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Abstract

Background: Laboratory analysis of organisms in water include arduous methods, such as the multiple tube and
membrane filter. The ATP bioluminescence system, proposes a new way of measuring cellular material in water by
measuring adenosine triphosphate (ATP) levels, which are expressed in relative light units (RLU). The ATP
bioluminescence assay has been increasingly used to assess the microbiological safety of the hospital environment.
However, there are few studies investigating the use of this methodology to evaluate the microbiological quality of
water. The objective of the present study was to verify whether ATP, as measured by the 3 M™ Clean-Trace Water™
ATP test, can be used as an alternative tool for presumptive testing for the presence of microorganisms in hospital
water.

Methods: Water samples (N = 88) were collected from faucets (74) and water purifiers (14) in a university hospital.
The sample were filtered by the membrane filter technique (100 mL for bacterial analysis and 100 mL for fungal
analysis) and then submitted to ATP bioluminescence assay to the determine quantity of RLU in each sample. In
order to compare RLU and the presence of microorganisms, a receiver operating characteristic (ROC) curve was
used to calculate sensitivity and specificity (levels higher than 90% were considered significant). In addition, control
tests were conducted to compare RLU to the quantities of bacterial and fungal organisms added to distilled water
(ANOVA and Tukey's tests; p < 0.05). This inoculum was compared to RLU emission, and the data were analyzed by
calculating the Pearson’s correlation coefficient, with a 95% confidence interval.

Results: In the present study, 94.3% of the water samples presented bacterial growth. Of these, 15.6% showed
heterotrophic bacteria above recommended levels and fungal contamination was detected in 55.6% of samples.
Sensitivity and specificity of the samples were not significant (< 90%), and the correlation between ATP and the
presence of these microorganisms in the samples (hospital water) was not significant, whereas, in distilled water,
the results revealed a significant difference (p < 0.0001).

Conclusions: These results demonstrated that the ATP test cannot be used as an alternative tool for presumptive
assessment of the presence of microorganisms in water.

Keywords: Adenosine triphosphate, Bacteria, Fungi, Hospital, Water

* Correspondence: mairagarroyo@gmail.com

'Graduate Program in Microbiology, S&o Paulo State University, Street
Cristévao Colombo, 2265, 15054-000, Sdo José do Rio Preto, Sdo Paulo, Brazil
Full list of author information is available at the end of the article

- © The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
() B|°Med Central International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-017-2562-y&domain=pdf
mailto:mairagarroyo@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Arroyo et al. BVIC Infectious Diseases (2017) 17:458

Background

The presence of organisms in drinking water is assessed
in laboratory analysis by qualitative and quantitative cri-
teria [1]. Initial investigations have included consistent
but arduous methods, such as the multiple tube method,
involving serial analysis of water samples. Subsequent
studies have included alternative, less laborious methods
of quantitative and qualitative analysis that use chromo-
genic and fluorogenic substrates and maintain high spe-
cificity and sensitivity along with speed [2, 3]. Among
these methods, the membrane filter method stands out.
It is considered a feasible laboratory procedure that al-
lows for bacterial colony counts [1].

Another methodology, similar to the ATP biolumines-
cence system, has been proposed as a new method of
measuring cellular material in water by measuring levels
of adenosine triphosphate (ATP) [4].

One of the major advantages of ATP detection is that
it is fast and easy to carry out [5-7]. However, there are
also some disadvantages, such as low sensitivity and in-
ability to differentiate extracellular and intracellular ATP
[7-10]. Dead cells, blood, excretions, human secretions,
food and other organic materials are considered extra-
cellular ATP, whereas intracellular ATP is detected by
means of viable microorganisms [7, 10, 11].

Studies comparing the traditional methodology
(colony-forming units, — CFU) with ATP detection have
shown divergent results, indicating the need for more re-
search to establish better understanding of the relation-
ship between microorganism counts and ATP. Lee et al.
[12] and Bushon et al. [13] found good correlations be-
tween ATP and CFU, but other studies [14, 15] found
no significant association.

Considering the high incidence of waterborne diseases
in the general population, it is necessary to establish fas-
ter and more specific protocols for microbiological
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investigation of water, in order to adopt control mea-
sures. The objective of the present study was to verify
whether ATP bioluminescence can be used as an alter-
native methodology for presumptive testing for presence
of microorganisms in water, by confirming that there is
a correlation between RLU and the presence of these
microorganisms.

Methods

Collection of samples

Water samples of 200 mL each (n = 88) were collected
from faucets (74) and water purifiers (14) (both of sub-
terranean origin) at a university hospital in the state of
Sao Paulo, Brazil; the origin of the water within the hos-
pital is shown in Table 1. For each sample, 100 mL was
submitted to bacterial analysis and 100 mL to fungal
analysis.

