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Introduction
In Asia-Pacific region, viral infections due to hepatitis B
and C viruses are major etiological risk factors for liver
disease and liver failure. However, a major concern now is
the emergence of non-alcoholic fatty liver disease
(NAFLD). A close association between the coexistence of
NAFLD with liver diseases such as hepatitis C virus,
alcoholic liver disease and hemochromatosis is quite
common. There are only few meta-analysis studies on the
association between hepatitis B virus (HBV) and NAFLD
and they are mostly these studies are from the Asia-Pacific
region. Further, the fatty liver–HBV link as reported in
epidemiological studies and in vitro cell culture studies are
contradictory. To understand the HBV–fatty liver conundrum, a clinical animal model is of utmost importance. In
this issue of Hepatology International, Hu et al. [1] have
made use of the HBV-immunocompetent mouse model to
demonstrate that hepatic steatosis inhibited HBV
replication.

Does fatty liver affect the HBV replication
and seroclearance of HBVs antigen?
Hepatitis B virus is hepatotrophic, and chronic infection
can be life threatening due to cirrhosis, liver failure and
hepatocellular carcinoma. Persistence or clearance of HBV
depends on a number of factors such as the age of infection, genetic/epigenetic host factors and the immune status.
About 1–2% of chronic HBV carriers may show spontaneous HBsAg seroclearance. Infact, few epidemiological
studies have suggested that the two most important factors
associated with HBV clearance are (a) age of disease onset
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and (b) the presence of steatosis are [2–4]. A few of the
meta-analysis studies have suggested an inverse correlation
between HBV replication and steatosis; however, the
mechanistic details remain still unanswered. Interestingly,
chronic HBV patients with steatosis and high body mass
index showed accelerated HBsAg seroclearance compared
to those without fatty liver [5]. Further, the authors noted
that HBsAg seroclearance occurred at younger age in
patients with hepatic steatosis in comparison to those
without steatosis. In yet another study, extremely obese
male subjects showed significant HBsAg seroclearance,
which was regardless of age [6]. As most of these reports
are based on epidemiological evidences, it is important to
confirm these associations using animal studies also to
dissect out the underlying host mechanisms associated with
viral clearance.
Interestingly, a previous study reported that HBV
transgenic mice fed on high-fat diet showed reduced HBV
replication, but with little inflammation and liver damage
[7]. Now a report by Hu et al. [1], in the current issue of
this journal, further supports the opposing relation between
HBV replication and steatosis by using a non-transgenic
immunocompetent mouse model.
Hu et al. [1] have developed a novel FVB/N mouse
model of HBV persistence by hydrodynamically injecting
HBV 1.3 replication plasmid in the tail vein. HBV replicated in the liver of these mice even after 14 weeks of
injection in more than 70% animals. Using this HBV-persistent mouse model, the authors then tested if induction of
fatty liver can interfere with HBV replication. On the 3rd
day after HBV injection, the animals were divided into two
groups: one group was fed a normal diet, while another
group was fed a high-fat diet (HFD). Animals fed an HFD
showed prominent hepatic steatosis by 14 weeks, while
those on normal diet showed normal liver histopathology.
However, mice fed on HFD showed a significant decline in
the levels of HBV-DNA, HBeAg, HBsAg, HBcAg, and
HBV pgRNA as compared to those fed a normal diet
(Fig. 1). This indicates that HFD-induced steatosis caused
inhibition of HBV replication. This new mouse model [1]
exhibited an inflammatory response (higher levels of TNF
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Fig. 1 HBV-NASH mouse model: High-fat diet induces steatosis and inhibits HBV replication in a non-transgenic immunocompetent
mouse (FVB/N) model

