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Abstract

Introduction—The FDA issued a warning following 24 cases of HBV reactivation during DAA
therapy for HCV, including individuals with inactive, occult and past HBV infection. Clinical
presentations ranged from asymptomatic fluctuations in HBV DNA to fulminant hepatic failure,
liver transplantation and death. The mechanism is unknown.

Areas covered—HCV/HBYV coinfection is common, particularly in regions endemic for HBV.
HCV and HBV utilize host factors to support replication; both viruses evade/impair host
immunity. Clinical presentations of HBV reactivation during DAAs are summarized. Other causes
of HBV reactivation are revisited and recent data regarding HBV reactivation are presented.

Expert opinion—HBY reactivation during DAAs for HCV occurs, with life-threatening
consequences in some individuals. The risk of HBV reactivation is observed in all HBV stages.
The rapid removal of HCV likely alters and liberates host-viral +/- viral-viral interactions that
lead to increased HBV replication. As immune reconstitution occurs with HCV removal, host
recognition of HBV DNA likely ensues followed by vigorous host immune responses leading to
liver injury (HBV flare). These cases highlight the importance of HBV testing prior to initiating
DAA therapy, the need for close monitoring of HBV during therapy and timely administration of
anti-HBV therapy to prevent serious sequelae.
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1. Introduction

The development of all oral interferon-free combination direct-acting antivirals (DAAS) has
revolutionized the treatment of chronic hepatitis C virus infection (HCV), affording
extremely high cure rates (>95%) with few adverse events. Since their approval by many
drug regulatory agencies worldwide, these agents are now widely available in many
countries as first line therapy for HCV. The registration studies for these agents did not
include individuals with a history of hepatitis B virus infection (HBV), another hepatotropic
virus that is often found in patients with HCV owing to their shared transmission routes.
Recently, at least 24 cases of hepatitis B virus (HBV) reactivation have been reported to the
United States Food and Drug Administration (FDA) Event Reporting System or published in
the literature in individuals undergoing DAA therapy for HCV infection who also have a
past or current history of HBV infection (1-8). This resulted in the FDA issuing a safety
alert for risk of HBV reactivation during DAA therapy in these patients, requiring a boxed
warning to be added to the drug label, the most prominent warning. It has long been
recognized that immunosuppressive therapy may reactive HBV, and hence prophylactic
therapy is recommended in patients undergoing immunosuppressive therapy. However, HBV
reactivation in the context of DAAs for HCV has been an unexpected sequelae, as DAA
were not known to be directly immunomodulatory with their mechanism of action
specifically targeting HCV non-structural proteins that are critical in the replication cycle of
HCV.

2. HCV virology

HCV, a member of the Flaviviridae family, is a single-stranded positive sense enveloped
RNA virus. The ~9,600 nucleotide genome encodes 3 structural proteins (core and 2
envelope) and 7 non-structural proteins (p7, NS2, NS3, NS4a, NS4b, NS5a and NS5b) (9).
Owing to the very high replication rate and the error prone RNA-dependent RNA
polymerase, HCV exists as a quasispecies of genetically different (mutated) but related
viruses (9-11). HCV is divided into 6 major genotypes that have distinct geographic
distributions (12). HCV is a hepatotropic blood borne virus, and therefore transmission
occurs following parenteral exposure to HCV-infected blood or blood product derivatives.
Vertical and sexual transmission rates are very low and therefore are not considered major
routes of transmission, with the notable exception of sexual transmission in men who have
sex with men or individuals with high risk sexual practices (13).

Following exposure, HCV binds to a receptor complex on hepatocytes that includes CD81,
low-density lipoprotein receptors, scavenger receptor type B1 and tight junction proteins in
hepatocytes. After receptor-mediated endocytosis, the virus uncoats and the genome is
released into the cytoplasm, where translation into a single polyprotein occurs. Host and
viral proteases (notably the NS3/4a protease) then cleave this polyprotein into the 10 mature

Expert Opin Drug Saf. Author manuscript; available in PMC 2018 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Holmes et al.

Page 3

structural/non-structural proteins. A membrane-associated replication complex forms and
transcription takes place, dependent on the RNA-dependent RNA polymerase (NS5b).
Assembly of new progeny virions occurs and mature virions are then released from
hepatocytes.

3. HBV virology

HBV is a small DNA virus that belongs to the Hepadnaviridae family. The ~3.2 kilobase
genome is a partially double stranded relaxed circular DNA (rcDNA) and is contained
within a nucleocapsid core surrounded by a lipid bilayer containing viral glycoproteins (14).
The viral genome contains 4 overlapping open reading frames, the S, C, P and X genes. The
S gene encodes the HBV surface antigen (HBsAg), the C gene encodes the HBV core
protein or the HBV e antigen (HBeAg) depending on whether the translation is initiated
from the core or precore region, the P (Pol) gene encodes the polymerase and the X gene
encodes the HBV X protein (HBxAg). HBxAg has been shown to have multiple functions
related to signal transduction, transcriptional activation, inhibition of protein degradation,
repair of DNA, apoptosis, cell cycle progression and host chromosome stability (15).
Therefore, the X protein is thought to play an important role in the oncogenic potential of
HBV.

The HBV lifecycle differs from HCV as it requires reverse transcription of an RNA copy of
the genome, the pre-genomic RNA (pgRNA) (14). The HBV receptor remained unidentified
until 2012 when it was reported that the bile acid transporter sodium taurocholate
cotransporting polypeptide (NTCP) was the receptor or part of a receptor complex
recognizing the pre-S1 region of HBV (16). Additional mechanisms and processes for viral
entry have not been identified. After binding, HBV is internalized and uncoating occurs with
subsequent release of the rcDNA, and the rcDNA is converted to covalently closed circular
DNA (cccDNA). The minus rcDNA strand is a complete full-length genome, but the positive
strand is variable in length, and requires positive strand synthesis completion followed by
terminal end modification and covalent ligation to form cccDNA. cccDNA persists in the
nucleus of the host as an episomal mini-chromosome and serves as the template for
transcription of the pgRNA (polymerase, core proteins and viral progeny), the pre-core
mRNA (HBeAg), and subgenomic RNA (long, middle and short S proteins, HBsAg and X
protein) (17). The pgRNA is reverse transcribed into viral DNA, a pathway that is distinct
and independent of HB protein production. HBV DNA integrates into the host genome, but
this integration has no role in viral synthesis. Nucleocapsid assembly occurs when HBeAg,
HBcAg and rcDNA are packaged within mature neocapsids containing HBsAg and the
envelope, and secreted from the cell. Alternatively, the nucleocapsid can be recycled into the
nucleus to replenish cccDNA. As HBsAg and the long, medium and short forms of the S
proteins are produced in excess of viral progeny, these S proteins are secreted from the cell
and can be detected in the serum.

