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• 2 billion persons have been into contact with HBV

• 240,000,000 are chronic HBsAg carriers

• Most new infections occur in high endemicity 

countries via the mother-to-child route

• 25% die because of long-term sequelae of chronic 

hepatitis B (cirrhosis and/or hepatocellular carcinoma)

• Vaccination may reduce mortality by >85%

HBV infection in a nutshell

Source: CDC, 1999
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• The health burden
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HBV infection

Source: CDC, 1999



• The changing epidemiology in the West

• The health burden

• HBV vaccination

HBV infection

Source: CDC, 1999



Global HBsAg prevalence (%)
(source: WHO, CDC)

Males Females All

1990
118 million 

(4.4)
105 million 

(4.0)
223 million 

(4.2)

2005
127 million 

(3.9)
113 million 

(3.5)
240 million 

(3.7)

OTT et al, Vaccine 2012;30:2212-9
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• High (>8%): 45% of infections globally
– Frequently acquired at birth or during early 

infancy

• Intermediate (2%-8%): 43% globally
– Infections occur throughout life

• Low (<2%): 12% globally
– Frequent in high-risk adults

Levels of endemicity of HBV



Prevalence of HBV infection
(adults, 19-49 years, 2005) 

OTT et al, Vaccine 2012;30:2212-9
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HBsAg Prevalence in Europe

ECDC Technical Report: Hepatitis B and C in the EU neighborhood, 2010

• 14 million chronic carriers

• 7,000 to 8,000 newly 

diagnosed cases per year

• 36,000 deaths yearly



Hepatitis B in Switzerland

• Prevalence of HBsAg among pregnant women (37.3% 
foreign-born): 61/9006 (0.67%)

BART et al, Liver 1996;16:110-6

• Infections reported at the BAG

– 1990-95: 1600 – 4000 / year

– 1998-02: 600 – 1600 / year

• New cases mostly affecting 20 - 30 years old persons

• New cases mostly transmitted through sex



Proportion of foreign-born persons in 
Geneva, Switzerland

%

Resident population (2008) 52

HBsAg-positive 94

Anti-HCV-positive 72



Foreigners 
in Europe

(2002)



Migrants 
(persons living in a 

country other than that 
where they were born):

214 Million (world)
75 Million (Europe) 

http://cartographie.sciences-po.fr



Illegal migrants to Europe

EU countries

Schengen space

Decreased with respect to 2009

Increased with respect to 2009

Source: Frontex



Sources: University of Sussex, World Bank, WHO
and Institut d'études politiques (Paris)

Migration from Africa



Migration from Eastern Europe 

Number of people from Eastern Europe
in the Netherlands, on January 1st, by country

Proportion of Eastern Europeans in total
German immigration, 1986-2008 

Source: http://www.cbs.nl



Prevalence of HBsAg in some Eastern European countries

Country HBsAg+ Author(s)

Albania (blood donors) 6.7% Durro (2010)

Albania (refugees) 11.7 - 13.6% Milionis (2010), Chironna (2000)

Bosnia & Herzegovina (blood donors) 0.8% Petrovic (2011)

Bulgaria (blood donors) 0.9 – 5.1% Gubev (1987)

Croatia (blood donors) 0.07% Grgicevic (2000)

Croatia (pregnant women) 0.75% Ivic (1999)

Croatia (general population) 1.8% Jelic (1994)

Hungary (prison staff) 0.38% Treso (2012)

Kosovo (blood donors) 4.2% Fejza (2009)

Kosovo (refugees) 2.9% Chironna (2001)

Poland (medical students) 0.7% Jablkowski (2002)

Poland (elderly) 1.12% Hartleb (2012)

Romania (general population) 4.4% Gheorghe (2013)

Russia (general population, Moscow) 2% Iashina (1992)





Migrants and HBsAg prevalence in Germany

• Germany is a low prevalence country for HBV

• 7.3 million migrants in 2003

• 84% of migrants are from countries with moderate to 
high HBV endemicity

• Of the estimated ~500,000 HBsAg carriers, 42% have a 
migratory background, although migrants represents 
only 12.7% of the whole population

• Foreigners have a 4.3-fold higher risk of being HBsAg+ 
than the German population

MARSCHALL et al, Dtsch Med Wochenschr 2005;130:2753-8



• 110 studies on migrants from intermediate or high 
HBV prevalence countries arriving in low prevalence 
countries

