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INTRODUCTION

Water circulation systems that reuse water are being 
used in various fields of the industry to reduce the 
water consumption. The cooling towers are one ex-
ample of such systems, and they are being used in 
central air conditioning and telecommunication units 
to reduce the temperature of the water and are mostly 
found in large buildings such as hotels, hospitals and 
workplaces. Microorganisms living in various aquatic 
environments have the potential to survive in both 
cooling tower water and biofilm. They can negative-
ly affect industrial processes and human health by 
inhalation of contaminated aerosols (1-5). The need 
for assessing the real risk values of cooling towers 
is closely linked to the emergence of Legionnaires 
Disease, which is caused by Legionella pneumophila, 
L. pneumophila originating from cooling tower. The 
presence of heterotrophic bacteria and free-living 
amoeba, FLA, is also considered as one of the risk 
factors in the cooling waters. Therefore, most of the 

developed countries have prepared new laws and reg-
ulations to use biocides in the cooling towers to keep 
these microorganisms under control (6-8). Turkey has 
published a special program conducted by the Minis-
try of Health “Legionnaires Disease Control Regulation 
on the Principles and Procedures” on 13/05/2015 (9). 
There are two main ecological factors which may lead 
to the increased risk of Legionnaires’ Disease. The first 
is the presence of L. pneumophila with the protozoa 
like FLA within the biofilm, and the second is the sep-
aration of these bacteria from the biofilm to pass into 
the aqueous phase (10,11). FLA have large biodiversi-
ty, both having their own pathogenicity and creating 
different pathogenicities as a host to other heterotro-
phic bacteria and Legionella to protect them from the 
harmful effects of biocides. Thus, FLA have emerged 
as an important issue (12-20). Just like Legionella bac-
teria residing in cooling towers, the high numbers of 
heterotrophic bacteria are also an important criteria 
for determining the water quality. Since some of these 
microorganisms are opportunistic pathogens, they 
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different cooling towers in Istanbul. FISH and culture analysis have revealed that the number of heterotrophic bacteria within 
the water and the biofilm samples was above the threshold values (>105 cell. mL-1), generally. Despite Acanthamoeba were 
present in all cooling tower specimens, Legionella pneumophila serogroup 1 were only detected in the biofilm of one cooling 
tower. According to the results of this study, both methods are recommended to be used in conjunction. Due to the the 
large biodiversity of FLA such as Hartmanella sp. and Naeglaria sp, there is a need for new studies utilizing FISH method for 
sensitive, reliable results in a short period of time. 
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may create risks for human health conditions (3,21). Usual-
ly, the harmful effects of these bacteria are not realized well 
enough due to their massive distribution in nature. However, 
they may cause severe infections within the systems like cool-
ing towers because they find the suitable conditions to repli-
cate. Our study shows the presence of heterotrophic bacteria, 
L. pneumophila serogroup 1, and Acanthamoeba genus (FLA) 
in the cooling tower waters and in the biofilm layer detect-
ed using a novel approach involving both traditional culture 
method and molecular method fluorescence in situ hybridiza-
tion FISH. 

MATERİALS AND METHODS

Sampling
A total of 40 samples (20 bulk water and 20 biofilm samples) 
were collected from the cooling towers of 16 different build-
ings (hotel, workplace, industrial building). The water samples 
were then placed into sterile plastic containers (3 L), and the 
biofilm samples (10 cm2) were taken by sterile swab to transfer 
the content into a centrifuge tube containing 20 mL tap water. 
The samples were brought back to the laboratory as soon as 
possible. The 3 liters of water sample was filtered using a sterile 
nylon filter (142 mm diameter, 0,22 μm porous diameter) and 
sterile steel filtration system (Sartorius, Sredim Biotech GmbH, 
Goettingrn, Germany). Then, this nylon filter was placed in a 20 
mL sterile water containing sterile bag in the stomacher device 
(IUL Instruments). By stomaching the bag about 1 min, the bac-
teria inside the filter was passed into the water phase. The bio-
film samples were taken into the centrifuge tube, and vortexed 
for 1 min to homogenize the content. 

All water and biofilm samples had undergone the following 
processes; a) They were used for examining all the microorgan-
isms’ culture methods, b) They were stored at -20 oC after the 
1:1 ratio addition of 50% ethanol to be used in the FISH method 
later on.