4. Prevalence of HCV and HBYV infection

Chronic HCV (CHC) infection and chronic HBV (CHB) infection remain significant global
concerns. The majority of individuals (>75%) exposed to HCV do not spontaneously clear
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virus and develop chronic infection (18), and more than 185 million individuals are infected
worldwide (12, 19). In addition there are more than 248 million individuals with chronic
HBYV infection globally, defined as positive HBV surface antigen (HBsAQ) seroprevalence
(20). In contrast to HCV, age of acquisition of HBV is a critical determinant of likelihood of
the development of chronic HBV. Perinatally acquired HBV results in chronic HBV in over
90% of infants (21), and between 20-60% develop chronic HBV if acquired from 6 months
to 5 years of age (22, 23), whereas the minority (5%) of adults who acquire HBV develop
chronic HBV (23).

The majority of individuals are asymptomatic from HCV and/or HBV infection, with many
experiencing non-specific symptoms such as intermittent vague right upper quadrant pain
and fatigue, often only developing significant symptoms when end-stage liver disease has
already been established. Therefore, many individuals with HCV or HBV may not seek
medical attention resulting in under-diagnosis of CHC and CHB. The prevalence of CHB is
also further under-recognized due to lack of diagnosis of occult HBV when using HBsAg as
a marker of CHB. Occult HBV is a form of CHB characterized by positive HBV DNA levels
but negative HBsAg serology. High prevalence areas of HCV and HBV are often found in
low-income countries where the infrastructure may not exist or be possible for testing and/or
reporting.

4.1 Prevalence of HCV infection

It has been well known that both HCV and HBV infection demonstrate distinct global
geographic prevalence distributions (Table 1) (24), reflecting their differing modes of
transmission. HCV prevalence is divided into low population prevalence (<1.5% anti-HCV
positive), moderate prevalence (1.5-3.5% anti-HCV positive) and high prevalence (>3.5%
anti-HCV positive). Data generated from a systematic review by the Global Burden of
Disease study group (GBD) has estimated that low prevalence regions include high-income
Asia Pacific nations, North America and tropical Latin America; moderate prevalence of
HCV is found in Australasia, Southeast Asia, Caribbean, Eastern Europe, Western Europe,
Andean Latin America, Central Latin America, Southern Latin America, Oceania and all
regions of Sub-Saharan Africa; and high prevalence regions include Central Asia, East Asia
and North Africa/Middle East (Table 1) (24). The country with the highest prevalence of
HCV is Egypt, where more than 10% of the population is infected owing to iatrogenic
spread of HCV during mass population inoculation for schistosomiasis (25).

4.2 Prevalence of HBV infection

The GBD study group also performed a similar systematic review in HBV, including 1,800
reports of HBV surface antigen prevalence (HBsAg, the hallmark of CHB infection) from
161 countries. HBV prevalence was estimated by extrapolating the reported study population
prevalence to the total population of each region/country. The same 21 defined global
regions were then divided in to low (<2.0%), lower intermediate (2—4.99%), higher
intermediate (5-7.99%) and high (>8%) HBV prevalence (Table 1) (20). Low prevalence
regions include high-income North America, Latin America and Western Europe. Regions
with lower intermediate prevalence include high-income Australasia, Central Europe, South
and Southeast Asia, high-income Asia Pacific, North Africa/Middle East and the Caribbean,
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whereas Central Asia and East Asia have a higher intermediate prevalence of HBsAg.
Regions with a >8% HBsAg prevalence included all regions of Sub-Saharan Africa (9.0-
12.4%) and Oceania (12.8%) (Table 1) (20). The countries with the highest prevalence were
South Sudan (22.4%) and Kiribati (22.7%). However, this study of HBV prevalence did not
take in to consideration individuals with occult HBV infection, defined as negative HBsAg
but with detectable serum HBV DNA levels, and therefore may underestimate the global
burden of CHB.

4.3 Prevalence of HCV/HBV coinfection

Owing to the shared transmission routes of HCV and HBV, coinfection with HCV and HBV
is reasonably common in endemic regions and in individuals with parental risk factors, such
as persons who inject drugs, individuals undergoing hemodialysis and individuals with
inherited blood disorders requiring blood products in regions where blood donor screening is
either inadequate or not available. However, the true global and regional prevalence of
HCV/HBYV coinfection is not known owing to the absence of large population-based
epidemiological studies, significant heterogeneity among study designs and definitions, and
a lack of studies investigating the prevalence of occult HBV infection that would otherwise
be missed in studies only reporting HBsAg seroprevalence.

However, there are a few several smaller population based studies that show great disparity
in prevalence of HBV/HCV coinfection that may reflect the differing regional prevalence
and transmission routes of HCV and HBYV, and the populations being studied (Table 2). In
general, the prevalence of HBV coinfection in HCV positive individuals ranges from 0.7—
5.8% (26-29), and the prevalence of HCV coinfection in HBsAg positive individuals is
between 3.4-23.0% (27, 30-32). In other specific populations, including patients with
chronic liver disease, children and pregnant women, the prevalence of HCV/HBV
coinfection ranged between 0.0% and 16.0% (27).

4.3.1 Prevalence of HBV in HCV positive individuals—One of the largest studies
from the United States interrogated the National Veterans Affairs HCV Clinical Case
Registry to determine the prevalence of HBV coinfection in HCV positive individuals with
confirmed HCV viremia (26). Of the 102,971 individuals with HCV, 1.4% were also found
to have HBV coinfection, defined as a positive HBsAg, detectable HBV DNA or positive
HBeAg, demonstrating a low prevalence of HBV coinfection in US veterans with CHC. This
cohort was predominantly Caucasian or African American (53.8% and 31.5%, respectively)
and only 0.2% were Asian. This low prevalence rate of HBV coinfection in HCV positive
American Veterans may reflect that HBV is predominantly acquired as adults in the United
States. Other smaller studies from the United States have reported the prevalence of HBV
coinfection between 3.4-5.8%. Asian ethnicity, younger age, persons who inject drugs and
higher number of lifetime sexual partners were all associated risk factors for HCV/HBV
coinfection. In the Middle East, small studies from Egypt and Turkey have reported that the
prevalence of HBV coinfection in HCV positive individuals was 0.7% and 2.6%,
respectively (28, 29).
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4.3.2 Prevalence of HCV in HBV positive individuals—The majority of studies that
have investigated the prevalence of HCV infection in HBsAg positive individuals are from
Asia and Europe. In the United States, a small study of 148 HBsAg positive individuals
found that 10.8% were anti-HCV positive (33). In Asian regions the prevalence of HCV
coinfection in HBsAg positive individuals ranged between 2.7 and 22.0%. The prevalence
was 0.2-14.2% in Western and Central Europe, and 12.3% in North Africa/the Middle East
(27).

5. Clinical presentations of HCV/HBV coinfection

There are several clinical presentations of HCV/HBC coinfection that again reflect the local
transmission routes of each virus.

5.1 Simultaneous acute HCV and HBYV coinfection

Acute infection with HCV and HBV simultaneously is exceedingly rare but can occur if the
exposure source is dually infected with both viruses and transmission of both viruses occurs,
for example after a needle stick injury (34) or following receipt of dually contaminated
blood products (35). Limited data suggests that the long-term outcomes are unchanged in
this context, although some patients demonstrated delayed appearance of HBsAg in the
serum and a truncated period of HBsAg seroprevalence compared to HBV monoinfected
individuals (36, 37).