• 209,822 immigrants and refugees

• Factors independently associated with HBsAg+

ROSSI et al, PLoS ONE 2012;7: e44611



Prevalence of HBsAg and prior immunity to HBV 
(95% CI) among immigrants

HBsAg Anti-HBs

Overall 7.2% (6.3 – 8.2) 39.7% (35.7 – 43.9)

East Asia/ Pacific
11.3% (10.3 – 12.4)

50.2% (45.8 – 54.6)

Sub-Saharan Africa 41.7% (37.6 – 45.9)

Eastern Europe/ Central 
Asia/ South Asia

5.8% (4.3 – 7.9) NA

Latin America/ 
Caribbean/ Middle East/ 
North Africa

1.7% (1.1 – 2.7) NA 

ROSSI et al, PLoS ONE 2012;7: e44611



HBV among migrants and refugees

• Refugees have greater odds of being HBsAg+ 
compared to immigrants (OR 1.42, 95% CI 
1.01 – 1.99)

• Migrants in studies from the 1990s have 
greater odds of being HBsAg+ compared to 
migrants of studies reported in the 1980s (OR 
1.58, 95% CI 1.03 – 2.43)

ROSSI et al, PLoS ONE 2012;7: e44611



Country-specific estimates of HBsAg prevalence in migrants 
in some traditional immigrant-receiving countries

Country Immigrants Estimated number of infected immigrants (%)

Canada 4,271,500 285,000 (6.7)

United States 35,500,500 1,607,000 (4.5)

Austria 993,000 58,000 (5.8)

Belgium 411,000 22,500 (5.5)

France 2,348,000 113,500 (4.8)

Germany 4,784,000 284,000 (5.9)

Israel 1,148,000 54,000 (4.7)

Italy 3,684,500 201,500 (5.5)

Netherlands 1,395,000 73,500 (5.3)

Spain 3,487,000 128,500 (3.7)

Sweden 965,500 52,500 (5.4)

Switzerland 691,000 41,000 (5.9)

United Kingdom 3,002,000 193,500 (6.4)

New Zealand 491,500 47,500 (9.7)

Australia 2,141,000 176,000 (8.2)

ROSSI et al, PLoS ONE 2012;7: e44611



HBV among migrants and refugees

• The seroprevalence of chronic HBV infection is 
high in migrants from most world regions, 
particularly among those from East Asia, Sub-
Saharan Africa and Eastern Europe

• More than 50% are susceptible to HBV

• Targeted screening and vaccination of 
international migrants can become an 
important component of HBV disease control 
efforts in immigrant-receiving countries

ROSSI et al, PLoS ONE 2012;7: e44611



Cost-effectiveness of screening for HBV

• It is cost effective to screen if seroprevalence 
is as low as 1%

HUTTON DW et al, Ann Intern Med 2007;147:460-9

VELDHUIJZEN IK et al, Gastroenterology 2010;138:522-30

ECKMAN MH et al, Clin Infect Dis 2011;52:1294-306

WONG WW et al, Liver Int 2011;31:1179-90

• Screening may allow also identifying persons 
susceptible to infection, hence implementing 
vaccination programs



Unfortunately, implementing policies targeting 

migrants is not easy



The health burden 
of HBV:

willing to pay now
or later ?



Persons at risk of HBV infection
• Persons with chronic liver disease
• History of hemodialysis
• HIV, HCV, other STD
• Recipients of organs / blood products
• Before/during immunosuppression/chemotherapy
• Household members/sex partners of HBV +
• MSM, IDU, high risk sex, victims of rape

Persons and migrants born or having lived during childhood 
in geographic regions with HBsAg prevalence ≥ 2%
Long-term travellers to geographic regions with HBsAg 
prevalence ≥ 2%

• Newborns of HBsAg+ mothers
• Residents of institutions for the mentally disabled
• History of imprisonment
• HCW

FRETZ et al (submitted)



• The changing epidemiology in the West

• The health burden

• HBV vaccination

HBV infection

Source: CDC, 1999



Disease Deaths x Year

Lower respiratory tract infections ~ 3.5 million

HIV/AIDS ~ 3.0 million

Diarrheal diseases ~ 2.2 million

Tuberculosis ~ 2.0 million

Malaria ~ 1-3 million

Measles ~ 888,000

Hepatitis B ~ 750,000  

Pertussis ~ 355,000

Neonatal tetanus ~ 300,000

Hepatitis C ~ 250,000 

10 Leading Causes of Infectious Disease Deaths 
Worldwide (Year 2000)

WHO. Hepatitis B. 2002. Maynard JE, et al. In: Viral Hepatitis and Liver Disease. New York: Alan R. Liss, Inc. 1988

