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Hepatitis B virus (HBV) and hepatitis delta virus (HDV) are highly prevalent viruses estimated to infect
approximately 300 million people and 12—72 million people worldwide, respectively. HDV requires the HBV
envelope to establish a successful infection. Concurrent infection with HBV and HDV can result in more severe
disease outcomes than infection with HBV alone. These viruses can cause significant hepatic disease, including

cirrhosis, fulminant hepatitis, and hepatocellular carcinoma, and represent a significant cause of global mortality.

HBV HDV HBsAg HDAg immune response

| 1. Introduction

Hepatitis B virus (HBV) is a highly prevalent virus worldwide. Indeed, it was estimated that 248 million individuals
were hepatitis B surface antigen (HBsAg) positive as of 2010 . HBsAg is a HBV protein that serves as a marker
of HBV infection [&. According to World Health Organization (WHO) data from 2019, the case number is rising, with
296 million individuals living with chronic hepatitis B infection and 1.5 million new infections each year. The WHO
data further shows that almost 1 million persons die annually from complications of chronic hepatitis B infection &I,
The most common mode of HBV transmission is through exposure to infected blood or bodily fluids 2. HBV is
often spread perinatally at birth, during sexual contact, or through recreational injection drug use & Spread in the
healthcare setting is associated with exposure to contaminated blood or blood products &, such as needle sticks &
or transfusions €. While most infected adults clear the virus, 5-10% develop a chronic HBV infection and
subsequent hepatic disease that can be quite severe. Examples of serious outcomes include acute
hepatitis/fulminant hepatic failure, cirrhosis, and hepatocellular carcinoma . Extrahepatic manifestations, such as
polyarteritis nodosa, arthralgia, neuritis, vasculitis, and glomerulonephritis, may also complicate HBV infection [l
(29 Many of these adverse effects may be secondary to immune-mediated damage rather than the direct
cytopathic effects of the virus itself LUIL2L3I14] - HBV._gpecific effector CD8+ cells induce hepatocyte apoptosis in
infected individuals. If these apoptotic cells are not quickly cleared by Kupffer cells, the apoptotic hepatocytes can
release damage-associated molecular patterns that result in the recruitment of neutrophils and a subsequent
damaging immune response 4. However, it is worth noting that there is evidence suggesting HBV-mediated
damage may play a role as well 13181 HBV and associated diseases represent a significant cause of worldwide
mortality. In fact, it was estimated that HBV caused 39% of the approximately 820,000 deaths secondary to hepatic

cancer and 29% of the 1.32 million deaths secondary to cirrhosis worldwide in 2017 7],
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HBV has been classified into at least 10 genotypes labeled A-J 819 as well as several subtypes. These
classifications differ in several factors such as global distribution, gene expression levels, and clinical course [28I19
[20121] For example, genotype A was associated with prolonged HBsAg elevation and development of chronic HBV
following acute hepatitis infection in Japanese adults 22, and genotype C has been associated with hepatocellular
carcinoma (HCC) [23]. The genotype also has implications for response to treatment. For example, genotypes A and
B were shown to be more likely to seroconvert than genotype D following treatment with pegylated interferon
(PEG-IFN) in hepatitis E antigen (HBeAg)-positive patients 241, Following cessation of tenofovir disoproxil fumarate
or entecavir in HBeAg- negative patients, those with genotype B are more likely to relapse and require retreatment
than genotype C [23],

Hepatitis D virus (HDV) is considered a satellite virus because it requires HBV surface proteins to generate mature
virion particles 281, As a result, HDV can establish either co-infection or superinfection with HBV, but cannot
package infectious virions or spread in the absence of HBV 28, |t was previously demonstrated that enveloped
viruses distinct from HBV can form infectious delta virus particles (27, but there is currently no firm evidence for the
clinical significance of these observations gleaned from cell cultures and mouse models. Coinfected individuals
may develop an acute hepatitis but are typically able to clear both viruses. HDV superinfection of a chronically
infected HBV carrier is more likely to result in chronic HDV infection with its concomitant comorbidities.
Development of a chronic HDV superinfection can exacerbate hepatic injury caused by HBV [28l28] and both
coinfection and superinfection have been shown to result in more severe outcomes than HBV infection alone,
including fulminant hepatitis, HCC, and chronic hepatitis 261291,

