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Hepatitis B infection is caused by the hepatitis B vi-
rus (HBV). This virus infects the liver and can lead to 
fibrosis, cirrhosis and hepatocellular carcinoma (HCC). 
Approximately one third of the world’s population has 
been infected with HBV (Kurbanov et al. 2010). While 
chronic HBV infection is diagnosed by the presence of 
the hepatitis B surface antigen (HBsAg) and HBV DNA 
in patient serum, occult hepatitis B (OHB) is diagnosed 
by testing negative for HBsAg in serum, presence of HBV 
DNA in the liver and maintaining very low HBV DNA 
in the serum (Raimondo et al. 2008, 2010, Hollinger & 
Sood 2010). OHB infection may be further stratified by 
HBV antibody profiles into seropositive and seronegative 
categories. Seronegative subjects are negative for both 
hepatitis B core antibody (anti-HBc) and hepatitis B sur-
face antibody (anti-HBs), whereas seropositive individu-
als are positive for anti-HBc and can be either positive 
or negative for anti-HBs (Hollinger & Sood 2010). OHB 
has been reported in patients with HCC and with chronic 
hepatitis C and co-infection with OHB and HCV is as-
sociated with more severe liver disease. In regions en-
demic for HBV infection, OHB is common and there is a  

rate of 17-19% of HBV infection as a result of liver 
transplantations from donors who were HBsAg negative 
(Prieto et al. 2009). OHB has also been found in healthy 
blood donors, indicating another potential route for the 
transmission of the disease (Candotti & Allain 2009).

HBV genotypes (A-H) are heterogeneously distrib-
uted around the world. Genotypes B and C predominate 
in Asia (Osiowy et al. 2006) and genotype F is predomi-
nate in Latin America (Campos et al. 2005, Mbayed et 
al. 2009). Genotype H has been primarily detected in 
Mexico (Sanchez et al. 2002, 2007). We have shown pre-
viously that OHB genotype H is common among the eth-
nic Nahua population (Roman et al. 2010). Additionally,  
Mexico has been reported to be a low endemic area for 
HBV and there is a low association between HBV infec-
tion and HCC reported in the country (Roman et al. 2010). 
These data may indicate that the natural course of liver 
diseases in the native populations of Mexico may be dif-
ferent from what is described in high endemic areas for 
HBV infection. This suggests that the Nahua population is 
an invaluable resource to evaluate OHB infection.

Cytokines and receptors are both known to be key el-
ements in liver disease progression (Akpolat et al. 2005, 
Frodsham et al. 2006). Additionally, it is accepted that 
liver damage is likely a result of the immune response to 
HBV infection (Racanelli & Rehermann 2006, Corazza 
et al. 2009, Wang & Zhang 2009). Thus, viral transcrip-
tion repression, which results in both negative HBsAg 
and detectable levels HBV DNA in the serum, may be 
cytokine modulated. The immune mechanisms that 
modulate OHB are poorly understood in vivo. There-
fore, we measured relative serum cytokines levels in 
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A high prevalence of occult hepatitis B (OHB) genotype H infections has been observed in the native Mexican 
Nahua population. In addition, a low incidence of hepatitis B virus (HBV)-associated hepatocellular carcinoma has 
been described in Mexico. The immune response to infection among OHB-infected patients has been poorly evaluated 
in vivo. Therefore, we assessed the expression profiles of 23 cytokines in OHB genotype H-infected Nahua patients. 
A total of 41 sera samples from natives of the Nahua community were retrospectively analysed. Based on their HBV 
antibody profiles, patients were stratified into two groups: OHB patients (n = 21) and patients that had recovered 
from HBV infection (n = 20). Herein, we report distinctive cytokines profiles in OHB-infected individuals. Compared 
to healthy controls (n = 20) and patients who resolved HBV infection, OHB-infected patients displayed an increase in 
interleukin (IL)-2 secretion in addition to a characteristic inflammation profile (decrease in IL-8 and tumour necro-
sis factor-alpha levels and increased levels of tumour growth factor-beta). IL-15 and interferon-gamma levels were 
reduced in OHB-infected individuals when compared to those patients who resolved HBV infection. In contrast, OHB 
patients showed an increase in monocyte chemoattractant protein (MCP)-1 and MCP-2 compared to healthy controls 
and patients who resolved HBV infection. These findings suggest that cytokine expression can influence the severity 
of OHB disease and could lead to new investigation into the treatment of liver and other infectious diseases.
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OHB-infected Nahua natives to determine if cytokine 
expression levels distinguish OHB, genotype H-infected 
patients as a result of a coordinated immune response.

