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HEPATITISD: AREVIEW
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ABSTRACT

Hepatitis D has been shown to be reducing in frequency in the Western countries commensurate with HBV decline
while recent reports from Pakistan are indicating a rising frequency. This review describes the management and

prevention of this often overlooked cause of hepatitis.
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INTRODUCTION

Chronic viral hepatitisis a mgjor health problem world
wide'. Recent figures have given the prevaence of hepatitis
B (HBV) at about 2.0 billion and hepatitis C (HCV) at
170 million with 3-4 million new cases every year> .
Annual mortality is more than one million due to its
complications. Cirrhosis mortality ratesincreased steeply
in Britain during the 1990’ s. Between the periods 1987-
1991, and 1997-2001, cirrhosis mortality in men in
Scotland exceeded more than double (104% increase)
and in England and Wales rose by over two-thirds (69%).
Mortality in women increased by almost half (46% in
Scotland and 44% in England and Wales)**.Vaccination
against HBV was the major factor to reduce the HBV
incidence**. Consequently it also reduced the incidence
of hepatocellular carcinoma (HCC) and hepatitis D
(HDV)™*®. Universal infant vaccination was introduced
inthe United Statesin 1991; vaccination coverage among
children aged 19-35 monthsincreased from 16% in 1992
to 90% in 2000*. From 1990 to 2002, the incidence of
acute hepatitis B decreased by 67% across all age groups,
whilein children under 20 years, incidence decreased by
89%*.

Recent reports have documented about 16-27% prevalence
of HDV among HBV patients in Pakistan'* while the
rest of the world is witnessing the decrease in HDV
prevalence; are we having an epidemic of HDV?

STRUCTURE & REPLICATION

HDV wasfirst described in Italy in 1977 and it isasmall
1.7 Kb single-stranded circular RNA virus”. It employs
a unique self-cleaving catalytic RNA motif, the HDV
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ribozyme, during double-rolling circle replication that is
peculiar to it**, The HDV self-cleaving motif folds into
adouble-pseudoknot model secondary structure composed
of one stem (P1 stem), two pseudoknots (P1.1 and P2
stems), two stem-loops (P3-L3 and P4-L4) and three
single-stranded junctions (J1/2, J1/4 and J4/2). The cataytic
core takes the form of two coaxial helices formed by the
stacking of the P1-P1.1-P4 stems and of the P2-P3 stems.
The use of X-ray diffraction and nuclear magnetic
resonance has provided high-resolution definition of the
tertiary structure of this catalytic RNA, and both
approaches have contributed to the elucidation of the
network of interactions that take place within the catalytic
Ca-]te-ZA»ZGI

GENOTYPES

HDV wasinitially classified into three genotypes. Recent
molecular phylogenetic analysis of HDV suggests at least
seven mgjor classes. The genotype | HDV iswidely spread,
genotype Il isfound in East Asia and genotype |11 HDV
isprevalent in South America. Genotype Il HDV infection
is relatively less frequently associated with fulminant
hepatitis at the acute stage and |ess unfavorable outcomes
[cirrhosis or hepatocellular carcinoma (HCC)] at the chronic
stage as compared to genotype |. It appearsthat the clinical
manifestations and outcomes of patients with genotype 1V
(I1b) HDV infection are more like those of patients with
genotype Il HDV infection. Persistent replication of HBV
or HDV was associated with higher adverse outcomes
(cirrhosis, HCC or mortaity) compared to thosewho cleared
both viruses from the sera. HBV of the genotype Cisaso
a significant factor associated with adverse outcomes
(cirrhosis, HCC or mortality) in patients with chronic
hepatitis D in addition to genotype | HDV and age. However,
most patients with chronic HDV infection have low or
undetectable hepatitis B virus DNA levels. During
longitudinal follow-up, genotype | HDV is the most
important determinant associated with survival”®.
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REPLICATION

