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Immunofluorescence detection of new antigen-
antibody system (&/anti-8) associated to hepatitis B
virus in liver and in serum of HBsAg carriers

M. RIZZETTO,! M. G. CANESE, S. ARICO, O. CRIVELLI, C. TREPO, F. BONINO,
AND G. VERME

From the Department of Gastroenterology, Ospedale Mauriziano Umberto I, Turin, Italy, the Electron
Microscopy Centre of the Faculty of Medicine, University of Turin, Italy, and INSERM U45, and Labora-
tory of Hygiene, University Claude Bernard, Lyon, France

the lesion observed in & positive patients (Nielsen
et al., 1973) suggest that the antigen is closely related
to the core particle or to the chain of events preceding
its assembly or after its clearance. DNA polymerase,
circular DNA molecule, and DNA polymerase p;
product are tentative candidates; each of them, -
however, has been located only inside a mature core
envelope (Robinson, 1976), while to be the &
antigen they should exist free and uncovered in the
nucleoplasm. Whether this is the case or whether
the new antigen is unrelated to any of the known HB
virus components is at present under study.
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The Delta Agent

MARIO RIZZETTO

Division of Gastroenterology, Molinette, Torino 10126, [taly

This review provides a glimpse of the many problems
raised by the discovery of the é agent which need an
answer in the future. The most intriguing is the nature
of the new pathogen and its ecological niche, where and
when it arose and whether other similar pathogens exist,
of which & agent may be a model. The epidemiology of 4
agent is largely unknown. It appears to be exotic, vet it
is infrequent in regions of Asia where the HBsAg rate is
among the highest in the world. Given the mechanism
of its spread, & agent is likely to represent a major
epidemiologic risk of hepatitis where the prevalence of
HBV is high, as in many parts of the developing world.
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Key facts
Global hepatitis report, 2017
* Hepatitis D virus (HDV) is a virus that requires hepatitis B virus (HBV) for its World Hepatitis Day
replication.

. Global health sector strategy on
» Hepatitis D virus (HDV) affects globally nearly 5% of people who have a viral hepatitis

chronic infection with hepatitis B virus (HBV).

« HDV infection occurs when people become infected with both hepatitis B
and D simultaneously (co-infection) or get hepatitis D after first being
infected with hepatitis B (super-infection).

* Populations that are more likely to have HBV and HDV co-infection include
indigenous populations, recipients of haemodialysis and people who inject

drugs. INFOSAN Quarterly

Summary, 2023 #2

» Worldwide, the number of HDV infections has decreased since the 1980s,
14 September 2023

due mainly to a successful global HBV vaccination programme.

* The combination of HDV and HBV infection is considered the most severe
form of chronic viral hepatitis due to more rapid progression towards liver-

: WHO launches “One
related death and hepatocellular carcinoma.

life, one liver”

« Hepatitis D infection can be prevented by hepatitis B immunization, but campaign on World

treatment success rates are low.
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BEYOND THE SCOPE OF THE REPORT
HEPATITISA,D AND E

HEPATITIS A VIRUS —HAV

Hepatitis A canses only acute hepatitis. HAV is transmitted mostly through
exposure to contaminated food or water, or through exposure to infected persans,

A safe and cffective vaccine is available. WHO estimates that wordwide, hepaaris A
caused approximatedy 11 000 deaths in 2015 (accounting for 0.8% of the mortality

HEPATITIS D VIRUS -HDV

> callwy U Jaa ) T

o . i o V-1t 1s transmitted mostly
through the percutanecous moute (exposare to blood). HDV infects anfy those
persons who already have HBV infection. Infection of an HBV.infected pesson with
HDV (a phenomenon referred 1o as “superinfection”) worsens the outcome of HBY
infection. Hence, HDV i 3 cofactor of chronic liver disease. Most experts estimate
that 5% of HBV-infected persons are also coinfected with HDV (20). However,
there is substantial uncertainty, as in many countnes, HBV-Ainfected patients are

not tested for HDV infection. In addition, in sclected countries, such 2s Mongolia,
up to 60% of HBV-infected persons may also have HDV infection {11). Prevention
of HBV infection through vaccination also prevents HDV infection. However, the
treatment of HBV.-HDVcoinfected patienes differs from the treatment of persons
wizh HBY infection alone. Newer antinucicos{s)ides that are hiphly effective
against HBV infecion do not work well in HBV-HDV cainfection. Only alder,
interferon-based treatments can be used, with suboptimal resulks. WHO does

not have estimates of the proportion of deaths dise to HBY in which HDV may

be a cofuctor {12). The distribution of HDV infection varies aroand the wodd.

