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Background
Hepatitis D virus (HDV) requires the 
presence of hepatitis B virus for 
replication and infection, and is associated 
with accelerated progression to cirrhosis 
and an increased risk of hepatocellular 
carcinoma. Approximately 4% of 
Australians living with hepatitis B are 
infected with HDV, although it is likely 
that HDV remains underdiagnosed.

Objectives
This paper highlights the importance of 
screening for HDV in patients living with 
chronic hepatitis B (CHB) and provides 
an overview of diagnosis and treatment 
approaches for general practitioners 
(GPs), with the hope of reducing 
preventable liver-related morbidity 
and mortality in people living with 
CHB and HDV coinfection.

Discussion
The diversity of risk factors and 
geographical origins of patients in 
the multicultural Australian populace 
highlights the need for routine testing 
for HDV in patients diagnosed with CHB. 
GPs have a pivotal role in the diagnosis 
of HDV and should, if possible, promptly 
refer patients to non-GP specialist 
physicians to consider HDV therapy.

HEPATITIS D VIRUS is a small single-stranded 
RNA virus that is classically thought to 
require the surface antigen of hepatitis B 
virus (HBV) to facilitate virion assembly, 
transmission between hepatocytes and 
dissemination between hosts.1 Although 
some in vitro and animal in vivo data 
suggest that HDV can use other surface 
glycoproteins to propagate independent of 
HBV, in general, human HDV infection is 
only possible if an individual has comorbid 
chronic hepatitis B (CHB).2 It has been 
previously estimated that HDV affects 
12 million people worldwide;3 however, 
some estimates suggest that the global 
burden is much greater, with up to 60 million 
individuals infected with HDV.4–10 Of the 
eight genotypes of HDV,11,12 genotype 1 is 
predominant worldwide and in Australia.13 
Transmission of HDV in endemic regions 
often occurs within families through 
contact with infected bodily fluids or 
blood, whereas in non-endemic regions 
at-risk populations include men who have 
sex with men (MSM) and people who inject 
drugs (PWID). The aims of this article are 
to highlight the importance of screening 
for HDV in patients with CHB infection in 
primary care and to provide an overview 
of diagnosis and treatment.

Acute infection with HBV and HDV 
simultaneously (acute coinfection) 
is clinically indistinguishable from 
classical acute HBV and is often transient 
and self-limited.14 In contrast, HDV 

superinfection of an individual with CHB 
can present as a severe acute hepatitis or as 
an exacerbation of CHB, with progression 
to chronic HDV infection occurring in 
80–100% of cases.15 HDV superinfection 
can also present as a rapidly progressive 
fulminant hepatitis necessitating 
urgent admission and potential liver 
transplantation.16 

Chronic HDV infection may be 
asymptomatic, whereas some infected 
individuals may develop a spectrum of 
symptoms ranging from malaise, anorexia 
and fatigue through to acute liver failure.17 
Chronic HDV infection is one of the most 
severe forms of viral hepatitis, associated 
with accelerated progression to cirrhosis, 
with 50–70% of patients developing 
cirrhosis within 5–10 years, a threefold 
increase compared with patients with 
HBV monoinfection.18 Patients with 
chronic HDV are also at greater risk of 
hepatic decompensation, hepatocellular 
carcinoma (HCC) and fulminant hepatitis 
than those with CHB monoinfection.19–21 
The five-year mortality rate of patients 
with HDV is twice that of those with 
HBV monoinfection.22 In addition, 
HDV-infected patients accounted 
for approximately 25% of hepatitis B 
surface antigen (HBsAg)-positive liver 
transplant recipients in the European Liver 
Transplant Registry.18 Although there are 
nuanced guidelines for HCC surveillance 
in patients with CHB monoinfection, 
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all patients with HDV/HBV coinfection 
should be offered HCC surveillance.23

To summarise: 
• HDV requires active HBV infection 

to replicate
• Australian patients living with CHB 

who subsequently contract HDV 
are at a very high risk of developing 
chronic HDV/CHB coinfection 

• patients living with HDV/CHB 
coinfection have an increased risk of 
hepatic decompensation, HCC and 
death compared with patients living 
with CHB monoinfection.

