to identify any association between each parameter and
presence of Legionella in water by culture. A �nding with a p value of less than 0.05 was considered to be
statistically signi�cant.

Abbreviations
PLA
peptidoglycans associated with lipoprotein
GVPC
Glcine, Vancomycin, Polymyxin and Cycloheximide
MOMP
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major outer membrane protein
Hsp60
heat shock protein

Declarations

Acknowledgements
There is no acknowledgment for the present study.

Funding
There is no funding to declare.

Authors' contribution
M conceptualized the study. SH, NA provided resources. SH, FM performed the experiments. NA , FM
performed statistical analysis. SM, NM and SH wrote the original draft. SM, SH, NA, FM revised and
edited the manuscript. All authors read and approved the �nal

Ethics approval and consent to participate
The study was approved by the Research Ethics Boards at Iran University of Medical Sciences.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

References
1. Zhu Q-Y. Legionella pathogenesis and virulence factors. Annals of Clinical Laboratory Research.

2015;3(2):15.

2. Villari P, Motti E, Farullo C, Torre I. Comparison of conventional culture and PCR methods for the
detection of Legionella pneumophila in water. Lett Appl Microbiol. 1998;27(2):106–10.
http://dx.doi.org/10.1046/j.1472-765x.1998.00389.x .



Page 12/18

3. Mirkalantari S. Comparison of PCR and Culture for Detection of Legionella pneumophila in
Bronchoalveolar Fluid Samples. Journal of Pure Applied Microbiology. 2015;9(2):421–24.

4. Wright AJ, Humar A, Gourishankar S, Bernard K, Kumar D. Severe Legionnaire's disease caused by
Legionella longbeachae in a long-term renal transplant patient: the importance of safe living
strategies after transplantation. Transpl Infect Dis. 2012;14(4):E30-3.
http://dx.doi.org/10.1111/j.1399-3062.2012.00755.x .

5. Al-Matawah QA, Al-Zenki SF, Qasem JA, Al-Waalan TE, Ben Heji AH. Detection and Quanti�cation of
Legionella pneumophila from Water Systems in Kuwait Residential Facilities. J Pathog.
2012;2012:138389. http://dx.doi.org/10.1155/2012/138389 .

�. Katsia�aka A, Pournaras S, Kristo I, Mouchtouri VA, Kyritsi M, Velonakis E, et al. Epidemiological
Investigation of Legionella pneumophila Serogroup 2 to 14 Isolates from Water Samples by
Ampli�ed Fragment Length Polymorphism and Sequence-Based Typing and Detection of Virulence
Traits. Appl Environ Microbiol. 2016;82(20):6102–8. http://dx.doi.org/10.1128/AEM.01672-16 .

7. Mou Q, Leung PH. Differential expression of virulence genes in Legionella pneumophila growing in
Acanthamoeba and human monocytes. Virulence. 2018;9(1):185–96.

�. Misch EA. Legionella: virulence factors and host response. Curr Opin Infect Dis 2016;29(3):280–6.
http://dx.doi.org/10.1097/QCO.0000000000000268 .

9. Garcia-Nunez M, Sopena N, Ragull S, Pedro-Botet ML, Morera J, Sabria M. Persistence of Legionella
in hospital water supplies and nosocomial Legionnaires' disease. FEMS Immunol Med Microbiol.
2008;52(2):202–6. http://dx.doi.org/10.1111/j.1574-695X.2007.00362.x .

10. Liu WK, Healing DE, Yeomans JT, Elliott TS. Monitoring of hospital water supplies for Legionella. J
Hosp Infect. 1993;24(1):1–9. http://dx.doi.org/10.1016/0195-6701(93)90084-d .

11. Asrat S, Dugan AS, Isberg RR. The frustrated host response to Legionella pneumophila is bypassed
by MyD88-dependent translation of pro-in�ammatory cytokines. PLoS Pathog.
2014;10(7):e1004229. http://dx.doi.org/10.1371/journal.ppat.1004229 .

