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ABSTRACT

Introduction: Legionella bacteria are ubiquitous microorganisms mostly found in artificial water environ-
ments, especially those which produce aerosol, such as swimming pools, saunas, and spas. Development
of Legionella depends on several factors, including water temperature and chlorine. The aim of this study
was to evaluate the occurrence of Legionella spp. to the temperature and free residual chlorine in tap
water, water from fountains, swimming pools, cooling and heating systems.

Methods: We collected 238 samples of water taken from different places and analyzed the pres-
ence of Legionella spp. by BAS EN ISO 11731-2:2009 - Water quality — Detection and enumeration of
Legionella - Part 2: A direct membrane filtration method for waters with low bacterial counts, as samples
were the waters with low expectancy of bacterial contamination compared to the temperature and free
residual chlorine. The X?test was used to show statistical significance.

Results: Legionella spp. was detected in 18.62% of tap water and in 8.82% samples of water taken from
fountains, swimming pools, and cooling and heating systems. The highest number of positive samples
were detected in waters with the temperature higher than 20°C and lower than 50°C. The highest num-
ber of positive samples were reported by the concentration of free residual chlorine lower than 0.2 mg/l.
The X2 test showed a statistically significant difference between positive and negative results for the pres-
ence of Legionella spp. among three groups of water samples.

Conclusion: The research has shown a connection between environmental factors and the presence of
Legionella spp. in the water systems of public and tourist facilities.

KKeywords: legionella, water temperature, free residual chlorine.
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evaporation capacitors. These complex water systems
potentially produce an aerosol that increases prop-
agation and stimulates better distribution of bacte-
ria in the area. Legionella bacteria in natural water
systems (streams, rivers, lakes, and thermal springs)
occur in relatively low numbers (1). The bacteria are
isolated from various sources, even from the water
found on the plants in rainforests and in subterra-
nean waters, as well as in seas (2, 3). The optimal
temperature for Legionella’s growth ranges from 32
°C to 35 °C, although it survives in temperatures
ranging from 0 °C to 68 °C (4).

After being identified as a cause of pneumonia,
Legionnaires’s disease was referred to as legionel-
losis. These bacteria are classified under the genus
Legionella, which belongs to the Legionellaceae
family. To date, these have been recognised as the
genus Legionella, Legionellaceae family, classified
into 56 species and subspecies, with more than 70
kinds of serogroups. Others are still being discov-
ered (5-9). Although more than 50 different spe-
cies of Legionella have been described (4), not all
are linked to community-acquired and nosocomial
legionellosis in humans (9).

Legionella enters peoples’ lungs through inhalation
or aspiration. The transmission of the infection
from human to human has not been determined
yet. Legionella has a biphasic life cycle and it is con-
tagious only if the bacterium is a short, thick stick
with flagella, resistant to stress, sensitive to sodium,
and without the ability to replicate (10).

The accumulation of bacteria on pipeline surfaces
and biofilm formation are influenced by many fac-
tors. These include an inadequate flow rate or stag-
nation of the water, surface materials and roughness,
the concentration and quality of nutrients and disin-
fectants, temperature, and the hydraulics of the sys-
tem (11). Different distributions of Legionella spe-
cies and serogroups have been observed depending
on the water type. Significant amounts of Legionella
spp. were detected in groundwater and potable
water, whereas Legionella pneumophila was found to
be adaptive to warm water systems, in which this
organism multiplies most efficiently (12).

Water alone is insufficient to ensure the repro-
duction of Legionella (10). Bacteria of the genus
Legionella normally inhabit freshwater or wet soil,
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but the major reservoirs are man-made aquatic envi-
ronments, particularly warm water systems (13). In
freshwater, Legionellae survive as intracellular para-
sites of free-living protozoans, which are their natural
hosts (14,15). The presence of biofilm is an import-
ant factor in the survival of Legionella bacteria and
their development in water systems. The biofilm and
its inner bacteria, including Legionella spp., formed
within the protozoa, are more tolerant to chlorine
and other antimicrobial agents at concentrations
above those commonly used to disinfect water supply
systems. These concentrations are shown to be lethal
under the laboratory conditions for those organ-
isms (16,17). Tourism is a major industry in many
European countries and is sensitive to health threats.
In 1987, a European surveillance scheme for trav-
el-associated Legionnaires™ disease was introduced to
detect cases (18) and control and prevent Legionella
infections associated with tourism in both indigenous
and foreign persons (19,20). In recent years, several
outbreaks of Legionnaires’ disease have been recorded
in the European Union (21,22). In July 2001, the
world’s largest epidemic of Legionnaires™ disease was

