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context of emerging antiviral agents [5], robust assays with high 
sensitivity and accuracy over a broad linear range are crucial for 
assessment of antiviral drug mechanisms of action, the impact of the 
drug on cccDNA transcriptional activity, and the ability to predict the 
achievement of treatment endpoints [6, 7]. However, no standardized 
assay for quantifying cirB-RNA exists, which hampers widespread 
application of cirB-RNA quantification in the clinical management of 
chronic hepatitis B (CHB) patients. The majority of currently available 
tests have a lower limit of quantification (LLOQ) around 103 copies/mL, 
although in-house RT-droplet digital PCR (ddPCR) assays [8] and the 
Abbott serum HBV pgRNA assay [9] have LLOQ of approximately 102 

copies/mL. This limitation might compromise the diagnostic perfor-
mance of this method, particularly among HBeAg-negative patients who 
often present with very low cirB-RNA levels. 

2. Objectives 

In this study we assessed the analytical and clinical performance of 
the investigational cobas® HBV RNA assay (cobas HBV RNA) on the 
cobas® 6800/8800 System. 

3. Study design 

3.1. Synthetic RNA and DNA templates 

Synthetic armored RNA (arRNA) containing 435 bp derived from the 
3′ end of HBV pgRNA, packaged in MS2-phage [10] was used for assay 
performance evaluation. arRNA was quantified by ddPCR (BioRad) 
using primers and a probe in the precore/core region. Synthetic HBV 
DNA, encompassing the same HBV sequence as the arRNA, was pack-
aged in a lambda phage vector [11]. HBV DNA was quantified using 
cobas® HBV for use on the cobas® 6800/8800 Systems (Roche Mo-
lecular Diagnostics, Pleasanton, CA) which has an LLOQ of 10 interna-
tional units (IU)/mL. 

3.2. Patient samples 

Clinical samples were from 56 patients included in the ANR-17- 
RHUS-0003 cirB-RNA cohort [12], who provided written informed 
consent (see Supplemental Material for details of ethics considerations 
and Table S1 for patient characteristics). Twenty of these patients were 
treated with nucleoside analogs (NUC) tenofovir or entecavir. A subset 
of the 56 patient samples was used for linearity (Table S2) and method 
comparison experiments. HBV genotypes were determined using the 
ViroKey SQ FLEX Genotyping Assay (Vela Diagnostics, Hamburg, Ger-
many). The samples were tested for HBsAg, HBeAg (Abbott Diagnostics, 
Des Plaines, IL, USA) and HBV DNA (cobas® HBV). 

3.3. cirB-RNA measurement 

The Roche HBV RNA investigational assay for use on the cobas® 
6800/8800 Systems (cobas HBV RNA, Roche Diagnostics, Pleasanton, 
CA) quantifies HBV RNA in EDTA plasma or serum. The assay includes 
an internal control for nucleic acid recovery. The amplification target is 
located at the 3′ end of HBV transcripts (Fig. 1A), enabling it to detect all 
viral RNAs expressed from cccDNA. Assay specificity for RNA vs. DNA is 
enhanced with a blocking oligo that binds to the HBV DNA genome in 
competition with an assay primer. In-silico sequence analysis indicates 
that the assay is expected to perform equivalently on all HBV genotypes. 
Up to 93 samples can be tested in 3.5 h on the cobas® 6800/8800 
System. All tests in the present study were performed using the cobas® 
6800 by trained operators according to the manufacturers’ specifica-
tions. The cobas HBV RNA assay is not approved for clinical use by any 
regulatory body. cobas HBV RNA is calibrated in units of copies/mL, 
based on an arRNA Roche internal standard quantitated by ddPCR. One 
copy of RNA is defined to represent a similar number of RNA molecules 
as an international unit for DNA molecules, with awareness of an 
inherent uncertainty. This one-to-one equivalence between DNA IU/mL 
and RNA copies/mL is helpful for comparisons between DNA and RNA 
concentrations. 

Fig. 1. cobas HBV RNA assay design and performance. 
A. Schematic diagram of primers and probe used in cobas HBV RNA. B. Linearity assessed using 10-fold serial dilutions of arRNA from 10 to 109 copies/mL. C. 
Linearity assessed using patient samples representing HBV genotypes A, B, C (2 patients), D (2 patients), and E diluted in negative plasma. Slopes of regression lines 
ranged from 0.97 (genotype E) to 1.01 (genotype C, patient 1), Y-intercepts ranged from −0.12 (genotype C, patient 1) to 0.17 (genotype B), and R2 values were all 
higher than 0.998. D: Impact of high HBV DNA concentration on HBV RNA quantification. HBV arRNA was diluted in series from 109 to 10 copies/mL in EDTA- 
plasma without (black) or with synthetic HBV DNA at fixed concentrations (red: 109 IU/mL, blue: 107 IU/mL). 
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The Roche HBV RNA investigational assay meets all the analytical criteria required:
 
 - high throughput, 
 - precise
 - sensitive 
 - broad linear range
 - genotype inclusive
 - specific
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4.6. Evaluation of patient samples 

We measured cirB-RNA levels in 56 clinical samples, from 36 un-
treated and 20 NUC-treated, HBV-infected patients. The samples were 
selected for their genotype representativity (A to G) and to cover a wide 
HBV DNA concentration range within the different phases of HBV dis-
ease [13]. HBV DNA levels ranged from undetectable to 8.8 log10 IU/mL 
(mean of the quantifiable samples 4.9 log10 IU/mL; Figure S4). 