Eight samples were collected from each floor (ground
to 8th floors), with the exception of the 3rd and 7th
floors, where 16 samples were collected from each. The
samples were placed in sterile Whirl-Pak® Thio-Bags®
with sodium thiosulfate 1.8% to neutralize the disinfect-
ant activity of chlorine in chlorinated samples. The bags
were transported in isothermal boxes to the hospital’s
microbiology laboratory [1, 16].

Filtration of the samples and microbiological analysis
According to standard methodology [1, 16], immediately
after sample collection, 100 mL of each sample were fil-
tered through a nitrocellulose membrane (0.45 pm)
plated in plate count agar medium (Difco Laboratories),
and incubated for 48 h at 35 °C.

At the same time, the other 100 mL of each sample
were filtered. After the filtration process, the mem-
brane was transferred to a petri dish with Sabouraud
dextrose agar (Difco Laboratories) and incubated for

Table 1 Distribution of the results according to the origin of the samples

Location Number of ~ Number of samples ~ Number of samples with Number of samples with free
samples with fungi bacteria >500 CFU/mL chlorine residual within the limits
Ground floor: F P F P F p F p
Hemodialysis 7 1 2 0 0 0 7 1
1st floor: Surgical center 6 2 4 1 0 2 6 0
2nd floor: Department of infectious diseases 6 2 4 2 2 2 4 0
3th floor: Oncology 13 3 6 2 1 1 13 0
4th floor: Pediatrics 7 1 6 0 0 0 7 0
5th floor: Cardiology 6 2 3 0 0 2 6 0
6th floor: Post-operative room 6 2 5 0 0 2 6 0
7th floor: Intensive care 15 1 7 0 0 1 14 0
8th floor: Transplant 8 0 7 0 0 0 8 0
Total 74 14 44 5 3 10 71 1

F faucets, P purifiers, CFU colony-forming units
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24 h at 30 °C [17, 18]. After this period, the mem-
brane was removed from the original dish and main-
tained under the same thermal incubation conditions
for 15 days. For purposes of comparison with the
standard methods, the results were divided by 100 to
express CFU/mL.

Physical analysis

Free chlorine residual content was recorded immedi-
ately after sample collection. To determine this con-
tent, 10 mL of the sample and 0.5 mL of the reagent
NN diethyl-p-phenylenediamine were added to a cu-
vette. The mixture was stirred for homogenization
and measured with an electronic colorimeter device
(HI96711C - Hanna Instruments). To conform to the
standards required by Regulation 2.914/11, samples must
have minimum concentrations of free chlorine residual of
0.2 mg/L and maximum limits of 2 mg/L [1].

ATP (bioluminescence) test and statistical analysis
Immediately after sample collection, ATP biolumines-
cence (3 M™ Clean-Trace Water™ ATP system) was
used to the quantify RLU in all samples. In this sys-
tem, a specialized rod is inserted into the water sam-
ple and then placed in a tube with a reagent that
unleashes a bioluminescence reaction; luciferase is the
revealing enzyme and luciferin, the substrate. Light is
emitted in the presence of ATP, which is detected by
specialized equipment (a luminometer). Concentra-
tions of ATP are directly proportional to the quantity
of cellular material and are expressed in relative light
units (RLU) [4].

In order to compare RLU and the presence of micro-
organisms, a receiver operating characteristic (ROC)
curve was used to calculate sensitivity and specificity:
levels higher than 90% were considered significant.

Control tests were conducted in order to compare
RLU with the quantity of bacterial and fungal organisms
present in distilled water, which is free of microorgan-
isms and cellular material (ANOVA and Tukey’s tests,
when p was significant: p < 0.05). Thus, pure Staphylo-
coccus aureus (American Type Culture Collection -
ATCC 25923) and Candida parapsilosis cultures (ATCC
22019) were reactivated on nutrient agar for 24 h at 37 °C.
Colonies were placed in tubes containing 5 ml sterile dis-
tilled water to achieve concentrations (0.5 to 10) according
to the McFarland standards. Dilutions were performed to
achieve a dilution of 10 from the lower concentration.
From these concentrations, 100 pl were transferred to
polystyrene dishes and the absorbance value was checked
(Biospectro spectrophotometer). This inoculum was com-
pared with RLU emission, and the data were analyzed by
calculating Pearson’s correlation coefficient, with a 95%
confidence interval.
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Results

Table 1 shows the distribution of the results obtained,
according to the origin of the samples. Eighty-three
(94.3%) samples presented bacterial growth: 69 (83.1%)
from faucets and 14 (16.9%) from purifiers. Of these, 13
(15.6%) presented heterotrophic organism levels above
those recommended by the Brazilian Ministry of Health
(<500 CFU/mL). There was also fungal contamination in
49 (55.6%) water samples.

