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Abstract

Background: Outbreaks of legionellosis may be a side effect of institution-water treatment. However, the long-term
outcomes and the predictive factors of Legionella prevalence in such systems have still not been fully studied. This
study was therefore conducted to investigate the prevalence of Legione/la spp. and to evaluate the role of bacteriological
water quality parameters on its prevalence and removal in hospital water systems.

Methods: A total of 45 samples were collected from distinct sites at seven hospitals in Tehran, Iran. The prevalence
of this bacterium was assayed through a sensitive and specific technique for DNA detection using PCR. Multivariable
stepwise regression analysis was used to explore the independent effects of the baseline factors on the incidence of
Legionella. Two positive samples were also identified for species by DNA sequencing.

Results: Legionella were detected in 31.1% of samples. Showerheads and cold-water taps were the most and the least
contaminated sources with 55.3 and 9 percent positive samples, respectively. Total mean of residual chlorine was 0.38
mg/L, with the peak value of 1.7 mg/L. Legionella detection was proportional to the residual chlotine content of watet
and the results indicated that residual chlorine content is a critical factor in the incidence and proliferation of Legionella
(r=-0.33). The prevalence of Legionella also coincided with the prevalence of HPC and amoeba cysts.

Conclusion: The high positive rate of Legionella colonization shows that hospital-acquired legionellosis might be un-
der diagnosed in studied hospitals. Further, Legionella colonization is independent of the type of water, system chatrac-
teristics and of preventive maintenance measures.
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Introduction

Legionella are gram-negative, aerobic, and sporeless
bacteria which some of their species like Legionella
pnenmophila are implicated in severe pulmonary
nosocomial infections (Legionnaire's Disease) and
Pontiac fever, especially in immunocompromised
patients, as well as in the elderly (1, 2). Indeed
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twenty one species of Legionella are pathogens for
humans, especially in patients with the chronic
pulmonary disease (3). Inhalation or micro aspira-
tion of Legionella from contaminated environmen-
tal sources such as hot water systems and cooling
towers water is the most frequently route of trans-
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mission. Transmission has also been reported via
nebulizer and showers in contaminated water as
used (4, 5). Although, Legionella occurrence as a
seasonal pattern is very common, its negative im-
pact on health and hygiene requires a specific
treatment cycle that is quite often a combination
of management and sanitary stages. Hospitals are
common habitats for the bacterium, where the
bacterial niches are amply found. Hospitals pro-
vide the most likely places for susceptible people
to contract the diseases. Outbreaks of legionellosis
have been reported from hospital patients in many
countries with an incidence range of 0 to 47% (1,
5-7). Furthermore, there has been a steady in-
crease in the incidence of sporadic cases reported.
Consequently, national Iegionella surveillance pro-
grams have been established for regular monitor-
ing of environmental samples in these countries (0,
8-9). In Iran, however, hospital-acquired Legion-
naire's Disease has rarely been reported and envi-
ronmental surveillance for Legionella in hospital
water systems to provide useful data for risk as-
sessment and prevention of hospital-acquired Le-
gionnaire's Disease has never been systematically
performed.

DNA-based techniques are innovative tools for
routine quality control assessment in environmen-
tal water samples and are thought to be valid al-
ternatives for culture methods. The PCR is con-
sidered the most adaptable and prevalent DNA-
based assay technique, which is highly specific and
sensitive alternative method to standard culture
isolation, especially when rapid results are needed.
This method is especially favorable when the
samples contain abundant and diverse microbiota
and when fastidious and slow-growing bacteria
like Legionella are to be detected. Despite the fact
that culture method for isolation of Iegionella is
approved by International standard Organization
(ISO) and many other national standards for water
quality determination; over the past few years,
molecular techniques based on 16S rRNA gene
beside other genetic markers have been developed
to analyze bacterial communities in environmental
samples (10, 11).

