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Dialysis has been widely used in the treatment of patients with chronic kidney diseases and is
considered a global public health issue. This treatment, which has changed the prognosis and
quality of life in patients with chronic renal failure, can lead to complications that are often
fatal. For this reason, there is a need for validation of alternative tests that favor the monitoring
of treated water for dialysis in real-time to promote and prevent injuries to patients submitted

to this procedure.
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INTRODUCTION
CHRONIC KIDNEY DISEASE AND DIALYSIS
TREATMENT

Kidneys are organs situated on the posterior
abdominal wall, positioned on either side of the spine,
however, because of the location of the liver, the right
kidney is smaller and it is situated a little lower than the
left kidney. Each kidney is composed of approximately
800,000 to 1 million nephrons, its functional unit
(Guyton, Hall, 2017; Koeppen, Stanton, 2017).

The kidneys exert great importance in the body,
as they eliminate undesirable metabolism products,
foreign chemicals, and toxins. They maintain the
homeostasis by regulating the water balance and
electrolytes, they also maintain the regulation of the
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blood pressure through the excretion of hormones or
vasoactive substances such as renin, besides regulating
the acid-base balance through the excretion of acids and
promoting the regulation of body buffers, moreover
they stimulate the production of erythrocytes by the
excretion of erythropoietin in the circulation, supporting
the formation of the bones by the vitamin D production
and performing the glucose synthesis during prolonged
fasting, in other words, they perform gluconeogenesis
(Guyton, Hall, 2017; Pizzorno, 2015).

The progressive and irreversible loss of these
functions added by renal injury results in chronic kidney
disease. This disease has several stages being that renal
dialysis or renal transplantation is recommended for
chronic renal failure, the last stage, in which the kidneys
are no longer able to maintain normality (Banasik,
Copstead, 2018).

In this context, dialysis has been widely used,
modifying the prognosis and quality of patients’ life.
The Scottish chemist Granham, in 1854, used the term
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“dialysis” for the first time by observing the separation of
colloidal and crystalloid substances using semipermeable
membrane constituted of vegetal material (Richet,
2001;Wisniak, 2013).

In the Netherlands, mid-1944, Kolff created the
artificial kidney but only in 1945 the first successful
dialysis was performed (Nakamoto, 2018). It was only
in 1949 that the first hemodialysis was performed in
Brazil, at the Hospital das Clinicas, in Sao Paulo,
beginning the development of this technique, but it
was only in the 1960s that hemodialysis was introduced
as a therapy for patients with chronic renal failure
(Gregorio, 1996).

In Brazil, there are 758 dialysis centers with an
active program for chronic dialysis, data from the last

pmp

chronic dialysis survey conducted in 2017. There was
an increase in the number of chronic dialysis centers
compared to the previous survey in 2016, in which the
number was 747. It is estimated that today, 126,583
patients are submitted to this treatment, an increase can
be observed in relation to the previous census which was
122,825. Brazil has a prevalence of dialysis treatment
of 610 patients per million population (pmp), being the
Midwest region the most prevalent (Figure 1). In the
analysis by state, Alagoas, Minas Gerais, and Federal
District have the highest number of patients. There were
40,307 new patients, that is, an incidence rate of 194 pmp,
the southeastern region has the highest incidence (Figure
2), but the state of Alagoas has the highest number of new
patients, 340 pmp (Sesso et al., 2017, Thomé et al., 2019).

12014 w2015 =2016 =2017

£qa B24

8

8

8

8

100

“n‘? |

)
EﬁI

South Southeast Midwest

0

Northeast Morth Total

FIGURE 1 - Estimated prevalence of dialysis patients in Brazil, by region in the period of 2014-2017 (SOURCE: Adapted from

Thomé et al., 2019).
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FIGURE 2 - Estimated incidence of dialysis patients in Brazil, by region in the period of 2014-2017 (SOURCE: Adapted from

Thomé et al., 2019).

The dialytic treatment consists in to remove the
excess of water and solutes through a semipermeable
membrane. There are two types of dialysis treatments:
peritoneal dialysis and hemodialysis (Vadakedath,
Kandi, 2017). In the chronic dialysis survey conducted
in 2017, 91.8% of dialysis patients underwent conventional
hemodialysis, 1.3% underwent frequent hemodialysis
(less than 4 times per week) and 6.9% were under
peritoneal dialysis (Thomé et al., 2019).