SUBJECTS, MATERIALS AND METHODS

Subjects - A previous, cross-sectional study conduct-
ed by our group revealed that OHB genotype H infection 
is common among members of the Nahua community 
(Roman et al. 2010). In the present study, 41 sera sam-
ples from Nahua subjects were retrospectively analysed. 
Based on their molecular and HBV antibody profiles, 
patients were classified in two groups: 21 OHB, geno-
type H-infected patients (HBsAg-, HBV DNA+, anti-
HBc+/-) and 20 Nahua patients who had recovered from 
HBV infection (HBsAg-, HBV DNA-, anti-HBc+). A 
total of 20 healthy Nahua donors (HBsAg-, HBVDNA-, 
anti-HBc-) were also studied. All patients were negative 
for antibodies to hepatitis C virus and human immuno-
deficiency virus (Roman et al. 2010).

Clinical history and demographical data were col-
lected from all participants by a structured questionnaire 
as previously reported (Roman et al. 2010). Liver alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) levels were measured in patient serum by an en-
zymatic method (Human, Wiesbaden, Germany) in an 
automated analyser. Abnormal cut-off values for ALT 
and AST enzymes were 40 UI/mL and 50 UI/mL, re-
spectively (Roman et al. 2010). Individual liver enzymes 
levels were retrospectively analysed from the patient’s 
medical records and grouped according to the categories 
described in the study (Table). There were no significant 
differences between the demographic variables (age/
gender) of the patient and control groups (Table). 

Serology - All serum samples were screened previ-
ously for HBsAg and anti-HBc (total immunoglobulin 
M and immunoglobulin G) with IMx CORE (Abbot 

Laboratories, Chicago, IL, USA) microparticle enzyme 
immunoassays on an IMx analyser according to the 
manufacturer’s guidelines (Roman et al. 2010). These 
data were retrospectively analysed and grouped accord-
ing to the categories described in this study (Table).

OHB diagnosis - Assays of the highest sensitivity 
and specificity must be used for OHB diagnosis. The op-
timal, standard analysis methods for HBV DNA extract-
ed from plasma samples are nested polymerase chain 
reaction (PCR) and sequencing. To avoid false-negative 
and false-positive results, designed PCR primers should 
span at least three genomic regions of the HBV genome 
(Raimondo et al. 2010). Therefore, nested PCR primers 
were used to amplify and detect the S and C regions in 
purified viral DNA from patient serum (Sanchez et al. 
2002). Amplification of the core region of HBV was per-
formed as described previously (Torres-Baranda et al. 
2006). HBV DNA samples that were determined to be 
positive were further tested with genotype H-specific 
primers (Roman et al. 2010). 

Cytokine production - A dot blot-based assay was 
used according to the manufacturer’s instructions 
(Ray-Biotech, Norcross, GA, USA) to detect relative 
expression levels of pro-inflammatory cytokines [in-
terleukin (IL)-8, tumour necrosis factor-alpha (TNF-α), 
IL-2, IL-1 and IL-6], anti-inflammatory cytokines [IL-
13, tumour growth factor-beta (TGF-β) and IL-10], 
immunoregulatory cytokines [IL-5, IL-15, interferon-
gamma (IFN-γ), IL-7 and TNF- β], chemokines [mono-
cyte chemoattractant protein (MCP)-1, MCP-2, MCP-3, 
monokine induced by IFN-γ (MIG) and regulated 
upon activation, normal T-cell expressed and secreted 
(RANTES)] and growth factors [growth regulated on-
cogene (GRO)-α, GRO, IL-3, granulocyte-macrophage 
colony-stimulating factor (GMCSF) and granulocyte 
colony-stimulating factor (GCSF)] in serum samples 
taken from patients as described previously (Xu et al. 
2004, Fierro et al. 2006). Briefly, the membranes were 
blocked with a blocking buffer and 1 mL of a 1:500 dilu-
tion of serum from either healthy donors, OHB patients 
or patients who had recovered from HBV infection was 
added to the membrane and incubated at room temper-
ature (RT) for 2 h. The membranes were washed and  
1 mL of primary biotin-conjugated antibody was added 
and incubated at RT for 2 h. The membranes were incu-
bated with 2 mL of horseradish peroxidase-conjugated 
streptavidin at RT for 1 h. The membranes were devel-
oped by using enhanced chemiluminescence-type solu-
tion, were subsequently exposed to film and processed 
by autoradiography. The densitometry analysis was 
performed with an Alpha-Innotech FluorChem Imag-
ing System. For each membrane, the individual back-
ground value obtained from densitometry values from 
blank controls included in each assay (Fig. 1A) were 
subtracted from densitometry values corresponding to 
each cytokine. Densitometry units corresponding to 
each cytokine are shown.