The Examination of Water Samples by Culture Method
For the heterotrophic bacteria isolation and counting, serial di-
lution was made (10-1- 10-10) to concentrated samples within the 
bag as mentioned above. 0.1 mL of each dilution were placed 
into the R2A agar medium triplicate, incubated for 7 d at 27°C in 
Petri dishes, and then the colonies were counted as described 
previously (22). 

For isolation and counting of Legionella bacteria, 10 mL of the 
concentrated samples were centrifuged at 6000 rpm for 15 
minutes. Then 1:1 of HCl-KCl (pH:2.2) acid mixture was added 
for 20 minutes. Then it was inoculated into buffered charcoal 
yeast extract (BCYE) agar supplemented with glycine, vancomy-
cin, polymyxin, natamycin (GVPN). The remaining sample in the 
suspension was heat-treated for 30 minutes at 50°C, and was 
inoculated to BCYE agar supplemented with GVPN. All cultiva-
tions were carried out in 3 replicates and incubated at 37 °C for 
14 d. Colony morphology and Gram staining were examined 
and colonies were inoculated into Trypton Soy Agar (TSA) were 
picked from colonies similar to L. pneumophila bacteria. When 

there was no growth in TSA medium, Legionella Latex Test Kit 
(Oxoid) was used for serological identification using slide agglu-
tination method (23).

For the FLA isolation, 100 mL water sample was filtered 
through 0.45 µm diameter porous sterile membrane, and then 
the filter was placed upside down on top of the E. coli spread-
ed non-nutrient agar (NNA) in Petri dish. The experiments 
were done in triplicates. Petri dishes were stored for 10 d at 
30°C and examined daily with a light microscope using 10X 
magnification (24). 

Examination of Biofilm Samples by Culture Method
For the isolation and counting of heterotrophic bacteria, 0.1 
mL of R2A agar broth from serial dilutions (10-1 - 10-10) pre-
pared from the suspension of homogenized biofilm was used 
and triplicate cultivations were carried out. Cultures were in-
cubated at 27 °C for 7 d and colony count was performed in 
Petri dishes. 

For the isolation and counting of Legionella bacteria, 0.1 mL of 
the homogenized biofilm suspension was inoculated into BCYE 
agar supplemented with GVPN directly and after treatment 
with acid and heat as described above. After 14 d of incubation 
at 37 °C the colonies were counted. 

For FLA culture, 20 μl of the suspended biofilm samples were 
plated onto the surface of the E. coli spreaded NNA in Petri dish. 
All cultures were kept at 30 °C for 10 d. It was daily examined 
under light microscope (x10). Experiments were performed in 
3 triplicates (24).

The Examination of Water and Biofilm Samples via FISH 
Method
All samples were taken out of the -20 °C storage, thawed, and 
then examined using FISH method for Legionella, heterotrophic 
bacteria and Acanthamoeba (25-27).

Oligonucleotides: Following oligonucleotide probes were 
used (26,28-30): a) FAM- labelled ACANTHA probe and CY3- 
labelled EUK 516 (positive control) probes for the examination 
of Acanthamoeba, b) CY3 labelled EUB 338 probe for the ex-
amination of heterotrophic bacteria, and c) CY3-targeted LEG-
PNE1 probe for the examination of L. pneumophila. NON 338 
probe was used for non-specific binding as a negative control 
(Table 1).

FISH Method: Both water samples and biofilm specimens were 
fixed in 4% paraformaldehyde (PFA) for all bacteria and in 2% 
PFA for Acanthamoeba genus overnight at 4 °C. After fixation, 
samples were washed triplicate in 1xPBS (for bacteria: 13000 
rpm, for Acanthamoeba: 8230 rpm), and then the samples were 
placed into the wells of polytetrafluoroethylene coated slides to 
dry. The dried slides were dehydrated at 46 ºC with varying al-
cohol percentages of 50%, 80%, 96% for 3 minutes. The target-
ed fluorescence labeled probes (for the bacteria 50 ng/µL, for  
Acanthamoeba type 150 ng/µL) specific to the microorganism 
(Table 1) and hybridization buffer (0.9 M NaCl, 20 mM Tris/HCl, 
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0.01% SDS) that includes 20% formamide was added into each 
well and incubated for 24 h in dark and humid medium for hy-
bridization.

