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Dialysate is the product of a chain of processes 
including water purification, distribution of 

the purified water to individual dialysis machines, 
concentrate preparation, and formulation of dialysate 
from the purified water and concentrate. Concerns on 
dialysate purity have been raised with the extensive use 
of sodium bicarbonate, as a dialysate buffer favoring 
bacteriological proliferation, and the emerged dialysis-
related pathology of end-stage renal disease (ESRD) 
patients.1 Water treatment may have a dramatic effect 
on microbial contamination because of bacterial 
colonization of the different parts of the system such as 
carbon filters, softeners, or deionizers, or parts with low 
circulation such as tanks and taps. Formation of a biofilm 
that facilitates bacterial persistence at different points of 
the system, and protects bacteria from disinfection also 
increases the risk of contamination and high endotoxin 
levels in water.2,3 The microbiological contamination, 
which is common in dialysis centers, results in by-products 
as bacterial endotoxin and its fragments that are capable 
of crossing both high- and low-flux dialysis membranes. 
Blood exposure to these substances activates leukocyte 
synthesis of pro-inflammatory cytokines, including 
interleukin-1 (IL-1) and tumor necrosis factor (TNF-
alpha), as well as counter-inflammatory mediators such 
as interleukin-1 receptor antagonist (IL-1Ra). This may 
contribute to subclinical chronic inflammation, which 
has been incriminated in malnutrition, cardiovascular 
disease, immunodeficiency, and hypo responsiveness to 
erythropoietin therapy.4 Thus, the present study aimed 
to assess the bacteriological quality of dialysis fluid in 2 
hemodialysis (HD) units in Alexandria.

Methods. A total of 321 samples of HD fluids, 
distributed as 213 from unit A (a governmental unit), 
108 from unit B (a private unit), both under the 
supervision of ministry of health, were collected during 
the period of the study from the beginning of March to 
the end of August 2005, at 2 HD units in Alexandria, 
Egypt (Table 1). All water samples were aseptically 
collected in 200 ml sterile wide mouthed plastic bottles. 
Four to five drops of sodium thiosulphate (100 gm/L) 
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ABSTRACT

Objectives: To assess the bacteriological quality of dialysis 
fluid in 2 hemodialysis units in Alexandria, Egypt.

Methods: A total of 321 samples of hemodialysis fluids, 
213 from unit A (a governmental unit), 108 from unit B 
(a private unit), both under the supervision of ministry 
of health, were collected from the water treatment system 
(WTS), treated water, concentrates, and final dialysate 
from the beginning of March to the end of August 2005. 
Samples were analyzed for enumeration of the total 
viable heterotrophic bacteria using the standard pour 
plate method, and for the determination of the total 
coliforms (TC) using the presence/absence method. Fifty 
samples were also examined for endotoxin detection by 
the Limulus Amoebocyte Lysate assay (LAL), employing 
the gel clot method.

Results: Percentages of acceptable samples of WTS were 
67% from unit A and 66.7% from unit B, while the 
dialysate samples showed higher acceptability at unit 
B (86.1%) than unit A (51.7%). Eleven samples were 
detected as having TC. The LAL assay showed a range 
of 57-100% of samples exceeded 0.25 EU/ml. Analysis 
of these results and comparing them to other variables is 
further discussed.

Conclusion: The results demonstrate that hemodialysis 
centers need monitoring and preventive maintenance 
in order to ensure renal replacement therapy of good 
quality.
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were added only to bottles for sampling from the main 
pipe, primary storage tank, and distal to sand filtering 
system. Before collecting the water samples, any faucet 
fittings were removed. The faucets were cleaned by 
wiping with alcohol, left to dry, and then water was 
left to flow for one minute to flush any residuals in the 
connections and pipes. The final dialysate was allowed 
to flow for half a minute then 20 ml was aseptically 
collected and place into plastic containers. All the 
collected samples were transported on ice and delivered 
to the laboratory to be analyzed within 1-2 hours of 
collection. In case of expected delay, samples were 
stored at 4ºC for a maximum of 18-24 hours. Samples 
from water treatment system (WTS) and concentrated 
dialysate were subjected to heterotrophic plate count 
(HPC) for enumeration of the total viable heterotrophic 
bacteria using the standard pour plate method, and the 
presence/absence (P/A) method for total coliforms (TC) 
detection. Samples of final dialysate were only examined 
for HPC.5 Endotoxin detection was estimated in 50 
samples collected from reverse osmosis (RO) water, 
treated water, and final dialysate. It was performed by 
limulus amoebocyte lysate (LAL) assay, employing the gel 
clot method (Pyrotell Single Test Vial of sensitivity 0.25 
EU/ml was obtained from Associates of Cape Cod, 
Inc.).

