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In chronic hepatitis B virus (HBV) infection, hepatitis B e antigen (HBeAg) and hepatitis 

B surface antigen (HBsAg) clearance are important milestones towards immune control1. A 

drop in HBV deoxyribonucleic acid (DNA) is an established correlate of both HBeAg and 

HBsAg clearance2. We evaluated changes in HBV ribonucleic acid (RNA) and hepatitis B 

core-related antigen (HBcrAg) levels, markers of transcriptional activity of covalently closed 

circular DNA3,4 (cccDNA), with HBeAg and HBsAg clearance, and compared them to 

changes in HBV DNA level among adult participants in the Hepatitis B Research Network 

(HBRN).

The HBRN Adult Cohort study (NCT01263587) enrolled untreated HBsAg-positive adults 

from 28 sites across North America5. Following study entry, HBV treatment could 

be initiated/stopped by their physician. Study assessments, conducted every 24 weeks, 

included medical history, physical examination, health surveys, routine blood tests and 

HBV serologies6. The study protocol was approved by sites’ institutional review boards. 

Participants provided written informed consent.

Two nested case-control samples were identified for this report. Cases were HBeAg-positive 

or HBsAg-positive participants with confirmed HBeAg or HBsAg clearance (≥2 positive 

results followed by ≥2 negative results) who had stored serum samples 48±12 weeks before 

and 24 ± 12 weeks after their first negative HBeAg or HBsAg result. Controls were sex 

and age (±5 years) matched HBeAg-positive or HBsAg-positive participants, respectively, 

with serum samples available 72 (±24) weeks apart with consecutive positive results and 

no negative results during this timeframe. This resulted in 50 participants (25 pairs) in the 

HBeAg sample and 40 participants (20 pairs) in the HBsAg sample.

Qualitative and quantitative HBeAg and HBsAg were determined using the Roche 

Diagnostics Elecsys platform with lower limits of detection (LLOD) of 0.3 IU/mL for 

HBeAg and 0.05 IU/mL for HBsAg7,8. HBV DNA levels were determined using a real-time 

PCR assay with LLOD of 10 IU/mL and lower limit of quantification (LLOQ) 20 IU/mL 

(COBAS Ampliprep/COBAS TaqMan HBV Test, v2.0; Roche Molecular Diagnostics, 

Branchburg, NJ). HBV RNA was quantified using the RealTime HBV RNA Research Use 

Only (RUO) assay on the Abbott m2000 system (Department of Infectious Diseases, Abbott 

Diagnostics, Abbott Park, USA), with a LLOQ of 1.65 log10 U/ml. HBcrAg concentrations 

were measured using a RUO chemiluminescence enzyme immunoassay (Lumipulse G®, 

Fujirebio, Gent, Belgium) with a LLOD of 3.0 log10 U/ml and linear range of 3.0-<6.8 log10 

U/ml9. Additional information on HBV biomarkers is provided in the Appendix.

A series of mixed-effects binomial regression models fit via maximum likelihood were 

used to evaluate associations between each HBV biomarker (continuous, log10) at baseline 
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and the change from baseline, respectively, with HBeAg and HBsAg clearance status, 

respectively, with time as a continuous fixed effect and matching ID as a random effect. 

Modeling was repeated with adjustment for baseline alanine aminotransferase (ALT) x upper 

limit of normal (ULN; males 35 U/L, females 20 U/L) and HBV treatment (≥24 weeks in the 

past 36 weeks2) at time of outcome assessment.

Baseline characteristics overall and by clearance status of both samples are provided in 

sTable 1. Among the HBeAg sample, 28% were treated,10% had ALT >5xULN and none 

had HBV RNA and HBcrAg values below quantification, whereas 22% had HBV DNA 

values below quantification, most of whom were treated. Lower baseline values of all 3 

HBV markers were associated with higher odds of HBeAg clearance; HBcrAg had the best 

model fit, followed by HBV RNA (Table 1).

