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Abstract
Background: The hepatitis B virus (HBV) is one of the leading causes of acute, chronic and occult
hepatitis (OBI) representing a serious public health threat. Cytokines are known to be important chemical
mediators that regulate the differentiation, proliferation and function of immune cells. Accumulating
evidence indicate that the inadequate immune responses are responsible for HBV persistency. The aim of
this study were to investigate the cytokines IFN-γ, TNF, IL-2, IL-4, IL-6, IL-10 and IL-17A in patients with OBI
and verify if there is an association between the levels of these cytokines with the determination of
clinical courses during HBV occult infection.

Methods: 114 patients with chronic hepatitis C were investigated through serological and molecular tests,
the OBI coinfected patients were subjected to the test for cytokines using the commercial human CBA kit
and the results were compared with healthy controls with no history of liver diseases.

Results: Among 114 HCV patients investigated, 11 individuals had occult hepatitis B. The levels of
cytokines were heterogeneous between the groups, most of the cytokines showed higher levels of
production detection among OBI individuals when compared to the control group. We found a high level
of IL-17A in the control group and high levels of TNF, IL-10, IL-6, IL-4 and IL-2 in OBI patients.

Conclusion: These cytokines could be involved in the persistence of HBV DNA in hepatocytes triggers a
constant immune response, inducing continuous liver in�ammation, which can accelerate liver damage
and favor the development of liver cirrhosis in other chronic liver diseases.

Background
Hepatitis B virus (HBV) affects 2 billion people worldwide. Of these, approximately 350 million have a
chronic infection with a risk of developing a serious condition, with cirrhosis and hepatocellular
carcinoma (HCC), which cause 500 to 700 thousand deaths per year in the world [1, 2]. The disease
caused by the HBV can result in asymptomatic infection, acute self-limiting hepatitis, chronic hepatitis,
fulminant hepatitis, occult HBV infection (OBI) and in more severe cases requires liver transplantation [3].

The persistence of replication-competent HBV DNA (i.e. episomal HBV covalently closed circular DNA
[cccDNA]) in the liver tissue and/or blood of patients with negative results for the hepatitis B surface
antigen (HBsAg) antigen by currently available assays is called occult HBV infection [4–6]. It can occur
after the resolution of a self-limited acute infection or after a long time of infection, if there is any clinical
evidence or biochemical change in liver function, using these virus carriers, with a potential risk of
transmitting the infection [5, 7, 8]. In this context, the antibody against the viral core (anti-HBc) should be
considered to investigating patients for OBI [9, 10].

There are three types of OBI: seropositive, seronegative and a case called “false”. Seropositive OBI is
characterized by the detection of anti-HBc antibody with or without anti-HBs. The OBI seronegative is
characterized by undetectable antibodies both anti-HBc and anti-HBs. OBI seropositive is responsible for
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the vast majority of OBI cases, which can be attributed to the higher proportion of resolved HBV
infections. However, more than 20% of individuals with OBI do not have serological markers, either due to
the drop-in antibody titers over time that become undetectable, or because there has never been
seroconversion, this latter case is known as OBI seronegative [11]. Thus, OBI can be found both in
seropositive individuals (with the presence of anti-HBc accompanied or not by anti-HBs), and in
seronegatives, making HBV-DNA the only marker of HBV infection, detectable at low levels (< 200 IU/mL)
[5]. "False" OBI occurs due to the presence of mutations in the S gene (escape mutants) that produce
modi�ed HBsAg that are not recognized by commercially available detection assays [11–13].

Although the clinical implications are almost minimal in patients with OBI, the biggest concern is the fact
that transmission to healthy people even with very low viral load values. There is also the possibility or
ability to reactivate viral replication in the presence immunosuppression, which can lead to severe acute
conditions and liver decompensation with high mortality [6, 14].

The mechanisms involved in the pathogenesis of OBI have been the subject of several studies, but they
still need to be clari�ed. The pathogenesis of OBI can be multifactorial depending largely on the virus-
host interaction, mediated by the immune response [15]. Several evidences demonstrate that the virus-
host interactions are related to the induction and maintenance of the occult phase of infection by the
hepatitis B virus. The host's immune response is linked to viral persistence and the immunopathogenesis
of the infection [16]. Concomitant hepatitis C virus (HCV) infection and other risk factors, such as alcohol
consumption, are also associated with occult HBV infection that can progress to chronic liver disease
[17]. HBV reactivation has been reported in patients with chronic HCV infection under treatment with more
recent direct-acting antivirals (DAA), resulting in fulminant hepatitis, liver failure and, in some cases,
death [18].