Among the 36 untreated patients, all HBeAg(+) patients were cirB- 
RNA positive with quantifiable values (Fig. 2). Mean cirB-RNA levels 
in untreated HBeAg(+) CH and CI patients were 5.6 log10 copies/mL and 
6.2 log10 copies/mL, respectively (P value 0.21, t-test). cirB-RNA could 

be quantified in 11 of 17 (65%) untreated HBeAg(-) CH and one of six 
(17%) HBeAg(-) CI patients. In samples with quantifiable cirB-RNA, 
mean cirB-RNA levels were higher in HBeAg(+) vs HBeAg(-) patients 
(6.0 log10 vs 2.2 log10 copies/mL; p<0.0001). Amongst 33 samples with 
both RNA and DNA levels over the LLOQ, mean cirB-RNA concentrations 
were 2.4 log10 copies/mL lower than mean HBV DNA levels, with no 
significant difference between disease phases or genotypes. The differ-
ence between DNA and RNA concentrations in untreated patients ranged 
from 1.5 to 3.4 log10 copies/mL. 

In the 20 NUC-treated patients, the mean of 12 DNA concentrations 
above the LLOQ was 3.0 log10 IU/mL. cirB-RNA was detected in 12 
patients; the mean RNA concentration of the nine results above the 
LLOQ was 3.4 log10 copies/mL. Two of these 12 patients had unde-
tectable DNA viral load and five had higher cirB-RNA than HBV DNA 
concentration. 

5. Discussion 

Several reports have highlighted the potential of cirB-RNA quanti-
fication to serve as a surrogate marker for intrahepatic cccDNA tran-
scriptional activity [14, 15] and assessment of antiviral efficacy 
[16–18]. In a multicenter prospective cohort study, non-cirrhotic pa-
tients with undetectable HBV DNA and cirB-RNA at the end of NUC 
treatment had significantly lower risk of viral relapse in long-term fol-
low-up compared with those who had detectable serum HBV DNA or 
RNA [2]. Therefore, a sensitive and reliable method for detection of HBV 
RNA may assist decisions about when to stop NUC therapy. 

Table 2 
Precision and reproducibility.   

Target RNA level (log10 
copies/mL) 

N 
replicates 

Measured concentration (SD) (mean log10 
copies/mL) 

Coefficient of variation 
(%) 

Range covering 95% of results a(log10 
copies/mL) 

Precision 2.0 15 1.91 (0.09) 4.7% 0.27 
4.0 15 3.89 (0.03) 0.7% 0.08 
7.0 15 6.86 (0.04) 0.6% 0.15       

Reproducibility 3.0 21 2.94 (0.09) 3.1% 0.27 
6.0 20 5.71 (0.14) 2.4% 0.36 

a difference between 2.5 – 97.5 percentiles. 

Table 3 
Impact of varying concentrations of HBV DNA on low concentration HBV RNA 
quantification.  

HBV arRNA 
concentration 
(log10 copies/mL) 

HBV DNA 
concentration 
(log10 IU/mL) 

Observed RNA 
concentrationa 

(log10 copies/mL) 

Difference 
(mean observed 
- no DNA 
reference) 

1.70 0 1.81 n/a 
1.70 3.0 1.85 0.04 
1.70 4.0 1.87 0.06 
1.70 5.0 1.84 0.03 
1.70 6.0 1.89 0.08 
1.70 7.0 1.90 0.09 

a mean concentration from 15 replicates. 