Among HBeAg controls, HBV DNA, HBV RNA and HBcrAg were relatively stable across 

follow-up (median decreases were 0.2, 0.1 and 0.3 log10 U/ml, respectively), whereas cases 

had median decreases of 0.4 log10 IU/ml HBV DNA, 1.6 log10 U/ml HBV RNA and 0.9 

log10 U/ml HBcrAg (sFigure 1, panel A-C). Decreases in HBV RNA and HBcrAg, but not 

change in HBV DNA, were associated with higher odds of HBeAg clearance; change in 

HBV RNA had the best model fit (Table 1).

Among the HBsAg sample, at baseline, none were treated, 5% were HBeAg positive and 3% 

had ALT >5xULN (sTable 1). Forty-eight percent, 20% and 15% had quantifiable baseline 

values of HBV DNA, HBcrAg, and HBV RNA, respectively. Lower baseline values of 

HBV DNA and HBV RNA, but not HBcrAg, were associated with higher odds of HBsAg 

clearance; HBV RNA had the best model fit (Table 1).

Among HBsAg controls, HBV DNA, HBV RNA and HBcrAg were relatively stable across 

follow-up (median decreases of 0.1, 0.3 and 0.1 log10 U/ml, respectively). HBsAg cases 

had a median decrease of 0.5 IU/ml HBV DNA, whereas HBV RNA and HBcrAg values 

were stable (median change of 0.0 log10 U/ml for both) (sFigure 1, panel D-F). Decreases 

in HBV DNA, but not change in HBV RNA or HBcrAg, was associated with higher odds 

of HBsAg clearance (Table 1). Adjustment for ALT or HBV treatment did not change the 

relative performance of HBV biomarkers with regard to HBeAg or HBsAg clearance (Table 

1).

Clinical and traditional virologic markers and RUO quantitative HBsAg accurately predict 

HBeAg and HBsAg clearance in HBV2,10. However, we showed that compared to HBV 

DNA, baseline HBcrAg better predicted HBeAg clearance, likely because HBeAg is the 

predominant protein measured in the HBcrAg assay among HBeAg positive persons. In 

contrast, HBcrAg did not predict HBsAg clearance, while baseline HBV RNA and HBV 

DNA had similar predictive ability.

Evaluation of changes in HBV biomarkers during HBeAg and HBsAg clearance revealed: 1) 

HBeAg clearance resulted in greater relative declines in HBV RNA and HBcrAg compared 

to HBV DNA, suggesting that HBeAg clearance is associated with a greater inhibition of 

viral transcription than replication; 2) HBsAg clearance resulted in further decline in HBV 

DNA but no observable change in HBV RNA or HBcrAg, likely because cccDNA was 
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transcriptionally silent at baseline (indicated by unquantifiable HBV RNA and HBcrAg 

values) in most who cleared HBsAg approximately 48 weeks later.

In conclusion, our study highlights the value of monitoring cccDNA transcriptional 

activity via HBV RNA and HBcrAg as a predictor of HBeAg clearance. Additionally, it 

demonstrates that cccDNA transcriptional activity markedly declines after HBeAg clearance, 

and cccDNA transcriptional inactivity is a pre-requisite for HBsAg clearance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Grant support:

This study was funded by Abbott Diagnostics as an ancillary study of the Hepatitis B Research Network (HBRN) , 
which was supported by U01 grants from the National Institute of Diabetes and Digestive Diseases and Kidney 
Diseases, National Institutes of Health. This study was supported by the Intramural Research Program of the 
National Institute of Diabetes and Digestive Diseases and Kidney Diseases, National Institutes of Health.