HEPATITIS E VIRUS -HEV

HEV causes moszly acute hepatzis. It is transmitted via the faccal -oral route,
principally via contaminated water. Every year, there are an estimated 20 million
HEV infections wordwide, leading to an estimated 3.3 million sympromatic cases
of acute hepatiis E (7). WHO estimates thar hepatitis E caused approximately

44 D00 deaths in 2015 {accounting for 3.3% of the mantality due 1o viral hepatitis).
Hepatitis E is 2 usally selflimiting illness, but some patients may progres to acute
liver Gilure. Hepatiis E has a higher case fatality in pregnant women. This leads
to maternal mortality thae is particulady devastating. Infection with HEV is
reported worldwide, but it is most common in East and South Asz. A vacane 1o
prevent HEV infection has been devdoped and is licensed n China, bus is not

yrt available in most ather countnes (14).
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The portal for rare diseases and orphan drugs
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Disease definition

Hepatitis delta is a rare hepatic disease characterized by variable degrees of acute hepatitis resulting from
infection with the hepatitis delta virus. Occasionally it may present a benign course, but most frequently it
manifests with severe liver disease that may include fulminant liver failure, hepatic decompensation and rapid
progression to cirrhosis. All patients present concomitant hepatitis B virus infection and an increased risk of
developing hepatocellular carcinoma has been reported.

ORPHA:402823

Synonymys): Age ofonset: All ages UMLS: C0011226

oy MeSH: D003699

: . ICD-10: B17.0

Hepatitis D virus GARD: -
ICD-11: 1E512

Prevalence: 1-5/10000 MedDRA: 10019762
OMIM: -

Inheritance: Not applicable
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Hepatology
ORIGINAL ARTICLE

Prevalence and burden of hepatitis D virus infection
in the global population: a systematic review
and meta-analysis

Hai-Yan Chen,' Dan-Ting Shen,’ Dong-Ze Ji.2 Pei-Chun Han,’ Wei-Ming Zhang,2
Jian-Feng Ma,’ Wen-Sen Chen,> Hemant Goyal,4 Shiyang Pan,' Hua-Guo Xu'

Prevalence (95% Cl) Weight(%)
high SDI
Subtotal ("2 = 99.10%, p = 0.00) 0.42 (0.08, 0.93)

high-middle SDI
Subtotal ("2 = 95.60%, p = 0.00) 0.07 (0.00, 0.53)

middle SDI
Subtotal ("2 = 89.91%, p = 0.00) 1.08 (0.50, 1.85)

low-middle SDI
Subtotal (1"2 = 86.94%, p = 0.00) 1.85 (0.80, 3.26)

low SDI
Subtotal (1"2 = 94.11%, p = 0.00) 3.41 (0.85, 7.36)

Heterogeneity between groups: p = 0.00
Overall (1"2 = 98.48%, p = 0.00) 0.88 (0.54, 1.28)

5.0
Pravalence (%
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Prevalence and burden of hepatitis D virus infection
in the global population: a systematic review
and meta-analysis

Hai-Yan Chen,’ Dan-Ting Shen,’ Dong-Ze Ji.2 Pei-Chun Han,’ Wei-Ming Zhang,2
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Prevalence (95% Cl) Weight(%)
Mixed population
Subtotal (1"2 = 97.95%, p = 0.00) 10.58 (9.14, 12.11)

IVDU population
Subtotal ("2 = 96.65%, p = 0.00) — 37,57 (29.30, 46.20)

HRSB population
Subtotal ("2 = 93.29%, p = 0.00) 17.01 (10.69, 24.34)

Heterogeneity between groups: p = 0.00
Overall (I*2 =97.95%, p = 0.00) 14.57 (12.93, 16.27)

25.0 50.0
Prevalence (% )




General population Mixad population
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Mixed population
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Summary
Chronic fiver diosease
ASC

-

1592
1146

HIWV prevalence among acute HBsAg+ patienss (%

391
22939

%26,75

=

HDV prevalence among chmnic HBsAg 4 patients (%)

