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La diagnostica dell’infezione da HBV e HDV



New challenges on 

HBV and HDV clinical research

New anti-HBV

to achieve functional cure
Novel strategies based on 

NUC-suspension

New anti-HDV drugs for finite

or long term therapy

Novel concepts on 

HBV occult infection



• The success of all these apects is strictly related to the availablity of advanced 

diagnostics based on reliable and accurate biomarkers for a proper 

characterization of HBV intrahepatic reservoir 

Charre et al., AVR 2019
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Overview of classical and novel HBV biomarkers so far available 



Nguyen, T. and Locarnini, S. 

Nat. Rev. Gastroenterol. Hepatol. 2009

• Serum HBV-DNA: an excellent biomarker to monitor the efficacy of NUC. 

Nevertheless, it cannot provide information on the intrahepatic HBV reservoir in 

virologically suppressed patients

Serum HBV-DNA 

quantification



• Quantification of total HBsAg: it allows to quantify all the forms of HBsAg, 

including Large-HBs, Medium-HBs and Small-HBs 

Cornberg and Glebe APT 2021

Total HBsAg



When to use HBsAg quantification: 

Stopping rules to interferon-alpha

Rijckborst et al. Hepatology 2010, Rijckborst et al. 

J Hepatol 2012, Lampertico P, et al. EASL 2012

Prediction of vertical transmission
HBsAg>4.1 log10IU/mL identified mothers

who had transmitted the virus to their newborn with 

100%sensitivity and 71% specificity (EASL guidelines)

Differential diagnosis between HBeAg-

negative infection and hepatitis

Brunetto et al., Hepatology 2010



In chronic HBV infection, a category of individuals deserving clinical 

attention is represented by HBeAg-negative patients with low serum 

HBV-DNA: need to differentiate patients with

HBeAg-negative

infection

Diagnostic objective

HBeAg-negative

hepatitis (in remission phase)

(Lower risk of

disease progression)

(Higher risk of

disease progression)



Werle et al., Gastroenterology 2004

• HBsAg-positive

• HBeAg-negative

• HBV DNA <2000IU/ml

• Persistently normal transaminases

• Comparable cccDNA burden

Common features between HBeAg-negative infection 

and HBeAg-negative hepatitis (in remission phase)

Quantitative HBsAg can help us in 

discriminating these 2 conditions



HBsAg quantification plays a pivotal role in the differential diagnosis

between HBeAg-negative infection and hepatitis

Normal ALT levels combined with HBV DNA levels ≤2,000 IU/ml and qHBsAg levels <1,000 IU/ml at a single 

time point had a positive predictive value (PPV) of 88% and a negative predictive value (NPV) of 97% for the 

iden- tification of inactive carriers in those with genotype D chronic HBV infection

In HBeAg-negative patients with genotype B or C HBV infection, these three combined criteria had a PPV of 

83% and a NPV of 74% for identifying inactive carriers

Brunetto et al., Gastroenterology 2010

Liu et al., Hepatology 2016

Serum levels of hepatitis B surface antigen and DNA can predict

inactive carriers with low risk of disease progression



Ultra-sensitive 

HBsAg

Quantification of 3 

HBsAg forms
Quantification of HBsAg

immunocomplexes

Going towards an optimization of HBsAg

pre-S1 pre-S2 S domain

pre-S2 S domain

S domain

Large-HBs

Middle-HBs

Small-HBs



• In conclusion, an increase in M-HBs levels characterizes a significant fraction of HCC-patients while 

under prolonged HBV suppression and stable/reduced total-HBs. The role of M-HBs kinetics in 

identifying patients at higher HCC risk deserves further investigation.

• Multivariate analysis identified age ≥53 years and preS1/HBsAg ratio ≥0.12 as significant and 

independent factors for HCC development in CHB patients. The preS1/HBsAg ratio directly reflects

liver fibrosis, and the ratio might be a predictive marker for HCC development in CHB patients. 

