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Editorial

Natural history of HCV infection: 
what is the public health impact of 
untreated disease?
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HCV is a ssRNA virus which belongs to the 
large Flaviviridae family (reviewed in [1]). 
The RNA genome consists of a single 
9600 bp open-reading frame encoding for 
a single polyprotein of about 3010 amino 
acids, which is processed by cellular and 
viral proteases into structural (core and 
envelope) and nonstructural proteins with 
enzymatic activity essential for the virus 
life cycle (p7, NS2, NS3/4A protease/heli-
case, NS4B, and NS5A and NS5B, the 
latter being the RNA-dependent RNA 
polymerase) [1]. HCV replicates in the 
cytoplasm of hepatocytes within a struc-
ture, defined as membranous web which 
makes it easily curable with newly available 
direct acting antivirals. The virus circu-
lates in the host as a quasispecies of closely 
linked, yet sufficiently diverse, variants 
that cluster into seven different genotypes 
and several subtypes that are differentially 
distributed worldwide [2].

It is estimated that approximately 
170 million people carry circulating anti-
bodies to HCV and about one half are 
permanently infected [3]. Infection has 

spread through iatrogenic transmission 
during massive parenteral treatment for 
schistosomiasis, leprosy, syphilis and yaws 
with reusable syringes [4], transfusion of 
blood and blood products, surgery, intra-
venous drug injection [5]. Heterosexual 
and mother-to-infant transmission is very 
low [6,7], whereas men who have sex with 
men (MSM) can more often be infected [8]. 
Infection is virtually always asymptomatic 
and becomes chronic in 50–80% of the 
cases, depending on certain polymor-
phisms of the IFN-λ3 gene [9]. Reinfection 
with the same or other genotypes is pos-
sible in multiply exposed individuals, such 
as people who inject drugs [10], since adap-
tive immunity does not confer protection. 
Consequently, attempts at developing tra-
ditional vaccines have by and large been 
unsuccessful.

Once chronic infection is established, 
progression to chronic liver disease, cirrho-
sis and hepatocellular carcinoma (HCC) 
may take several years or may even not 
take place at all. Slow progressors usually 
acquire the infection in early life. Predictors 
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“Hepatitis C virus replicates in the cytoplasm of 
hepatocytes within a structure, defined as 

membranous web which makes it easily curable 
with newly available direct acting antivirals.”

“Reinfection with the same or 
other genotypes is possible in 

multiply exposed individuals, such 
as people who inject drugs, since 

adaptive immunity does not confer 
protection.”
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of fast progression include nonmodifiable (age, 
gender, ethnicity, degree of necroinflammation, 
HCV genotype) and modifiable or partially 
modifiable (obesity, metabolic syndrome, human 
immunodeficiency, HIV, HBV, alcohol, immu-
nosuppression) variables. Several retrospective 
and prospective studies have addressed the theme 
of progression from mild to advanced fibrosis and 
cirrhosis. An old study by Poynard and cowork-
ers [11] enrolled 2235 patients from three cohorts. 
All had liver biopsy assessed by the METAVIR 
scoring system. Fibrosis progression per year 
was defined as the ratio between fibrosis stage in 
METAVIR units and the duration of infection. 
Fast, intermediate and slow progressors were 
identified. About a third of the patients were pre-
dicted to never progress to cirrhosis in a period of 
40 years, whereas another third had an estimated 
progression ≤20 years. Age at infection, male sex 
and alcohol intake >50 g/daily were all associ-
ated with a faster progression. In a more recent 
systematic review and meta-analysis of 111 pub-
lished prognostic studies including 33,121 HCV 
patients [12], annual stage-specific fibrosis pro-
gression rates and their determinants were esti-
mated using Markovian maximum likelihood 
estimation method. Inclusion criteria were: 
presence of HCV infection determined by sero-
logical assays; available information about age at 
assessment of liver disease or HCVacquisition; 
duration of HCVinfection; histological and/or 
clinical diagnosis of cirrhosis. Estimated annual 
mean (95% CI) stage- specific transition prob-
abilities were: F0–F1 0.117 (0.104–0.130); 
F1–F2 0.085 (0.075–0.096); F2–F3 0.120 
(0.109–0.133) and F3–F4 0.116 (0.104–0.129). 
This large systematic review provided increased 
precision in estimating fibrosis progression in 
chronic HCV infection supporting, however, 
a nonlinear disease progression. Discrepancies 
were noted depending on the clinical setting 
where data were retrieved.

Among independent predictors of f ibro-
sis progression, genotype 3 has emerged as an 
important factor [13], which was also associated 
with an increased risk of HCC, twice more fre-
quently than genotype 1 and four-times more 
frequently than genotype 2 [14]. The calculated 
risk of developing HCC in a cohort of cirrhotic 
patients with HCV nonresponders to IFN-α-
based therapies was 13.2/1000 persons/year, 
reiterating the importance of achieving a viro-
logical cure in these patients. The need of halt-
ing fibrosis progression also in the broad view of 

preventing HCC comes from a randomized clin-
ical trial which, despite failing in its major end 
point (e.g., preventing progression), provided 
invaluable information on the natural history of 
chronic HCV infection. The HALT-C trial [15] of 
maintenance pegylated IFN-α for treatment of 
failure patients enrolled 1050 subjects, 60% with 
advanced fibrosis and 40% with cirrhosis. End 
points were: progression to cirrhosis at 4 years 
(biopsies at baseline, 1.5 and 3.5 years); clinical 
outcomes over 8 years, including cirrhosis pro-
gression, complications of portal hypertension, 
HCC and death. The rate of progression from 
advanced fibrosis to cirrhosis was a worrisome 
10% per year and outcomes were maximal in 
the cirrhotic group as expected, but also rather 
frequent in the advanced fibrosis group. A plate-
let count ≤100,000 could discriminate patients 
at high risk of developing outcomes, including 
HCC.

Chronic HCV infection is a systemic disease 
which does not exclusively affect the liver. Thus, 
the impact of this infection is far higher than 
commonly appreciated. Established extrahepatic 
manifestations include mixed cryo globulinemia, 
monoclonal gammopathies, and low-grade 
B-cell non-Hodgkin lymphoma, all emerging 
from inappropriate continuous B-cell stimula-
tion resulting in terminal differentiation [16]. 
Other confirmed associations for which patho-
genetic mechanisms are unclear are porphyria 
cutanea tarda and lichen planus [16]. Emerging 
associations include diabetes, cardiovascular 
disease and extrahepatic cancer. With respect 
to the latter, it is not well understood why 
extrahepatic cancer rates may be increased in 
patients with chronic HCV infection. There 
is evidence that patients with chronic HCV 
infection often have multiple cofactors such as 
alcohol and tobacco use, diabetes and obesity, 
which are also associated with an increased 
risk of cancer. Interestingly, data from a very 
large retrospective analysis of all new cancer 
cases reported between 2008 and 2012 in the 
Kaiser Permanente Southern California data-
base were recently presented [17]. Cancer rates 
were calculated in patients with and without a 
diagnosis of chronic HCV infection. Data were 
stratified according to alcohol and tobacco use, 
diabetes and obesity. Unexpectedly, unadjusted 
cancer rates were two- to three-times higher 
in the HCV population for head and neck, 
lung, oesophageal, stomach, pancreatic, pros-
tate and renal cancers, as well as myeloma and 

“Chronic hepatitis C virus 
infection is a systemic 

disease which does not 
exclusively affect the liver.”
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non-Hodgkin lymphoma. Multivariate analysis 
showed a strong association between cirrhosis 
and an increased cancer risk. These data extend 
the potential public health implications of 
chronic HCV infection, even though that study 
had intrinsic limitations due to its retrospective 
nature and the fact that a causal relationship 
between HCV and extrahepatic cancer was not 
established, let alone the potentially inaccurate 
recording of confounders such as tobacco use 
and alcohol abuse.

As mentioned above, additional associations 
have become evident. A systematic review and 
meta-analysis showed that there was an increased 
risk for patients persistently infected with HCV 
to develop diabetes, although the Cls were quite 
broad [18]. Why HCV infection is associated with 
diabetes is unclear but it has been hypothesized 
that HCV may directly interfere with insulin 
signaling with consequent development of Type 2 
diabetes. Moreover, chronic inflammation may 
be responsible for endothelial damage and ensu-
ing cardiovascular or cerebrovascular outcomes. 
To this effect, a large cross-sectional study indi-
cated that intima media thickening and carotid 
artery plaques were almost three-times and twice 
more frequently observed in patients with chronic 
HCV compared with controls, respectively [19]. 
A more recent study showed that carotid ath-
erosclerosis was twice more frequent in patients 
with HCV compared with age- and sex-matched 
controls, and that older age and severe hepatic 

fibrosis were associated with a high risk of early 
carotid atherosclerosis [20].

It is clear from the aforementioned that treat-
ment of chronic HCV infection at an early stage 
is absolutely mandatory before the ominous 
complications of untreated infection eventually 
occur. This is particularly relevant in HCV for 
which no effective vaccine is on sight. However, 
disparity between HCV treatment efficacy and 
projected HCV treatment effectiveness is a major 
problem worldwide as most patients have no or 
highly restricted access to direct acting anti virals. 
Generic drugs cost a small fraction of brand 
medications and are equally efficacious [21]. They 
may represent a solution in places where access 
to care is difficult. In any case, lack of expanded 
testing will have no impact on unrecognized 
HCV infections. Therefore, healthcare providers 
should aim at optimizing population screening 
in an effort to treat and prevent liver-related and 
unrelated outcomes in chronic HCV.
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Chronic hepatitis B virus infection is a global health concern as it affects over 240 million 
people worldwide and an estimated 686,000 people die annually as a result of complications 
of the disease. With the development of newer antiviral drugs, viral suppression of HBV is 
achievable, however elimination of HBV from infected individuals (functional cure) remains 
an issue. Due to persistence of HBV DNA (cccDNA) in infected cells, chronically infected 
patients who discontinue therapy prior to HBsAg loss or seroconversion are likely to relapse. 
Several novel therapeutic strategies are being researched and studied in clinical trials. Here 
we review these novel strategies to achieve sustained cure or elimination of HBV. These 
strategies include the targeting of the host or viral factors required for viral persistence as 
well as therapeutic vaccines.
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Background
The long-term management of chronic hepatitis B (CHB) is a significant challenge. Approximately 
240 million people have CHB worldwide [1], making it a major public health problem. HBV 
persistence is the result of a combination of viral factors and the inadequate immune system 
activation seen in patients with acute HBV, which naturally clears the HBV infection. CHB 
leads to liver cirrhosis and hepatocellular carcinoma (HCC), and is the major cause of noncir-
rhotic HCC worldwide [2]. These sequelae result in an estimated 686,000 deaths annually [3]. 
Therefore, it is important to successfully treat those who are infected in order to decrease the 
burden on health care systems worldwide. Current therapies suppress viral replication and liver 
inflammation with the goal of reducing liver-related morbidity and mortality [4]. Viral suppres-
sion is easily achieved in most patients using medication currently available; however, they do 
not lead to sustained remission, requiring indefinite treatment as viral load frequently rebounds 
once suppressive therapy is stopped [5].

This review will provide an overview of the basis of HBV persistence, current therapy and new 
therapeutic approaches.

●● Basis of HBv persistence
In order to design new treatment strategies to eradicate HBV, it is important to understand 
the factors that contribute to viral persistence in the liver. Viral factors and host immune fac-
tors interplay to create the complicated problem of persistence of HBV. The virus utilizes a 
r eplication system that uses covalently closed circular DNA (cccDNA) as a transcriptional 
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template. cccDNA is sequestered in the nucleus 
of infected cells and avoids detection by the 
DNA sensing cellular machinery (part of the 
innate immune response). Furthermore, the 
virus produces tolerogenic proteins (HBsAg, 
HBeAg) that lead to T-cell exhaustion [6]. 
Obtaining a more complete understanding of 
how these viral and immune factors lead to 
viral persistence has allowed for novel therapies 
that might lead to sustained viral response to 
be designed. The current therapeutics (reverse 
transcriptase inhibitors) prevent formation of 
new cccDNA, but have no effect on existing 
cccDNA [7].

