Cent Eur J Public Health 2009; 17 (2): 99-102

MICROBIAL CHARACTERIZATION OF
WATER AND BIOFILMS IN DRINKING WATER
DISTRIBUTION SYSTEMS AT SPORT FACILITIES
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SUMMARY

The present study investigated the in situ microbial indicators’ occurrence in water and biofilm in drinking water distribution systems of sport
facilities such as gyms. The presence of Legionella, such as a potential pathogen, was also verified. Water and biofilm were contemporaneously
collected and microbiologically analyzed. Few colonies of coliforms were detected in biofilm but not in the corresponding water samples. Conversely,
some colonies of heterotrophs were counted at 22 °C in both the 80% biofilm samples and the 53% water samples. Legionella was detected in
29% of the hot water systems, and, in particular, L. pneumophila in 21% and L. non pneumophila in 9% of the samples. Higher counts were found
in biofilm samples.

As it was recommended for swimming pools, it is to be hoped that hygiene risk assessment criteria and safety plans could be also developed
for gyms to reduce potential hazards to health for all attendants.
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INTRODUCTION immuno-compromised individuals. In fact, the design of central-
ized hot and cold water systems creates conditions that suit the
The main challenge for drinking water producers is the pres-  growth of these bacteria (7, 8).
ervation of drinking water quality in distribution systems. In the most recent years the number of people practising a regu-
The European Union Drinking Water Directive 98/83/EC  lar physical activity has greatly increased. As a result, a greater
(1) sets out the basic parameters that every water system should attention is being focussed on hygienic risks associated with use
strive to achieve in order to provide the cleanest, safest and most  of sport facilities (9, 10) where, healthy and immuno-competent
reliable drinking water possible. Even if routine monitoring is  people, as well elders, young children and people following re-
an essential component of water supply management, it is not habilitative treatments, exercise or swim. To obtain advantages
enough to protect public health. In fact, it is well known that in  from the physical activity and to prevent adverse effects, sports
all distribution systems the interior pipe walls, storage tanks, must be practised in suitable structures under the guide of quali-
sediments, and all the surfaces in contact with finished water fied coachers. Nevertheless in these places, in addition of physi-
are colonized by microorganisms, which can survive, grow, and  cal accidents, which represent the most frequent type of injury
detach depending on local conditions. Release of microorgan- in sports facilities, health risks can be also linked to the use of
isms from surfaces of distribution systems into the bulk water hygienic facilities (e.g., bathrooms, showers, sinks). Control and
may be one of the causes of microbial contamination, resulting maintenance of water distribution systems is therefore becoming
in the deterioration of hygienic quality of drinking water (2, 3).  a crucial task in ensuring the high quality of distributed water.
These microenvironments create biofilm that can accumulate Some studies have been performed on real distribution systems
microorganisms, segregating and protecting them from the ef- investigating both water and biofilm microbial ecology; however
fects of disinfection. They are dynamic in nature, and portionsare  none dealt with water distribution systems in sport facilities, such as
frequently sloughed off pipe surfaces; as a result, the suspended  gyms. Nevertheless, as in case of swimming pools, adverse health
bacterial counts observed in distribution systems can be oftenthe  consequences associated with the use of these sport facilities can
result of biofilm cell detachment rather than growth of organisms  be prevented through a correct information on potential risks, safe
in the water (4-6). behaviours and an effective and overall management.
Autotrophic and heterotrophic organisms, bacterial indicators, With the aim to detect microbiological potential risks in sport
strict and opportunistic pathogens can colonize biofilms and, after  facilities such as gyms, a study was carried out in some gyms to
mobilisation into the bulk water phase, can reach consumers. investigate both the in situ microbial indicators’ occurrence and
Among the opportunistic bacteria, Legionella within man-made the presence of Legionella in water and biofilm in drinking water
water systems presents a potential health concern, particularly for  distribution systems of the hygienic facilities.
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MATERIALS AND METHODS

Sampling of water and biofilm. Atotal of 15 hot water sam-
ples and 19 biofilm samples were contemporaneously collected
at different drinking water distribution systems in 15 gyms. A
three-liter sample of tap water, standing in plumbing pipes over-
night, was collected without flushing the shower heads. Samples
were taken in sterile bottles containing 10% sodium thiosulphate.
After the removal of the shower head, biofilms were collected by
scraping the internal surface of the pipe by vigorously rubbing the
surface with sterile swabs soaked in sterile distilled water. Swab
samples were then kept wet in few millilitres of water collected
from the same shower heads.