While not quite as prevalent as HBV, a study published in September 2020 estimated that 12 million individuals
worldwide are seropositive for anti-HDV antibodies 9. Notably, there has been some variance regarding estimates
of HDV prevalence, with a separate study placing the number of infected individuals as high as 62—72 million B4,
while another study published in May 2020 estimated that there are between 48-60 million HDV infections
worldwide 221, Modes of HDV transmission include exposure to contaminated blood, high risk sexual behavior, and
injection drug use. B2 The risk of vertical HDV transmission from mother to child is relatively low B2l Chronic
hepatitis D is considered the most severe of all hepatitis infections B4 and is associated with increased risks of
hepatocellular carcinoma, cirrhosis, liver decompensation, and mortality 2. Like HBV, HDV-associated disease is

considered to be largely immune-mediated in nature (28!,

HBV and HDV Cell Tropism

While HBV primarily infects hepatocytes in vivo, it has been shown to infect non-hepatic cells in vivo as well,
including but not Ilimited to endothelial cells, hematopoietic precursors, neuronal cells, and
monocytes/macrophages B7. The primary cell lines used for in vitro experiments are hepatic cell lines including
primary human hepatocytes, primary tupaia hepatocytes, and the hepatic cancer lines HepaRG, Huh7, and
HepG2. These cell lines also support in vitro experiments involving HDV (reviewed in &), The discovery of sodium
taurocholate cotransporting polypeptide (NTCP), a multiple transmembrane transporter expressed in the human

liver, as a key entry receptor for both HBV and HDV B2 has resulted in engineered cell lines. These cell lines, such
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as HepG2-NTCP and Huh7-NTCP, are susceptible to infection by both viruses 2849, Only some primates and tree
shrews are susceptible to human HBYV infection, limiting in vivo experimentation. However, models of HBV infection
based on related viruses exist in woodchucks, ground squirrels, and ducks 1. Organisms naturally susceptible to
HDV infection are similarly few in number and include chimpanzees and tree shrews 42, Human liver chimeric
mice supporting both HBV and HDV infection have also been developed 42431 and mice models carrying HBV and
HDV infection have been created through hydrodynamic delivery 241431461 Numerous additional approaches have

been taken to model HBV and HDV infection in animal models, which have reviewed recently [42]{47]

| 2. Virion Structure and Viral Life Cycle of HBV and HDV

HBV is a member of the Hepadnaviridae family and belongs to the genus Orthohepadnavirus. The virion is
approximately 42 nm in diameter. A host-derived membrane that contains small (S-HBsAg), middle (M-HBsAQ),
and large (L-HBsAg) hepatitis B surface antigens 48149 syrrounds an icosahedral capsid comprised of the core
antigen 22, HBV'’s partially double-stranded, relaxed circular DNA (rcDNA) genome, which is approximately 3.2 kb
in length, includes a lesion bearing a plus and minus strand. The HBV polymerase is covalently attached via a 10
nucleotide DNA flap to the minus strand. The plus strand contains a gap and an RNA primer which is a remnant of
the reverse transcription reaction B2l Figure 1a below demonstrates the structure of HBV and HDV, while