●● viral factors
Error-prone replication
HBV is a small, enveloped virus with a unique 
genomic organization and replication mecha-
nism. Its genome is only 3200bp long and 
has multiple overlapping open reading frames 
(ORFs). These are associated with constraints 
on variation of other viruses, such as HIV. In 
HBV, however, in spite of the ORFs replication 
is error prone because of the lack of proofread-
ing mechanism on the HBV polymerase (error 
rate of 10-4 to 10-5). The high error rates allow 
for the accumulation of a heterogeneous viral 
population, or quasispecies [5,8].

Precore/core mutants
The major nucleocapsid protein and RNA 
dependent DNA polymerase are encoded by 
the viral core mRNA, which also acts as the 
pregenomic RNA – the template for reverse 
transcription [9]. Precore mRNA encodes the 
precore protein, which is processed in the 
endoplasmic reticulum to produce HBeAg. 
Mutations in HBV in the genome, in turn, 
influences HBeAg production. There are mul-
tiple reported precore and core mutants. Two 
well-studied precore mutations include: stop 
codon mutation at nt 1896, which results in 
cessation of HBeAg expression, and a mutation 
in the basal core promoter (BCP) at nt 1762 
and nt 1764, which results in diminished pro-
duction of HBeAg and an increased immune 
response as a result. These precore mutants are 
associated with increased pathogenicity, severe 
chronic liver disease, and acute liver failure. 
Double mutations of BCP at nt 1762 and nt 
1764 are reported to be associated with severe 
liver disease, fulminant h epatitis, c irrhosis and 
HCC [9].

S mutants
The S gene codes for HBsAg. One particular 
region, the major hydrophilic region (amino 
acids 120–160), is especially prone to muta-
tion. The most commonly transmitted muta-
tion is G145R, which results in a transcription-
ally competent virus even after vaccination [10]. 
The G145R variant is associated with high HBV 
DNA levels and viral persistence [11].

HBV genotypes
The ten known HBV genotypes (A–J) and 
multiple subtypes account for the heterogeneity 
seen in clinical manifestations and differential 
treatment response among patients with CHB 
in different parts of the world. Genotypes are 
associated with clinical outcomes of treatment, 
especially interferon treatment [12]. Furthermore, 
specific genotypes have different risks for disease 
progression. Having genotype A infection is an 
independent risk factor for progression to chronic 
infection after acute hepatitis B infection [13]. 
Acute infection with genotypes A and D are 
more likely to progress to chronicity than acute 
genotype B or C infection. HBV genotypes are 
also associated with precore and BCP mutations. 
For example, genotype C has higher frequency 
of double mutation in BCP A1762T/G1764A, 
pre-S deletion and is associated with higher viral 
load than genotype B. Genotypes C and D are 
also associated with more severe liver disease. 
Genotypes A and B respond better to interferon-
based therapy than genotypes C and D, but there 
are limited consistent differences for nucleos(t)
ide analogs (NAs) [14].

cccDNA
cccDNA is the main barrier to treating CHB 
due to its sequestration in the nucleus of infected 
cells. It avoids the cellular machinery that is 
part of the innate immune response by forming 
a supercoiled minichromosome, complete with 
histones and DNA chaperone proteins. These 
infected hepatocytes have a long half-life, which 
allows cccDNA to be maintained in the nucleus 
indefinitely. Thus, cccDNA acts as a reservoir 
for the reactivation of HBV genome replica-
tion after natural or treatment-induced silenc-
ing. Additionally, mutations that confer drug 
resistance may be maintained with the cccDNA 
found in the nucleus [15–17]. When reactiva-
tion of replication occurs, this drug resistance 
presents a problem for further treatment with 
antivirals. Thus, cccDNA serves as the latent 



1583

Treatment of hepatitis B virus: an update review

future science group www.futuremedicine.com

reservoir of CHB. Currently approved antiviral 
agents, including lamivudine (3TC), adefovir, 
telbivudine, entecavir and tenofovir, suppress 
viral replication, but not reverse transcription, 
allowing cccDNA persistence. Novel strategies 
for HBV eradication will need to eliminate or 
inactivate cccDNA.

●● Host factors
Host genetics
Multiple host factors influence HBV persistence 
and the observed variability in outcomes. An 
individual’s human leukocyte antigen (HLA) 
type is one of the important factors that deter-
mine variability in response to HBV. HLA DRB 
locus alleles DRB1*1301/2 are consistently asso-
ciated with spontaneous resolution upon initial 
infection with HBV [18]. HLA-DR7 (DRB*07), 
HLA-DR3 (DRB*0301) and HLA-DPA2 are 
associated with increased susceptibility to 
CHB [19–24]. Decreased expression of HLA-
DPA1 is associated with HBV persistence [25]. 
Multiple other alleles are associated with 
increased susceptibility to chronic HBV infec-
tion in addition to failure to respond to HBsAg-
based vaccine, including HLA-DRB1*0701 
and DRB1*0301 [26,27]. Another study of the 
genomes of siblings with CHB has discovered 
that a region of linkage on chromosome 21 with 
single nucleotide polymorphisms spanning the 
IFN-α receptor II and IL-10 receptor II was 
associated with chronicity [28,29]. HLA-DP 
polymorphism might be a useful therapeutic 
p redictor for PEG-IFN.

Host–viral interactions
HBV antigens have been shown to hinder sign-
aling of Toll-like receptor (TLR) 2, 3, 7 and 9 
molecules, which allows for diminished innate 
immune recognition of the virus. TLRs are 
vital in HBV immunity due to their role in 
generating effective innate adaptive crosstalk. 
In CHB subjects, innate immune responses are 
blunted and facilitate persistence, as described 
in Figure 1. TLRs are down regulated in hepato-
cytes and intrahepatic type-I interferon antiviral 
response is virtually absent [30]. This will in turn 
lead to inadequate priming of adaptive immune 
responses. Both humoral and cellular immu-
nity to HBV antigens are impaired. Protective 
antibodies are not formed, since B cells are not 
optimally activated by CD4+ T cells. Moreover, 
the T cells from these subjects with CHB have 
an exhausted phenotype and are less responsive 

to HBV antigens [30]. Altogether, these lead to 
establishment of HBV persistence.

●● Current therapy for HBv
Increased HBV DNA level is associated with 
poorer outcomes, including cirrhosis and 
HCC [31–33]. Therefore, current therapy sup-
presses HBV DNA levels (by inhibiting viral 
replication but not affecting cccDNA) with the 
goal of slowing the progression to liver fibrosis 
and cirrhosis and preventing HCC, which are the 
primary complications of the disease. Currently, 
interferon or pegylated-IFN-α and/or long-term 
use of NAs are the primary treatment strategies. 
The newer NAs, tenofovir (TDF) and entecavir, 
have a higher barrier to resistance and are well 
tolerated, thus are prescribed as the first line of 
treatment more often than older NAs, includ-
ing lamivudine (3TC), adefovir and telbivudine. 
Additionally, telbivudine has been shown to cause 
myopathy and neuropathy with long-term use [34].

In CHB patients that are HBeAg positive, 
PEG-IFN-α with or without 3TC may be used 
to achieve durable viral suppression, increased 
rate of HBsAg seroconversion, and improved 
fibrosis and cirrhosis, as demonstrated by long-
term follow-up studies [35–37]. Genotypes A 
and B demonstrated increased response rates to 
this treatment compared with genotypes C and 
D [38–40]. Additionally, favorable outcomes are 
more likely in CHB patients with lower levels of 
HBV DNA and higher alanine aminotransferase 
(ALT) levels [38,40].

While PEG-IFN is effective in some patient 
populations, its use is limited greatly by intoler-
ance, thus NAs are likely to be used to achieve 
durable viral suppression.

One problem with the earlier NAs (3TC, 
adefovir and telbivudine) is the increased 
likelihood to develop resistance mutations. 
Tenofovir and entecavir overcome this problem 
with high barriers to resistance, as well as hav-
ing increased potency and good tolerability for 
CHB patients. Patients show durable viral sup-
pression and improvements in both histological 
and biochemical signs of disease while taking 
tenofovir or entecavir, according to long-term 
follow-up studies [41,42]. However, it has been 
demonstrated that persistence of HBeAg and 
high ALT remain risk factors for HCC despite 
patients receiving suppressive therapy [2].

There remain several limitations to current 
therapy. As stated earlier, despite being effective 
at suppressing viral replication, for the majority 
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Figure 1. interactions between hepatitis B virus proteins and the immune system. (A) Innate immune system: HBV-infected 
hepatocytes trigger a type 1 interferon response in the liver. This in turn primes DCs to antigen uptake, processing and initiation 
of an effective adaptive immune response. This interferon response also activates NK cells to lyse target (HBV-infected) cells and 
promote maturation of DCs. HBsAg can inhibit NK cells thereby downmodulating intrahepatic innate immunity. (B) Adaptive immune 
system: appropriate priming of T cells results in maturation of an effective HBV response that leads to secretion of protective antibodies 
and/or cytotoxic T cells in the lymph node. These HBV-specific T and B cells circulate to the liver via blood, targeted by CXCR3 and 
CXCR5 ligands. Chronic HBV infection is associated with enhanced Treg activity (inhibits T-cell maturation and proliferation), impaired 
humoral response (low protective antibodies), emergent escape mutants (ineffective cytotoxic T-cell response) and enhanced T-cell 
exhaustion. Collectively these effects contribute to HBV persistence. 
DC: Dendritic cell; HBV: Hepatitis B virus; NK: Natural killer.
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of patients, current therapy will not result in cure 
as they do not target cccDNA. Furthermore, 
long-term use of current antiviral agents is hin-
dered by the emergence of drug resistance as 
changes within the viral polymerase – the target 
of NAs – generates HBV surface protein vari-
ants due to the overlapping nature of the viral 
genome [5,43,44], which may influence treatment 
response [45].

●● Current end points of HBv treatment
Currently, biochemical, serological, virological and 
histological endpoints defined below and meas-
ured during treatment course are used in HBV 

treatment [46]. Percentage of participants who 
normalize elevated levels of ALT after initiation 
of therapy constitute biochemical endpoint [46]. 
Similarly, proportion of patients with undetectable 
HBV DNA after initiation of therapy is used for 
the virological end point for HBV treatment. Since 
sustained suppression of HBV DNA levels after 
cessation of therapy seldom happens, this is not a 
completely accurate measure of HBV elimination. 
For patients with CHB who are HBeAg positive, 
serological response is defined as loss of HBeAg 
and seroconversion to anti-HBe antibodies [46]. 
For CHB patients who are HBsAg positive, sero-
logical response is defined as the loss of HBsAg 
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and seroconversion to anti-HBs antibodies [46]. 
Loss of HBsAg is associated with a diminished 
likelihood of developing complications such as 
cirrhosis and HCC; therefore it is the most valu-
able clinical outcome marker for treatment end-
point [47–49]. Finally, the histological treatment 
endpoint is defined by lowering in necroinflam-
matory activity by two points or more ≥2 points 
in hepatic activity index (HAI) or Ishak’s system 
without worsening fibrosis compared with baseline 
histology [46]. According to a long-term follow-up 
study of patients treated with TDF, suppression 
of HBV over time can reduce fibrosis and cirrho-
sis [50]. While many patients achieve viral suppres-
sion on current therapy, only 10–25% of patients 
seroconvert [51]. It is because numbers remain so 
small that novel therapeutics are necessary.

Ultimately, HBV elimination can be defined 
by complete suppression of HBV DNA levels, 
the loss of HBsAg and seroconversion to anti-
HBs antibodies after stopping antiviral therapy. 
Loss of HBsAg levels is critical since HBsAg 
levels are surrogate markers for levels of tran-
scriptionally active cccDNA, meaning that if 
HBsAg is eliminated, the virus is most likely 
inactivated [52,53].