CDC. Epidemiology & prevention of vaccine-preventable diseases. The Pink Book. 8th ed. CDC. MMWR. 2001;50:RR-11



Hepatitis B and C: what do patients die of?
A retrospective study linking notified cases of HBV and HCV infection to the Australian Death 

Notification Index  (n=117547, 65% HCV monoinfected, 2.2% HBV/HCV coinfected)

AMIN et al, Lancet 2006;368:938-945



Natural history of hepatitis B

HBeAg+ = 2-5% yearly

Anti-HBe+ = 8-10% yearly
~2-6% yearly

HIV, HDV, age, 
activity, alcohol

BRUNETTO et al, J Hepatol 2002

Male sex, age
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Outcome after spontaneous HBeAg seroconversion

FATTOVICH et al, Hepatology 1986; 6: 167-72

BORTOLOTTI et al, J Hepatol 1998; 29: 184-90

ALT Seroconversion  

% Patients Hepatitis

85
sustained 
remission

5
sustained 

active

10 reactivated

Yearly rates of spontaneous seroconversion:
● children and adults with elevated ALT  8 - 15 %
● children with normal ALT

 2 % before 3 years of age
 4 - 5 % after 3 years of age



Giusti, 1991
N=534

Sagnelli, 2008 
n=1336

Gaeta, 2001
n=834

Evolution of the prevalence of 

HBeAg-positive cases in Italy

90.5

9.5

13.6

86.4

41.5 58.5

HBeAg+
HBeAg-



Chronic Hepatitis B in Europe
A 2006 survey from France, Germany, Italy and Spain 

200 physicians provided data on 2023 chronic HBV infected 

patients

Chronic hepatitis B patients in Europe have distinct features:

− 64% HBeAg-negative

− 53% with significant liver disease

− 86% with serum HBV DNA >104 copies/ml

BERG et al, J Viral Hepat 2010;17:624-30



Relative proportion of anti-HCV and 
HBsAg in cirrhotic patients

Country n anti-HCV+ HBsAg+ Reference

Italy 4125 61% 11%
Stroffolini et al, 2004

Sagnelli et al, 2005

Spain 451 32% 10% Aoufi et al, 2008

Turkey 505 11% 64%
Ozer et al, 2003

Bayan et al, 2007

ECDC Technical Report: Hepatitis B and C in the EU neighborhood, 2010



Number of new cancer cases in 2008 attributable to 
infection, by infectious agent and development status

(n = 2,000,000, or 16.1% of the total 12.7 million new cases estimated for 2008)

”Application of existing public health methods for infection prevention, 

such as vaccination, safer injection practice, or antimicrobial treatments,

could have a substantial effect on the future burden of cancer worldwide”

DE MARTEL et al, Lancet Oncol 2012;13:607-15



Estimated anti-HCV and HBsAg prevalence 
in HCC patients, by country

ECDC Technical Report: Hepatitis B and C in the EU neighborhood, 2010



KWONG et al, PLoS One 2012;7:e44103



Number and proportion of average annual HALY* by infectious 
disease or pathogen, 2005–07, Ontario, Canada

Rank Pathogen 
Years of 
life lost 

Year-equivalents of 
reduced functioning 

HALY 
% of total 

HALYs

1 HCV 8823 983 9807 11.02%

2 S. pneumoniae 6669 1601 8270 9.30%

3 E. coli 7485 341 7826 8.80%

4 HPV 6191 1418 7609 8.55%

5 HBV 6918 86 7004 7.87%

6 HIV 5036 1312 6349 7.14%

7 S. aureus 3740 400 4140 4.65%

8 Influenza virus 2482 1076 3558 4.00%

9 Cl. difficile 3216 107 3323 3.74%

10 Rhinoviruses 125 1615 1740 1.96%

KWONG et al, PLoS One 2012;7:e44103
*Health-adjusted life years
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• The health burden

• HBV vaccination

HBV infection

Source: CDC, 1999



The vaccine against HBV: a success story

• Early 1970’s:  plasma derived vaccines are developed by 
Merck and Institute Pasteur

• Late 1970’s: clinical trials are completed
CROSNIER et al, Bull Acad Natl Med 1980;164:764-6