a, IL-1b and IL-6) and also liver damage (higher ALT and
AST level), irrespective of the diet given to these animals.
Both these studies concluded that low levels of HBV
replication and HBs antigen levels in the animals fed a
high-fat diet were not due to an overt immunological
response, rather it seems to be dependent on a still
unknown metabolic factor. However, a major drawback of
the HBV-NASH rodent models is that the interpretations
on non-involvement of immune response are based primarily on histopathology observations and levels of two or
three inflammatory cytokines. A complete immune profiling may be necessary before drawing such a conclusion.
Another major concern of the present study is the use of
non-transgenic mice and non-permissive nature for HBV
entry, which do not fully support the HBV replicative
cycle. As a result, these animals may not efficiently produce cccDNA which is considered an important intermediate in HBV replication and life cycle. Further, in the
present model, animals were first injected with HBV and
later fed on HFD; however, it is equally important to test if
HBV replication can still be prevented in a prior setting of
fatty liver. Despite the limitations, the new HBV-NASH
mouse model shows sustenance of HBV-DNA load even
after 14 weeks of injection and thus seems to mimic a
human condition of chronic HBV infection, which could be
useful in future studies.
The HBV-NASH animal model does not provide the
mechanistic details by which steatosis prevents HBV
replication. It has been suggested previously that steatosis
can either lead to cytoplasmic distribution of HBsAg or
hepatocyte cell death, thereby leading to seroclearance of
HBV [7]. It is now well known that steatosis is often
associated with alterations in intestinal microbiota, leading
to dysbiosis and inflammation. Recently it was reported
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that gut microbiota can activate liver immunity and HBV
clearance [8]. It is quite possible that dysbiosis due to
steatosis has a role in HBV clearance which needs to be
validated. Ironically, on one hand, fatty liver limits HBV
replication, on the other steatosis provides conducive
environment for disease which can even culminate in liver
cancer.

Does HBV prevent steatosis?
The HBV-NASH model described by Hu et al. [1] raises
yet another pertinent question on the impact of HBV in
the genesis of steatosis. In cell culture systems hepatitis
B virus X protein is shown to favor lipid accumulation,
in contrast the epidemiological studies indicate HBV as
anti-steatogenic as it lowered the NAFLD risk [9–11]. A
limitation in most of the meta-analysis studies is the use
of ultrasound rather than biopsy-proven samples. In a
study from India with 350 HBV infected patients where
liver biopsies were only available, one-third of the HBV
chronic cases showed steatosis and also these patients
had strong metabolic association with serum triglyceride
levels [12]. Further, this study too indicated a negative
correlation between HBV viral load and steatosis. Interestingly, HBsAg-positive subjects have much reduced
levels of cholesterol compared to the HBsAg-negative
group, thereby indirectly indicating a lipid-lowering
ability of HBV [11]. However, proper caution needs to
be taken while interpreting these results, because a
lowered lipid profile in a setting of HBV could be
impacted by many other factors, viz., the genetic/epigenetic background of the individual, diet, exercise regime
and impact of drugs which were not considered in the
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study. Intriguingly, the HBV-NASH mice model developed by Hu et al. [1] and that of Zhang et al. [7] does
not fully support the clinical observations of antisteatogenic effects of HBV. In fact, the HBV persistent
mouse models fed on a high-fat diet showed development of liver steatosis as evidenced by histopathology
and oil red staining. Further animal studies are needed to
establish the mechanistic effect of HBV in preventing
steatosis.

Conclusions and future directions
The study by Hu et al. [1] has elegantly proven that the
development of fatty liver inhibited HBV replication in an
immunocompetent mouse model of HBV replication.
However, this study has not provided any mechanistic
details of how and by what mechanism the fatty liver
prevents the HBV life cycle. Intriguingly, this study
points toward the role of host metabolic factors in
inhibiting HBV replication. The existing epidemiological
studies together with HBV-NASH animal models are
suggestive of a paradigm shift regarding HBV seroclearance from an immune to a metabolic response, which
needs to be evaluated further. Because of the non-permissive nature of non-transgenic mouse models of HBV,
the humanized mouse models of HBV would be more
appropriate to test the natural course of HBV replication
in a steatotic background. None of the existing data on
HBV-NASH association discuss the effect on the
minichromosome formation (cccDNA) and this important
aspect needs to be addressed in future studies. HBV
clearance has been mainly reported in individuals with
obesity and high BMI. However, lean NASH is an Asian
entity where hardly any data are available on HBV
replication or seroclearance.
In conclusion, the HBV–fatty liver conundrum needs a
more comprehensive understanding of the mechanistic
underlying cause, its clinical implications and the possible
outcomes for antiviral treatment or response.
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