Figure 1b illustrates their genomic structures.
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Figure 1. Virion and genome structures of hepatitis B virus (HBV) and hepatitis D virus (HDV). (a) Virion Structures
of Hepatitis B Virus (HBV) and Hepatitis Delta Virus (HDV). Both HBV and HDV are enveloped in HBV surface
proteins designated as small (S-HBsAg), middle (M-HBsAg), and large (L-HBsAg). The HBV relaxed-circular DNA
(rcDNA) is partially double-stranded, with a full minus strand and incomplete plus strand, and a surrounding
icosahedral capsid comprised of the core antigen. HBeAg proteins are present between the envelope and capsid.
The HDV virion contains a single-stranded RNA genome that is complexed with small and large delta antigens (S-
HDAg and L-HDAg, respectively). (b) Genomic Structure of HBV and HDV. HBV is a partially dsDNA virus
composed of four distinct open reading frames (ORFs): polymerase, S, core, and X. There is significant overlap
between the different ORFs. The RNA of both the single-stranded RNA genome and the antigenome contain self-
cleaving ribozymes 58l Unedited antigenome ultimately codes for S-HDAg. The cellular enzyme adenosine

deaminase acting on RNA 1 (ADAR1) ADAR1 can modify the antigenome to generate the genetic code for L-HDAg
154

The HBV entry process into hepatocytes can be subdivided into several steps. In the first step, the virus attaches to
the surface of the host cell by binding to heparan sulfate proteoglycans (HSPGs) such as glypican 5 B3, Following
this initial attachment, HBV is thought to bind to its dedicated receptor—-NTCP B9, Notably, Perez-Vargas et al.
recently showed that neither HSPGs nor NTCP were required to induce viral fusion, but that there was a key fusion
peptide in the preS1 domain of L-HBsAg 8. The authors propose that regulation of cellular cross strand disulfide
bonds by the cellular protein disulfide isomerase ERp57 positions the preS1 fusion peptide to facilitate fusion
between the viral and endosomal membrane B8, HBV is believed to enter the cell via the clathrin-mediated

endocytosis pathway. The viral capsid is subsequently directed to the nucleus B4, where its rcDNA is modified by
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cellular factors including proliferating cell nuclear antigen, replication factor C complex, flap endonuclease 1, DNA
polymerase &, and DNA ligase 1 58 and is eventually transformed into cccDNA. cccDNA is then used as a

template for transcription BZ. It is believed that this cccDNA is directly responsible for establishing chronicity 59,

Four different lengths of RNAs are then transcribed, pre-C/C, pre-S, S, and X mRNA. These transcripts are 3.5 kb,
2.4 kb, 2.1 kb, and 0.7 kb in length, respectively 1. Pregenomic RNA (PgRNA), which is the RNA sequence
produced following transcription from cccDNA 89 is then transported to the cytoplasm. Once there, the pgRNA is
encapsidated with HBV polymerase, and rcDNA is created via reverse transcription 1. Virions containing rcDNA

are then enveloped, and the now infectious virions are secreted in multivesicular bodies (MVBs) 611621,

HBV encodes the viral antigens HBsAg from pre-S and S mRNA and HBx, which is involved in infection and
replication, from mRNA to the X gene B, HBsAg is the viral envelope protein and is encoded by the S gene [
B |t can be expressed as S-HBsAg, M-HBsAg, or L-HBsAg Y. HBV also encodes HBeAg and core antigen
(HBcAg) WBL, The C gene codes for HBcAg and a precore protein. The precore protein is then processed by the

golgi and endoplasmic reticulum and secreted as HBeAg 63,

HDV is the only member of the Deltavirus genus and measures approximately 36 nm in diameter 64, The core of
the HDV virion is a single-stranded RNA molecule complexed with both the small and large forms of hepatitis D
antigen (HDAg), the only protein encoded by HDV 84, This core is surrounded by an envelope comprised of the
HBV envelope proteins S-HBsAg, M-HBsAg, and L-HBsAg. While M-HBsAg is thought to be nonessential for HDV
infectivity, both L-HBsAg and S-HBsAg are required 24,

