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Abstract: The aim of this study was to evaluate the risk of legionellosis within the hospital water supplies.
Legionella species are ubiquitous in various water systems. It is not surprising that hospital waters may be
colonized with legionnaire bacterium. Cold and hot water samples from different hospitals of Telwan were
screened, using standard culture method and PCR technique. A total of 132 cold and hot water samples were
collected during the summer of 2006. All samples were concentrated and cultuwred on standard BCYE agar after
pretreatment. The mip gene based primer system were then used to detect mip protein of L. preumophila
within each hospital water sample. The results were obtained from culturing and PCR compared to each other.
The water samples that analyzed in this study were collected from hospitals and medical institution located in
different parts of the city. Legionella were isolated from the total of 30 water samples (22.7%). The mip based
primer sets by amplicon size of 630 bp detected Legionella genome from approximately (37%) of the culture
positive samples that indicating they could be considered as L. preumophila. The results showed that the risk
of nosocomial legionellosis could not be excluded from the city hospitals due to sigmficant contamination of
the hospital water supplies. We concluded that hospital water screening for Legionella pneumophila
contamination will help the diagnosis the threat of nosocomial outhreak of legionnaires’ disease and also the

evaluation of decontamination process of water supplies within high risk areas.
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INTRODUCTION

Legionella preumophila 13 recognized as an
important cause of atypical pneumonia. Legionnaire’s
disease 1s known to cause hospital-acquired pneumonia
and may occw sporadically or as outbreak (Yu, 2000,
Guarcia-Nunez et al., 2008). Legionella spp. 1s ubiquitous
in many water systems; it is not swprising that hospital
water may be colonized with Legionella prewmophila and
other species. Water systems of large buildings such as
hospitals are often contaminated with Legionella and
therefore, represent a potential danger to patients
(Ozerol et al., 2006; Singh and Coogan, 2005; Kooler et al.,
1999; Patterson et al., 1997). However, there 1s some
controversy about the relationship between the presence
of Legionella in hospital water systems and nosocomial
legionellosis. The of hospital-acquired
pneumonia due to Legiomella has been reported as
ranging from 0-47% (Veronesi et af., 2007).

The presence of Legionella in hospital facilities,
particularly in hot water distribution systems and cooling

incidence

towers (Rivera et al., 2007) is an increasing problem. The
most frequently described route of transmission is by
inhalation of contaminated aerosols (Kool et al., 1999).
Transmission has also been reported via nebulizer
(Woo et al., 1992) and showers (Breiman et al., 1990,
Fujimura et al., 2006) in contaminated water as used.

L. preumophila 1s the most pathogenic Legionella
species. It is also the cause of the frequent
contaminations in environmental water sources. For risk
evaluation of nosocomial legionellosis, surveillance of
hospital water systems 15 needed. The degree of
Legionella contamination in hospital water supplies has
shown to be correlated with the incidence of nosocomial
legiommaire's disease (Kool et al., 1999).

Culture methed for the 1solation of Legionella 1s gold
standard, but it has limitations such as fastidious growth
requirements of organisms, long incubation periods and
the presence of viable and non-culturable Legionelia.
Recently, applymg PCR technique, overcome the
limitation of cultwe method. The mip gene PCR has
shown to be specific for detection of all serogroups of
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L. pneumophila (Bej et al., 1991) PCR have been reported
as a complementary method for screening of
environmental samples (Ferreira, 2004).

The aim of this research was to screen the hospital
water samples for Legionella contamination. A total of
132 water samples in various hospitals in Tehran were
inspected. The culture positive samples results confirmed
by mip PCR in colony and water samples. The results
showed that routine surveillance for a hospital water
distribution system is fundamental for public health and
must include, as a priority, monitoring of L. preumophila.

MATERIALS AND METHODS

Sample collection: A total of 132 cold and hot water
samples were collected from the hospitals located in
different areas of Tehran city, during the summer of 2006.
The samples were obtained from tap water, shower head,
nebulizers of hospital wards, cooling tower and chiller.
Each sample was prepared in four liter sterile container
according to the standard methods described previously
(Hosseini Doust and Seal, 1998). Each water sample was
concentrated aseptically by membrane filtration, using a
three-picce PVE manifold (Millipore SA) and cellulose
type HA membranes with a pore size of 0.2 pm (Millipore
Corporation). The filter was then removed from the
apparatus, cut to pieces and placed in 100 mL sterile
plastic container along with 50 mL of the original filtrate
and shacked vigorously for 30 min, in order to release
bearing microorganisms.

Culture of water samples: All the samples were then kept
at room temperature until use for further examination. A
portion of 10 mL of the concentrated sample was removed
aseptically from each container and subjected to heat treat
(50°C) for 30 min (Palmer et al., 1993). An aliquot of
100 pL from each water sample was inoculated on to either
Buffered Charcoal Yeast Extract (BCYE) agar containing
o-ketoglutarate, glycine, vancomycin, polymyxin and
cyclohexamide (Oxoid). The BCYE medium was
supplemented with ferric pyrophosphate and L-cystein
(Palmer et al., 1993).

The inoculated agar plates were sealed in plastic bags
and incubated aerobically for up to 14 days at 37°C with
a daily check of growth after three days. The colonies
containing gram-negative bacteria grown after 4-7 days
were isolated and examined for ability to grow on media
with and without L-cystein. If the isolates grew up with
typical colony morphology on BCYE agar at the presence
of cysteine only, but not on BCYE without cysteine or
sheep blood agar they were regarded as Legionella.

