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While hepatitis B virus (HBV) persists in cells through the establishment of a stable episomal DNA [1], 

hepatitis delta virus (HDV) is thought to be maintained in infected organisms likely by viral spreading. 

This hypothesis arose from our knowledge of the HDV life cycle that includes the production of an edited 

genome and a viral protein (L-HDAg) necessary for HDV morphogenesis but inhibiting its replication [2]. 

This is now enforced by Zhang and colleagues reporting a short half-life of HDV RNAs [3] that would 

not allow HDV maintenance into non-dividing cells. Although the existence of long term HDV persistence 

in cells was suspected in mice [4, 5], HDV spreading was thought to occur exclusively thanks to the 

hijacking of HBV envelope for its secretion and re-infection of naïve cells [2].  

Several therapeutic options aiming to cure HDV infection have entered the clinic (reviewed in 

[6] and Figure 1). Bulevirtide (previously called Myrcludex-B®) is a peptide that block HDV entry into 

cells by competing with the virus for its binding to the NTCP receptor (Figure 1). Lonafarnib, a farnesyl 

transferase inhibitor (FTI) was initially designed to decrease the secretion of HDV particles since L-

HDAg needs to be farnesylated to interact with the HBV envelop proteins (Figure 1). A recent study 

reported that the remaining released particles (escaping the canonical function of FTI) are mostly non-

infectious notably because they contain an edited version of the HDV genome [7] (Figure 1). Nucleic 

acids polymers (NAPs) were also reported to potentially act on viral egress by blocking HBsAg release 

[8] (Figure 1). However, a spreading of HDV occurring exclusively through its secretion with HBV 

envelope would not explain how HDV can be maintained in patients experiencing liver transplantation 

and receiving anti-HBsAg therapies [9] or in HDV mono-infected mice [4]. Moreover, results from clinical 
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trials with bulevirtide, lonafarnib or NAPs and the first real-life studies for bulevirtide (that received an 

conditional authorization for the use in patients in the European Union since 2020) suggested that 

antiviral effects of either of the drugs are rather limited when used in monotherapy and become very 

potent for HDV patients as soon as combined to interferon alpha (IFN-α) [10]. 

A new publication from Stephan Urban’s laboratory at the University Hospital Heidelberg, 

published in this issue of the journal sheds light on the functional role of IFN-α for HDV spread and 

propagation which may have important implications for the clinical development of novel combination 

therapies for HDV cure. In an elegant study, Zhang et al. unraveled that HDV propagates from mother 

to daughter cells upon mitosis and that exogenous IFN-α treatment (but neither bulevirtide nor 

lonafarnib) specifically blocks this cell-to-cell spreading [3] (Figure 1). Moreover, by comparing two HDV 

infection models, they observed a marked inhibition of HDV spreading following cell division in 

differentiated HepaRG (dHepaRG) cells compared to HuH7-NTCP cells, that do not exhibit MDA5-

mediated innate immune response upon HDV infection [11]. Of note, the knock-down of MDA5 

expression in dHepaRG cells induced virus spreading, confirming that not only exogenous IFN 

treatment, but also HDV-induced cellular type I IFN expression restrict cell-to-cell transmission of HDV 

[3]. Of note, to exclude spreading induced by the release of viral particles, the entire study was 

performed from HDV mono-infected cells in vitro [3] and the importance of this cell-to-cell transmission 

(over transmission via secreted particles) and its inhibition by IFN-α treatment in HBV/HDV co-infected 

patients has not been addressed yet. Indeed, the presence of HBsAg might favor HDV assembly over 

cell-to-cell spreading and as human hepatocytes are competent for IFN production upon HDV infection 

[11], HDV cell-to-cell propagation could be as limited in patients as observed in HepaRG cells.  

The study from Zhang et al. uncovers a new mechanism of how IFN affects the HDV life cycle. 