MAUPAS et al, Lancet 1981;1:289-92

SZMUNESS et al, N Eng J Med 1980;303:833-41

• 1981: first plasma-derived vaccine licensed by FDA

• Mid-1980’s: introduction of recombinant DNA vaccines 
(HBV genotype A2)

• 2001: combined vaccine (HBV + HAV) approved by FDA



The path to universal vaccination against HBV

• July 1984: all newborns to HBsAg mothers (Taiwan)

• July 1986: all newborns (Taiwan)

• July 1987: all preschool children (Taiwan)

• 1991: vaccination of all newborns is recommended in the US

• May 1992: WHO endorses the integration of HBV vaccine into 
national immunization programs within:

– 1995 for countries with HBsAg prevalence ≥ 8%

– 1997 for all other countries

• 1994: WHA calls for a 80% reduction of new HBV carrier children 
by 2001

• By 2006, only 60% of infants globally have received three doses



The Swiss situation - 1

(courtesy of V. Masserey-Spicher, SFOPH)



(courtesy of V. Masserey-Spicher, SFOPH)

The Swiss situation - 2



Reduction of HBsAg carrier rates in children and 
teenagers following vaccination programmes

Country Before vaccination After vaccination Reference

Taiwan 9.8% 0.5% NI et al, 2007

Alaska 16% 0%

NAMGYAL, 2003Samoa 7% 0.5%

Micronesia 12% 3%

Gambia 10% 0.6% VIVIANI et al, 1999



HBV-associated hepatocellular carcinoma 
is a vaccine preventable cancer

CHANG et al, JAMA 2000;284:3040-2



Elimination of HBsAg carriers and HCC 
in <25 years old persons in Alaska

MCMAHON et al, Hepatology 2011;54:801-7



HBV vaccination: the hurdles

• Acceptability / safety concerns

• Maternal viral load

• HBV heterogeneity

• Escape mutants



http://articles.mercola.com/sites/articles/archive/2011/05/19/

us-government-concedes-hep-b-vaccine-causes-systemic-lupus-erythematosus.aspx

(accessed January 4, 2013)



Safety of vaccination: 
the importance of ‘negative’ studies



Thiomersal exposure and autism

STEHR-GREEN et al, Am J Prev Med 2003;25:101-6

Sweden

California

Denmark



‘A number of peer-reviewed studies have found a relationship between the 
hep B vaccination and infant deaths’

http://www.naturalnews.com/032579_hepatitis_B_vaccines.html



The negative attitude towards vaccines is 
also supported by health care providers 

• In a survey conducted in 2004 in France 
among GPs and pediatricians:
• 88% were unsure about the safety of HBV vaccine

• 60% doubted its usefulness

• 30% did not follow recommendations

BALINSKA, J Clin Virol 2009;46:202-5

‘Adverse events can occur later in life’

‘The pharmaceutical industry falsifies the data’

‘I lack the confidence in health authorities’



Universal vaccination of children:
a difficult decision for parents

BALINSKA, J Clin Virol 2009;46:202-5

• Consider freedom of choice but also the collective responsibility 
(i.e. those who refuse vaccination still profit from others being 
vaccinated)

• Choices may be affected by specificities/medical conditions (for 
example, the child of a parent with MS)

• The ‘anticipated regret’ plays a major role (people feel less guilty 
if they have not intervened and a problem occurs, than if they do
intervene and a problem occurs)

• It is difficult for parents to imagine their child as a possible risk-
taking teenager or young adult



Explaining the benefits of vaccines:
a major challenge for clinical scientists

•Do rigourous science

•Improve access to data for practitioners

•Improve long-term pharmacovigilance

•Learn how to explain the risk-to-benefit ratio

•Ask the collaboration of media to translate 
science into understandable language 



Preventing vaccine failure in babies 
born to highly viremic HBsAg+ mothers

• Maternal HBV DNA >108 copies/ml is associated 
with ~10% risk of immunoprophylaxis failure

BURK et al, J Infect Dis 1994;170:1418-23

VAN ZONNEVELD et al, J Viral Hepat 2003;10:294-7

WISEMAN et al, Med J Aust 2009;190:489-92

• In utero/transplacental transmission may occur
XU et al, J Med Virol 2002;67:20-6

