
INTRODUCTION 
Chronic kidney disease (CKD) is a serious public health issue 
affecting people worldwide. The presence of kidney injury or a 
lower glomerular filtration rate (GFR), regarded as the greatest 
overall indicator of renal function, is used to characterize 
CKD.1 There are 6 stages of kidney diseases related to GFR 
and the 6th stage is the end stage renal disease ESRD.2 Patient 
in the ESRD as a matter of life or death, has two choices either 
go to kidney transplantation that demands a kidney doner3 or 
go to hemodialysis.4 Most ESRD patients prefer hemodialysis 
due to the risk of surgery regarding kidney transplantation and 
to avoid immunity-reducing drugs used to prevent new organ 
rejection and finding a kidney donor.3-5

Hemodialysis therapy was first known in 1943.6 Since that 
time, many developments occurred to prevent its side effect 
such as immuno-compatibility of the dialyzer until the present 
with perfect results in dialyzer immune-compatibility.6   

This study focused on some techniques and conditions of 
hemodialysis that effect changing in IL-6 level that indicates 

pre-inf lammatory response against pathogens during 
hemodialysis such as reverse osmoses water RO distribution 
systems that is commonly used in two types direct water 
distribution that involve of RO distribution directly after 
purification and indirect RO distribution system which 
contain an RO storage tank before distribution to hemodialysis 
machines7 and the other condition is the ultrafiltration UF 
rate which is differ from patient to patient according to the 
variation of patients kidney ability to filtrate water.8 The UF 
is a mechanical power that force fluid to migrate from blood 
side to DF side of the dialyzer to the drain and that migration 
of fluid could carry IL-6 with.9 

MATERIAL AND METHODS

Subjects
Forty-five patients were selected from two types of hemodialysis 
centers in Baghdad, these centers differ in water distribution 
systems (direct and indirect water distribution systems). 
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22 patients from indirect and 23 from direct water distribution 
system centers in ages from 35 to 57 (mean 46) years old with 
different rate of ultrafiltration for each patient. 
Samples
One milliliter of blood samples was collected from each 
patient before and after hemodialysis therapy to indicate the 
level of IL-6.

Waters and dialysis fluid samples were collected from 
hemodialysis machines used in hemodialysis therapy, 9 mL 
of each sample. These samples were replicated weakly from 
March 17th to April 21st 2021.
Molecular Method
Water and DF samples were treated in the same way to 
precipitate nucleic acid by using 9 mL of each and adding 0.9 
mL of 3M, 5.2 pH Sodium acetate and after mixing well 4 mL 
of isopropanol were added to the mixture and then centrifuged 
at 14000 rpm for 30 minutes. The precipitated nucleic acids 
were transferred to PCR using universal bacterial primer 
Table 1.
Immunology Methods
Using ELIZA technique to determine human IL-6 to determine 
IL-6 before and after hemodialysis. All patients were connected 
to hemodialysis machines using high flux dialyzer size 18 
manufactured by BBRAUN Germany

RESULTS AND DISCUSSION 
The PCR products monitored on gel electrophoresis Figure 1 
illustrate the presence of bacterial DNA in water as well as 
in DF.

A 2-ELISA test results for IL-6 detection in sera samples of 
hemodialysis patients show that all samples were positive with 
different concentrations Table 2. The study included samples 
before and after 3 hours of hemodialysis with different rate of 
ultrafiltration regarding each individual patient.

The results indicate that all sera samples containing IL-6 
in different levels of concentration and that could be analyzed 
as followings:

Sera samples from indirect water distribution centers 
give a significant higher concentration of IL-6 in compare to 
samples from direct water distribution centers according to 
statistics analysis at (p < 0.05, p = 0.005653) and this higher 
concentration could be due to bacterial DNA fragments in DF 
of these centers due to chance of contamination in this type of 
water distribution by consisting of water storage tanks after 
RO production and from that tank the distribution to dialysis 
machine occurs by an extra water pump  and all of that gives 
chance for contamination by bacteria that could die in RO 
due to their survive unsuitable osmotic conditions of RO and 

Table 1: Primer size and sequence used to amplify bacterial 16s RNA 
gene.