●● Novel treatment strategies
The purpose of this review is to highlight poten-
tial newer treatment for HBV aimed at achiev-
ing a functional cure of sustained virologic 
remission. This is defined as absence of HBV 
DNA levels and HBsAg with or without HBsAg 
s eroconversion after cessation of therapy.

●● improved nucelos(t)ide analogs
In order to overcome concerns about long-term 
safety of entecavir and tenofovir, which are the 
current first-line treatments for CHB, besifovir 
and tenofovir alafenamide are being studied. 
Besifovir has been shown to be safe and effica-
cious over 96 weeks, with potency similar to that 
of entecavir. The only problem found was the 
depletion of L-carnitine, which was easily recti-
fied with a carnitine supplement [54]. Tenofovir 
alafenamide is a phosphonate prodrug of teno-
fovir that optimizes potency and safety [55]. 
These will be valuable in conjugation with other 
t reatments in development.

●● Targeting the virus
Targeting viral entry
HBV viral entry is mediated through inter-
actions between viral envelope proteins and 

cellular receptors. This provides a new target for 
treatment with receptor antagonists that would 
prevent entry of the virus into the cell. Yan et al. 
reported that sodium taurocholate cotransport-
ing polypeptide (NTCP) is a functional recep-
tor for HBV in vitro [56]. NTCP is expressed 
at the basolateral membrane of hepatocytes and 
responsible for most of the sodium-dependent 
bile acid uptake. The synthetic lipopeptide, 
Myrcludex-B, specifically targets the NTCP 
and has been shown to efficiently block HBV 
infection in vitro [57,58] and in mouse models by 
efficaciously blocking entry of the viral parti-
cles into the uninfected hepatocytes [59,60]. In 
the upA/SCID human mouse model, admin-
istration of Myrcludex-B results in suppression 
of not only HBV DNA levels but HBsAg lev-
els as well [60]. These results are promising that 
Myrcludex-B could be an adjunct to antiviral 
therapy for CHB.

Targeting cccDNA
Current NA-based therapies can prevent the 
formation of new cccDNA, but do not affect 
the existing cccDNA in already infected cells, 
which has a long half-life (33–50 days) and is 
dependent on several host factors. The viral 
cccDNA in the nucleus serves as a store of viral 
escape variants, which can cause a viral rebound 
once treatment is stopped. cccDNA also serves 
as a reservoir of escape mutants that confer drug 
resistance.

Epigenetic silencing of cccDNA
Recent studies have demonstrated that cccDNA 
can be epigenetically silenced so that they remain 
transcriptionally inactive even after cessation 
of antiviral therapy. Using uPA-SCID mouse 
model with HBV-infected human hepatocytes, 
IFN-α was shown to reduce pgRNA and pre-
S1 RNA even though cccDNA levels were not 
affected. Hence, it is possible to suppress HBV 
replication by targeting the epigenetic control 
of cccDNA function and transcription [61]. A 
mapping of post-translational histone modifi-
cations in cccDNA from infected liver revealed 
chromatin targets for epigenetic manipulation 
as potential therapy [62].

Transcriptional silencing of cccDNA
One of the recently developed therapeutic 
approaches involves using zinc-finger nucleases 
(ZFNs) that directly target HBV cccDNA. 
Zinc finger proteins (ZFP) can be used to block 
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transcription of cccDNA and have two compo-
nents. One is a restriction endonuclease enzyme 
that is capable of introducing DNA breaks and 
the other (zinc finger motifs) provides DNA 
binding specificity. ZFPs can be used specifically 
to target the cccDNA of duck HBV infection 
and inhibit viral transcription and replication 
in vitro [63]. Expression of ZFPs in LMH cells 
undergoing the DHBV viral lifecycle resulted 
in decreased expression of viral RNA and 
decreased protein expression compared with the 
empty vector control. No toxicity effects were 
observed. Additionally, the viral particle produc-
tion decreased in the presence of the expressed 
ZFPs [63].

While it has been shown that ZFNs can cleave 
HBV DNA in vitro, there are concerns about off 
target effects in vivo and the challenge of deliv-
ering ZFNs specifically to the patients’ infected 
liver [64]. To overcome this challenge, a vector 
platform may be applied for delivery. Adeno-
associated virus vectors are being investigated as 
delivery vehicles for designer nucleases to cells. 
These vectors were found to be safe in clinical 
and preclinical applications [65].

Transcription activator-like effector nucleases 
(TALENs) can cleave sequence specific DNA 
targets, making them an ideal treatment strat-
egy for silencing of cccDNA [66]. In cells trans-
fected with monomeric linear full-length HBV 
DNA, expression of TALENs decreased produc-
tion of HBeAg, HBsAg, HBcAg and pgRNA. 
Furthermore, it suppressed the cccDNA level 
and misrepaired cccDNA without any appar-
ent cytotoxic effects. In a mouse model, it was 
shown that TALENs can be used in combi-
nation with IFN-α to specifically target and 
inactivate the sequestered cccDNA, potentially 
providing a new treatment option for patients 
with CHB [66].

Disruption of cccDNA
Two disubstituted sulfonamides, CCC-0975 
and CCC-0346 were recently shown to inhibit 
cccDNA production [67]. Mechanistic studies 
demonstrated the reduction of both cccDNA and 
its precursor, deproteinized relaxed circular DNA 
(DP-rcDNA) without inhibition of HBV DNA 
replication or reduction of viral polymerase activ-
ity. Furthermore, it was shown that the disubsti-
tuted sulfonamide compounds did not promote 
intracellular decay of DP-rcDNA and cccDNA, 
which suggests that these compounds interfere 
with the conversion of rcDNA into cccDNA [67].

Recent studies have also shown that IFN-α 
and lymphotoxin-β receptor activation in pri-
mary human hepatocytes and differentiated 
HepaRG (dHepaRG) cells can induce deg-
radation of cccDNA via the induction of the 
APOBEC3 family of proteins, which restrict for-
eign DNAs. HBV core protein facilitates interac-
tion between nuclear cccDNA and APOBEC3A 
and APOBEC3B cytidine deaminases resulting 
in cytidine deamination, apurinic/apyrimidinic 
site formation. This culminates in the degrada-
tion of cccDNA and prevents further HBV 
reactivation [68].

Additionally, clustered regularly interspaced 
short palindromic repeat (CRISPR)/CAS-9 can 
be used to target the HBV genome and inhibit 
HBV infection by cleaving the cccDNA of HBV 
transfected cells. This method has been tested in 
a mouse model and provides a promising novel 
technique for treating humans [69].

Targeting viral assembly/encapsidation
Viral assembly is a critical step in the viral life 
cycle, thus is an attractive target for therapeu-
tics. The assembled core particle of the virus is 
composed of a capsid protein, polymerase and 
pregenomic RNA [7]. Proper assembly is vital 
to the ability of the virus to persist in humans. 
Heteroaryldihydropyrimidines are known to 
inhibit HBV virion encapsidation both in vitro 
and in vivo, thus preventing assembly [70,71]. Bay 
41–4109 is a heteroaryldihydropyrimidine that 
both inhibits capsid formation and also reduces 
the half-life of the core protein. Furthermore, 
these drugs misdirect viral assembly when in 
excess, which decreases the stability of normal 
capsids [72–74]. Furthermore, these compounds 
are active against HBV mutants resistant to 
NAs, making them an even more attractive 
therapeutic agent [75].

Phenylpropenamides also inhibit viral 
encapsidation by inducing changes in tertiary 
and quaternary structures of HBV capsid pro-
teins. Phenylpropenamides are active against 
3TC-resistant strains [75–77]. A phenylpropena-
mide derivative, AT-130, acts by binding to a 
promiscuous pocket at the dimer–dimer inter-
face and decreases viral production by initiating 
virion assembly at the wrong time, resulting in 
normal capsids that are empty and noninfec-
tious [78,79]. While these are promising therapeu-
tic agents, their clinical efficacy still needs to be 
studied. It is unclear whether capsid inhibitors 
have any effect on HBsAg levels, which could 
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determine their utility in achieving sustained 
viral remission.

NVR 3-778, a core inhibitor, is another newly 
discovered drug that may be used for the treat-
ment of CHB. In the humanized mouse model, 
NVR 3-778 demonstrated high antiviral activ-
ity. In combination with PEG-IFN-α, antivi-
ral activity was higher than with NVR 3-778 
or PEG-IFN-α alone [80]. This may be a ben-
eficial treatment in conjunction with currently 
approved therapies.

Targeting envelopment
The HBV genome contains four ORFs that 
code for three envelope proteins, the viral poly-
merase and capsid-forming core protein. The 
three envelope proteins: large (LHBs), middle 
(MHBs) and small hepatitis B surface antigens 
share the same S-domain and contain N-linked 
glycosylation at amino acid 146 within that 
domain. Within the S-domain are the pre-S1 
and pre-S2 domains. MHBs contain the pre-S1 
domain, while LHBs contain both of the pre-S 
domains [81]. The interaction between non-gly-
cosylated pre-S sequences with specific regions 
on the core particle leads to envelopment of via-
ble hepatitis B capsids. There is evidence that 
the transport of the enveloped virus and subvi-
ral empty envelope particles (SVPs) depends on 
glycosylation and the processing of the MHBs 
glycoprotein [82,83]. Glucosidase inhibitors sup-
press viral infectivity and morphogenesis, likely 
by inhibition of the glycosylation of the envelope 
protein in endoplasmic reticulum [84–88].

Targeting HBsAg levels
Typically, antiviral response starts with the 
production of type I interferons (IFN-α 
and IFN-β), signaled by the innate immune 
response. In HBV-infected chimpanzees, it 
has been shown that type I interferons are not 
produced at all during the early stages of infec-
tion. Furthermore, type I interferon response 
is completely lacking in human patients with 
HBV as well [89,90]. In the early stages of acute 
HBV infection, IL-10 is produced rather than 
type I interferon, accompanied by a temporary 
attenuation of natural killer (NK) cell and T-cell 
responses [91].

Patients with HBV experience a suppressed 
immune response to the virus that is likely caused 
by direct interference of HBV antigens with host 
cells. HBV-infected patients have high levels of 
HBsAg [81,92,93], which are thought to suppress 

immune activation via direct action on dendritic 
cells’ production of cytokines. Reduction of 
HBsAg production can be achieved with sev-
eral classes of drugs [94]. Specifically, it has been 
demonstrated that nitazoxanide and its active 
metabolite, tizoxanide reduce not only extracel-
lular HBsAg, but also HBeAg and intracellular 
HBcAg in a dose-dependent manner in vitro. In 
combination with lamivudine or adefovir, nita-
zoxanide has synergistic activity and inhibits 
HBV replication [94].

Triazolo-pyrimidine inhibitors of HBsAg 
secretion were recently identified using high-
throughput screening of the HBV-expressing 
HepG2.2.15 cell line [93]. The parent com-
pound does not inhibit viral replication, but 
does selectively inhibit HBV envelope secretion. 
The triazolo-pyrimidine derivatives were active 
in inhibiting HBsAg secretion of HBV variants 
that are resistant to current NAs [92,93]. It is still 
unclear whether these compounds would be able 
to enhance HBV specific immunity in vivo or 
impact secretion of important host translated 
proteins of significance.

HBV produces two other types of particles in 
addition to infectious virion: SVPs and naked 
capsid particles. Noninfectious subviral particles 
share antigenic features of the virus envelope and 
are thought to act as a decoy for the immune 
system. Recently, it has been found that SVPs 
and infectious virions do not share a pathway to 
production, as it was originally hypothesized [82].

