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Hepatitis D is caused by the hepatitis D virus (HDV), a unique RNA pathogen that requires
the hepatitis B surface antigen (HBsAg) to infect. Hepatitis D is transmitted by the parenteral
route. The main susceptible group is patients with chronic HBsAg infection who become
superinfectedwith the virus.HepatitisD occurs throughout the globe, but control of hepatitis
B virus (HBV) in the last two decades has consistently diminished the circulation of HDV in
industrialized countries. However, hepatitis D remains a medical issue for injecting drug
users (IDUs), as well as immigrants from endemic HDV areas, who are reintroducing the
infection in Europe.

T
he 1970s were a time of great excitement in

hepatology. The discovery of the hepatitis B

surface antigen (HBsAg) opened the gate to the

mysteries of viral hepatitis. The hepatitis B virus

(HBV) virion and its nucleocapsid were charac-

terized at the beginning of the 1970s. The dis-

covery of the hepatitis A virus followed suit,

providing an explanation for the two forms of

viral hepatitis predicted by early epidemiologi-

cal analysis. In contrast, the discovery of hepati-

tis D virus (HDV) was unexpected. The identi-

fication of this virus followed the description of

the delta antigen–antibody system in carriers

of the HBsAg in Torino, Italy in the mid-1970s

(Rizzetto et al. 1977). The studies in Italy showed

that delta antigen was distinct from the other

known antigenic specificities of HBV, yet was

associated with HBV infection because the

HBsAg was also present in the blood of all pa-

tients with the new antigen.

Delta would have most likely been confused

with the many subtypes of HBV that were de-

scribed at the time, but fortunately the National

Institutes of Health (NIH) in Bethesda, MD

took interest and research moved in the late

1970s to the United States of America. With

the availability of chimpanzees for transmission

experiments and the expertise at the NIH, it was

rapidly recognized that delta was not an antigen

ofHBV,but anewanduniquehumanRNAvirus,

HDV. With a circular RNA genome of ≏1700

bases, HDV is the smallest infectious agent

known inman (Rizzetto 1983). Eight genotypes

have, so far, been identified. The most common

in Europe, theMiddle East, North America, and

NorthAfrica is genotype 1; genotype 2 is present

in the Far East and genotype 3 has been found

in the Amazon Basin (Le Gal et al. 2006; see Tay-

lor 2015 for a more detailed discussion).

OVERVIEW

HDV is spread like HBV, that is, by parenteral

exposure (Rizzetto et al. 1991). Direct parenter-
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al inoculation is the most efficient way of trans-

mission, in particular, in HBsAg-positive hosts.

Infectivity titration studies in chimpanzees

showed that the virus could be passaged to

HBsAg-positive animals with HDV-positive se-

rum diluted as much as 10211-fold (Ponzetto

et al. 1988). In contrast to HBV, vertical trans-

mission from mother to offspring, homosexual

promiscuity, or nosocomial exposure seem to

be inconspicuous risk factors for the transmis-

sion of the HDV.

HDV is pathogenic (Smedile et al. 1994).

Clinical studies from all continents have shown

that HDV infection aggravates the natural

history of the underlying HBV infection. Hep-

atitis D is considered the most severe form of

viral hepatitis in humans, accelerating progres-

sion to cirrhosis and leading to early decompen-

sation of liver function compared with HBV

monoinfection (Rizzetto and Alavian 2013).

In Greece, Samoa, and the Far East, HDV was

also associated with benign clinical conditions

or normal liver function, suggesting that disease

expressionmay vary, possibly related todifferent

HDV genotypes (Rizzetto and Ciancio 2012).

Diagnostic assays for the antibody to the

hepatitis delta (HD) antigen (anti-HD) were

rapidly developed after the discovery of HDV,

their use expediting the understanding of the

global epidemiology of hepatitis D. The concept

of coinfection and superinfection, extrapolated

from infectivity studies in chimpanzees, provid-

ed the rationale for interpreting the natural his-

tory of hepatitis D (Rizzetto et al. 1990). The

performance of anti-HD as an epidemiologic

marker varies depending on the clinical setting.