5.2 Hepatitis C superinfection in CHB

HCV superinfection in individuals with pre-existing CHB is the most common presentation
of HCV/HBYV coinfection. It is particularly common in HBV endemic regions, such as the
Asia Pacific (38, 39). Several studies have suggested that acute HCV infection in this
context may be associated with more severe hepatitis and therefore should be considered in
CHB patients who present with fulminant and sub-fulminant hepatitis, and fulminant hepatic
failure (38, 40-42). HCV superinfection in the context of CHB is an important clinical entity
as it has been associated with greater progression of liver disease to cirrhosis and a higher
incidence of hepatocellular carcinoma (HCC) compared to HBV superinfection, HBV
monoinfection or HCV monoinfection (38).

5.3 Hepatitis B superinfection in CHC

Occurring less commonly is HBV superinfection in CHC, and often presents as an acute
deterioration in liver function in individuals with underlying CHC (43). The long-term
clinical sequelae of HBV superinfection in CHC individuals are less clear owing to limited
data, and contrasting studies have been published reporting disappearance of anti-HCV
during HBV superinfection (43) while others report an increased risk of fulminant hepatic
failure with hepatic encephalopathy and ascites (44).

5.4 Occult HBV in CHC

The final scenario of HCV/HBYV coinfection is occult HBV (HBsAg negative but HBV DNA
positive) in individuals with CHC. The prevalence of this type of coinfection is unknown but
has been reported to range from 15.6 to 48.9% (45-47). Long-term natural history studies
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have suggested that there may be increased risk of cirrhosis and HCC in occult HBV
infection also (48-50). This observation highlights the importance of performing complete
HBYV testing in all patients with CHC.

6. Host-viral interaction and immune response to HCV and HBV

The host immune response is critical in determining outcome of viral infection. Both HCV
and HBV have developed mechanisms to evade normal host innate and adaptive immune
responses to allow viral persistence and the development of chronic infection (summarized
in Table 3).

6.1 HCV and evasion of host immune responses

6.1.1 HCV and innate immunity—The host’s first line of defense against invading
pathogens is the innate response. Following infection, HCV is recognized by viral sensing
innate immune pattern recognition receptors (PRRs) such as retinoic acid-inducible gene |
(RIG-I) and toll-like receptor 3 (TLR3), which recognize pathogen-associated molecular
patterns. This leads to downstream activation of several innate immune response pathways,
including interferon regulatory factor 3 and NF-xB, leading to induction of chemokines,
cytokines and subsequent upregulation of antiviral interferon-stimulated genes (ISGs) (51).
Normally, these innate immune responses help control and limit the spread of viral infection,
and also help orchestrate the more specific adaptive immune response.

However, HCV has developed a number of mechanisms to evade the host innate immune
response. The NS3/4a protease is able to disrupt RIG-1 and TLR3 signaling through
cleavage of the adaptor molecules that are required for signal transduction and the
amplification loop that normally follows (52, 53). Other HCV proteins, such as the HCV
core, NS5a and E2 proteins also have developed strategies to evade immune responses. HCV
core protein overexpression has been shown to inhibit and degrade STAT1, which is required
for JAK-STAT signal transduction and induction of 1ISGs (54, 55). In addition, the NS5a and
E2 proteins may also attenuate the action of several ISGs (56, 57).

Although Natural Killer (NK) cells originate from lymphoid progenitors, they do not require
antigen presentation and do not undergo clonal expansion like other lymphocytes in order to
achieve their effector function. Therefore, they are considered part of the innate immune
system. They have a critical role in surveillance of the cellular environment for the presence
of infected or transformed cells. Upon recognition of such cells, they release cytotoxic
granules that lead to cell death. This is an important first line defense against invading
pathogens as the adaptive immune system is being recruited. Several studies have shown that
NK cell function is altered by CHC whereby NK cells have divergent phenotypes
characterized by increased expression of activation markers but impaired effector cytokine
production (58).

6.1.2 HCV and adaptive immunity—The second arm of the immune system is the
adaptive immune response, which generates specific immune responses directed towards the
invading pathogen and generates immunologic memory. It is comprised of cellular (T cell)
and humoral (B cell) immune responses. Humoral responses appear to play only a minor
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role in control of HCV; however cellular immune responses are critical in determining
outcome. It should also be noted that CD4 and CD8 T cell effector function is not only
important for viral control, but also in mediating and perpetuating liver injury that occurs in
response to viral infection, and this is thought to mediate liver injury during CHC and CHB.

HCV-specific T cells play a critical role in determining the outcome of HCV infection,
whereby potent and sustained HCV-specific CD4 and CD8 T cell responses against multiple
HCV epitopes is associated with spontaneous clearance of HCV (59, 60). Strong and
vigorous multi-epitope specific CD4 T cell responses producing T-helper 1 cytokines such
as IFN-y and TNF-a are detected early during acute HCV in individuals who spontaneously
clear virus (61). Depletion of the CD4 T cells prior to infection leads to undetectable CD8 T
cell responses and viral persistence, whereas depletion of theses CD4 T cells at the peak of
infection when CD8 T cell responses are already detectable did not affect viral outcome
(62). This highlights the importance of CD4 T cells in coordinating and maintaining CD8 T
cell responses. As mentioned, vigorous and prolonged multi-specific CD8 T cells responses
are also critical for spontaneous clearance of HCV, and the timing of the appearance of these
CD8 T cells coincides closely with viral clearance (63). Dysfunction in many domains of T
cell function has been demonstrated in individuals with CHC, including higher levels of
markers of CD8 T cell exhaustion (64), reduced proliferation following stimulation with
antigens including HCV (65, 66), insufficient priming of CD4 T cells by antigen presenting
cells (67), suppression by regulatory T cells (68), lack of appropriate functional effector T
cell responses (69) and production of cytokines that induce tolerogenic regulatory T cells
that produce 1L10 and TGF-p (70). As the cytotoxic CD8 T cells mediate the inflammatory
and cytotoxic response that perpetuates liver injury in viral hepatitis, it has been proposed
that this increase in tolerogenic regulatory T cells limits necroinflammation (71, 72). Despite
the fact that memory T cells can be identified in these patients at very low frequencies, this
immunologic memory is not protective against re-infection with HCV (73). Owing to the
high mutation rate of HCV, some groups have identified viral escape mutations that confer a
survival advantage in epitopes targeted by CD8 T cells in over 50% of individuals with
CHC, and these escape mutants are likely selected for in the quasispecies (74).