Nucleic acid polymers are amphipathic oli-
gonucleotides shown to have both entry and 
postentry antiviral activity in the duck hepatitis 
B virus model and can be engineered to remove 
the secondary proinf lammatory and immu-
nostimulatory effects associated with single-
strand nucleic acids [95,96]. In the same in vivo 
duck model, the NAP REP 2055 resulted in 
rapid clearance of duck HBsAg with an increase 
in antiduck HBsAg antibodies with no viral 
antigens detected in the liver, and only trace 
amounts of intrahepatic cccDNA post-treat-
ment [97]. Two recent proof-of-concept studies 
evaluated the safety and antiviral response to 
REP 2055 (and its calcium chelate formulation, 
REP 2139-Ca) monotherapy and in combina-
tion with immunotherapy in patients with CHB 
infection. HBsAg and HBV DNA levels were 
reduced in participants treated with REP 2055, 
accompanied by detection of HBsAb. However, 
HBsAb titers were not consistently maintained 
with REP 2055 monotherapy. The majority of 



Future Microbiol. (2016) 11(12)1588

review Ward, Tang, Poonia & Kottilil

future science group

participants experience virologic rebound at fol-
low-up after monotherapy. Immunotherapy with 
either PEG-IFN or Thymosin-α (compound 
with immunomodulatory activity) was added 
on to nine other participants who had HBsAg 
reductions but persistent low grade viremia after 
REP 2139-Ca monotherapy. With the addition 
of immunotherapy, HBV DNA levels declined 
to below the lower limit of detection in seven 
of the of the nine participants, and eight par-
ticipants had HBsAg loss by the end of initial 
follow-up; however, the majority did eventually 
experience virologic rebound with reappearance 
of HBsAg and loss of HBsAB [98,99]. A follow-up 
trial evaluating the safety and efficacy of triple 
combination therapy with nucleic acid polymers, 
PEG-IFN and tenofovir in patients with HBeAg 
negative CHB is currently underway and we 
await the results (NCT02565719).

Targeting viral mRNA
Antisense oligonucleotides, ribozymes and 
RNAi can be used to directly target viral mRNA. 
According to in vitro data, the following can be 
used to decrease HBV transcript levels: antisense 
oligonucleotides [100], hairpin ribozymes [101], or 
hammerhead ribozymes using a lentiviral vector 
for delivery [102].

RNAi uses small interfering RNA molecules 
to induce gene silencing post-transcriptionally, 
which effectively knocks down genes of interest. 
In mammalian cells, it can be used to specifically 
target the degradation of mRNA [103]. HBV is 
particularly vulnerable to RNAi because of the 
use of multiple ORFs in the HBV genome [104]. 
Multiple studies have shown that in cell cultures 
and mice, viral mRNA and HBV replication 
are inhibited through the use of RNAi [105–108]. 
Furthermore, a recent study has shown that 
RNAi can be applied in cell culture and in 
immunocompetent and immunodeficient mice 
transfected with an HBV plasmid to inhibit 
the production of HBV replicative intermedi-
ates [106]. RNAi inhibited all steps of replica-
tion both in culture and in mice. In mice RNAi 
reduced HBsAg in serum and HBV RNA in 
the liver. Futhermore, HBV genomic DNA was 
undetectable in the liver, and fewer cells showed 
any presence of HBcAg [106].

ARC-520 has recently been shown to sig-
nificantly decrease HBsAg in CHB patients in 
a single-dose Phase IIa clinical trial [109]. This 
drug utilizes a dynamic polyconjugate method of 
delivery to the infected hepatocytes. In dynamic 

polyconjugates the RNAi trigger is conjugated to 
cholesterol and is coinjected with a hepatocyte-
targeted membrane-active peptide, which limits 
off-target effects of the drug. Based on the results 
of this Phase II trial, ARC-520 may be a useful 
agent for treating CHB.

●● Targeting the host
HBV clearance requires robust immune responses 
from both the adaptive and innate immune sys-
tems. The innate immune response results in 
the production of type I interferon, which leads 
to suppression of viral replication, mediation 
of NK cell-mediated killing of viral infected 
cells and supports the efficient maturation and 
site recruitment of adaptive immunity through 
production of proinf lammatory cytokines 
and chemokines [30,110]. Interferon modulates 
both innate and adaptive immune cells [91,111]. 
Plasmacytoid dendritic cells (pDC) are the pri-
mary producers of type I interferon. pDC respond 
to viruses and other pathogens via recognition of 
pathogen-associated molecular patterns by two 
intracellular TLRs: TLR7 and TLR9 [91,112]. In 
addition to the increased production of interferon 
upon activation of pDC, other cytokines are also 
released, including TNF-α, IL-6 and cell surface 
costimulatory molecules. pDC also activate NK 
cells and T lymphocytes, allowing further priming 
and regulation of antiviral immunity [111,113,114]. 
Priming of the adaptive immune system causes 
the maturation of B- and T-cell clones, which 
recognize specific infectious agents, leading to 
infection control and memory responses for future 
i nfections with the r ecognizable pathogen [30].

As described above, in patients with CHB, 
HBV is associated with diminished adap-
tive and innate immune responses. Therefore, 
augmenting the innate immune response may 
aid in reconstitution of HBV-specific immu-
nity by enhancing intrahepatic innate immu-
nity and priming effective adaptive anti-HBV 
immunity. TLR 2, 3, 4, 7 and 9 play important 
roles in controlling infections and eliminating 
virally infected cells. Studies have shown that 
HBV interferes with their signaling, and that 
e xpression is decreased in CHB [115–118].

TLR agonists
Studies in which HBV transgenic mice were 
injected with ligands specific for TLR 2–9 have 
shown that the livers of these mice produce IFN-
α, -β and -γ to inhibit HBV replication [119]. This 
suggests that the activation of the innate immune 
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response in the liver can suppress HBV replica-
tion [119]. Inhibition of HBV replication is accom-
plished post-transcriptionally by suppressing the 
assembly or stability of HBV RNA-containing 
capsids [119,120]. Thus, TLR activation directly 
inhibits HBV replication [121,122]. However, HBV 
somehow evades detection by TLRs as a strat-
egy to escape innate immune response [121,122]. 
Expression of TLRs in hepatocytes is down-
regulated in the presence of multiple HBV viral 
products [116,123–127].

Although HBV circumvents endogenous type 
I interferon pathways, the use of a TLR7 ago-
nist could plausibly induce the IFN-α response. 
When combined with current NA therapy for 
viral suppression, the use of TLR agonists may 
allow for the development of protective immu-
nity via induction of exogenous interferon. 
Various studies have shown that NA therapy 
results in long term suppression of HBV and 
partial reconstitution of adaptive immunity [128]. 
Thus, an adjuvant therapy using TLR agonist 
may be able to accelerate the process of immune 
reconstitution and HBV clearance.

TLR agonists are available as oral compounds 
and could potentially be combined with other 
NAs as a single pill, making treatment regimens 
simple for patients to follow. Finally, similar to 
injected interferon, TLR agonists induce inter-
feron production, triggering the production of 
cytokines to facilitate intracellular communica-
tion and cellular trafficking [128]. While injected 
interferon causes many adverse events, selective 
TLR agonists would act specifically in the liver, 
limiting the systemic innate immune activation 
by bypassing TLR8 stimulation.

GS-9620 is one of the TLR7 agonists cur-
rently being studied for CHB treatment. Oral 
TLR7 has demonstrated significant reductions 
in both HBV DNA and HBsAg levels in HBV-
infected chimpanzees, although the scope of the 
study is limited because of a short dosing dura-
tion and only three animals were studied [129]. 
In humans, it has been shown to be safe and 
tolerable in healthy volunteers [130] as well as in 
virally suppressed and treatment naive patients 
with CHB [131]. No reduction in HBsAg or HBV 
DNA, however, were observed, likely because of 
the short dosing period [131].

Cytokine therapy
Several cytokines have been studied extensively 
in relation to immunomodulation of chronic 
viral infections. The most promising of the 

compounds that have been studied are IL-7 and 
IL-21 [132–134].

IL-7 is essential for primary T-cell develop-
ment and likely plays a role in B-cell devel-
opment as well [135,136]. It also plays a role in 
the development of some dendritic cell (DC) 
subsets. Regulation of peripheral CD4+ T-cell 
homeostasis is accomplished via IL-7-mediated 
signaling [137]. In patients with CHB, IL-7 
therapy may enhance, rejuvenate and restore 
immune response to HBV. In addition to its 
immune restorative effects, IL-7 has vaccine 
adjuvant effects, as well as beneficial effects in 
adoptive cell therapy.

IL-21 mediates the induction of maintenance 
of effector CD8+ T cells. In mice, decreased 
IL-21 or IL-21R causes a progressive decline 
in the number of virus-specific effector CD8+ 
T cells. This correlates with poor viral con-
trol [138–140]. In mice induced with CHB, IL-21 
is important for promoting infection-controlling 
immune responses [141]. Patients with CHB who 
were treated with antivirals and show complete 
viral suppression also demonstrated significantly 
higher levels of serum IL-21 than those who did 
not achieve viral suppression [142]. Furthermore, 
increased levels of serum IL-21 is associated with 
better viral control due to HBeAg seroconversion. 
An option for IL-21 therapy is recombinant IL-21 
(rIL-21), which is an immune modulator undergo-
ing Phase I and II trials in cancer patients. In CHB 
patients receiving NA-based therapy, rIL-21 is a 
promising new approach to therapy [143].

●● Therapeutic vaccines
Development of an efficacious therapeutic vac-
cine for HBV is a promising avenue for the 
eradication of the disease. Control of CHB 
may be accomplished through inducing helper 
and cytotoxic T-cell response, counteract-
ing immune tolerance and the activating the 
humoral immune response. Several promising 
options currently being explored are: vaccines 
based on recombinant proteins, HBV-envelope 
subviral particles, naked DNA combined 
with viral vectors and vaccines, dendritic cell-
based vaccines (tarmogens) and those based 
on T-cell peptide epitopes derived from HBV 
proteins [144–146]. However, T cells of patients 
with CHB are associated with an exhausted 
immunophenotype, with reduced response to 
HBV proteins. This may contribute to why 
HBsAg-based vaccines have unsuccessful so 
far [147].
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Therapeutic vaccination based on 
recombinant HBV proteins or HBV-envelope 
subviral particles
Immunogenic complexes
Immunogenic complex vaccines, using anti-
gen–antibody complexes, target dendritic cells 
in order to efficiently prime HBV-specific CD8+ 
cytotoxic T-cells responses [148]. In a double-
blind placebo-controlled Phase IIb trial using 
HBsAg and anti-HBs immunoglobulin com-
plexes there was initial evidence suggesting clini-
cal and virological efficacy [149]. However the 
Phase II trial failed to show therapeutic efficacy 
of the immune-based complex vaccine [150].

HBsAg & HBcAg combination
HBsAg and HBcAg are used in the nasal vaccine 
candidate. This vaccine complex has been shown 
to have a good immunogenicity and safety pro-
file in preclinical studies. In a Phase I clinical 
trial, recombinant HBcAg acted as a potent 
Th1 adjuvant to HBsAg and also as a strong 
immunogen [151,152]. A pilot study of nasal and 
subcutaneous HBsAg/HBcAg combination-
based vaccination monotherapy reported good 
tolerability and safety profile among 18 patients 
with CHB. HBV DNA levels were suppressed 
in seven participants during the vaccination 
period. HBV DNA remained undetectable for 
all seven participants, and a further two par-
ticipants at 48-week follow-up. This included 
two HBeAg positive participants, both of whom 
seroconverted to HBeAg negativity and HBeAb 
positivity [153]. Furthermore, production of pro-
inflammatory cytokines (IL-1β, TNF-α and 
IL-12) by dendritic cells from vaccinated partici-
pants were higher than unvaccinated controls. 
This pilot is followed by a Phase III trial and 
results are awaited (ClinicalTrials.gov identifier: 
NCT01374308).