%25,77

%16,75

%19,8

Odds Ratio (95% CI}

1.56 (2.72-4.65)

£.75 (4.42-10.30)

5.61 {2.60-12.09)
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Research Programme, Blantyre, Malawi; *College of Medicine
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Databases searched

Language of Studies
included

Time period of
publication of
studies included

Inclusion Criteria

Exclusion criteria

Patient groups
where HODV

nravalanra wze

Records identified
in literature zearch

Studies included in
meta-analysiz

Number of subjects
included

Estimated global
nurmber of HOV
cases

Chen, 2019*

PubMed, Embace, Cochrane Library,
China knowledgs Integrated databases

Englizh, Chinese

01/01/1977 - 31/12/2016

Available data on HOV seroprevalence,
patient selection methods, geographical
and clinical setting included in the
analysis

Data on infants of children

General population from 1977 to 1996

and 1997 to 2016, Mixed population
{HRecAn rarricrs withaurt rick fartars)

2717
182

40 127 988 general population subjects
from 61 countries (one study from
France: 39 911 011 subjects); 101 3463
HBsAg-positive cases from 51 countries

0.98% in general population;
14 6% in HBzAg-positive cases

Approximately 72 million

Miao, 202034

Embase, Medline, Ovid, Cochrane, China
knowledge Integrated database

English, Chinese

01/01/1982 - 01/02/2019

Studies wath data on prevalence and
outcome of HOV. The prevalence of
HDV was defined by the detection of
HDV antibodies {anti-HDV igG and/ or
anti-HDV IgM). supplemented by the
additional detection of HDAg and HODV
RNA

Studies with fawer than 100 subjects
from general population or 20 HBsAg
carmers

General population, HBsAg carriers;

Blood donors, IVDUs, people with
HRTR HIV zndiar UV franient hland

3518
634

332 155 general population subjects
from 48 countries

271 629 HBsAg-positive cases from 83
countries

0.80% in general population;
13.0% in HBsAg-positive cases

48-60 million:
revised to 32-61 million

Stockdale, 2020°*

PubMed, Embaze, Scopus and
grey literature

Alllanguages

01/01/1998 - 28/01/2019

Studies that examined
geographic and clinical
setting of participants
with HBsAg and applied a
systematic selection method
to anti-HDV testing, where
all/random zslection of
eligible participants was
tested,

282

24025 000 general
population subjects from 50
countries; 120 293 HBsAg-
positive cases from 95

0.16% in general population;

4.5% in HBsAg-positive cases
of general population; 16.4%
in HBsAg-positive cases of
Hepatology clinics

12{8.7-18.7) million
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Seropositivity for delta hepatitis in patients with chronic hepatitis B
and liver cirrhosis inTurkey: a meta-analysis

Hali ‘ ) )
Table 1. AntiHDV positivity in patients with chronic hepatitis B in Turkey

1 Deg
2 Deg
3 Dep Region Year Researcher . (%)

Anti-HDV

West Turkey
Istanbul 1997 Okten etal. (6)
stanbul 2001 Tabaketal (10)
Istanbul 2003 Okten etal.(8)
Bursa 1997 Nak etal (11)
zmir 1999 Erstzetal (12)
zmir 2001 Akarcaetal (13)

Total

Central Turkey (< 1995)
Ankara Erbasetal (14)
Ankara Okgu etal (15)
Ankara Ozylkan et al. (6)
Total

Central Turkey (> 1995)
Ankara Gorenek et al. (16)
Eskisehir Usetal (6)

Total

Southeast Turkey (< 1995)
Diyarbakr Canoruc etal.{17)
Diyarbakar Turfanetal (6)
Total

Southeast Turkey (> 1995)
Diyarbakr Degertekin et al. (18)
Diyarbakar Yalginetal. (19)
Total

East Turkey
Elazig Yalniz et al. (19)
Elazig Tirkdogan et al. (19)
Total
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Table 2. AntiHDV positivity in patients with liver cirrhosis in Turkey

Anti-HDV

Region Year Researcher A (%)

West Turkey (< 1995)
Istanbul 1988 Okten etal. (6) 342
lzmir 1985 Batur et al. (6) 410
Total 383

