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How does HBV remain in a population?
Currently, more than 250 million people are chronically infected with HBV

• 25 HBV-DNA positive from 304 examined skeletons
• from ancient Europe to Asia, 
• from 5,500 to 800 years before present (BP)

Mühlemann et al., 2018. Nature Vol.557(7705): 418-423

Krause-Kyora et al., 2018. Elife. pii:e36666.

• 3 HBV-DNA positive from 53 examined skeletons
• from ancient Western Europe, 
• from 7,000 to 1,100 years before present (BP)

HBV user manual
1) Don’t kill your host

2) Healthy female chronic carriers

3) Infect offspring soonest possible
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Successes of vaccination against HBV

“During the 20-year follow-up, no subject acquired new 
chronic HBV infection or clinical hepatitis B disease“

Thailand

HBV user manual
1) Don’t kill your host
 Vaccinate possible hosts
2) Healthy female chronic carriers
 Female healthy vaccinees
3) Infect offspring soonest possible
 Vaccinate at birth (active/passive)



MTCT despite
active/passive 
immunization
of newborns

Maternal serum HBV-DNA,
viral load (VL)

IU/mL Copies/mL Study country

0 % < 2 x 105 < 106 China, Australien

3.2 % 2 x 105-6 106-7 China

6.7 % 2 x 106-7 107-8 China

7.6 % > 2 x 107 > 108 China

9 to 10 % > 2 x 107 > 108 Australia

Vertical HBV mother-to-child Transmission (MTCT)

 Up to 10 % of newborns of HBV-pos. mothers
with high VL are not protected despite vaccination

 Over 90% risk of chronic infection in newborns

 Antiviral therapy of HBV-infected pregnant women 
reduces MTCT

 TDF superior to Telbivudine or Lamivudine
 Should be started early during pregnancy 
 Appears to be safe during pregnancy

MTCT despite active/passive immunization of newborns

HBV user manual
1) Don’t kill your host
 Vaccinate possible hosts
2) Healthy female chronic carriers
 Female healthy vaccinees
3) Infect offspring soonest possible
 Vaccinate at birth (active/passive)

Terrault et al., Hepatology, 2016; 63:261-283 



• Problems with the HBV vaccine
• Non/low-responders (below 10 IU/L anti-HBs)

Problems (low/non-responder)

“A primary 3-dose series induces protective antibody concentrations
in > 95% of healthy infants, children and young adults” (WHO, 2017)

adapted from: Leroux-Roels, 
Med.Microbiol Immunol, 2015; 204:69-78 

 Pieter Meysmann: Transcriptome profiling

 Erika Garner-Spitzer: primary vaccine failure

 Response decreases with age to
60-75% at the age of 60.

 With combination of negative factors 
up to 70% non/low-response
(Wolters et al., 2003)
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What is a low/non-responder ?

Response Full Low Non

Anti-HBs (IU/L) ≥ 10 1-9 0 WHO

≥ 100 10-99 0-10 UK, Ireland,
Switzerland,
Germany

Protective Yes? No ? No ?

“An anti-HBs antibody concentration of ≥ 10 IU/L measured 1–2 months 
after administration of the last dose of the primary vaccination series is 
considered a reliable serological marker of long-term protection against 
HBV infection.” (WHO 2017)

Question: Which anti-HBs titre is protective against infection with HBV after vaccination ?



Does the HBV vaccine protects against infection ?

“During the 20-year follow-up, no subject acquired new 
chronic HBV infection or clinical hepatitis B disease“

Thailand

 22.8% asymptomatic HBV infections in the 2nd decade

“An anti-HBs antibody concentration of ≥ 10 IU/L measured 1–2 months 
after administration of the last dose of the primary vaccination series is 
considered a reliable serological marker of long-term protection against 
HBV infection.” (WHO 2017)

Question: Which anti-HBs titre is protective against infection with HBV after vaccination ?



 Increase in occult HBV infection (OBI) caused by partial protection 
after vaccination ?

TaiwanHsu et al., Hepatology, 2015, Vol 61(4): 1183-1191 

Vaccinated Infected (HBV DNA positive)
Anti-HBc neg. Anti-HBc pos.

No 4/218 (1.8%) 3/181 (1.7 %)
Yes 0/392 (0 %) 16/334 (4.8 %)

 5.4 % seronegative OBI in vaccinated children (birth dose) in 
Taiwan
− Lai et al., Medicine (2016) 95:49(e5625)

Occult HBV infection (OBI) and vaccination



Occult HBV infection (OBI) and transfusion medicine

 Only an anti-HBs > 100 IU/L protects also against occult infection 

Stramer et al., New Engl. Med. 2011; 364.3:236-247

Anti-HBs titre (IU/L)
of donors with transient OBI

HBV DNA 
positive

Not vaccinated 3
< 10, vaccinated 2

10 - 100, vaccinated 4
> 100, vaccinated 0

 Transient occult HBV-infection in vaccinated blood donors from US
− Of 2.1 million donations, 28 showed markers of a recent HBV infection
− Nine donors with transient OBI (up to four months duration)
− Titres up to 10,000 IU/mL HBV-DNA

 Immunity of blood donors against HBV from US
− 62 % vaccinated

− 41 % anti-HBs below 100 IU/L

− Partially protected

− Occult infection after exposition

− 21 % anti-HBs above 100 IU/L



What is a low/non-responder ? 

Response Full Low Non

Anti-HBs (IU/L) ≥ 10 1-9 0 WHO

≥ 100 10-99 0-10 UK, Ireland,
Switzerland,
Germany

Protective Yes? No ? No ?

