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Possible dissociation between cccDNA levels and cccDNA transcriptional activity…
(3.5Kb RNA/cccDNA ratio)

Adapted from Suslov, JHepatol 2020

Why do we need a biomarker for cccDNA transcriptional activity?

Volz, Gastroenterology 2007
Zhang, JCI 2016

Lebossé, Testoni, JHepatol 2017

…during CHB natural history …during antiviral therapy

3.5Kb RNA quantification Telbivudine-treated

✓

Long term telbivudine-treated patients

Lebossé, Sci Rep 2020
Balagopal, J Infect Dis 2020

Balagopal, JCI Insight 2020
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HBV complete cure
cccDNA

clearance

HBV functional cure cccDNA

« inactivation »

Measure cccDNA levels

Measure 3.5Kb RNA/cccDNA

Charre, Antiviral Res 2019

Gold standard: intrahepatic assessment of both
Ø cccDNA quantity

Ø cccDNA activity

Limitations:   invasive technique (FNA should be considered!!)

sampling bias (tiny portion of the whole liver)

technical challenges

Why do we need a biomarker for cccDNA transcriptional activity?



Kramvis, Nat Rev Gastroenterol Hepatol 2022

Composite marker

Translated from overlength HBV RNA, thus only produced from cccDNA

HBcrAg – where does it come from?



Capture: mixture of 3 monoclonal 
antibodies reacting with denatured 

HBcAg, HBeAg and other 
precore/core proteins

Detection: Alkaline phosphatase 
conjugated monoclonal antibodies 

against denatured HBcAg, HBeAg, 
and p22cr

CLEIA® HBcrAg assay kit (Lumipulse System, Fujirebio, Inc.)

Inoue, JHepatol 2021

HBcrAg – available assay

Pre-treatment: detergents



Caviglia, Diagnostics 2021

HBcrAg is a biomarker of liver cccDNA pool



Honda, JID 2016

109 Asian NUC-treated
CHB patients

POS NEG
0.0

0.1

0.2

0.3

0.4

0.5
1.0
1.5
2.0
2.5

HBcrAg
c
c
c
D
N
A
/c
e
ll

p=0.02

0.01-0.87
cccDNA copies/cell

POS NEG
0.00

0.05

0.10

0.15

0.20

100
200
300
400
500

4000
8000

HBcrAg

p
g

R
N

A
 

(r
e
la

ti
v
e
 q

u
a
n

ti
ty

)

p=0.003

POS NEG
0.0

0.5

1.0

10

20

1000

2000

3000

4000

5000

HBcrAg

p
g
R
N
A
/c
c
c
D
N
A

p=0.021

(n=52) (n=33) (n=52) (n=33)(n=61) (n=33)

130 Caucasian untreated CHB 
patients

Testoni, JHepatol 2019

HBcrAg and intrahepatic cccDNA transcriptional activity

This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)



HBeAg

HBcrAg

PCA analysis

Testoni, JHepatol 2019

HBcrAg identifies a “highly active” group of HBeAg(-) patients

This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)



HBeAg

HBcrAg

High cccDNA transcriptional activity
High fibrosis, necroinfl. activity
Could not be identified by serum HBV DNA and HBsAg alone

PCA analysis

Testoni, JHepatol 2019

HBcrAg identifies a “highly active” group of HBeAg(-) patients

This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)



This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)

cccDNA levels quantified from FNAs correlate with HBcrAg

A B

C D E

FNAs allow quantification of intrahepatic 

HBV markers by ddPCR

cccDNA levels quantified by FNA or CLB 

show comparable correlation with HBcrAg

Testoni*, Roca Suarez*, JHEP Reports, in press



Correlates with intrahepatic cccDNA pool and cccDNA transcriptional activity

Limited use in HBeAg(+) patients 

Need for better sensitivity?

Might help in discriminating « active » from « inactive » HBeAg(-) patients

Most of HBcrAg(-) patients still have transcriptionally active cccDNA

HBcrAg - summary



Abbott tests to discriminate HBcAg from P-HBcAg

Phosphorylation of HBc-CTD fine 
tunes interaction with nucleic acids

De Rocquigny, Viruses 2020



Chemiluminescent microparticle automated immunoassays for:
HBcAg (HBV DNA-containing particles)
P-HBcAg, non-HBV DNA-containing particles

Abbott tests to discriminate HBcAg from P-HBcAg

Phosphorylation of HBc-CTD fine 
tunes interaction with nucleic acids

HBcAg reflects mostly viremia

P-HBcAg can be used to monitor cccDNA levels and transcriptional activity?

P-HBcAg can be used to differentiate classes of CAMs in combination with serum HBV RNA 
(e.g. CAM-E would reduce RNA but not P-HBcAg)

De Rocquigny, Viruses 2020 Geissler, J Clin Virol 2023
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Adapted from Testoni, Sem Adv Liver Dis 2017

3.5Kb RNA is only transcribed from cccDNA

Encapsidated pgRNA is the 
predominant form of circulating
HBV RNA

Serum HBV RNA – where do they come from?

Wang, JHepatol 2016
Jansen, JID 2016

& others
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Serum HBV pgRNA correlates with liver cccDNA transcriptional activity

Wang, JHepatol 2017

47 Asian NUC-treated (>1 year) CHB patients

qPCR or ddPCR

qPCR



Giersch, J Hepatol 2017

Serum HBV RNA correlate with liver cccDNA transcriptional activity

Hu-Hep mouse model

Wang, JVH 2018

102 treatment naïve Asian CHB patients

qPCR

ddPCR



Liu, Hepatology 2018

Complexity of serum HBV RNA and assays for their quantification!