West Turkey (> 1995)
Izmir Kuru(ziim et al. (6)
lzmir Akarcaetal. (14)
Istanbul Oktenetral (11)
Total

Central Turkey

Ankara Emri et al. (6)
Southeast Turkey (< 1995)

Diyarbakir Degertekin et al. (6)

Diyarbakir Turfan etal. (6)
Total

Southeast Turkey (> 1995)
Diyarbakar Yalcinetal (19)
East Turkey
Elazig Koca et al. (20)
Van Tuncer et al. 21)
Van Turkdogan et al. (19)
Van Uygan et al. (22)
Total
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Table 4. Change in delta hepatitis prevalence among patients
with chronic hepatitis B in different regions of Turkey

Disease
group f < 1995n (%) = 1995 n (%) Pvalue

Central CHB 106/365 (29.0%) 20/166(12.1%) < 0.001
Turkey

Southeast CHB 58/154 (37.7%) 78/288(27.1%) < 0.001
Turkey

Western LC 70/183 (38.3%) 113/564(20.0%) < 0.001
Turkey

Southeast LC 73/110(66.4%) 83/179(46.4%) < 0.001
Turkey
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TABLE 3 cCumulative data of hepatitis D virus prevalence in hepatitis B virus-infected patients.

1999 and before 2000-2009 2010 and after p

Inactive carriers 102/2079 (4.9%) 224/4697 (4.8%) 89/1726 (5.2%) 8
o oc g : 270 £2c [£ 00 <.00001
All HBsAg-positive patients 655/9372 (7.0%) 83/2739 (3.0%)* 978/20,662 (4.7%)° <.00001
1124/13,498 (8.3%) 953/19,833 (4.8%)° 1937/35013 (5.5%)° <.00001
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EASL 2017 Clinical Practice Guidelines on the management
of hepatitis B virus infection™

European Association for the Study of the Liver *

Initial assessment of subjects with chronic HBV infection

The initial evaluation of a subject with chronic HBV infection
should include a complete history, a physical examination,
assessment of liver disease activity and severity and markers of
HBV infection (Fig. 1). In addition, all first degree relatives and
sexual partmers of subjects with chronic HBV infection should
be advised to be tested for HBV serological markers (HBsAg,
anti-HBs, anti-HBc) and to be vaccinated if they are negative for
these markers.

(6) Co-morbidities, including alcoholic, autoimmune, meta-
bolic liver disease with steatosis or steatchepatitis and
other causes of chronic liver disease should be systemati-
cally excduded including co-infections with hepatitis D
virus (HDV), hepatitis C virus (HCV and HIV.

esting Cpd :
should be perfnmiei and patients with negatlw_ anti-HAV
should be advised to be vaccinated against HAV.




Asian-Pacific clinical practice guidelines on the management
of hepatitis B: a 2015 update

S. K. Sarin' - M. Kumar' - G. K. Lau®?” « Z. Abbas® + H. L. Y. Chan®*
C.J. Chen®+ D. S. Chen®+ H. L. Chen’ - P. J. Chen®+ R. N. Chien’ +
A. K. Dokmeci!®* Ed Gane'! + 1 1 HaulZ . W tafeiPB o1 nald. 1 1o wim!S.
C.L. Lai - H. C. Lee'” - 3.3 Recommendations (assessment of persons with
M. Al Mahtab®® - R. Mohs chronic HBV infection)

B. C. Sharma® - J. Sollanc 331

oy 31 P The initial evaluation of an individual with
S. S. Zheng™ - J. H. Kao

HBYV infection should include assessment of
the level of viremia, degree of inflammation
and the presence and stage of liver disease. A
detailed history to investigate the possible
source of HBV transmission, as well as
physical examination, biochemical tests [in-
cluding aspartate aminotransferase (AST)
and ALT, gamma-glutamyl transpeptidase
(GGT), alkaline phosphatase, bilirubin, and
serum albumin and globulins, and prothrom-
bin time], complete blood count and hepatic
ultrasound should be performed (Al).
3.3.2 Measurement of HBV DNA is essential for
the diagnosis, assessment for initiating treat-
ment and subsequent monitoring of infected
Other causes of chronic liver disease should
be looked for, including coinfections with
HDV. HCV and/or HIV (Al).

mune, metabolic liver disease with steatosis
or steatohepatitis should be assessed (Al).