Neutralizing antibodies are usually an important host antiviral response, both for clearance
of infection and for protection against reinfection; however their role in HCV is limited.
Only neutralizing antibodies directed at the viral envelope will prevent viral entry. Several
groups have shown the target of these neutralizing antibodies is the hypervariable region 1
(HVR1) of the E2 viral envelope protein (75). Host selection pressure of this poorly
conserved region leads to the development of escape mutants through rapid amino acid
substitutions. Therefore, despite the high prevalence of neutralizing antibodies in CHC
individuals, they fail to neutralize virus effectively. Cross-reactive neutralizing antibodies are
also generated, but this occurs later in the course of CHC. As observed in T cell responses,
several mechanisms lead to failure of binding to the cognate epitopes (75). This myriad of T
cell and B cell dysfunction, evasion of specific T cell and B cell responses, plus the addition
of innate immune dysfunction observed in CHC, leads to perpetuation of HCV persistence.
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6.2 HBV and evasion of host immune responses

6.2.1 HBV and innate immunity—Similar to HCV, HBV has developed mechanisms to
evade the host immune response to establish chronic infection. The innate immune response
to HCV demonstrates induction of a type | IFN response within the liver, characterized by
the upregulation of hundreds of ISGs. Interestingly, this response is insufficient to clear
HCV in the majority and 1SGs remained elevated throughout the course of the infection
suggesting exhaustion or desensitization. In contrast, acute HBV infection elicits very little
by way of type | IFN intrahepatic response and IFN-a levels are extremely low (76). This
may be due to the differences in the HBV replication cycle where the genome is fully
contained within the nucleocapsid in the cytoplasm during transport into the nucleus and
also during replication. Therefore, the viral DNA/RNA intermediates may not be seen by the
host innate sensing PRRs (77). Despite the lack of induction of a type I IFN response, HBV
infection of primary human hepatocytes has shown induction of proinflammatory cytokines,
particularly 1L-6 (78). This may be important for coordination of the adaptive immune
response.

Like HCV, HBV has also developed mechanisms to evade the host immune response. Firstly,
the HBV X protein has been shown to bind to the adaptor molecule required for RIG-I,
leading to abrogation of signal transduction of IRF3 and type | IFNs (79). In addition, the
HBV polymerase was shown to inhibit IFN- promoter activity upstream of IRF3, possibly
by reducing the interaction of DDX3 with downstream targets in the RIG-1 and TLR
pathways, and inhibit IRF3 phosphorylation and dimerization. Incubation with other HBV
proteins in mouse models, namely the HBsAg and HBeAg, has been shown to abrogate TLR
signaling with pre-incubation of HBsSAg or HBeAg prior to stimulation with the appropriate
TLR ligand, leading to reduced type I IFN production and ISG induction (80). The role of
HBeAg in disrupting TLR signaling was also observed in ex vivo liver tissue from patients
with CHB, where TLR2 expression (which recognizes viral glycoproteins) was significantly
reduced in HBeAg positive individuals compared to HBeAg negative individuals (81). This
finding was confirmed in /n vitro human models using human hepatic cell lines transduced
with HBV baculovirus that expresses HBeAg or the G1896A pre-core mutant (HBeAg
negative). Furthermore, TLR2 stimulation was shown to reduce HBV replication and reduce
nucleocapsid formation (82). Most TLR ligands have been shown to have anti-HBV activity
in transgenic mice (83) and a TLR7 agonist is currently in clinical development for HBV,
confirming its role in disease pathogenesis (84). These data highlight the important of the
role of the innate immune system despite the absence of a classical type | IFN signature.

As occurs in HCV, NK cell dysfunction is also observed in HBV with impaired production
of IFN-v, an important type Il IFN that has antiviral and immunoregulatory properties (85).

Therefore, multiple HBV proteins interfere with the host innate immune response to reduce
PRR signaling, leading to inhibition of cytokine and type I IFN production, and interference
with NK function.

6.2.2 HBV and adaptive immunity—Virus-specific T cell responses are similarly
critical in CHB. As observed in HCV, spontaneous clearance of acute HBV is associated
with early vigorous and multi-specific CD4 T cell responses (77), and similarly strong,
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sustained and multi-epitope CD8 T cell responses are also important for HBV clearance
(63). The role of both CD4 and CD8 T cells has been confirmed in depletion studies, where
depletion of CD4 T cells prior to (but not at the peak of infection when CD8 T cells were
detected) was associated with HBV persistence (62) and CD8 T cell depletion led to
prolonged infection with delayed viral clearance. Both non-cytolytic mechanisms (through
induction of cytokines such as IFN-y and TNF-a) and cytolytic mechanisms are also
important (86, 87). Cytotoxic functions of CD8 T cells also have a particular role in HBV
eradication given the persistence of cccDNA within infected hepatocytes, as cell death is a
key method to clear infected hepatocytes (88). Viral escape as a cause of T cell failure is
uncommon in HBV compared to HCV, and the predominant causes for T cell failure are
exhaustion and functional impairment that leads to T cell deletion (89).

B cells are activated by T-helper 2 CD4 T cells and produce immunoglobulins (1g) or
antibodies that can complex with and neutralize specific antigens. In contrast to HCV,
humoral immune responses are extremely important in HBV, particular in infection or re-
infection. This is demonstrated by the prevention of HBV following vaccination or in
individuals who receive HBV immunoglobulin following exposure to HBV (90, 91). Anti-
HBs has been shown to effectively neutralize HBsAg and clear HBV infection in a
woodchuck model of human HBV (92). Furthermore, the timing and magnitude of anti-HBs
production was an important determinant of viral inhibition and elimination from serum.
Although anti-HBs is produced during acute and chronic HBV infection, it complexes with
circulating HBsAg (which is produced 1000-fold in excess) and therefore free unbound anti-
HBs is only detected after resolution of CHB (93). Other studies in patients with various
stages of HBV, including those with resolved infection, have shown that individuals with
CHB demonstrate down regulation of necessary co-stimulatory molecules on B cells and
hyperactivation of the total B cell population, characterized by increased IgM and 1gG
production compared to healthy controls or those with past infection (94). Following
stimulation, HBV-specific B cells from individuals with CHB were unable to further
increase Ig production, suggesting functional impairment. Therefore, early and adequate B
cell function, with the assistance of CD4 T helper cells is required for clearance of HBV.