Detection of IL-2 production by enzyme linked im-
munosorbent assay (ELISA) - The Quantikine Human 

TABLE
Clinical characteristics of patients and controls

Healthy 
donors OHB Resolved HBV

N 20 21 20
Female (%) 80 76 70
Age (years) 28.7 ± 11.58 27.81 ± 8.02 28.25 ± 10.96
Median ALT
(IU/L ± SD)

24.8 ± 14.85 40.91 ± 22.05 32.85 ± 16.01

Median AST
(IU/L ± SD)

25.25 ± 8.71 32.61 ± 12.04 28.05 ± 8.01

HBsAg status - - -
Anti-HBc status - +/- +
HBVDNA - + -

ALT: alanine aminotransferase; anti-HBc: hepatitis B core 
antibody; AST: aspartate aminotransferase; HBsAg: hepatitis 
B surface antigen; HBV: hepatitis B virus; IU: international 
units; OHB: occult hepatitis B; SD: standard deviation. 



1009Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 106(8), December 2011

IL Immunoassay ELISA test was used to determine the 
concentration of IL-2. Assays were conducted in tripli-
cate according to the manufacturer’s instructions using 
the serum samples collected from patients and healthy 
donors (R&D Systems Minneapolis, MN, USA). The 
test sensitivity was 7 pg/mL.

Statistical analysis - The data are reported as indi-
vidual densitometry analyses for each patients or con-
trol for each cytokine. The concentration of IL-2 in the 
serum is reported. The mean for study groups is indi-
cated. The non-parametric Mann-Whitney U test was 
used to calculate the statistical significance for all as-
says. A p value of 0.05 was considered significant. Sig-
nificant p values were corrected by Bonferroni’s test to 
verify that there was indeed a difference between the 
groups compared.

Ethics - Informed consent was obtained from all 
participants in the study. The local ethical committee of 
the Hospital Civil de Guadalajara Fray Antonio Alcalde 
approved the study protocol (Roman et al. 2010). The 
protocol was conducted in accordance with the Helsinki 
Declaration of 1975 as revised in 1983.

RESULTS

Analysis of pro-inflammatory cytokines in OHB-
infected patients suggests a distinct expression profile -  
There were no significant differences between the clinical 
characteristics of the analysed groups, but was trending 
toward increased hepatic enzyme levels in OHB-infected 
individuals (Table). We hypothesised that Nahua OHB-
infected patients have differences in anti-inflammatory 
cytokine secretion levels. Consequently, we tested serum 
samples from HBV-infected Nahua individuals.

Serum samples from each study group were analy-
sed by dot blot-based assays to detect the relative ex-
pression levels of pro-inflammatory cytokines IL-8, 
TNF-α, IL-2, IL-1 and IL-6. The averages determined 
for each group are shown in Fig. 2. High IL-6 levels are 
associated with a reduction in HBV replication and IL-1 
is important in many inflammatory processes associ-
ated with HBV infection, including HCC (Hirankarn et 
al. 2006, Kuo et al. 2009). However, IL-1 and IL-6 lev-
els were undetectable in the study groups. Interestingly, 
a significant reduction in IL-8 and TNF-α was observed 
between both OHB-infected patients and in patients that 
had resolved HBV infection when comparing to healthy 
controls (Fig. 2A, B). Serum IL-2 levels were undetect-
able in the healthy individuals and in patients that had 
resolved HBV infection. Conversely, a total of 21 OHB-
infected patients had significantly increased IL-2 lev-
els (Fig. 2C). These data suggest that IL-2 could be a 
potential marker to distinguish OHB-infected individu-
als. Therefore, we compared study groups by a conven-
tional ELISA assay to determine IL-2 concentration in 
the serum. Serum IL-2 detection was performed in 20 
healthy controls, 20 patients that had cleared HBV in-
fection and 21 OHB-infected patients. Healthy controls 
and patients that had recovered from HBV infection had 
undetectable IL-2 levels. In contrast, serum IL-2 levels 
were slightly higher than the lower detection limit in 