recorded in Spain (23).

There have been no recorded cases of the disease in
Bosnia and Herzegovina, which is probably due to
the lack of diagnostics. However, legionellosis has
been repeatedly reported in foreign tourists who have
stayed in our country during the incubation period
of the disease. In such cases, it should be proceeded
with the detection of pathogens and water sampling
and analysis. Since 2011, the Federal Public Health
Institute, Department of Environmental Health, has
been in charge of Legionella detection. The aim of this
study is to determine the relationship between envi-
ronmental factors, temperature, and the concentra-
tion of free residual chlorine, as well as positive water
samples. In addition, we aimed to determine the pres-
ence of Legionella spp. in water systems of public and
tourist facilities in Bosnia and Herzegovina, and there-
fore, assess the epidemiological risk of legionellosis.

METHODS

Sample collection

A total of 238 samples were collected from tap
water in the premises of catering facilities intended
for accommodation, exterior and interior fountains,
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swimming pools and water contained in cooling
and heating systems. The samples were taken across
Bosnia and Herzegovina, during four seasons, in the
period of three years. In the premises, the samples
of hot water were collected from the water heat-
ing system (boilers), while the cold water samples
were taken from the water supply system in the
facilities. The water in cooling and heating systems
was collected from the outlet tap from tanks. Hot
water samples were collected from bathroom out-
lets (showerheads or bathroom taps), after water had
flowed for 3-5 minutes to achieve continuous tem-
perature. The water from cooling and heating sys-
tems, intended for heating or cooling of the selected
objects, was collected from the outlet tap from tanks.
The samples were stored in 1000 ml sterile glass bot-
tles and immediately transported to the laboratory
for microbiological analyses, using portable coolers
(at 4° C). During sampling, we measured both the
concentration of free residual chlorine and tempera-
ture. The temperature was measured by immersing
the probe with a calibrated thermometer, manufac-
turer Tempo, until the stabilization of temperature
values on the display was reached. The free residual
chlorine was measured by the standard colorimet-
ric technique — the N, N-diethyl-phenylenediamine
method (HANNA Instruments 96701, Rhode
Island, USA) at the time of sample collection. In
order to neutralize free residual chlorine, sodium
thiosulfate was added to the sterile bottles for bac-
teriological analysis (20 mg/l according to BAS EN
ISO 19458:2008).

While collecting the samples, close intention was
paid to distribution of premises in relation to the
dead pipes and possible water retention in these
pipes and pipe joints. Water supply data and sample
volume, water temperature as well as the presence
and nature of the biocidal agent were recorded in
the Work Order form. The form was submitted to
the laboratory along with the sample to be avail-
able to the staff who conducted the analysis and
interpreted the results. All steps to ensure quality
assurance of the laboratory performance for micro-
biological analysis were applied and recorded.