It is believed that the presence of Legionella is re-
lated to the physicochemical characteristics of wa-
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ter. The correlation between the occurrences of
Legionella and water quality parameters is im-
portant to identify the main factors promoting the
growth of Legionella in hospital water systems and
to optimize the facility maintenance and operation.
However, it appeared that results concerning the
physicochemical characteristics of water and Le-
gionella occurrence were often inconsistent or even
contradictory and strong disparities in relationship
have also been reported. In the context of this
view, this study was conducted to investigate the
presence of bacteria belonging to the I.egionella
genus in water supplies of some hospitals in Teh-
ran, the capital city of Iran. The impact of water
quality on Legionella existence was also determined.
In spite of the large amount of the data available
for the various indicator species in water samples,
to our knowledge, this is the first attempt to gath-
er information to monitor the presence of this
bacterium in Iranian hospital water systems and
there is no systematic study to assess the effi-
ciency of chlorine disinfection. For more confir-
mation, randomly two of isolates determined as
Legionella spp. were sequenced as well.

Materials and Methods

Sample collection and preparation

Forty five samples were collected from distinct
sites at seven hospitals underlying Tehran Univer-
sity of Medical Sciences. This cross-sectional study
was conducted from June 2011 to January 2012.
Hospital water facilities sampled included tap cold
and hot water, shower, cold water tank, hot water
tank, and cooling tower water. Samples were col-
lected in 1-litre sterile bottles directly from the
outlet. Before sampling, a sterile swab was in-
serted into faucet outlets to dislodge the sediment.
At the moment of sampling the electric conduc-
tivity (EC), temperature, pH, and free chlorine
(DPD method) of each sample were recorded.
Concentrations of hardness, calcium, magnesium
(calculation method), iron and manganese (atomic
absorption method) were determined in laborato-
ry. Furthermore, samples were analyzed for mi-
crobiological quality using the standard plate
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method to determine the total heterotrophic
counts per milliliter at 37 °C (HPC) and the pres-
ence of amoeba cyst in water. HPC values were
determined with the pour-plate method using
R2A medium. Volumes of 1 ml were spread on
plates and colonies were counted after 10 days of
incubation at 37 °C. Analysis of the presence of
amoeba cysts in the water was based on morpho-
logical characteristics of cysts. After filtration of
samples through a 0.22 um mixed cellulose ester
membrane filters (Schleicher & Schuell), the filter
was separated and directly placed on the non-
nutrient agar medium prepared with Amoeba Page
Saline. Plates were then kept at room temperature
for two weeks and were monitored daily for the
growth of amoeba during this period. Reversed
contrast phase microscope with a 10x objective
was used to investigate the presence of amoeba.
All of the experiments were measured according
to standard procedures reported in Standard
methods (12).

DNA extraction, PCR assay, gel electrophore-
sis and DNA sequencing

One liter of samples was filtered through 0.22 um
mixed cellulose ester membrane filters in a stain-
less-steel filter holder with a water aspirator. Each
membrane was aseptically scraped, cut into small-
er pieces and placed into sterile containers with 10
ml of the original sample. The samples were then
sonicated for 5 min (Bandelin Sonorex), and shak-
en for 15 min to dislodge bacterial cells from the
membranes. The eluate was transferred into a 15
ml conical centrifuge tube and centrifuged (2000 g,
20 min) to remove cell debris. Total DNA was
extracted from concentrated water samples using
freeze & thaw and/or phenol & chloroform
methods. DNA extraction using freeze & thaw
method was conducted by placing ImL of each
concentrated water sample within 1.5ml. micro-
tubes and alternating application of freezing the
samples in liquid nitrogen and their incubation in
water bath in the temperature of 100 °C for three
times. The suspension was then centrifuged again
(18000 g, 10 min) and an aliquot of 20 uL from
the bottom of the tubes was transferred to new
microtubes.
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Extracted DNA was stored at -20 °C until PCR.
Amplification reactions were preformed according
to what described earlier by Hsu (10). The PCR
primers LEG 225 (5-AAGATTAGCCTGCGTCCGAT-
3" and LEG 858 (5-GTCAACTTATCGCGTTTGCT-3")
were used to amplify a 650 bp fragment of the 16S
rRNA gene of Legionella species. Each 25 ul of re-
action contained 20 ng genomic DNA, 1.5 mM
MgCl,, 0.2 mM dNTP, 20 pmol of each primer,
and 1u of Tag Polymerase (Roche Biotech) in the
PCR buffer. The cycling conditions were 94 °C
for 5 min, followed by 30 cycles at 95°C (30 sec),
64 °C and 74 °C for 20 sec each, and 1 cycle of 72
°C for 5 min in Thermocycler (Techne USA).
PCR products were loaded onto a 2% agarose gel
containing ethidium bromide. To confirm the ob-
tained results, DNA sequencing was prepared by
the 16S rRNA. The PCR products of two Le-
gionella - isolates  were sequenced at MWG
(mwg_biotech.com, Germany).