In peritoneal dialysis, the peritoneum acts as
a membrane that will separate the dialysis solution
(dialysate) from the peritoneal capillaries, the water, and
solutes exchanges occur by diffusion, ultrafiltration, and
absorption simultaneously, draining the solution will be
eliminated from the body toxins and water excess. The
dialysis solution is industrially packaged in transparent
and flexible plastic bags, which are available in volumes of
1.5 to 3 liters (Daugirdas, Blake, Ing, 2016; Vadakedath,
Kandi, 2017).

At hemodialysis, patients are exposed weekly to
360 liters of water, a considerably larger volume when
compared to a person’s usual consumption of 14 liters
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per week (Agar, Perkins, Heaf, 2019). Conventionally
or according to the clinical evaluation of each patient,
the weekly treatment may consist of three hemodialysis
sessions of approximately 4 hours duration, making a
total of 12 hours weekly (Okada et al., 2001).

The hemodialysis machine performs the mixing
of the electrolyte concentrate with the treated water,
resulting in the dialysis solution, which is sent to the
dialyzer where the blood is exposed to the dialysis
solution through the semipermeable membranes,
providing substances exchanges between the blood and
the dialysis solution. In each session, approximately 120
to 200 liters of purified water will be in contact with the
patient’s blood (Daugirdas, Blake, Ing, 2016).

TREATED WATER FOR HEMODIALYSIS

Low molecular weight contaminants present in
the dialysis solution may cross the filtration membrane
reaching the bloodstream and causing severe
complications to the patient, for this reason, this solution
must be chemicaly and microbiologicaly pure for an
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extended time, due to the large amount of solution which
the patient is exposed to during the treatment (Pontoriero
et al., 2003; Penne et al., 2009; Ramirez, 2009).
Because it is an industrialized product, the dialysis
concentrate, in powder or solution, is subject to strict
quality control and to the vigilance of regulatory agencies,
whereas the quality of the water used for hemodialysis is
the responsibility of the dialysis unit (Daugirdas, Blake,
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FIGURE 3 - Dialysis water treatment scheme.
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Ing, 2016). Figure 3 shows a treatment system for dialysis
water, which reflects the prevalence of water treatment
systems. However, some centers adopt systems with
some modifications, such as double reverse osmosis. In
a study comparing dialysis centers, it was observed that
the water quality in the one with single reverse osmosis
was not inferior to the one with double reverse osmosis
(Penne et al., 2009).

Membrane
Pump Filter

Treated
Water Stock

The water first passes through a membrane filter and follow to a sand sediment filter. Then it passes through two activated carbon filters,

subsequently, the water passes through the ion exchange resin (softener or deionizer depending on the objective). Then the water passes

through another membrane filter, finally, it passes by reverse osmosis (which can be single or double). The treated water is stored in clean

tanks and then distributed to the point of use.

First, the water passes through a membrane filter
and a sand sediment filter, both to eliminate particles.
Then the water goes through two activated carbon
filters, in which chlorine and chloramine are held and
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organic contaminants are reduced. Subsequently, the
water passes through the ion exchange resin, a system
that removes ions, softener if the objective is to eliminate
cations, or deionizer if the objective is to eliminate cations
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and anions. At this point, another membrane filter is
required to remove any remaining particles (Riella, 2018;
Daugirdas, Blake, Ing, 2016).

Finally, the water passes through reverse osmosis,
which acts as a barrier against bacteria and endotoxins.
The treated water is stored in clean tanks and then
distributed to the point of use by the water distribution
system (Pontoriero et al., 2003; Riella, 2018; Daugirdas,
Blake, Ing, 2016).

Different contaminants, eventually found in the
water treated for dialysis, such as heterotrophic bacteria,
endotoxins, and chemical substances may occasionally
trigger several complications, being manifested by
signs and symptoms such as chills, nausea, headache,
fever, hemolysis, sepsis and even death (Coulliette,
Arduino, 2013).