SHAO et al, J Med Virol 2011;83:791-5



Lowering maternal viremia reduces 
immunoprophylaxis failure

Antiviral
HBsAg+ children
born to treated 
mothers (%)*

HBsAg+ children 
born in placebo

group (%)*
Reference

Lamivudine 10/56 (18) 23/59 (39) XU et al, 2009

Telbivudine 3/135 (2.1) 12/94 (13) HAN et al, 2011

Tenofovir 0/11 (0) na PAN et al, 2012

*Intention to treat analyses



HBV genotypes A to J

HBV/I

HBV/J

KURBANOV et al, Hepatol Res 2010;40:14-30; CASSIDY et al, Expert Rev Vaccines 2011;10:1709-13
YU et al, PLoS One 2010;5:e9297; JUTAVIJITTUM et al, Proc. HBV Meeting, Rome 2007

TRAN et al, J Virol 2008;82:5657-63; TATEMATSU et al, J Virol 2009;83:10358-47
TONG et al, J Med Virol 2012;84:866-70



HBV genotypes and serotypes
Genotype Serotype Geographical distribution

A adw2, ayw1 NW Europe, US, Central Africa, India

B1 adw2 Indonesia, China

B2 ayw1 Vietnam

C adw2
adrq+
adrq-, ayr, adr

East Asia
Korea, China, Japan, Taiwan
Polynesia, Korea, China, Japan
Australia, US, Vietnam

D ayw2, ayw3
ayw4

Mediterranean area, Middle East,
India, Russia, US

E ayw4 West Africa

F adw4q-
adw2, ayw4

Polynesia, US (rare)
Central and South America

G Europe, US (rare)

H adw4 Central and South America

I Laos, Vietnam, Sichuan (China)

J Japan

Adapted from WEBER, J Clin Virol 2005;32:102-12



Since all HBV vaccines are genotype A2, serotype adw, 
is HBV heterogeneity an obstacle to immunization?

• The ‘a’ determinant is common to all HBV 
genotypes and serotypes

• After vaccination, >90% of anti-HBs antibodies 
have anti-a specificity

HAUSER  et al, Postgrad Med J 1987;63(suppl 2):S83-91

• 97% of B-cell lines isolated from vaccinated 
persons are a-specific

SHOKRGOZAR et al, Vaccine 2002;20:2215-20



• Out of ~3.7 million donors, 9 were HBV DNA+

• Viremia was transient and very low level

• 6/9 had been vaccinated (4 had ‘protective’ 
levels of anti-HBs+)

• HBV genotypes were A2, C2, F1, B2, D-A2 and 
D-A4-A2/D 

STRAMER et al, N Eng J Med 2011;364:236-47



HBV heterogeneity 
is not an obstacle to immunization

• Cross-serotype protection has been shown in 
chimpanzees after monoclonal Ab prophylaxis or 
vaccination

SCHELLEKENS et al, Postgrad Med J 1987;63(suppl 2):93-6

• Vaccination with A2-derived vaccines has resulted in 
significant reduction of carrier rates in areas where 
infections are due to genotypes A1, B, C, D, E

CHANG et al, J Natl Cancer Inst 2009;101:1348-55
DONG et al, J Med Virol 2009;81:1517-24

CHONGSRISAWAT et al, Trop Med Int Health 2006;11:1496-502
POOVORAWAN et al, J Viral Hepat 2011;18:369-75

VIVIANI et al, Vaccine 1999;17:2946-50
BHIMMA et al, Arch Pediatr Adolesc Med 2003;157:1025-30 



Escape mutants may arise from mutations 
within the ‘a’ determinant of the HBsAg

LOCARNINI & YUEN, Antiviral Ther 2010;15:451-61

Q129P



Immune escape mutants of HBV

• Escape mutants may arise from low-level, 
replicative HBV upon immune selective pressure:

– in vaccine recipients (<1% - 8%)
CARMAN et al, Lancet 1990;336:325-9

NGUI et al, J Infect Dis 1997;176:1360-5
NAINAN et al, J Med Virol 2002;68:319-27

McMAHON et al, Ann Intern Med 2005;142:333-41

– in liver transplant recipients receiving 
immunoprophylaxis

PROTZER & SCHALLER, Vaccine 2000;21:27-37
ROCHE et al, Liver Transpl 2010;16:885-94

• They may evade detection by common ELISAs
GERLICH, J Clin Virol 2006;36(suppl 1):S18-S22

Further studies on the natural history of immune escape mutants are needed!



• The HBV epidemiology is changing (especially in 

the traditionally low endemicity countries) due 

to migration

• HBV remains a major cause of excess (mostly 

liver-related) deaths globally

• Vaccine is effective, but its uptake has to be 

improved

Conclusions

Source: CDC, 1999


