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Introduction
Hepatitis B virus infection is a global health problem that is 

endemic in many parts of the world. It is one of the most common 
causes of liver-related sequelae, including cirrhosis, fulminant liver 
failure, liver transplantation, hepatocellular carcinoma, and death. 
90-95% of the infected adults can clear the virus with only 5-10%
becoming chronic carriers. Among the carriers 20-30% develops liver
cirrhosis and about 5% develop hepatocellular carcinoma. Persistent
or chronic HBV infection is among the most common persistent viral
infections in humans [1].

There is strong epidemiological evidence that host genetic factors 
play a major role in determining the outcome of HBV infection [2-5]. 
Some studies were focused on the investigation of the role of CCR5 
receptor gene polymorphisms in the course of HBV infection and 
there are reports documenting the presence of an association between 
CCR5 receptor and hepatitis B virus infection persistence [6-9]. In 
different reports there are controversial data regarding the nature of 
the association of the CCR5 polymorphisms with the natural history, 
disease severity and antiviral treatment responses [10-14].

CCR5 is a CC chemokine receptor that is expressed on various cell 
types including Natural Killer (NK) T cells, CD4+ T cells, macrophages, 
and NK cells. CCR5 is a G-protein coupled receptor known to regulate 
the immune response by interacting with any of three chemokine 
ligands (CCL3, CCL4, and CCL5) [15].

In the mid-1990s this receptor was identified as one of the 
obligate membrane co-receptors for the binding and entry of Human 
Immunodeficiency (HIV) virus into target cells. Scientists also detected 
a defective CCR5 allele with 32-basepair deletion (CCR5Δ32), which 
provides homozygotes with high resistance against HIV virus infection 
[16]. CCR5 gene functionally null allele containing a 32-basepair 
deletion (CCR5Δ32) has been identified in 10-15% of Caucasians [17].

In one of our previous studies we have shown that CCR5 delta32 
mutation is a predominant alteration of CCR5 gene among Georgians, 
allelic frequency of this mutation was equal to 5% [18]. 

In support of a modulatory role for CCR5 in hepatic inflammation, 
the CCR5 delta32 polymorphism has been linked to the prevalence and 

severity of a number of T cell-mediated liver diseases including chronic 
hepatitis and primary sclerosing cholangitis [15]. 

Epidemiological studies indicate the role of CCR5 receptor 
in the immune response against hepatitis B virus infection. It has 
been previously proposed that nonfunctional CCR5 (CCR5Δ32) is 
associated with recovery from acute Hepatitis B virus infection due to 
the development of forceful T-cell response [19].

This study estimated the role of nonfunctional CCR5 (CCRΔ32) in 
the recovery from hepatitis B infection among Georgian patients. 

Materials and Methods
Case-control study has been conducted, where study subjects 

with persistent HBV infection were matched to double number of 
individuals who had recovered from the HBV infection. The overall 
number of study subjects was 282 (94 cases and 188 controls). Cases 
were defined as persons having positive HBsAg, while the HBsAg 
negative/anti-HBc positive persons were included in the control group.