Microbiological and biological contamination of
treated water for dialysis

Bacteria and their degradation products like
endotoxins are often found as contaminants in treated
water for dialysis, eventually, protozoa, viruses, and
fungi can also be found (Pontoriero ef al., 2003). Gram-
negative bacteria and nontuberculous mycobacteria are
the most frequently found as contaminants, there is
also the possibility that other types of microorganisms,
such as cyanobacteria, increase the risk associated with
hemodialytic treatment (Silva et al., 1996; Lima et al.,
2005; Gueguim et al., 2016).

In 1996, in Caruaru, Pernambuco State, an incident
considered as the “Tragedy of Hemodialysis™ occurred,
with the death of approximately 60 people, and the quality
of the water used to filter patients’ blood was indicated
as the cause of the deaths. Furthermore, it was concluded
that people were dialyzed by microcystin which was
released from cyanobacteria when chlorine was added
to the tank truck. At the hemodialysis clinic, the water
passed through treatment, which had no reverse osmosis.
This tragic situation consisted of an important mark for
actions of sanitary regulations and inspection in Brazil
(Azevedo et al., 2002).

Also, in 1996, an outbreak of bacteremia occurred
in a Hemodialysis Center in Campinas, in the state
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of Sdo Paulo. After this episode, water and dialysate
samples were collected from different sites of the
hemodialysis system. At the first collection, 80% of the
samples presented counts of Pseudomonas aeruginosa
and Burkholderia cepacia, both gram-negative bacteria,
whereas in the second collection 100% of samples showed
counts of both bacteria (Pisani ef al., 2000).

In a collect realized by the Sanitary Surveillance
of Piracicaba, Sdo Paulo State, in 2003, from two
hospitals named A and B, 200 samples of treated
dialysis water were analyzed. Unit A showed yeast,
Pseudomonas aeruginosa and heterotrophic bacteria
above 200 colony forming units (CFU) /mL in 5, 14 and
52 samples, respectively for each of the contaminants.
While unit B showed yeast, Pseudomonas aeruginosa
and heterotrophic bacteria above 200 CFU / mL in 20,
5 and 36 of the samples, respectively for each of the
contaminants (Simdes, Pires, 2004).

In the city of Recife, State of Pernambuco, three
strains of Burkholderia cepacia were isolated from both
dialysis treated water samples collected from various sites
of the water system and from the patients’ blood, both of
which were collected during an outbreak of bacteremia
in 2001. Samples collected after reverse osmosis showed
a much higher bacterial count than the samples collected
before passing through it, suggesting possible bacterial
colonization of reverse osmosis membrane. After cleaning
the water system and replacing the membrane, the
outbreak ceased (Magalhaes et al., 2003).

In the past, the water distribution system for
the point of use was made by long, large-diameter
polyvinyl chloride (PVC) pipes, thereby reducing water
flow, resulting in increased bacterial contamination.
Nowadays, tubes with smaller diameters and made from
other materials such as stainless steel, polyvinylidene
fluoride (PVDF) and cross-linked polyethylene (PEX) are
preferable because they are smoother materials, which
prevents microbial adhesion and facilitates disinfection.
Blind spots, areas of stagnation and reserve tanks
should also be avoided, as they are potential sources of
contamination (Pontoriero et al., 2003; Silva et al., 1996).

To prevent contamination in this system, a routine
of disinfection of pipes, tanks and dialysis machines is
of fundamental importance (Silva et al., 1996). Chemical
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agents like peracetic acid and hypochlorite, heat and
ozone are widely used for the disinfection of water for
dialysis treatment systems. Disinfection that encompasses
the whole system, performed at least once a month, can
prevent the formation of biofilms, but once present in the
system its removal is very difficult becoming a source
of constant contamination (Pontoriero et al., 2003;
Montanari et al., 2009).

Bacteria can be found in two ways, isolated as
independent cells that float in liquid (planktonic) or
in agglomerated communities (benthic) adhering to
a solid surface called biofilms, being that 99% of the
bacteria present in nature are in the form of biofilms.
By definition, these are polymer matrices containing
bacterial agglomerates and even multilayer fungi linked
together by exopolysaccharides (EPS), produced by
bacteria. EPS also provides the adhesion of the biofilm
to the surface of a solid, in most cases immersed in an
aqueous solution (Norf, Arndt, Weitere, 2009; Tortora,
Funke, Case, 2016).