All the samples were transported under refrigerated condi-
tions into the laboratory and analysed within the same day of
sampling.

Microbiological analysis. Water and biofilm were analysed
for microbial indicators and Legionella. All the analyses were
performed in duplicate.

At the moment of the analysis, biofilm samples were eluted
from swabs vortexing them into the soaking water and suspensions
were prepared according to the National Standard W 15 (11).

Bacterial indicators of water quality such as E. coli, coliforms
at 37 °C, enterococci and Heterotrophic Plate Count (HPC) at
22 °C were detected in water and biofilm according to the spe-
cific analytical reference methods (1). The isolated colonies were
then subcultured and identified using the Vitek automated system
(BioMérieux, France).

Isolation of Legionella species was performed by concentrat-
ing 2-1 water samples using 0.2 um — pore-sized polyamide filter
(Millipore, USA). Each membrane was resuspended in 10 ml of
the original sample water and vortex-mixed for 10 min. A 5-ml
portion of this suspension was placed in a 50 °C water-bath for
30 min for the reduction of interfering microorganisms. Aliquots
of 0.1 ml of each sample (with and without heat-pre-treatment)
were spread on duplicate plates of CYE agar (charcoal yeast
extract base agar, Oxoid) with BCYE growth supplement (ACES
buffer/potassium hydroxyde, L-cysteine, ferric pyrophosphate,
a-ketoglutarate) and MWY selective supplement (glycine, vanco-
mycin, polymyxin B, anisomycin) and incubated at 35 °C, in 2.5%
CO,, for 6-14 days (12). All colonies on MWY with the typical
ground glass appearance of Legionella species were subcultured
onto BCYE medium and CYE medium, and incubated at 35 °C
for 2 days or more. The colonies grown on BCYE, but not grown
on CYE, were re-isolated and identified on the basis of cultural
(lack of growth on blood agar, fluorescence), biochemical (oxi-
dase, catalase, hydrolysis of hippurate) and serological features,
using a commercial agglutination test (Legionella Latex Test,

Oxoid, UK). The test allows a separate identification of L. pneu-
mophila serogroup 1 and serogroups 2—14 and detection of seven
Legionella (polyvalent) species (other than L. pneumophila),
which have been implicated in human disease: L. longbeachae,
L. bozemanii 1 and 2, L. dumoffii, L. gormanii, L. jordanis, L.
micdadei, L. anisa.

Four randomly selected L. pneumophila serological-positive
isolates were also analyzed with the polymerase chain reaction
(PCR) assay according to Declerk and coll. (13).

DNA sequences from mip gene (macrophage infectivity po-
tentiator) were amplified (14). Three sequences of the primers
were used with the aim to take into account minimal variations,
if existing, of the environmental isolates:

PT69 (5" -GCATTGGTGCCGATTTGG), PT70 (5" -GCTTT-
GCCATCAAATCTTTCTGAA), PT 181 (5’ -GTTTTGCCAT-
CAAATCTTTTTGAA).

The amplicon was 168 bp. A blast search of the GenBank
database demonstrates a high predicted specificity. All primers
were part of the Perkin-Elmer EnviroAmp™ Legionella kit. Pure
DNA extract (5 ul) was tested by PCR in a 25 pl reaction volume
that contained 0.5 units Tag DNA polymerase (Roche Diagnostic,
Meylan, France), 1.5 mM magnesium chloride, 0.2 mM of each
deoxy-nucleotriphosphate and 0.8 uM of each primer. DNA was
heated for 3 min at 95 °C and amplified (30 cycles at 95 °C for
45's, 61 °C for 45 s and 72 °C for 45 s). Amplification ended
after one final cycle of 72 °C (7 min). DNA extract of Legionella
pneumophila ATCC 33152 was used as positive control and DNA
extract of a lab isolate strain of E. coli as negative control.