Gene name Primer sequence (5→3) Size bp Ref.
16s Forward CCTACGGGAGGCAGCAG 560 [10]
16s Reverse CCCGTCAATTCCTTTGAGTT

Figure 1: Electrophoresis results showing 16s RNA gene piece in water 
samples in numbers from 1 to 4 and DF samples from 5 to 8.

Figure 2: The relationship between ultrafiltration rate and the 
concentration of IL-6 in 45 patients after 3 hours of hemodialysis

Figure 3: Statistic relationship between ultrafiltration rate and 
concentration of IL-6 that shows an inverse trend in total samples

Figure 4: The relationship between patients age and IL-6 production in 
patients with hemodialysis.
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Table 2: Interleukin 6 concentration pre and post-hemodialysis for patients from indirect and direct water distribution system with different rate of 
ultrafiltration

No. Patient ID Age (years) Water distribution type Pre-dialysis conc. ng/L Post-dialysis conc. ngL % IL-6 *level Increase UF rate mL
1 2 55 direct 10.96 11.2 2.11 200
2 3 48 direct 11.62 11.85 1.99 200
3 4 47 direct 12.24 12.56 2.61 200
4 5 46 direct 12.24 11.49 -6.1 650
5 8 48 direct 12.57 12.8 1.84 200
6 14 49 direct 11.5 11.85 3.04 200
7 15 47 direct 12.21 20.07 64.34 10
8 16 46 direct 12.57 10.78 -14.21 650
9 18 45 direct 12.21 12.62 3.353 200
10 22 47 direct 12.15 12.47 2.63 200
11 23 45 direct 12.12 13.21 9 200
12 27 51 direct 11.14 11.61 4.2 200
13 30 50 direct 11.82 10.51 -11 1000
14 31 57 direct 9.72 11.22 15.51 200
15 32 51 direct 11.88 11.55 -2.79 650
16 34 50 direct 11.14 10.25 -8.04 1000
17 35 52 direct 11.59 12.15 4.81 200
18 36 48 direct 11.65 12.06 3.51 100
19 38 49 direct 11.35 17.58 54.84 10
20 42 50 direct 11.47 11.31 -1.34 200
21 43 49 direct 11.79 11.37 -3.57 200
22 44 51 direct 11.38 12.44 9.33 50
23 45 50 direct 11.62 11.85 1.99 100
24 1 45 indirect 13.28 12.59 -5.18 650
25 6 46 indirect 13.16 11.05 -16. 1000
26 7 42 indirect 13.81 14.58 5.54 200
27 9 36 indirect 26.85 22.59 -15.83 1000
28 10 45 indirect 13.19 15.41 16.82 100
29 11 44 indirect 15.8 13.21 -16.37 1000
30 12 40 indirect 14.9 13.9 -6.8 650
31 13 47 indirect 13.16 11.02 -16.27 1000
32 17 46 indirect 13.52 13.72 1.49 200
33 19 47 indirect 13.22 12.92 -2.29 650
34 20 49 indirect 12.8 13.66 6.67 200
35 21 49 indirect 12.74 12.53 -1.67 600
36 24 38 indirect 22.16 12.77 -42.35 2000
37 25 42 indirect 14.14 10.87 -23.12 1500
38 26 42 indirect 13.49 17.07 26.57 100
39 28 48 indirect 12.92 11.64 -9.91 1000
40 29 49 indirect 13.13 11.7 -10.89 1000
41 33 49 indirect 12.83 9.35 -27.09 1500
42 37 35 indirect 34.92 38.15 9.24 50
43 39 52 indirect 12.69 12.09 -4.72 600
44 40 51 indirect 13.25 11.43 -13.7 1000
45 41 50 indirect 14.17 12.47 -11.97 1000

*Negative values indicate decrease in level
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then the bacterial DNA fragments can pass through all filters 
to patient blood to stimulate the immune system to produce 
more IL-6.11 