Cell-to-cell spread of these HDV genomes does not occur.
The HDV replication is dependent upon an integrated
cDNA source of fully functional, unchanging Ag-S**.
Thus the cells maintain about 1,000 copies of HDV
genomic RNA per cell. Aseach cdl divides, another 1,000
copies need to be transcribed, processed, and accumulated.
If a fraction of the original 1,000 copies had been
compromised it becomes less replication competent, then
most of the new 1,000 copies would be made from the
non-compromised genomes®*. This purging effect would
occur with every cell division. For many RNA viruses,
there has been some controversy in terms of the concept
of quasi-species, about which heterogeneous populations
of viral genomes can provide mutual support to achieve
aleve of replication® This concept might not be applicable
to HDV replication. Thisis because none of the genomes
that are replicating can make afunctional Ag-S®. All of
the genomes are dependent upon a separate source of this
Ag-S. If some of the viral genomes were providing a
source of functional Ag-S, they would be able to support,
the replication of other genomes that were unable to make
any Ag or that made a Ag-Sthat was not fully functional®
If the supported genomes were making a significant
amount of a form of Ag-S that interfered with HDV
replication (like Ag-L), then they may compromise the
co-replication. Some aspects of the quasi-species models
demand that the replicating genomes can undergo
significant levels of intermolecular recombination. For
HDV, this has been claimed®*, but the issue is still
controversial®®.

NATURAL COURSE

The natural course of HDV is still under evaluation®. It
has been shown that people infected at a younger age
with HDV develop cirrhosis one or two decade earlier
than those with HBV and HCV as the disease runs a
rapidly progressive course leading to early cirrhosis,
decompensation and HCC and ashorter 5 year surviva™**.
In arecent study, it was documented that patientsinfected
with genotype | HDV had alower remission rate (15.2%
vs. 40.2%, p = .007) and more adverse outcomes (cirrhos's,
hepatoce lular carcinoma, or mortality) (52.2% vs. 25.0%,
p=.005) than those with genotype || HDV®. The course
of the disease also depends upon the HBV genotype,
patients infected with genotype C HBV had a lower
remission rate (0 vs 32.1%, p = .005) and more adverse
outcomes (70.0% vs. 33.9%, p = .005) than those with
genotype B HBV. The presence of HBV or HDV viremia

was associated with lower remission rates compared with
those negative for both (26.4% and 24.3% vs. 69.2%, p
<.001)>.

TREATMENT OF ACUTE HDV

Acute hepatitis with HDV requires the monitoring of the
clinical and biochemical parameters of liver function to
allow the early detection of progression to fulminant
hepatitis. If fulminant hepatitis occurs, orthotopic liver
transplantation is the only treatment™. Although thereis
a report of successful treatment of three patients with
Trisodium phosphonoformate (foscarnet) with fulminant
HBV/HDV hepatitis with full recovery®, it was
subsequently found that foscarnet actually increases the
HDV replication®. Thus the recovery was a chance
occurrence rather than the effect of drug; which has not
been used subsequently. Similarly the use of interferon
alpha 2c has also been found to be effective in fulminant
HDV*,

TREATMENT OF CHRONIC HDV

Deoxynucleotide analogues

Although HBV isnot involved in the replicative cycle of
HDV, the HBsAQ represents the envel ope of HDV without
which HDV cannot be secreted out of the hepatocyte.
The dependence of HDV on HBV could suggest that
successful treatment of HDV infection would follow
successful treatment of the supporting HBV infection.
Unfortunately, this does not always appear to be the case.
Although treatment of chronic HBV carriers with
lamivudine leads to decreased levels of HBV in serum,
and improved liver histology in patients with chronic
delta hepatitis prolonged lamivudine therapy neither
lowersHDV RNA levels nor ameliorates disease activity,
even though HBV viremia is reduced®. Similarly,
treatment with famciclovir was not effective against HDV
infection. The most likely explanation for the failure of
these treatments to affect HDV isthat HDV requires the
HBsAg function of HBV, and lamivudine treatment does
not typically reduce HBsAg levels®. In a recent case
report, HDV RNA was not cleared using adefoir for 20
months while HBV DNA was cleared”.

Interferon

Regarding the hypothesis that prolonged treatment with
interferon (IFN) might induce atherapeutic effect, several
clinical trials based on the long-term administration of
IFN were undertaken in the late 1980s and early 1990s*%.
The response, assessed on the normalization of serum
alanine aminotransferase (ALT) levels and the clearance
of serum HDV RNA, varied widely. The rate of response
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was proportional to the dose of IFN; patients treated with
9 million units (MU) responded better“***, Virological
and biochemical evidence of relapse was common when
IFN was stopped and sustained responses were unusual .
ALT often remained normal despite viral recrudescence®.
Combination of IFN with acyclovir was also unsuccessful
resulting in reactivation during the follow-up in almost
all patients*. Use of pegylated interferon has shown
some promise for the future®. The analysis of the
pretreatment characteristics of patients has not identified
differences between responders and nonrespondersto IFN
with regard to demographic, clinical, serological,
biochemical and histologica findings. In view of the poor
prognosis of patients with active replication of both HBV
and HDV, therapeutic inhibition of HBV should be
considered a significant therapeutic target®.
Prenylation inhibitors

Prenylation process has an essential rolein HDV assembly.
This suggests a basis for a novel anti-HDV strategy of
using prenylation inhibitors™. Mice were treated with
prenylation inhibitors FT1-277 and FT1-2153; both agents
were effective at clearing HDV viraemia dependent on
the duration of treatment®.

