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Overview

l Global HBV prevalence in children
l Transmission of HBV in children
l HBeAg
l Natural history of HBV infection in children
l Genotypes and subgenotypes of HBV
l Effect of (sub)genotypes on HBeAg expression 

and natural history of HBV infection
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Prevalence of HBV in Children

Cape Town – 2 December 2023 Kramvis 2016; Rev Med 2016 26(4):285-303 
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Outcomes of HBV Infection by Age 
of Infection



l Liver damage is minimal in the majority of children, 
some can manifest mild inflammation and acute 
hepatitis, as well serious complications of HBV 
infection, including cirrhosis and HCC, 2 to 7 years 
after infection.

Liver Disease in Children

Wen et al Journal of Pediatrics 2004; 144: 397–399.
Boxall et al Archives of Disease in Childhood—Fetal and Neonatal Edition 2004; 89: 

F456–460.
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SAMJ 2018; 108:389-392



Cape Town – 2 December 2023

Transmission of HBV



Iatrogenic Transmission in 
Children
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BMC Pediatrics 2022; 22:168



HBeAg Expression and 
Mother-to-Child Transmission
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HBeAg+ve vs HBeAg-ve
9.26% vs. 0.23%, p <0.001

Chen et al Gastorenterology 2012; 142e772
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HBeAg

Cape Town – 2 December 2023 Magnius & Espmark Immunology 1972; 109: 1017 – 1021
Kramvis 2016; Rev Med 2016 26(4):285-303 

Gerlich, Glebe, Kramvis, Magnius Virus Genes 2020; 56:109-119
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Expression of HBeAg

Revill….Kramvis J Med Virol 2010;82: 104-115
Kramvis; Rev Med 2016 26(4):285-303 Cape Town – 2 December 2023



Function of HBeAg
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• Not required for viral 
assembly or replication  but 
is important for natural 
infection in vivo.

• Required for the 
development of CHB

• Clinically
o Index of viral replication
o Infectivity
o Severity of disease
o Response to antiviral 

treatment

https://classconnection.s3.amazonaws.com/129/flashcards/475129/gif/vasa_previa1352911684347.gif

Milich, D & Liang (2003) Hepatology 38: 1075 – 1086Yang, CY et al (2006) J Biol Chem 281:34525 – 34536

1. Visvanathan, K et al (2007) Hepatology 45: 102 -110



HBeAg as an oncoprotein?

Viruses 2023, 15, 857.

1. Immune evasion, leading to 
persistence

2. Resisting cell death
3. Tumor-promoting inflammation
4. Promote sustained proliferative 

signalling
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Natural history of infection of 
hepatitis B virus (HBV) in children

Cape Town – 2 December 2023 Kramvis 2016; Rev Med 2016 26(4):285-303 



Relationship of HBeAg Expression on 
the Natural History of HBV Infection
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Kramvis Rev Med Virol 2016; 26:285-303

Kramvis Frontiers in Microbiol 2018; ; 9:2521



HBeAg and Liver Disease in 
Children

l Risk factors for early HCC development include cirrhosis and 
HBeAg seroconversion before 3 years

l It is possible that there are different mechanisms for the 
development of HCC in adults and children. 

l The former require higher viral loads and liver inflammation, 
whereas integration of HBV in the human genome may trigger 
HCC in children.

Wen et al Journal of Pediatrics 2004; 144: 397–399.
Boxall et al Archives of Disease in Childhood—Fetal and Neonatal Edition 2004; 89: 

F456–460.
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Hepatology 1991; 13:316-320



Duration of HBeAg Expression
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• In south east Asia, the annual HBeAg seroconversion 
rate is 4%–5% in children older than 3 years, but only 
2% in those younger than 3 years1.

 
• In contrast, in Euro-Mediterranean and African 

countries, HBeAg seroconversion is more frequent, 
occurring at an annual rate of 14%–16%2,3.