There is an inverse relationship between ultrafiltration 
and the IL-6 concentration after 3 hours of dialysis therapy 
as shown in Figure 2 the number of IL-6 levels decrease with 
UF rate increase as an indication of IL-6 clearance ability.
The statistics analyses at (p value < 0.05, p value = 0.00433) 
showed that there is a significant decrease of IL-6 concentration 
when ultrafiltration rate increases Figure 3 and that occur due 
to physical pressure difference on both sides of the dialyzer 
and that difference increases in direct relationship with 
ultrafiltration rate forcing fluid and particles in sizes of under 
the dialyzer cut off to migrate from blood side to dialysis fluid 
side and then to the drain. As well as that IL-6 size can be 
considered as middle-sized molecules.12

There is a noticeable difference in IL-6 concentration 
according to the patients ages as illustrated in figure 4. The 
study of age effect was done for samples before hemodialysis 
to prevent the effect of ultrafiltration on results and to study 
the accumulated concentration of IL-6 after the dialysis to the 
next dialysis therapy, which is regularly between 3 to 4 days. 

The great difference shown in ages between 30 to 40 years 
old and not noticeable difference in ages between 40 to 60 
years old. And that goes similar to the study of Sharif et al., 
2015  which studied the effect of hemodialysis patient’s ages 
on IL-6.13

CONCLUSIONS 
During hemodialysis, patients can gain pathogens such as 
bacterial DNA fragments that have the ability to pass all filters 
reaching the patients’ and that induction increase when using 
an indirect water distribution system due to the chance of 
bacterial contamination.5

Ultrafiltration rate plays a role in decrease the concentration 
of IL-6 in blood to the dialyzers permeability and the physical 
power of ultrafiltration.

Younger patients show higher production of IL-6 in 
compare to older patients

REFERENCES 
1.	 Himmelfarb J, Sayegh MH. Chronic kidney disease, dialysis, 

and transplantation [Internet]. Fourth Edi. Elsevier. phladelphia: 
Elsevier; 2019. 754–779 p. Available from: http://dx.doi.
org/10.1016/B978-0-323-52978-5.18001-2

2.	 Vaidya SR, Aeddula NR. Etiology. StatPearls Publ LLC. 
2021;1.24. 

3.	 Azim S, Chun L. Kidney transplant. Core Clin Competencies 
Anesthesiol A Case-Based Approach. 2010;164–8. 

4.	 Sockrider M, Shanawani H. What is Hemodialysis for 
Acute Kidney Failure ? Am J Respir Cr it Care Med. 
2020;195(October):3–4. 

5.	 Daugirdas JT, Blake PG, Ing TS. Handbook of dialysis: Fifth 
edition. wolter Kluwer. 2015. 1–900 p. 

6.	 Gautham A, Javad MM, Murugan M, Ani NM. Hemodialysis 
Membranes: Past, Present and Future Trends. Int Res J Pharm. 
2013;4(5):16–9. 

7.	 Andrysiak P, Varughese PM. Design requirements for a water 
distribution system in a hemodialysis center. Dial Transplant. 
2002;31(10):683–90. 

8.	 Shah PB, Jeyaseelan L, Soundararajan P, Sathiyasekaran BWC. 
Comparative Assessment of Glomerular Filtration Rate (GFR) 
Google APPs and CKD Prepare GFR India Google App. J Pharm 
Res Int. 2021;33(2):63–9. 

9.	 Kim DL, Stamatialis D. High flux mixed matrix membrane with 
low albumin leakage for blood plasma detoxification. J Memb 
Sci [Internet]. 2020;609(November 2019):118187. Available from: 
https://doi.org/10.1016/j.memsci.2020.118187

10.	 Ronco C. Advances in chronic kidney disease. Int J Mol Sci. 
2016;17(8). 

11.	 Yasuda K, Rutz M, Schlatter B, Metzger J, Luppa PB, Schmitz F, 
et al. CpG motif-independent activation of TLR9 upon endosomal 
translocation of “natural” phosphodiester DNA. Eur J Immunol. 
2006;36(2):431–6. 

12.	 Haroon S, Davenport A. Choosing a dialyzer: What clinicians 
need to know. Hemodial Int. 2018;22(Table 1):S65–74. 

13.	 Sharif MR, Chitsazian Z, Moosavian M, Raygan F, Nikoueinejad 
H, Sharif AR, et al. Immune disorders in hemodialysis patients. 
Iran J Kidney Dis. 2015;9(2):84–96. 