Statistical analysis

Statistical analysis was worked out using SPSS
software. Quantitative variables were expressed as
mean T standard deviation when the data was
normally distributed, while variables were ex-
pressed as a median (range) when the data was not
in a normal distribution. Quantitative variables
were compared by Student’s test. The X test was
used where applicable to compare categorical vari-
ables. Univariable logistic regression analysis and
multivariable logistic stepwise regression analysis
were used to explore the independent effect of the
baseline factors on the incidence of Legionella. Dif-
ferences were considered significant at a P-value
of 0.05 or less.

Results

Identification of Legionella specie by PCR in sam-
ples was based on the presence of an amplified
product of 654 bp. Analysis of PCR results re-
vealed a great diversity with regard to the sources
from which samples were taken. Table 1 demon-
strates the results of Legionella monitoring in seven
hospitals by the source. Quality characteristics of
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hospital water sources on leginella detection are
shown in table 2.

Table 1: Legionella prevalence by the source

Sampling source Legionella positivity, %

(No. of positive/total No.)

Cold water tap 9.1
(1/11)
Hot water tap 25.0
(2/8)
Showerhead 55.5
(5/9)
Cooling tower 30.8
(4/13)
Hot water tank 25
1/4
Total 28.9
(13/45)

* Considering overlap

According to the table the Cooling towers water
showed considerably higher mean HPC values
than other water environments. As shown in this
table, HPC values in the sampled waters from
cooling towers have been reported as TNTC (too
numerous to count), and the median values for
other samples were 72.1 CFU/ml. This finding is
expected and is in accordance with the nature of
such systems. Cooling towers were therefore ex-
cluded in the further analysis of the HPC data and
a moderate positive correlation (t=0.37) was
found between HPC values and Legionella pres-
ence.

Amoeba was detected in 21 out of 45 (i.e., 46.7%)
investigated hospital water samples. Excluding
cooling tower samples, all polluted with amoeba,
there were two hospitals with no positive sample
taken from water sources.

Discussion

Legionella prevalence and species identification
In general, showerheads were the most contami-
nated source with 55.3 percent positive samples.
Similarly, the samples from cooling waters, hot
water taps and cold-water tanks yielded fairly
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comparable results (37.5%, 25%, and 20% respec-
tively). However, this was not the case with the
cold-water tap samples and only 9% were positive
tor Legionella and no Iegionella was detected in hot
water tank samples.

Two positive samples were identified for species
by DNA sequencing. DNA for sequencing was
prepared by the 16S rRNA.

The PCR products of two Legionella isolates were
sequenced at MWG (mwg_biotech.com, Ger-
many), DNA sequence was used to search the
Gene Bank database, and the database entry with
the highest percentage similarity was taken to
identify the species. Nucleotide sequences data
have been submitted to the Gene Bank database
with accession No. FJ480932 for L. pneumophila
and FJ48093. Detection of Legionella in aquatic
environments has been demonstrated in other re-
searches (10, 13, 14). Although PCR inhibitor
may interfere with the results obtained by PCR, it
has shown higher sensitivity than culture as
demonstrated by Lye et al., and Morio et al. (1, 15).
This may be derived from the relatively low con-
centrations of Legionella and supported by the fact
that Legionella bacteria are commonly present in
aquatic environments in the viable but non-cul-
turable status which cannot be detected by culture
(16, 17).