Fig. 2. Quantification of HBV cirB-RNA 
and DNA in clinical samples 
Plasma HBV DNA viral load (black) and 
HBV cirB-RNA (blues) levels in 56 pa-
tients plotted according to EASL disease 
phase, HBeAg seropositivity, and NUC 
treatment status. For illustrative pur-
poses HBV DNA and cirB-RNA values 〈
LOD were assigned a value of 0 IU or 
copies/mL, and those < LLOQ but 〉 LOD 
were assigned a value of 0.5 log10 IU or 
copies/mL. CI: chronic infection; CH: 
chronic hepatitis. See Supplemental 
Material Figure S5 for representation of 
the different HBV genotypes included.   
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• HBV infected Patients:

§ Acute hepatitis B
§ Chronic infection: all phases of infection and disease as defined by the EASL guidelines

§ Patients with HBsAg loss (functional cure): either spontaneously or after treatment with currently
available antivirals (NUCs or IFN)

§ Co-infections with HDV, HCV, HIV 

HBsAg High High/Intermediate Low Intermediate

HBeAg Positive Positive Negative Negative

HBV DNA >10E7 IU/mL 10E4-10E7 IU/mL <2,000 IU/mL°° >2,000 IU/mL

ALT Normal Elevated Normal Elevated*

Liver disease None/minimal Moderate/severe None Moderate/severe

Old terminology Immune tolerant Immune reactive
HBeAg positive

Inactive carrier HBeAg negative 
Chronic hepatitis

HBeAg positive  
Chronic infection

HBeAg positive 
Chronic hepatitis

HBeAg negative 
Chronic infection

HBeAg negative 
Chronic hepatitis

EASL 2017 CPG HBV, J Hepatol 2017; 
Volume 67, Issue 2, Pages 370-398 (August 2017) 

DOI: 10.1016/j.jhep.2017.03.021

The CirB-RNA Prospective clinical cohort, 
=> real-life



Cross-sectional study of serum HBV RNA and HBcrAg in the first 1500 
patients enrolled in the RHU real-life prospective cohort

The baseline results presented here were obtained in the first 1503 patients enrolled in Lyon and Milan until April 2021
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CirB-RNA positive in:
ü 92% of HBeAg(+)*
ü 37% of HBeAg(-)
ü 38% of NUC-treated patients
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Untreated patients, n=133 NUC-treated patients, n=237
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CirB-RNA positively correlated with serum HBcrAg
in untreated HBeAg(-) and (+) subgroups, 

and in NUC-treated HBeAg(+) patients

CirB-RNA positive – HBcrAg positive: 370 patients (25%)

Hepatitis B core-related antigen (HBcrAg): serological biomarker that reflects intrahepatic HBV cccDNA activity

Correlation between CirB-RNA and HBcrAg

Testoni, J Hepatol 2020



CirB-RNA positive – HBcrAg negative: 
213 patients (14%)

31%

37%

25%

CirB-RNA negative – HBcrAg positive: 
250 patients (17%)

59%20%

8%

HBeAg- CH Ttx
HBeAg- CH Ttx

HBeAg- CI

HBeAg- CI

HBeAg- CI intVL HBs loss

Subgroups of HBeAg(-) patients show discordant results
in CirB-RNA and HBcrAg detection

Discrepancies between CirB-RNA and HBcrAg quantification



Perspectives
Identify which clinical context will benefit from HBV RNA quantification?
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Inclusions Follow-up visits

• Follow-up visits will ascertain the 
predictive value of these novel
biomarkers in refining subcategories of 
patients and predicting functional cure 
and also help clarify if it can be used to 
guide treatment discontinuation

• Deep analyses of selected patients with
discrepancy detection in CirB-RNA and 
HBcrAg will inform on the differential
biological/clinical information provided
by CirB RNA and HBcrAg assays

Do CirB RNA reflect cccDNA transcriptional activity?



Cohort #1: untreated chronically infected patients from Sub-Saharan Africa (Gambia) 
190 patients, 95 liver biopsies 

Cohort #2: liver transplanted patients, prospective study of HBV kinetics (Ecogreffe study, France) 
41 patients with FU, 2 time-points

Analysis of CirB-RNAs in specific patients’ populations

B. Testoni

B. Testoni

Cohort #4: HBV/HDV co-infected patients (Lyon-Milan): 
380 patients

Cohort #3: Long-term kinetics of circulating HBV RNA level among persons living with HIV
and HBV treated with tenofovir in the Swiss HIV cohort Study (Switzerland, Paris)

455 patients with FU, up to 5 time-points

P. Lampertico

L. Begré



Cohort #8: CHB patients vaccinated with VVX001 (Viravaxx, Austria)
32 patients with FU, up to 10 time-points

Cohort #7: treated HBeAg negative CHB patients with or without cirrhosis (Pisa, Italy) 
249 patients with FU, at least 6 time-points

Cohort #6: HBeAg negative infection patients, never treated with or without HBsAg loss
and patients with persistent viremia (<20000 IU/ml + normal ALT) (Pisa, Italy)

346 patients with FU, up to 112 time-points

Analysis of CirB-RNAs in specific patients’ populations

Cohort #5: NUC-treated cirrhotic patients with HCC (Milan, Italy) 
24 patients with FU, 2 time-points

Cohort #5: untreated HBeAg negative CHB patients with or without ALT flares (Pisa, Italy) 
117 patients with FU, up to 5 time-points

Cohort #9: Proof of concept trial IP-cure B
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