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HBV lifecycle and quasispecies 

• Unique reverse-transcription during 

HBV lifecycle 

• HBV polymerase lacks of proof-

reading capacity 

• Progeny virus composed of a 

spectrum of variants 

• Quasispecies refers to complex 

distributions of genetically distinct 

but closely related viral genomes, 

subjected to genetic variation, 

competition and selection 



Features of viral quasispecies(QS) 

• Quasispecies(QS) is a spectrum of 

mutant viral population 

• Mutant spectra may include phenotypic 

variants that contribute to virus 

adaptability 

• Components of mutant spectra show 

different fitness levels 

• Competition among mutant spectra and 

selection the most fit distribution to 

establish a quasi-equilibrium in  given 

environment 

 

Domingo,et al. Microbiol. Mol. Biol. Rev. 2012 



HBV natural history 

JAMA. 2018;319(17):1802-1813 

HBV infection causes a wide spectrum of clinical outcomes ranging from asymptomatic 

carrier (immune-tolerant) to acute or chronic hepatitis B, some patients may progress 

to cirrhosis or liver failure.  

It is common believed that the different outcomes are determined by the interaction 

between host immune and virus replication. 



HBV viral quasispecies and natural history 

• The characteristics of  full-

length HBV genome 

quasispecies (QS) in patients 

with different phases of 

infection were compared by 

clone-based sequencing 

 

• The QS distributions in CHB 

and ACLF patients were 

more complicated than 

those in AHB and IT, and 

AHB appeared to have the 

lowest complexity among 
the four groups Yang ZT, et al. J Clin Microbiol. 2015 



HBV viral quasispecies and natural history 

• Hierarchical clustering analysis (HCA) and principal component analysis (PCA) were performed to 

explore the correlations among QS and clinical phenotypes.  

• PCA analysis grouped IT and CHB patients into two distinct clusters. Liver inflammation and fibrosis 

were significantly correlated with the relative abundance of viral OTUs.  

• Three machine learning algrithms were used to construct diagnostic models for IT phase classification, 

all machine-learning models showed significantly higher AUC values than did HBsAg. 

Wang MJ, Li Chen,et al. Unpublished data 



HBV viral quasispecies and HBeAg seroconversion 

Viral quasispecies diversity in seroconverters is significantly 

higher than that of nonseroconverters. The viral quasispecies 

diversity further increase after HBeAg seroconversion. Viral 

genetic diversity remains persistently low in nonseroconverters 

Positive selection in HBeAg and HBcAg protein 

were found more in seroconverters (14/20) than in 

nonseroconverters (1/20) 

Lim SG, et al. Gastroenterol, 2007 



HBV viral quasispecies and antiviral efficacy 

Chen L, et al. J hepatol, 2009 

Twenty-five CHB patients received lamivudine treatment for 48 weeks 

Eleven patients developed to viral relapse due to drug resistance  

Fifteen patients achieved viral response  



HBV viral quasispecies and antiviral efficacy 

Chen L, et al. J hepatol, 2009 

• The quasispecies complexity and diversity 

were not different between LAM responders 

and non-responders at baseline(p > 0.05).  

• However, the quasispecies complexity and 

diversity of responders were significantly 
lower than those of nonresponders at week 4 
(p < 0.01). 



HBV viral quasispecies and antiviral efficacy 

Liu F, Chen L, et al. Gut, 2011 

HBV kinetics of responders (A) and partial responders (B) during entecavir treatment.  

Partial response was defined as HBVDNA remain detectable at week 48 but a decrease of 

>1 log10 copy/ml compared with baseline. 



HBV viral quasispecies and antiviral efficacy 

Liu F, Chen L, et al. Gut, 2011 

QS complexity in responders at week 4 was 

statistically lower than that in partial 
responders to ETV  at the nucleotide level 

the net changes in QS diversity were statistically 

different between responders and partial 
responders to ETV  

Evolutionary patterns of hepatitis B virus quasispecies under different selective pressures were 
similar but not identical and correlated with antiviral efficacy 



NAs treatment  

Achieve cessation 

criteria: HBeAg 

seroconversion 

and HBVDNA (-) 

Liver biopsy 

    follow up 1 year 

Virologic relapse(n=10) 

Sustained response(n=8) 

HBeAg(+) CHB Patients 

(N=18) 

Baseline End of 

treatment 

Cessation  

criteria 

–HBeAg seroconversion and HBVDNA undetectable >12 

months, consolidation treatment at least 6 months 

relapse –HBVDNA detectable after drug withdraw 

HBV viral quasispecies and drug withdraw 

Chen L, et al. Clin Microbiol Infect, 2016 

Intrahepatic quasispecies analysis 



HBV viral quasispecies and drug withdraw 

Chen L, et al. Clin Microbiol Infect, 2016 

• The intrahepatic quasispecies complexity and 

diversity of sustained response patients were 

significantly higher than viral relapse patients, 

within either RT or the S region  
• More positive selection sites within the S region were 

found in sustained response patients than in viral 

relapse patients.  



Brief summary 

 The quasispecies  property confers HBV  great adaptability to the changing 

environment,   which can affect the viral pathogenesis and persistence. 

 

 The interaction between host immune response and viral replication 

determine the clinical outcomes as well as viral quasispecies distribution. 

 

 The quasispecies characteristic is different among different clinical stages.  

    The clinical phenotype may be inferred by quasispecies characteristic. 

 

 Viral quasispecies increase the complexity of viral spectrum or select drug-

resistant mutations to gain a survival advantage under antiviral pressure 
 

  




