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Abstract

Viral hepatitis B is a causative factor in the development of various forms of extrahepatic vasculitis 
that can lead to acute kidney injury and chronic kidney disease (CKD). This study aimed to evaluate the 
effects of anti-inflammatory and pro-inflammatory cytokines on hepatitis B virus (HBV)-associated renal 
failure prevalence and progression in the dialysis unit of Ramadi Teaching Hospital. 88 men and women 
participated in the study from July 2023 to February 2024: 72 patients with kidney failure and 16 healthy 
people (controls) between 25 and 70 years old. Age, sex, and kidney and liver function laboratory data were 
recorded. All participants were screened for hepatitis B surface antigen (HBsAg) by enzyme-linked immu-
nosorbent assay. The dialysis patients comprised 38 men (56.8%) and 34 women (47.2%) (mean age: 53.4 
years old). 30 patients were HBsAg-positive: 19 men (63.3%) and 11 women (36.7%). 42 patients were 
HBV-negative: 23 men (54.8%) and 19 women (45.2%). The patients had significantly increased levels of 
urea, creatinine, liver enzymes (alanine transaminase, aspartate transaminase, and alkaline phosphatase), 
and cytokines (interleukin [IL]-10 and IL-17) compared to the healthy controls (P<0.0001). The urea, cre-
atinine, IL-10, and IL-17 levels were not significantly different between HBV-positive and HBV-negative 
patients. In conclusion, IL-10 and IL-17 may be potential biomarkers to predict HBV-associated renal fail-
ure prognosis and progression.
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Резюме

Вирусният хепатит B е причинител на развитието на различни форми на екстрахепатален 
васкулит, който може да доведе до остро бъбречно увреждане и хронично бъбречно заболяване 
(ХБЗ). Това проучване има за цел да оцени ефектите на противовъзпалителните и провъзпалителните 
цитокини върху разпространението и прогресията на бъбречната недостатъчност, свързана с вируса 
на хепатит B (HBV), в диализното отделение на Учебната болница „Рамади“. Общо 88 мъже и жени 
участваха в проучването от юли 2023 г. до февруари 2024 г.: 72 пациенти с бъбречна недостатъч-
ност и 16 здрави хора (контролна група) на възраст между 25 и 70 години. Записани са възраст, пол 
и лабораторни данни за бъбречната и чернодробната функция. Всички участници са скринирани 
за повърхностен антиген на хепатит B (HBsAg) чрез ензимно-свързан имуносорбентен анализ. 
Пациентите на диализа са 38 мъже (56.8%) и 34 жени (47.2%) (средна възраст: 53.4 години). 30 
пациенти са HBsAg-позитивни: 19 мъже (63.3%) и 11 жени (36.7%). От всички пациенти 42 са HBV-
отрицателни: 23 мъже (54.8%) и 19 жени (45.2%). Пациентите са със значително повишени нива 
на урея, креатинин, чернодробни ензими (аланин трансаминаза, аспартат трансаминаза и алкална 
фосфатаза) и цитокини (интерлевкин [IL]-10 и IL-17) в сравнение със здрави контроли (P<0,0001). 
Нивата на урея, креатинин, IL-10 и IL-17 не се различават значително между HBV-позитивни и 
HBV-отрицателни пациенти. В заключение, IL-10 и IL-17 могат да бъдат потенциални биомаркери 
за прогнозиране на прогресията на бъбречна недостатъчност, свързана с HBV.
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ratio (Elahi et al., 2020). The one- and three-year 
mortality rates of 48.5% and 73.1% of patients in 
the ESRD group were significantly greater than that 
of 32.9% and 55.6% of the control group, respec-
tively (Hung et al., 2016). Regardless of dialysis 
modality, liver cirrhosis is an independent risk fac-
tor for death in patients. Both peritoneal dialysis 
and haemodialysis patients had equivalent adverse 
outcomes after adjustment for this condition (Kim 
et al., 2016). Therefore, this study aims to evaluate 
the relationship of interleukins IL-10 and IL-17 and 
some biochemical indicators in renal failure pa-
tients infected and uninfected with hepatitis B virus 
(HBV) to predict the progression of the disease.
Materials and Methods
Study design and patients

This study was conducted on kidney failure 
patients undergoing dialysis in the dialysis unit at 
Ramadi Teaching Hospital in Ramadi City, Al-An-
bar Province, Iraq, from July 2023 to February 
2024. This study had 88 participants (42 men and 
46 women; age: between 25 and 70 years old). All 
patients were on regular dialysis under access to 
permanent dialysis for over 15 months, and the di-
alysis cycle was three times per week. The patients 
were divided into HBV-infected and HBV-unin-
fected groups.
Sample collection and preparation