In our study, although no statistical difference
among L egionella positive rates in various sources
was found (P>0.05), the positive rate itself
showed the severity of contamination. Therefore,
even though the results obtained by PCR are not a
valid determinant of Legionella viability in the envi-
ronmental samples, it should be setriously consid-
ered as a potential public health threat. Owing to
the lack of epidemiological and ecological studies,
no Legionella outbreaks have been reported in en-
vironmental water samples in Tehran or other cit-
ies of Iran till now. However, considering patients’
complaint about their acquired pulmonary diseas-
es at hospitals, the results of this study showed
that sporadic or even a fairly high incidence of Le-
gionella might have occurred but neglectfully distin-
guished as other pulmonary diseases.
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Table 2: Quality characteristics of hospital water sources (routine monitoring data of a 1-year period)

sample Water quality characteristics Legionella
Physicochemical Microbiological positivity
T pH EC Alk2 Hard? Caz Mg® Fer Mn* Cl? TPC Amoeba
(°C) (uS/cm) positivity
20.0 7.7 393 86 156 51.2 6.83  0.098 0.008 1.7 0 No No
o 245 7.6 383 86 172 504 1122 0.056 0.015 0 2 No No
s 17.0 7.2 365 90 176 52 112 0.083 0.007 0.2 1 No No
JE 250 79 374 88 192 59.2 10.7  0.044 0.001 0.4 TNTCP Yes No
5 23.0 7.8 382 88 208 59.2  14.64 0.071 0.008 1.5 4 No No
e 19.0 7.6 383 96 188 64 6.8  0.060 0.013 0 120 No No
© 21.0 73 380 88 146 56 146 0.011 0.024 1.2 20 No No
190 75 697 96 204 60.8 127 0.059 0.003 0.4 0 No Yes
410 7.6 408 84 156 52 6.34 0202 0.016 0.2 0 No No
490 7.6 390 86 158 51.2 732 0410 0.003 0 4 No No
g 490 73 410 82 144 48 58 0150 0.016 0.7 1 No No
g 27.0 82 393 84 168 59.2 488 0.375 0.011 1 218 Yes No
£ 340 7.9 378 88 170 52.8 93 0.040 0.018 04 21 No No
ES 40.0 7.8 384 84 166 56 6.34  0.020 0.006 0.1 122 Yes Yes
350 7.4 378 120 152 51.2 585 0.208 0.022 0 27 Yes Yes
40.0 7.5 674 124 188 60.8 8.78 0.344 0.016 0.3 5 No No
26.0 7.5 400 84 175 52.8 10.5 0.053 0.010 O 8 Yes No
450 74 375 86 156 504 732 0.034  0.010 0 6 No No
'% 350 7.5 395 80 152 55.2 342 0140 0.012 02 3 No No
f.j 250 8.0 380 84 160 52 7.32 0150 0.005 0 TNTC Yes Yes
z 31.0 8.0 386 88 160 544 585 0.020 0.014 14 TNTC No No
% 270 7.8 375 88 160 56 488 0203 0.009 05 TNTC Yes Yes
33.0 7.6 380 84 188 52 927 0.025 0.017 0 70 No Yes
36.0 7.5 678 120 190 59.2° 1025 0.02 0.007 0.7 No
17.0 7.8 18700 238 5940 60 1060  0.109 0.015 0 TNTC Yes No
180 7.9 5900 164 2120 390 280 0313 0.015 0 TNTC Yes Yes
250 7.8 1400 60 504 152 3025 0.055 0.008 0O TNTC Yes No
. 170 8.2 6570 206 1700 256 258 0410 0.031 0 TNTC Yes Yes
5 19.0 8.2 7440 170 1640 184 288  0.530 0.028 0 TNTC Yes Yes
*ED 170 79 - 190 2750 340 463.6 0.875 0.088 0 TNTC Yes No
o 19.0 8.2 - 192 1100 184 156 0.749 0.070 0 TNTC Yes No
§ 20.0 81 19970 228 4400 520  756.6 0.169 0.012 0 TNTC Yes Yes
19.0 8.2 10630 208 2200 320 3416 0.840 0.105 0 TNTC Yes Yes
220 94 3210 516 134 19.2 21 0.719 0.095 0 TNTC Yes Yes
210 11 48440 480 7680 473.6 1585 020 0.063 0 TNTC Yes No
21.0 10 17000 324 8960 488.4 1890 0.175 0.048 0 TNTC Yes Yes
. 180 7.3 371 104 162 51 84 0.044 0015 12 0 No No
= . 190 75 400 85 135 47 43 0039 0.033 09 0 No No
E g 210 73 424 94 175 53 10.5  0.106 0.008 1.5 0 No No
S 220 74 398 91 172 50.5 112 0.091 0.020 1.1 3 No No
190 75 656 124 248 64 21.47 0.072 0.015 04 6 No Yes
40.0 8.6 340 88 192 76.8 132 0.144  0.052 1 18 Yes No
;'3 P 48.0 7.9 398 - - - - - - 0 100 No No
z g 350 7.6 385 92 216 54.4 195 120 0165 O TNTC Yes No
E’ - 40.0 7.7 447 84 56 11.2 6.83 054 0079 0 48 No No