The PCR products were analysed by agarose gel electrophore-
sis using 1.5% agarose gel containing ethidium bromide together
with a DNA molecular weight marker (Eppendorf, Italia). Gels
were viewed on a UV transilluminator and fragment sizes were
compared with the 100 bp ladder DNA.

Physical and Chemical Analyses. Water temperature and
residual chlorine were determined at the sampling according to
reference analytical methods (15).

RESULTS

In 4 out of 19 biofilm samples a few colonies of coliforms
were detected but not in the corresponding water samples. The
concentration was low in all positive samples (1-3 CFU/100 ml)
The isolates were assigned to the species Enterobacter amnigenus.
Enterobacter intermedium and Serratia plymuthica. Conversely,
some colonies of heterotrophs were counted at 22 °C in both the
80% biofilm samples and the 53% water samples. The HPC mean
concentration in biofilm was 1,2 x 10® CFU/ml (standard devia-

Table 1. Legionella in water and biofilm samples collected in drinking water distribution systems of the gyms.

n°of legionellae L. pneumophila L. pneumophila . .
. " Other Legionella species
Positive samples positive samples serogroup 1 serogroup 2-14 (%)
(%) (%) (%) )
Total no. 10/34 (26.5) 2134 (5.8) 5/34 (14.7) 3/34 (8.8)
No. of water samples 8/15 (46.6) 1/15 (6.6) 5/15 (33.3) 2/15(13.3)
No. of biofilm samples 2/19 (10.5) 119 (5.2) 0/19 1/19 (5.2)
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tion 0,9 x 10%), whilst in the water samples was 2 x 10t CFU/ml
(standard deviation 1 x 10%).

The water temperature at the outlet of the showers of the 15
sport facilities ranged from 37 °C to 42 °C and the residual chlo-
rine (z standard deviation) in the water was 0.08 = 0.06 mg/I.

Legionella was detected in 29% of the hot water systems, and,
in particular, L. pneumophila in 21% and L. non pneumophila in
9% of the samples (Table 1). In the water samples the mean con-
centration was 4 x 10?2 CFU/I (minimum count 6.6 CFU/I, maxi-
mum count 1.6 x 10 CFU/I), whilst a higher level of Legionella
colonization was found in the biofilm where the mean count was
4 x 10% CFU/ml, with the lowest and the highest concentration
equal to 0.6 CFU/ml and 7.5 x 102 CFU/m, respectively. L. pneu-
mophila serogroup 2-14 was never detected in biofilm samples
but was more frequently isolated in the water samples compared
to L. pneumopbhila serogroup 1 which was isolated both in water
and in biofilm samples, but from two different hot water systems.
In fact, the water collected from the shower heads which produced
Legionella-positive biofilms was negative for the presence of
the microorganism; thus Legionella positive water samples were
never associated with the positive results in the corresponding
biofilm samples.

Optimal PCR results were obtained while working in a PCR
reaction with 30 cycles, an annealing temperature of 61 °C,
1.5 mM MgClI, and a primer concentration of 0.8 uM (Fig. 1).

Fig. 1. Agarose gel showing amplified DNA segments from L.
pneumophila isolated from water and biofilm with primer sets
PT69; PT70; PT181.

1: standard DNA ladder; 2: positive control; 3: negative control (H,0); 4-5:
amplified DNA of L. pneumophila isolated from water; 6-7: amplified DNA of L.
pneumophila isolated from biofilm; 8: amplified DNA of E. coli.

DISCUSSION AND CONCLUSIONS

Drinking water in the distribution system is not sterile, regard-
less of the degree to which the water is treated. The water contains

microbes that survive the treatment process or enter the distribu-
tion system through the pipe network. Many of these microbes
can attach to the pipe wall and become part of a biofilm. Once
biofilm development begins, subsequent material, organisms and
contamination introduced to the distribution system can become
entrained in the biofilm and may be subsequently released into
the flowing water under various circumstances.

The present study showed not much correspondence in the
results obtained in biofilms and water. In fact, the majority of the
positive samples for biofilm (52%) do not match with the water
samples even if the water sampling, carried out without flushing,
represented the worst case scenario. In fact, this sampling method
allows to assess the quality of drinking water including the influ-
ence of the service network inside the building.