Besides activation of the innate immune cells, IFN-α has been described to directly affect numerous 

steps of the HDV life cycle including entry [12], replication and secretion [13]. Here, Zhang et al. 

demonstrated that IFN-α also abrogates cell-to-cell propagation [3] (Figure 1). In theory, IFN-α 

combines more antiviral effects than bulevirtide, lonafarnib and NAPs and should thereby be very potent 

at inhibiting HDV. However, IFN-α-based monotherapies were shown to suppress HDV viremia only in 

a limited number of patients with relapses after arrest of treatment being very often reported [14]. The 

molecular bases of the low responsiveness of HBV/HDV co-infected patients to IFN-α therapies are 

unknown. Type I IFNs initiate a signaling cascade via IFN-α/β receptors (IFNAR) through the JAK-STAT 



pathway, which transcribes hundreds of IFN-stimulated genes (ISGs) and it has been suggested that 

both HBV and HDV could inhibit the JAK-STAT signaling pathway and hence the response to exogenous 

IFN [15]. Moreover, whereas HBV is considered as a weak inducer of innate responses [16, 17], HDV 

strongly activates the IFN pathway via MDA5 as mentioned above [11, 13]. The low effectiveness of 

IFN-based therapies in patients may therefore be due to the basal up-regulation of ISGs expression, as 

previously shown in in the case of HCV-infected patients [18]. Nevertheless, the efficacy of the current 

trials using innovative molecules are strongly enhanced when combined with IFN-α, suggesting the 

existence of synergistic effects of these molecules in patients. Zhang et al. propose that the efficacy of 

the combined treatment may be due to the paralleled inhibition of both cell-to-cell- (by IFN-α) and viral 

particles-mediated spreading (by either lonafarnib or bulevirtide).  

 Assuming a crucial role of IFN-α in combination therapy, adverse effects induced by this broad 

antiviral molecule still remain a clinical limitation. Even though the use of IFN-lamba might be an 

alternative with lower side effects (reviewed in [6]), the understanding of the comprehensive role of type 

I IFN in the HDV life cycle, and notably the identification of ISGs with antiviral effector functions would 

help to consider more targeted antiviral options. Surprisingly, only proviral ISGs have been described 

as involved in the HDV life cycle so far, such as ADAR-1  and MOV-10 (reviewed in [2]). ISGs with an 

antiviral effect against HDV remains to be identified in order to provide insights into resistance to IFN-α 

treatment as well as to allow the development of new antiviral strategies with less side effects than IFN-

α based therapies. To this end, lessons from chronic HBV infection shade light into putative strategies 

that may be considered. In chronic HBV-infected patients, correlations between the response to IFN 

treatment and single nucleotide polymorphisms (SNP) within the coding sequence of ISGs have been 

reported, including IFIT1 [19]. Genome Wide Association Studies (GWAS), analyzing the association 

between gene polymorphism and treatment responses in chronically HDV infected patients might 

therefore be another step toward the identification of effector genes specifically targeting HDV, and 

notably preventing cell-to-cell spreading.  

In conclusion, the study from Zhang et al provides new knowledge on the interplay between 

HDV and the innate immune response, advancing previous studies from the same group [11, 20]. 

Finally, by providing a previously undiscovered mechanism of action of type I IFNs against HDV, the 

study by Zhang et al. will likely contribute also to the clinical development of novel combination therapies 

tackling this global health threat. 



Figure Legend:  

Figure 1: Current antiviral strategies against HDV infection. 

 

Conflict of interest: The authors declared that they do not have anything to disclose regarding funding 

or conflict of interest with respect to this manuscript. 

 

Authors’ contributions: J.L wrote the first draft of the manuscript and drew the figure. E.R.V. and 

T.F.B. reviewed and edited the manuscript.   

 

Acknowledgements:  The authors acknowledge research support by the European Union (ERC-AdG-

2014-HEPCIR #671231, ERC-AdG-2020-FIBCAN #101021417, the French Cancer Agency 

(TheraHCC2.0 IHU201901299), the Agence Nationale de Recherche sur le Sida et les hépatites virales 

(ANRS), the French National Research Agency (ANR-21-CE15-0035-01 DELTArget), the University of 

Strasbourg (IdEx AAP2021 DeltaSig), This work of the Interdisciplinary Thematic Institute IMCBio, as 

part of the ITI 2021-2028 program of the University of Strasbourg, CNRS and Inserm, was supported 

by IdEx Unistra (ANR-10-IDEX-0002), and by SFRI-STRAT’US project (ANR 20-SFRI-0012) and EUR 

IMCBio (ANR-17-EURE-0023) under the framework of the French Investments for the Future Program. 

