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Abhstract

Introduction: The waterused for dilution of hemodialysis
concentrates has to meet official quality recommendations
regarding microbiology and chemical parameters. To
avoid chemical use and to simplify treatments, hot water
has been used to control microbial contamination of
water distribution systems. In this study we evalnated the
efficacy of heat disinfection in maintaining the quality of
dialysis water generated by reverse osmosis (RO).
Methods: Dunng the first part of the study, we consecutively
used (1) contirmons water circulation, (2) daily heat disinfection
and (3) a combination of daily heat disinfection and weekly
endotoxin level every 4-5 weels. Dhuing the second part of
Results: The endotoxin levels at all sampling points of
the water treatment system were lower than 0.003%/ ml
throughout the study. The application of heat disinfection
alone reduced bacterial levels but an escape phenomencon
occmred. After an imterval of 21 days, an exponential
increase of bacterial count was noted and cultures
from the RO unit revealed growth of Pseudomonas
fluorescence. The addition of chemical disinfection was
successful in eliminating micro-organisms. Throughout
this stody, micro-organisms and endotoxins were not
detectable in dialysate fluid and substitution fluid in
Conclusion: The isolation of a thermo-sensitive organism
from the RO unit after a period of relying on thermal
disinfection suggests the existence of dead space in the
EO unit that is not adequately exposed to heat but is
accessible to chemical disinfection.
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Introduction

The constant state of contamination in the water treatment
systems has been associated with the chronic state of
inflammation in dialysis patients [1]. Hence, the water
used for dilution of hemodialysis concentrates has to meet
official quality recommendations regarding microbiclogy
and chemistry. Several recommendations and standards
exist; and all of them set specific limits for bacterial
counts and endotoxin levels [2-6]. Two different grades
of water purity may be nsed for hemodialysis: pure water
for standard hemodialysis and ultrapure water for hemo-
dia-filtration [3]. According to the degree of desired water
purity, the complexity and the cost of the water freatment
system may differ significantly. It is therefore mandatory
for each hemodialysis unit fo establish protocols for the
regular sanitization and disinfection of the water treatment
system in order to prevent bacterial colonization and the
formation of a bicfilm [7,8]. The maintenance of water
treatment systems requires frequent disinfection cycles
of the complete chain that include chemical or heat
disinfection, or a combination of both. To avoid problems
resulting from chemical use and to simplify treatments,
hot water has been used in dialysis units to control
microbial contamination.

In our hospital, a new water treatment nnit was installed
in June 2010, including heat disinfection. In this unit,
purified water is obtained from a purification system
consisting of pre-treatment softener, activated carbon,
downsizing microfilters, and a double reverse osmosis
(R.O) unit. The fluid distribution system is composed of
the double RO unit, a heating unit (Hotfeed, Fresenis
Medical Care Morocco), direct delivery loop, and dialysis
stations (Figure-1). Since the installation of this umnit,
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continuous water flow was maintained in the entire circnit
and disinfection was done periodically using peracetic
acid (Puristeril 340, Fresenms Medical Care Moroceo).
Microbiclogy and chemical monitoring of dialysis water
was performed periodically, and no positive cultures
were found in tap water (bacterial count was consistently
“Zero” CFU/ml, endotoxin concentration was maintained
at < 0.003 EU/ ml). After validating the imtegrity of this
new water treatment nnit for four months, we performed
this study to investigate the efficacy of heat disinfection
used alone in mamtaining the quality of dialysis water.

Methods

The study was performed between October 2010 and
July 2011 in the Military Hospital Dialysis Unit, Rabat
Moeorocco, and it consisted of two parts. During the first part
of the stndy, our target was to satisfy the microbiological
requirements for standard dialysis fluid in compliance with
the recommendations of the Euwropean Pharmacopoeia
(bacterial count <100 CFU/ ml and endotoxin content
= 0.25 EUY ml) [4], checking bacterial count and endotoxin
content every 4-5 weeks. This part included three phases.