Epidemiology of HDV in Australia
There is substantial variability in 
the seroprevalence of HDV among 
HBsAg-positive carriers worldwide.24 
HDV infection is endemic within 
regions including western Africa, central 
and northern Asia, the Middle East, 
Eastern Europe and the Amazonian and 
Mediterranean basins.8,24 In Western 
countries, HDV infection is largely 
confined to high-risk population groups, 
such as PWID and, importantly, those who 
have migrated from countries with a high 
burden of HDV disease.8,24

Based on annually reported data 
from the National Notifiable Disease 
Surveillance System, the primary source 
of hepatitis D epidemiological data in 
Australia, an average of 48 cases of 
newly diagnosed HDV were notified 
each year between 2010 and 2016.25 
Studies conducted across Australia 
have demonstrated a seroprevalence 
of HDV infection of 4.1% among 
4407 HBsAg-positive people tested in 
Queensland between 1997 and 2016; 
similarly, HDV positivity was seen in 4.8% 
of 2314 Victorians tested between 2000 
and 2009.26,27 In Australia, most patients 
living with chronic HDV coinfection 
are born overseas, most commonly in 
Sudan, Vietnam or Pakistan.13 This 
reflects changes in migration patterns 
and highlights the need to screen all 
Australians born in these regions for 
chronic HBV infection, because many are 
born in regions traditionally considered 
to have a low prevalence of HDV.13 
Compared with the period 2000–09,27 

the population of patients diagnosed 
with HDV between 2010 and 2016 
is associated with increasing average 
age, a reduction in male predominance 
and PWID.13

Screening and diagnosis of HDV
Australian consensus guidelines 
recommend screening for HDV in all 
patients who test positive for HBsAg.23 
The recommended screening assessment 
for HDV is serum anti-HDV IgG, followed 
by HDV-RNA polymerase chain reaction 
(PCR) if confirmed.23 Antibody testing 
is imperfect: false positives may occur 
via cross-reactivity with other viral 
antibodies, although HDV-RNA PCR 
testing is both sensitive and specific.28 
Screening for both HDV and CHB 
(which may also be underdiagnosed in 
Australia)29 should also be considered in 
PWID and HIV-positive patients, MSM 
and immigrants from endemic areas.30 
There should be high suspicion for HDV 
in patients with HBV with persistently 
elevated liver tests despite suppressed 
viral load, because HDV coinfection 
directly suppresses HBV replication.26,31 
Hepatitis D virus is a notifiable disease in 
Australia, and thus must be notified within 
5 days of diagnosis. Australian guidelines 
recommend that individuals with HDV 
infection are referred to non-GP specialist 
care (including hepatologists and/or 
infectious diseases physicians) due to the 
increased risk of poor outcomes, as well as 
to consider the initiation of treatment. 

To summarise:
• guidelines support GP specialists 

screening for CHB in individuals at risk
• screening for HDV infection in 

patients living with CHB should occur 
at least once

• patients with HDV/CHB coinfection 
should, if possible, be referred to 
non-GP specialists for consideration 
of treatment initiation.

Goals of HDV treatment and 
treatment options
The principal goal of chronic HDV 
treatment is to prevent the development 
of complications, including cirrhosis, 

hepatic decompensation and HCC, and 
to reduce overall mortality. However, 
surrogate markers and endpoints of HDV 
treatment are not well defined.32 The ideal 
endpoint of HDV treatment efficacy would 
be the clearance of HBsAg or functional 
HBV cure with or without anti-HBsAg 
seroconversion. However, a more practical 
endpoint of anti-HDV therapy is to 
achieve a serum or plasma HDV-RNA 
titre below the lower limit of detection 
by PCR, both during and following 
treatment.22,32 However, given the high 
risk of late post-treatment virological 
relapse following interferon (IFN)-based 
therapies, a sustained response should be 
confirmed well beyond the discontinuation 
of treatment.17

Pegylated (PEG) IFN-α is the only 
available licensed treatment against 
chronic HDV infection with proven 
(albeit limited) anti-viral efficacy.30,33 
Recent studies investigating the efficacy 
of PEG-IFN-α have described HDV-RNA 
negativity in 15–40% of patients 24 weeks 
after the completion of 48 weeks of 
therapy.30,34,35 However, PEG-IFN-α has 
limited use in clinical practice because 
it is contraindicated in patients with 
decompensated liver disease, significant 
psychiatric comorbidities and autoimmune 
conditions.17 In addition, PEG-IFN-α 
therapy is associated with a number 
of adverse effects, including myalgias 
and arthralgias, flu-like symptoms, 
haematological toxicities and/or the 
exacerbation of psychiatric illnesses.36