“An anti-HBs antibody concentration of ≥ 10 IU/L measured 1–2 months 
after administration of the last dose of the primary vaccination series is 
considered a reliable serological marker of long-term protection against 
HBV infection.” (WHO 2017)

Question: Which anti-HBs titre is protective against infection with HBV after vaccination ?

 Many anti-HBs tests are not suitable to generate reliable quantitative anti-HBs 
results in the range 5 to 20 IU/L (individual sera; Huzly et al., 2008) 

 “Different anti-HBs assays were associated with statistically significant (P < 0.05) 
differences in anti-HBs titres in all dilutions.” (pooled sera; Raven et al., 2016) 

 Are our current anti-HBs tests reliable?
“Anti-HBs […] is considered a reliable serological marker…(WHO)” 



Liver sinusoid

Hepatocyte
Known since 2008 since 2012

Neutralizing epitopes of HBV surface proteins

Glebe D, Bremer CM. Semin Liver Dis. 2013 May;33(2):103-12.

(1) Three surface proteins

(2) PreS1 and S domain relevant for 

infection

(3) Both carry neutralizing epitopes

HBV surface proteins

affinityhigh low



Anti-preS1 alone can neutralize HBV infection



Neutralising antibodies generated by different HBV vaccines

Virion Subvirale Partikel 1st generation
HBsAg, purified

from plasma of HBV-
infected patients

Glebe & Bremer, Semin Liver Dis. 2013 May;33(2):103-12.

Protease-
treatment



Neutralising antibodies generated by different HBV vaccines

HBsAg - ELISA

HBsAg –
Western Blot

Seiz et al., . J Clin Virol 2016 82:166-172.

Prepared from
vaccine bulk material 
from different donors
in Vietnam
HBsAg Gt B4, 
ayw1/adw2

HBsAg from patient HBsAg from vaccine

preS1



Neutralising antibodies generated by different HBV vaccines

Virion Subvirale Partikel 1st generation
HBsAg, purified

from plasma of HBV-
infected patients

Glebe & Bremer, Semin Liver Dis. 2013 May;33(2):103-12.

Protease-
treatment

2nd generation
HBsAg

from yeast
WHO vaccine:

HBV Gt A2
Serotype adw2



Global prevalence of HBV genotypes

 WHO 2nd generation vaccine contains only SHBs of HBV genotype A2

 99 % of all chronic carriers have different HBV genotypes

 Breakthrough of distantly related HBV genotypes ? 

Adapted from: Schaefer & Gerlich, Textbook of Hepatology 2007, 825.



• Subtype-specificity of the 2nd generation vaccine
• Vaccine: subgenotype A2, serotype adw2
• Vaccine protects against all genotypes at high anti-HBs (> 100 IU/L)
• Genotype-effect during vertical transmission (Taiwan)

Genotype-effect during vertical transmission 

Wen et al., Hepatology 2011

Genotype Serotype

B adw2
C adr
A2 adw2 vaccine

not vaccinated vaccinated
HBV-infected children

B
B

C
C



Vaccine breakthrough of distant HBV genotypes

 WHO 2nd generation vaccine contains only SHBs of HBV genotype A2

 99 % of all chronic carriers have different HBV genotypes

 Breakthrough of distantly related HBV genotypes ? 

Adapted from: Schaefer & Gerlich, Textbook of Hepatology 2007, 825.

 HBV genotype F is phylogenetically most distant to the 

WHO 2nd generation vaccine of HBV genotype A2

Genotype Serotype

B adw2
C adr
F ayw4

A2 adw2 vaccine

(1) Acute breakthrough with genotype F (Tacke et al., 2007)

− Complete vaccination with Twinrix (HepA/B)

− 10 months later acute HepB with icterus

− Anti-HBs 82 IU/L at start of disease, no escape mutations

(2) Chronic breakthrough with genotype F (O’Halloran et al., 2011)

− Vaccinated with Engerix B (5x): 161 IU/L anti-HBs

− After two years HBV-infection, no icterus

− Establishes chronic HepB, no escape mutations



A bat hepadnavirus with zoonotic potential 

Drexler/Geipel et al. PNAS 2013, Oct 1; 110(40):16151-16156.

 An improved HBV vaccine for eradication of HBV ?

Tent-making bat

 TMBHBV isolated from New World bat (2013)

 The only “zoonotic animal hepadnavirus” (besides primate HBV)

 Infects primary human hepatocytes via NTCP

 Anti-HBs does not neutralize TMBHBV infection in vitroTMBHBV



Summary

(1) The hepatitis B virus (HBV) is a human pandemic virus that phylogenetically 
dates back at least to the Neolithic Age (7,000 years BP).

(2) HBV is usually not pathogenic and persists even in small human communities 
(e.g. hunter-gatherers) mainly through healthy chronic carriers and mother-to-
child transmission (MTCT).

(3) Common HBV-Vaccine (2nd generation, genotype A2, SHBs only) protects 
against clinical and chronic infection, but asymptomatic infections are common.

(4) Problems are low/non-response, MTCT with high viral load of the mother; 
genotype-dependency of the vaccine, causing asymptomatic occult or rarely 
acute/chronic infections.

(5) Anti-HBs titre of 100 IU/L protects most likely against all forms of HBV infection

(6) 1st and 2nd generation vaccines lack epitopes interfering with high affinity 
binding of HBV to its liver-specific receptor NTCP.

(7) Vaccination with third-generation vaccines that include preS1 induce additional 
antibodies targeting the preS1 receptor interaction with NTCP and could lead to 
improved protection of risk groups.
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