12. Huang B, Yuan Z, Heron BA, Gray BR, Eglezos S, Bates JR, et al. Distribution of 19 major virulence
genes in Legionella pneumophila serogroup 1 isolates from patients and water in Queensland,
Australia. J Med Microbiol. 2006;55(Pt 8):993–7. http://dx.doi.org/10.1099/jmm.0.46310-0 .

13. D'Alessandro D, Fabiani M, Cerquetani F, Orsi GB. Trend of Legionella colonization in hospital water
supply. Ann Ig. 2015;27(2):460–6. http://dx.doi.org/10.7416/ai.2015.2032 .

14. Chen DJ, Procop GW, Vogel S, Yen-Lieberman B, Richter SS. Utility of PCR, Culture, and Antigen
Detection Methods for Diagnosis of Legionellosis. J Clin Microbiol. 2015;53(11):3474–7.
http://dx.doi.org/10.1128/JCM.01808-15 .

15. Liguori G, Di Onofrio V, Gallè F, Liguori R, Nastro RA, Guida M. Occurrence of Legionella spp. in
thermal environments: Virulence factors and bio�lm formation in isolates from a spa. Microchem J.
2014;112:109–12.

1�. D'Auria G, Jiménez N, Peris-Bondia F, Pelaz C, Latorre A, Moya A. Virulence factor rtx in Legionella
pneumophila, evidence suggesting it is a modular multifunctional protein. BMC Genomics.



Page 13/18

2008;9(1):14.

17. Arslan-Aydogdu EO, Kimiran A. An investigation of virulence factors of Legionella pneumophila
environmental isolates. Braz J Microbiol. 2018;49(1):189–99.
http://dx.doi.org/10.1016/j.bjm.2017.03.012 www.ncbi.nlm.nih.gov/pubmed/29037504.

1�. Whiley H, Taylor M. Legionella detection by culture and qPCR: Comparing apples and oranges. Crit
Rev Microbiol. 2016;42(1):65–74. http://dx.doi.org/10.3109/1040841X.2014.885930 .

19. Abu Khweek A, Amer AO. Factors Mediating Environmental Bio�lm Formation by Legionella
pneumophila. Front Cell Infect Microbiol 2018;8:38. http://dx.doi.org/10.3389/fcimb.2018.00038 .

20. Chaabna Z, Forey F, Reyrolle M, Jarraud S, Atlan D, Fontvieille D, et al. Molecular diversity and high
virulence of Legionella pneumophila strains isolated from bio�lms developed within a warm spring
of a thermal spa. BMC Microbiol. 2013;13:17. http://dx.doi.org/10.1186/1471-2180-13-17 .

21. Marra A, Blander SJ, Horwitz MA, Shuman HA. Identi�cation of a Legionella pneumophila locus
required for intracellular multiplication in human macrophages. Proc Natl Acad Sci U S A.
1992;89(20):9607–11. http://dx.doi.org/10.1073/pnas.89.20.9607 .

22. Shevchuk O, Jäger J, Steinert M. Virulence properties of the Legionella pneumophila cell envelope.
Frontiers in microbiology. 2011;2:74.

23. Lee J, Lai S, Exner M, Lenz J, Gaia V, Casati S, et al. An international trial of quantitative PCR for
monitoring Legionella in arti�cial water systems. J Appl Microbiol. 2011;110(4):1032–44.

24. Arslan-Aydoğdu E, Kimiran A. An investigation of virulence factors of Legionella pneumophila
environmental isolates. brazilian journal of microbiology. 2018;49(1):189–99.

25. Joly P, Falconnet P-A, André J, Weill N, Reyrolle M, Vandenesch F, et al. Quantitative real-time
Legionella PCR for environmental water samples: data interpretation. Appl Environ Microbiol.
2006;72(4):2801–8.

2�. Whiley H, Taylor M. Legionella detection by culture and qPCR: comparing apples and oranges. Crit
Rev Microbiol. 2016;42(1):65–74.