Comprehensive Australian guidelines 
have been recently released for the 
treatment of CHB.23 Unfortunately, the 
mainstay of CHB therapy (oral nucleos(t)
ide analogues [NAs]) have shown no 
efficacy against HDV when used alone 
or in combination with PEG-IFN-α.37 
However, when combined with 
PEG-IFN-α, NAs have been shown to 
reduce HBsAg titres, and may be helpful 
in suppressing residual HBV replication in 
patients with HDV infection and advanced 
liver disease.34

There are several novel agents 
currently being evaluated as alternatives 
to PEG-IFN-α, including bulevirtide, 
which inhibits the sodium taurocholate 
cotransporting polypeptide, thereby 
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blocking the entry of HDV and HBV into 
hepatocytes.38 Bulevirtide has shown 
promising results in Phase III clinical trials, 
in which a reduction in HDV-RNA has 
been observed after 24 weeks of therapy 
when bulevirtide was administered as 
a monotherapy or in combination with 
PEG-IFN-α.38 For the many patients with 
HDV in whom PEG-IFN-α therapy is 
contraindicated, bulevirtide monotherapy 
may represent a promising suppressive 
strategy. Bulevirtide received conditional 
approval for the treatment of HDV by the 
European Medicines Agency in 2020.23

To summarise:
• PEG-IFN-α, although often poorly 

tolerated, has historically been the sole 
treatment for patients living with HDV

• GPs should be aware that patients 
treated with PEG-IFN-α with 
underlying psychiatric comorbidities 
may experience a worsening of 
symptoms and should be monitored 
for a deterioration in their mental state

• new therapeutic options for HDV are 
on the horizon and are likely to be 
better tolerated.

Conclusion
HDV is an important virus that can 
cause severe and rapidly progressive 
liver disease in patients with CHB. The 
Australian primary care population is 
at risk for HDV due to a combination 
of ethnic diversity and lifestyle factors. 
All patients living with CHB should be 
tested for HDV infection at least once. 
Patients living with HBV–HDV coinfection 
should ideally be offered a referral for 
specialist input and should be enrolled in 
an HCC surveillance program. With new 
treatments on the horizon, even patients 
who are disinterested in or unsuitable 
for PEG-IFN-α may soon be eligible for 
better-tolerated therapies with greater 
efficacy, and even the potential for cure. 

Key points
• HDV infection is associated with 

accelerated progression to cirrhosis 
and HCC. 

• Approximately 4% of Australians with 
HBV are diagnosed with HDV; however, 

this is likely an underestimation due to 
underdiagnosis. 

• The diversity of risk factors and 
geographical origin of patients living 
with HDV in Australia highlights the 
need for routine testing of patients 
diagnosed with CHB. 

• Patients living with HDV should be 
promptly referred to non-GP specialist 
physicians for risk stratification and 
consideration of initiating HDV therapy 
or enrolment in clinical trials.

• Current treatments are limited to 
PEG-IFN-α, but other novel agents 
are on the horizon. 

Authors
Carmela Cosentino BBiomedSc, MD, Junior Doctor, 
Basic Physician Trainee at Alfred Health, Department 
of Gastroenterology and Hepatology, Alfred Health, 
Melbourne, Vic
Daniel Clayton-Chubb BSc, MD, Consultant 
Gastroenterologist and Hepatologist, Department 
of Gastroenterology and Hepatology, Alfred Health, 
Melbourne, Vic
John S Lubel BDS, FDSRCS, MBBS, MRCP, 
FRACP, PhD, Consultant Gastroenterologist and 
Hepatologist, Department of Gastroenterology and 
Hepatology, Alfred Health, Melbourne, Vic; Adjunct 
Associate Professor, Central Clinical School, Monash 
University, Melbourne, Vic
Competing interests: JL reports non-financial and other 
support from the Gastroenterology Society of Australia 
and personal fees from the Gilead, AbbVie and Bayer 
advisory boards outside the submitted work. The other 
authors have no competing interests to declare.
Funding: None.
Provenance and peer review: Not commissioned, 
externally peer reviewed.
Correspondence to: 
J.Lubel@alfred.org.au

References
1. Alfaiate D, Dény P, Durantel D. Hepatitis delta 

virus: From biological and medical aspects to 
current and investigational therapeutic options. 
Antiviral Res 2015;122:112–29. doi: 10.1016/j.
antiviral.2015.08.009.