Like HBV, HDV attaches to the host’s surface HSPGs 83 and uses NTCP for cell entry B2, The ribonucleoprotein
core travels to the hepatocyte nucleus for replication. There, the viral RNA genome replicates, generating
approximately 300,000 new viral copies as well as a smaller number of complementary RNA antigenome 641, which
is a replication intermediate rather than mRNA [88], This is edited during the replication step by the cellular enzyme
adenosine deaminase acting on RNA (ADAR) 768 to produce a second distinct antigenome strand 4! that
contains the open reading frame (ORF) for HDAg 2. Replication is accomplished in a rolling-circle fashion, and
autocatalytic ribozymes present in both the genome and antigenome function to cleave the strands into linear RNA
strands that are ligated into the circular antigenome RNA 29, As HDV does not have its own RNA polymerases,
replication is presumably accomplished by hijacking host enzymes B4lZ, There is supporting evidence that RNA
polymerase Il is used to transcribe HDV mRNA 2273 Both RNA polymerase | and IIl are known to bind to HDV
RNA 74, While previous experiments have linked RNA polymerase | with the antigenome, the function of RNA

polymerase Ill remains undiscovered 745 Figure 2 illustrates the viral cycles of HBV and HDV.
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Figure 2. The viral life cycles of HBV and HDV. HBV (green numbers): (1) HBV attaches to the hepatocyte by first
binding to host heparan sulfate proteoglycans (HSPGs) and then binding to the liver cell entry receptor sodium
taurocholate cotransporting polypeptide (NTCP) with the pre-S1 domain of L-HBsAg. (2) HBV enters the cell via
the clathrin-mediated endocytosis pathway through clathrin protein interactions with L-HbsAg on the HBV
membrane. (3) The viral envelope fuses to the early endosome, and the core protein of the exposed nucleocapsid
binds to the host nucleus and releases its viral DNA and DNA polymerase. * (4) The virus begins replication by first
completing its partially double-stranded relaxed circular (rcDNA) using DNA polymerase to create full dSDNA in the
form of covalently closed circular DNA (cccDNA). The DNA is then transcribed by host RNA polymerase Il into
pregenomic RNA (pgRNA) and 4 mRNAs. The 4 mRNAs are translated by host ribozymes. The “Pre-C/C” mRNA is
translated into HBcAg core and HBeAg, the “Pre-S” and “S” mRNAs into HBV surface proteins, and “X” mRNA into
HBXx protein, which is involved in infection and replication. The pgRNA is transported to the cytoplasm, where it is
encapsidated by the HBcAg core. Inside this preliminary nucleocapsid, HBV polymerase reverse transcribes
pPgRNA into negative-sense DNA, which undergoes synthesis into partially double-stranded rcDNA. The completed
nucleocapsid either travels back to the nucleus to create additional virions or buds from the ER membrane,
acquiring an envelope that is embedded with HBsAg. (5) Along with the infectious virions, empty subviral particles
(SVPs) also bud out from the ER. The exiting viral and subviral particles pass through the Golgi apparatus into
multivesicular bodies (MVBs), which then bind to the hepatocyte envelope and are released via exocytosis. HDV
(black numbers): (1) HDV attaches to the host cell through low-specificity binding to HSPGs and high-specificity
binding to NTCP with the viral L-HBsAg pre-S1 domain. (2) The virus enters the cell. (3) The viral envelope is
uncoated and the ribonucleoprotein targets the hepatocyte nucleus. * (4) In a rolling circle manner, the viral RNA
genome is transcribed into the antigenome, and the antigenome serves as a template for new genome transcripts,
both of which self-cleave and ligate to reform the circular RNA. The genome also produces S-HDAg and L-HDAg
mRNA from the same open reading frame. This process produces approximately 300,000 genome and a smaller
number of antigenome molecules. (5) The translated protein products re-enter the nucleus to complete replication
and particle assembly. Fully assembled HDV virions pass through the ER-Golgi complex and exit the host cell. *