Venous blood (5 ml) was collected from six-
teen healthy individuals and seventy-two kidney 
patients (infected and uninfected with HBV). The 
blood was placed in gel tubes containing clotting 
activators, and centrifuged for 15 minutes at 3000 
rpm to separate the serum. The serum was stored at 
-20°C to determine the biochemical parameters and 
inflammatory markers.
Determination of HBsAg

Serum screening for hepatitis B surface an-
tigen (HBsAg) was performed using ELISA kits 
(CTK Biotech, USA). Automated washing of 96-
well ELISA plates was performed by a microplate 
washer (BioTek™ 50TS, USA), and the absorbance 
was measured at 450 nm using an ELISA reader 
(BioTek 800TS), located in the virology laborato-
ry of Ramadi Teaching Hospital. Testing was per-
formed on the same day following the manufactur-
er’s instructions.
Detection of serum interleukins (IL-10 and IL-17) 
levels 

The serum IL-10 and IL-17 levels were de-
tected by enzyme-linked immunosorbent assay 

Introduction
Hepatitis B virus (HBV) belongs to the He-

padnaviridae family and is a noncytopathic envel-
oped virus with a partially double-stranded circular 
DNA genome (Seeger et al., 2020). The HBV in-
fection is an established cause of acute and chronic 
hepatitis and cirrhosis. The virus can lead to severe 
liver disease, such as fulminant hepatitis, cirrho-
sis, or hepatocellular carcinoma (HCC) (Ringe-
han et al., 2017). The HBV-related liver disease 
pathogenesis is largely due to the immune-related 
liver damage induced by active viral replication 
(Tourkochristou et al., 2022).

An estimated two billion people worldwide 
are infected with HBV, and an estimated 350 mil-
lion have chronic, lifelong infections. Thus, HBV 
infection is a severe global public health issue. Be-
tween 15 and 40% of patients with chronic HBV 
develop cirrhosis, HCC, or liver failure (Umego et 
al., 2018). A Dialysis Outcomes and Practice Pat-
terns Study data analysis demonstrated 0–6.6% 
HBV prevalence across dialysis facilities in West-
ern Europe, Japan, and the United States (Jadoul 
et al., 2019). Furthermore, viral hepatitis has been 
implicated as a causative factor in the development 
of various forms of extrahepatic vasculitis that can 
lead to acute kidney injury and chronic kidney dis-
ease (CKD) (Fabrizi et al., 2019).

The antibody response to the HBV envelope 
antigens is T-cell-dependent and may explain why 
patients with advanced CKD are more susceptible 
to infections (Soi et al., 2019). Patients infected by 
HBV, particularly those with the hepatitis e antigen, 
have a higher incidence of developing membranous 
nephropathy (Jaryal et al., 2016). Polyarteritis no-
dosa is a systemic necrotising disorder that affects 
small- and medium-sized arteries and is associat-
ed with chronic HBV (Meng et al., 2021). Despite 
treating these underlying disease processes, the 
chronic disease may progress, which leads to dialy-
sis dependence. The kidneys filter the blood by re-
moving waste and excess fluid from the body. The 
waste is sent to the bladder to be eliminated through 
urination. Dialysis performs the function of the kid-
neys if they have failed (Udomkarnjananun et al,. 
2020). The National Kidney Foundation stated that 
end-stage kidney failure occurs when the kidneys 
are performing at only 10–15% of their normal 
function (Levey et al., 2014). 

A study that evaluated 1068 cirrhotic patients 
with end-stage renal disease (ESRD) compared 
with a control group without renal diseases report-
ed that the patients had an almost doubled hazard 
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comprised 38 men (56.8%) and 34 women (47.2%) 
(mean age: 53.4±14.9 years old). Thirty patients 
were HBsAg-positive (19 men, 63.3%; 11 wom-
en, 36.7%; mean age: 54.7±19.5 years old), while 
forty-two patients were HBsAg-negative (23 men, 
54.8%; 19 women, 45.2%; mean age: 52.4±10.7 
years old). Table 1 presents the participants’ demo-
graphic characteristics.
Evaluation of participants’ serum biochemical 
tests

Table 2 presents the mean ± SD values of 
the participants’ biochemical parameters. The pa-
tients had significantly increased urea, creatinine, 
ALT, AST, and ALP levels compared to the controls 
(P<0.0001).
Assessment of biochemical tests in HBV-negative 
and HBV-positive patient serum

Table 3 presents the mean ± SD biochemical 
parameters of the HBV-positive and HBV-negative 
patients. The HBsAg-positive patients had signifi-
cantly increased ALT and ALP (P<0.0001) and AST 
levels (P<0.05) compared the HBsAg-negative pa-
tients. Contrastingly, the statistical analysis results 
of the male and female patients did not exhibit any 
significant difference in the urea and creatinine lev-
els between the HBsAg-positive and HBsAg-nega-
tive patients.
The relationship between serum IL-10 and IL-17 
levels