Testing on HBsAg, antiHBc and antiHBs was done using third 
generation ELISA method. The person was considered persistently 
infected with HBV if their serum or plasma tested positive for hepatitis 
B surface antigen (HBsAg) at two visits separated by a minimum of 
6 months. Individuals who were positive for anti-HBc and anti-HBs 
without the presence of HBsAg at two time points separated by a 
minimum of 6 months were considered as recovered from HBV 
infection.
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For the CCR5 gene mutation study venous blood was collected in 
Vacuette ACD-B containing test-tubes (Greiner Bio-One, Austria). DNA 
was extracted from Peripheral Blood Mononuclear Cells (PBMC) using 
ABI Prism 6100 Nucleic Acid Prep Station (Applied Biosystems, France). 
CCR5 exon 4 was first amplified by polymerase chain reaction (PCR) 
using the primer pair 5’-CATTCATGGAGGGCAACTAAATACAT-3’ 
and 5’-GGAGTGAAGGGAG AGTTTGTCAATAA-3’ (Genset, Paris, 
France). Denatured genomic DNA (5 min/94°C) was amplified for 25 
cycles using 1.5 U Taq (Applied Biosystems, Courtaboeuf, France), 
0,1 U proofreading Pfu (Stratagene, Amsterdam, the Netherlands), 
0.2 mmol/L dNTP and 0.2 mol/L primers (94°C for 30 s, 55°C for 30s 
and 72°C for 2 min); then elongation was completed (72°C for 7 min). 
This PCR product was then used as template for amplification of three 
overlapping segments (94°C for 30s, 55°C for 30s and 72°C for 30s). The 
primer pair used was 5’-CATTCATGGAGGGCAACTAAATACAT-3’ 
and 5’-GAAGATTCCAGAG AAGAAGCCTATAAAATA-3’ for 
the first part, 5’-ATCTCTGACCTGTTTTTCCTTCTT ACT-3’ 
and 5’-CGAAGCAGAGTTTTTAGGATTCC-3’ for the second 
and 5’-TCCTGC CGCTTGTCA-3’ and 5’-GCCCAGGCTGTGT 
ATGAAAACTAA-3’ for the last part [18].

Medical records were used to collect demographic, medical 
and behavioral characteristics of study participants (age, ethnicity, 
liver enzymes and ultrasound results, HCV and HDV co-infections, 
vaccination status, treatment history, alcohol consumption - excessive 
consumption of alcohol was determines as more then 1 standard drink 
minimum 2-3 times a week).

Statistical Analysis
All data were entered and analyzed using SPSS version 16.0. The p 

value of 0.05 was considered as significant for all tests. To determine 
the sample size we used the statistical program G-Power for α=0.05 and 
Power=0.80 parameters.

Univariate analysis was used for description of demographic and 
clinical data. The main outcome variable was HBsAg status, predictor 
variable was having CCR5 mutation, and co-factors were: sex, age, 
ethnicity, alcohol consumption and HCV and HDV co-infections. 

χ2 Test was used to assess associations between dichotomous 
variables. Small subgroups were analyzed with Fisher’s exact test. 
Logistic regression was used to identify independent factors of HBsAg 
persistence.

Results
Association of HBsAg persistence with demographic factors

The likelihood of Hepatitis B persistence was 1.3 times higher 
among males (OR =1.30; 95% CI 1.09, 1.54). No significant difference 
was observed between HbsAg+ and HbsAg- groups by age and 
ethnicity.

Association of HBsAg persistence with behavioral and 
medical factors

The statistically significant association between alcohol 
consumption and HBsAg persistence was observed. HCV co-infection 
rate was higher in control group compared to cases (11.2% and 6.45%, 
respectively), although this difference could not reach statistical 
significance (p=0.28). 3.2% of HBsAg positive patients were co-infected 
with HDV. 

None of the study participants had antiviral treatment for the 

moment of the study or previous history of treatment with antivirals 
(Table 1).

CCR5 gene mutation frequency

The overall prevalence of CCR5 receptor mutation was 13.1% 
(n=37). Among controls (HBsAg-) CCR5 receptor mutation was 
detected in 16.5% (n=31), in cases - only in 6.4% (n=6); 

Cases were 2.58 times less likely to have CCR5 Δ32 mutation 
compared to controls (OR =2.58; 95% CI 1.12,5.98) (Table 2). 

Multivariate analysis revealed CCR5 receptor mutation and alcohol 
consumption as independent predictors of HBs positivity. 

Discussion
The study revealed that the frequency of hepatitis B persistency 

among persons with CCR5 mutation was 2.58-times lower compared 
to persons without CCR5 mutation (P=0.029, 95% CI 1.12,5.97). This is 
in agreement with the results of the studies by Thio et al. [8,9] where it 
was shown that viral persistence was 1.95 times more common (95% CI 
1.17, 3.23; p=0.009) in the study subjects with CCR5 +/+ than among 
individuals with at least one copy of delta32 mutated CCR5 gene [9]. 