The exact uncoating mechanisms of the envelope and nucleocapsid are not fully understood.
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HDAg is ultimately translated into two isoforms: small HDAg (S-HDAg) and large HDAg (L-HDAQ). This process
begins during replication, with the unedited antigenome strand producing mRNA that is translated into S-HDAg and
another strand that is edited by ADARL1 to produce L-HDAg mRNA B8 gpecifically, ADARL1 alters a UAG
(stop) codon to UGG (tryptophan), which allows for the expression of the larger L-HDAg B48I78 S.HDAg
functions to upregulate RNA production and is thought to recruit the host RNA polymerase for replication. This is
because it binds to RNA polymerase Il 84, possibly by way of chromatin remodeling complex recruitment. It has
also been shown to interact with polymerase I. S-HDAg is required for replication 4. In contrast, L-HDAg
undergoes the post-transcriptional modification prenylation B4Z which inhibits further RNA accumulation and

contributes to the assembly of new viral particles (241,

Ribonucleoprotein assembly occurs in the hepatocyte nucleus. Assuming the viral particle can obtain the

necessary HBV envelope proteins, the infectious delta virions are thought to exit the cell through the golgi 27541,

| 3. Natural Course of HBV and HDV Infection

According to guidelines established by the American Association for the Study of Liver Diseases, there are four
phases of chronic hepatitis B infection Y, All four phases are defined by the presence of HBsAg for 26 months. In
the first phase of chronic HBV infection, serum HBV levels range from undetectable to several billion 1U/mL.
Patients in this phase are subdivided into either HBeAg positive or negative. HBV-DNA levels are often > 20,000
IU/mL in HBeAg-positive chronic HBV, while lower values of 2000-20,000 IU/mL are typically seen in HBeAg-
negative chronic HBV patients. ALT and AST levels can be either normal or elevated, and liver biopsy
demonstrates chronic hepatitis with variable necroinflammation and/or fibrosis Y. Patients in the second phase,
known as the Immune-Tolerant (IT) phase, are HBeAg positive with elevated HBV DNA levels often >1 million
IU/mL. ALT/AST levels are normal or slightly elevated. Liver biopsy performed during this stage demonstrates
minimal inflammation with no fibrosis B9, Patients in the third phase, known as Immune-Active (IA) chronic HBV,
have differing HBV DNA levels based on their HBeAg status. HBeAg-positive patients have serum HBV DNA levels
> 20,000 IU/mL, while HBeAg-negative patients have lower levels of at least 20,000 IU/mL. ALT/AST levels at this
stage are sporadically or persistently elevated consistent with host immune system-mediated hepatic injury B9,
Liver biopsy or noninvasive testing at this stage reveal chronic hepatitis and moderate to severe
necroinflammation. Fibrosis may or may not be present [, The fourth and final phase is termed inactive chronic
HBV. Patients in this phase are HBeAg negative and anti-HBe positive. Serum HBV DNA levels are typically <2000
IU/mL, and ALT/AST levels are firmly within normal ranges. Liver biopsy at this stage demonstrates varying
degrees of fibrosis without significant necroinflammation Y. An important consideration is that chronic HBV is

dynamic; patients may transition between phases in either direction 81,

The risk of developing a chronic infection is not uniform; instead, it is inversely proportional to age [B2I3l For
example, the risk of HBV transmission from mother to baby is quite high [B4l. For vertically infected infants whose
mother is positive for both HBsAg and HBeAg, the risk of progression to chronic HBV infection is between 85-90%

in the absence of passive-active prophylaxis with hepatitis B immune globulin and the HBV vaccine 3. These
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rates decrease for children younger than 5 to between 20-50% and are the lowest for older children and adults,