Figures 1 and 2 present the participants’ mean 
± SD serum IL-10 and IL-17 levels. The patients 
had a significantly increased (P<0.0001) mean se-

(ELISA) kits from R&D Systems (Minneapolis, 
MN, USA). The measurements were conducted 
and results were recorded following the manufac-
turer’s instructions using an ELISA washer-50TS 
and reader-800TS (BioTek™, USA).
Determination of biochemical parameters

The levels of urea, creatinine, aspartate 
transaminase (AST), alanine transaminase (ALT), 
and alkaline phosphatase (ALP) in all serum spec-
imens were measured using the Mindray BS-240 
Fully Automatic Biochemistry Analyser (China), 
located in the biochemistry laboratory of Ramadi 
Teaching Hospital.
Statistical analysis

Data are expressed as the mean ± SD. 
The comparisons between healthy subjects and 
HBV-positive and HBV-negative dialysis patients 
of males and females using unpaired t-tests. The 
comparison tests were conducted for the statistical 
analysis using OriginPro 8 (Origin Lab Inc., USA). 
A confidence level of P<0.05 was considered statis-
tically significant for all analyses.
Results
Participant distribution according to age and 
gender

This study involved 88 participants (42 men 
and 46 women). The controls comprised nine men 
(56.2%) and seven women (43.8%) (mean age: 
47.6±8.2 years old). Based on their clinical histo-
ry, 72 haemodialysis patients were diagnosed with 
renal failure at the kidney care centre. The patients 

Table 1. Demographic characteristics of patients and controls
Controls
(N=16)

HBV-negative 
(N=42)

HBV-positive
(N=30)

Patients
(N=72)Characteristic

47.6±8.252.4±10.754.7±19.553.4±14.9Age, years (mean±SD)
9 (56.2%)23 (54.8%)19 (63.3%)38 (56.8%)Male gender, N (%)
7 (43.8%)19 (45.2%)11 (36.7%)34 (47.2%)Female gender, N (%)

Abbreviations: HBV, hepatitis B virus; SD, standard deviation.

Table 2. Participants’ biochemical results

P-valueControls
(N=16)

Patients
(N=72)

Parameters,
Mean±SD

<0.000127.5±4.9118.0±26.0Urea (mg/dL) 
<0.00010.74±0.185.9±1.8Creatinine (mg/dL)
<0.000118.8±5.438.0±13.7AST (U/L)

<0.000117.5±6.433.5±15.8ALT (U/L)

<0.000194.1±5.8183.5±102.4ALP (U/L)

Note: P<0.0001 was considered highly significant. Abbreviations: AST, aspartate transaminase; ALT, alanine transaminase; 
ALP, alkaline phosphatase
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Fig. 3. Serum IL-10 level in HBV-negative and HBV-posi-
tive haemodialysis patients

Fig. 4. Serum IL-17 level in HBV-positive and HBV-
negative haemodialysis patients

Discussion
Patients with chronic renal failure (CRF) on 

haemodialysis are at higher risk for acquiring HBV. 
Compared to patients without renal failure, haemo-
dialysis patients have a higher tendency of becom-
ing chronic HBV carriers. Globally, HBV is preva-
lent among 0–58% and 0–22.7% of haemodialysis 
patients and blood donors, respectively (Mohamed 
et al., 2020). As HBV infection prevalence in Iraq 
is intermediate, the rate of HBV is proportionally 
low to moderate in different regions in Iraq. Thus, 
an important measure should be implemented to 
control hepatitis in all dialysis departments. 

Despite an effective vaccine against HBV in-
fection, HBV-related acute and chronic liver disease 
is one of the leading causes of death. The HBsAg 
assay is most frequently used to analyse the pres-
ence of HBV infection. The HBsAg test screening 

rum IL-10 level (5.54±2.95 pg/mL) compared to the 
controls (2.30±1.32 pg/mL) (Fig. 1). Similarly, the 
patients had a significantly increased (P<0.0001) 
serum IL-17 level (42.9±21.6 pg/mL) compared to 
the controls (15.4±7.4 pg/mL) (Fig. 2).
Estimation of serum IL-10 and IL-17 levels of 
HBV-positive and HBV-negative patients

Figures 3 and 4 present the mean ± SD serum 
IL-10 and IL-17 levels in the HBV-positive and 
HBV-negative patients. The results demonstrated 
that the mean serum IL-10 level was not significant-
ly different (P=0.7) between the HBsAg-positive 
patients (5.43±3.05 pg/mL) and HBsAg-negative 
patients (5.61±2.91 pg/mL) (Fig. 3). Similarly, the 
mean serum IL-17 level was significantly differ-
ent (P=0.2) between the HBsAg-positive patients 
(46.6±23.9 pg/mL) and HBsAg-negative patients 
(40.3±19.6 pg/mL) (Fig. 4).