In relation to the data for RLU, 36 samples presented
exclusive bacterial growth. This can be explained by the
fact that no fungal growth was observed in the
Sabouraud agar medium plates, which favor fungal
growth. If neither yeast nor mold grew in the plates with
a medium that is selective for fungi, it can be concluded
that there was only bacterial growth in the plate count
agar medium, with a mean RLU value of 14.4. Only two
samples presented exclusive fungal growth, with a mean
RLU of 23. Water samples that presented simultaneous
growth of two types of microorganisms (N = 47) had a
mean RLU value of 16.5. For the samples that showed
no microorganism growth (N = 3), the mean RLU value
was 8.6. The minimum and maximum RLU values found
in the samples were 4 (3rd and 7th floor) and 141 (2nd
floor). An ROC curve was used to establish a cutoff
point of RLU values to detect contaminated water.
However, the sensitivity and specificity of the samples
were not significant, as most had results lower than 90%
(Fig. 1).

Pearson’s correlation coefficient between RLU meas-
urement and microbial concentration (absorbance) in
distilled water revealed results with significant differ-
ences, p < 0.0001 (Figs. 2 and 3).

Minimum and maximum limits of detection are 10~°
and 10. For S. aureus, the corresponding RLU value for
the 107*° dilution was 18; for the concentration of 10, it

ROC curve
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Fig. 1 ROC curve: RLU sensitivity versus specificity
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was 349,333. For C. parapsilosis, the corresponding RLU
values were 37 and 780,198 for the minimum and max-
imum limits of detection, respectively.

Discussion
Lack of significant correlations between RLU and the
presence of bacteria and fungi (Fig. 1) could be due to sev-
eral factors, such as variations in microbial cell size and
cell development stages, as has been described by other
authors [7]. A sample with few yeast cells can result in
high levels of RLU (ATP), and one with many yeast cells
can present low levels of RLU. The effect of environmen-
tal stress on RLU emission has been investigated in other
studies [19, 20]. On study examined the effects of hydric
stress and nutritional conditions on Pseudomonas pauci-
mobilis present in soil. The findings demonstrated that
ATP content increased in dry soil or with the introduction
of glucose and ammonium salts [19].

Furthermore, in the present study, RLU was detected
even in samples in which fungi and bacteria were not
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Fig. 3 Correlation between microbial concentration of Candida
parapsilosis absorbance) and RLU
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isolated. This may be explained by the presence of other
microorganisms, such as protozoa or anaerobic bacteria.
In addition, the chlorine present in water (Table 1) could
inhibit some microorganisms for culture, but ATP was
present. Similarly, some bacteria that would grow at
lower or higher temperatures did not grow in the culture
media, but ATP was found.

This lack of correlation could also have occurred
because the system does not make a distinction be-
tween intracellular and extracellular ATP. Both intra-
cellular and extracellular ATP were measured, which
does not correspond to the microorganisms present
in the samples. Biological systems have other nonbac-
terial sources of ATP and, consequently, microbial
ATP represents only a portion of the ATP responsible
for bioluminescence. Interference from ATP of non-
microbial origin may limit the sensitivity of the
method and lead to false positives [21-23]. However,
whether the samples included intracellular or extra-
cellular ATP, the results of the present study indicate
that, in addition to including viable microorganisms,
the samples also contained secretions and excretions,
making the water unfit for consumption and implying
health problems.

In relation to the average RLU in the samples with ex-
clusive fungal growth, there was higher-than-average
RLU in samples with exclusive bacterial growth, or
growth of both bacteria and fungi. A possible explan-
ation is that in the samples with exclusive fungal growth,
free chlorine residual content was within the established
limits (Table 1), and some bacteria that were present
could not be grown, but their ATP was detected, indicat-
ing high levels of RLU.

Perhaps for these reasons, discrepancies between the
results of the ATP bioluminescence and the presence of
microorganism in the samples indicate that this correl-
ation is still questionable and needs more research in
order to gain consensus.

When compared to samples of distilled water (control
test) contaminated with ATCC from S. aureus and C.
parapsilosis, and considering the correspondence of
these samples’ absorbance with RLU, the results were
significant; when the inoculums increased, so did RLU
levels (Figs. 2 and 3). In this situation, distilled water
does not have interferents or microorganisms other than
those that have been introduced, which could explain
the significant results obtained.

Conclusions

The ATP bioluminescence system used in this study
showed low correlations with microbiological cultures.
Therefore, this technology cannot be used as an alterna-
tive methodology for presumptive testing for the pres-
ence of microorganisms in water.
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