Microbiologic analysis
The analysis of Legionella in water samples was
carried out using the method BAS EN ISO
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11731-2:2009 - Water quality — Detection and
enumeration of Legionella - Part 2: Direct mem-
brane filtration method for waters with low bacte-
rial counts. The method describes the isolation and
enumeration of organisms of the genus Legionella
in water intended for human use (cold and hot tap
water used for washing and personal hygiene), and
the water for human consumption. The Legionella
were also analyzed in treated recreational water
(swimming pools and fountains), as well as in water
from cooling and heating systems. Briefly, 1 litre of a
water sample was concentrated by membrane filtra-
tion (cellulose membrane filters, manufactured by
Sartorius, pore diameter 0.2 pum). The filter mem-
brane was resuspended in 10 ml of the original sam-
ple water, followed by cultivation on buffer char-
coal yeast extract (BCYE) agar (Liofilchem, Italy).
The plates were incubated at 36 °C in a humidified
environment with 2.5% CO2 for at least 10 days
and examined in the beginning of day 5 with a
dissecting microscope. The BCYE agar consisted
of yeast extract (10.0 g x L-1), N-(2-Acetamido)-
2-aminoethanesulfonic acid (ACES) buffer (5.0 g
x L-1), activated charcoal (2.0 g x L-1) and agar
(15.0 g x L-1), further enriched with Legionella
supplement solutions. The enrichment supplement
solution contained essential growth factors, ferric
pyrophosphate (0.25 g x L-1), and cysteine hydro-
chloride (0.4 g x L-1). The mixture for selective iso-
lation contained vancomycin (0.001 g x L-1) and
colistin (45,000 IU), which prevent the growth of
most of the flora associated with Legionella. Charcoal
is the distinguishing element in the medium and has
been described as a detoxifier, and the ACES buffer
stabilizes the pH at 6.9, which is the optimal con-
dition for growth. Colonies grown on BCYE agar
were subsequently determined by the means of
an agglutination test (Legionella latex test, Oxoid,
Basingstoke, UK). The results were presented as col-
ony-forming units per litre (cfu x L-1) on the basis
of plate counts of Legionella colonies. The detection
limit of the procedure was 25 cfu x L-1 (the mean
of 2 plates).

Statistical analysis

The data obtained following the analysis of samples
for the presence of Legionella, the recorded values
of the temperature and free residual chlorine, were
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statistically analyzed by appropriate and verified
methods, using a computer program Microsoft
Excel 2010 and BioStat Pro version 5.8.3" software.

A descriptive statistical processing, as well as a pro-
cessing due to the statistical significance of differ-
ences in the obtained results were conducted by
isolating and treating them as two separate groups.
The results of the analysis of tap water samples or
drinking water constituted the first group, including
the water from hotel facilities and hostel and motel
facilities. The results of water samples from foun-
tains, swimming pools, and cooling and water heat-
ing systems formed the second group. The unpaired
two-tiled #test was used to compare the arithmetic
means of water temperatures, as well as the means
of residual chlorine concentrations in Legionella spp.
positive and negative samples. The X? test examined
a statistically significant difference in the number
of positive and negative samples for the presence of
Legionella spp. between groups of samples. The sam-
pling groups were formed depending on the mea-
sured values of the residual chlorine concentration
and the temperature in the samples. Based on the
measured sample temperature, the samples are clas-
sified into three groups. The first group consisted
of samples at temperature of 20 °C or below, the
second sample group at temperature above 20 °C
and below 50 °C, and the third sample group at

temperature of 50 °C and above.

RESULTS

Within the entire sample structure, the most com-
mon samples (184 samples, 77.31%) belonged to
the group of tap water collected from the hotel facil-
ities. Furthermore, within the group of water taken
from fountains, swimming pools and cooling and
heating systems, the most common in the entire
structure were the samples from external fountains

(15 samples, 6.30 %).

Results of testing water temperature effects
on the presence of Legionella

The average temperature of the water samples from
fountains, swimming pools, and cooling and heating
systems in which Legionella spp. was not detected
was 25.06 °C. In addition, the average temperature
of the water samples in which the bacteria was found
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was 25.17 °C (the lowest measured temperature was
9.1 °C, while the highest was 48.3 °C). According
to the results of the #test shown in Table 1, there is
no statistically significant difference in average tem-
peratures within these two groups of samples.

In 98 samples of tap water, the measured tempera-
ture was 20 °C and below, while 14.28 % of the
samples was Legionella spp. positive. In 58 samples,
the measured temperature was above 20 °C and
below 50 °C, whereas 34.48 % of the samples tested
positive for Legionella spp. The temperature of 50
°C and above was measured in 48 samples, out of
which 8.33 % tested positive for the presence of
Legionella spp. (Table 2).