There are numerous difficulties caused by biofilms,
their presence in undue places can cause serious damages
such as pipe clogging due to their accumulation (Tortora,
Funke, Case, 2016). Biofilms are the cause of the
limitation of water sampling where the bacteria collected
are benthic rather than planktonic (Sandle, 2015).

Biofilm is a bacteria virulence factor because of
its ability to adhere strongly to surfaces. Virulence
factor is a strategy that increases the bacteria’s ability
to promote infections. Besides, within the biofilm, the
microorganisms are protected from disinfectants, body
defenses and antibiotics through the expression of specific
genes (Pontoriero et al., 2003; Trabulsi, Alterthum, 2015;
Singh et al., 2017).

Infectious processes can be considered as the main
cause of morbidity and mortality in dialysis patients,
along with pyrogenic reactions, due to the endotoxins
present during the inadequate treatment of dialysis water
(Roth, Jarvis, 2000).

Endotoxins are present in gram-negative bacteria,
which have an outer membrane constituted of lipoprotein,
phospholipid, and lipopolysaccharide (LPS). The lipid
portion of LPS, called lipid A, confers the toxicity
to it when released during the lysis of the bacterium
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after its death, it may also be released during bacterial
multiplication (Trabulsi, Alterthum, 2015; Tortora, Funke,
Case, 2016).

In the human body, endotoxins stimulate cytokines
released by macrophages, they are IL-1, IL-6, and TNF-a,
which stimulate fever in the hypothalamus. Substances
that cause fever are called pyrogens. There are two types
of pyrogens: endogenous and exogenous. Exogenous
pyrogens are substances that are foreign to the body, such
as endotoxins, which, when entering the body, activate
endogenous pyrogens such as [L-1, [L-6, and TNF-a
(Carvalho, 2002; Trabulsi, Alterthum, 2015).

Dialysis water samples collected in the city of Sao
Luis, Maranhdo State, in 2005, in three hospitals, named
A, B, and C, presented endotoxins in 100% of the pre-
treatment samples, and 33.33% in those collected after
treatment. Regarding the bacterial analysis in hospital
B strains of Pseudomonas aeruginosa, Burkholderia
cepacia, Alcaligenes xylosoxidans and Stenotrophomonas
maltophilia, all gram-negative bacteria, were isolated. In
hospital C, strains of Burkholderia cepacia, Ralstonia
pickettii and Flavimonas oryzihabitans, all Gram-
negative bacteria were identified (Lima et al., 2005).

A study performed in the state of Mato Grosso do Sul
examined water analysis reports from the hemodialysis
service for the period of 2012 - 2013, and, 1% to 3% of
the samples had total coliforms, 1% to 7% were above
the allowed by legislation for heterotrophic bacteria and
6% were above the allowed for endotoxins. The analysis
also showed that 1% of the samples were contaminated
by Escherichia coli and 1% by Pseudomonas aeruginosa.
As the collection was realized about 15 days after the
cleaning and disinfection of the water treatment system,
this showed that the cleaning procedure was not effective
(Tristao, 2014).

Water samples were collected monthly in a survey
conducted between 2015 and 2016 in nine dialysis
wards in hospitals in Italy, in which the pipes underwent
monthly disinfection with peracetic acid (0.5%). All
samples had endotoxin levels less than 0.03 endotoxin
unit (EU) / mL, a level well below the maximum allowed,
and absence of fungi, but two of the nine dialysis wards
had bacterial counts. It should be noted that in one of
the wards, Burkholderia cepacia strain was isolated and
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in the other ward strain of Pseudomonas aeruginosa.
To cease the contamination, a disinfection process
was performed with peracetic acid (2%), and sodium
hypochlorite (2%) followed by washing with water
(Totaro et al., 2017).

Current legislation on dialysis water in Brazil

The criteria used for the evaluation of dialysis water
arose through the awareness of competent authorities
regarding the potential risk to which patients undergoing
treatment were exposed (Faria, 2011).