1. Chang et al Hepatology 1995; 22 1387–1392
2. Hadjiyannis et al Journal of Hepatology 2011; 55: 183–191. 

3. Iorio et al Clinical Infectious Diseases 2007; 45: 943–949.



HBeAg Prevalence in 
HBsAg-positive Females: 2005
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Regional Differences in 
HBeAg-positivity
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Sub-Saharan Africa South East  Asia

HBeAg+ve HBeAg+ve

HBeAg-ve HBeAg-ve

Botha et al, Lancet 1984; 1(8388):1210-1212



Effect of HBeAg expression on 
Mode of Transmission of HBV

Kramvis Rev Med Virol 2016; 26:285-303
Kramvis Frontiers in Microbiol 2018; ; 9:2521Cape Town – 2 December 2023



HBeAg-positivity and 
Genetic Factors?

Cape Town – 2 December 2023 Ghendon, Y 1987; J Virol Methods 17: 69-79

1987



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
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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 Intervirology. 2014;57:141-50

Kramvis et al Vaccine 2005;23:2407-2421Velkov et al Genes 2018, 9, 495



The Effect of Genotype/Subgenotype
on HBeAg Expression

Cape Town – 2 December 2023 Tanaka et al  Hepatology 2004; 40: 747-755



Basic Core Promoter/Precore Mutants

Cape Town – 2 December 2023 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



Subgenotype A2
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G1896A Mutation in Genotype D/E

Cape Town – 2 December 2023 Carman et al  Lancet 1989; 2(8663): 588-591.
  



Subgenotype A1
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Subgenotype A1

Cape Town – 2 December 2023 Kramvis 2016; Rev Med 2016 26(4):285-303 



Expression of G1862T mutant 
versus wild-type

Cape Town – 2 December 2023 Deroubaix & Kramvis  Scientific Reports 2021; 11:8167



Short-sighted evolution of 
subgenotype A1
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Kramvis Rev Med Virol 2016; 26:285-303

Kramvis Frontiers in Microbiol 2018; ; 9:2521



Mass Spectrometry & Proteomic 
Analysis
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Subgenotype A1 has high 
hepatocarcinogenic potential
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World J Gastroenterol 2013 December 28; 19(48): 9294-9306



Conclusion
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The HBeAg expression and thus the natural history 
of HBV infection in children can be influenced by 
the genetic heterogeneity of the genotypes and/or 
subgenotypes, which develop different mutations.



Take Home Message
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Subgenotype A1 circulating in sub-Saharan Africa 
has unique characteristics including
• Early HBeAg seroconversion
• Higher hepatocarcinogenic potential 

therefore it is important that
birth dose vaccination is implemented strictly and 

widely, without further delays,  to prevent the 
establishment of chronic hepatitis B in infants and 

therefore the development of HCC later in life.





Effect of Changing HBV Genotype 
Distribution on Natural History 

VHPB~Vienna~1st June 2017
Celia et al J Med Virol 2017’ 89:639-646

Hassan et al Am J Epidemiol 2017; DOI:10.1093/aje/kwx064
Takano et al J Gastroenterol 2017; DOI:10.1007/s00535-017-1315-4



A Comparison of US Born versus 
Foreign Born Africans with CHB

Cape Town – 2 December 2023 Hassan et al Am J Epidemiol 2017; DOI:10.1093/aje/kwx064



Genotype C versus Genotypes  A/B in 
Japanese Children

Cape Town – 2 December 2023 Takano et al Gastroenterol 2017; DOI:10.1007/s00535-017-1315-4 

Genotype C A or B

HBeAg-positivity at 
15 years of age

67% 55%

Hepatitis <4 years Lower Higher

Transmission PMCT Horizontal

HCC at 30 years 6% 11%



HBV Viral Load
HBeAg-ve versus HBeAg+ve
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2.7 + 1.4 log10copies/ml 7.4 + 1.9 log10copies/ml

Wen et al, J Hepatol 2013; 59:24 -30



Predictive Rates of HBV 
Infection versus Maternal VL

Cape Town – 2 December 2023 Wen et al, J Hepatol 2013; 59:24 -30


