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Molecular Biology of HBV

WHF ~Lisbon- 12 April 2024 Yuen et al Nature Reviews/Disease Primers 2018;4:18035
Kramvis Rev Med Virol 2016;26:285-303

Wose-Kinge..Kramvis 2020: Viruses 12: 353
 

 Family: Hepadnaviridae
 Genus: Orthohepadnavirus



Genotypes and Subgenotypes of HBV

• 9 Genotypes: A to I
    >7.5% 
• > 35 subgenotypes
   ~4% to 8%

Kramvis Intervirology. 2014;57:141-50

Kramvis Rev Med Virol 2016;26:285-303
WHF ~Lisbon- 12 April 2024

A–D, F, H, and I

Velkov et al Genes 2018, 9, 495

Kramvis Frontiers et al in Microbiology 2018; 9:2521
, 

Kramvis et al Vaccine 2005;23:2407-2421



Geographical Distribution of 
Genotypes
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Kramvis et al Vaccine 2005;23:2407-2421Velkov et al Genes 2018, 9, 495
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North (99)

South-East (575)

West (610)

A B C ED

Kramvis & Kew Hepatology Research 2007;  37: S9 – S19
Kafaero et al Sci Rep 2023;13:5723

Genotype Distribution of HBV in Africa



Phylogeography of the 
subgenotypes A1 and A2
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Kramvis Antiviral Ther 2013; 18:513

Kimbi,Kramvis et al   J Gen Virol  85:1211-1220

Bowyer et al  J Gen Virol  1997; 78:1719-1729

Kostaki eLife 2018; 7: e36709



A Comparison of US Born versus 
Foreign Born Africans with CHB

WHF ~Lisbon- 12 April 2024 Hassan et al Am J Epidemiol 2017; DOI:10.1093/aje/kwx064



Relative clinical characteristics of 
subgenotype A1
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Compared to patients infected with subgenotype A2 
or genotype D, patients infected with subgenotype A1 
have:
 Lower HBV DNA  levels
 Lose HBeAg in the serum much sooner
 Higher levels of liver damage
 Higher and earlier risk of HCC development

Tanaka et al  Hepatology 2004; 40: 747-755

Kew , Kramvis et al (2005) J Med Virol 75:513-521 

Kramvis Heptol Res 2007;  37:S27-S32

Kramvis SAMJ 2018; 108:17-21
Kramvis Rev Med Virol 2016; 26:285-303

Subgenotype A1 has molecular characteristics that can account for the 
different clinical features



Geographical Distribution of 
Genotypes

WHF ~Lisbon- 12 April 2024 Ingasia…Kramvis PLoS ONE 2020;  15(10): e0240375.
Ingasia…Kramvis World J Hepatol 2021; 13:1875-1891Velkov et al Genes 2018, 9, 495



Molecular Characterization of HBV in 
Sudan
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1Maghoub et alJ  Clin Microbiol 2011;49:298-306

2 Yousif et al. BMC Infectious Diseases 2013, 13:328
3Yousif….Kramvis Int J Infect Dis 29 ( 2014): 125-32



Subgenotype E versus D

WHF ~Lisbon- 12 April 2024 Maghoub et alJ  Clin Microbiol 2011;49:298-306
Yousif et al BMC Infect Dis 2013; .13;328

Ingasia…Kramvis World J Hepatol 2021; 13:1875-1891



Basic Core Promoter/Precore Mutants

WHF ~Lisbon- 12 April 2024 Kramvis Rev Med Virol 2016; 26:285-303
Kramvis Frontiers in Microbiol 2018; ; 9:2521

Kramvis J Med Virol 2008; 80: 27 -46

Mutation Reporter Tool: Bell & Kramvis Virol. J 2013; . 10:62. 10.1186/1743-422X-10-62



Relationship of HBeAg Expression on 
the Natural History of HBV Infection

WHF ~Lisbon- 12 April 2024 Kramvis Rev Med Virol 2016; 26:285-303
Kramvis Frontiers in Microbiol 2018; ; 9:2521



Transmission of HBV

WHF ~Lisbon- 12 April 2024 Kramvis Rev Med Virol 2016; 26:285-303
Kramvis Frontiers in Microbiol 2018; ; 9:2521
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Vaccination 
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B adw2
C adr

E ayw4

A1 adw2F/H adw4

D ayw2/3
A2 adw2A2 adw2

 Although the consensus is that there is a high-
degree of vaccine cross-protection between 
HBsAg serological subtypes, there are studies, 
which have shown better protection against 
homologous HBV strains, compared to 
heterologous ones

Kramvis Biomedical Reports 2023; 19:48
Gerlich Med Microbiol Immunol 2015;204:39-55

Makan…Kramvis Vaccinex 2023; 14: 100284Glebe et al Antiviral Research 186 (2021) 104973

adw2



Treatment
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  Patients infected with genotype A respond better to 
interferon-based therapy compared to patients 
infected with genotype D

 Although overall no significant difference in 
response of the different genotypes/subgenotypes 
to nucleos(t)ide analogue therapy has been found, 
response to adefovir may be lower in patients 
infected with subgenotype A2 because of the 
presence of L217R polymorphism in the S region

Lin et al J Formos Med Assoc. 2010;109(5):321-5.

Kramvis & KewJ Viral Hepat. 2005;12(5):456-64.
J Antimicrob Chemother. 2008;62(3):626-7.

Glebe et al Antiviral Research 186 (2021) 104973



In vitro systems for studying 
subgenotypes

WHF ~Lisbon- 12 April 2024

Ingasia PhD Wits 2021

Wose-Kinge…Viruses 2020, 12, 353; doi:10.3390/v12030353
Bhoola J Virol Meth 2014; 203:54-64

Sozzi et al JVirol2016;90:10054-10064 

In Vitro Model Systems Based on:
• Hepatoma Cells (HepG2, Huh7, HepG2.2.15, and HepAD38)
• Primary Human Hepatocytes (PHH)
• Differentiated Hepatoma Cell Lines (HepaRG)
• NTCP Expressing Cell Lines
• Inducible Pluripotent Stem Cell (iPSCs)
• Micropatterned Co-Cultured Cells (MPPCs)
• Liver Organoids



Protein Expression of 
(Sub)genotypes in vitro
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A1 vs Vector control (pcDNA) A2 vs Vector control (pcDNA) D3 vs Vector control (pcDNA)  

E vs Vector control (pUC19) UT vs Vector control (PCDNA)

B

pUC19 vs pcDNA

A

Kiyasha Padarath PhD
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Subgenotype A1 and genotype E circulating in Africa, 
differ molecularly and functionally from 
(sub)genotypes  prevailing out of Africa and from 
each other!!!



Take Home Message
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The natural history of HBV infection can be 
influenced by the genetic heterogeneity of the 
(sub)genotypes and therefore this should be 
taken into account when designing and testing 
various preventative, diagnostic and antiviral 
modalities.



There are more questions than 
answers
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 Comparison of natural history of infection in individuals 
    infected with genotype E and subgenotype A1
 Host factors that predispose individuals to infection with 
    the different (sub)genotypes
 Hepatocarcinogenic potential of genotype E
 Does genotype E have different mechanisms of 

hepatocarcinogenesis to subgenotype A1?
 Why does genotype D develop the G1896A mutations 
    at higher frequency than genotype E, even though the 
    precore of the 2 genotypes is identical?
 Patterns of integration of the two African strains of HBV
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~ A compassionate team, creating knowledge, developing capacity ~
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