Update on Prevention, Diagnosis, and Treatment and of Chronic
Hepatitis B: AASLD 2018 Hepatitis B Guidance
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Guidance Statements for Treatment of Patients with HBY and HCV
Coinfection

1. All HBsAg-positive patients should be tested for HCV infection using the
anti-HCV test.

2 HCV treatment 1s indicated for patients with HCV viremia (113).

i HBV treatment 15 determined by HBV DNA and ALT levels as per the
AASLD HBV guidelines for monoinfected patients (1).

4. HBsAg-positive patients are at sk of HBV DNA and ALT flares with HCV
DAA therapy, and monitoring of HBV DNA levels every 4 to 8 weeks during
treatment and for 3 months posttreatment is indicated in those who do not
meet treatment criteria for monomfected patients (per AASLD-Infectious
Diseases Society of America HCV Guidance).

5. HBsAg-negative, anti-HBc positive patients with HCV are at very low risk of
reactivation with HCV DAA therapy. ALT levels should be monitored at
baseline, at the end of treatment. and dunng follow-up. with HBV DNA and
HBsAg testing reserved for those whose ALT levels mcrease or fail to
normalize during treatment or posttreatment.




Update on Prevention, Diagnosis, and Treatment and of Chronic
Hepatitis B: AASLD 2018 Hepatitis B Guidance
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Division of Gastroenterology/Hepatology, University of California San Francisco, San Francisco,
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Guidance Statements for Management of Patients With HDV Infection

1. Anti-HDV screening 1s recommended in HIV-positive persons, persons who
inject drugs. men who have sex with men. those at nisk for sexually
transmitted diseases, and immigrants from areas of high HDV endemicity.
Patients with low HBV DNA levels and elevated ALT levels may be
considered for HDV screeming. If there 15 any uncertaimnty regarding the need
to test, an mitial anti-HDV test 15 recommended.

For those at risk for HDV acquisition, periodic retesting 1s recommended.

Anti-HDV—positive patients should have periodic assessment of HDV RNA
and HBV DNA.
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1007 HBsAg +

852 (84.6%) HIV Negative 155 (15.4%) HIV Positive

l

8 Tested for HDV Ab (5.1%)

v +
113 Tested for HDV Ab (13.2%)

l

4 HDV Ab Positive (3.3%) n.s.

All HDV Ab Negative
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Diagnostic test

Detection

Significance

Comments

Liver HDAg

Serum HDAg

Anti-HDV IgM

Anti-HDV IgG

HDV RNA PCR
(Qualitative)

HDV RNA PCR
(Quantitative)

HDV genotyping

Detects HDV antigen on liver
histology via immunochisto-
chemical staining

Detects HDV antigen in the serum

Detects the presence of IgM
antibodies against HDV in the
serum

Detects the presence of 1gG
antibodies

Detects HDVRNAinthe serum

Quantifies HDV RNA in the serum

Determines HDV genotype

Indicates active infection

Indicates active infection but disappears
quickly

Indicates active infection, usually found
in acute but can be found in chronic
HDV

Usually indicates previous infection
or chronic HDV

Indicates active infection, can be foundin
acute or chronic HDV

Indicates active infection, can be foundin
acute or chronic HDV

Distinguish specific HDV genotype (1-8)
with possible prognostic significance

Lack of availability. Poor sensitivity

Rarely performed. Maybe unde-
tectable in chronic HDV

Often negative in chronic HDV but
can be positive during periods of
increased HDV replication

Appears lateinacute HDV but
persistent in chronic HDV

LLOD depends on the assay.
Useful for diagnosis

LLOQ depends on the assay. Useful
for treatment monitoring

Not commerdally available
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PeglFNo for at least 48 weeks is the current treatment of
choice in HDV-HBV co-infected patients with compen-
sated liver disease (Evidence level I, grade of recommen-
dation 1).

In HDV-HBV co-infected patients with ongoing HBV
DNA replication, NA therapy should be considered
(Evidence level 1I-2, grade of recommendation 1).