The prevalence of OBI among patients with chronic hepatitis C (CHC) varies widely from 0–52% [19]. HBV
can maintain its oncogenic potential in all clinical situations of the course of its infection, including OBI
and it is estimated that the existence of other causes that lead to liver damage, such as HCV co-infection,
accelerate this process [20]. Some studies indicate that OBI unfavorably affects the progression of liver
�brosis and the development of HCC in patients with CHC [21–23].

The aim of this study was to investigate the presence of pro and anti-in�ammatory cytokines IFN-γ, TNF,
IL-2, IL-4, IL-6, IL-10 and IL-17A in patients with occult hepatitis B and to verify if there is an association
between the levels of these cytokines with the determination of clinical courses during HBV occult
infection.

Materials And Methods
Population Studied

This is a retrospective cross-sectional study conducted in patients prior to commencement of DAA
treatment who had attended the Outpatient Clinic of Liver Disease at the Gaffrée and Guinle University
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Hospital (Rio de Janeiro, Brazil) from January to December 2018. All patients enrolled into the study
signed an informed consent form after being provided all necessary information to make an informed
decision. Socio-epidemiological data, information about infection, HBV treatment and risk behaviors were
obtained from each patient record or from the questionnaire.

Serum samples were collected from a cohort of 114 consecutive HCV patients. All serum samples were
HCV RNA-positive and examined for total anti-HBc and HBsAg via immunoenzymatic assays (EIA).
Samples positive for anti-HBc with no HBsAg indicating seropositive OBI were further examined using
real-time PCR (qPCR) and nested PCR [24]. The HBV DNA was additionally sequenced for genotyping.
Occult infections were considered as those with viral DNA in the serum tissue of HBsAg-negative
individuals. Of the 114 HCV patients, 11 individuals had occult hepatitis B and were included in this
study. Healthy controls (10 subjects) were selected from donors of similar age and with no history of liver
diseases. 

Biochemical tests 

Serum samples were subjected to biochemical assays of liver enzymes, such as aspartate
aminotransferase (AST); alanine aminotransferase (ALT); alkaline phosphatase; total, direct and indirect
bilirubin; and gamma-glutamyl transferase (GGT) via immunoenzymatic assays (EIA). 

Cytokine quanti�cation 

Peripheral blood obtained from patients and healthy controls were centrifuged on 800g for 10 min at
room temperature. Sera were collected and stored at −70 °C until test performance. Sera levels of IFN-γ,
TNF-α, IL-2, IL-4, IL-6, IL-10 and IL-17A were evaluated using a commercial BD CBA Human
Th1/Th2/Th17cytokines kit (Becton Dickinson, USA). The test was performed according to the
manufacturer’s instructions. 

Data analysis

The SPSS 2.0 program was used to perform the statistical analyzes. Descriptive statistics of the
qualitative variables was determined by frequency distribution and quantitative variables by median and
P25-75. Afterwards, the normality of data distribution was assessed by the Kolmogorov-Smirnov test. The
Mann-Whitney nonparametric test was used to compare cytokine levels between the groups of occult
HBV patients and controls. Values of p ≤ 0.05 and 95% con�dence intervals (CIs) were considered as
signi�cant for all statistical analysis. Graphs were built using Graphpad 5.0 (Graphpad software, San
Diego, CA, USA). 

Ethical approval

The study protocol was approved by the Research Ethics Committee of the Institute Oswaldo Cruz (CAAE
34246914.4.1001.5248 number 2.927.747/18).
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Results
Sociodemographic and bioclinical characteristics of the study population 

Occult HBV infection was detected in eleven patients (9,64%).  The majority of the OBI patients was
woman (54.5%) with a mean age of 65.17± 9.57. The patients had received treatment with pegylated
interferon (80 mcg) and ribavirin (1.0 g per day) for 24 weeks without HCV clearance. No patients
developed ALT and AST �areups and all were anti-HB-positive, with viral loads ranging from 207.14 to
266114.8 IU/mL (8.5x10² to 1.49x10  copies/mL). Patients with the highest viral loads were positive for
S-region ampli�cation via nested-polymerase chain reaction (nested-PCR) and HBV in these cases was
classi�ed as genotype A (A1 and A2 subtypes).

Nine patients had chronic active hepatitis C, grade 4, with cirrhosis (F4, 14.1 - 46.4 kPa; �broscan), and
two patients had chronic active hepatitis C, grade 2, with cirrhosis (F2, 6.8 - 6.9 kPa; �broscan). After the
study, all patients were re-treated with sofosbuvir (400 mg) + daclatasvir (60 mg) + ribavirin (1.0 gram),
following which HCV remained undetectable. Information on gender, age distribution, viral load and
genotype distribution of the OBI patients are described in table 1 (Table 1).
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Table 1. Demographic and clinical data in Patients Infected with HCV and Occult Hepatitis B. Rio de Janeiro, 2018.
Categorical variables N %
Gender    