7. Viral-viral interaction in the setting of HCV/HBV coinfection

7.1 Effect of HCV/HBV coinfection on viral replication and viral clearance

In addition to host-viral interactions, there may also be viral-viral interactions that take place
in the context of HCV/HBYV coinfection. There are conflicting data regarding the ability of
each virus to interfere with viral replication of the other virus in HCV/HBV coinfection. /n
vitro data in cell culture models of coinfection have demonstrated that overexpression of the
HCV core protein inhibits HBV replication (89, 95-97), most pronounced in HCV genotype
1 infection (89). Overexpression of the NS2 protein was also found to have an inhibitory
effect on HBV gene expression and HBV replication. The NS5a protein has been shown to
also interfere with HBV replication, although one group found that the NS5a protein
enhanced HBV replication (98), whilst another group demonstrated inhibition of HBV
replication by the NS5a protein (99).
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As hepatotropic pathogens, both viruses infect hepatocytes and utilize host machinery to
carry out viral replication. Accordingly, it has been suggested that part of the inhibitory
effect of either virus on each other may be due to competition for the same host machinery.
The number of hepatocytes infected during HCV or HBV infection varies considerably from
<10-46% in HCV (100, 101) and <10-27% in HBV (102, 103). More recent studies have
demonstrated that hepatocytes can be infected by both HCV and HBV simultaneously (104,
105). More recent studies using replicating virus cell culture models demonstrated that HCV
and HBV can infect the same hepatocyte, and selective inhibition of each virus did not affect
replication and gene expression of the other virus (105). Interestingly, coinfected
hepatocytes were found to have lower HBV and HCV levels than hepatocytes monoinfected
with either virus, using /n situ hybridization (102, 106). This suggested that both viruses
may directly have inhibitory effects on each other when coexisting in the same hepatocyte.
A more recent study compared HBV infection in chimpanzees with and without CHC (107).
In chimpanzees with CHC and classical upregulation of ISGs, onset of HBV infection was
delayed and attenuated compared to HCV-naive chimpanzees. Furthermore, the number of
HBV-infected hepatocytes was lower in CHC chimpanzees, suggesting that establishment of
HBYV was impaired or replication space was limited by the circulating 1ISGs in CHC
chimpanzees in contrast to cell culture based studies where there did not seem to be viral
interference. Similarly, in a chimpanzee model of CHB, acute superinfection with HCV led
to a reduction in HBsAg titers (108, 109), also suggesting the HCV modulates HBV
replication. This also supports the clinical finding that occult HBV infection with HBsAg
seroclearance but detectable HBV DNA and HBeAg seroconversion are more common in
CHC (39, 102, 106, 110). Therefore, there appears to be some viral-viral interaction,
although whether this is a direct or indirect effect has not been fully elucidated.

Several groups have presented data from large clinical studies to determine the interaction
between the two viruses in human disease. Many studies report that HCV is the dominant
virus with relative suppression of HBV replication (111-115). In contrast, other studies have
found that HBV is more dominant, or that there is no dominant virus with reciprocal
inhibition compared to either virus monoinfection (116-121), and one other study showed
higher HCV RNA clearance rates in coinfection compared to HCV monoinfection (74% vs.
14%) (122). However many of these studies are largely cross-sectional with only one time
point for HCV and HBYV testing, and may explain the widely varying clinical presentations
described. To address this, a large Italian multicenter study longitudinally followed anti-
HCV and HBsAg positive individuals over 1 year with bimonthly viral load testing (123). A
third of the cohort demonstrated widely varying patterns of virological profiles, mostly in
HBYV, confirming that there are important fluctuations in viral replication over time and a
single time point is insufficient to determine dominance of the viruses.

7.2 Effect of HCV/HBV coinfection on natural history and disease outcome

Clinical studies consistently report that HCV/HBYV coinfection is associated with more
aggressive liver disease, with faster progression of fibrosis to cirrhosis, and greater rates of
complications of cirrhosis such as hepatic decompensation and hepatocellular carcinoma
(HCC) (30, 120). In a meta-analysis of studies reporting outcomes of HCVV/HBV coinfected
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individuals, the relative risk of HCC was 165.0 in HCV/HBYV coinfection (>7-fold increase),
compared to 22.5 in HBV monoinfection and 17.3 in HCV monoinfection (124).

7.3 Effect of HCV/HBV coinfection on host immune responses

Host immunological responses in the context of dual HCV/HBV infection have only been
examined in a small number of studies. Chen et a/., demonstrated that levels of the
proinflammatory cytokines IL-6, IL-8 and TNF-a were lower compared to monoinfection
with either virus (116). These results were consistent with previous /n vitro data
demonstrating that dendritic cells increased production of anti-inflammatory cytokines such
as IL-10 when co-cultured with HBV and HCV proteins, which in turn inhibits the
production of profinflammatory cytokines (125).

In a study by Chu and colleagues, the frequency and intensity of antibody responses to NS4,
but not to NS3, NS5, NS1 or E2, were found to be significantly lower in HCV/HBV
coinfected patients (126). In contrast, anti-E2 antibody frequency and levels were found to
be lower in the context of HCV/HBV coinfection compared to HCV monoinfection in two
other studies (116).

8. Antiviral therapy for HCV and HBV

Both CHC and CHB cause progressive liver damage leading to cirrhosis, liver failure,
hepatocellular carcinoma (HCC) and death (127, 128). However, differences in the
replication cycle of each virus make the goals of HCV antiviral therapy and HBV antiviral
therapy different. The primary goal of anti-HCV therapy is complete viral eradication,
whereas owing to the persistence of covalently closed circular DNA (cccDNA) within the
nucleus of infected hepatocytes (the template for transcription) (129), the main aim of anti-
HBYV therapy is viral suppression to reduce the long-term consequences of CHB.

For the past 2 decades, the mainstay of antiviral therapy for CHC was a combination of
pegylated-interferon-a. (peg-1FNa.) plus ribavirin. This was associated with suboptimal
responses (overall 54-56% (130-132)) and significant toxicity that limited widespread use
of this therapy. Recent advances in antiviral drug discovery for CHC have led to the
development of all oral IFN-free combinations of direct-acting antivirals (DAAS) that
specifically target HCV proteins required for HCV replication. These regimens have
revolutionized HCV therapy, allowing extremely high cure rates in most individuals (>95%)
with minimal adverse events (133).

The most common form of anti-HBV therapy are the nucleos(t)ide analogues (NAs) that
directly target the HBV polymerase (reverse transcriptase) leading to suppression of HBV
DNA synthesis. These agents do not lead to eradication of cccDNA and therefore these
therapies are not curative and generally considered to be life-long. Peg-1FNa also has
antiviral activity against HBV, and a finite course of peg-IFNa is also approved as an
alternative therapy for HBV in some individuals. While the precise mechanism for the anti-
HBYV effect of peg-1IFNa is not known, peg-IFNa is an immunomodulatory agent that
results in the upregulation of hundreds of interferon-stimulated genes (1ISGs), leading to an
antiviral state. Although serological clearance of CHB, defined as HBsAg seroconversion,
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occurs more frequently with peg-1FNa than with NAs, it is still infrequent, and sustained
viral suppression after completion of peg-IFNa is only observed in 10-35% of individuals
(134).

9. Immune reconstitution/restoration following HCV eradication with DAA

therapy

It has been well demonstrated that cure of HCV with IFN-based therapy led to restoration of
the impaired innate immune response, however T cell function did not fully recover despite
viral eradication (135). In addition restoration of HBV-specific T cell function was not
observed in CHB patients treated with peg-IFNa.. In contrast to IFN, recent studies have
demonstrated that DAA therapy not only improves innate immune function with restoration
of type I IFN responses and normalization of NK cell function (136-139), however DAAS
also improve the defective T cell function with reversal of the exhausted T cell phenotype,
increased CD8 T cell proliferation, improved effector function, memory differentiation and
improved virus specific T cell responses (140, 141). Therefore, DAAs are superior to IFN-
based therapy in fully restoring defective host responses to HCV.