PeglFNo treatment can be continued until week 48 irre-
spective of on-treatment response pattern if well toler-
ated (Evidence level II-2, grade of recommendation 2).
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of its spread, & agent is likely to represent a major
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HBV is hmgh as in many parta of the develnpmg waorld.

il Cheps , WRICH ¢an De

replicstion Expenmentul bice ly nds-
cates that the v helper ided only
by HBY infection, nnd numlvu cpldnmnlogw uudzu
confirm that the & anti system is xp

only in subjects with clrculazing HBsAg, excepr in occa:
wonal individuals with anti-d who have recently -
covernd [rom HBrAg/S hepstitia The symbiosis mater.
tdm-mlhet’umoﬂmmxknh!‘udmbbmd o hybesd

= by direct lnd indirect mlmmohmolomal meth-

Serum & nmm and Anti-5 am dmrm-md by spnsitive
wolid-phase rodio: and

{6-8). Amam for mu-& were dwnlopod using & antigen
obtained from human Hver (6). The antigen is extracted
with strong dissociating sgents (urea or gaanidine at
M.(h mohmy) lt k o pcvwn of wpmmly 68,000

paricle whose | IS
und whose exterior ¥ i ocostil by HHOA‘

of the y with HBV, the
"';‘ | exy of the new path occurs only if

i i , and the out-

come of § mﬁdmo - moduhud by the ty»t- und course
of the hackground HRBY inf his pt is crucial
in undurstanding the natural hmocy of & infection and
the mechanisms for its varied pathology.

.l

Mﬁn nwim mm t: Mnh Foasetun, MDD, Diviakan of Gos-
#8, Torieo 1320 lealy

ond u
variety of chemical uutmqnu (6. A-nay- for anti-s are
competitive, based on blocking by anti-) in test serum of
& antigen fixed on & solid phas which & then not
aveiloble for reactivn with radiciodinated or eoyme-
labeled 1g( apti-3,

A specific test for anti-8 of the IgM Gps was also
devedoped hased on capture of IgM in test serum by anti-
buman g linked t a solid phese (9).

4 antigon obtained from acute phase sern of patients
with § bepatitz was also mosetly wed to develop an
ELISA for nnti-§ (10). This test is more sansitive than

T8

lntrodact b

Opunic lepity D (CHD] & Se sout severe v o wal
Bepusitde, upidly leading ro clofwds, e dysfancion and be-
e Tler cacinonu | 1.

Befection with hepae b D viess (HINV | was estisnaed ¥ aocss
woddwide i 520 millibn oot of She 300 alllion yomsc Catiens
of She hepatitis B vhasy (HBV) bt in medicd Bordes suy be
sgnBcanty igher 4 sxest metandnis b cdoclaed S e
ol poe vllence of HIN ampug HEAg Camierns muy be o hgh o
BOX @ospanding A6 milion ot [2].

There & a5 e oo Coent T Doyt for HDV infoctons The sy
3l sdics on moefeos Jdpba (PNa] which was estpidcally

_-?m-gmquu‘ M Rzero Dppx mrere of Mead al T oo Uiy
o T, ' San Mo oo 24, 0100 Tusa ledy
Foxd cdde s v cnnBITTAL cov (M RTeTO)

e (Mdotang,! 0 10NA o 2000 02 AN

alocad bn iacd ratiie sere Bun 30 yeas; Se ooy i
pocr and the addison of ant bl o geieod Do puener HBV, such &
Aulefirds (NN, Envecav it (ETV) and Tesolv it (TOF), & of =0 sl
[3] Mnihe liges vid of CHOL e HepNet bntesncivadd Dela
Hepasics hlenvengon Tial (HIENT-1), the comduthve e of soe
tdwd Vi) sspame (chaane o esom HIN mustdiset
6 et e e ¢ S opping T Dment] wis 28X wiing Pegy load (Teg-
IAN aihes in svmotherapy o ke combingtaon wih ANV [ 4: bow-
et me e wen Doagoest pot-Shetapy 5]

New Seragpon gioet beparlon D ow an sogeen send bot She
hullerge o duadieg. Witk an RNA gesomse of caly dau 1700
soclatidey e HIN doo mx code for prateis Be tle vid
m-n:xad posaaes of She HEV and Mgty Cvies; &

fx & it a8 1epl o the helper HEV and
km:wn«-‘mu(eldunuhmhu-
gemnd by cosvendom] antiicads, G ai Bow comendly wied
Conted S HEW or cote hepaizis C

106 F00C 2000 Pt et by Cadar Lt oo bt of Danpa ey of o Maobiology ot Dfecua Cowaws