Table 3. Biochemical tests of HBV-positive and HBV-negative patients

P-valueHBsAg-negative 
(N=42)

HBsAg-positive 
(N=30)

Parameters,
Mean±SD

0.2114.7±23.3122.5±29.1Urea (mg/dL) 
0.25.7±1.46.2±2.2Creatinine (mg/dL)

<0.0534.6±9.042.8±17.4AST (U/L)

<0.000127.6±10.341.7±18.6ALT (U/L)

<0.000194.1±23.5183.5±102.4ALP (U/L)

Note: P<0.05 was significant; P<0.0001 was highly significant. Abbreviations: AST, aspartate transaminase; ALT, alanine 
transaminase; ALP, alkaline phosphatase; HBsAg, hepatitis B surface antigen.

Fig. 1. IL-10 concentration in the serum of patients and  
controls

Fig. 2. IL-17 concentration in the serum of patients and  
controls
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centres have reported outbreaks of fulminant HBV 
infection, which indicate that immunocompromised 
hosts, such as end-stage kidney disease patients on 
dialysis, may develop severe disease from HBV 
infection (Fabrizi et al., 2019). The HBV spread 
relies on HBV infection endemicity, inadequate 
dialysis unit management, familial HBV infec-
tion, and contaminated blood transfusion. In India, 
the reported HBV and HCV infection prevalence 
among haemodialysis patient varies. Bhaumik and 
Debnath, (2012) reported that 5.9% of patients on 
haemodialysis were HCV-positive, while 1.4% of 
patients had HBV infection and 3.7% had HBV and 
HCV co-infection. Al-Hegami et al. (2015) report-
ed that 7.46% and 37.10% of CKD, or renal trans-
plant or haemodialysis patients had HBV, HCV, and 
co-infection of both viruses, respectively.

The results corresponded to Fyneface et al. 
(2018), who reported that the mean serum urea val-
ues in all male and female patients were increased 
before haemodialysis when compared to the mean 
values after haemodialysis. Generally, urea accu-
mulation in the serum of kidney failure patients 
arises from the degradation of food and tissues, 
such as muscle. The high urea level in the blood 
can lead to extreme illness unless the kidneys re-
move it from the bloodstream (Beier et al., 2011). 
Nonetheless, creatinine clearance is the best meth-
od for examining kidney function. Analysis results 
demonstrated that all haemodialysis patients had 
lower serum creatinine after dialysis, which indi-
cated that age, sex, and physical status affect serum 
creatinine levels (Canaud et al., 2014).

The data were similar to the results of Fyne-
face et al. (2020), who reported that haemodialy-
sis positively affected renal failure patients, where 
serum creatinine levels were significantly reduced. 
The reduced creatinine level during haemodialysis 
is also used as a surrogate marker of dialysis inad-
equacy. However, both men and women in the 41- 
and 60-year-old age group are more prone to kidney 
failure, which might be due to hypertension, diabe-
tes or other age-related changes. Liver enzymes are 
naturally secreted from the liver in small quantities, 
and accelerate vital processes in the body and con-
vert food into energy (Sette and de Almeida Lopes, 
2014). This study demonstrated that dialysis led to 
liver dysfunction in renal failure patients through 
increased serum liver enzyme levels (ALT, AST, 
ALP) and increased urea and creatinine levels. 

The HBV infection is a major health issue in 
Iraq, which has moderate or high HBV endemicity 
rates. Therefore, this study investigated the preva-

was implemented for further strategy programs to 
prevent HBV infectious disease spread (Nicolini 
et al., 2019). Kidney failure associated with HBV 
infection causes abnormal kidney function tests in 
patients. A virus infection of the kidneys may lead 
to glomerular or tubular dysfunction, or any com-
bination thereof (Shi et al., 2016). In this study, the 
urea and creatinine tests did not reveal a strong rela-
tionship between the HBV-positive and HBV-neg-
ative patients. The results agreed with some studies 
that reported that HBV can slightly affect urea and 
creatinine activity (Hussein et al., 2020; Alayadi et 
al., 2024).

The liver is pivotal in regulating many phys-
iological processes, degrading or modifying toxic 
substances, and metabolising drugs (Hasan et al., 
2021). Many medications can affect liver func-
tion, damage it, or both. Some medications, such 
as kidney failure or viral infection medications, 
can increase liver enzyme levels (AST and ALT) 
and cause liver damage (minor damage), which 
is asymptomatic ( Gara et al., 2012; Mutar et al., 
2019; Almakhatreh et al., 2020). The results re-
vealed that renal failure increased ALT, AST, and 
ALP and decreased urea and creatinine in the kid-
ney. These results were consistent with those of de 
Oliveira Liberato et al. (2012), who reported that 
elevated liver enzymes indicate deteriorating liver 
function due to widespread inflammation, as ob-
served in the dialysis group. The HBV-infected pa-
tients had increased ALT, where these tests are used 
in the general population to detect chronic liver dis-
ease. In haemodialysis patients, the ALT has a poor 
diagnostic value as it tends to be below the baseline 
(Lin et al., 2021).