In self-limited coinfections, serological respons-

es are delayed and transitory (Fig. 1, left). In this

setting, recognition of past infection is often im-

possible. Instead, superinfection of HDV in

HBsAg carriers is followed by strong serological

responses that persist over time, and can be de-

tected in random blood samples of the superin-

fected patient (Fig. 1, right). Therefore, HBsAg

carriers superinfected by HDVare the only reli-

able source of information on the epidemiology

of HDV, and prevalence data should be limited

to this category. Surveys should be oriented

to HBsAg carriers with chronic liver disease.

Healthy inactive carriers of the HBsAg are un-

likely to have experienced an HDV superinfec-

tion, as this event would have changed their

asymptomatic status into chronic liver disease.

Many studies have reported prevalence rates

of HDV among healthy HBsAg carriers as rep-

resentative of local prevalence; the data are mis-

leading as these individual are unlikely to har-

bor HDV. To be comparable, prevalence rates of

HDV should refer to a denominator of HBsAg-

positive liver disease. The failure to realize that

ALT
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Figure 1.Virologic and serologic markers in coinfection (hepatitis D virus [HDV]/hepatitis B virus [HBV]) and
superinfection (hepatitis B surface antigen [HBsAg]/HDV).
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rates of HDV determined in the general HBsAg

population, or blood banks are not representa-

tive of the true prevalence of HDV infection

may explain discrepancies reported in the epi-

demiology of hepatitis D throughout the world.

Surveys in the 1980s showed that HDV was

present worldwide and its local prevalence was

a function of the prevalence of the HBV (Riz-

zetto et al. 1991). However, although overlap-

ping with HBV, the prevalence of HDV did not

always coincide with that of HBV; in the Far

East, rates of HDV were often low compared

with a distinct prevalence of HBV. Variations

in the penetration of HDVamong HBsAg pop-

ulations may be determined by differences in

local social behaviors, the virulence of HDV,

or the genetic susceptibility of the carrier.

At the end of the 1980s, it was estimated that

≏5% of HBsAg carriers were infected with

HDV worldwide, corresponding to ≏15 mil-

lion individuals, most of which had severe and

progressive liver disease. Since then, the epide-

miologic scenario of HDV has changed in in-

dustrialized countries. In the past 20 years, HBV

vaccination, the improvement of sanitation and

living conditions, and sexual restraints prompt-

ed by the risk of AIDS have led to the contain-

ment of HBV with a significant reduction of

domestic networks of HBsAg carriers. Deprived

of HBsAg, the circulation of HDV has markedly

declined in the Western world. This decline has

been age dependent, with rates of infection di-

minishing in younger HBsAg carriers, but not

in older ones (Wedemeyer and Manns 2010;

Rizzetto and Ciancio 2012).

At the end of the last century, the decline of

HDV in Southern Europe led to the assumption

that hepatitis D was no longer a relevant med-

ical problem (Gaeta et al. 2000). This percep-

tion diminished awareness of the threat posed

by HDV, so that testing for the virus has often

been neglected in recent years (Cross et al. 2008;

Holmberg and Ward 2010). However, hepati-

tis D has not vanished from Europe, but is on

the rise because of immigration (Rizzetto 2009).

Aging domestic populations of HDV patients

are being replaced by immigrants from areas

in which HDV remains endemic. Domestic pa-

tients are old, have a long-standing infection,

and advanced liver disease. Immigrants with

HDV infections are younger, have more recent

HDV infections, and often show an aggressive

hepatitis, such as described in Southern Europe

in the 1980s (Farci 2003). The clinical features

of hepatitis D have also changed. In Italy in the

1980s, most patients had a florid chronic hepa-

titis; by the end of 1990s, 70% had, instead,

cirrhosis residual to burned-out inflammation

(Rosina et al. 1999). In Barcelona, patients re-

cruited from 1983 to 1995 were younger, had

acquired HDV mainly by coinfection, were of-

ten injecting drug users (IDUs), and frequently

coinfected by hepatitis C virus (HCV) and hu-

man immunodeficiency virus (HIV); patients

recruited from 1996 to 2008 were older, with a

higher proportion of immigrants, most with

chronic hepatitis D acquired by superinfection

(Buti et al. 2011).