a: as mg/L- b: TNTC: Too numerous to count; >300 CFU
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Relationship between the occurrence of Le-
gionella and water quality

Previous studies have shown that the incidence of
pulmonary diseases at hospitals associated with
Legionella differs markedly with physicochemical
properties of water.

In the present study of seven hospitals in Tehran,
total mean of residual chlorine was 0.38 mg/L,
with the peak value of 1.7 mg/L. Legionella detec-
tion was proportional to the residual chlorine con-
tent of water and the results indicated that residual
chlorine content is a critical factor in incidence
and proliferation of Legionella (r=-0.33). However,
even a concentration of 0.4 mg/1 of residual chlo-
rine showed to have no effect on disinfecting the
bacterium. This study was generally conducted
during the warm seasons of the year, when the
municipal drinking water was super chlorinated
due to water shortage and subsequent loss of wa-
ter pressure in the distribution system at some
hours of the day. Although Iegionella is susceptible
to disinfection, and it is believed to reduce the po-
tential risk of contracting infections (18), the char-
acteristics of cooling tower facilities make it im-
possible to maintain adequate disinfectant residu-
als. Although many guidelines recommend consci-
entious maintenance and though such recom-
mendations seem reasonable, to the best of our
knowledge, there is not any documented data on
the minimization of Legionella colonization in cool-
ing towers by maintenance measures and also on
the usefulness of control measures in preventing
outbreaks of Legionnaires’ disease from cooling
towers. Routine maintenance measures have been
recommended for general quality of hospital wa-
ter, not on I.egionella colonization. On the other
hand, some species of Legionella have shown an
ability to survive in high free chlorine concentra-
tion, the condition that inhibits other bacterial
groups (19). Many microorganisms of aquatic
origin, such as Pseuxdomonas, produce bacteriocins
that may actually be inhibitory to Legionella spp.
Thus, chlorine levels that eliminate these microot-
ganisms could increase the population of indige-
nous Legionella. Furthermore, Legionella spp. are
more resistant to chlorine than other bacteria be-
cause they can attain a viable but nonculturable
state, be protected by amoebae, and/or survive in
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pipe biofilms (19). It has therefore been deliber-
ated that the scientific method has been less suc-
cessful in the prevention of legionellosis con-
tracted from cooling towers than from drinking
water systems (7). Floating and attached biofilms
are common in such aquatic environments. The
presence of Legionella and some of its amoeba
hosts has been proved in these biofilms from both
anthropogenic and natural aquatic systems (20),
which explain why the sampled cooling towers in
this study generally demonstrated higher positive
results for Legionella than other sources. Many
studies have documented that Legionella need an
amoeba host for replication in the biofilms and
also amoebae are able to resist different treat-
ments and survive under stressful environmental
conditions, such as high chlorine levels. There-
fore, they probably act as reservoirs for Legionella,
allowing quick recolonization of the system once
the treatments are interrupted (20-22). To assist
with confirmation, it has been recently shown that
Legionella may be necrotrophic, allowing bacterial
growth despite water treatment (23). Another hy-
pothesis that may validate this finding is that cool-
ing towers are generally operated at temperatures
close to the optimal growth temperature of Le-
gionella (35°C), which may lead to high bacterial
concentrations (4). It should be also mentioned
that cooling towers are more liable to colonization
owing to their aged-old and low hydraulic circuit.