17 OHB-infected patients (8.6 pg/mL average). Serum 
samples that had the lowest levels of IL-2 observed by 
dot blot were undetectable by ELISA (Fig. 2D). This 
demonstrates that the dynamic range of the dot blot-
based assay was greater compared to the ELISA tech-
nique. These data support the use of the dot blot assay to 
evaluate the relative expression level of cytokines IL-2. 
Moreover, the differential pattern of serum IL-2 con-
centration between study groups suggests a distinctive 
cytokine expression in OHB-infected patients.

Increased TGF-β levels in OHB-infected patients 
supports a differential anti-inflammatory process - Our 
data suggests a difference between the pro-inflamma-
tory profiles of the OHB-infected patients compared to 
the healthy controls and the patient that had resolved 
HBV infection (Fig. 2). Subsequently, we investigated 
whether these differences represented a general mecha-
nism for anti-inflammatory proteins or whether it was 
specific for pro-inflammatory cytokines. We performed 
the dot-blot based assay described in Fig. 2 to determine 
the relative expression levels of IL-13, TGF-β and IL-10 
in each of the study groups. No significant changes in 
IL-13 levels were observed between each study group 
(Fig. 3A). The anti-inflammatory cytokine TGF-β was 
below detectable levels in the serum of healthy con-
trols and there was an increase in TGF-β observed in 
the OHB-infected patients compared to the patients that 

Fig. 1: pro-inflammatory analysis reveals distinct cytokines profiles 
in occult hepatitis B (OHB) patients. A dot blot assay was used ac-
cording to the manufacturers’ instructions to detect cytokines in se-
rum samples from native Nahua individuals (Ray-Biotech, Norcross, 
GA, USA). For each membrane, the individual background levels 
were subtracted. Individual densitometry analyses and averages for 
each group are showed: interleukin (IL)-8 (A), tumour necrosis factor 
alpha (TNF-α) (B) and IL-2 (C). The Quantikine Human IL Immu-
noassay enzyme linked immunosorbent assay test was used to deter-
mine the concentration of IL-2 in sera samples (D). DU: densitometry 
units; healthy: hepatitis B surface antigen negative (HBsAg-), hepa- 
titis B virus (HBV)DNA and hepatitis B core antibody (anti-HBc-) (n 
= 20); OHB: HBsAg-, HBVDNA and anti-HBc+/- (n = 21); resolved 
HBV: HBsAg-, HBVDNA and anti-HBc+ (n = 20). A p value of 0.05 
was considered significant. 
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had recovered from HBV infection (Fig. 3B). A reduc-
tion in IL-10 was observed in OHB-infected patients and 
healthy individuals compared to the patients that had re-
covered from HBV infection (Fig. 3C). However, these 
differences were not significant. These results suggest 
the presence of distinct inflammatory profiles in the 
OHB-infected patients when compared to patients who 
had resolved HBV infection.

Distinct IL-15 and IFN-γ profiles identified in OHB-
infected patients and patients who resolved HBV in-
fection - Based on our data, it is logical to assume that 
differences would be seen in the immunoregulatory cy-
tokine levels between study groups. We evaluated IL-5, 
IL-15, IFN-γ, IL-7 and TNF-β levels in the serum fol-
lowing the methods previously described. In all of the 
groups IL-7 and TNF-β levels were below the limit of 
detection. No differences in IL-5 levels were observed 
between the study groups (Fig. 4A). Interestingly, IFN-γ 
was undetectable in serum from OHB-infected patients 
and healthy individuals. In contrast, significant IL-15 
and IFN-γ levels were observed in patients who had re-
covered from HBV infection (Fig. 4B, C). 