2. Perez-Vargas J, Amirache F, Boson B, et al. 
Enveloped viruses distinct from HBV induce 
dissemination of hepatitis D virus in vivo. Nat 
Commun 2019;10(1):2098. doi: 10.1038/s41467-
019-10117-z.

3. Stockdale AJ, Kreuels B, Henrion MYR, et al. 
The global prevalence of hepatitis D virus 
infection: Systematic review and meta-analysis. 
J Hepatol 2020;73(3):523–32. doi: 10.1016/j.
jhep.2020.04.008.

4. Chen HY, Shen DT, Ji DZ, et al. Prevalence and 
burden of hepatitis D virus infection in the global 
population: A systematic review and meta-
analysis. Gut 2019;68(3):512–21. doi: 10.1136/
gutjnl-2018-316601.

5. Miao Z, Zhang S, Ou X, et al. Estimating the global 
prevalence, disease progression, and clinical 
outcome of hepatitis delta virus infection. J Infect 
Dis 2020;221(10):1677–87. doi: 10.1093/infdis/
jiz633.

6. Komas NP, Ghosh S, Abdou-Chekaraou M, et al. 
Hepatitis B and hepatitis D virus infections in the 
Central African Republic, twenty-five years after a 
fulminant hepatitis outbreak, indicate continuing 
spread in asymptomatic young adults. PLoS Negl 
Trop Dis 2018;12(4):e0006377. doi: 10.1371/journal.
pntd.0006377.

7. Lin HH, Lee SS, Yu ML, et al. Changing hepatitis 
D virus epidemiology in a hepatitis B virus 
endemic area with a national vaccination program. 
Hepatology 2015;61(6):1870–79. doi: 10.1002/
hep.27742.

8. Gaeta GB, Stroffolini T, Chiaramonte M, et al. 
Chronic hepatitis D: A vanishing disease? An 
Italian multicenter study. Hepatology 2000;32(4 
Pt 1):824–27. doi: 10.1053/jhep.2000.17711.

9. Servant-Delmas A, Le Gal F, Gallian P, Gordien E, 
Laperche S. Increasing prevalence of HDV/HBV 
infection over 15 years in France. J Clin Virol 
2014;59(2):126–28. doi: 10.1016/j.jcv.2013.11.016.

10. Kucirka LM, Farzadegan H, Feld JJ, et al. 
Prevalence, correlates, and viral dynamics of 
hepatitis delta among injection drug users. J Infect 
Dis 2010;202(6):845–52. doi: 10.1086/655808.

11. Radjef N, Gordien E, Ivaniushina V, et al. 
Molecular phylogenetic analyses indicate a wide 
and ancient radiation of African hepatitis delta 
virus, suggesting a deltavirus genus of at least 
seven major clades. J Virol 2004;78(5):2537–44. 
doi: 10.1128/JVI.78.5.2537-2544.2004.

12. Le Gal F, Brichler S, Drugan T, et al. Genetic 
diversity and worldwide distribution of the 
deltavirus genus: A study of 2,152 clinical strains. 
Hepatology 2017;66(6):1826–41. doi: 10.1002/
hep.29574.

13. Jackson K, MacLachlan J, Cowie B, et al. 
Epidemiology and phylogenetic analysis of 
hepatitis D virus infection in Australia. Intern 
Med J 2018;48(11):1308–17. doi: 10.1111/imj.13967.

14. Smedile A, Farci P, Verme G, et al. Influence of 
delta infection on severity of hepatitis B. Lancet 
1982;2(8305):945–47. doi: 10.1016/S0140-
6736(82)90156-8.

15. Buti M, Homs M, Rodriguez-Frias F, et al. 
Clinical outcome of acute and chronic hepatitis 
delta over time: A long-term follow-up study. 
J Viral Hepat 2011;18(6):434–42. doi: 10.1111/j.1365-
2893.2010.01324.x.

16. Botelho-Souza LF, Vasconcelos MPA, 
Dos Santos AO, Salcedo JMV, Vieira DS. Hepatitis 
delta: Virological and clinical aspects. Virol J 
2017;14(1):177. doi: 10.1186/s12985-017-0845-y.