The epidemic of HDV diminished also in

IDUs, but the problem of hepatitis D in these

patients remains widespread in Europe (Wede-

meyer and Manns 2010; Rizzetto and Alavian

2013). The situation is puzzling in the United

States. Although surveys in the 1980s–1990s

showed a conspicuous presence of HDV in

IDUs, no further survey was performed for the

next 15 years, leading to the perception that

HDV had disappeared. Recent studies have re-

vived interest and awareness, leading to recon-

sideration of the impact of hepatitis D also in

the United States.

In contrast to the control of HDV in the

developed world, its epidemiology has not

changed in regions of the developing world in

which HBVremains unchecked. In recent years,

awareness of hepatitis D has increased in many

places in Asia and Africa, where facilities for

testing have been implemented (Rizzetto and

Ciancio 2012).

EPIDEMIOLOGY OF HDVAT THE
FINGERTIPS IN THE 1980s–1990s

In the 1980s, initial surveys showed that HDV

infections were endemic worldwide, but there

were great variations in prevalence and some

intriguing contrasts. In poor areas of South

America, Africa, and India, HDV was transmit-
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ted primarily by superinfection as a secondary

event in the context of HBVendemicity. In the

Amazon basin, HDV occurred frequently in

children and adolescents chronically infected

early in life with HBV (Hadler et al. 1991). By

adulthood,most of theHBsAg carriers had con-

tracted HDV and many died in periodic out-

breaks of fulminant hepatitis D. Unique to this

areawere infections sustained byHDVgenotype

3 and liver histology, displaying a cytopathic

noninflammatory process of liver microsteato-

sis. HDV continues to be an important health

issue in the Brazilian Amazon despite the im-

plementation of HBV vaccination in rural areas;

in blood collected from HBsAg carriers along

the banks of the Purus River in 2005–2006,

the prevalence of anti-HD was 41.9% (Braga

et al. 2012). Outbreaks of severe and fulminant

hepatitis developing on a background of high-

HBVendemicity have been reported in the last

20 years, also fromRussia (Flodgren et al. 2000),

Greenland (Børresen et al. 2010), andMongolia

(Tsatsralt-Od et al. 2006).

As expected, in the 1980s, the endemicity of

HDV was low in regions of the world in which

the prevalence of HBV was low, but it was low

also in Japan, Korea, and Indonesia, where rates

of HBV were, instead, conspicuous. Recent sur-

veys have confirmed that the infection did not

penetrate in Korea despite contemporary mi-

gratory exchanges and the facilitating role of a

consistent population of HBsAg carriers at risk.

The prevalence of anti-HD was only 0.32% in

a mixed-hospital HBsAg population collected

in the country from 2008 to 2010 (Kim et al.

2011). There has been no report of significant

HDValso, in Japan, except for a high prevalence

in the Mikayo Islands, Okinawa (Abbas et al.

2010), where up to 23% of the HBsAg carriers

were found to be infected with HDV in the

1990s; the prevalence of HDV in the area had

decreased to 8.5% in 2000 (Arakawa et al. 2000).

In the 1980s, epidemiological analyses fo-

cused primarily on the Mediterranean Basin

and Taiwan, where facilities to investigate the

extent and pattern of HDV infection became

soon available, with Italy providing the proto-

type scenario. In these countries, the spread-

ing of HDV resulted from an epidemic pattern

in subjects at high risk, mainly the IDUs, and

an endemic pattern in the general population.