At the end of 24 h, 2µL of DNA binding stain 6-diami-
no-2-phenylindole, DAPI, was added and samples were incu-
bated for 30 min. Then they were washed with washing buffer 
(20 mM Tris/HCl, pH 7.6, 0.01% sodium dodecyl sulfate, 5 mM 
EDTA, 160 mM NaCl) at 46 ºC for 15 min. The final washing was 
completed with bi-distilled water at 4 ºC for 10 min. 5 µL of an-
ti-fading solution was added to the dried slides, and samples 
were examined immediately under the epifluorescence micro-
scope (Nikon Eclipse 80i). Acanthamoeba castellanii, A. castel-
lanii, ATCC 50373, L. pneumophila serogroup 1 ATCC 33152 were 
used as positive control. The wells solely included probe and hy-
bridization buffer, but not the microorganisms were considered 
as the negative controls. All of the measurements were done in 
triplicates.

Statistical Analysis
Heterotrophic bacterial culture and the FISH numbers were 
compared using a t-test. Differences between variables were 
considered significantly different when p<0.5. Statistical analy-
ses were performed using Statistical Package for Social Sciences 
version 11.0 (SPSS Inc.; Chicago, IL, USA) program. 

RESULTS

Numbers of heterotrophic bacteria colonies (CFU) and the FISH 
results from bulk water (S1-S20) and biofilm samples (B1-B20) 
taken from cooling towers are shown in Table 2. 

Our results suggest among all of the samples from all of the 
cooling towers, high number of aerobic heterotrophic bacteria 
were detected. S18 has shown the lowest number of heterotro-
phic bacteria (1.5x104 CFU.mL-1) within the water samples ex-
amined according to the culture method, whereas S9 had the 
highest bacteria numbers (2.7 x108 CFU.mL-1). For the biofilm 
samples, B15 has shown the lowest number among hetero-
trophic bacteria (3.x103 CFU/cm2) while the B1 had the highest 
amount heterotrophic bacteria (4.5 x107 CFU/cm2). Congruent 
with the results of culture method, FISH evaluation of the same 
samples has revealed that S18 has shown the lowest number 
of heterotrophic bacteria (5x104 cell.mL-1) in the aqueous sam-
ple while S9 had the highest heterotrophic bacteria number 
(2.8x108 cell.mL-1). For the biofilm samples, B5 had the lowest 
number of heterotrophic bacteria (3.x107 cell/cm2), B16 showed 
the highest heterotrophic bacteria number (3.6x109 cell/cm2). 

Table 1. The probes that were used in FISH method
Probe 
Code Oligonucleotides

Florescent 
DYE

LEGPNE1 5´-ATC TGA CCG TCC CAG GTT-3´ CY3-5´
Non 338 5´-ACT CCT ACG GGA GGC AGC-3´ FAM-5´ 
EUB 338 5´ GCT GCC TCC CGT AGG AGT- 3´ CY3-5´
ACANTHA 5  ́TTC ACG GTA AACGAT CTG GGC C-3´ FAM-5´ 
EUK 516 5´- ACC AGA CTT GCC CTC C-3´ CY3-5´ 

Table 2. Total heterotrophic bacteria that were observed in the bulk water and biofilm samples

Water samples 
(code)

CULTURE FISH

cell/cm2CFU.mL-1

Biofilm samples 
(code) CFU/cm2

Water samples 
(code) cell.mL-1

Biofilm samples 
(code)