The X? test confirmed a statistically significant differ-
ence between these three sample groups, including
the samples in which Legionella spp. was detected,
and those in which it was not detected. For the
majority of positive samples of tap water, the mea-
sured temperature ranged from 20 °C to 50 °C. The
minimum number of positive samples was detected

in the samples with the temperature at 50 °C and
above (Table 2).

Among the water samples collected from fountains,
swimming pools, and cooling and heating systems,
9 samples reached the temperature of 20 °C and less.
In these samples, Legionella spp. was not isolated.
The temperature above 20 °C and below 50 °C was
measured in 25 samples, out of which 12 % were
reported positive for the presence of Legionella spp.

The effect of the free residual chlorine on the
presence of Legionella

The average concentration of free residual chlorine
in the samples of potable and non-potable water
tested negative for Legionella spp. was 0.09 mg/L.
Moreover, the concentration of residual free chlo-
rine in the samples which tested positive for these
bacteria was 0.05 mg/L. The Legionella spp. nega-
tive samples collected from fountains, swimming
pools, and water from cooling and heating systems
reported the concentration of free residual chlo-
rine of 0.04 mg/L, while zero free residual chlorine
was detected in the Legionella spp. positive ones.
According to the results of the #test, there was
no statistically significant difference in the average
concentrations of residual chlorine in the samples
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TABLE 1. A comparative review of the value of basic statistical indicators and results of the t-test of the measured temperature

Statistical parameter describing
water temperatures measured in °C

Water samples from the rooms

Water samples from fountains, swimming
pools, and cooling and heating systems

Legionella spp. not Legionella spp. Legionella spp. not Legionella spp.
isolated Isolated isolated isolated

Xav 31.94 31.08 25.06 2517
S 16.05 12.01 9.19 3.23
sXav 1.21 1.95 1.65 1.87
\% 50% 39% 37% 13%
t test 0.31 0.019

p-value 0.75 0.98

AM — mean, SD - standard deviation, SEM - standard error of the mean, CV - variation coefficient

TABLE 2. A compared review of the X? test results and differences in the number of positive and negative results against the

measured temperature

Temperature Number of water samples from the rooms Number of water samples from fountains, swimming

interval (°C) pools, and cooling and heating systems
Legionella spp. Legionella ~ Total % (isolated)  Legionella spp. Legionella Total % (isolated)

not isolated spp. isolated not isolated spp. isolated

<20 84 14 98 14.28 9 0 9 0.00

20<T <50 38 20 58 34.48 22 3 25 12.00

T=50 44 4 48 8.33 0 0 0 0

Total 166 38 204 18.62 31 3 34 8.82

X2 14.19 1.18

p-value 0.0008* 0.27

X2- Chi square value, *statistically significant different

tested positive and negative for the presence of
Legionella spp.

Out of the total number of the analyzed samples
of tap water, 162 reported the concentration of
free residual chlorine lower than 0.2 mg/L, out
of which 20.98 % tested positive for the presence
of Legionella spp. In the remaining 42 samples, the
measured concentration of residual chlorine was
higher than 0.2 mg/L, and 9.52 % of them tested
positive for the presence of Legionella spp. The X?
test showed that there was no statistically significant
difference in the number of positive and negative
results between these two groups of samples. Among
the analyzed samples of water from fountains, swim-
ming pools, and water from cooling and heating sys-
tems, there was less than 0.2 mg/L concentration of
free residual chlorine detected in 29 samples, out of
which 3.37 % were positive for Legionella spp. Only
2 samples reported the concentration of free residual
chlorine exceeding the value of 0.2 mg/L, and both
samples tested negative for the presence of Legionella

54

spp. The X? test indicated no significant difference
in the number of positive and negative results from
these two groups of samples, categorized on the
basis of free residual chlorine, as shown in Table 3.