Whole recombinant yeast-based therapeutic 
vaccine
Tarmogens (targeted molecular immuno-
gen), a yeast-based immunotherapy platform, 
are currently under development. Tarmogen 
incorporates multiple viral antigens, express-
ing HBV (X), surface (S) and core Ags (X-S-
Core). Tarmogens can be engineered to express 
HBV antigens by genetically modifying whole, 
heat-killed yeast. Saccharomyces cerevisiae (yeast) 
facilitates preferential uptake and processing 
by dendritic cells in order to effectively prime 
adaptive immune responses to inserted HBV 

antigens. This platform favors induction of cel-
lular effector responses (T cells) over humoral 
immunity (B cells) that arises from the use of 
subunit vaccines.

In mice studies, it has been shown that 
GS-4774, a tarmogen currently undergoing 
clinical trials in humans, protects mice from 
tumors specifically engineered to express HBV 
antigens [154]. Additionally, human studies using 
peripheral blood mononuclear cells collected 
from healthy donors and patients with CHB 
to show that tarmogens can elicit HBV-specific 
T-cell responses ex vivo [154]. GS-4774 has been 
shown to be safe and tolerable in healthy sub-
jects [154]. The safety and efficacy of GS-4774 
was recently evaluated in a Phase II study. In 
this study, 178 patients with CHB who were 
already suppressed on antiviral therapy were 
randomized to continue oral antiviral alone or 
receive GS-4774 2, 10, or 40 yeast units subcuta-
neously every 4 weeks until week 20 in addition 
to oral antiviral therapy. The vaccine was safe 
and well tolerated; however, no clinical benefit 
was observed, with no significant reduction in 
HBsAg levels [155].

Adeno-virus based therapeutic vaccination
TG1050 is a therapeutic vaccination based on 
a recombinant nonreplicative human adeno-
virus serotype 5, expressing multiple specific 
HBV antigens (core, polymerase and envelope) 
from genotype D. It has been designed to prime 
de novo and/or stimulate functional T cells 
expected to control the HBV replication and 
to clear HBV. In naive mice, TG1050 induced 
high levels of T cells targeting core, polymer-
ase and HBsAg domains. High frequencies of 
cytolytic HBV-specific T cells were detected in 
spleens and livers of immunized mice. Further, 
induced HBV-specific T cells were detected in 
the blood of injected mice up to 10 months 
postimmunization [156].

Therapeutic vaccination based on DNA  
& T-cell peptide epitope
Based on the results of a woodchuck hepatitis 
virus (WHV) model study, a T-cell vaccine 
may be a viable option for treatment of HBV in 
humans. WHV-transgenic mice were vaccinated 
with a DNA prime-adenovirus boost vaccine in 
order to determine whether the vaccinated mice 
would control the WHV infection and induce 
WHcAg-specific T-cell response. In 70% of 
immunized mice, a strong WHcAg-specific 
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CD8+ T-cell response that resulted in reduction 
of viral load beneath the limit of detection was 
demonstrated [157]. Combining the vaccine with 
entecavir resulted in WHsAg- and WHcAg-
specific CD4+ and CD8+ T-cell response. These 
animals demonstrated prolonged response with 
two out of four chronic carriers developing 
anti-WHs antibodies in the process [157]. These 
results show that a combination of antivirals 
and a vaccine may be a useful approach to a 
f unctional cure for HBV. 

DNA vaccine
DNA vaccines may be used to induce a T-cell 
response from CHB patients. The DNA vaccine 
has been shown to induce both CD8+ and CD4+ 
cells, with the helper cells producing IFN-γ [158]. 
This particular vaccine activates HBV- and 
NK-cell specific T-cell responses [159].

In a proof of concept study, 12 CHB carriers 
treated with 3TC were vaccinated with a combi-
nation of HBV genes and genetically engineered 
IL-12. Type 1 T-cell responses correlated with 
viral suppression, and showed a 50% virologi-
cal response rate. Moreover, T-cell responses 
were well-tolerated and maintained for at least 
40 weeks after cessation of treatment [160].

T-cell peptide epitope vaccine
In a recent Phase I trial the safety of a multie-
pitope-based (HBV derived) vaccine presented 
with HLA molecules was tested in healthy vol-
unteers. This vaccine was found to be safe and 
tolerable in healthy volunteers and future studies 
are awaited [161].

Therapies involving T-cell response in HBV
T cells control HBV through direct cytolytic 
action; in addition, TNF-α and IFN-γ released 
by T cells was recently shown to eliminate HBV 
replication and reduce cccDNA in infected 
hepatocytes. This required activation of nuclear 
APOBEC3 deaminase by these cytokines [162]. 
Hepatocytes from acute but not CHB patients 
or healthy controls expressed APOBEC3A/3B. 
Strategies to restore T-cell response in chronic 
HBV – such as use of checkpoint inhibitors 
or adoptive T-cell therapy – might achieve 
s ustained viral control.

PD-1 inhibition
Most T cells specific to HBV are found to be 
exhausted and expressing PD-1 receptors. These 
T cells are energized when they interact with 

PD-1L1/2 on antigen presenting cells in vivo. 
Ability to reverse this effect by interfering with 
PD-1/PD-L1/2 interaction presents an oppor-
tunity to rejuvenate T-cell responses and aid 
in HBV clearance as shown in a recent study 
using the woodchuck model [163]. Studies using 
PBMCs from CHB patients when stimulated 
with HBV genome overlapping peptides in 
the presence of PD-1/L1/2 blockade results in 
increase in IFN-γ secreting HBV-specific CD8+ 
T cells [164]. It is unclear if such approaches can 
be reproduced in vivo. Recently, both anti-PD-1 
and PD-L1 monoclonal antibodies have been 
studied in patients with cancer. Whether such 
strategy can be tried for CHB patients is not 
clear.

Chimeric antigenic receptor
The above strategies of stimulating or rejuve-
nating HBV-specific T cells in vivo would only 
work in the presence of T cells specific to HBV. 
In some cases, T-cell deletion may occur, deplet-
ing the frequency of HBV specific T cells in vivo. 
In such cases, passive transfer of engineered chi-
meric T cells (CARs), may be an effective strat-
egy. At least one patient with CHB and HCC has 
received CARs and much more are awaited [165].

●● Combination approach
Using an antiviral therapy prior to treatment of 
CHB with a vaccine may lower the HBV DNA 
enough that there is significantly improved effi-
cacy of the therapeutic vaccination. Multiple 
studies demonstrate correlations between low 
HBV DNA in serum at the start of vaccine 
therapy and increased treatment efficacy [166,167]. 
Therefore, development of a more effective ther-
apeutic vaccine may hinge on using NAs to lower 
the HBV DNA levels.

Future perspective
The ultimate goal for HBV treatment is to be able 
to completely eliminate the virus from the body. 
By using combinations of the therapies mentioned 
above, achieving a cure may soon be possible. For 
example, TALENs, which disrupts cccDNA, has 
an increased antiviral effect when used in combi-
nation with IFN-α, thus may allow the immune 
system to eliminate the virus when used in combi-
nation. Additionally, through the use of an entry 
inhibitor, such as Myrcludex-B, and a potent anti-
viral, the body may be able to eventually eradicate 
the virus due to the lack of production of new 
cccDNA. Combination therapy using both viral 



Future Microbiol. (2016) 11(12)1592

review Ward, Tang, Poonia & Kottilil

future science group

and host targeting approaches offer the best hope 
for accomplishing a functional cure for CHB, 
which may be a reality in the near future.
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executive summary
 ●  Chronic hepatitis B (CHB) affects a large number of people worldwide and remains a leading cause of hepatocellular 

carcinoma, liver failure and mortality.

 ●  Current antiviral therapy is effective in suppressing hepatitis B virus (HBV) DNA levels and normalizing toll-like receptor 
levels, but cessation of therapy is associated with rebound of HBV DNA levels.

 ●  Viral and host factors play a major role in establishment of persistence of chronic disease.

 ●  Presence of covalently closed circular DNA and secretion of HBsAg and HBeAg subviral particles remain the two major 
viral causes for HBV persistence.

 ●  Blunting of intrahepatic innate immunity and presence of exhausted HBV-specific T cells remain major host immune 
factors of HBV persistence.

 ●  Absence of HBV DNA levels and HBsAg after cessation of therapy is the goal for sustained viral remission for CHB 
patients.

 ●  Targeting various aspects of HBV lifecycle offers unique perspective for combination therapy that may be able to 
achieve sustained viral response.

 ●  Blocking HBV entry, nucleocapsid formation, secretion of subunits and destabilizing or deactivating covalently closed 
circular DNA are some of the novel strategies to achieve sustained remission.

 ●  Toll-like receptor agonism, therapeutic vaccinations, PD-1 blockade and CARs are novel strategies to target host 
immunity and aid in HBV clearance.
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aim: Hepatitis E is a form of acute viral hepatitis, which is caused by hepatitis E virus (HEV). The 
study objective was to evaluate the prevalence of HEV to provide an overall relative frequency 
in Iran. methods: In this study, databases such as PubMed and Scopus were searched using 
the following keywords according to MeSH, “Hepatitis E virus”, “Epidemiology”, “Enzyme-
linked immunosorbent assay (ELISA)” and “Iran”. Then studies which had reported prevalence 
of HEV were selected. Results: We selected 36 researches out of 9246 for our study. From 
all the samples, the pooled estimated prevalence of HEV positive was 9.7%. It should be 
noted that HEV infection’s relative frequency varied from 1.1% in Tehran to 46.1% in Ahvaz. 
conclusion: HEV is common in Iran, although comparing to some neighboring countries, its 
prevalence is lower.
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Viral hepatitis is a public health challenge in several regions of the world [1]. Hepatitis E virus (HEV) 
is a small nonenveloped single-strand RNA virus which belongs to the Hepeviridae family and is a 
causative agent of acute hepatitis [2]. The main route of HEV transmission is considered to be the 
fecal-oral route and human-to-human, parenteral and perinatal transmission are three additional 
routes [3,4]. Recent studies have indicated that zoonosis is involved in the transmission of HEV, espe-
cially in industrialized countries where hepatitis E is believed to be nonendemic [5]. It has also been 
reported that blood donors are potentially able to cause transfusion-associated hepatitis E in high-
endemic areas, thus providing safer blood and blood products is a major concern of blood banks in the 
world [6]. HEV infection, also called enterically transmitted non-A non-B hepatitis, is a main agent 
of epidemic hepatitis (in developing countries) and acute sporadic outbreaks in many areas of Asia, 
Africa and Mexico, where HEV is considered endemic [7–9]. In countries where the virus is endemic, 
HEV is associated with greater than 50% of cases of sporadic acute hepatitis [10]. HEV appears to be 
the second most frequent cause of enteric hepatitis after hepatitis A virus infection [1]. HEV infection 
is self-limiting, however, sometimes it has severe complications and a high case-fatality rate among 
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pregnant women (from about 20–30%) in the 
form of fulminant liver disease [11,12]. While high 
attack rates occur in adults aged 15–40 years, low 
attack rates usually occur in susceptible household 
contacts (0.7–2.2%) which is a result of the lack 
of person-to-person transmission [13]. HEV iso-
lates are classified into five major genotypes, all of 
them belonging to one serotype. Four genotypes 
of HEVs are capable of causing human infection. 
Genotypes 1 and 2 exclusively infect humans and 
are endemic in many parts of Asia, Africa and 
South America and also are often associated with 
outbreaks and epidemics in developing countries. 
Genotypes 3 and 4 infect humans, pigs and other 
animal species and have been responsible for spo-
radic cases of the disease. Genotypes 3 have a 
worldwide distribution and genotype 4 has been 
often reported in Asian countries [14–17].

A major public health challenge in developing 
countries of Asia is HEV-mediated hepatitis, so 
that deserves the attention from world agency [8]. 
In most Asian countries, HEV is the single most 
frequent cause of acute hepatitis in adults. Also 
in parts of the Middle East and North Africa, it 
is second only to hepatitis B. In the word, ende-
micity of HEV is currently under investigation 
and a comprehensive picture of the seropreva-
lence of HEV infections and worldwide dis-
tribution are emerging. HEV infections occur 
predominantly in young adults [18]. Worldwide 
distribution of HEV is affected by predominat-
ing factors such as in adequate sanitation, poor 
personal hygiene and tropical climates. Also 
overcrowding, f loods and rainy seasons are 
affecting factors on outbreaks of HEV [2]. So 
far, no commercial vaccine is made for HEV 
and hence travelers to endemic areas must take 
a series of precautions, including avoiding eat-
ing uncooked shellfish, vegetables or fruits and 
drinking water from sources of unknown purity 
to prevent the infection [19,20].