10. HBV reactivation
10.1 HBYV reactivation during IFN-free DAA therapy

Owing to the dual action of peg-IFNa on both HCV and HBV replication, treatment of
HCV in the context of HBV coinfection with IFN-based therapy was straightforward and it
was common to observe improvement in HBV replication during anti-HCV therapy in those
coinfected with CHB. In contrast, the newer DAAs target specific HCV proteins involved in
the HCV replication cycle and therefore have no activity against HBV. The registration
studies for the DAASs that led to FDA approval of these agents specifically excluded
individuals with HBV coinfection. Although the precise impact of DAAs on HBV
replication was unknown, it was not thought to be a clinically significant issue as there was
no direct immune modulatory action ascribed to these agents.

In the period since their approval, individuals with HCV/HBV coinfection or CHC with a
history of past HBV infection have been receiving DAA-based therapy. Somewhat
unexpectedly, HBV reactivation has been observed in some of these patients, both in
individuals with current HBV infection (inactive hepatitis: HBSAg positive with or without
detectable HBV DNA levels), occult HBV (HBsSAg negative but detectable HBV DNA
levels) and in individuals with evidence of HBV past infection only (HBsAg and HBV DNA
negative but anti-HBc positive). The latter was especially unexpected, as reactivation
previously had only been seen in the context of significant immunosuppression (see section
10.2.1).

In total, the FDA has received notification of 24 cases of HBV reactivation in HCV patients
receiving DAAs with concurrent HBV infection or past HBV infection, either through the
Food and Drug Administration Adverse Event Reporting System (FAERS) or from the
published literature (summarized in Table 4) (2-8, 142). The cases cover the spectrum of
appropriately untreated HBYV, including patients with inactive HBV, occult HBV and isolated
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anti-HBc positivity. Among the cases reported was an individual with past HBV infection
who developed fulminant hepatic failure requiring liver transplantation attributed to HBV
reactivation. In addition, the FDA reported that there were 2 deaths among the 24 patients
with HBV reactivation, both with fulminant hepatic failure from HBV reactivation. Table 5
summarizes the available patient demographics and clinical characteristics of each of the 24
reported cases from the FAERS and the two case reports where individual clinical data are
available. HBV reactivation was divided into 5 categories: isolated increase in HBV DNA,
mild-moderate hepatitis (defined as ALT<500 with normal bilirubin, n=15), moderate-severe
hepatitis (defined as ALT<1,500 with normal bilirubin, n=2), severe hepatitis with jaundice
(defined as any ALT increase with accompanying jaundice, n=2), and fulminant hepatic
failure (severe hepatitis with jaundice and evidence of liver synthetic dysfunction, n=3).
Although statistical inference could not be made with small patients numbers in the majority
of the groups, those who developed moderate-severe hepatitis were younger (median 48.5
years vs. >56.0 years for the other groups). Furthermore, the median baseline HBV DNA
levels was higher in those who subsequently developed moderate-severe hepatitis with or
without jaundice (355 and 1,350 IU/mL, respectively compared to 22.5 IU/mL with those
with isolated HBV DNA increase, and 39.5 IU/mL for those with mild-moderate hepatitis).
HBsAg status did not appear to predict HBV reactivation or severity of HBV reactivation,
and there were no immediately obvious factors that favored the developed of fulminant
hepatic failure over other HBV reactivation presentations.

HBYV reactivation did occur following the prior standard of care therapy for HCV, although
the mechanism was more akin to a form of immune reconstitution. A meta-analysis of
treatment outcomes following peg-IFNa plus RBV demonstrated that HBV reactivation
occurred in 25% overall, and the risk was highest in individuals who did not clear HCV
during therapy (odds ratio 3.36) (143). However, the majority of these cases of HBV
reactivation were mild with regards to increases in HBV replication and also clinical
presentation. A very recent systemic review and meta-analysis of HBV reactivation in
HBV/HCV coinfected individuals found that the incidence was similar in DAA-based
regimens (12.2%) and IFN-based regimens (14.5%) (144). However, clinical manifestations
and timing of the HBV reactivation were starkly different. HBV reactivation occurred much
earlier during DAA therapy (ranging from week 4-12 of DAA therapy compared to near the
end of treatment or during follow-up with IFN-based therapy) and presentation was more
severe with more cases of icteric hepatitis and fulminant liver failure. It should be noted that
these cases represent only those reported to the FDA or published in the literature.
Furthermore, HBV reactivation was not predicted to be a sequelae of DAA therapy;
therefore testing and monitoring may not have routinely been performed, and the true
incidence is not known.

10.2 HBV reactivation in other situations

10.2.1 HBV reactivation in the setting of immunosuppression and immune
reconstitution—HBY reactivation in individuals who have either previously cleared HBV
or have low or undetectable HBV DNA levels has been frequently described, particularly in
patients undergoing immunosuppressive therapy for cancer, organ transplantation and
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autoimmune disease (145-148). It is of major clinical importance leading to significant and
can lead to life-threatening sequelae.

HBYV reactivation may present in several clinical ways, related to the phases of HBV
reactivation (Table 6) (149). Firstly, there is an abrupt increase in HBV replication, usually
defined as >1 logglU/mL increase in HBV DNA levels, which occurs after initiating
immunosuppressive therapy. This is often accompanied by HBeAg seroreversion
(reappearance) and in some cases HBsAg seroreversion in individuals who are HBeAg and
HBsAg negative, respectively. The second phase is characterized by disease activity and
hepatic injury, and is usually initiated upon withdrawal or reduction of immunosuppression,
mediated by host immune reconstitution. Elevations in aminotransferases are common
owing to the hepatocellular injury that ensues, and may be associated with jaundice,
symptoms of hepatitis or in severe cases fulminant liver failure and death. Concurrently,
often a fall in HBV DNA levels is observed as the host attempts to control HBV replication.
The final phase is the recovery phase, which occurs as liver injury resolves and HBV activity
returns to baseline levels. However, not all individuals progress through all three phases of
reactivation, and not all patients will undergo HBV reactivation even with
immunosuppressive therapy. Some individuals develop reactivation without liver injury, and
this scenario often leads to persistent HBV replication requiring therapy. Meanwhile others
develop severe immune reconstitution liver injury without recovery leading to fulminant
hepatic failure that may require liver transplantation or may even be fatal.

Pooled results of a systematic review have demonstrated that HBV reactivation following
immunosuppressive therapy for cancer causes hepatitis in 33.4%, liver failure in 13.0% and
leads to death in 6.7% (150). A more recent meta-analysis and systematic review of HBV
reactivation following chemotherapy for solid organ cancers found that HBV reactivation
ranged from 4-68%. Owing to this significant risk and potentially severe consequences,
HBV prophylaxis is now recommended according to the HBV status and the
immunosuppressive regimen (151). This strategy reduces the risk of HBV reactivation (odds
ratio 0.12), HBV hepatitis (4%, odds ratio 0.18), fulminant hepatic failure (0%) and death
(2%) (150, 152).