Haemodialysis is an effective treatment for 
most patients with renal failure and an alternative 
to kidney transplantation. Thus, haemodialysis im-
proves the patient’s quality of life with adequate 
dialysis and even prolongs their lifespan. Neverthe-
less, viral diseases are among the most important 
factors leading to an increased mortality rate and 
restricting the quality of life of dialysis patients. 
Specifically, HBV is a serious public health issue 
globally. Furthermore, an extremely high rate of 
CKD patients are exposed to HBV infections (Ela-
hi et al., 2020).

Generally, more than half of the infected pa-
tients on dialysis become persistent, asymptomat-
ic HBsAg carriers without biochemical evidence 
of hepatitis. Additionally, the appearance of HBV 
serological markers may be delayed by as long as 
6–12 months (Treger et al., 2016). Some dialysis 
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thermore, the role of IL-10 and IL-17 in complex 
immune systems requires further investigation. The 
limitation of this study is that it involved a small 
number of cases and few cytokines. Therefore, fur-
ther studies with expanded samples and extended 
follow-up should be conducted. In conclusion, this 
study detected high IL-10 and IL-17 levels in kid-
ney failure patients. The HBV infection remains 
common in patients receiving dialysis, and will in-
crease the burden on patients with kidney failure, 
affect their immune system, and cause serious com-
plications. The IL-10 and IL-17 are potential bio-
markers to predict renal failure development, and 
their elevated levels may contribute to spontaneous 
HBV clearance (Abdelnabi et al., 2024). 
Acknowledgements

We want to express our gratitude to the He-
modialysis Unit in Ramadi City, Iraq for allowing 
us to take patient information and samples. We also 
thank Ramadi Teaching Hospital for allowing us to 
conduct tests on laboratory equipment.
References
Abdelnabi, M. N., G. S. Hassan, N. H. Shoukry (2024). 

Role of the type 3 cytokines IL-17 and IL-22 in modu-
lating metabolic dysfunction-associated steatotic liver 
disease. Front. Immunol. 15: 1437046. doi: 10.3389/fim-
mu.2024.1437046.

Al-Hegami, M. A., A. Al-Mamari, A. S. Al-Kadasse, F. A. S. 
Al-Gasha’a, S. Al-Hag, A. A. S. Al-Hegami (2015). Prev-
alence and risk factors of hepatitis B and hepatitis C virus 
infections among patients with chronic renal failure in Za-
beed city, Yemen Republic. Open J. Med. Microbiol. 5: 
136–142. doi: 10.4236/ojmm.2015.53017.

Alayadi, D. A., N. B. Abdulrahman, A. N. Al-Nasseri (2024). 
Determining some biochemical parameters and screening 
for hepatitis B and C in Patients with chronic kidney dis-
ease in Tikrit City. Eur. J. Med. Heal. Res. 2: 12–24. doi: 
10.59324/ejmhr.2024.2(6).02.

Almakhatreh, M., T. F. Mutar, E. Tousson (2020). Therapeutic 
Role of rosemary extract against vepesid induced kidney 
injury, proliferation and apoptosis in male rats. Asian On-
col. Res. J. 3: 16–25. https://journalaorj.com/index.php/
AORJ/article/view/27.

Beier, K., S. Eppanapally, H. S. Bazick, D. Chang, K. Ma-
hadevappa, F. K. Gibbons, K. B. Christopher (2011). El-
evation of blood urea nitrogen is predictive of long-term 
mortality in critically ill patients independent of “normal” 
creatinine. Crit. Care Med. 39: 305–313. doi: 10.1016/j.
jemermed.2011.04.013.

Bhaumik, P., K. Debnath (2012). Prevalence of hepatitis B 
and C among haemodialysis patients of Tripura, India. Eu-
roasian J Hepato-Gastroenterol. 2: 10–13. doi: 10.5005/
jp-journals-10018-1023.

Canaud, B., A. Granger Vallée, N. Molinari, L. Chenine, H. 
Leray-Moragues, A. Rodriguez, L. Chalabi, M. Morena, 
J.-P. Cristol (2014). Creatinine index as a surrogate of lean 
body mass derived from urea Kt/V, pre-dialysis serum 

lence of HBV infections in kidney failure patients 
receiving dialysis. Furthermore, the effect of viral 
infection on the response of anti-inflammatory cy-
tokines (IL-10) and pro-inflammatory cytokines 
(IL-17) in dialysis patients, and on the effectiveness 
of their liver and kidney functions, was evaluated.