Iran was accounted as an endemic country 
for hepatitis E and its seroprevalence increased 
significantly with age from 3.3 to 37.5% in 
30–50 years age groups. Although, to date, sev-
eral studies have presented local information 
about HEV rates in different parts of Iran [21], 
the average rate of HEV prevalence in Iran is still 

unknown [22]. Thus, the present study aimed to 
systematically review published data about the 
prevalence rate of HEV in different parts of Iran 
and provide an overall relative frequency (RF) 
for the country through meta-analysis.

methods
●● Search strategy

We searched in the PubMed, EMBASE, web 
of science ISI, Google scholar and Scopus (up 
to January 2015) databases using the following 
keywords: “Hepatitis E virus,” “Epidemiology,” 
“Prevalence,” “ELISA” and “Iran” along with their 
Persian equivalents with “OR” and “AND” and 
“NOT” Boolean Operators in the Title/Abstract/
Keywords fields (Box 1). In addition to English arti-
cles, three Persian scientific search engines includ-
ing The Iranian Scientific Information Data-
base [23], Magiran [24] and IranMedex [25] were 
searched as well for relevant articles. No limitation 
was used while searching databases. Also, refer-
ence lists of all related studies were reviewed for 
any other related publications. We also reviewed 
nonelectronic evidences and interviewed with rel-
evant experts and research centers to identify any 
gray literatures. Our search was restricted to the 
original articles/abstracts published in English and 
Persian which reported the prevalence of HEV by 
enzyme immunoassay in Iran.

●● inclusion criteria
The inclusion criteria for both English and Per-
sian study was: since this review study is lim-
ited to Iranian population and aimed to measure 
the HEV prevalence, samples (Serum [blood]) 
were collected exclusively from the Iranians; 
assays such as enzyme immunoassay, which are 
approved and accepted laboratory methods for 
HEV; researches that studied general population 
and studies that reported HEV IgG.

●● exclusion criteria
Articles were excluded from this review if: sam-
ples were archived before; studies which used 
other methods instead of standard tests to iden-
tify HEV; laboratory studies on animals; con-
gress abstracts, review articles, studies reported 
in languages other than English or Persian, 

Box 1. Search strategy.
 ●  (“Hepatitis E virus” [MeSH Terms]) AND (“Epidemiology” [MeSH Terms]) AND (“Prevalence” [MeSH Terms]) AND (“ELISA” [MeSH Terms]) AND 
(“Iran” [MeSH Terms]) AND (Limited to [LANGUAGE, “English” or “Persian”]) AND (Limited to [DOCUMENT TYPE, “original article”]) (Filters: 
Publication date from 1980/01/01 to 2015/12/30).
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Figure 1. Flowchart of literature search and study selection.  
HEV: Hepatitis E virus.

Records screened
(n = 9246)

Records excluded due to duplication
(n = 3484)

Titles and abstracts screened
(n = 5762)

Records excluded
(n = 5129)
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Not measure prevalence of HEV
prevalence of HEV infections not in Iran

Full-text articles assessed for eligibility
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•  Narrative qualitative study
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and meta-analysis
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meta- analysis or systematic reviews and dupli-
cate publication of the same study (or published 
both in English and Persian) were also excluded, 
with the exception of duplicate studies in which 
more  sample size and more detailed results were 
provided.

●● Data collection
From all of the studies, the author’s name, pub-
lication date, sample size, study setting, mean 
age, the RF of HEV, research location and risk 

factors were extracted. Data were found from 
studies based on title, abstract and keywords by 
two blinding researchers, separately. Disagree-
ments were resolved by consensus of the whole 
team in both phases.

●● assessment of quality studies
We used checklist and diagram of the PRISMA, 
then critical appraisal has been done with 
STROB form. PRISMA and STROB can 
also be used as a basis for reporting system-
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table 1. characteristics of studies included in the systematic review and meta-analysis after full evaluation.

Study year city of data collection total 
sample size

total number 
of cases

techniques for 
Hev identification

igm/igG 
detection

Ref.

Aminiafshar 2004 Tehran 90 7 ELISA IgG and IgM [29]

Taremi 2004 Tabriz, northwestern part of Iran 324 24 ELISA IgG [30]

Somi 2006 East Azerbaijan 200 55 ELISA IgG [21]

Ataei 2005 Isfahan 816 31 ELISA IgG and IgM [1]

Alavi 2006 Ahvaz 228 35 ELISA IgG [31]

Rezazadeh 2005 Hamadan 280 36 ELISA IgG [32]

Assarehzadegan 2005 Khuzestan 400 46 ELISA IgG [33]

Ghorbani 2006 Tehran 800 9 ELISA IgG and IgM [2]

Shamsizadeh 2007 Ahvaz 566 48 ELISA IgG [34]

Mohebbi 2006 Tehran 493 39 ELISA IgG [35]

Mohebbi 2007 Tehran 551 51 ELISA IgG [36]

Rasti 2010 Ahvaz 418 22 ELISA IgG and IgM [37]

Taremi 2007 Tabriz 399 31 ELISA IgG [38]

Pourahmad 2007 Jahrom 43 3 ELISA IgG [39]

Taremi 2008 Nahavand 1824 170 ELISA IgG [40]

Saffar 2009 Mazandaran 1080 25 ELISA IgG [10]

Raoofi 2009 Khorramabad 400 31 ELISA IgG and IgM [41]

Sepanlou 2010 Iran 1423 105 ELISA Not specified [22]

Amanat 2010 Southwest of Iran 80 5 ELISA IgG [32]

Eini 2010 Hamadan 153 29 ELISA IgG [42]

Zekavat 2010 Jahrom and Shiraz 80 5 ELISA IgG [43]

Mamani 2011 Hamadan 131 8 ELISA IgG [44]

Mamani 2011 Hamadan 1050 77 ELISA IgG [45]

Tabarraei 2011 Gorgan, North East of Caspian 
Sea

394 29 ELISA Not specified [46]

Rostamzadeh 
Khameneh

2011 Urmia 91 28 ELISA IgG [47]

Sharif 2011 Kashan 558 21 ELISA IgG [48]

Ehteram 2012 Central province of Iran 530 76 ELISA IgG [6]

Raoofi 2012 Western Iran 400 31 ELISA Not specified [49]

Alavian 2012 Isfahan 274 78 ELISA IgG [50]

Rostamzadeh 
Khameneh

2013 Urmia 136 5 ELISA IgG [51]

Tabaraie 2013 Gorgan 150 6 ELISA IgG and IgM [52]

Joulaei 2013 Shiraz 158 26 ELISA IgG and IgM [53]

Naeimi 2013 Bushehr 628 105 ELISA IgG [48]

Sotoodeh 
Jahromi

2013 Jahrom 110 11 ELISA IgG and IgM [54]

Farshadpour 2014 Ahvaz 510 235 ELISA IgG and IgM [55]

Keshvari 2014 Tehran 559 45 ELISA IgG [56]

atic reviews of other types of research; STROB 
particularly evaluated the prevalence for any 
outcome. Items related to study type, sample 
size, research objectives, population and inclu-
sion/exclusion criteria for primary research, 
methods of analysis and appropriate presenta-
tion of results were determined and a score was 
assigned to each item. We scored topic critical 
appraisal 0–2, a score was assigned to each sec-

tion (e.g., title, abstract, methodology, result, 
discussion and so on), then articles scored 
between 0–15, and the studies achieved at least 
eight quality scores were  considered eligible for 
final meta-analysis.

●● Statistical analysis
The numbers of total participants with rotavirus 
were used to estimate the RF which was con-
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Figure 2. Results of meta-analysis of pooled prevalence with 95% ci and its forest plot.  
ES: Estimation of prevalence

Study
ID

Aminiafshar (2004)
Taremi (2004)
Somi (2006)
Ataei (2005)
Alavi (2006)
Rezazadeh (2005)
Assarehzadegana (2005)
Ghorbani (2006)
Shamsizadeh (2007)
Mohebbi (2006)
Mohebbi (2007)
Rasti (2010)
Taremi (2007)
Pourahmad (2007)
Taremi (2008)
Saffar (2009)
Raoo� (2009)
Sepanlou (2010)
Amanat (2010)
Eini (2010)
Zekavat (2010)
Mamani (2011)
Mamani (2011)
Tabarraei (2011)
Rostamzadeh Khameneh (2011)
Sharif (2011)
Ehteram (2012)
Raoo� (2012)
Alavian (2012)
Rostamzadeh Khameneh (2013)
Tabaraie (2013)
Joulaei (2013)
Naeimi (2013)
Sotoodeh Jahromi (2013)
Farshadpour (2014)
Keshvari (2014)
Overall (I-squared = 100.0%, p = 0.000)

ES (95% CI)

0.08 (0.08, 0.08)
0.07 (0.07, 0.07)
0.28 (0.27, 0.28)
0.04 (0.04, 0.04)
0.15 (0.15, 0.15)
0.13 (0.13, 0.13)
0.12 (0.11, 0.12)
0.01 (0.01, 0.01)
0.09 (0.08, 0.09)
0.08 (0.08, 0.08)
0.09 (0.09, 0.09)
0.05 (0.05, 0.05)
0.08 (0.08, 0.08)
0.07 (0.07, 0.07)
0.09 (0.09, 0.09)
0.02 (0.02, 0.02)
0.08 (0.08, 0.08)
0.07 (0.07, 0.07)
0.06 (0.06, 0.06)
0.19 (0.19, 0.19)
0.06 (0.06, 0.06)
0.06 (0.06, 0.06)
0.07 (0.07, 0.07)
0.07 (0.07, 0.07)
0.31 (0.30, 0.31)
0.04 (0.04, 0.04)
0.14 (0.14, 0.14)
0.08 (0.08, 0.08)
0.28 (0.28, 0.29)
0.04 (0.04, 0.04)
0.04 (0.04, 0.04)
0.16 (0.16, 0.17)
0.17 (0.17, 0.17)
0.10 (0.10, 0.10)
0.46 (0.46, 0.46)
0.08 (0.08, 0.08)
0.10 (0.10, 0.10)

  
Weight (%) 

0.55
1.98
1.22
5.00
1.40
1.71
2.45
4.90
3.47
3.02
3.37
2.56
2.44
0.26
11.17
6.61
2.45
8.72
0.49
0.94
0.49
0.80
6.43
2.41
0.56
3.42
3.25
2.45
1.68
0.83
0.92
0.97
3.85
0.67
3.12
3.42
100.00

-0.461 0 0.461

0.04 (0.0
0.16 (0.1
0.17 (0.1
0.10 (0.1
0.46 (0.4
0.08 (0.0
0.10 (0.1

Prevalence of hepatitis E infection in Iran systematic review

future science group www.futuremedicine.com

verted to log RF and its standard error for the 
meta-analysis [26]. We used the random effect 
model, when heterogeneity existed (I2 ≥50%). 
The pooled prevalence was derived from a ran-
dom effect model that takes between-study vari-
ation into account [27]. Statistical hetero geneity 
of the statistics between studies was evaluated 
by using Cochran’s Q test and quantified with 
I-squared [26]. In order to identify sources of 
hetero geneity, which the pooled prevalence 

might depend on, sensitivity analysis was used 
for a particular study or a group of publica-
tions (if any) that had the highest impact on 
the heterogeneity test. Publication bias and 
asymmetry was checked by Funnel plots, Begg’s 
adjusted rank-correlation test and Egger’s regres-
sion [28]. All statistical analyses were performed 
using STATA 11.0 (STATA Corp., TX, USA) 
and p-values less than 0.05 were considered 
 statistically  significant.
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Figure 3. Funnel plot of the relative frequencies in the studies that evaluated the seroprevalence 
of hepatitis e virus in iran.  
RF: Relative frequencies.
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Results
A total of 9246 articles were retrieved by the data-
base search. Summary of the literature search and 
study selection is showed in the Figure 1. In a pri-
mary screening process, 3484 of the publications 
were excluded due to duplication. In the second-
ary screening process, 5129 of the publications 
were excluded based on title and abstract evalu-
ation, and 633 articles were retained for detailed 
full-text evaluation. After full-text evaluation, 
36 articles describing the prevalence of Hepatitis 
E infection in Iran, with average of quality scores 
was 11.75 (SD = 2), were selected for the present 
study which are listed in table 1. In all studies, 
the hepatitis E infectious samples are taken from 
the general population. As it is clear; most of the 
studies were conducted in central and west of 
Iran followed by the south. Figure 2 shows the for-
est plot and results of meta-analysis for the pooled 
 estimation of the prevalence with 95% CI.