Phase I (one month): Water is kept in comtinuous
circulation in the distribution loop without heat or
hemical disinfecti

Phase II (two months): Continnous water circulation was
maintained with the addition of thermal disinfection.
Water from the RO unit is heated to 90° Cbefore entering
the distribution loop from which it is distributed to each of
the dialysis stations allowing simultaneons hemodialysis
monitor disinfection (Fresenins 5008 dialysis machine).
This heat disinfection is performed every day for 340
minutes and is avtomatically controlled (Fignre-1).

Phase III (five months): Continuous water circulation
was maintained with a combination of daily thermal
disinfection and weekly chemical disinfection.

In the second part of the study, our target was to satisfy
the microbiclogical requirements for ultrapure dialysis
fluid in compliance with the recommendations of The
French Association for Nommalization (bacterial count
=100 CFUllitre and endotoxin comtent <0.25 EU/ ml)
[5]- During this part, we continned using daily heat
disinfection and checked the bacterial growth and
endotoxin content on weekly basis for two months.

Samples for microbiological evaluation were taken at four
different measuwrement points; A: output of RO device and
heating unit (30 ml and 1000 m] for the first and second
parts of the study respectively); B: dialysis flud piping
before returning into the heating wnit (50 mi), C: dialysate
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fluid (100 ml) and D: substitution fluid (500 ml) in the
dialysis monitor after double endotoxin retentive filters.
Samples were sent to an independent bacteriological
laboratory that is cerfified for microbiclogical analysis
of dialysis water. To check bacterial level, we used
the membrane filtration method (Micro Funnel 0.45p,
PALL Corporation USA). Sabouraud Dextrose Agar and
Tryptone Soy Agar were used for the culture medivm.
Incubation temperature was 25°C for Sabourand Agar
and 35°C for Tryptone Soy Agar. Colonies were counted
by wisual observation after 7 days of incubation To
check endotoxin level, we used endotoxin measurement
equipment (Limilns Amebocyte Lysat Chromo-LAL,
CAPE CODE USA) utilizing the turbidimetric kinetic
technigue.

Results

During the first part of the study, microbiological
monitoring results showed that we achieved the target
bacterial count and the endotoxin level of standard dialysis
waterat all points of the water treatment system thronghout
the three phases. Endotoxin levels were maintained lower
than 0.005/ ml and bacterial counts were consistently
=100 CFU/ ml It is noteworthy that the application of
heat disinfection alone during phase II reduced bacterial
levels to acceptable levels, but an escape phenomenon of
microbiclogical growth was noted. Figure-2 shows that
unnder this system of thermal disinfection alone, bacterial
levels increased. The combination of heat disinfection
with peracetic acid was effective in eliminating all micro-
OIgArSms.

In the second part of the study, the data showed an
exponential bacterial growth after an interval of 21 days
nnder heat disinfection alone (Figure-3). After four weeks
of heat disinfection alone the bacterial count in RO water
did not satisfy the requirements for oltrapure dialysis
water although the targeted endotoxin level was fully
satisfied. The endotoxin levels were consistently below
0.005 T/ ml at all points. The addition of chemical
disinfection was successfol i removing this bacterial
growth, achieving bacterial count <6 CFU/ Litre and
endotoxin levels < 0,005 IU/ ml in all samples.

hﬁesmﬂp]&stﬂkﬁlﬂnzlﬂ andZSﬂldaysfmmRO

water during the second part of this study, Psendomonas
fluorescens was grown. Throughout this study, micro-
organisms and endotoxins were not detectable in
dialysate finid (DF) and substitotion finid (SF) in dialysis
monitors, even when the bacterial levels of RO water
did not satisfy the requirements for ultrapure water. In all
samples from DF and SF, endotoxin levels were lower than
0.005 EU/mL and bacterial levels were 0 CFU/300 ml.