In IDUs sharing contaminated paraphernalia,

HDV was acquired predominantly by coinfec-

tion, the virus transmitting from acute case to

acute case through the recruitment of new drug

users. In the general population, transmission

occurred mainly by close and intimate contacts

through superinfection from a reservoir of

chronic HDV cases; cohabitation with a HDV

carrier within an overcrowded family unit rep-

resented a major risk factor in Southern Italy

(Sagnelli et al. 1992). In Italy, infection peaked

in the fourth decade of life; males were more

affected than females. In the early 1990s, in

Taiwan, on a significant background of anti-

HD in the general population (≏55% of anti-

HD among HBsAg prostitutes), the infection

reached an exceedingly high prevalence of 91%

in HBsAg-positive IDUs (Rizzetto and Ciancio

2012).

Throughout the 1980s, many other limited

surveys were performed to establish local prev-

alences of HDV. Most studies considered only

few cases, with different medical features. Infor-

mation, therefore, was scattered. Often, preva-

lence rates were disparate and uneven also at

regional levels; in Brazil, Saudi Arabia, Kenya,

and China, pockets of hyperendemic infection

were identified close to areas in which the prev-

alence of HDV was negligible (Rizzetto et al.

1991). Dataweremore consistent when analyses

were performed by medical categories; clinical

studies of chronic HBsAg hepatitis, and acute

liver illnesses confirmed that hepatitis D was a

major cause of cirrhosis and fulminant hepatitis

worldwide. The main areas of HDV distribu-

tion globally are shown in Figure 2, in which

the predominant HDV genotype for each geo-

graphical area is also shown.

EPIDEMIOLOGICAL CHANGES IN THE LAST
TWO DECADES IN EUROPE

In 1983, the prevalence of anti-HDwas 24.6% in

carriers with liver disease in Italy. In a survey in

1987, the endemicity of HDV remained stable,

with 23% of the carriers showing anti-HD and a

40% peak prevalence among cirrhotic patients.

M. Rizzetto
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However, in two subsequent Italian surveys, the

rate of anti-HDhaddeclined to 14% in1992 and

8.3% in 1997 (Rizzetto and Ciancio 2012). In

Spain, rates of anti-HD declined from 15% in

1975–1985 to 7.9% in 1986–1992; in Taiwan,

the rate of HDV superinfections diminished

from 23.7% in 1983 to 4.2% in 1996. In Turkey,

the prevalence of anti-HD in chronic HBsAg

liver disease diminished from 31% to 11% in

1980–2005.

The prevalence of HDV has not diminished

further in Europe. In blood samples collected

from HBsAg patients in 2006–2007 in Italy,

the overall prevalence of anti-HD remained

8.1% with no further reduction compared

with 1997. However, among incident cases, the

prevalencewas 14.3%, suggesting the arrival of a

new wave of HDV-infected individuals (Fig. 3)

(Stroffolini et al. 2009). In a recent study in Italy,

the prevalence of anti-HD was 8.4%; the anti-

bodywas found in 7.4%of Italians, but in 11.5%

of immigrants (Brancaccio et al. 2014). In the

last decade, rates of anti-HD also remained sta-

ble in Germany, England, and France. In Ger-

many, 8%–10% of the HBsAg-positive patients

had anti-HD; .75% were coming from Turkey,

North America
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South America
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Africa
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China
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Figure 2. Schematic representation of the main areas of HDV globally onto which the predominant hepatitis D
virus (HDV) genotype for each geographical area has been superimposed. (FromNegro 2014; reproduced from
# 2013 John Wiley and Sons.)
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Figure 3.Changes in the prevalence of anti-HD inHBsAg-carrierswith liver disease in Italy; 2009 are incident cases.
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Eastern Europe, and the former Soviet Union

(Wedemeyer and Manns 2010). In the years

2000–2006 in South London, the prevalence

of anti-HD in ≏1000 carriers of the HBsAg

with chronic liver disease was 8.5% (Cross et

al. 2008); most of the patients were from Africa

and Eastern Europe. The prevalence ofHDVhas

increased over the last 15 years in blood donors

in France (Servant-Delmas et al. 2014). At pre-

sent, African immigrants account for themajor-

ity of the HDV population in this country (Le

Gal et al. 2007). Immigrants also account for the

larger proportion of chronic hepatitis D in

Greece (Fig. 4) (Rizzetto and Ciancio 2012).