This study investigated the response to an-
ti-inflammatory cytokines (IL-10) and pro-inflam-
matory cytokines (IL-17) in dialysis patients. The 
results demonstrated that the patients had signifi-
cantly increased IL-10 and IL-17 levels compared 
to the control. The results were consistent with 
other studies that observed diverse responses to 
anti-inflammatory and pro-inflammatory cytokines 
associated with monocyte activation in dialysis pa-
tients and patients with chronic renal failure (Taraz 
et al., 2012; Tbahriti et al., 2013).

The results suggested that IL-10 and IL-
17 may be critical in CKD pathogenesis and in 
HBV-infected patients. Therefore, the prognostic 
significance of elevated IL-10 and IL-17 levels 
is independent of and additive to the prognostic 
impact of the classical markers of renal function, 
which include creatinine and urea ( Yu et al., 2015; 
Mathew et al., 2016). Patients with kidney disease, 
particularly those with viral hepatitis, had signifi-
cantly higher levels of inflammatory cytokines, 
such as IL-10 and IL-17. A simple explanation for 
the finding is that a decreased GFR typically signif-
icantly decreases the clearance of these cytokines. 
Additionally, the circulating levels of these cy-
tokines continue to increase as the body continues 
to secrete them (Ortega and Fornoni, 2010).  

In this study, the HBV-positive patients had 
elevated IL-10 and IL-17 levels compared with the 
controls. The roles of IL-17 in stimulating appro-
priate immune responses against viral infections 
are controversial. The IL-17 may have a positive 
role in antiviral immune responses in many diseas-
es (Mills, 2023). Nevertheless, IL-17 is positively 
regulated in HBV-induced inflammation in chronic 
hepatitis B infection, and may be relevant to liver 
fibrosis and HCC development (Du et al., 2013). 
The IL-17 can also significantly stimulate mono-
cytes and dendritic cells (DCs) to express its ligand 
(IL-17R) and produce pro-inflammatory cytokines, 
such as IL-1β, TNF-α, IL-10, and IL-6 (Zhong et al., 
2021; Abdelnabi et al., 2024). These cytokines are 
important for liver damage during the development 
of chronic HBV. Despite the evidence supporting 
the important immunological role of IL-10 and IL-
17, many other functions of these interleukins in 
the liver and kidney require further research. Fur-



197

Lewis, D. De Zeeuw, A. K. Cheung, J. Coresh (2014). GFR 
decline as an end point for clinical trials in CKD: a scientif-
ic workshop sponsored by the National Kidney Foundation 
and the US Food and Drug Administration. Am. J. Kidney 
Dis. 64: 821–835. doi: 10.1053/j.ajkd.2014.07.030.

Lin, S., M. Wang, Y. Liu, J. Huang, Y. Wu, Y. Zhu, X. Wang 
(2021). Concurrence of HBV infection and non-alcoholic 
fatty liver disease is associated with higher prevalence of 
chronic kidney disease. Clin. Res. Hepatol. Gastroenterol. 
45: 101483. doi: 10.1016/j.clinre.2020.06.009.

Mathew, R. O., D. L. Mason, R. Song, T. Tryniszewski, J. S. 
Kennedy (2016). Role of T-regulatory cells in the response 
to hepatitis B vaccine in hemodialysis patients. Hemodial. 
Int. 20: 242–252. doi: 10.1111/hdi.12326.

Meng, Z., W. Cui, L. Arend, J. Mikdashi (2021). Hepatitis B 
virus infection associated with polyarteritis nodosa and mi-
croscopic polyangiitis. BMJ Case Rep. CP 14: e240015. 
doi: 10.1136/bcr-2020-240015.

Mills, K. H. G. (2023). IL-17 and IL-17-producing cells in 
protection versus pathology. Nat. Rev. Immunol. 23: 38–
54. doi: 10.1038/s41577-022-00746-9.

Mohamed, A. S., W. A. Ismail, E. Abdel-Latif (2020). Occult 
hepatitis B virus infection among hemodialysis patients in 
Fakous General Hospital. Egypt. J. Hosp. Med. 81: 1648–
1653. doi: 10.21608/EJHM.2020.117022.

Mutar, T. F., M. Abo Gazia, S. B. Salem, E. H. Hammed, E. 
Tousson (2019). Ehrlich ascites carcinoma bearing mice 
as model of human hepatocellular carcinoma. Asian J. 
Res. Rep. Hepatol. 1: 7-15. http://www.sdiarticle3.com/
review-history/49881.

Nicolini, L. A., A. Orsi, P. Tatarelli, C. Viscoli, G. Icardi, L. 
Sticchi (2019). A global view to HBV chronic infection: 
evolving strategies for diagnosis, treatment and preven-
tion in immunocompetent individuals. Int. J. Environ. Res. 
Public Health 16: 3307. doi: 10.3390/ijerph16183307.