The Resolution of the Collegiate Board of Directors
(RDC) n® 33/2008 provides for the technical regulation
for planning, programming, elaboration, evaluation, and
approval of Water Treatment and Distribution Systems for
Hemodialysis in the Brazilian health regulatory agency
(Anvisa, 2008).

RDC n° 11/2014 provides for the Good Practice
requirements for Dialysis Services, it applies to all
dialysis services, whether public, private, philanthropic,
civilian, or military, including those performing teaching
and researching activities. It also determines that the
samples for microbiological analyses are collected at
least monthly at the point of return of the distribution
loop and in one of the points in the processing room. In
addition, it determines that the water microbiological
quality has to be verified whenever there are pyrogenic
manifestations, bacteremia or suspicion of sepsis in
patients on dialysis. This RDC n° 11/2014 establishes
the water quality standard for dialysis, with the biological
and microbiological attributes being highlighted in Table
1 (Anvisa, 2014).

TABLE I - Biological and microbiological quality standard for
dialysis water

Component Maximum
p Allowable Value
Heterotrophic 100 UFC*/mL

bacteria count

Absence in 100mL
0,25 EU**/mL

Total Coliforms

Endotoxins

* Colony-forming unit; **Endotoxin unit
Source: adapted from Anvisa, 2014.
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The International Organization for Standardization
(ISO) in its standard n° 13959:2014 provides for
hemodialysis water and related therapies, specifying as a
quality standard a total of microbiological count less than
100 CFU / mL or less if so, provided in local legislation.
It also specified levels of endotoxins below of 0.25UE /
mL or equally minor if so, provided by local legislation
(International Organization for Standardization, 2014).

CONVENTIONAL AND ALTERNATIVE
MICROBIOLOGICAL METHODS

Heterotrophic bacteria enumeration

It can be considered as an initial mark of the
microbiological tests when in the mid of 1610 and, in 1665
the microscopes were invented by Galileo Galilei and Van
Leeuwenhoek respectively. Although Leeuwenhoek was
probably not the first to observe bacteria and protozoa,
he was the first to make reports with drawings and
descriptions of his observations. Among these, in 1675,
he described living things present in water (Dias, 2018;
Pelczar, Reid, Chan, 1980).

Although, German scientists had observed the
growth of colonies in boiled potatoes, which characterized
the practice of microbial cultivation and the development
of culture media. It was Koch, who initiated the cultivation
of microorganisms in a solid medium. He named as agar
the substance extracted from algae that could solidify at
room temperature. Richard Petri developed a glass plate
for depositing the culture medium (Jay, 2001; Pelczar,
Reid, Chan, 1996).

After 200 years of the discovery of living beings
in water by Leeuwenhoek, Louis Pasteur, Robert Koch,
Theovald Smith and a few other scientists associated
microscopic beings with diseases. Joseph Lister, in 1878,
obtained the first pure cultures of bacteria employing serial
dilutions in liquid medium (Pelczar, Reid, Chan, 1980).

At the end of the 19th century, cultivation techniques
were adopted to analyze the quality of potable water.
For E. coli analysis and other coliforms, culture broth,
through the most probable number (MPN), became
the main method, as well Koch’s agar medium or solid
medium for the total count, both of which have gone
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through few modifications. In 1950 the use of membrane
filters for bacterial enumeration was introduced (Pelczar,
Reid, Chan, 1996; Sartory, Watkins, 1999).

MNP is simple but requires a longer time of
analysis (up to 5 days), whereas in membrane filtration
presumptive results are available after 3-5 days of
incubation (Anvisa, 2019). As for the solid medium, one
of the options consists of plaque counting agar (PCA),
media poor in nutrients and unsuitable for bacteria
recovery that is already stressed in water. Nutritionally
weaker culture media may also be used, for example,
because they can recover a larger number of bacteria, but
not the entire viable population (Sartory, Watkins, 1999).
Reasoner’s 2A Agar (R2A), is an example of nutritionally
weaker culture media and is the most recommended for
water microbiological analysis (USP, 2017).

Currently, there are many conventional
microbiological methods, such as plate method, membrane
filtration and multiple tubes by the MNP process (Anvisa,
2019). Although they are simple, efficient and economical,
they have some limitations: low selectivity of the culture
medium, variability of the biological response and late
results in the detection of microorganisms, compromising
the time to determinate preventive measures to reduce
patients’ injuries (Anvisa, 2019).