OHB patients secrete chemotactic cytokines - We 
analysed the chemotactic cytokine expression profiles 
between each study group. We evaluated the levels of 
MCP-1, MCP-2, MCP-3, MIG and RANTES in patient 
serum. The OHB-infected individuals had significantly 
increased levels of MCP-1 (Fig. 5A) and MCP-2 (Fig. 
5B) compared to the healthy controls and patients that 
had resolved HBV infection. None of the study groups 
displayed differences in the level of MCP-3 in the se-
rum (Fig. 5C) and all studied individuals had undetect-
able levels of MIG. Minimal secretion of RANTES was 
found in all of the study groups (data not shown). These 
findings are consistent with the differential cytokines 
profiles observed in OHB-infected patients.

Expression of growth factors in OHB-infected patients 
- To determine the levels of growth factors in the study 
groups we used dot blot assays to evaluate the serum for 
GRO-α, GRO, IL-3, GMCSF and GCSF. The study groups 
did not have significant differences of GRO-α (Fig. 6A), 
GRO (Fig. 6B) and IL-3 levels (Fig. 6C). However, when 
OHB-infected patients were categorised and analysed 
by their anti-HBc serologic test, distinct patterns were 

Fig. 3: interferon-gamma (IFN-γ) over-expression in hepatitis B virus 
(HBV) resolved infection. The cytokines were detected as described  
in Fig. 1. The individual cytokine levels and average in each group are 
presented: interleukin (IL)-5 (A), IL-15 (B) and IFN-γ (C). DU: den-
sitometry units; healthy: hepatitis B surface antigen negative (HB-
sAg-), hepatitis B virus (HBV)DNA and hepatitis B core antibody 
(anti-HBc-) (n = 20); OHB: HBsAg-, HBVDNA and anti-HBc+/- (n = 
21); resolved HBV: HBsAg-, HBVDNA and anti-HBc+ (n = 20). A p 
value of 0.05 was considered significant. 

Fig. 2: occult hepatitis B (OHB) patients have increased tumour 
growth factor-beta (TGF-β) levels. The cytokines were detected as 
described in Fig. 1A-C. The individual cytokine levels and average in 
each group are presented: interleukin (IL)-13 (A), TGF-β (B) and IL-
10 (C). DU: densitometry units; healthy: hepatitis B surface antigen 
negative (HBsAg-), hepatitis B virus (HBV)DNA and hepatitis B core 
antibody (anti-HBc-) (n = 20); OHB: HBsAg-, HBVDNA and anti-
HBc+/- (n = 21); resolved HBV: HBsAg-, HBVDNA and anti-HBc+ 
(n = 20). A p value of 0.05 was considered significant.
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seen. Compared to the OHB-infected, anti-HBc- patients  
(n = 11), the patients that had resolved HBV infection and 
healthy donors, the OHB-infected, anti-HBc+ patients 
(n = 10), were seen to have an increased production of 
GRO-α and IL-3 (data not shown). GMCSF and GCSF 
levels were below the detection limit for all groups. This 
data strongly suggests a differential cytokine-dependent 
mechanism controlling OHB disease development.

DISCUSSION

This is the first report of a sophisticated modulation of 
pro and anti-inflammatory molecules, growth factors and 
chemokines in OHB, genotype-H infected patients (Fig. 
1). We investigated a distinctive cytokine profile in OHB-
infected patients. As reported by others (Martin et al. 
2009), a low detection rate of certain cytokines, including 
IL-1, IL-6, IL-7, TNF-β, MIG, GMCSF and GCSF, was 
also observed in our study. However, even with a reduced 
percentage of samples testing positive for HBV DNA as 
a result of the low HBV prevalence in Mexico (Roman et 
al. 2009), distinct cytokine profiles were seen in OHB-
infected patients when compared to healthy individuals 
and patients that had resolved HBV infection.

Compared to healthy individuals and patients who 
had recovered from infection, OHB-infected patients 
had increased TGF-β levels in the serum (Fig. 3B). Sur-
prisingly, along with the distinct anti-inflammatory pro-
file observed, an over-expression of IL-2 was exclusively 
found in OHB-infected patients (Fig. 2C, D), whereas a 
reduction in pro-inflammatory cytokines, such as IL-8 
and TNF-α, was observed in OHB-infected patients and 
those who had resolved HBV infection when compared 
to healthy individuals (Fig. 2A, B). TGF-β modulation in 
OHB-infected patients is consistent with TGF-β involve-
ment in the progression of liver disease (Cheong et al. 
2006, Douglas et al. 2010, Li et al. 2010). A decreased 
ability to produce IL-2 in HBV-infected patients with 
higher viral loads (Das et al. 2008) and the fact that high 
concentrations of IL-2 in the serum are related with an 
early and spontaneous seroconversion and disease reso-
lution (Debnath et al. 2005) support an essential role of 
IL-2, which we found to be important in OHB-infected 
patients. Thus, our data suggest that viral transcription 
repression that results in an HBsAg negative serologic 
test and undetectable levels of HBV DNA in the serum 
may be IL-2 modulated in OHB-, genotype-H-infected 