FUTURE PERSPECTIVES

In recent years, interest in the therapy of chronic hepatitis
D by pharmaceutical companies has been much reduced.
Reduction in prevalence of HDV in western countries
accounts for the absence of interest on treatment of chronic
HDV hepatitis with new agents such as pegylated
interferon. Because of its weekly administration PEG-
IFN could nevertheless represent a reasonabl e therapeutic
option for the long-term treatment required for chronic
hepatitis D. New treatment perspectives shall probably
rely on the knowledge of HDV structure, life-cycle and
interaction with HBV. The autocleavage activity of the
genomic HDV ribozyme s strongly inhibited in vitro, in
the presence of different aminoglycosides. Although none
of the aminoglycosides effective in vitro exerted
suppressive effectsin vivo in cell lines. These observations
suggest a potential strategy for anti-HDV therapy®.

REFERENCES

1. Lavanchy D. Hepatitis B virus epidemiology, disease
burden, trestment, and current and emerging prevention
and control measures. J Viral Hepat 2004; 11: 97-
107.

10.

11

12.

13.

14.

15.

World Health Organization. Hepatitis B. World Health
Organization Fact Sheet No. 204. October 2000
[cited December 21, 2006]; Available from:
http://who.int/mediacentre/factsheets/fs204/en

World Health Organization. Hepatitis C. World Health
Organization Fact Sheet No. 164. October 2000
[cited December 21, 2006]; Available from:
http://who.int/mediacentre/factsheets/fs164/en

Wright TL. Introduction to chronic hepatitis B
infection. Am J Gastroenterol 2006; 101 Suppl
1: S1-6.

Zucker SD. Cirrhosis-associated mortality: frankly,
scarlet, do we realy make adamn? Gastroenterology
2006; 131: 320-2.

Smith AD. Liver cirrhosis mortality ratesin Britain.
Lancet 2006; 367: 1898-9; author reply 900.

Morrison DS, Boyd AA, Richardson T. Liver cirrhosis
mortality rates in Britain. Lancet 2006; 367: 1899;
author reply 900.

Leon DA, McCambridge J. Liver cirrhosis mortality
rates in Britain from 1950 to 2002: an analysis of
routine data. Lancet 2006; 367: 52-6.

Leon DA, McCambridge J. Liver cirrhosis mortality
ratesin Britain, 1950 to 2002. L ancet 2006; 367; 645.

Lavanchy D. Worldwide epidemiology of HBV
infection, disease burden, and vaccine prevention. J
Clin Virol 2005; 34 Suppl 1: S1-3.

Gaeta GB, Stroffolini T, Chiaramonte M et . Chronic
hepatitis D: avanishing disease?An Italian multicenter
study. Hepatol ogy 2000; 32: 824-7.

Sagnelli E, Stroffolini T, Ascione A et al. Decrease
in HDV endemicity in Italy. JHepatol 1997; 26: 20-
4,

Gheorghel, lacob S, Smionov | et al. Natural history
of compensated viral B and D cirrhosis. Rom J
Gastroenterol 2005; 14: 329-35.

Incidence of acute hepatitis B-United States, 1990-
2002. MMWR Morb Mortal Wkly Rep: Center for
Disease Control and Prevention (CDC) 2004:1252-
4.

Mumtaz K, Hamid SS, Adil S et al. Epidemiology
and clinical pattern of hepatitis delta virusinfection
in Pakistan. J Gastroenterol Hepatol 2005; 20: 1503-
7.

JDUHS 2007, Vol. 1(1): 36-40

38



Hapatitis D: a review

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Zuberi BF, Quraishy MS, Afsar S et al. Frequency
and comparative analysis of hepatitis D in patients
seeking treatment for hepatitis B. J Coll Physicians
Surg Pak 2006; 16: 581-4.

Rizzetto M, Canese MG, Arico S et al.
Immunofluorescence detection of new antigen-
antibody system (delta/anti-delta) associated to
hepatitis B virus in liver and in serum of HBSAg
carriers. Gut 1977; 18: 997-1003.