The status of HEV in Iran is represented in 
table 1. The pooled prevalence of hepatitis E 
infection calculated using the random-effects 
model was found to be 9.7% (95% CI: 9.5–9.9%) 
(Figure 2). However, the evident heterogeneity of 
HEV-RF was observed among studies (Cochran 
Q test, p-value = 0.001; I2 = 90%). Although 

a slight asymmetry was seen in the funnel plot 
(more detail was shown in the Figure 3), this was 
not confirmed by statistical tests (p-value = 0.075 
for Begg rank correlation analysis; p-value = 0.052 
for Egger weighted regression analysis).

Sensitivity analysis was performed by sequen-
tial omission of individual studies. The com-
bined RFs of HEV prevalence from sequential 
omission was 11.1% and 95% CI: 9.1–13.2% 
(CI consists of the pooled prevalence of HEV). 
Therefore, the pooled prevalence of HEV not 
altered after omission, indicating that our results 
were statistically robust (Figure 4).

Discussion
Iran with few suspected outbreaks of HEV is 
expected to have a high rate of hepatitis E preva-
lence. Although, there have been few reports of 
HEV suspected outbreaks in this geographic 
region [22]. The first documented report of Iran 
came from a pregnant woman in Kermanshah 
province in 1991 [57]. In recent years, Iranian 
researchers investigated HEV seroprevalence and 
reported more heterogenic data about local preva-
lence of HEV infection [22]. This study aimed to 
determine the RF of HEV from different parts 
of Iran. In order to do so, the related published 
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Figure 4. influence or sensitivity plot.
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and unpublished data from the last 10 years were 
collected. The finding of this study revealed the 
mean prevalence of HEV infection moderately 
was at a high level and quantitatively was equal 
to 9.7%. Fifty percent of Iranian cities were 
afflicted by the infection. We tried to compare 
current study with similar studies performed 
in different parts of the world. Based on differ-
ent studies, Hepatitis E globally has impacted 
human health and has infected almost a third of 
the world population [16,58,59]. The infection rates 
vary in the different geographical regions and high 
prevalence of HEV infection has been reported 
in India (up to 50%), Africa (25%) and Eastern-
Oriental countries (15–20%), respectively [15]. In 
Iraq as parts of the Middle East and an endemic 
region, Nasrawi et al. reported that the prevalence 
of HEV infection was 38.1% [60]. The reported 
prevalence rate of HEV infection was 14% for 
Pakistan [61] and 6% for Egypt [62]. In industrial-
ized countries, the circumstances of the infection 

is different in Far East Asia and North America. 
In these regions, HEV infection is much less fre-
quent and only several sporadic cases have been 
reported [58,59]. Also, a recent study by Yapa et al. 
described first HEV outbreak in Australia [63,64]. 
In addition, recent studies carried out on popula-
tion of European countries revealed an increase 
in seroprevalence of anti-HEV IgG. In south-
west England, HEV IgG seroprevalence was 
determined in 500 blood donors and the study 
revealed that 16% were IgG positive [65]. In 
Eastern Germany (2012), seroprevalence of anti-
HEV IgG detected 18% among blood donors and 
11% among forestry workers [66]. Petrovic et al. 
reported 15% anti-HEV IgG among 200 volun-
teer blood donors. Also, it was found that HEV 
seroprevalence is enhanced by age [67]. Maral et al. 
indicated that seroprevalence of anti-HEV IgG 
among primary school students was 1.7% and 
2.1% in November 2003 and in January 2005 in 
Turkey, respectively [68]. Seroprevalence of anti-
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HEV IgG in Iran varied from 1.1% in Tehran [2] 
to 30.76% in Urmia [47] and 46.1% in Ahvaz [55]. 
These widely varying rates of HEV infection in 
different geographic areas could be related to 
several factors such as different socioeconomic 
and hygienic states, variability in the circulation 
of types of virus and tropical climates. Also, in 
developed countries, occupational exposure and 
consumption of some foods such as pork prod-
ucts [69] are considered as important factors in dis-
tribution of the infection. ELISA, as a sensitive 
and specific diagnostic method [70], has been used 
in most of the studies that have been applied in 
the review for HEV detection. The result revealed 
that ELISA assay could reduce bias in the virus 
detection. The findings showed that HEV infec-
tion is globally distributed evenly in developed 
countries and healthcare systems may face dif-
ficulties in controlling the infection worldwide. 
There were several limitations that should be con-
sidered in our meta-analysis, including: due to the 
language barrier, non-English literature could not 
be considered in the study; missed studies, due to 
limited access to the press articles, however, the 
funnel plot suggests that publication bias was not 
obvious; in some part of Iran, no study was not 
performed on prevalence of HEV infection, so 
these results cannot fully be extensible to some 

parts of Iran; there was  heterogeneity between the 
included studies.

conclusion
In conclusion, the findings of meta-analysis 
revealed that HEV infection is endemic in Iran. 
Therefore, sanitation programs, public health 
education, careful monitoring and early detec-
tion of HEV infection through sensitive and 
specific laboratory methods are recommended 
for prevention and control of the infection in 
Iranian population. Furthermore, studies on 
the role of HEV, especially in cases of clinical 
hepatitis and asymptomatic are recommended.

Future perspective
Iran has the highest prevalence rate of hepatitis E 
and thus more surveys in this region are needed.
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executive summary
aim

 ●  The aim of this study is to evaluate the hepatitis E virus (HEV) prevalence in Iran and provide an overall relative 
frequency for Iran.

methods

 ●  We searched all the related databases.

 ●  Studies were selected using inclusion and exclusion criteria.

 ●  The data were analyzed by software and the prevalence of HEV was reported.

Results & conclusion

 ●  Thirty two studies were selected among 9246 studies.

 ●  Pooled estimate prevalence of HEV positive was 9.7%.

 ●  Relative frequency values varied from 1.1% in Tehran to 46.1% in Ahvaz.

 ●  HEV is common in Iran, although the prevalence is lower than some neighboring countries.

References
Papers of special note have been highlighted as:  
• of interest; •• of considerable interest

1 Ataei B, Nokhodian Z, Javadi AA et al. Hepatitis 
E virus in Isfahan Province: a population-based 
study. Int. J. Infect. Dis. 13(1), 67–71 (2009).

2 Ghorbani GA, Alavian S-M, Esfahani AA, 
Assari S. Seroepidemiology of hepatitis E virus in 
Iranian soldiers. Hepat. Mon. 7(3), 121–124 
(2007).

3 Mirazo S, Ramos N, Mainardi V, Gerona S, 
Arbiza J. Transmission, diagnosis, and 

management of hepatitis E: an update. Hepat. 
Med. 6, 45–59 (2014).

4 Lapa D, Capobianchi MR, Garbuglia AR. 
Epidemiology of hepatitis E virus in european 
countries. Int. J. Mol. Sci. 16(10), 
25711–25743 (2015).



235future science group www.futuremedicine.com

Prevalence of hepatitis E infection in Iran systematic review

5 Shukla P, Chauhan U, Naik S, Anderson D, 
Aggarwal R. Hepatitis E virus infection 
among animals in northern India: an unlikely 
source of human disease. J. Viral Hepatitis 
14(5), 310–317 (2007).

6 Ehteram H, Ramezani A, Eslamifar A et al. 
Seroprevalence of Hepatitis E Virus infection 
among volunteer blood donors in central 
province of Iran in 2012. Iran. J. Microbiol. 
5(2), 172–176 (2013).

7 Panda SK, Datta R, Kaur J, Zuckerman AJ, 
Nayak NC. Enterically transmitted non-A, 
non-B hepatitis: recovery of virus-like 
particles from an epidemic in south Delhi and 
transmission studies in rhesus monkeys. 
Hepatology 10(4), 466–472 (1989).

8 Ahn J-M, Kang S-G, Lee D-Y, Shin SJ, Yoo 
HS. Identification of novel human hepatitis E 
virus (HEV) isolates and determination of the 
seroprevalence of HEV in Korea. J. Clin. 
Microbiol. 43(7), 3042–3048 (2005).

9 Buti M, Clemente-Casares P, Jardi R et al. 
Sporadic cases of acute autochthonous 
hepatitis E in Spain. J. Hepatol. 41(1), 
126–131 (2004).

10 Saffar M, Farhadi R, Ajami A, Khalilian A, 
Babamahmodi F, Saffar H. Seroepidemiology 
of hepatitis E virus infection in 2–25-year-olds 
in Sari district, Islamic Republic of Iran (2009).  
http://citeseerx.ist.psu.edu/viewdoc/downloa

11 Atabek ME, Fýndýk D, Gulyuz A, Erkul I. 
Prevalence of anti-HAV and anti-HEV 
antibodies in Konya, Turkey. Health Policy 
67(3), 265–269 (2004).

12 Navaneethan U, Al Mohajer M, Shata MT. 
Hepatitis E and pregnancy: understanding 
the pathogenesis. Liver Int. 28(9), 1190–1199 
(2008).

13 Arankalle VA, Tsarev SA, Chadha MS et al. 
Age-specific prevalence of antibodies to hepatitis 
A and E viruses in Pune, India, 1982 and 1992. 
J. Infect. Dis. 171(2), 447–450 (1995).

14 Kaufmann A, Kenfak-Foguena A, André C 
et al. Hepatitis E virus seroprevalence among 
blood donors in southwest Switzerland. PLoS 
ONE 6(6), e21150 (2011).

15 Purcell R, Emerson S. Hepatitis E: an 
emerging awareness of an old disease. 
J. Hepatol. 48(3), 494–503 (2008).

16 Rein DB, Stevens GA, Theaker J, Wittenborn 
JS, Wiersma ST. The global burden of 
hepatitis E virus genotypes 1 and 2 in 2005. 
Hepatology 55(4), 988–997 (2012).

17 Aggarwal R. The global prevalence of 
Hepatitis E Virus infection and susceptibility: 
a systematic review. Geneva, Switzerland. 
WHO (2010).  
http://apps.who.int/iris/

18 Bennett JE, Dolin R, Blaser MJ. Principles 
and Practice of Infectious Diseases. Elsevier 
Health Sciences, Ontario, Canada (2014).

19 Khuroo MS, Kamili S, Yattoo GN. Hepatitis 
E virus infection may be transmitted through 
blood transfusions in an endemic area. 
J. Gastroenterol. Hepatol. 19(7), 778–784 
(2004).

20 Hong Y, Ruan B, Yang L-H et al. Hepatitis E 
virus chimeric DNA vaccine elicits 
immunologic response in mice. World J. 
Gastroenterol. 11(42), 6713 (2005).

21 Somi MH, Farhang S, Majidi G, Shavakhi A, 
Pouri A-A. Seroprevalence of hepatitis E in 
patients with chronic liver disease from East 
Azerbaijan, Iran. Hep. Mon. 7, 125–128 
(2007).