In other studies such an association has not been demonstrated 
possibly due to the very low occurrence of the CCR5 delta32 mutation 
in the specific single ethnic populations studied. One of these studies 
(Khorramdelazad et al.) has involved 360 subjects from South-East 
of Iran (60 patients with chronic HBV infection and 300 healthy 
individuals) where none of the HBV infected patients carried CCR5 
delta32 mutation and among the healthy individuals the mutation 
frequency was as low as 1% [10-12]. The other studies have been 
conducted among single ethnic Korean populations where CCR5 
delta32 homozygosity or heterozygosity was not found in any of 
studied Korean patients [12]. No statistically significant associations 
with HBV susceptibility/persistence with the RANTES -403 and -28, 
MCP-1 -2518, CCR2 V64I, CCR5 -2459 and 59029G / 59353T, CXCR4 
I138I polymorphisms has been demonstrated in these studies [11,12].

Data opposite to our and similar findings (Thio et al.) were 
demonstrated by Suneetha et al. [13] where the frequency of 
heterozygosity of CCR5 delta 32 mutation was higher in chronic 
hepatitis B patients than in controls. Goel et al. in their recent study were 
investigating the possible additive impact of CCR5 delta32 mutation 
to the outcome of the treatment of HBV infection with antiviral 
drugs Adefovir, Lamivudine and Telbivudine, but they could not 
demonstrate a significant association of CCR5 delta32 polymorphism 
with the treatment outcome of patients with chronic HBV infection 
possibly due to the small size of the sample and the limited duration of 
the antiviral therapy [14].

All these studies provide controversial data on the role of CCR5 
delta32 mutation in the clearance vs. persistence of HBV infection. 
Further studies including functional studies will clarify the real impact 
of this particular mutation to the immunological response and the 
clinical course of HBV infection. This can lead to the possibility of 
administration of a CCR5 blocking agent along with the conventional 
antiviral drugs (e.g. nucleoside analogues) to provide higher efficiency 
towards HBV elimination form the HBV-infected organism. Such 
an approach would be the analogue to the HIV therapy where CCR5 
receptor antagonists are already used in the clinical management of 
HIV infected persons.

In our study the frequency of Hepatitis B persistency was 1.3-times 
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higher in males then in females (OR =1.30; 95% CI 1.09 to 1.54; 
P=0.0025). This is consistent with other studies showing association of 
gender with HBsAg positivity [20]. 

Multivariate analysis did not confirm gender as the independent 
risk-factor for HBV infection persistence. Gender is significantly 
associated with alcohol use (males having higher chance of frequently 
consuming alcohol). Excessive alcohol consumption is an independent 
risk-factor for HBV infection by regression analysis. 

We could not find the association between patient’s age and 
HBV infection persistence. Other researches showed association of 
chronic HBV with patient’s age only in those cases, where the age was 
ascertained at the moment of acquiring infection. Primary infection 
with Hepatitis B virus causes infection persistence in 1-10% of cases 
among adults, while proportion of patients developing chronic HBV 
after acute infection is much higher among young individuals and 
ranges from 20% (among preschool children) to 90-95% (among 
newborns) [21].

One of the methods for defining the role of genetic component 
in the genesis of infectious diseases is to find the difference between 
immune responses in different ethnic groups exposed to the same 
exposure. This study did not find the difference in HBV persistence 
between ethnic groups, unlike some other studies showing association 
of ethnicity with the risk of chronic HBV infection [22-24].

Non-vaccinated patients had 1.13-times higher rate of Hepatitis 

B persistence compared to the vaccinated cases, although statistical 
significance was not found (P=0.64, 95% CI 0.44,5.82).

In conclusion, the study gives clear evidence that genetic factors 
(CCR5 receptor mutation) play an important role in Hepatitis B virus 
persistence together with environmental/behavioral factors, such as the 
alcohol use. 
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