DISCUSSION

Legionella bacteria usually live and reproduce in
artificial aquatic environments. Recent studies have
indicated the risk of presence of Legionella in sys-
tems with non-sterile water at temperature rang-
ing from 25 °C to 45 °C. Previous research have
reported that the risk of Legionella maintenance
exists in systems with non-sterile water at tempera-
ture ranging from 25 °C to 45 °C. The optimum
temperature for Legionella growth and development
ranges from 32 °C to 42 °C. Other factors that favor
the development of Legionella are: stagnation of
water, the presence of biofilms or nutrients, and the
presence of other microorganisms. These are the risk
factors that are examined within the building in the
legionellosis risk assessment (24). We studied the



TABLE 3. Comparison results of the X? test and the difference in the number of positive and negative results among samples
with different concentrations of free residual chlorine

Cl, (mg/L) Number of water samples from the rooms

Number of water samples from fountains, swimming
pools, and cooling and heating systems

Legionella spp. Legionella Total % (isolated)  Legionella spp. Legionella Total % (isolated)
not isolated spp. isolated not isolated spp. isolated
<0.2 128 34 162 20.98 29 3 32 3.37
=202 38 4 42 9.52 2 0 2 0
Total 166 38 204 18.62 3 3 34 8.82
X2 2.89 0.2
p-value 0.09 0.65

X2 — Chi square value

water temperature as a factor which influences the
Legionella development in water systems, includ-
ing the tap water as well as the water not intended
for consumption. In this study, the highest num-
ber of samples tested positive for Legionella spp.
(34.48 %), during the analysis of water intended
for drinking and bathing, was found in the group
of samples with the water temperature above 20 °C
and below 50 °C. The smallest number of positive
samples (8.33 %) was detected among the samples
where the water temperature was 50 °C and above
(Figure 1). In his research, Yu (25) reported the
presence of Legionella in hot water tanks and ther-
mal polluted rivers and stressed the importance of
water temperature for Legionella colonization of
water supply systems. During the research, in 62
out of 127 samples (48.82 %), temperature above
55 °C was determined, while L. pneumophila was
not detected in samples with temperature above this
value (26). In our study, within the group with tem-
perature below 20 °C, 14 of 98 samples (14.78 %)
of tap water were tested positive for the presence of
Legionella spp. Furthermore, in the group of water
samples reaching temperature below 20 °C which
were taken from hotels, 13 of the total number
of 184 samples tested positive. In addition, in the
group consisting of hotel water samples with tem-
perature above 20 °C and below 50 °C, 19 samples
were reported positive. Of the total number of sam-
ples (44), pertaining to the group with temperature
above 50 °C, 3 were tested positive on the presence
of Legionella spp. Within the category of hostel and
motel facilities, the largest number of positive sam-
ples was reported in the group with water tempera-

ture above 20 °C, but below 50 °C (28.57%). About
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FIGURE 1. The percentage ratio of positive and negative samples
for the presence of Legionella in water samples from taps with a
different range of measured temperature.

11.53 % of the samples of water not intended for
drinking, with temperature above 20 °C and below
50 °C, tested positive on the presence of Legionella.
The water temperature is known to be a decisive
factor in Legionella colonization, since its growth is
inhibited as the temperature exceeded 42 °C; there-
fore, temperatures above 65°C have even been used
in a disinfection study (27).

The water temperature of all the analyzed points,
determined immediately after the collection, has
reached low values, near 45 °C. This has enabled
| Legionella multiplication, whereas, out of the
30 samples collected in the 3 analyzed hotels,
11 (36.7 %) were contaminated by Legionella
spp. (28). The average measured temperature of tap
water, covered in this survey, was 31.4 °C, with the
minimum temperature of 26.8 °C and the maximum
of 48.8 °C. Rakic ez al. (26) have proven the correla-
tion between the temperature and the presence of



L.pneumophila in water. The average temperature at
which bacteria was present was 47.9 °C in regards
to the middle temperature value of 53.8 °C in the
waters where Legionella was not detected. The aver-
age temperature of tap water samples negative to
Legionella spp., which was intended for human con-
sumption, was 31.94 °C. The samples of tap water
tested positive for the presence of Legionella had the
average temperature of 31.08 °C.