931

DNA extraction and PCR: In order to achieve PCR
experiment, an aliquot of 1 mL from each water sample was
subjected to 3 x freezing-boiling within 1.5 mL ependroff
tubes in liquid nitrogen (5 min each) boiled for 10 min. The
cell debris were then removed by centrifugation at 2000
for 2 min and the supernatants were centrifuged again for
10 min at 18000 x g and an aliquot of 20 pL from the
bottom of the tubes was subjected to PCR experiment.
Negative and positive controls under the same condition
were included in all the PCR experiments. Legionella mip
gene were amplified by gradient thermocycler.

For PCR amplification of the mip gene, a 630 bp
fragment was amplified. Two 20-base oligonucleotides
(Lpm-1, Lpm-2) bracketing a 600 base pair DNA fragment
were synthesized as primers Lpm-1 (5-GGT GAC TGC
GGC TGT (Jaulhac et al., 1998) TAT GG) was located at
nucleotides 853-872 from the coding strand. Lpm-2
(5- GGC CAA TAG GTC CGC CAA CG) was located at
nucleotides 1465-1484 complementary to coding strand.

PCR amplification was performed in a 0.5 mL reaction
tubes in a total volume of 50 uL amplification mix, with
15 pL of sample DNA, 3 pL of MgCl, (final concentration,
4 mM), 50 pmol of each of primer and 1.0 units of taq
DNA- polymerase and PCR-grade sterile water to a final
volume of 50 puL. The PCR was performed in a gradient
thermal cycler by the following protocol:

Initial denaturation at 95°C for 2 min followed by 35
cycles of denaturation at 94°C for 1.5 min, annealing at
62°C for 2 min, extension at 72°C for 1.5 min and final
extention at 72°C for 5 min (Fig. 1).

Fig. 1: Agarose gel electrophoresis of amplified DNA
(35 cycle) from Legionella DNA extracted of
hospital water by using mip primers. Lane 1
Marker, Lane 2, 3, 4: Legionella DNA extracted
from water, Lane 5 water without Legionella, Lane
6: Legionella pneumophila as control positive,
Lane 7: Staph aureus, Lane 8: E. coli, Lane 9:
P. aerojinosa
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Table 1: Comparison of culture results with mip+ and mip- PCR results

Culture PCR
Hospital wars No. % mipt mip-
cu 8 26.9 2 6
cCcu 4 13.4 1 3
RT & dialysis 2 6.6 1 1
Pulmonary dis. 2 6.6 1 1
Tnfection dis. 2 6.6 1 1
Pediatrics 1 34 1 0
Oncology 2 6.6 1 1
Nebulizers 9 36.0 3 6
Total 30 100.0 11 19

ICU: Intensive Care Unit, CCU: Critical Care Unit; RT and Dialysis; Renal
transplantation and dialysis, Dis; disease
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Fig. 4: Dastributions of  Legionella positive samples
between collected water samples. ICU, Intensive
Care Unit, CCTJ, Critical Care Unit, RT and Dialysis;
Renal transplantation and dialysis, Pul., Pulmonary
disease, Inf. mfection disease, Pedia, Pediatrics,
Onch., Oncology, Nebu, Nebulizer

Cooling towers have been implicated for nosocomial
legionellosis. Recent studies, documenting the genetic
identity of clinical and environmental isolates have
proven that local outbreaks of legionnaire's disease may
mndeed originate from contammated cooling towers
(Keller et al., 1996). Legionella residents within biofilm are
a particular problem in cooling tower systems. Tn addition
to cooling towers, hot water system, respiratory therapy
equipments, showers and faucets, wlirlpool spas
(Jermigan et al., 1996) have been linked to the mcreased
occurrence of nosocomial legionnaire’s disease. Hospital
hot water systems are frequently colonized with
Legionella species. In hospital wards, where mmmune-
suppressed patients are treated, hot water systems should
ideally be free of Legionella contamination. The control
of hot water system colonization in hospitals is crucial to
prevent clinical disease in patients and health care
workers at risk. Several reports have shown a clear
association between the presence of Legionella inhot
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water systems and the occurrence of legionellosis. These
bacteria are present at the lighest concentrations in
biofilms within hot water systems (Stout ef al., 1985). In
the present study we isolated the Legionella from 16.4%
of the hospitals hot water system and 36% of the
nebulizers.

In this study, a L. prewnophila-specific PCR assay,
based on the mip gene of L. preumophila was developed.
In total of 30 positive samples with culture, only 10
(33.33%) samples were positive for mip gene. The most
likely explanation for this finding 1s that the mip target 1s
specific for 1. puewmophila (Cianciotto et al., 1989).
Another possible explanation is that there are two species
of Legionella in the sample, L. prneumophila and another
Legionella species.

We found that four samples were positive with PCR
but not with culture. The reason 1s not clear, but the
occurrence of dead or non-culturable Legionella cells in
water systems is a possible explanation.

CONCLUSION

The results suggest that both culture and PCR have
advantages and limitations. PCR 1s sensitive and rapid.
Non- viable and non-culturable Legionella are also
detected by PCR. Cultwre method for isolation of
Legionella 13 gold standard, but 1t has limitations such as
fastidious growth requirements of organisms, long

incubation periods and presence of viable and
nonculturable Legionella, but the results of culture can
be
epidemiological studies. A clear advantage of PCR is its
detect

contaminated by other fast growing bacteria. PCR and

stored and wed for exact identification and

ability to Legionella 1n  water samples
culture complement each other. PCR also promises to be
rapid and sensitive technique to detect Legionella m both
climical and environmental specimens.

Tt is concluded that rapid detection and elimination of
L. pneumophila in hospital water systems 1s necessary, in
to prevent further contaminations,

environmental culture of the hospital water supply for

order routine

Legionella has proven to be an important strategy in
prevention. Hospital-acquired legionniares' disease can be
prevented by disinfection of hospital water systems.
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