 

References 

1. Lucifora, J. and Protzer, U., Attacking hepatitis B virus cccDNA--The holy grail to hepatitis 
B cure. J Hepatol, 64 (2016), pp. S41-S48. 

2. Lucifora, J. and Delphin, M., Current knowledge on Hepatitis Delta Virus replication. 
Antiviral Res, 179 (2020), pp. 104812. 

3. Zhang, Z., Ni, Y., Lempp, F.A., Walter, L., Mutz, P., Bartenschlager, R., and Urban, S., Hepatitis 
D virus-induced interferon response and administered interferons control cell division-
mediated virus spread. J Hepatol  (2022). In press. 

4. Giersch, K., Bhadra, O.D., Volz, T., Allweiss, L., Riecken, K., Fehse, B., Lohse, A.W., Petersen, 
J., Sureau, C., Urban, S., Dandri, M., and Lutgehetmann, M., Hepatitis delta virus persists 
during liver regeneration and is amplified through cell division both in vitro and in vivo. 
Gut, 68 (2019), pp. 150-157. 

5. Giersch, K., Helbig, M., Volz, T., Allweiss, L., Mancke, L.V., Lohse, A.W., Polywka, S., Pollok, 
J.M., Petersen, J., Taylor, J., Dandri, M., and Lutgehetmann, M., Persistent hepatitis D virus 
mono-infection in humanized mice is efficiently converted by hepatitis B virus to a 
productive co-infection. J Hepatol, 60 (2014), pp. 538-44. 

6. Turon-Lagot, V., Saviano, A., Schuster, C., Baumert, T.F., and Verrier, E.R., Targeting the 
Host for New Therapeutic Perspectives in Hepatitis D. J Clin Med, 9 (2020), pp. 222. 



7. Verrier, E.R., Salvetti, A., Pons, C., Michelet, M., Rivoire, M., Baumert, T.F., Durantel, D., and 
Lucifora, J., Loss of hepatitis D virus infectivity upon farnesyl transferase inhibitor 
treatment associates with increasing RNA editing rates revealed by a new RT-ddPCR 
method. Antiviral Res, 198 (2022), pp. 105250. 

8. Vaillant, A., Editorial: In vitro mechanistic evaluation of nucleic acid polymers: A 
cautionary tale. Mol Ther Nucleic Acids, 28 (2022), pp. 168-174. 

9. Mederacke, I., Filmann, N., Yurdaydin, C., Bremer, B., Puls, F., Zacher, B.J., Heidrich, B., 
Tillmann, H.L., Rosenau, J., Bock, C.T., Savas, B., Helfritz, F., Lehner, F., Strassburg, C.P., 
Klempnauer, J., Wursthorn, K., Lehmann, U., Manns, M.P., Herrmann, E., and Wedemeyer, H., 
Rapid early HDV RNA decline in the peripheral blood but prolonged intrahepatic hepatitis 
delta antigen persistence after liver transplantation. J Hepatol, 56 (2012), pp. 115-22. 

10. Urban, S., Neumann-Haefelin, C., and Lampertico, P., Hepatitis D virus in 2021: virology, 
immunology and new treatment approaches for a difficult-to-treat disease. Gut, 70 (2021), 
pp. 1782-1794. 

11. Zhang, Z., Filzmayer, C., Ni, Y., Sultmann, H., Mutz, P., Hiet, M.S., Vondran, F.W.R., 
Bartenschlager, R., and Urban, S., Hepatitis D virus replication is sensed by MDA5 and 
induces IFN-beta/lambda responses in hepatocytes. J Hepatol, 69 (2018), pp. 25-35. 