Statistical analysis. Data were analyzed using SPSS 
version 13.0 as well as Epiinfo version 6. The probability 
value of <0.05 level was used as the cut off value for 
statistical significance, and the following statistical 
measures were used Chi square: (x2), Z-test and testing 
agreement using Kappa test.

Results. As recommended by the European 
pharmacopoeia (EP),6 water and dialysate samples 
were considered unacceptable if one or more of the 
following criteria were found; HPC ≥100 CFU/ml, 
endotoxin level ≥0.25 EU/ml, in addition to presence 
of coliforms. Out of 321 samples examined by HPC; 
267 (83.2%) were acceptable. Regarding the samples 
examined by LAL, 44 (88%) were unacceptable (Table 
2). Total coliforms were detected in 11 samples (4%) 
from unit A, distributed as; 5 samples from prepared 
bicarbonate, 2 from each of RO and second storage tank, 
and one from each of treated water and A-component. 
Escherichia coli (E.coli) was isolated from one sample 
of manually prepared bicarbonate. Percentages of 
acceptable samples of WTS were nearly similar in HD 
units A (67%) and B (66.7%). As regards filters in unit 
A, all samples of sand filter were acceptable, whereas 
40% of carbon filters and 30% of softeners were 
acceptable, while the corresponding samples at unit B 
were inaccessible and excluded. For RO, second storage 
tanks and finally treated water from HD faucets 80%, 

Table 1 -	 Number of examined samples from different sampling points 
in both hemodialysis (HD) units.

Sampling points
Number of examined samples

Unit A Unit B

A. Water treatment system (n=136)

1. Tap water 10 6

2. First storage tank 10 6

3. Distal to sand filter 10 0

4. Distal to activated carbon filter    10 0

5. Distal to double softener 10 0

6. Distal to the reverse osmosis* 10 6

7. Second storage tank 10 6

8. HD room faucets* 30 12

B. Dialysate sampling

1. Concentrated dialysate (n=89)

Acetate solution 7 0

A-component (complementary   
solution A for bicarbonate based 
HD)

23 18

Manually prepared bicarbonate 
solution 23 0

Bicart capsules (dry powder 
cartridges) 0 18

2. Final dialysate (n=96)* 60 36

Total (n=321) 213 108

*Sampling points for Limulus Amoebocyte Lysate assay (n=50)

Table 2 -	 Results of the examined dialysis fluid samples from HD units 
according to the examined parameters, Alexandria, 2005.