In an attempt to minimize these limitations,
alternative microbiological methods have been developed
to provide a higher level of quality to the tests, greater
sensitivity, and faster results, allowing corrective actions
to be taken early (Anvisa, 2019).

Bacterial Endotoxins

Theodor Billroth, in 1865, used the term pyrogen
to refer to substances that caused fever (Kikkert,
Groot, Aarden, 2008; Medical Staff Conference, 1978).
Richard Pfeiffer’s studies on cholera in 1892, which
were encouraged by Robert Koch, consecrate him as
the father of endotoxin for his discovery (Rietschel,
Cavaillon, 2003).

In 1942, the pyrogen test by in vivo method was
added in the American Pharmacopoeia in its twelfth
edition (Mc Closky et al., 1943). Since its inclusion, this
test has been widely used to evaluate the contamination
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by pyrogens in parenteral drugs (Kikkert, Groot, Aarden,
2008). However, only in 1976, this test was included in
the Brazilian Pharmacopoeia (Navega et al., 2015).

The test is based on the measurement of the rabbit’s
febrile response after intravenous injection of the test
solution, and the interpretation of the results is used to
characterize the biological control (Anvisa, 2019). There are,
however, some limitations, such as animal management,
biological variability, and ethical issues. These aspects
encouraged researchers to develop alternative methods for
the in vivo test of pyrogens (Kikkert, Groot, Aarden, 2008).
In their research, Levin and Bang (1964), quoted by Kikkert,
Groot, and Aarden (2008), observed that Escherichia coli
endotoxin caused clotting in the hemolymph of the crab
Limulus polyphemus.

The Limulus Amebocyte Lysate (LAL) test, was
added in the American Pharmacopoeia in 1980, whereas
it was included in the Brazilian Pharmacopoeia only in
1996 (Farmacopéia, 1996; USP, 1980). There are two
types of LAL tests, the first is the semi-quantitative
coagulation test, which is based on gel formation; the
second one is the photometric, a quantitative test, which
can be divided into chromogenic method that is based on
color development, and turbidimetric method which is
based on turbidity development (Anvisa, 2019).

However, LAL tests have some limitations such
as the variability of the analyst technique, and the error
inherent to the instruments used, compromising the
analyzes quality, in this context alternative methods that
eliminate these limitations are desirable (Anvisa, 2019;
Charles River, 2017; Lemgruber et al.,2011).

Alternative Microbiological Methods

Alternative microbiological methods are desirable
when it is sought to overcome the limitations of
conventional methods. In different compendia, alternative
methods are classified into qualitative, quantitative or
identification (Anvisa, 2019; PDA, 2013; USP, 2017).

The Brazilian Pharmacopoeia highlights the main
methods: viability-based, growth-based, and cellular
component-based (Anvisa, 2019). The main types of
alternative microbiological methods and their respective
technologies are described in table I1.
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TABLE Il - Main types of alternative microbiological methods and their respective technologies

Methods Technologies
. Gas production Use of
Electrochemical . . . .
Growth-based Bioluminescence or consumption chromogenic
Methods :
detection substrates
Viability-based Solid phase Flow cytometry . Direct
cytometry epifluorescence
. Biochemical
Fourier Mass Assays Based
Phenotypic ~ Immunological  Fatty Acid Profile Transform- ys .
Cellular Infrared spectrometry on Physiological
component-based Reactions
Genotypic Nucleic Acid Fingerprint
yP Amplification gerp

Source: Adapted from Anvisa, 2019.

Despite the importance of using rapid alternative
methods to provide not only the possibility of corrective
actions in real-time but also greater patient safety,
few studies are being conducted to demonstrate their
applicability in the field of dialysis treated water
analysis (Anvisa, 2019). Riepl et al. (2011) evaluated
the applicability of solid-phase cytometry, revealed
by epifluorescence microscopy, and observed a
high correlation between the conventional and the
alternative method.