Ortega, L. M., A. Fornoni (2010). Role of cytokines in the 
pathogenesis of acute and chronic kidney disease, glo-
merulonephritis, and end-stage kidney disease. Int. J. In-
terf. Cytokine Mediat. Res. 2: 49–62. doi: 10.2147/ijicmr.
s10111.

Ringehan, M., J. A. McKeating, U. Protzer (2017). Viral hep-
atitis and liver cancer. Philos. Trans. R. Soc. B Biol. Sci. 
372: 20160274. doi: 10.1055/s-0028-1104016.

Seeger, C., W. S. Mason, M. M. C. C. Lai (2020). Molecular 
biology of hepatitis viruses. Liver Biol. Pathobiol. 479-
480: 793–820. doi: 10.1002/9781119436812.ch62.

Sette, L. H. B. C., E. P. de Almeida Lopes (2014). Liver en-
zymes serum levels in patients with chronic kidney dis-
ease on hemodialysis: a comprehensive review. Clinics 69: 
271–278. doi: 10.6061/clinics/2014(04)09.

Shi, X., P. Zhu, G. Yan, C. Liu, C. Zhang, G. Huang, Y. Zhang, 
Z. Yan, Y. Wang (2016). Clinical characteristics and long-
term outcome of acute kidney injury in patients with 
HBV-related acute-on-chronic liver failure. J. Viral Hepat. 
23: 920–929. doi: 10.1111/jvh.12566.

Soi, V., C. Daifi, J. Yee, E. Adams (2019). Pathophysiology 
and treatment of hepatitis B and C infections in patients 
with end-stage renal disease. Adv. Chronic Kidney Dis. 26: 
41–50. doi: 10.1053/j.ackd.2018.10.004.

Taraz, M., M.-R. Khatami, A. Gharekhani, A. Abdollahi, H. 
Khalili, S. Dashti-Khavidaki (2012). Relationship between 
a pro-and anti-inflammatory cytokine imbalance and de-

levels and anthropometric characteristics of haemodial-
ysis patients. PLoS One 9: e93286. doi: 10.1371/journal.
pone.0093286.

de Oliveira Liberato, I. R., E. P. de Almeida Lopes, M. A. G. 
de Mattos Cavalcante, T. C. Pinto, I. F. Moura, L. L. Júnior 
(2012). Liver enzymes in patients with chronic kidney 
disease undergoing peritoneal dialysis and hemodialysis. 
Clinics 67: 131–134. doi: 10.6061/clinics/2012(02)07.

Du, W.-J., J.-H. Zhen, Z.-Q. Zeng, Z.-M. Zheng, Y. Xu, L.-Y. 
Qin, S.-J. Chen (2013). Expression of interleukin-17 as-
sociated with disease progression and liver fibrosis with 
hepatitis B virus infection: IL-17 in HBV infection. Diagn. 
Pathol. 8: 1–7. doi: 10.1186/1746-1596-8-40.

Elahi, W., A. Z. Syed, F. Nasim, A. Anwar, A. A. Hashmi 
(2020). Hepatitis B and C infections in patients with pro-
longed hemodialysis secondary to chronic renal failure. 
Cureus 12: e10905. doi: 10.7759/cureus.10905. 

Fabrizi, F., R. Cerutti, E. Ridruejo (2019). Hepatitis B virus 
infection as a risk factor for chronic kidney disease. Expert 
Rev. Clin. Pharmacol. 12: 867–874. doi: 10.1186/s12879-
024-09546-z.

Fyneface, C.A., J. Burabari, F. Eedee (2020). Assessment of 
creatinine levels in blood and saliva of heamodialysed sub-
jects. Int. J. Adv. Nephrol. Res. 3: 21–25. https://journali-
janr.com/index.php/IJANR/article/view/3.

Fyneface, C. A., I. Onengiyeofori, D. Tamuno-Emine (2018). 
Evaluation of saliva for monitoring renal function in hae-
modialysis patients at University of Port Harcourt Teach-
ing Hospital. Asian J. Biochem. Genet. Mol. Biol. 1: 1–6. 
doi: 10.9734/ajbgmb/2018/v1i2483.

Gara, N., X. Zhao, M. T. Collins, W. H. Chong, D. E. Kleiner, 
T. Jake Liang, M. G. Ghany, J. H. Hoofnagle (2012). Renal 
tubular dysfunction during long-term adefovir or tenofovir 
therapy in chronic hepatitis B. Aliment. Pharmacol. Ther. 
35: 1317–1325. doi: 10.1111/j.1365-2036.2012.05093.x.

Hasan, A. F., T. F. Mutar, E. M. Tousson, S. G. Felemban 
(2021). Therapeutic effects of Turnera diffusa extract 
against amitriptyline-induced toxic hepatic inflammation. 
Online J. Biol. Sci. 21: 395–408. doi: org/10.3844/ojbs-
ci.2021.395.408.