Parameter Number Of
Examined
Samples

Acceptable 
Samples

Unacceptable 
Samples

n (%) n (%)
HPC 321 267 83.2 54 16.8
TC 225 214 95.1 11* 4.9

LAL 50 6 12 44 88
HPC = heterotrophic plate count, TC = total coliforms, 

LAL = limulus amoebocyte lysate, *All TC recovered from unit A

70%, and 50% of samples were acceptable in unit A, 
and 50%, 66.7%, and 66.7% in unit B. Regarding 
the dialysate, the percentage of acceptable concentrate 
samples results in unit A were 100% for acetate, 52.1% 
for bicarbonate, and 95.7% for A-component. In unit 
B, all concentrates samples were acceptable for both 
Bicart and A-component. The prepared bicarbonate 
acceptability results varied according to time of 
preparation, whereas 88.9% of prepared bicarbonate 
samples after 0-3 hours were acceptable, and only 
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28.6% were acceptable after 3-6 hours of preparation, 
(4-120 CFU/ml versus 70-2000 CFU/ml). In addition, 
it was noted that the bicarbonate samples compliance 
increased by giving instructions for proper handling of 
the prepared solution. The percentage of final dialysate 
samples acceptability was higher at unit B (86.1%) 
than unit A (51.7%). The relation between HPC of 
final dialysate and both treated water samples and 
concentrate samples at both HD units was found to be 
statistically significant (p<0.05), but no difference was 
found between the results and type of machines in use 
(Table 3). In unit B, 75% of the examined samples with 
LAL >0.25 EU/ml were unacceptable. The percentages 
of unacceptable samples according to different points 
were as follows: 83% from RO-water, 57% from finally 
treated water, and 82% from the final dialysate. All 
samples in unit A were (100%) unacceptable. The relation 
between endotoxin level in both treated water and final 
dialysate was found to be statistically significant. Table 4 
reveals the relation between LAL and HPC parameters 
among the examined 50 samples. Thirty samples were 
acceptable by HPC, and 4 of these were acceptable by 
LAL. It is also shown that 20 samples were unacceptable 
by HPC. Only 2 of these were acceptable by LAL while 
the remaining 18 were unacceptable by LAL. Also, it 
was found that out of 50 samples, 30 samples (60%) 
were acceptable when examined for HPC alone, while 
20 samples (40%) were unacceptable. This percentage 
decreased to 12% acceptability when examined by LAL, 
and to 8% acceptability if evaluated by both HPC and 
LAL together, showing significant statistical difference.

Discussion. Bacterial contamination of treated 
water is a matter of serious concern in HD centers and 
improvement of microbiological quality is a permanent 
challenge for professionals at these units.2 In the present 
study, HPC, TC, and LAL assay were used to assess 
the dialysis fluids quality. The results of the examined 

samples revealed that 83.2% and 95.1% of samples 
were acceptable in relation to HPC and TC parameters, 
and only 12% by LAL assay. This observed discrepancy 
between LAL assay and other parameters agrees with the 
reports of Klein et al,7 Kulander et al,8 and Bland et al,9 

who found no correlation between bacterial growth and 
endotoxin concentrations in water or dialysate samples. 
They assumed that low levels of bacterial growth might 
be associated with high endotoxin concentration, 
presumably because of bacterial adherence to and 
growth in dialysate tubing and release of endotoxin and 
its fragments into the dialysate and consequently to 
patients. In accordance with other workers, the present 
study showed that the lowest percentage of acceptable 
samples was at the activated carbon filter (40%), and the 
softener (30%). This decreased compliance of samples 
could be attributed to the fact that water going through 
them is already chlorine free. In addition, bacteria 
detaching from the biofilm developed on carbon were 
carried away by the flow and appear at the outlet of the 
filter.10

In our study, the overall compliance of treated water 
samples by HPC was nearly similar to those reported by 
Klein et al,10 at 64.7%, and Laurence et al11 at 68.2%. 
Zunino et al2 reported variability of acceptable samples 
ranging from 32.8-100%, assuming that compliance 
could be increased by improving control programs 
on water bacterial quality. In addition, the type of 
culture medium and the conditions of incubation have 
considerable influence on the results and could be a 
possible factor for variation between different studies. 
The best result regarding bacterial count was reported 
in clinics using dry powder cartridges at each dialysis 
machine.12 This agrees with our study results, where 
the Bicart used at unit B showed 100% acceptability, 
whereas in manually prepared bicarbonate solution in 
unit A acceptability dropped to 52.1%. The presence of 
indicator organisms is potentially dangerous and hence 

Table 3 -	 The relation between HPC of final dialysate samples, and 
type of machine at HD unit A, Alexandria, 2005.

Machine Type

Number of 
Examined Samples

HPC (Dialysate)

Acceptable Unacceptable

n (%) n (%)

Fersenius 4008B 38 19 50 19 50

Gambro AK90 22 12 54.6 10 45.4

Total 60 31 51.7 29 48.3

HPC = heterotrophic plate count, HD = hemodialysis, 
x2:0.12 ( P: 0.734212)

Table 4 -	 The relation between LAL, and HPC parameters among the 
50 examined samples, Alexandria, 2005.