The type of immunosuppressive regimen also appears to play a role in HBV reactivation,
with anti-CD20-based regimens (rituximab) associated with the highest risk of HBV
reactivation, including in individuals with a history of past HBV infection only (153).
Immunosuppressive regimens containing high dose prednisolone also increases the risk and
severity of HBV reactivation (154). HBV reactivation has also been reported in 30% of
patients following transarterial chemoembolization, a locally ablative palliative therapy for
HCC (155). Anti-TNF monoclonal antibody therapy and other biologics, such as interleukin
(IL) inhibitors, are becoming increasingly more common to treat a wide range of
autoimmune diseases. In a systemic analysis of 257 cases of individuals receiving anti-TNF
therapy with concurrent positive HBV markers, HBV reactivation was noted in 39.3% of the
89 HBsAg positive individuals (156). Of these individuals, 34.3% developed hepatitis with
an alanine aminotransferase of more than 5 times the upper limit of normal, and 14.3% have
evidence of liver failure. In the remaining HBsAg negative individuals, the risk of HBV
reactivation was 7-fold lower. There are less data available for IL-6 and 1L-12/IL-23
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inhibitors and T cell activation inhibitors (157). However based on these limited data these
agents are generally considered low-risk agents, although HBV reactivation has been
reported with these agents. Therefore, HBV testing is recommended in patients planned for
any class of biologic therapy, and they should be offered HBV prophylaxis according to
guidelines (151, 158).

10.2 HBYV reactivation in the setting of pregnancy

Pregnancy is considered a tolerogenic state as pregnant women require mechanisms to
prevent rejection of the developing fetus (159). These maternal immunological changes have
been associated with the development of HBV reactivation both during pregnancy and more
commonly in the post-partum period. As observed in HBV reactivation during
immunosuppressive therapy, the HBV reactivation with HBV flare is though to be due to
immune reconstitution following delivery of the fetus. In a prospective study of 126
pregnhant women with CHB, 1.5% developed HBYV reactivation with an ALT flare during
pregnancy, whilst 25.0% developed HBV reactivation with hepatitis in the post-partum
period (160). A multivariate analysis demonstrated that younger age, gravida and parity were
associated with HBV reactivation with an ALT flare. Univariate analysis also demonstrated
that HBeAg status was associated with HBV flare during pregnancy (odds ratio 2.56),
however this just failed to meet statistical significance in the multivariate analysis (p=0.051).
For the majority of women, HBV flares were mild and resolved spontaneously.

11. Conclusion

HCV and HBV coinfection is not uncommon owing to shared transmission routes; however
the prevalence varies considerably worldwide. Both HCV and HBYV are hepatotropic viruses
that require host machinery to carry out viral replication, and have developed strategies to
evade and thwart normal host antiviral immune responses that allow the development of
persistent infection. In HCV, this is characterized by failure of innate immune signaling via
the PRRs, NK cell dysfunction, and upregulation and subsequently exhaustion of 1SGs. This
innate immune dysfunction also contributes to the failure of adaptive immunity, with weak
CDA4 T cell responses early during the course of infection that leads to a lack of invigoration
of CD8 T cell responses. Furthermore, there is failure of virus-specific CD8 T cell
responses, poor proliferation and effector function, and exhaustion of CD8 T cells. Humoral
responses may play a small role in preventing host viral clearance. In HBYV, initial innate
immune responses appear to be less important, but similar T cell dysfunction is reported.
Inadequate B cell responses are more prominent in HBV than HCV. In addition to these
host-viral interactions, there is also viral-viral interference that leads to changes in each
replicating virus, although whether this is a direct or indirect effect is open for debate. The
development of IFN-free all oral DAA therapy for HCV has dramatically changed the
treatment landscape for HCV, with rapid clearance of HCV from the circulation and cure
rates approaching 100%. DAA therapy has been associated with reversal of many of the
domains of innate and adaptive immune failure in CHC. Since DAAS specifically target
HCYV proteins that are essential for HCV replication, they have no activity in HBV. This has
become relevant in HCV/HBYV coinfected individuals as there have now been reports of
HBYV reactivation in individuals treated with IFN-free DAA therapies, a phenomenon well
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described during immunosuppressive therapy or during immunosuppressive states but not
thought to be relevant during DAA therapy. A recent meta-analysis of HBV reactivation
during peg-IFNa plus RBV and DAA therapy, found that the incidence of HBV reactivation
was similar with both treatment regimens, but patterns of reactivation were markedly
different with the two treatment regimens. HBV reactivation with peg-1FNa plus ribavirin
occurred very late in the course of therapy or more frequently during the follow-up period
and was generally milder in clinical presentation. In contrast, HBV reactivation with DAA
therapy exclusively occurred during HCV therapy in all cases, and the clinical presentation
was more severe. This HBV reactivation has occurred in individuals with inactive CHB,
occult HBV and in those with past infection only, and has resulted in clinically significant
liver failure and death, culminating in an alert from the FDA, and testing guidelines and
recommendations in HCV/HBYV coinfected individuals undergoing DAA therapy.

12. Expert Opinion

HBYV reactivation during DAA therapy in individuals with CHC and either HBV coinfection
or past HBV infection has been a somewhat unexpected sequelae given the specific
mechanism of action of the DAAs against HCV proteins and the lack of known direct
immune modulation by these agents. HBV reactivation is a well-known phenomenon that
occurs as a result of immune reconstitution during immunosuppressive therapy or during
conditions that cause immunosuppression, such as pregnancy.

HBYV reactivation can be divided into three main stages, although individuals may not
progress through all stages. The first stage is characterized by a rapid increase in HBV
replication above baseline, suggesting that prior immune control of HBV has been lost. This
phase usually coincides with commencement of immunosuppression. Once the immune
suppression is reversed, immune reconstitution follows with restoration of immune function.
The last phase is the recovery phase, where a HBV replication and disease activity returns to
baseline levels. However, why DAAs would also lead to HBV reactivation is unknown. It is
plausible that the mechanism of HBV reactivation during DAA therapy also involves
immune reconstitution, but may involve other host and viral factors such as increased
replication space for HBV following HCV eradication and direct viral-viral interactions.

It is less likely that HBV reactivation is occurring as a consequence of increased replication
space for HBV.

HCV and HBV are both dependent on host machinery in order to carry out replication,
although the precise host machinery required for each virus and any overlap are unknown.
Although the percentage of hepatocytes infected with either or both viruses varies
considerably, most studies report up to 45% and 27% of hepatocytes infected with HCV or
HBY, respectively (100, 102, 103). This suggests that there is still a large mass of uninfected
hepatocytes that could easily support HCV and HBV infection, and therefore liberation of
host machinery following eradication of the percentage of hepatocytes infected with HCV is
less likely to cause a meaningful increase in HBV replication.
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Another explanation may be reversal of the inhibitory effects of HCV on HBV replication.
Early /n vitro studies demonstrated that the overexpression of HCV core, NS5a and E2
proteins inhibited HBV replication and gene expression. Therefore, eradication of HCV with
DAAs may remove this inhibition and allow HBYV to replicate. However, for this scenario to
occur, this would likely require the majority of hepatocytes to be infected with both viruses
in order to produce sufficient direct inhibition of HBV replication. Furthermore, more recent
studies using /n vitro replicating virus cell culture models demonstrated that HCV and HBV
were able to infect the same hepatocyte without appreciable viral interference as assessed by
specific inhibition of each virus. However, /n vitro cell culture models, /n vivo chimpanzee
models and human studies have all demonstrated that the HCV and HBV levels in the setting
of HCV/HBYV coinfection are lower compared to monoinfection with either virus alone,
suggesting there is some viral-viral interaction. Whilst there may not be a direct effect of
HCV on HBYV replication, there may be other indirect host and/or immune factors that
modulate indirect viral-viral interactions.