Kramvis, Nat Rev Gastroenterol Hepatol 2022



Butler, Hepatology 2018;
Anderson, CID 2021

Anderson, Hepatol Commun 2023 

Primers and probes are designed to conserved
regions within the 5′ end of the X gene and the 3′ 

end of the core gene

Targets are independently detected

Abbott RealTime RUO assay and cobas® HBV RNA assay

Primers and probes located across 3’ end canonical 

polyadenylation signal

(lost in integrated HBV DNA)

Scholtès, J Clin Virol 2022
Jackson, J Med Virol 2022



Butler, Hepatology 2018;
Anderson, CID 2021

Anderson, Hepatol Commun 2023 

Primers and probes are designed to conserved
regions within the 5′ end of the X gene and the 3′ 

end of the core gene

Targets are independently detected

Abbott RealTime RUO assay and cobas® HBV RNA assay

Primers and probes located across 3’ end canonical 

polyadenylation signal

(lost in integrated HBV DNA)

Scholtès, J Clin Virol 2022
Jackson, J Med Virol 2022

Lyon, Dec 7th 2018
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Testoni, in revision

89 untreated HBeAg(-) CHB patients

cobas® HBV RNA

Serum HBV RNA correlates with liver cccDNA transcriptional activity

122 untreated CHB patients

Genotype A/D

Mild fibrosis and necroinfl. activity qPCR

This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)



Testoni, in revision

30 long term NUC-treated CHB patients

(ECOGREFFE French prospective cohort)

Serum HBV RNA correlates with liver cccDNA transcriptional activity

Eligible for liver transplantation (LT)

27/30 HBeAg(-)

Undetectable viral load

tHBV DNA cccDNA 3.5Kb RNA
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Median (copies/cell) 45.4x10-3 2x10-3 10x10-3

Native liver

ddPCR

This work was supported by a public grant overseen by the French National Research Agency (ANR) as part of the second “Investissements d’Avenir” program (reference: ANR-17-RHUS-0003)

Villeret, JHEP Reports 2023

cobas® HBV RNA



ddPCR

188 liver biopsies from treatment-naîve, chronically infected HBV 

patients from The Gambia (sub-sahran Africa)

belonging to a subset of the PROLIFICA cohort participants who underwent
liver biopsy and histopathological evaluation (Shimakawa et al. 2018)

Mostly genotype E
90% men

90% HBeAg(-)

Median (Q1-Q3)

Age (years) 36 (30-40)

ALT (IU/L) 30 (23-50.3)

VL (log10 IU/ml) 3 (2.2-4.2)

HBsAg (log10 IU/ml) 4 (3.5-4.4)

90 biopsies from CHB patients w/o liver cancer or cirrhosis

cobas® HBV RNA

Serum HBV RNA correlates with liver cccDNA transcriptional activity
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Serum HBV RNA correlates with liver cccDNA transcriptional activity

ddPCR

188 liver biopsies from treatment-naîve, chronically infected HBV 

patients from The Gambia (sub-sahran Africa)

belonging to a subset of the PROLIFICA cohort participants who underwent
liver biopsy and histopathological evaluation (Shimakawa et al. 2018)

cobas® HBV RNA



Correlates with intrahepatic cccDNA transcriptional activity in untreated and NUC-treated CHB patients

Serum HBV RNA - summary

Interpretation of results may differ according to the assay used for RNA quantification

Standardization required!!!



Biomarkers have to be selected according to the therapeutic strategy:

à Target engagement vs cccDNA biomarker!!!

Need of knowledge from translational studies coupling intrahepatic and serum markers correlation!!

à FNA could allow longitudinal studies of both cccDNA pool/activity and immune correlates

HBcrAg and serum HBV RNA promising surrogate markers of cccDNA transcriptional activity, 
what about their combination?

HBcrAg & serum HBV RNA associated to HBsAg may help stratifying patients for the probability of 
achieving functional cure and for managing the duration of therapy

Conclusions and open questions
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Additional
Notes

EASL 
category

Ishak 
Fibrosis 

Stage (/6)

ALT
(IU/L)

Serum
HBV RNA 
(log IU/mL)

serum
HBcrAg
(log U/mL)

Serum

HBV DNA 
(log IU/mL)

HBeAbHBeAg
serum
HBsAg

(log IU/mL)

GenotypeEthnic originSexAgeID

IH, autoimmune hepatitis; ALT, alanin aminotransferase; d.n.q., detected not quantified; HBcrAg, hepatitis B core-related antigen; HBeAb, hepatitis B e antibody; n.d. not detected; TDF, tenofovir disoproxil fumarate

Table 1. Patients’ characteristics



Genotype independent

Identify highly viremic individuals who
need antiviral therapy – prevent mother

to child transmission

Minimally invasive

No cold chain

HBcrAg in resource-limited settings





Butler, Hepatology 2018;
Anderson, CID 2021 

Primers and probes are designed to conserved

regions within the 5′ end of the X gene and the 3′ 
end of the core gene

results for X and core target detection among the 

samples tested were comparable

LOD X target 1.65 log U/mL and 

Core target 1.67 log U/mL

Calibration of the HBV RNA assay was established using

DNA-extracted HBV DNA secondary standards 

1 U RNA equivalent to 1 IU of HBV DNA

Targets are independently detected

Abbott RealTime 0.2 mL HBV RNA Research Use Only (RUO) assay

Genotype independent

longitudinal cohort of 684 individual patients (n = 1827 samples) with

baseline and NA treatment time points

26 NUC-treated and102 untreated CHB patients

Comparison between v1 and modified v2 assays showed increased

sensitivity from 152 copies/mL with v1 to 10 (0.6 mL) and 22 (0.2 mL) 

copies/mL with v2, respectively (Anderson, Hepatology Comm 2023)