Fig. 4: the chemokine secretion induced by occult hepatitis B (OHB) 
infection. The cytokines were detected as described in Fig. 1. The 
individual cytokine levels and average in each group are presented: 
monocyte chemoattractant protein (MCP)-1 (A), MCP-2 (B) and 
MCP-3 (C). DU: densitometry units; healthy: hepatitis B surface an-
tigen negative (HBsAg-), hepatitis B virus (HBV)DNA and hepatitis 
B core antibody (anti-HBc-) (n = 20); OHB: HBsAg-, HBVDNA and 
anti-HBc+/- (n = 21); resolved HBV: HBsAg-, HBVDNA and anti-
HBc+ (n = 20). A p value of 0.05 was considered significant.

Fig. 5: the differential profiles of growth factors in occult hepatitis B 
(OHB). The cytokines were detected as described in Fig. 1. The indi-
vidual cytokine levels and average in each group are presented: growth 
regulated oncogene (GRO)-alpha (GRO-α) (A). GRO (B) and interleukin 
(IL)-3 (C) average levels. DU: densitometry units; healthy: hepatitis B 
surface antigen negative (HBsAg-), hepatitis B virus (HBV)DNA and 
hepatitis B core antibody (anti-HBc-) (n = 20); OHB: HBsAg-, HBVD-
NA and anti-HBc+/- (n = 21); resolved HBV: HBsAg-, HBVDNA and 
anti-HBc+ (n = 20). A p value of 0.05 was considered significant.
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Nahua patients. However, studies with an increased 
number of patients should be completed to evaluate this 
hypothesis. In addition, findings demonstrating that a 
strong and sustained CD4+ T cell-specific Th1 response 
during hepatotropic virus infections can result in clear-
ance of viral infection (Corazza et al. 2009) are consis-
tent with our observation of IFN-γ over expression pa-
tients who resolved HBV infection (Fig. 4C). 

Although recent reports have associated OHB infec-
tion with HCC development (Chemin et al. 2009, De Mitri 
et al. 2010), the risk of HBV reactivation in OHB infec-
tion is still unclear. We did not find a significant differ-
ence in the analysed growth factors in our study groups 
(Fig. 6). However, increased levels of GRO-α and IL-3 in 
OHB-infected, anti-HBc+ patients were seen compared 
to OHB-infected, anti-HBc- patients (data not shown). In 
addition, a significant increase in MCP-1 and MCP-2 se-
cretion (Fig. 5A, B) and a slight increase in ALT and AST 
were observed in the OHB-infected individuals (Table). 
Given that the processes involved in cell differentiation 
and the progression of hepatic diseases, such as HCC, are 
modulated through multiple growth factors and chemok-
ines, our preliminary data could suggest that OHB-in-

fected, anti-HBc+ patients could have a more severe out-
come of infection. However, there are several studies that 
should be completed to evaluate this hypothesis. Our data 
suggests that a coordinated cytokine response against 
HBV infection determines the immune response that de-
velops during OHB infection, making it potentially plau-
sible to distinguish between OHB-infected patients who 
have a higher risk to develop liver damage. 

In summary, our results highlight differences in cy-
tokine levels in the serum that can distinguishing OHB-
infected patients from patients that resolved HBV in-
fection, and these results are consistent with a cytokine 
involvement during the immune response to viral infec-
tion (Chen et al. 2005, Falasca et al. 2006, Basturk et al. 
2008, Chan et al. 2008, Larrubia et al. 2009, Macedo et 
al. 2010). Large-scale studies that involve distinct eth-
nic groups infected with different HBV genotypes are 
needed to determine how genetics may influence OHB 
development. Our data has therapeutic potential for the 
treatment and diagnosis of hepatic diseases and could 
lead to new areas of investigation.
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