Hung, T.-H., C.-C. Tsai, K.-C. Tseng, C.-W. Tseng, Y.-H. 
Hsieh, C.-C. Tsai, H.-F. Lee (2016). High mortality of cir-
rhotic patients with end-stage renal disease. Medicine (Bal-
timore). 95: e3057. doi: 10.1097/MD.0000000000003057.

Hussein, A. A., R. M. Al-Ezzy, R. A. Ibrahim (2020). Liver, 
kidney function enzymes and biochemical parameters 
evaluation for hepatitis B and C in Iraqi patients. Indian 
J. Public Health Res. Dev. 11: 276–281. doi: 10.37506/
ijphrd.v11i9.11021.

Jadoul, M., B. A. Bieber, P. Martin, T. Akiba, C. Nwankwo, 
J. M. Arduino, D. A. Goodkin, R. L. Pisoni (2019). Prev-
alence, incidence, and risk factors for hepatitis C virus in-
fection in hemodialysis patients. Kidney Int. 95: 939–947. 
doi: 10.1016/j.kint.2018.11.038.

Jaryal, A., V. Kumar, V. Sharma (2016). Renal disease in pa-
tients infected with hepatitis B virus. Trop. Gastroenterol. 
36: 220–228. doi: 10.7869/tg.295.

Kim, A. J., H. J. Lim, H. Ro, J. Y. Jung, H. H. Lee, W. Chung, 
J. H. Chang (2016). Liver cirrhosis leads to poorer survival 
in patients with end-stage renal disease. Korean J. Intern. 
Med. 31: 730. doi: 10.3904/kjim.2014.328.

Levey, A. S., L. A. Inker, K. Matsushita, T. Greene, K. Willis, E. 



198

chronic hemodialysis patient. Saudi J. Kidney Dis. Trans-
plant. 27: 1047–1051. doi: 10.4103/1319-2442.190886.

Udomkarnjananun, S., K. Takkavatakarn, K. Praditpornsilpa, 
C. Nader, S. Eiam-Ong, B. L. Jaber, P. Susantitaphong 
(2020). Hepatitis B virus vaccine immune response and 
mortality in dialysis patients: a meta-analysis. J. Nephrol. 
33: 343–354. doi: 10.1007/s40620-019-00668-1.

Umego, C., C. Mboto, E. Mbim, U. Edet, U. George, J. Tarh 
(2018). Epidemiology of hepatitis B virus infection in 
South-South, Nigeria: a review. Int. STD Res. Rev. 7: 
1–17. doi: 10.9734/isrr/2018/36989.

Yu, X., R. Guo, D. Ming, Y. Deng, M. Su, C. Lin, J. Li, Z. Lin, 
Z. Su (2015). The transforming growth factor β1/interleu-
kin-31 pathway is upregulated in patients with hepatitis B 
virus-related acute-on-chronic liver failure and is associat-
ed with disease severity and survival. Clin. Vaccine Immu-
nol. 22: 484–492. doi: 10.1128/CVI.00649-14.

Zhong, S., T. Zhang, L. Tang, Y. Li (2021). Cytokines and 
chemokines in HBV infection. Front. Mol. Biosci. 8: 
805625. doi: 10.3389/fmolb.2021.805625.

pression in haemodialysis patients. Eur. Cytokine Netw. 
23: 179–186. doi: 10.1684/ecn.2013.0326.

Tbahriti, H. F., D. Meknassi, R. Moussaoui, A. Messaoudi, L. 
Zemour, A. Kaddous, M. Bouchenak, K. Mekki (2013). 
Inflammatory status in chronic renal failure: The role of 
homocysteinemia and pro-inflammatory cytokines. World 
J. Nephrol. 2: 31. doi: 10.5527/wjn.v2.i2.31.

Tourkochristou, E., S. F. Assimakopoulos, K. Thomopoulos, 
M. Marangos, C. Triantos (2022). NAFLD and HBV in-
terplay-related mechanisms underlying liver disease pro-
gression. Front. Immunol. 13: 965548. doi: 10.3389/fim-
mu.2022.965548.

Tousson, E., E. Hafez, M. M. Abo Gazia, S. B. Salem, T. F. 
Mutar (2020). Hepatic ameliorative role of vitamin B17 
against Ehrlich ascites carcinoma–induced liver toxicity. 
Environ. Sci. Pollut. Res. 27: 9236-9246.doi: 10.1007/
s11356-019-06528-6.

Treger, R., R.M. Hanna, B.M. Lee, E.A. Lopez, J. Wilson, D. 
Corry (2016). Delayed clearance of hepatitis B surface an-
tigen and development of hepatitis B surface antibody in a 