HDV is present, also, in other countries of

Northern Europe, but confined to risk groups,

with a prevalence ≏5% in Austria, Ireland, Po-

land, Belgium, the CzechRepublic, and Switzer-

land (Genné and Rossi 2011). Most HDV cases

are found in IDUs, but the proportion of immi-

grants is increasing; in the United Kingdom,

Germany, and Spain,.70%of theHDV-infect-

ed patients born in these countries were IDUs.

Among 1319 HBsAg-positive patients in the

EuroSIDA study (Soriano et al. 2011), the prev-

alence of anti-HD was 14.5% and a similar fig-

ure has been reported in HIV/HBV subjects in

Romania (Ionescu and Mihăescu 2011); in this

population, HDV increased the risk of liver-re-

lated deaths and the overall mortality.

The endemicity ofHDVremains constant in

countries of Eastern Europe and Turkey. Anti-

HDwas detected in 20.4% of 1094 patients with

chronic hepatitis B (CHB) recruited in 2006

in Bucharest (Popescu et al. 2013). However,

among institutionalized children with CHB in

southeast Romania, the prevalence of HDV de-

clined from 33% to 21% from 2000 to 2009

(Rizzetto and Ciancio 2012). Prevalence rates

of anti-HD have varied from 14% to 39% in

Moldova and Serbia, and from 7% to 10.29%

in Albanian patients with chronic liver disease.

Antibody rates were low in Croatia and Bulgaria

(Rizzetto and Ciancio 2012). Only one individ-

ual was positive in 1287 health care workers in

Kosovo (Quaglio et al. 2008). Between 2002 and

2004, 27.5% of 120 patients with CHB had anti-

HD in Dicle, southeast Turkey (Bayan et al.

6. Greece: 65%

Balkans, Central

Asia, Africa

1. Spain: 28%

Africa, Eastern

Europe, South

America

2. London: 85%

Eastern Europe,

Asia, Africa

HDV endemic in the general population

HDV in drug addicts and immigrants

5. Italy: 40%

Romania, Eastern

Europe

3. Hannover: 80%

Turkey, Eastern Europe

4. Dusseldorf: 56%

Turkey, Eastern Europe

Figure 4. Epidemiology of hepatitis D virus (HDV) in Europe in 2012. Prevalence of immigrants among HDVþ.
(1) Data from Buti et al. (2011), (2) data from Cross et al. 2008, (3) data fromWedemeyer and Manns 2010, (4)
data from Rizzetto and Ciancio 2012, and (5) data from Brancaccio et al. 2014.
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2007). In 282 HBsAg patients collected between

2006 and 2009 in Elazig, eastern Turkey, anti-

HD was found in 45.5% and HDVRNA in 23%

(Bahcecioglu et al. 2011).

The issue of HDV infection has been rein-

vestigated in the United States. In a recent study,

50% of the chronically HBV-infected IDUs in

Baltimore, MD, had anti-HD (Kucirka et al.

2010), and an 8% prevalence of anti-HD was

found in 499 HBsAg carriers in northern Cali-

fornia (Gish et al. 2013). In this study, HDV-

positive patients had higher rates of cirrhosis

than those with HBV monoinfection; 69%

were Caucasian non-Hispanic, 10% came from

Asia and the Pacific Islands.

HDV remains endemic in and around the

Middle East (Amini et al. 2013). In patients

with chronic HBsAg hepatitis, the pooled prev-

alence of HDV was 47.36% in Somalia, 24.37%

in Egypt, and 8.15% in Saudi Arabia. Among

cirrhotics and in patients with hepatocellular

carcinoma, it was 33.2% in Somalia and 29.6%

in Egypt (Rizzetto and Alavian 2013). The prev-

alence of anti-HD was 4.7% in HBsAg-positive

blood donors in Ismailia, Egypt in 2012 (Go-

maa et al. 2013).