Thermal Disinfection

Figure-1: Diagram explaining the design of the water treatment system at our unit and the direction of hot water

flow during thermal disinfection; note dead space in the reverse osmosis (RO) water piping

Far sl —mriir

Dosd spnces far bt s

>}

R e — ot i
_'_|. i [ — § e
L TR - ._ # 'I
MR s [ - u Tai
e mEy S
LG B u e ﬂ =
L o R et B N i
Lhres wal U Eol ol e
Flow depending on Tuld consumpason)

Figure-1: Levels of bacterial growth (CFU/ml) at several time points during the first part of the study; phase I:
water is kept in continnous circulation without heat or chemical disinfection, phase IT: daily thermal disinfection,

phase III: combination of daily thermal disinfection and weekly chemical disinfection.
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Figure-3: Levels of bacterial growth (CFU/litre) at several time points during the second part of the study. Bacterial
levels increases after an interval of 21 days of relying on heat disinfection. The addition of chemical disinfection

was successful in removing this bacterial growth.
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Discussion

From the early days of dialysis it is kmown that water
psed for hemodialysis pmst be purified in order to
prevent severe clinical side effects due to contamination
of the water [7—11]. According to the degree of desired
water purity, the complexity and the cost of the water
treatment system may differ significantly [3]. A oumber
of authorities and organizations have recently issoed
recommendations for microbiological quality of fluids
in dialysis [12].

In order to have quality assuwrance in water systems, it
is necessary to have a good disinfection strategy. This
should determine the disinfection procedure and, more
importantly, the frequency of disinfection [2, 13]. The
criteria for choosing from several methods are based not
onlyongeneral antibacterial activity but mainly on specific
characteristics: contact fime dependent activity, toxicity
from residues, handling problems, biocompatibility,
stability and material/device compatibility [14]. When
nsing chemical disinfection, existing dialysis clinics
and hospitals can wutilize standard piping. However, it
is possible that residual disinfectant may canse harm
to the patients. Also, chemicals create a heavy burden
for the environment if it is drained directly without any
treatment [15]. In addition, the staff is exposed to the
germicide solutions while repeatedly processing devices
with them

To avoid problems from chemicals nse and to simplify
treatments, hot water (=85 C) isused for disinfection of the
distribution loop and monitors [14-16]. It is a convenient
disinfection process that requires little rinse time. Hence,
it could be used more often, thus not allowing biofilm
to form The temperature and contact time need to be
established and validated by the manufacturer. Reaching
the comrect temperature for the right duration of time is
necessary for successful disinfection [10]. Prescribed
temperature degrees and contact fime should also be
periodically checked at the most distant place from the
central heater [14]. In our water treatment system hot
water 1s rinsed from distribution loop to the monitors,
allowing simultanecus monitor disinfection.

In this study, we found that heat disinfection alone did
not remove all micro-organisms, and bacterial growth of
a thermo-sensitive organism (Psendomonas flucrescens)
was noted. The addition of chemical disinfection was
necessary to comtrol this bacterial level Therefore, in
our experience, the chemical disinfection method was
superior to the thermal disinfection method.

It may be  hypothesized  that the incomplete
effectiveness of hot water in our experience was due
to biofilm formation. It is known that heat and peracetic
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disinfection will not remove microorganisms when a
biofilm is established [10]. Considering the design of our
distribution circuit, we suggest that there is a possibility
of contamination in the RO system, particularly the
osmotic membranes and internal piping system of reverse
osmosis and connections between RO and the heating
unit. This has already been described in some studies [2,
18]. In our experience, this dead space for hot water was
accessible to chemical disinfection (Figure-1).

The solution to this problem would be to optimize the
design of the water distribution circuit so that the heat
energy can reach each point of the system, incloding
FO membranes and conmections. However, there is
a possibility of heat causing deterioration m the RO
system, and we need to consider the use of heat-resistant
materials [14].

Conclusion

From our experience, one caveat of heat disinfection of
water treatment systems could be the possible failure of
adequate exposure of the entire O unit. The addition of
chemical disinfection to the thermal disinfection might
be necessary to control for this shortcoming.
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