S1 4.7x 105 B1 4.5x107 S1 1.5x106 B1 6.2x107

S2 1.7x 105 B2 3x107 S2 3.9x105 B2 1.7x108

S3 1,9x105 B3 1.5x107 S3 1.2x106 B3 3.9x108

S4 1.6x104 B4 2.2x107 S4 3.7x105 B4 3.x108

S5 1.7x104 B5 2x107 S5 7.5x105 B5 3.x107

S6 1.5x108 B6 4.6x105 S6 1.6x108 B6 7.5x107

S7 1.9x107 B7 9.1x104 S7 2.1x108 B7 1.2x109

S8 2x108 B8 9.6x104 S8 2.4x108 B8 1.4x108

S9 2.7x108 B9 4.2x105 S9 2.8x108 B9 9.5x108

S10 2.4x107 B10 9x104 S10 2.5x107 B10 1.1x108

S11 2.2x107 B11 1.9x104 S11 2.9x107 B11 8.2x108

S12 1.7x107 B12 3.9x104 S12 2.3x107 B12 3.7x108

S13 1.4x107 B13 2.4x104 S13 1.6x107 B13 3.8x108

S14 3.8x107 B14 1.6x104 S14 4.2x107 B14 9.2x108

S15 1.4x107 B15 3x103 S15 1.7x107 B15 7.7x107

S16 1.5x107 B16 1.2x107 S16 1.6x107 B16 3.6x109

S17 1.3x107 B17 7.2x106 S17 2.1x107 B17 1.1x109

S18 1.5x104 B18 1.2x105 S18 5 x104 B18 2.3x108

S19 1.9x106 B19 2.2x105 S19 2.8x106 B19 1.7x108

S20 2.2x105 B20 5.8x104 S20 3.8x105 B20 6.1x107

CFU: colony forming unit
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Figure 1 shows the epifluorescence microscopic images of het-

erotrophic bacteria with varying morphologies examined using 

FISH. Our results revealed that the number of heterotrophic 
bacteria in cultures of from bulk water and from biofilm sam-
ples were significantly lower than those detected in FISH counts 
(p<0.5).

Legionella bacteria were detected only in one cooling tower 
biofilm sample (B3), detected by both culture (742 CFU/ cm2) 
and FISH (12560 cell/cm2). These bacteria were identified sero-
logically as L. pneumophila serogroup 1. The epifluorescence 
microscopic image of L. pneumohila bacteria examined via FISH 
method is shown in Figure 2.

The presence of FLA using culture and FISH method in water 
(S1-S20) and biofilm (B1-B20) samples are shown in Table 3. FLA 
was found in all water and biofilm samples as examined using 
culture method. However, culture method was not sufficient 
to determine the numbers and types of largely biodiverse FLA. 
FISH method revealed that FLA belonging to Acanthamoeba 
genus were present in all samples except two biofilm samples, 
B13 and B14. Figure 3 shows the epifluorescence microscope 
image of Acanthamoeba. 

Figure 2. The images of epifluorescence microscopic of Legionella  
bacteria, CY3 labeled LEG PNE1 probe (x1000).

Figure 1. a, b. The images of epifluorescence microscopic of het-
erotrophic bacteria (x1000). (a) CY3 labeled EUB 338, (b) with 
DAPI

a

b

Figure 3. a, b.The epifluorescence microscope image of Acan-
thamoeba (x500). (a) FAM -labeled ACANTHA, (b) DAPI- labeled 
ACANTHA.

a

b
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DISCUSSION

Microorganisms living in different water systems exhibit variety 
in terms of threshold limit numbers and types. For the microbi-
al load of water system, biocide compatibility is measured and 
to do this, the total number of microorganisms are measured. 
As an example, in a closed cooling tower, the numbers of bac-
teria should not exceed the limit of 100.000 cell.mL-1 (3,4). The 
water and biofilm samples we have examined via culture and 
FISH method were from cooling towers, and the numbers of 
heterotrophic bacteria had exceeded the limits. The disinfec-
tion methods applied to the cooling towers did not have an 
optimum condition. However, the biocide application are still in 
progress (19). During our samplings, we have learned verbally 
that some various biocides were applied in different time pe-
riods to the cooling towers and on behalf of the data we have, 
we consider that these applications are not well enough. The 
culture method is still the golden standard for detection of het-
erotrophic bacteria number’s in cooling tower samples. On the 
other hand, the numbers of heterotrophic bacteria in all of the 
biofilms detected via FISH method had greater numbers than 
the culture method. This could be due to entering to the viable 
but not-culturable phase (VBNC) (31). Therefore, it was thought 
that FISH is a better method in order to detect heterotrophic 
bacteria in the cooling towers, which was also supported by the 
statistical analysis. Heterotrophic bacterial numbers detected 
by FISH method were significantly higher than those revealed 
by culture method.