Research has shown that L.pneumophila was iso-
lated both from chlorinated and non-chlorinated
water samples. In the group of samples containing
the concentration of chlorine lower than 0.2 mg/L,
20.98 % of samples tested positive. Moreover, the
group of samples with the residual chlorine con-
centration higher than 0.2 mg/L reported 9.52% of
positive samples (Figure 2). There is a statistically
significant difference in the level of concentrations
of residual chlorine taken from the samples of
drinking water tested both positive and negative
for the presence of Legionella spp. (Table 2). It has
been proven that Legionella species can be present in
water with free residual chlorine as well as in water
where it was not found, confirming the Legionella
species resilience to free residual chlorine (29).
Rakic er al. (26) have reported that chlorine used
for disinfecting water does not kill or slow down
the growth and reproduction of L.pneumophila.
The study showed that the concentration of
free residual chlorine from 0.2 to 0.3 mg/L was
found in water samples with the known presence
of L.pneumaophilom. Borella er al. (30) indicated
that higher temperature and lower concentration
of residual free chlorine stimulate the growth of
L.pneumaophila. Legionella species are more resis-
tant to chlorine than other bacteria. The WHO
drinking water quality guidelines recommend that
the minimum target chlorine concentration at the
point of delivery should be 0.2 mg/L in normal
circumstances and 0.5 mg/L in high-risk circum-
stances (31). According to the research of Kuchta
et al. (32), the concentration of chlorine of 2 mg/L
reduces free Legionellae. The level of concentration
was proven sufficient for maintaining a low num-
ber of colonies in hot water. This has also been con-
firmed by our results and a 20.98% percentage of
positive samples in the group where the residual
chlorine concentration was lower than 0.2 mg/L.
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H Positive samples M Negative samples

FIGURE 2. The comparison of positive and negative results with
regards to the concentration of free residual chlorine.

Additionally, the percentage of positive samples,
within the group where the residual chlorine con-
centration reached more than 0.2 mg/L, was 9.52%.
The failure of disinfectants in controlling Legionella
in drinking water systems has been attributed to the
presence of protozoan hosts that act as a shield for
pathogenic bacteria against disinfectants (33-36).
However, legionellosis cases still occur in facilities
with treated drinking water systems. Carvero ez al.
determined, under controlled laboratory conditions,
how L. pneumophila resistance to common drinking
water disinfection treatments was enhanced by its
association with Acanthamoeba hosts. Inactivation
models obtained showed that the increased resis-
tance was significant for disinfectant exposures at
the free chlorine concentrations lower than 0.5 mg

L! and at temperatures of 50°C and 55°C (37).

In 2002, the highest number of reported cases in
tourists was associated with travelling in Iraly (132
of 676 cases), where 35 clusters of travel-associated
Legionnaires’ disease were identified from July 2002
to October 2003. These mainly involved hotels and
residences located in 14 Italian regions (Rota ez al,
2007). In recent years, the presence of L. pneumoph-
ila has been reported in hot water samples in coun-
tries, such as Italy, France, Germany, Taiwan, and
many others (38- 41).

CONCLUSION

In this study, we examined the effects of tempera-
ture and concentration of free residual chlorine on
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the presence of the bacteria of the genus Legionella.
The respective samples were taken from tap water
as well as water samples from fountains, swimming
pools, and water from cooling and heating systems.
From a total of 204 analyzed samples of tap water,
Legionella spp. was detected in 18.62%. The major-
ity of positive samples was detected when water
temperatures ranged from 20 °C to 50 °C. The low-
est number of positive samples was reported once
the water temperature reached 50 °C and above.

According to the results of the X test, the research
on the impact of free residual chlorine on the pres-
ence of Legionella showed that there were no sta-
tistically significant differences in the number of
positive and negative results. The absence of statis-
tically significant differences was shown in regards
to the concentration of free residual chlorine in tap
water, as well as in the water samples from foun-
tains, swimming pool, and water from cooling and
heating systems.
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