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Effectiveness of ozonated water in the reprocessing of blood dialyzers
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Abstract Introduction: Ozone is a potent antibacterial agent. Because ozone oxidizes organic material, it directly attacks 
microorganisms resulting in safe, fast and economical sterilization at low temperatures. This study evaluated 
the effi cacy of ozonated water in the reprocessing of dialyzers obtained from a hemodialysis service in São 
José do Rio Preto. Methods: A total of 23 blood dialyzers were collected at the conclusion of the morning 
hemodialysis shift. The equipment was collected after the maximum number of reuses, with the last disinfection 
performed with purifi ed water (obtained by reverse osmosis and subsequent reverse ultrafi ltration). The number 
and species of microorganisms in the dialyzers were evaluated before and after treatment with ozonated 
water. The ozonation of sterile deionized water was achieved by direct contact between the water and the 
ozone generating equipment. Results: The mean number of microorganisms before sterilization was 1,47.109 
colony forming units per ml (CFU/ml). After treatment with ozonated water, the number of microorganisms 
was 4,80.101 CFU/ml. Conclusion: Ozonated water is an effective decontaminant for most blood dialyzers.
Keywords Reprocessing, Hemodialysis, Ozone.

Introduction
Chronic renal failure (CRF) represents a public health 
problem in Brazil with high rates of morbidity and 
mortality. According to the Brazilian Society of 
Nephrology, there were 47,063 patients on dialysis 
in 2000, and an estimated 92,091 patients on dialysis 
in 2010 (Sesso et al., 2011).

There are several choices for renal replacement 
therapy, including drug therapy, continuous ambulatory 
peritoneal dialysis, automated peritoneal dialysis, 
intermittent peritoneal dialysis, hemodialysis and 
renal transplantation (Barros et al., 2006; Figueiredo, 
2010; Martins and Cesariano, 2005). Specialists, 
together with their patients, consider the degree of 
renal deterioration, a nutritional assessment and 
social and psycho economic factors to determine the 
appropriate treatment choice

 In hemodialysis, the blood is fi ltered, and 
undesirable substances are removed. The procedure 
consists of the transfer of solutes between the blood 
and the dialysis solution through an artifi cial semi-
permeable membrane (dialyzer or blood capillary). 
Solutes are transported by diffusion, ultrafi ltration 
and convection (Barros et al., 2006; Lima and Santos, 
2004).

Sustainability is important to hospitals because 
of the high rates of waste generation in healthcare. 
Reprocessing blood dialyzers decreases the production 
of solid health waste and is a common procedure in 
the United States. Reprocessing is practiced by more 
than 75% of the Institutes of Hemodialysis in the 

United States and saves the country over $200 million 
annually (Okechukwu et al., 2000).

Dialyzer reuse is considered safe and effective for 
thousands of patients. This practice requires high-fl ux 
dialyzers, which are more expensive and durable. The 
reuse of dialyzers decreases the incidence of reactions 
attributed to fi rst use, and allows dialysis treatment 
to be widely available (Cho et al., 2004; Miles and 
Friedman, 1997).

According to resolution nr 154, after June 15th 
2004, dialyzers and arterial/venous lines may be used 
for the same client up to twelve times using manual 
reprocessing, or up to twenty times when using 
automatic reprocessing. Dialyzers and lines eligible 
for reuse should be chemically disinfected. Sodium 
hypochlorite 0.6%, hydrogen peroxide (3% or less) 
and mixtures of peracetic acid/peroxide hydrogen/
acetic acid are often used as disinfectants (Brasil, 
2004; Riella, 2010).

Ozone is hypothesized to be a powerful sterilizing 
agent. It has excellent oxidant action, potent 
bactericidal effects after a few minutes of exposure 
and promotes a high-level of disinfection. It is a safe 
and fast technology, and an economical alternative 
for sterilization at low temperatures (Baysan et al., 
2000; Bocci, 2005; Silva et al., 2009).