Besides old and partially somewhat damaged wa-
ter piping in most of the hospitals under study,
survival and extension of amoeba in the nature
and especially in water support its high presence
in hospital water samples. Nevertheless, based on
table 2, the chlorine concentration in most of the
samples (excluding cooling towers) was greater
than 0.2 mg/L, confirming that water quality
standards, both cold and hot tap water samples,
especially in old hospitals had amoeba contamina-
tion. This can be rooted from the fact that amoe-
ba have high resistance against water chlorination,
as the minimum concentration of 1.5 mg/L of
free residual chlorine has been reported to be ef-
fective against Acanthamoeba cyst (a well-known
Legionella amoeba host) (24). A variety of microor-
ganisms such as Iegionella spp., which nest in the
form of endosymbiont in the amoeba as amoeba-
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associated bacteria, can survive after chlorination
and applying other disinfectants (25). A fairly
strong and significant correlation (r=0.46) was
found between the presence of amoeba and Le-
gionella in the present study (P<0.01).

Conclusion

Molecular techniques based on PCR assay offer a
rapid, practical, cost-effective and sensitive alter-
native for detection of Legionella. Although the
concentration of Legionella in the sampled hospital
water systems was not determined, given the high
positive rate of ILegionella colonization, hospital-
acquired legionellosis might be under diagnosed in
Tehran. It calls for urgent control measures to
minimize the transmission rate of Legionella from
the source to the host and to prevent an outbreak.
In light of these data, it can be concluded that Le-
gionella colonization in environmental waters such
as hospital water systems is a deep-rooted phe-
nomenon. Moreover, Legionella are able to persist
and increase with time, independent of the type of
water, system characteristics and of preventive
maintenance measures.

Ethical considerations

Ethical issues (Including plagiarism, Informed
Consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc) have been completely observed
by the authors.

Acknowledgement

This study was funded by Tehran University of
Medical Sciences, Department of Environmental
Health Engineering. The authors would like to
thank Dr. A. Mohabati Mobarez for providing
positive sample and the hospitals staff for their
collaboration in this research. The authors declare
that there is no conflict of interests.

References

1. Morio F, Corvec S, Caroff N, Le Gallou F,
Drugeon H, Reynaud A (2008). Real-time

643

10.

11.

PCR assay for the detection and
quantification of Legionella pneumophila in
environmental water samples: utility for
daily practice. Int | Hyg Envir Heal, 211:
403-411.

Leoni E, Legnani P, Bucci Sabattini M, Righi
F (2001). Prevalence of Iegionella spp. in
swimming pool environment. Water Res, 35:
3749-3753.

Seidel CJ, McGuire MJ, Summers RS, Via S
(2005). Have utilities switched to chlora-
mines? | Am Water Works Ass, 97:87-97.

Fields BS, Benson RF, Besser RE (2002).
L egionella and Legionnaires' disease: 25 years
of investigation. | Clin Microbiol, 15(3): 506-
526.

Doust RH, Mobarez AM, Esmailli D (2008).
Detection of /legionella in hospital water
supply using mip based primers. | Bio/ Sc
8: 930-934.

Joly P, Falconnet PA, Andre ], Weill N,
Reyrolle M, Vandenesch F, Maurin M,
Etienne J, Jarraud S (2006). Quantitative
real-time Legionella PCR for environmental
water samples: data interpretation. App/
Environ Microbiol , 72: 2801-2811.

Yu PY, Lin YE, Lin WR, Shih HY, Chuang
YC, Ben R], Huang WK, Chen YS, Liu YC,
Chang FY (2008). The high prevalence of
Legionella  pneumophila  contamination in
hospital potable water systems in Taiwan:
implications for hospital infection control
in Asia. Int | Infec Dis, 12: 416-420.

Pryor M, Springthorpe S, Riffard S, Brooks T,
Huo Y, Davis G, et al (2004). Investigation
of opportunistic pathogens in municipal
drinking water under different supply and
treatment regimes. Water Sci Technol, 50:83—
90.

Bartie C, Venter S, Nel L (2003).
Identification methods for [egionella from
environmental samples. Water Res, 37,
1362-1370.