The solid-phase cytometry application in dialysis
water microbiological analysis is promising because,
besides being reliable, it is a fast method, since the
analysis time is around three hours, and its use is
suggested for monitoring not only the water quality but
also the dialysis fluid (Canaud, 2011; Riepl et al., 2011).

Cytometry, besides being a fast method, also allows
the detection of viable non-cultivable microorganisms.
These microorganisms are responsible for results
divergences between the laboratory experiments and
real water microbiota. They are unable to divide and
form colonies, even though they have an active metabolic
mechanism and remain alive. Many bacteria, especially
gram-negative, have this ability. Mycobacterium species
can be highlighted as potential VNC (Anvisa, 2019; Joux,
Lebaron, 2000; Diaz et al., 2010; Sandle, 2015).

Cellular component-based techniques as 16S rDNA
PCR analysis is also a promising technique because it is
independent of culture and therefore able to detect non-
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cultivable viable microorganisms (Anvisa, 2019; Gomila
et al., 2010; Gomila, Ramirez, Lalucat, 2007).

MONITORING THE QUALITY OF TREATED
WATER FOR DIALYSIS

Monitoring intends to reduce the risks caused by
microorganisms, providing safety to patients undergoing
hemodialysis treatment (Jasson et al., 2010; Riepl et
al., 2011). Additionally, it allows directing preventive
measures promptly to avoid damages to the patient’s
health (Figueras, Borrego, 2010; Nazemi et al., 2016).

According to the capacity of the water system and
its control indicators, it is important to establish alert and
action limits (Clontz, 2009). An alert limit is understood
as a signal, that is, a value that, if exceeded, shows
that the process has deviated from its normality, thus
corrective actions may or may not be necessary. On the
other hand, limit action, if exceeded, indicates that the
process deviated from normality, requiring corrective
actions (Pinto, Kaneko, Pinto, 2015).

Therefore, when sample contamination levels reach
the alert limit it is desirable that corrective actions, such
as water system disinfection, are carried out to prevent
contamination from reaching the action level (Coulliette,
Arduino, 2013). The action limit definition is inherent
to each unit characteristics, generally it corresponds to
50% of the maximum value established by the current
legislation (Kawanishi et al., 2009).
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In 1999, the State of Sdo Paulo, in partnership with
the Adolfo Lutz Laboratory, implemented the Treated
Water Monitoring Program for Hemodialysis. The results
obtained during the years of this program execution
indicate that the State Dialysis Units have implemented
actions to ensure compliance with the water quality
standards used in dialysis procedures (Buzzo et al., 2010).

In an article published in 2018 about the monitoring
program in the state of Sdo Paulo, the authors conclude
that the program still contributes to the improvement of
the treated water for dialysis quality, as it can be seen
in Figure 4 the percentage of unsatisfactory samples is
small. Also in Figure 4, it can be observed that from the

first period studied to the last one, there was an increase
of unsatisfactory samples, which the authors justify being
due to the RDC update in 2014, which set stricter limits
and therefore resulted in the need for adjustment in the
treatment system by the dialysis units (Buzzo ef al., 2018).

After determining the implementation of sanitary
surveillance measures in the State of Rio de Janeiro, it
was observed an improvement in the quality of the water
treated for dialysis during the monitoring program in the
period of 2006 - 2007 (Ramirez, 2009). However, in the
monitoring realized in the state of Bahia results obtained
were in disagreement with the recommended in 31% of
the hemodialysis therapy units evaluated (Costa, 2012).

Inorganic contaminants -
Chemicals (NO3e F-) \ )
|
P Conductivity \ 1 |
; |
g . L 2015-2016
) Bacterial endotoxin | \ | | 02014
| ‘ m2010-2013
Total coliforms i
Heterotrophic bacteria count | i \
' ‘

0 2 4 6

Unsatisfactory samples (%)

8 0 12 14 16

FIGURE 4 - Frequency of unsatisfactory results determined at the initial sample collection as a function of the analyzed parameter

(Source: Buzzo et al., 2018).

CONCLUSIONS

This literature review leads us to reflect on
the need to implement monitoring of treated water
for dialysis at a national level through appropriate
analytical methods that provide results on time allowing
corrective actions to be performed immediately because
during this therapy the patient needs a large volume of
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water within the quality standards in order to provide
safety to the patient.
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