Wu JC, Chen TZ, Huang Y S et a. Natura history of
hepatitis D vira superinfection: sgnificance of viremia
detected by polymerase chain reaction.
Gastroenterology 1995; 108: 796-802.

Gondert ME, Tinsley RA, Rueda D et al. Catalytic
core structure of the trans-acting HDV ribozyme is
subtly influenced by sequence variation outside the
core. Biochemistry 2006; 45: 7563-73.

Nehdi A, Perreault JP. Unbiased in-vitro selection
reveals the unique character of the self-cleaving
antigenomic HDV RNA sequence. Nucleic Acids Res
2006; 34: 584-92.

Casey JL. RNA editing in hepatitis deltavirus. Curr
Top Microbiol Immunol 2006; 307: 67-89.

Linnstaedt SD, Kasprzak WK, Shapiro BA et al. The
role of a metastable RNA secondary structure in
hepatitis delta virus genotype [11 RNA editing. Rna
2006; 12: 1521-33.

Gudima SO, Chang J, Taylor JM. Restoration in vivo
of defective hepatitis delta virus RNA genomes. Rna
2006; 12: 1061-73.

Ferre-D'Amare AR, Zhou K, Doudna JA. Crystal
structure of a hepatitis delta virus ribozyme. Nature
1998; 395: 567-74.

TanakaY, Hori T, TagayaM et a. Imino proton NMR
analysisof HDV ribozymes: nested double pseudoknot
structure and Mg2+ ion-binding site close to the
catalytic core in solution. Nucleic Acids Res 2002;
30: 766-74.

KeA, Zhou K, Ding F et a. A conformational switch
controls hepatitis delta virus ribozyme catalysis.
Nature 2004; 429: 201-5.

Wu JC. Functional and clinical significance of
hepatitis D virus genotype Il infection. Curr Top
Microbiol Immunol 2006; 307: 173-86.

Su CW, Huang YH, Huo Tl et al. Genotypes and
viremia of hepatitis B and D viruses are associated

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

with outcomes of chronic hepatitis D patients.
Gastroenterology 2006; 130: 1625-35.

Theamboonlers A, Hansurabhanon T, Verachai et al.
Hepatitis D virus infection in Thailand: HDV
genotyping by RT-PCR, RFLP and direct sequencing.
Infection 2002; 30: 140-4.

ParanaR, Kay A, Molinet F et al. HDV genotypesin
the Western Brazilian Amazon region: A preliminary
report. Am J Trop Med Hyg 2006; 75: 475-9.

Deny P. Hepatitis delta virus genetic variability: from
genotypes |, 11, 111 to eight major clades? Curr Top
Microbiol Immunol 2006; 307: 151-71.

Altuglu I, Ozacar T, Sertoz RY et al. Hepatitis delta
virus (HDV) genotypes in patients with chronic
hepatitis: molecular epidemiology of HDV in Turkey.
Int JInfect Dis 2007; 11: 58-62.

Chang J, Gudima SO, Taylor JM. Evolution of
hepatitis delta virus RNA genome following long-
term replication in cell culture. J Virol 2005; 79:
13310-6.

. Chang J, Gudima SO, Tarn C et al. Development of

anovel system to study hepatitis delta virus genome
replication. JVirol 2005; 79: 8182-8.

Domingo E. Viruses at the edge of adaptation.
Virology 2000; 270: 251-3.

Wu JC, Chiang TY, Shiue WK et al. Recombination
of hepatitis D virus RNA sequences and its
implications. Mol Biol Evol 1999; 16: 1622-32.

Wang TC, Chao M. RNA recombination of hepatitis
deltavirusin natural mixed-genotype infection and
transfected cultured cells. J Virol 2005; 79: 2221-9.

Taylor J. Introduction to HDV genome replication.
Prog Clin Biol Res 1993; 382: 1-4.

Gudima SO, Chang J, Taylor JM. Features affecting
the ability of hepatitis delta virus RNASs to initiate
RNA-directed RNA synthesis. JVirol 2004; 78: 5737-
44,

Fattovich G Giugtina G, Christensen E et d. Influence
of hepatitis delta virus infection on morbidity and
mortality in compensated cirrhosis type B. The
European Concerted Action on Viral Hepatitis
(Eurohep). Gut 2000; 46: 420-6.

JDUHS 2007, Vol. 1(1): 36-40

39



Bader Faiyaz Zuberi

41.

42.

45,

46.

47.

48.

49,

50.

51.

52.

Niro GA, RosinaF, Rizzetto M. Treatment of hepatitis
D. JVira Hepat 2005; 12: 2-9.