The present study evaluated the effi ciency of 
ozonated water in the reprocessing of dialyzers from 
a hemodialysis service in São José do Rio Preto - SP.
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Methods
Dialyzers were obtained from a hemodialysis service 
in São José do Rio Preto-SP. A total of 23 blood 
dialyzers were collected between the 2nd and 31st 
of January, 2013. Dialyzers were obtained at the 
conclusion of the morning hemodialysis shift (Monday 
to Friday, representing 20% of the disposal of 
service). The dialyzers were manufactured by the 
Nipro Corporation (Osaka, Japan), and their structure 
was composed of polycarbonate, polyurethane 
and polyethylene terephthalate. The inner surface 
did not exceed 22 mm2, and the transmembrane 
pressure capacity was 500 mmHg. This equipment 
was being evaluated at the maximum number of 
reuses, according to the resolution RDC nr 154, June 
15th, 2004 (Brasil, 2004). The last disinfection was 
performed with purified water (obtained by reverse 
osmosis followed by reverse ultrafiltration). After 
removing the dialyzers from the reuse room of the 
hemodialysis service, the equipment was placed in 
individual ice boxes and sent to the laboratory for 
analysis. The culture media used for the internal 
sample of dialyzers were Sabouraud-dextrose agar 
(OXOID) lab-InterlabDistributor of Scientific 
Laboratories of São Paulo-SP and Trypticase soy 
agar (Imedia Laboratorius PVT limited) Mumbai, 
Maharashtra, Índia.). Dialyzers were evaluated for the 
presence and total number of mesophilic organisms 
and their species. The dialyzers were then subjected 
to internal treatment with ozonated water and the 
microbiological analysis was repeated. The Ozon & 
Life corona ozone generator was connected to the 
oxygen cylinder and used for the ozonation of sterile 
deionized water. Ozone was steadily produced by 
the machine and transported by a silicone tube to 
the diffuser at a rate of 2ppm/minL. The water was 
directly exposed to ozone for 3 minutes through the 
diffuser at a controlled temperature of 25°C, and 
then used for the internal sterilization of the blood 
dialyzers. A system consisting of a bottle with a 
connector adapted to the dialyzer (Figure 1) was used 
to wash the internal compartments of the fibers with 
ozonated water. The ozonated water flowed for 10 
minutes inside the dialyzers. The collection of the 
internal material of the dialyzers was performed in 
laminar flow (Pachane brand) with a micropipettor. 
A quantity of 0.1 mL was removed from the internal 
contents of the dialyzers and used for inoculation 
of Petri plates containing the previously described 
culture media distributed through sterile glass beads. 
The Petri dishes were incubated in a BOD incubator 
at 37 °C for 24-48 hours to cultivate bacteria and 
yeast, and for two weeks to cultivate filamentous 
fungi. Microorganisms were quantified and expressed 

as colony forming units per mL (CFU/mL). The 
morphology of the colonies was using Gram staining 
and observed by light microscopy. After staining, 
colonies were transferred to different agarized media 
to maintain pure cultures. Gram-positive bacteria 
were grown on Baird-Parker Agar (Oxoid) with 
TSA medium, and Gram-negative bacteria were 
grown on Eosin Methylene Blue (EMB, Oxoid). 
Samples were incubated at 37°C for 24 hours. The 
yeasts were transferred to Sabouraud dextrose agar. 
This procedure was repeated three times before 
performing different biochemical tests.

Gram-negative bacteria were identified by 
the API20E system (Analytical Profile Index, 
BioMérieux). Coagulase and catalase, NaCl 5%, 
oxidase, novobiocin and DNAse tests were used 
for Gram-positive bacteria. Yeasts were grown on 
CHROMagar (Difco) and subsequently identified by 
germ tube formation, urease tests and fermentation of 
carbohydrates (maltose, sucrose, lactose, galactose, 
xylose and dextrose).

Data were analyzed by the Mann-Whitney 
nonparametric test and the chi-square test with 0.05 
(5%) probability. Minitab 15 software was used for 
statistical analysis.