Female 06 54.5
Male 05 45.5

Fibrosis stage    
F2 02 18.2
F4 09 81.8

Genotype HCV    
1a 05 .             45.5
1b 04 36.4
3a 02 18.2

Genotype HBV    
A1 01 9.1
A2 02 18.2
ND 08 72.7

Continuos variables mean SD
Age (years) 65.64 6.89
Viral Load (log) 3.36 1.01
ALT* 62.91 29.92
AST* 72.09 41.95
GGT* 76.64 64.02
BT* 0.67 0.27
Copies/mL - HBV 1.76E+07 4.56E+07
IU/mL** 32,851.90 80,988.23
Continuos variables median P25-75
Age (years) 66 62-69
Viral Load (log) 3.26 2.61-3.71
ALT* 68 39-76
AST* 71 33-109
GGT* 65 38-94
BT* 0.80 0.40-0.90
Copies/mL - HBV 1.03E+04 2.26E+03-8.50E+04
IU/ml** 1,839.5 403-5,178.1

 

SD = standard deviation; ND = not determined; P25 = 25th percentile; P75 = 75th percentile; *AST (alanine
aminotransferase) - Reference values in chronic hepatitis: < 31 U/L (women) and 37 U/L (men); *ALT (alkaline
phosphatase) - Reference values in chronic hepatitis: <31 U/L (women) and <41 U/L (men); *GGT (gamma-
glutamyl transferase) – Reference values 8-61 U/L (men) and 5-36 U/L (women); *BT (total   **1 copies/ml.
corresponds to 5.26 IU/ml).

Expression levels of cytokines

In the present study, a signi�cant difference were found in IL-17A (p= 0,016); TNF (p= 0.020), IL-6 (p <
0.0001), IL-4 (p = 0.024) and IL-2 (p = 0.043) and except for IL-17A, all evaluated cytokines obtained
higher medians were compared to healthy controls (Figure 1 and Table 2).

Table 2.  Sera cytokine levels in HBV occult patients and healthy controls.
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Citokyne Control OBI  
  median P25-P75 median P25-P75 P-value Mann-whitney

IL-17A 10.36 7.92-12.67 6.38 1.34-8.26 0.016
INF-Y 0.43 0.0-0.65 0.43 0.0-5.32 0.512
TNF 0.0 0.0-0.99 2.77 1.02-24.80 0.020
IL-10 0.25 0.12-0.56 2.38 0.0-2.74 0.114
IL-6 0.67 0.43-1.76 9.76 7.51-23.33 <0.001
IL-4 2.22 1.54-2.97 6.14 1.87-20.98 0.024
IL-2 0.0 0.0-1.11 1.22 0.0-8.64 0.043

25th percentile (P25) and 75th percentile (P75) according to different levels of cytokines.

When we compare the mean concentration found in this study, we can observe that IL-10 (p=0.031), IL-6
(p=0.025) and IL-4 (p= 0.045) were higher in HBV occult group patients compared to healthy controls. For
IL-17A (0.033), a higher mean was obtained in the control group (Table 3).

Table 3. Mean ± standard deviation (pg/mL) values of cytokines in each group.

IL-17A IFN-Y TNF IL-10 IL-6 IL-4 IL-2
group 5.58 ± 4.96 2.92 ± 4.46 16.87 ± 32.61 2.34 ± 2.33 18.99 ± 22.39 11.63 ± 13.43 4.76 ± 7.35
l group 9.76 ± 3.00 0.35 ± 0.32 0.78 ± 1.60 0.53 ± 0.78 1.12 ± 1.06 2.31 ± 1.22 0.37 ± 0.53

alue  0.033 0.086 0.133 0.031 0.025 0.045 0.076

Discussion
Antiviral immune responses in OBI are continuously stimulated by persistent/intermittent low
concentrations of HBV antigens and cytokines can play an important role in controlling HBV replication
[6]. In this present study, the levels of cytokines in OBI patients were heterogeneous, showing
dissemination over a wide range of values with high standard deviations. In the present study, the
prevalence of OBI in patients with CHC was 9.6%. Previous studies analyzing serum samples of Brazilian
HCV infected patients found frequencies of OBI ranging from 0 to 24% [25-31].

OBI patients usually have a low viral load with suppression of HBV replication and thus, most OBI
patients have normal liver histology or minimal �brosis. However, they are still at risk of developing liver
cirrhosis. The prevalence of OBI in cirrhotic patients varies widely from 4 to 38% between different
regions of the world [22,32].