22 Sepanlou SG, Rezvan H, Amini-Kafiabad S, 
Dayhim M, Merat S. A population-based 
seroepidemiological study on Hepatitis E 
Virus in Iran. Middle East J. Dig. Dis. 2(2), 
97–103 (2010).

23 Scientific Information Database.  
www.sid.ir

24 Magiran.  
www.magiran.com

25 Iranmedex.  
www.Iranmedex.ir

26 Higgins J, Thompson SG. Quantifying 
heterogeneity in a meta-analysis. Stat. Med. 
21(11), 1539–1558 (2002).

27 Egger M, Davey-Smith G, Altman D. 
Systematic Reviews in Health Care: Meta-
Analysis in Context. John Wiley & Sons, NJ, 
USA (2008).

28 Egger M, Smith GD, Schneider M, Minder 
C. Bias in meta-analysis detected by a simple, 
graphical test. BMJ 315(7109), 629–634 
(1997).

29 Aminiafshar S, Alimagham M, Gachkar L, 
Yousefi F, Attarchi Z. Anti hepatitis E virus 
seropositivity in a group of blood donors. Iran 
J. Public Health 33(4), 53–56 (2004).

30 Taremi M, Khoshbaten M, Gachkar L, 
Ehsaniardakani M, Zali M. Hepatitis E virus 
infection in hemodialysis patients: a 
seroepidemiological survey in Iran. BMC 
Infect. Dis. 5(1), 36 (2005).

31 Alavi S, Ahmadi F, Ghasemirad M. 
Seroepidemiological study of hepatitis E virus 
in drug addicts in Ahvaz, Southern Iran: 
2005–2006. Hepat. Mon. 8(4), 263–266 
(2008).

32 Hajilou Rezazadeh M GL, Yadegari D, Mani 
Kashani K, Naghdi M. Survey of 
seroprevalence of hepatitis E virus among 
blood donors to Hamadan Blood Transfusion 

Organization in 2005. Iran J. Clin. Infect. 
Dis. 34(11), 13–18 (2006).

33 Assarehzadegan MA, Shakerinejad G, Amini 
A, Rezaee SR. Seroprevalence of hepatitis E 
virus in blood donors in Khuzestan Province, 
southwest Iran. Int. J. Infect. Dis. 12(4), 
387–390 (2008).

34 Ahmad S, Roya N, Manoochehr M, Nooshin 
S. Seroprevalence of hepatitis E virus 
infection in children in the Southwest of Iran. 
Hepat. Mon. 2009(4), 261–264 (2011).

35 Mohebbi R, Rostaminejad M, Ebrahim 
Tahaei M et al. Seroepidemiology study of 
hepatitis E virus infection in Tehran province: 
a population based study. J. Nurs. Midwifery 
Urmia University of Medical Sciences 9(6), 
457–463 (2012).

36 Mohebbi SR, Nejad MR, Tahaei SME et al. 
Seroepidemiology of hepatitis A and E virus 
infections in Tehran, Iran: a population based 
study. Trans. R. Soc. Trop. Med. Hyg. 106(9), 
528–531 (2012).

37 Rasti M, Samarbafzadeh A, Neisi N, 
Makvandi M, Najafifard S. Study on the 
seroprevalence of hepatitis E virus infection in 
pregnant women referring to Imam Khomeini 
general hospital in Ahvaz. Jentashapir 
J. Health Res. 5(3), 101–105 (2014).

38 Taremi M, Gachkar L, Mahmoudarabi S, 
Kheradpezhouh M, Khoshbaten M. 
Prevalence of antibodies to hepatitis E virus 
among male blood donors in Tabriz, Islamic 
Republic of Iran. East Mediterr. Health J. 
13(1), 98–102 (2007).

39 Morteza P, Abdolreza S, Hamid N. Hepatitis 
E virus infection in hemodialysis patients: a 
seroepidemiological survey in Jahrom, 
Southern Iran. Hepat. Mon. 2009(3), 
232–235 (2009).

40 Taremi M, Alizadeh A, Ardalan A, Ansari S, 
Zali M. Seroprevalence of hepatitis E in 
Nahavand, Islamic Republic of Iran: a 
population-based study. East Mediterr. Health 
J. 14(1), 157–162 (2008).

41 Raoofi R, Nazer MR, Pournia Y. 
Seroepidemiology of hepatitis E virus in 
Western Iran. Braz. J. Infect. Dis. 16(3), 
302–303 (2012).

42 Eini P, Mamani M, Javani M. Seroprevalence 
of hepatitis E among hemodialysis patients: a 
report from Hamadan, Iran. Hepat. Mon. 
15(5), e26260 (2015).

43 Zekavat OR, Makarem A, Karami MY, 
Amanat A, Mohandes M, Habibagahi M. 
Serological investigation for hepatitis E virus 
infection in the patients with chronic 
maintenance hemodialysis from southwest of 
Iran. Asian J. Transfus. Sci. 7(1), 21 (2013).

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.482.4372&rep=rep1&type=pdf
http://apps.who.int/iris/bitstream/10665/70513/1/WHO_IVB_10.14_eng.pdf
www.sid.ir
www.magiran.com
www.Iranmedex.ir


Future Virol. (2017) 12(4)236

systematic review Hadifar, Sedighi, Mostafaei et al.

future science group

44 Keramat F, Mamani M, Samadi M, 
Mohammadnezhad S, Eini P, Moradi A. 
Seroprevalence of hepatitis E Virus among 
injection drug users and non-injection drug 
users in Hamadan, west of Iran. Avicenna J. 
Clin. Microbiol. Infect. 1(3), e22343 (2014).

45 Mamani M, Zamani M, Hashemi SH, 
Keramat F. Seroprevalence of antibodies to 
hepatitis E Virus among pregnant women. 
Avicenna J. Clin. Microbiol. Infect. 2(2), 
e25339 (2015).

46 Tabarraei A, Moradi A, Rodgari D, Javid N, 
Bakhshandeh Nosrat S. Anti-Hepatitis E 
Virus seroprevalence in pregnant women in 
Gorgan, Iran, North East of Caspian Sea. 
International Conference on Life Science and 
Technology. Mumbai, India, 7–9 January 
2011.

47 Zakieh RK, Nariman S, Sima M. 
Seroprevalence of hepatitis E among Iranian 
renal transplant recipients. Hepat. Mon. 
2011(8), 646–651 (2011).

48 Sharif AR. Seroepidemiology of Hepatitis E 
in Children in Kashan 2012. Iranian J. Infect. 
Dis. Trop. Med. 18 (63), 31–36 (2014). 

49 Raoofi R, Nazer MR, Pournia Y. 
Seroepidemiology of hepatitis E virus in 
Western Iran. Brazilian J. Infect. Dis. 16, 
302–303 (2012).

50 Alavian SM, Ataei B, Ebrahimi A et al. 
Anti-Hepatitis E antibody in hemodialysis 
patients in Isfahan, Iran: prevalence and risk 
factors. Hepat. Mon. 15(9), e23633 (2015).

51 Rostamzadeh Khameneh Z, Sepehrvand N, 
Shirmohamadi Z. Hepatitis E among 
pregnant women in Urmia, Iran. Int. J. 
Pediatr. 2(2.1), 47–47 (2014).

52 Tahamtan A, Moradi A, Ghaemi A et al. 
Seroepidemiology of Hepatitis E Virus in 
hemodialysis patients in Gorgan-Iran. Med. 
Lab. J. 7(2), 13–17 (2013).

53 Joulaei H, Rudgari O, Motazedian N, 
Gorji-Makhsous S. Hepatitis E virus 
seroprevalence in HIV positive individuals in 

Shiraz, Southern Iran. Iran J. Microbiol. 7(2), 
103 (2015).

54 Jahromi AS, Ahmadi-Vasmehjani A, Zabetian 
H et al. Sero-epidemiological study of 
Hepatitis E Virus among Thalassemia as high 
risk patients: a cross-sectional survey in 
Jahrom, Southern, Iran. Glob. J. Health Sci. 
8(9), 245 (2016).

55 Farshadpour F, Taherkhani R, Makvandi M. 
Prevalence of hepatitis E virus among adults 
in south-west of Iran. Hepat. Res. Treat. 2015, 
759589 (2015).

56 Hesamizadeh K, Sharafi H, Keyvani H et al. 
Hepatitis A virus and hepatitis E virus 
seroprevalence among blood donors in 
Tehran, Iran. Hepat. Mon. 16(1), e32215 
(2016).

57 Hatami H. Epidemic report of hepatitis E in 
Kermanshah. Nabz J. 9, 23–31 (1991).

58 Kamar N, Bendall R, Legrand-Abravanel F 
et al. Hepatitis E. Lancet 379(9835), 
2477–2488 (2012).

59 Dalton HR, Hunter JG, Bendall RP. 
Hepatitis E. Curr. Opin. Infect. Dis. 26(5), 
471–478 (2013).

60 Al-Nasrawi K, Al-Diwan J, Al-Hadithi T, 
Saleh A. Viral hepatitis E outbreak in Al-Sadr 
city, Baghdad, Iraq/Flambée d’hépatite virale 
E à Al-Sadr city, Bagdad, Iraq. East. Mediterr. 
Health J. 16(11), 1128 (2010).

61 Saeedi MI, Mahmood K, Ziauddin M, Ilyas 
N, Zarif M. Frequency and clinical course of 
hepatitis E in tertiary care hospitals. J. Coll. 
Physicians Surg. Pak. 14(9), 527–529 (2004).

62 Aboulata AA, Ahmad MS, Shaban M, Zayd 
K, Abd E-MA. Prevalence of hepatitis E virus 
in Egyptian children presented with minor 
hepatic disorders. Egypt. J. Immunol. 12(2), 
71–76 (2004).

63 Yapa CM, Furlong C, Rosewell A et al. First 
reported outbreak of locally acquired hepatitis 
E virus infection in Australia. Med. J. Aust. 
204(7), 274 (2016). 

•	 Reports	the	first	hepatitis	E	virus	outbreak	
in	Australia	and	discusses	about	hepatitis	E	
virus	should	be	considered	in	patients	
presenting	with	a	compatible	illness,	even	
without	a	history	of	overseas	travel.

64 Christou L, Kosmidou M. Hepatitis E virus 
in the Western world – a pork-related 
zoonosis. Clin. Microbiol. Infect. 19(7), 
600–604 (2013).

65 Dalton HR, Stableforth W, Thurairajah P 
et al. Autochthonous hepatitis E in Southwest 
England: natural history, complications and 
seasonal variation, and hepatitis E virus IgG 
seroprevalence in blood donors, the elderly 
and patients with chronic liver disease. Eur. J. 
Gastroenterol. Hepatol. 20(8), 784–790 
(2008).

66 Dremsek P, Wenzel JJ, Johne R et al. 
Seroprevalence study in forestry workers from 
eastern Germany using novel genotype 3-and 
rat hepatitis E virus-specific immunoglobulin 
G ELISAs. Med. Microbiol. Immunol. 201(2), 
189–200 (2012).

67 PetroviĆ T, LupuloviĆ D, De Oya NJ et al. 
Prevalence of hepatitis E virus (HEV) 
antibodies in Serbian blood donors. J. Infect. 
Dev. Ctries 8(10), 1322–1327 (2014).

68 Maral I, Budakoglu I, Ceyhan M, Atak A, 
Bumin M. Hepatitis E virus seroepidemiology 
and its change during 1 year in primary 
school students in Ankara, Turkey. Clin. 
Microbiol. Infect. 16(7), 831–835 (2010).

69 Said B, Ijaz S, Chand M, Kafatos G, Tedder 
R, Morgan D. Hepatitis E virus in England 
and Wales: indigenous infection is associated 
with the consumption of processed pork 
products. Epidemiol. Infect. 142(07), 
1467–1475 (2014).

70 Zhou Y-H, Purcell RH, Emerson SU. An 
ELISA for putative neutralizing antibodies to 
hepatitis E virus detects antibodies to 
genotypes 1, 2, 3, and 4. Vaccine 22(20), 

2578–2585 (2004).