Coliform bacteria were detected in low concentration only in
the biofilm. In fact, coliform bacteria were isolated from biofilms
of 4 out of 19 showers of the gym hygienic services under consid-
eration. Isolates belonged to environmental coliform strains that
could be part of the natural water microflora. It could be suggested
that low levels of coliforms below the detection limit entered the
water systems and, for the observed low chlorine levels, survived
in bulk water and attached to pipe materials. Some other coliform
episodes have been traced to the survival and growth of coliform
bacteria in distribution system biofilms (16, 17).

Water and biofilm analyses showed also different results for the
HCP. In fact, higher microbial counts (two order of magnitude)
and a higher number of positive samples (15 out of 19) were
observed in biofilm samples and some pigmented colonies were
recovered. Conditions such as observed in the examined distribu-
tion systems may have favoured the pigmented subpopulations.
In fact, low chlorine levels, long retention times and high water
temperatures are known to enhance bacterial growth (18) and
increase the occurrence of pigmented bacteria (19).

Legionella is known to be a normal component of the aquatic
microflora and Legionnaires’ disease is recognised as a problem
throughout Europe. Our study proved that Legionellae were
found in water and biofilms, and different concentrations were
observed in the two matrices. In fact, Legionella was recovered,
on the average, with values higher than three order of magnitude
in the biofilm samples. It could be expected because, for its
intrinsic features, the biofilm matrix allows the organism better
to survive compared to conditions prevailing in the water. An
absence of association between Legionella and the traditional
microbial indicators (coliforms, enterococci and E. coli) was also
to be expected. In fact, it is evident the difficulty to compare the
occurrence of microrganisms with different surviving likelihood,
taking into account that Legionella can multiply within protozoa
present in biofilm (20).

Results of amplification of mip gene carried out in this study
are in accordance with other authors (21). The mip gene encodes
a 24-kDa surface protein (Mip) and has been chosen as genetic
marker because it plays a crucial role in the resistance of L.
pneumophila to intracellular killing (22). The results confirmed
that the specific primers well reacted with L. pneumophila whilst
E. coli showed no reaction with each of the used primers. The
four analyzed strains, recovered from water (lines 4-5) and from
biofilm (lines 6-7), showed the same profile. These data are in
accordance with previous reports in others regions around the
world, where limited genetic variability of environmental isolates
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of L. pneumophila in the water systems and the prevalence of one
genotype of this bacterium in a large proportion of man-made
aquatic environments were reported (23, 24).

On the ground of the obtained results, it is possible to assume
that the water collected in all the distribution systems seems to
have good microbial characteristics considering the bacterial indi-
cators, whilst a potential risk could be associated with low counts
of Legionella (25). Indeed a different qualitative and quantitative
microbial ecology characterizes the biofilm, especially if Legionella
concentrations are considered. Potable water systems containing
Legionella are a significant cause of sporadic cases of legionellosis
acquired in the community (26, 27). In the examined samples, high
values of the bacterium were found in the biofilm that can play an
important role in harbouring and providing favourable conditions
in which the legionella bacteria may grow (28).

Facility administrators and operators should be aware of the
requirements to ensure safe and enjoyable use of facilities and
should be responsible for the good operation and management
also of the water distribution system. Thus an adequate planning,
design, installation and management of the plumbing system must
be followed by fully hygienic operations and maintenance.

Hygienic controls and management interventions were re-
commended for sport facilities such as swimming pools by the
WHO (29). Dealing with infectious disease in common people
or athletes practising sport in gyms could be, perhaps, not as
dramatic as attending to a sudden on-field injury. Nevertheless,
even if it is recognized that the fitness produced by regular, mo-
derate exercise improves immunity, recent studies postulated that
exercise, especially during competitions, may produce a period
of immunodepression, thus creating an “open window” when the
athlete may be more susceptible to infection (30).

Good general hygiene practices and interventions, and efforts
to minimize exposure to specific risks form the foundation of all
the prevention activities. Thus, as in case of swimming pools, it
is to be hoped that hygiene risk assessment criteria and safety
plans could be also developed for gyms aiming at reduction of
potential health hazards for all attendants.
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