The persistence of HBV DNA in hepatocytes triggers a constant immune response, inducing mild but
continuous liver in�ammation, which can accelerate liver damage and favor the development of liver
cirrhosis in other chronic liver diseases, such as in patients with chronic hepatitis C [22,33-35]. OBI can
contribute to the development of HCC under direct and indirect mechanisms similar to those of chronic
HBV infection [36].
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In addition, the presence of OBI is believed to have an adverse effect on the response to treatment in IFN-
based therapies [37]. A study that compared patients with chronic hepatitis C with HBV DNA positive and
HBV DNA negative, the presence of OBI was associated with a decrease in the success of antiviral
therapy [38]. 

In our study we found a signi�cant increase in the detection of IL-2 in occult patients when compared to
healthy controls, another study found overexpression of IL-2 exclusively in patients infected with OBI
when compared to healthy individuals and patients who resolved HBV infection [43]. IL-2 plays an
important role in the e�cient development of effector cytotoxic CD8 + T cells, effector cells with a high
expression of receptors for IL-2 (IL-2R) are cells that cause direct damage to the liver [44].

Baskic et al., 2017 [45] investigating the cytokine pro�le in chronic hepatitis C demonstrated that median
levels of cytokines TNF-α, IL-2, and IL-17A were lower in patients with HCV than in controls. In our study,
low levels of IL-17A were also found in OBI and HCV co-infected patients, however high levels of TNF-α
and IL-2 were found when compared to controls. Some studies have already shown that IL-17A is
positively regulated in chronic HBV-mediated in�ammation and may be relevant for the development of
liver cirrhosis and HCC [46-48]. IL-17A can also signi�cantly stimulate monocytes and DCs to express
their ligand (IL-17R) and produce pro-in�ammatory cytokines such as IL-1β, TNF-α, IL-6, etc., which are
important for liver damage during progression of chronic hepatitis B [49]. 

Other cytokines possibly involved in OBI include increased interleukin 10 (IL-10), IL-10 can leads to
reduced expression of IL-12, stromal cell-derived factor (SDF)-1α, and C-C chemokine receptor (CCR),
which leads to the interruption of T and natural killer cells (NK cell) activation and the recruitment of
immune cells to the infected liver [50]. Our study shows a signi�cant difference in IL-10 levels in OBI
patients compared to controls. Compared to healthy individuals, IL-10 production is also increased in
patients with only chronic hepatitis C. The HCV RNA load is closely associated with IL-10 expressions,
and inhibition of HCV replication was accompanied by a reduction in IL-10 [41]. However, some studies
have already demonstrated reduced levels of IL-10 in HIV patients co-infected with occult HBV compared
to HIV patients co-infected with chronic HBV [39]. 

In vivo levels of IL-6 have been associated with plasma ALT levels and the degree of liver �brosis in
patients with HCC in HCV monoinfected patients [51]. We found high levels of IL-6 in the occult group and
it is well known that IL-6 can play two important roles in the pathogenesis of hepatitis B, can protect the
liver from virus infections by stimulating immune responses against infected hepatocytes and can
 inhibit the HBV entry in hepatocytes up to 90% when cells are treated with IL-6 resulting in a marked
reduction in cccDNA and HBsAg secretion [52]. But the IL-6 can also play an important role in the
induction of hepatitis, cirrhosis, and HCC [53,54]. 

A previous study conducted with HIV co-infected individuals and in non-coinfected patients,
demonstrated a low detection rate of IL-6 in patients infected with OBI when compared to healthy
individuals and patients who resolved HBV infection [43]. 
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We found levels of IL-4 signi�cantly increased in occult patients. IL-4 is a cytokine that can suppress the
Th1-type response, maintaining persistent HBV replication and promoting immune tolerance [42,55,56]. A
study conducted by Zhang et al., 2014 [57] showed that patients with severe hepatitis C had higher levels
of IL-4 compared to milder cases. 

There were some limitations in the present study. The biggest limitation was the low number of patients
with OBI, but the most of studies with OBI and cytokines analyses from 12 to 30 samples [39,43,58]; and
the second limitation was that there are few studies on the cytokine production pro�le in patients with
OBI. Therefore, our study can contribute to a better understanding of the complex response process
related to cytokine production in HCV coinfection with OBI.

Conclusion
In conclusion, the results of the present study suggest that there is a signi�cant difference in the
detection of IL-17A, TNF, IL-10, IL-6, IL-4 and IL-2 in OBI patients when compared to healthy controls.
However, further studies are needed to better understand the complex regulatory mechanisms of the host
in�ammatory response related to cytokine production during OBI infection and to understand the
differences in mechanisms underlying infection resolution or the establishment of virus persistence. The
expression of distorted cytokines exists in HCV co-infection with OBI and the exploration of this pattern of
cytokine expression can help to develop a better understanding of the pathogenesis of chronic co-
infection by OBI and HCV.
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Figure 1

Expression levels of in�ammatory cytokines in serum from various clinical states of hepatitis B virus
infection and controls. Mann Whitney non-parametric test was used to analyze the differences between
the groups
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