Results
In total, 41 occurrences of microorganisms were 
verified in the blood dialyzers (34 before treatment with 
ozonated water, and seven after the treatment). Table 1 

Figure 1. Model used for the reprocessing of dialyzers.
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shows the number and species of microorganisms 
found in the dialyzers before and after exposure to 
ozonated water. There was a significant presence of 
C. albicans in the evaluated dialyzers. Few bacteria 
were found, with the isolated species including 
Escherichia coli, Streptococcus sp, Micrococcus sp 
and Proteus mirabilis. Filamentous fungi were not 
isolated. Table 2 demonstrates significant differences 
in the total count of mesophilic microorganisms when 
comparing the dialyzers in relation to treatment with 
ozonated water (P < 0.001).

Discussion
Improper maintenance of hemodialysis water systems 
and reprocessing of dialyzers may result in reactions 
in hemodialysis patients (Borges et al., 2007). The 
quality of dialysis fluids depends on complex 
systems with devices and procedures that allow 
for effective treatment. If the water is not treated 
properly, potentially harmful chemical or biological 
contaminants may be transferred to patients. This 
exposure may lead to the appearance of pyrogenic 
reactions and sepsis (Calderaro and Heller, 2001; 
Varo et al., 2007). Even after undergoing some 
treatment, the water may still be contaminated with 
microorganisms depending on the efficiency of the 
disinfection method used. Ineffective disinfection 
leads to biofilm formation in hemodialysis systems 
(Cappelli et al., 2006).

In the present study, microorganisms including 
Candida albicans, Escherichia Coli, Streptococcus 
sp, Micrococcus sp and Proteus mirabilis were 

identified before the reprocessing of blood dialyzers 
with ozonated water. These colonies corresponded 
to 34 patients with Candida albicans and seven 
occurrences of Micrococus after dialysis treatment 
(Table 1). Studies show that approximately 90% of 
the bacteria isolated in hemodialysis water are Gram-
negative. This bacteria multiplies rapidly, reaching 
concentrations greater than 105 CFU/ml in less than 
24 hours (Borges et al., 2007). Research has identified 
that the main microorganisms isolated in hospitals are 
Staplylococcus aureus, Streptococcus pneumoniae, 
Enterococcus, Pseudomonas sp, Escherichia coli 
and Candida albicans. The most common (95%) 
etiological agent associated with urinary tract infections 
(UTI) in elderly women is Escherichia coli. In men, 
Proteus mirabilis is the most commonly identified 
microorganism in hospitalized patients and Escherichia 
coli in outpatients (Abelan et al., 2013; Corrêa and 
Montalvão, 2010; Silva et al., 2008).

This study verified that the investigated samples 
contained high microbial load prior to treatment with 
ozonated water (Table 2). The pretreatment median 
values of CFU/ml were 2x109, and after disinfection 
with ozonated water, they were 0 (p < 0.001). Therefore, 
the ozonated water was effective in decontaminating 
blood dialyzers. Santos et al. (2007) compared ozone 
to peracetic acid in hydraulic circuits and hemodialysis 
machines. The average number of bacteria in the 
dialysis solution after peracetic acid treatment was 
17 CFU/ml, and it was 10 CFU/ml (p < 0.05) when 
using ozone.

In this study, after the dialyzers were exposed 
to ozonated water, there was total elimination of the 
following bacterial species: E. coli, Streptococcus 
and Proteus mirabilis. A small number of the species 
Microccus sp, remained in the dialyzer (Table 1). 
Prabakaran et al. (2012) also reported that E.coli was 
highly sensitive to ozone treatment. According to 
Bocci et al. (2009), the antimicrobial action of ozone 
results from the inhibition of the metabolic activity 
of microorganisms. Ozone is therefore capable of 
broad spectrum disinfection by destroying the viral 
DNA and acting in the formation of free radicals 
(Stübinger et al., 2006).

The incidence of fungal infections has increased 
considerably in hospital settings, and the species 
Candida albicans has become a predominant pathogen 

Table 1. Number and species of isolated microorganisms in 23 dialyzers 
before and after treatment with ozonated water in a hemodialysis 
service in São José do Rio Preto-SP, 2013.

Treatment Microorganism Quantity*
Before
(n=34)

Candida albicans 23
Escherichia coli 1
Streptococcus 2
Micrococcus 5
Proteus mirabilis 3

After
(n=7)

Candida albicans 6
Micrococcus 1

Total 41
*Number of dialyzers contaminated by the microbial species.