12. Han, Z., Nogusa, S., Nicolas, E., Balachandran, S., and Taylor, J., Interferon impedes an early 
step of hepatitis delta virus infection. PLoS One, 6 (2011), pp. e22415. 

13. Alfaiate, D., Lucifora, J., Abeywickrama-Samarakoon, N., Michelet, M., Testoni, B., Cortay, J.C., 
Sureau, C., Zoulim, F., Deny, P., and Durantel, D., HDV RNA replication is associated with 
HBV repression and interferon-stimulated genes induction in super-infected 
hepatocytes. Antiviral Res, 136 (2016), pp. 19-31. 

14. Heidrich, B., Yurdaydin, C., Kabacam, G., Ratsch, B.A., Zachou, K., Bremer, B., Dalekos, G.N., 
Erhardt, A., Tabak, F., Yalcin, K., Gurel, S., Zeuzem, S., Cornberg, M., Bock, C.T., Manns, M.P., 
Wedemeyer, H., and Group, H.-S., Late HDV RNA relapse after peginterferon alpha-based 
therapy of chronic hepatitis delta. Hepatology, 60 (2014), pp. 87-97. 

15. Pugnale, P., Pazienza, V., Guilloux, K., and Negro, F., Hepatitis delta virus inhibits alpha 
interferon signaling. Hepatology, 49 (2009), pp. 398-406. 

16. Luangsay, S., Gruffaz, M., Isorce, N., Testoni, B., Michelet, M., Faure-Dupuy, S., Maadadi, S., 
Ait-Goughoulte, M., Parent, R., Rivoire, M., Javanbakht, H., Lucifora, J., Durantel, D., and 
Zoulim, F., Early inhibition of hepatocyte innate responses by hepatitis B virus. J Hepatol, 
63 (2015), pp. 1314-22. 

17. Verrier, E.R., Yim, S.A., Heydmann, L., El Saghire, H., Bach, C., Turon-Lagot, V., Mailly, L., 
Durand, S.C., Lucifora, J., Durantel, D., Pessaux, P., Manel, N., Hirsch, I., Zeisel, M.B., Pochet, 
N., Schuster, C., and Baumert, T.F., Hepatitis B Virus Evasion From Cyclic Guanosine 
Monophosphate-Adenosine Monophosphate Synthase Sensing in Human Hepatocytes. 
Hepatology, 68 (2018), pp. 1695-1709. 

18. Honda, M., Nakamura, M., Tateno, M., Sakai, A., Shimakami, T., Shirasaki, T., Yamashita, T., 
Arai, K., Yamashita, T., Sakai, Y., and Kaneko, S., Differential interferon signaling in liver 
lobule and portal area cells under treatment for chronic hepatitis C. J Hepatol, 53 (2010), 
pp. 817-26. 

19. Xie, D.Y., Wang, S.M., Yang, J.M., Wang, L.H., Chen, H.Y., Huai, C., Shang, J., Mao, Q., Lei, 
C.L., Luo, G.H., Qian, J., and Lu, D.R., IFIT1 polymorphisms predict interferon-alpha 
treatment efficiency for hepatitis B virus infection. World J Gastroenterol, 22 (2016), pp. 
9813-9821. 

20. Wang, W., Lempp, F.A., Schlund, F., Walter, L., Decker, C.C., Zhang, Z., Ni, Y., and Urban, S., 
Assembly and infection efficacy of hepatitis B virus surface protein exchanges in 8 
hepatitis D virus genotype isolates. J Hepatol, 75 (2021), pp. 311-323. 



hepatocytes

HDV RNP

integrated
HBV DNAcccDNA

HBV

Bulivertide

Lonafarnib
(FTI)

IFN‐𝝰

NAPs

secretion of 
HDV particles

infectivity of 
HDV particles

entry of HDV 
particles

cell to cell
spreading
of HDV 
RNP

cell division
amplification 
of HDV RNAs
and/or HDAg
synthesis

IFN‐𝝰

IFN‐𝝰

IFN‐𝝰

HDV


	comment JHepatol Urban 2022 HDV IFN-revised_EV_CLEAN
	Figure1_R1