17. Urban S, Neumann-Haefelin C, Lampertico P. 
Hepatitis D virus in 2021: Virology, immunology 
and new treatment approaches for a difficult-to-
treat disease. Gut 2021;70(9):1782–94. doi: 10.1136/
gutjnl-2020-323888.

18. Rizzetto M, Hamid S, Negro F. The changing 
context of hepatitis D. J Hepatol 2021;74(5):1200–11. 
doi: 10.1016/j.jhep.2021.01.014.

19. Noureddin M, Gish R. Hepatitis delta: 
Epidemiology, diagnosis and management 
36 years after discovery. Curr Gastroenterol Rep 
2014;16(1):365. doi: 10.1007/s11894-013-0365-x.

20. Rizzetto M. Hepatitis D virus: Introduction and 
epidemiology. Cold Spring Harb Perspect Med 
2015;5(7):a021576. doi: 10.1101/cshperspect.
a021576.

21. Farci P, Niro GA. Clinical features of hepatitis D. 
Semin Liver Dis 2012;32(3):228–36. doi: 10.1055/
s-0032-1323628.

22. Cornberg M, Lok AS, Terrault NA, et al. Guidance 
for design and endpoints of clinical trials in chronic 
hepatitis B – report from the 2019 EASL-AASLD 

https://doi.org/10.1016/j.antiviral.2015.08.009
https://doi.org/10.1016/j.antiviral.2015.08.009
https://doi.org/10.1038/s41467-019-10117-z
https://doi.org/10.1038/s41467-019-10117-z
https://doi.org/10.1016/j.jhep.2020.04.008
https://doi.org/10.1016/j.jhep.2020.04.008
https://doi.org/10.1136/gutjnl-2018-316601
https://doi.org/10.1136/gutjnl-2018-316601
https://doi.org/10.1093/infdis/jiz633
https://doi.org/10.1093/infdis/jiz633
https://doi.org/10.1371/journal.pntd.0006377
https://doi.org/10.1371/journal.pntd.0006377
https://doi.org/10.1002/hep.27742
https://doi.org/10.1002/hep.27742
https://doi.org/10.1053/jhep.2000.17711
https://doi.org/10.1016/j.jcv.2013.11.016
https://doi.org/10.1086/655808
https://doi.org/10.1128/JVI.78.5.2537-2544.2004
https://doi.org/10.1002/hep.29574
https://doi.org/10.1002/hep.29574
https://doi.org/10.1111/imj.13967
https://doi.org/10.1016/S0140-6736(82)90156-8
https://doi.org/10.1016/S0140-6736(82)90156-8
https://doi.org/10.1111/j.1365-2893.2010.01324.x
https://doi.org/10.1111/j.1365-2893.2010.01324.x
https://doi.org/10.1186/s12985-017-0845-y
https://doi.org/10.1136/gutjnl-2020-323888
https://doi.org/10.1136/gutjnl-2020-323888
https://doi.org/10.1016/j.jhep.2021.01.014
https://doi.org/10.1007/s11894-013-0365-x
https://doi.org/10.1101/cshperspect.a021576
https://doi.org/10.1101/cshperspect.a021576
https://doi.org/10.1055/s-0032-1323628
https://doi.org/10.1055/s-0032-1323628


Management of hepatitis D in general practice Clinical

Reprinted from AJGP Vol. 52, No. 8, August 2023   539© The Royal Australian College of General Practitioners 2023

HBV Treatment Endpoints Conference. J Hepatol 
2020;72(3):539–57. doi: 10.1016/j.jhep.2019.11.003.

23. Lubel JS, Strasser SI, Thompson AJ, et al. 
Australian consensus recommendations for 
the management of hepatitis B. Med J Aust 
2022;216(9):478–86. doi: 10.5694/mja2.51430.

24. Rizzetto M, Ciancio A. Epidemiology of hepatitis 
D. Semin Liver Dis 2012;32(3):211–19. doi: 10.1055/
s-0032-1323626.

25. NNDSS Annual Report Working Group. Australia’s 
notifiable disease status, 2016: Annual report of 
the National Notifiable Diseases Surveillance 
System. Commun Dis Intell (2018) 2021;45. 
doi: 10.33321/cdi.2021.45.28.

26. Coghill S, McNamara J, Woods M, Hajkowicz K. 
Epidemiology and clinical outcomes of hepatitis 
delta (D) virus infection in Queensland, Australia. 
Int J Infect Dis 2018;74:123–27. doi: 10.1016/j.
ijid.2018.07.005.