with between 5-10% progressing to chronic HBV [£2],

There are two distinct patterns of infection for HDV: co-infection, which involves simultaneous infection with HBV
and HDV, and superinfection, which involves the infection of an HBsAg-positive patient with HDV B8, The pattern
of infections typically influences the clinical outcome. Coinfection typically causes a more severe hepatitis with a
greater incidence of acute liver failure than acute HBV infection alone. It also may lead to biphasic peaks in
AST/ALT. B4, However, patients are typically able to clear coinfections without developing chronic HBV/HDV
infection. On the other hand, superinfection typically results in severe acute hepatitis with subsequent progression
to chronic hepatitis in over 90% of cases B8, Because of the differences in prognosis and treatment, discriminating

between acute co-infection and superinfection in these patients is critical B2,

While the pathogenesis of HDV-mediated liver damage is not well understood, the pathogenesis of HDV-related
liver disease can be attributed to several factors including HDV genotype, HBV genotype, and the host immune
response 29, The clinical characteristics of HDV infection are not easily distinguished from other causes of
hepatitis and must be differentiated using diagnostic tests 21, HDV is diagnosed by screening for HDAg-specific
antibodies, namely anti-HDV IgM and 1gG, in HBsAg-positive individuals. Patients with the anti-HDV reagent
should be screened for serum HDV RNA to differentiate between active infection (HDV RNA positive) and a

decreasing serological scar (HDV RNA negative) B2,

A study conducted by Genesca et al. assessed the effects of HDV co- and superinfection on HBV replication 22,
Levels of HBV DNA were similar in patients with acute HBV infection, HBV/HDV coinfection, and HBV DNA-
positive patients with HBV/HDV superinfection [22, Of the 37 patients with HBV/HDV coinfection, one died due to
fulminant hepatitis and two developed chronic infections. The remaining 34 cleared the infection within three
months. One of the chronic patients developed a serological pattern featuring active infection markers of both HBV
and HDV. The other patient became HBeAg and HBV DNA-negative within 4 weeks, although HBsAg and HDV
antibodies were detectable for longer than two years 22, In the superinfection group, only 25% of HBsAg carriers
(6/24) had detectable HBV DNA while acutely superinfected. Chronic liver disease was documented in all 14 long-
term follow up patients with superinfection. Intriguingly, HBV DNA could not be detected in 10 of these patients,
although there was evidence for active HDV infection. The data indicated at least a transient inhibition of HBV
replication in the presence of HDV superinfection in the four patients with initially detectable HBV DNA. In two of
these patients, the time at which HBV DNA became detectable correlated with the time at which serologic markers
for HDV replication became undetectable 2. The authors concluded that patients with inactive HBV infection and
HDV superinfection are more likely to have ongoing HDV replication than those with an active HBV infection at the

time of superinfection 22,

3.1. HDV RNA and HBV DNA Interplay during Chronic Infection

There is limited information on the natural history of the viral kinetics of patients with chronic HBV and HDV

infections. Giersch et al. 23] reported that while HDV often appears to be dominant in co-infected patients, the
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interplay between HDV RNA and HBV DNA can be “highly dynamic” over the course of infection. Previously,

Schaper et al. @4 and later Braga et al. 28 suggested three kinetic profiles (patterns): HDV dominant, HBV

dominant, and HDV/HBV equivalent. During anti-HDV treatment with lonafarnib, Mhlanga et al. 28] demonstrate a

rise in HBV DNA as HDV RNA is suppressed by treatment, resulting in HBV dominance further confirming the

range of kinetic profiles possible. What follows is a description of the kinetic profiles of the viruses during chronic

infection within the individual and aggregate data (Table 1). Further studies are needed for understanding the

natural interplay of HBV and HDV.

Table 1. HDV RNA and HBV DNA profiles during chronic infection.