Expanding on this further, the more likely scenario is that HBV reactivation occurs as a
consequence of modulation of host antiviral responses. In contrast to HCV, HBV infection
does not induce a strong type | interferon response and chronically elevated ISG expression
is not a feature. This hepatic induction of ISGs and other immune effectors such as IL-10 in
CHC may create an antiviral milieu that may suppress or control HBV replication. Owing to
the superior restoration of HCV-induced innate and adaptive immune dysfunction with
DAAs, this immune reconstitution may result in increased host immune surveillance and
reduction of suppressive factors towards HBV, leading to an increase in HBV replication.
The newly invigorated immune system may allow for improved detection of replicating
HBYV, which may in turn lead to more potent, proliferative and sustained host innate and
importantly adaptive immune responses directed towards HBV, causing significant hepatic
damage, resulting in HBV flares with varying severity of liver injury (Figure 1). In other
individuals, the host response may lead to spontaneous control of HBV replication.
Identifying what factors may drive this is critical to further our understanding of HBV
reactivation and recognition of counterproductive host responses that lead to detrimental
outcomes is paramount. Evaluation of circulating cytokines/chemokines and T cell
responses will no doubt help shed some light on mechanisms and/or biomarkers that are
associated with reactivation and severe liver injury that could be followed longitudinally
during DAA therapy to predict HBV reactivation. As cell culture models have limitations,
including limited genetic phenotype and transformation, and small animal models of HCV
and HBYV are largely lacking, ex vivo human peripheral samples and/or liver tissue obtained
from patients with a spectrum of HBV outcomes during DAA therapy are likely to yield the
most interesting results. Furthermore, cross-talk between other cell types may play key roles
that would otherwise not be studies in monoculture cell culture models.

These cases clearly demonstrate that HBV reactivation does occur with potentially
devastating consequences during DAA therapy. Figure 2 depicts a suggested algorithm for
HBV screening and monitoring in HCV/HBYV coinfected individuals considering DAA
therapy. Although the true incidence of HBV reactivation during DAA therapy for CHC is
not yet known, it appears that this is a relatively uncommon phenomenon and probably does
not justify widespread HBV prophylaxis with nucleos(t)ide analogues for all CHC patients
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with HBV exposure. However, it is critical to perform testing for HBV when considering
antiviral DAA therapy in any HCV positive individual. All individuals previously exposed to
HBYV are at risk, irrespective of the status of their HBV; inactive carriers, occult HBV and
past HBV infection are all at risk. Therefore, once HBsAg and/or anti-HBc are detected,
these individuals should be monitored carefully at least every 4 weeks for evidence of HBV
reactivation. Early recognition of HBV reactivation and timely administration of anti-HBV
may mitigate hepatic injury, and reduce morbidity and mortality.
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Avrticle highlights

. HCV/HBYV coinfection is common, particularly in areas where HBV is
endemic
. Newer direct-acting antiviral agents (DAAS) are extremely effective in

eradicating HCV (>95%) but have no activity against HBV, in contrast to
IFN-based therapy

. In vitro studies and in vivo studies have suggested viral interference between
HCV and HBV replication, most likely mediated by host factors, although
some studies have demonstrated inhibitory effects of viral proteins on the
other virus

. DAA therapy has been associated with HBV reactivation in HCV patients
infected with HBV and HCV patients with a history of past HBV infection

. HBYV reactivation during DAA therapy occurred during therapy and was
associated with a more severe clinical phenotype, including fulminant liver
failure requiring liver transplantation and death

. All HCV patients should be assessed for HBV coinfection or HBV past
infection, and should undergo regular monitoring of HBV DNA and ALT
during DAA therapy

This box summarizes key points contained in the article
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Figure 1.
Proposed mechanism of HBV reactivation during DAA therapy for HCV.

(A) In HCV/HBYV hepatocytes there is relative dual inhibition of both HCV and HBV
replication possibly through host-viral interactions compared to monoinfected cells. HCV
evades host innate immune responses leading to NK cell dysfunction and exhausted ISG
phenotype, failure of early CD4 T cell responses and subsequent poor CD8 T cell responses.
In HBV monoinfected cells, HBV induces very little innate immune responses, and there is
failure of CD4 and CD8 T cell responses.

(B) Following DAA therapy, HCV is rapidly eradicated within 2—4 weeks leading to
restoration of innate and adaptive immune responses. 1SGs, anti-viral cytokine and anti-
inflammatory IL10 upregulation is reversed +/- reversal of direct viral-viral interactions +/-
liberation of host machinery, allowing HBV reactivation. The immune restoration causes
immune reconstitution and increased host immune surveillance in some individuals leading
to HBV flares +/- hepatic failure.
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All chronic HCV patients
considering DAA therapy

l

Screen all patients for HBV:
HBsAg, anti-HBc, anti-HBs,
HBV DNA

T T l

No prior exposure Prior vaccination Past HBV infection Occult HBV Inactive chronic Active chronic HBV
& Unvaccinated only infection HBV infection infection

HBsAg (-) HBsAg (-) HBsAg (-) HBsAg (-) HBsAg (+) HBsAg (+)
Anti-HBc (-) Anti-HBc (-) Anti-HBc (+) Anti-HBc (+) Anti-HBc (+) Anti-HBc (+)
Anti-HBs (-) Anti-HBs (+) Anti-HBs (+/-) Anti-HBs (+/-) Anti-HBs (+/-) Anti-HBs (-)
HBV DNA (-) HBV DNA (+) HBV DNA (+) HBV DNA (+++)
ALT (>ULN)
* Consider vaccination * No further * Monitor HBV DNA + Treat if meet standard criteria for treatment + Treat HBV with
* No further monitoring monitoring or levels every 4 weeks * Monitor HBV DNA levels every 4 weeks during nucleos(t)ide analogue
or investigation investigation during treatment treatment and at post-treatment weeks 4 and 12 * ETVor TDF preferred as
required required and at post- will likely need long-term

treatment weeks 4 therapy
and 12

Figure 2.
Proposed algorithm for hepatitis B virus (HBV) assessment and monitoring during direct-

acting antiviral therapy for chronic hepatitis C virus (HCV) infection.
ULN = upper limit normal

ETV = entecavir

TDF = tenofovir
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