REFERENCES

1. Magnius LO, et al. JAMA 1975;231:356–359. [PubMed: 45864] 

2. Lee W, et al. J Viral Hepat 2021 Nov;28(11):1526–1538. [PubMed: 34355475] 

3. Testoni B, et al. J Hepatol 2019 Apr;70(4):615–625. [PubMed: 30529504] 

4. Chen EQ, et al. J Viral Hepat 2019 May;26(5):586–595. [PubMed: 30632235] 

5. Ghany MG, et al. Clin Gastroenterol Hepatol 2015;13:183–192 [PubMed: 25010003] 

6. Ghany MG, et al. Hepatology 2021 Nov;74(5):2395–2409. [PubMed: 34133774] 

7. Wursthorn K, et al. J Viral Hep 2011;18:e179–183.

8. Reissinger A, et al. 2013; Available from: (http://apps.who.int/iris/handle/10665/96313).

9. Kimura T, et al. Journal of Clinical Microbiology 2002;40(2):439–45. [PubMed: 11825954] 

10. Terrault NA, et al. Hepatology 2022 Mar;75(3):709–723. [PubMed: 34743343] 

King et al. Page 4

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://apps.who.int/iris/handle/10665/96313


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

King et al. Page 5

Table 1.

Odds of HBeAg or HBsAg clearance by HBV serum marker (at baseline or change between time pointsa)

Odds ratio of clearance per 1 unit (log10) lower

Unadjusted OR (95% CI) P BICb Adjustedc OR (95% CI) P BICb

Outcome: HBeAg Clearance N=50 N=48

Baseline

 HBV DNA (log10 U/mL) 1.59 (1.22–2.09) 0.002 60.7 1.58 (1.03–2.41) 0.04 63.9

 HBV RNA (log10 U/mL) 2.37 (1.44–3.92) 0.002 57.1 2.71 (1.33–5.52) 0.009 57.0

 HBcrAg (log10 U/mL) 3.45 (1.71–6.96) 0.001 52.9 6.22 (1.61–24.04) 0.01 49.6

Change (follow-up-baseline)

 HBV DNA (log10 U/mL) 1.06 (0.83–1.36) 0.60 77.7 1.05 (0.75–1.48) 0.76 68.9

 HBV RNA (log10 U/mL) 2.99 (1.35–6.61) 0.009 62.4 4.85 (1.61–14.55) 0.007 54.0

 HBcrAg (log10 U/mL) 2.08 (1.16–3.73) 0.02 68.8 2.75 (1.01–7.47) 0.048 62.8

Outcome: HBsAg Clearance N=40 N=38

Baseline

 HBV DNA (log10 IU/mL) 10.43 (2.17–50.06) 0.006 45.2 11.42 (1.92–68.00) 0.01 50.8

 HBV RNA (log10 U/mL) 18.84 (2.12–167.66) 0.01 43.9 21.42 (1.97–232.93) 0.02 50.0

 HBcrAg (log10 U/mL) 1.29 (0.80–2.08) 0.27 62.7 1.36 (0.71–2.60) 0.33 66.3

Change (follow-up-baseline)

 HBV DNA (log10 IU/mL) 4.88 (1.37–17.35) 0.02 54.1 8.93 (1.60–49.81) 0.02 55.0

 HBV RNA (log10 U/mL) 0.90 (0.37–2.20) 0.81 64.0 0.86 (0.32–2.30) 0.75 67.2

 HBcrAg (log10 U/mL) 0.96 (0.61–1.49) 0.84 64.0 0.95 (0.58–1.57) 0.84 67.2

Acronyms: BIC, Bayesian information criterion ; DNA, deoxyribonucleic acid; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e 
antigen; HBV, hepatitis B virus; OR, odds ratio; RNA, ribonucleic acid

a
Baseline was approximately 48 weeks prior to outcome assessment. Follow-up was approximately 72 weeks later.

b
A lower BIC is good evidence of a better model fit when comparing models for the same outcome with the same number of independent variables.

c
Adjusted for baseline ALT x ULN and HBV treatment ≥24 weeks in past 36 weeks prior to outcome assessment (HBV treatment use was 68% 

among cases and 20% among controls in the HBeAg sample; 0% among cases and 5% among controls in the HBsAg sample). One pair (n=2 
participants) for each outcome was excluded from the model due to missing baseline ALT.
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