Table 2. Total value of mesophilic microorganisms before and after exposure of the 23 blood dialyzers to ozonated water in a hemodialysis 
service in São José do Rio Preto-SP, 2013.

Treatment N x s± Md Min Max P-value*

Before 23 1,47.109±8,97.108 2,00.109 4,00.101 2,00.109

< 0.001
After 23 4,80.101±1,55.102 0.00 0.00 7,30.102

*P-value relative to the Mann-Whitney test at 5% significance.
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for critically ill patients. Candida albicans results 
in high morbidity and mortality accounting for 
approximately 80% of documented hospital infections. 
Changes in host defense mechanisms are often the 
result of immunosuppression induced by medical 
procedures (Dignani et al., 2003; Hamill and Hollander, 
1997; Penna, 1999). Several factors contribute to the 
virulence and pathogenicity of C. albicans including 
its ability to adhere to the epithelium and mucosa, the 
dimorphism that aids in tissue invasion, significant 
thermotolerance and its capacity to form biofilms 
(Ross et al., 2006).

In this study, the presence of Candida albicans 
in the 23 dialyzers evaluated prior to the disinfection 
was significant. After treatment with ozonated water, 
only six dialyzers were contaminated with C. albicans. 
However, a high reduction of CFU/mL (initially 
2x109 CFU/ml, Table 2) was found. Abelan et al. 
(2013) determined that a 15 minute application of 
ozonated water was capable of sterilizing nail pliers 
contaminated with C. albicans.

According to the resolution RDC nr 154, of June 
15th 2004 (Brazil, 2004), the water used in preparing 
the solution for dialysis services must have its quality 
guaranteed at all stages of treatment, storage and 
distribution through the monitoring of microbiological 
and physico-chemical parameters. A quantity of up to 
200 CFU/ml of heterotrophic bacteria is acceptable with 
the absence in 100 mL of fecal coliforms and 2 EU/mL 
of endotoxins. These standards are associated with 
the prevention of clinical complications arising 
from bacterial contamination of the dialysis fluid. 
In this study, there was one dialyzer contaminated 
by Escherichia coli (Table 1), and a high incidence 
of mesophilic microorganisms above the parameters 
accepted by legislation (Lonneman, 2010).

The correct use of ozone dissolved in water may 
be a safe, practical, inexpensive and effective method 
for removing bacteria and biofilms. Ozone has a 
high oxidative capacity, affecting enzymatic systems 
and cell membranes. The oxidation causes cell lysis 
and prevents bacterial growth (Santos et al., 2007; 
Silva et al., 2009).

Thanomsub et al. (2002) found that the ozone 
treatment was able to modify and destroy the structure 
of Gram-positive and Gram-negative bacteria. After 
30 minutes of ozone exposure, the number of bacteria 
in cultures of 103, 104, and 105 CFU/ml decreased. 
However, at higher bacterial loads (concentrations of 
106 and 107 CFU/ml), there was a gradual decline in the 
survival of the cells, but the ozone was not effective 
against all bacterial cells even after a longer treatment 
period (150 minutes). Adequate concentrations of 
ozone can effectively result in antimicrobial activity by 
destroying the bacterial cell membrane and resulting in 

intracellular leakage and cell lysis (Thanomsub et al., 
2002).

Currently, dialysis treatment seeks to reverse 
uremic problems by using modern machines for 
cardiopulmonary bypass and a filter that matches the 
blood dialyzer. This treatment leads to a decreased risk 
of morbidity and improves the quality of life and social 
reintegration of these patients. The use of ozonated 
water as the sterilizing agent for reprocessing dialyzers 
requires additional research. It is an innovative practice 
that is straightforward, inexpensive and benefits 
patients, the health team and the environment.

This study determined that ozonated water can 
effectively decontaminate most blood dialyzers 
resulting in a total elimination of microorganisms. 
The average microbial load before sterilization was 
1,47.109 colony forming units per ml (CFU/ml). 
After treatment with ozonated water, the number of 
microorganisms was 4,80.101 CFU/ml. These results 
suggest that this biocide can be used in the control 
of pathogenic micro-organisms in health care, but 
should be considered microbial species involved.
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