A number of recent surveys are providing a

map of the burden of hepatitis D in Asia and

Africa (Fig. 2). HDV is highly endemic in Paki-

stan. In Larkana, Pakistan (Shaikh et al. 2011)

and Pubjab, India (Zaidi et al. 2010), 23.6% and

88.8%, respectively, of the HBsAg carriers with

liver disease were found to have anti-HD. In

HBsAg patients in Karachi, Pakistan, the anti-

body prevalence has varied from 35% to 59%

(Moatter et al. 2007; Baig et al. 2009). Through-

out Iran, anti-HD prevalence of 5.7%–12.7%

were found from 2002 through 2009 in patients

with chronic HBsAg liver disease (Rizzetto and

Ciancio 2012). In a series of blood samples col-

lected from 2008 to 2011 in Zahedan, the prev-

alence of anti-HD was 16.3% in chronic active

hepatitis and 65.9% in cirrhotic patients (Bakh-

shipour et al. 2013). The antibody rate was, in-

stead, low (3.1%) in 2012 in Biriand city, east of

Iran (Ziaee and Azarkar 2013). A 15% rate of

anti-HD was reported in Tajikistan in HBsAg

cirrhosis and hepatocellular carcinoma (Khan

et al. 2008). In India, a 10.6% and 5.9% preva-

lence of anti-HD was reported in HBsAg carri-

ers, respectively, in 2005 in New Delhi (Chakra-

borty et al. 2005) and Chennai, India in 2008

(Saravanan et al. 2008). Overall, 5%–10%of the

patients with HBV-related liver disease appear

to have been exposed to theHDV in the country

(Rizzetto and Ciancio 2012). The prevalence of

anti-HD was detected also in resident tribes of

the Nicobar and Andaman Islands (Murhekar

et al. 2005). HDV seems to be of low prevalence

in the general HBsAg population of Malaysia,

Thailand, and the Philippines. However, rates

of anti-HD of 20%–34% and 21.8%, were re-

ported in drug addicts, respectively, from Ma-

laysia (Duraisamy et al. 1994) and Thailand

(Theamboonlers et al. 2002). HDV appears to

be endemic in theNorthofVietnam;HDV-RNA

was found in 15.4% of HBsAg carriers and in

43.3% of those with acute hepatitis (Sy et al.

2013). Variable figures were reported from Chi-

na. The prevalence of anti-HD was 13% in Shi-

jiazkiang, China but only 0.15% in Hong Kong;

in Shandong Province, China, 13.15% of hepa-

titis B patients were anti-HD positive (Ciancio

and Rizzetto 2002). In a 2006 study in Wuhan,

China, only 2.22%of the intravenous drug users

were found to be infected (Li et al. 2006).

Consistent rates of anti-HD were recently

reported from countries in Africa. In 2009, an

antibody rate of 66.7% was reported in Gabon

(Makuwa et al. 2009). In Cameroon (Foupoua-

pouognigni et al. 2011), anti-HD was found in

17.6% of 233 patients with CHB at two medical

centers. InNigeria, anti-HDwas found in 12.5%

of 96 patients with HBsAg liver disease (Nwo-

kediuko and Ijeoma 2009), and in Mauritania,

in 14.7% of HBsAg-positive pregnant women

(Mansour et al. 2012).

CONCLUDING REMARKS

The HDV remains a medical scourge in poor

countries of the globe in which HBV remains

endemic.KnowledgeofHDVinfection through-

out the world is increasing, but no information

is yet available from many areas of Asia, Africa,

Central, and South America. The infection is

coming under control in the developed world,

inwhichHBVvaccination has been implement-
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ed. In industrialized countries, hepatitis D re-

mains, nevertheless, a major medical issue in

drug addicts and immigrants coming from ar-

eas in which HDV infection remains endemic.
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