HPC LAL Total

Acceptable 
(<0.25 EU/ml)

Unacceptable 
(>0.25 EU/ml)

Acceptable 4 26 30

Unacceptable 2 18 20

Total 6 44 50

HPC = heterotrophic plate count, LAL = limulus amoebocyte lysate, 
EU = endotoxin unit

Observed agreement: 0.44 (Z: 0.96)
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their absence denotes in general the safety of water. The 
TC test was used for monitoring the microbiological 
quality of water and dialysis concentrates in this 
study. Both TC and E.coli recovered from unit A, and 
probably indicates poor hygiene at the HD unit during 
the preparation of concentrates. However, neither TC 
nor E.coli was revealed from unit B. This again may 
be related to the fact that they use ready-made Bicart. 
However, Zunino et al2 encountered TC in 0.5% of 
samples while Arvanitidou et al13 reported much higher 
results, 12.3% for TC and 8.6% for E.coli.

Regarding the final dialysate, our study revealed 
a significant difference between its compliance in 
both units (51.7% and 86.1% acceptability at unit 
A and B). Many factors contributing to the dialysate 
formation should be considered; treated water and 
distribution system, concentrates, and the dialysis 
machines. In relation to the findings, there was a 
significant association between the final dialysate 
and each of treated water and concentrates in both 
HD units. In contrast, Baumbauer et al,14 found no 
correlation between the level of contamination of 
dialysate and the water processing method or type of 
concentrate. Several reports have implicated dialysis 
machines in bacterial contamination of dialysate. Oie 
et al15 suggested that the HD machines were the main 
source of contamination, where the tubing within 
the machine may be the site of biofilm development. 
However, this study demonstrated no significant 
difference between Gambro AK95 and Fersenius 
4008B and the dialysate count. On the contrary, the 
acceptability of samples did not drop before and after 
the HD machine, which might be related to the fact 
that both machines are of a newer generation, which 
incorporates recent technology regarding continuous 
dialysate flow and the heating system and avoidance of 
closed circuits and loops.

Findings that moderate levels of bacterial products 
in dialysate can stimulate the production of cytokines 
across intact membranes (back-transport) have resulted 
in demands for improved microbiological quality 
of dialysate.16,17 Pegues et al18 suggested a potential 
transfer of pyrogenic substances from the dialysate 
during routine dialysis. Favero et al19 showed that rates 
of pyrogenic reactions were directly related to levels of 
Gram-negative bacteria in the dialysate. As endotoxins 
are part of the bacterial cell wall, it is believed that the 
endotoxin level could be used to indicate the bacterial 
level. Several authors found no correlation between 
bacterial growth and endotoxin concentrations in water 
or dialysate samples. Possible explanations for that lack 
of correlation might be due to different bacterial strains 

having different endotoxin activity.7-9,12 In addition, 
as LPS is released from debris of microorganisms, low 
CFU/ml could be associated with high endotoxin 
values.20 In accordance with those workers, this study 
has shown poor agreement between HPC and LAL 
assay performed to assess the quality of treated water 
and dialysate. When results were further analyzed 
according to each parameter examined, it revealed that 
HPC showed 40% unacceptability, which increased to 
88% and 92% by LAL and by both HPC and LAL. 
In accordance with our findings, Klein et al7 found 
a relationship between endotoxin concentration in 
treated water and in dialysate, and did not find any 
correlation between bacterial counts and the endotoxin 
contamination levels.10 Thus, Ledebo and Nystrand12 

recommended that endotoxin levels should always be 
measured in addition to bacterial count because they 
give a different and complementary picture of the 
microbiological quality of dialysis fluid.12

The findings of our study demonstrate that the  
measurement of endotoxin level (which is currently 
not routinely checked) should be integrated in the 
bacteriological monitoring of dialysate fluids. Readily 
prepared bicart capsules were proved to be much 
safer than the manually prepared bicarbonate powder, 
as measured by the bacteriological quality of the 
dialysate.
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