Study[Viral HDV ~ HBV  HDV/HBV HBeAg (+

*%
Profile DominantDominant Equivalent * -) LA A

Individual Patient Data

vurdavdin et 3(+) In-house PCR.
al 3018 17/20 0/20 3/20 12 (-) (LLoQ) 70 IU/mL and
K 5 (N/A) (LLoD) 50 IU/mL
Robogene
Shz:‘htzrggg et 1912 0/12 0/12 12 () MK |
" LLoQ 3.26 log U/mL
Schaper et al., 5H) rt-RT-PCR in the
2010 13/25 6125 6125 20 (-) LightCyclerTM system
Guedj et al., 9(-) real-time PCR (external)
2014 L LS LA 3(4) (LLOQ): 100 (GE/mL)
Koh et al., B gRT-PCR
2015 819 ore 19 °0) LLoD 70 IU/mL
Patient Data (Cohort Mean)
Castelnau et All RT-PCR
al., 2006 14 NA NA negative 100 copies/mL
PCR TagMan Universal
. 100 copies/mL of serum
IR 53 NA NA A”. and the linearity of
2007 negative P
guantification ranged from
103 to 109 copies/mL.
Zachou et al., (+) 12
B 73 NA NA ) 68 RT-PCR
TagMan One
Wedemeyer et 90 NA NA 14 (+) Step PCR Master Mix
al., 2011 76 (<) LLOD of HDV RNA was 120

copies/mL of serum

Reference

100

101

102

103

104
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Study|Viral HDV HBV HDV/HBV HBeAg (+/ HDV RNA Assay *  Reference

Profile DominantDominant Equivalent * -)
Braga et al.,
2014 All non- gRT-PCR [95]
0, 0 0
(64 patients— 56.3% 3.1% 40.6% reactive Sensitivity not listed.

only % given)

Koh et al., All gRT-PCR [100]
2015 14 NA NA negative LLoD 70 IU/mL

Amplisense HDV-FL

Bogomolov et 8 0 16 All During treatment: qPCR: 105
al., 2016 Negative limit of detection (LOD) 15
copies/ml
. RT-PCR
Yurdaydin et (+)2 L 106
al., 2007 39 0 0 () 37 SenS|t|V|.ty. 100,000
copies/mL

Most forms of viral hepatitis, including HBV and HDV, cause necrosis and inflammation of hepatocytes in a similar
and indistinguishable manner from one another 197, |n acute disease, there is widespread focalnecrosis, swelling
and apoptosis of hepatocytes, and portal tract/intrasinusoidal inflammation. The inflammatory infiltrate is primarily
composed of lymphocytes, although plasma cells, neutrophils, and eosinophils may also be seen 197 Acute
hepatitis pathology includes the presence of several histological features. Numerous apoptotic bodies (also called
acidophil bodies or Councilman bodies) are seen, as is activation of Kupffer cells (KC, the tissue-resident
macrophages of the liver [228]) in response to the viral infection 227, In HBV, it has been shown that this activation
stimulates KC to release chemokines and cytokines that attract other leukocytes (299, Another feature of acute

hepatitis pathology is ballooning degeneration, which is swelling of hepatocytes [£071[110]

Distinct characteristics are likewise commonly seen in chronic hepatitis. Piecemeal/interface necrosis involves
necrosis of periportal hepatocytes with accompanying inflammation involving the portal tract and periportal zone
(111 Necrosis can extend over multiple lobules, which is termed confluent necrosis. Conversely, focal necrosis
involves a relatively small area of hepatocytes, with focal necrosis involving a smaller group of hepatocytes 111,
These histologic features, along with other findings common to chronic hepatitis including portal inflammation and
fibrosis/cirrhosis, have been quantified 112, The modified Histology Activity Index (HAI) 121 and METAVIR 1131
which has been adapted for other forms of hepatitis besides hepatitis C virus 1141 scoring systems are among the
most widely used 115, Of note, chronic HDV patients often suffer more severe histologic changes than those seen
in chronic HBV patients with similar characteristics 118, This is due to the fact that patients with chronic HDV are

much more likely than chronic HBV patients to progress to more severe liver disease 63,
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