27. Shadur B, MacLachlan J, Cowie B. Hepatitis 
D virus in Victoria 2000–2009. Intern Med J 
2013;43(10):1081–87. doi: 10.1111/imj.12247.

28. Rocco C, Bonavolta R, Vallefuoco L, et al. 
Comparison of anti-hepatitis D virus (HDV) 
ETI-AB-DELTAK-2 assay and the novel 
LIAISON® XL MUREX anti-HDV assay in the 
diagnosis of HDV infection. Diagn Microbiol 
Infect Dis 2019;95(4):114873. doi: 10.1016/j.
diagmicrobio.2019.114873.

29. MacLachlan JH, Stewart S, Cowie BC. Viral 
hepatitis mapping project: National report 2020. 

Australasian Society for HIV, Viral Hepatitis, and 
Sexual Health Medicine (ASHM), 2020. Available 
at https://ashm.org.au/resources/viral-hepatitis-
mapping-project/ [Accessed 07 June 2023]. 

30. Terrault NA, Lok ASF, McMahon BJ, et al. Update 
on prevention, diagnosis, and treatment of chronic 
hepatitis B: AASLD 2018 hepatitis B guidance. 
Hepatology 2018;67(4):1560–99. doi: 10.1002/
hep.29800.

31. Williams V, Brichler S, Radjef N, et al. Hepatitis 
delta virus proteins repress hepatitis B virus 
enhancers and activate the alpha/beta interferon-
inducible MxA gene. J Gen Virol 2009;90(Pt 
11):2759–67. doi: 10.1099/vir.0.011239-0.

32. Farci P, Anna Niro G. Current and future 
management of chronic hepatitis D. 
Gastroenterol Hepatol (N Y) 2018;14(6):342–51.

33. Triantos C, Kalafateli M, Nikolopoulou 
V, Burroughs A. Meta-analysis: Antiviral 
treatment for hepatitis D. Aliment Pharmacol 
Ther 2012;35(6):663–73. doi: 10.1111/j.1365-
2036.2012.04993.x.

34. Heidrich B, Yurdaydın C, Kabaçam G, et al. Late 
HDV RNA relapse after peginterferon alpha-based 
therapy of chronic hepatitis delta. Hepatology 
2014;60(1):87–97. doi: 10.1002/hep.27102.

35.  European Association for the Study of the Liver 
(EASL). EASL 2017 clinical practice guidelines 
on the management of hepatitis B virus infection. 
J Hepatol 2017;67(2):370–98. doi: 10.1016/j.
jhep.2017.03.021.

36. Sleijfer S, Bannink M, Van Gool AR, Kruit WH, 
Stoter G. Side effects of interferon-alpha therapy. 
Pharm World Sci 2005;27(6):423–31. doi: 10.1007/
s11096-005-1319-7.

37. Soriano V, Barreiro P, de Mendoza C. Tenofovir for 
hepatitis Delta. Hepatology 2016;63(4):1395–96. 
doi: 10.1002/hep.27946.

38. Yardeni D, Koh C. Bulevirtide for HBV and HDV 
infections. Drugs Today (Barc) 2021;57(7):433–48. 
doi: 10.1358/dot.2021.57.7.3283861.

correspondence ajgp@racgp.org.au

https://doi.org/10.1016/j.jhep.2019.11.003
https://doi.org/10.5694/mja2.51430
https://doi.org/10.1055/s-0032-1323626
https://doi.org/10.1055/s-0032-1323626
https://doi.org/10.33321/cdi.2021.45.28
https://doi.org/10.1016/j.ijid.2018.07.005
https://doi.org/10.1016/j.ijid.2018.07.005
https://doi.org/10.1111/imj.12247
https://doi.org/10.1016/j.diagmicrobio.2019.114873
https://doi.org/10.1016/j.diagmicrobio.2019.114873
https://doi.org/10.1002/hep.29800
https://doi.org/10.1002/hep.29800
https://doi.org/10.1099/vir.0.011239-0
https://doi.org/10.1111/j.1365-2036.2012.04993.x
https://doi.org/10.1111/j.1365-2036.2012.04993.x
https://doi.org/10.1002/hep.27102
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.1007/s11096-005-1319-7
https://doi.org/10.1007/s11096-005-1319-7
https://doi.org/10.1002/hep.27946
https://doi.org/10.1358/dot.2021.57.7.3283861