Brancaccio, Salpini et al., Microorganisms 2021

Nishida et al., JVH 2021



An important concept to be taken into account on HBsAg……



• In HBeAg-negative hepatitis, integrated HBV DNA may be important source of 

HBsAg

Wang and Duscheiko, Gastroenterol 2019

Liaw, Nature Reviews 2019

Meier et J Hepatol 2021

HBsAg amount can derive from

cccDNA Integrated HBV DNA

HBV DNA



• In HBeAg-negative hepatitis, integrated HBV DNA may be important source of 

HBsAg even in presence of completely silenced cccDNA

Wang and Duscheiko, Gastroenterol 2019

Liaw, Nature Reviews 2019

Meier et J Hepatol 2021

HBsAg amount can derive from

cccDNA Integrated HBV DNA

HBV DNA
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Overall findings support the importance to integrate 

classical and novel HBV biomarkers
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Towards the optimization of classical biomarkers



Modified from A. Marzano 

Increased proportion of HBeAg-positive young patients in Italy



Predict spontaneous 

HBeAg seroconversion

Distinguish between 

slow, rapid and non-

responders to NUC

Quantification of HBeAg can be useful to 

Predict HBeAg 

seroconversion under 

NUC or IFN treatment

Buster et al., Am J Gastroenterol 2009; Thompson et al., Hepatology 2010; Lee 

et al., Hepatology 2011; Matthews et al., Plos One 2013; Boyd et al., Liver Int

2015; Kramvis et al., Front Microbiol 2018; Lee et al., JVH 2021



Piermatteo et al., Biomedicines 2021

Median time of observation: 24 (min-max 12-36) months

In immunesuppressed patients with HBV-reactivation, 

the combination of high qHBeAg and high qHBsAg identifies patients 

not reaching HBeAg seroconversion during anti-HBV treatment



What about anti-HBc titer?



Anti-HBc titers can represent a valid surrogate marker 

for estimating HBV intrahepatic reservoir



Yang et al., J Hepatol 2018

The combination of anti-HBc>3COI and anti-HBs 

persistently or declining to <50mIU/ml correlates with a 

higher risk to develop HBV-reactivation after suspending 

antiviral prophylaxis in oncohematological patients

Baseline anti-HBc >6.4COI + anti-HBs<56.48mIU/ml may

predict HBV reactivation in patients with lymphoma and 

help optimize prophylactic antiviral therapy for high-

risk patients
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Cerva & Salpini et al., EASL 2019 and 

manuscript under submission

The added value of combining anti-HBc and anti-HBs

to predict HBV reactivation risk
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The quantification of HBcrAg reflects the capsid protein HBcAg, HBeAg

and a precore protein (p22) coded with the precore/core region

Testoni et al., J Hepatol 2018

• In HBeAg positive patients, HBcrAg mainly 

reflects the total amount of cccDNA. This is 

explained by the fact that HBcrAg is the measure of 

the translation of both pre-core and pgRNA cccDNA

transcripts

• In HBeAg negative patiens, HBcrAg correlates 

better with cccDNA trasncriptional activity (pgRNA

and pgRNA/cccDNA) since HBcrAg is the measure 

of pgRNA translation 



HBV-infected hepatocytes can release:

- viral particles containing HBV-DNA produced by RT

- viral particles containing pre-genomic RNA (not retrotranscribed)

- Thus, serum HBV-RNA measures the release of viral particles containing pre-genomic RNA

and thus it measures cccDNA transcriptional activity 

Fanning et al., Nature Review 2019



The role of HBcrAg and serum HBV-RNA has been investigated in different clinical 

clinical settings:

- Differential diagnosis between HBeAg chronic infection and hepatitis (Wang et al., JVH 

2018; Mak et al., Aliment Pharmacol Ther 2018; Brunetto et al., APT 2020)

- Risk to develop HCC (Honda 2016; Tada 2016, Tseng 2019 Hosaka 2019) 

and also…..



• NUCs cannot affect the production of HBcrAg and serum HBV-RNA

• The biomarkers provide the advantage to measure intrahepatic HBV 

reservoir in virologically suppressed patients

DNA

DNA
DNA

RNA
RNA

RNA

NUC HBeAg
HBsAg

HBcrAg



• HBcrAg and serum HBV-RNA progressively decrease during long term NUC 

treatment

• At 5 year of treatment, 14% and 27% of patients are still positive to serum HBV-RNA 

and HBcrAg

Carey et al., Hepatology 2020



Liu et al., APT 2020



The progressive decrease in HBcrAg and serum HBV-RNA levels can be 

explained:

• potential weakening of cccDNA transcriptional activity during NUC 

treatment? (according to Balagopal et l., JCI Insight. 2020)

• reduced pool of infected hepatocytes? (according to  Huang et al., Hepatology 2021)

Further studies are necessary to unravel this intriguing topic 

not perceived by using the classical HBV markers



HBV biomarkers & NUC suspension



Outcomes of NUC suspension:

- Achieving the status of HBeAg-negative chronic infection

- Achieving the status of HBsAg loss (functional cure)

- Need to restart treatment

S
e
ru

m
 H

B
V

-D
N

A

Prolonged NUC treatment

Need for retreatment

Virological control:

HBeAg-negative infection

HBsAg loss: 

HBV functional cure

Modified from García-López M, et al. DILC 2020



RESULTS

• At median FU 34 months (IQR 26−37): 

• 22 (81%) patients remain off therapy

• HBsAg loss in 8 (30% of total cohort)

• 5 (19%) required NA reintroduction due to relapse

• All patients had detectable cccDNA with similar levels regardless of clinical outcomes

• Baseline HBsAg correlated significantly with iHBV DNA (rho = 0.65, p<0.001) and iHBV RNA 

(rho = 0.48, p<0.05), and these were lower in patients achieving HBsAg loss

• Decreased cccDNA transcription levels are associated with HBsAg loss

García-López M, et al. J Hepatol 2020



A lower HBsAg (reflecting a limited HBV reservoir) at NUC suspension 

correlates with higher probability to achieve HBsAg loss

García-López M, et al. J Hepatol 2020



Sonneveld et al., Clin Gastroenterol Hepatol. 2020 

Seto et al., GUT 2020

Conclusion: Serum HBV RNA measurement is essential for deciding on entecavir cessation in patients

with chronic HBV, especially with low HBsAg levels. Patients can be stratified on their risk of off-treatment 

relapse based on both viral determinants.

Conclusions: In this multicenter study, off-treatment outcomes after NA cessation varied with ethnicity. Lower 

levels of HBcrAg and HBsAg were associated with favorable outcomes.



• These findings highlight the importance of a limited intrahepatic HBV 

reservoir as a pre-requisite for the success of NUC suspension

• At the same time, these data reinforce the importance to properly 

integrate HBV biomarkers to optimize the management of HBV infected 

patients



HDV: the smallest RNA virus, 

causing the most severe forms of hepatitis



Engle et al., mBio 2020

• We found that distinct cytokine profiles were associated with disease severity and clinical outcome. 

In particular, resolution of classic acute hepatitis B (AHB) correlated with a predominant Th1 

response, whereas HBV/HDV coinfection showed a predominant proinflamma- tory response. 

• Severe AHB and HDV superinfection showed a restricted cytokine pro- file and no evidence of Th1 

response. 

• The lack of cytokines associated with adaptive T-cell responses toward the precore HBV 

mutant and HDV superinfection argues in favor of a direct cytopathic effect of these

viruses. 



• Chronic HDV infection can evolge towards cirrhosis in 70-80% of patients within a 

decade within 5-10 years (Fattovich et al., J Hepatol 2008). 

• The probability of survival at 5 and 10 years is of 49 e 40%, respectively (Sereau et 

al., J Hepatol 2016)



The pathogenic role of HDV strongly highlights the need to:

• Sensitize clinicians to extend HDV testing

• Set up a systematic screening of HBsAg-positive patients

• Set up adequate prevention program



In patients positive to anti-HDV, the quantification of serum HDV-RNA is crucial to

- retrieve information on disease progression

- monitor  virological response to new anti-HDV drugs



• HDV RNA viremia is associated with a 

3.8-fold higher risk for liver-related

outcomes. 

• The prognosis was rather poor for 

patients with HDV viremia without cir-

rhosis at baseline

• Our findings may be of importance when

making decisions about treatment and 

evaluating potential outcomes of 

upcoming antivirals against HDV. 

Kamal et al., Hepatology 2020



In patients positive to anti-HDV, the quantification of serum HDV-RNA is crucial to

- retrieve information on disease progression

- monitor  virological response to new anti-HDV drugs



Anti-HDV treatment : two possible approaches

• Long-term monotherapy

• Finite treatment with IFN with the ultimate goal to achieve HDV 

functional cure 



Bremer et al., Liver International 2020

• We found that detection of low HDV viraemia during treatment with PEG-IFNa was associated with a 

high risk for post-treatment virological relapse. 

• Our findings confirm this association for the first time for interferon-based treatment of HDV infection

as the risk of post-treatment relapse increased by about three-fold if HDV RNA was detectable in the 

highly sensitive assay. 

• Our study highlights that reliable measurement of HDV viral load is crucial for an optimal patient

management. 



• The spectrum of HBV biomarkers has increased:

- Current data highlight the importance to properly integrate and combine the 

classical and novel biomarkers

• HDV diagnostics need to be further improved in term of enhanced screening and 

accurate assays for HDV-RNA quantification

• These issues are crucial for a precision medicine approach to HBsAg-positive 

patients with or without HDV coinfection

Conclusions