There was no Legionella growth out of the examined cooling 
tower water. However, only one of the biofilm samples had 
shown Legionella growth as detected both culture and FISH 
method. One of the reasons may be the inhibitory effects of 
other microorganisms in which Legionella bacteria interact with 
in their environment (32,33). Hence, this gets proven by the in-
creased number of heterotrophic bacteria in our study. Since 
these other microorganisms interacting Legionella have excess 
numbers compared to Legionella, they might have shown an-
tagonistic effect on Legionella’s growth. To gain deeper insights 
into this issue, new studies concerning the conventional cultur-
ing or FISH methodologies or PCR based molecular methods 
are now emerging to identify heterotrophic bacteria. One ex-
ceptional reason for using FISH to identify Legionella bacteria 
in this study is the potential interaction of FLA with bacteria. 
FLA can uptake Legionella bacteria, and protect them from the 
harmful environment, such as the effects of biocides and thus 
leading intracellular growth of Legionella bacteria. Bacteria that 
are growing this way, when the conditions of the outside be-
comes proper enough, lyse the amoeba cells, and spread out 
(13,16). Despite we have came across Acanthamoeba type FLA 
in all of the water samples, only one sample had the Legionella 
bacteria which brings the possibility of intracellular entrapment 
within the FLA. To make sure whether these Legionella bacteria 
are getting located inside FLA or not, new studies are required 
using the FISH method. 

Current culture methods for morphological identification and 
FLA counting requires lots of effort, time and hence becomes 

Table 3. The existence of free living amoebea in the water and biofilm samples

Water samples 
(code)

CULTURE FISH (Acanthamoeba)

cell.100mL-1

Biofilm samples 
(code) cell/cm2

Water samples 
(code) cell.mL-1

Biofilm samples 
(code) cell/cm2

S1 + B1 + S1 4.2 B1 319.6
S2 + B2 + S2 5.9 B2 719.2
S3 + B3 + S3 162 B3 1198.8
S4 + B4 + S4 126 B4 479.5
S5 + B5 + S5 4.5 B5 239.7
S6 + B6 + S6 3.2 B6 263.7
S7 + B7 + S7 63 B7 583.4
S8 + B8 + S8 5.5 B8 911
S9 + B9 + S9 24.7 B9 1166.8
S10 + B10 + S10 62.1 B10 239.7
S11 + B11 + S11 4.1 B11 79.9
S12 + B12 + S12 5.5 B12 159.8
S13 + B13 + S13 18.3 B13 0
S14 + B14 + S14 11.6 B14 0
S15 + B15 + S15 16.4 B15 799.2
S16 + B16 + S16 44 B16 1518
S17 + B17 + S17 70.9 B17 1334.6
S18 + B18 + S18 4 B18 639
S19 + B19 + S19 12.1 B19 1814
S20 + B20 + S20 38.1 B20 183.8
(+): Growth
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inadequate (34). Our study did not included FLA identifica-
tion with culture method. However, by examining the sam-
ples with the FISH method using the ACANTHA probe, both 
the presence of the Acanthamoeba genus in the samples and 
the knowledge of the numbers were obtained shortly. There-
fore, our study suggests that the detection of Acanthamoeba 
using FISH method has advantages than the culture method 
to examine the water and biofilm samples from cooling tow-
ers. The greatest advantage of using oligonucleotide probes 
and FISH method is the detection of FLA in situ, and having 
the opportunity to classify the organism simultaneously (29). 
For this reason, new FISH-based studies are being planned to 
investigate the presence / number of other genus (etc. Hart-
manella sp., Naeglaria sp.) belonging to large variety of FLA 
that can affect the microbial load in cooling towers. Howev-
er, the microorganisms cannot be stored after being used in 
FISH. In fact, in the future studies, the research of the patho-
genicity and disinfection of these microorganisms will be re-
quired. Therefore, the strains that will be attained depending 
on culture methods, will be needed. From this perspective, 
the culture method has more advantage over the other. As a 
result, to be able to measure microbial load and the microbial 
contamination that might be caused from the cooling tower 
or in case of an epidemic situation, without losing time, the 
microorganism/microorganisms should be detected. Thus as 
our data were also able to demonstrate, FISH analysis should 
be used to acquire results in a shorter time compared to the 
culture method.
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