27. Dimitriadi D, Velonakis E. Detection of Legionella spp. from domestic water in the prefecture of Arta,
Greece. Journal of pathogens. 2014;2014.

2�. Edagawa A, Kimura A, Doi H, Tanaka H, Tomioka K, Sakabe K, et al. Detection of culturable and
nonculturable Legionella species from hot water systems of public buildings in Japan. J Appl
Microbiol. 2008;105(6):2104–14.

29. Ra�ee M, Mesdaghinia A, Hajjaran H, Hajaghazadeh M, Miahipour A, Jahangiri-Rad M. The e�cacy
of residual chlorine content on the control of Legionella spp. in hospital water systems. Iranian
journal of public health. 2014;43(5):637.

30. Leoni E, Legnani P, Sabattini MB, Righi F. Prevalence of Legionella spp. in swimming pool
environment. Water Res. 2001;35(15):3749–53.

31. Ohno A, Kato N, Yamada K, Yamaguchi K. Factors in�uencing survival of Legionella pneumophila
serotype 1 in hot spring water and tap water. Appl Environ Microbiol. 2003;69(5):2540–7.



Page 14/18

32. De Giglio O, Fasano F, Diella G, Lopuzzo M, Napoli C, Apollonio F, et al. Legionella and legionellosis in
touristic-recreational facilities: In�uence of climate factors and geostatistical analysis in Southern
Italy (2001–2017). Environmental research. 2019;178:108721.

33. Żbikowska E, Kletkiewicz H, Walczak M, Burkowska A. Coexistence of Legionella pneumophila
bacteria and free-living amoebae in lakes serving as a cooling system of a power plant. Water Air
Soil Pollut. 2014;225(8):2066.

34. Cirillo SL, Bermudez LE, El-Etr SH, Duhamel GE, Cirillo JD. Legionella pneumophila Entry GenertxA Is
Involved in Virulence. Infect Immun. 2001;69(1):508–17.

35. Hindre T, Bruggemann H, Buchrieser C, Hechard Y. Transcriptional pro�ling of Legionella
pneumophila bio�lm cells and the in�uence of iron on bio�lm formation. Microbiology. 2008;154(Pt
1):30–41. http://dx.doi.org/10.1099/mic.0.2007/008698-0 .

3�. Stepanovic S, Vukovic D, Hola V, Di Bonaventura G, Djukic S, Cirkovic I, et al. Quanti�cation of bio�lm
in microtiter plates: overview of testing conditions and practical recommendations for assessment of
bio�lm production by staphylococci. APMIS. 2007;115(8):891–9. http://dx.doi.org/10.1111/j.1600-
0463.2007.apm_630.x .

37. Tachibana M, Nakamoto M, Kimura Y, Shimizu T, Watarai M. Characterization of Legionella
pneumophila isolated from environmental water and ashiyu foot spa. BioMed research international.
2013;2013.

3�. Huang B, Yuan Z, Heron BA, Gray BR, Eglezos S, Bates JR, et al. Distribution of 19 major virulence
genes in Legionella pneumophila serogroup 1 isolates from patients and water in Queensland,
Australia. Journal of medical microbiology. 2006;55(8):993–7.

39. Jaulhac B, Nowicki M, Bornstein N, Meunier O, Prevost G, Piemont Y, et al. Detection of Legionella
spp. in bronchoalveolar lavage �uids by DNA ampli�cation. J Clin Microbiol. 1992;30(4):920–4.

Figures



Page 15/18

Figure 1

Results of physicochemical assay (pH, Tempreture and residual chlorine) on water samples.
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Figure 2

Frequency of Legionella in different water samples.
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Figure 3

Electrophoresis of PCR product of virulence genes (mip, dot,hsp,rtx, lvh).

Figure 4

Frequency of different genes in isolated Legionella pneumophila isolates
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Figure 5

Electrophoresis of PCR products of different genes in isolated Legionella strains (16srRNA, mip, rtx, lvh,
hsp and dot) on gele agarose.