Hsu BM, Chen CH, Wan MT, Cheng HW
(2006). Legionella prevalence in hot spring
recreation areas of Taiwan. Water Res, 40:
3267-3273.

Ariefdjohan MW, Savaiano DA, Nakatsu CH
(2010). Comparison of DNA extraction kits
for PCR-DGGE analysis of human

Available at:  http://ijph . (l¥lacir


www.sid.ir

12.

13.

14.

15.

16.

17.

18.

Available at:

Rafiee et al.: The Efficacy of Residual Chlorine ...

intestinal microbial communities from fecal
specimens. | Nutr, 2891: 9 -23

APHA  (2005).  Standard Methods  for  the
Examination of Water —and  Wastewater.
American Public Health Association.

Environmental Protection Agency (2003). Na-
tional primary drinking water regulations.
Stage 2 disinfectants and disinfection by-
products rule; national primary and second-
ary drinking water regulations: approval of
analytical methods for chemical contami-
nants. Federal Register. 68, pp. 47-96.

Roll BM, Fujioka RS (1995). Detection of
Legionella bacteria in sewage by polymerase
chain reaction and standard culture
method. Water Sci. Technol, 31: 409-416,

Lye D, Fout GS, Crout SR, Danielson R, Thio
CL, Paszko-Kolva CM (1997). Survey of
ground, surface, and potable waters for the
presence  of  Legionella  species by
EnviroAmpR PCR Legionella Kit, culture,
and immunofluorescent staining. Water Res,
31: 287-293.

Hay ], Seal D, Billcliffe B, Freer ] (1995). Non
culturable Legionella pneumophila associated
with Acanthamoeba castellanii: detection of
the bacterium using DNA amplification
and hybridization. | App/ Microbiol, 78: 61-
65.

Steinert M, Emody L, Amann R, Hacker ]
(1997). Resuscitation of viable but
nonculturable Legionella  pnenmophila  Phi-
ladelphia ~ JR32 by  Acanthamoeba
castellanii. Appl Environ Microbiol,
63(5): 2047-2053.

Stout JE, Yu VL (2003). Experiences of the first
16 hospitals using copper-silver ionization for
Legionella  control:  implications for the
evaluation of other disinfection modalities. I7-
Jeet Cont Hosp Ep, 24: 563-568.

http://ijph.tums.ac.ir

19.

20.

21.

22.

23.

24.

25.

Borella P, Montagna MT, Stampi S,
Stancanelli G, Romano-Spica V, Triassi M,
Marchesi I, Bargellini A, Tato D, Napoli C
(2005). Legionella contamination in hot
water of Italian hotels. App/ Environ
Microbiol, 71(10): 5805- 5813

Declerck P, Behets |, Van Hoef V, Olevier F
(2007). Detection of Legionella spp. and
some of their amoeba hosts in floating
biofilms from anthropogenic and natural
aquatic environments. Water Res, 41: 3159-
3167.

Murga R, Forster TS, Brown E, Pruckler JM,
Fields BS, Donlan RM (2001). Role of
biofilms in the survival of Iegonella
preumophila in  a - model potable-water
system. Microbiol, 147: 3121-0.

Thomas V, Bouchez T, Nicolas V, Robert S,
Loret J, Levi Y (2004). Amoebae in
domestic  water systems: resistance to
disinfection treatments and implication in
Legionella persistence. | Appl Microbiol , 97:
950-963.

Temmerman R, Vervaeren H, Noseda B,
Boon N, Verstracte W  (2000).
Necrotrophic ~ growth — of  Legionella
prenmophila. Appl Environ Microbiol, 72 (6):
4323-4228.

Rivera F, Ramirez E, Bonilla P, Calderén A,
Gallegos E, Rodriguez S, Ortiz R, Zaldivar
B, Ramirez P, Duran A (1993). Pathogenic
and free-living amocbae isolated from
swimming pools and physiotherapy tubs in
Mexico. Environ Res, 62: 43-52.

King CH, Shotts JR EB, Wooley RE, Porter
KG (1988). Survival of coliforms and
bacterial pathogens within protozoa during
chlorination. App/ Environ Microbiol, 54 (12):
3023-33.

&4


www.sid.ir