Hedin G, Weiland O, Ljunggren K et al. Treatment
of fulminant hepatitis B and fulminant hepatitis B
and D coinfection with foscarnet. Prog Clin Biol Res
1987; 234: 309-20.

. Rasshofer R, Choi SS, Wolfl Pet al. Interference of

antiviral substances with replication of hepatitis delta
virus RNA in primary woodchuck hepatocytes. Prog
Clin Biol Res 1991; 364: 223-34.

. Sanchez-TapiasM, MasA, CostaJet d. Recombinant

apha2c-interferon therapy in fulminant vira hepatitis.
JHepatol 1987; 5: 205-10.

Dienstag JL, Perrillo RP, Schiff ER et . A preliminary
trial of lamivudine for chronic hepatitis B infection.
N Engl JMed 1995; 333: 1657-61.

Casey J, Cote PJ, Toshkov A et a. Clevudine inhibits
hepatitis delta virus viremia: a pilot study of
chronically infected woodchucks. Antimicrob Agents
Chemother 2005; 49: 4396-9.

Grattagliano |, Palmieri VO, Portincasa P et al.
Adefovir dipivoxyl for the treatment of delta-related
liver cirrhosis. Ann Pharmacother 2006; 40: 1681-4.

Gaudin JL, Faure P, Godinot H et al. The French
experience of treatment of chronic type D hepatitis
with a12-month course of interferon apha-2B: results
of arandomized controlled trial. Liver 1995; 15: 45-
52.

RosinaF, Pintus C, Meschievitz C et a. A randomized
controlled trial of a 12-month course of recombinant
human interferon-alpha in chronic delta (type D)
hepatitis: a multicenter Italian study. Hepatology
1991; 13: 1052-6.

Craxi A, Di Marco V, VolpesR et al. Treatment with
recombinant alpha 2b-interferon of chronic HDV
hepatitisin children. Prog Clin Biol Res 1991; 364:
399-404.

Rosina F, Rizzetto M. Treatment of chronic type D
(delta) hepatitis with alpha interferon. Semin Liver
Dis 1989; 9: 264-6.

Farci P, Roskams T, Chessa L et a. Long-term benefit
of interferon alpha therapy of chronic hepatitis D:
regression of advanced hepatic fibrosis.
Gastroenterology 2004; 126: 1740-9.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Farci P, Mandas A, Coiana A et a. Treatment of
chronic hepatitis D with interferon alfa-2a. N Engl J
Med 1994; 330: 88-94.

Madejon A, Cotonat T, Bartolome J et a. Treatment
of chronic hepatitis D virus infection with low and
high doses of interferon-alpha 2a: utility of polymerase
chain reaction in monitoring antiviral response.
Hepatology 1994; 19: 1331-6.

Hsieh TH, Liu CJ, Chen DS et al. Natural course and
treatment of hepatitisd virusinfection. JFormos Med
Assoc 2006; 105: 869-81.

Hadziyannis SJ. Use of alpha-interferon in the
treatment of chronic delta hepatitis. J Hepatol 1991,
13 Suppl 1: S21-6.

Berk L, de Man RA, Housset C et al. Alpha
lymphoblastoid interferon and acyclovir for chronic
hepatitis delta. Prog Clin Biol Res 1991; 364: 411-
20.

Marinucci G, Hassan G, Di Giacomo C et al. Long
term treatment of chronic delta hepatitis with apha
recombinant interferon. Prog Clin Biol Res 1991;
364: 405-10.

Erhardt A, Gerlich W, Starke C et al. Treatment of
chronic hepatitis delta with pegylated interferon-
alpha2b. Liver Int 2006; 26: 805-10.

Smedile A, Rosina F, Saracco G et al. Hepatitis B
virus replication modulates pathogenesis of hepatitis
D virusin chronic hepatitis D. Hepatology 1991; 13:
413-6.

Bordier BB, Marion PL, Ohashi K et a. A prenylation
inhibitor prevents production of infectious hepatitis
delta virus particles. J Virol 2002; 76: 10465-72.

Bordier BB, OhkandaJ, Liu Pet al. In vivo antivird
efficacy of prenylation inhibitors against hepatitis
delta virus. J Clin Invest 2003; 112: 407-14.

Chia JS, Wu HL, Wang HW et al. Inhibition of
Hepatitis Delta Virus genomic ribozyme sdlf-cleavage
by aminoglycosides. J Biomed Sci 1997; 4: 208-16.

4

JDUHS 2007, Vol. 1(1): 36-40



