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Chronic Viral Hepatitis: Current 
Management and Future Directions
Albert Do ,1 and Nancy S. Reau 2

The past decade has seen transformation in the strategies for identifying and managing viral hepatitis, most dramati-
cally the transformation of hepatitis C virus from a mostly chronic affliction to a curable disease that is accessible 
to wide populations through direct-acting antiviral therapies. More recently, shifting of hepatitis C virus burden to 
younger patients driven by intravenous drug use has shaped screening recommendations. Future work focusing on ef-
fective screening, linkage to care, treatment initiation, and post-cure management will allow countries to work toward 
meeting goals of eliminating viral hepatitis as a major public health threat. Concurrently, hepatitis B virus has also 
seen advances in management using oral nucleos(t)ide therapies with high-resistance barriers. However, virologic cure 
remains elusive in the setting of viral genetic persistence within the hepatocyte nucleus, even with suppressive anti-
viral therapy. Future directions include a refined definition of “cure,” new biomarkers, and development of therapies 
targeting multiple pathways in the viral pathogenic and replication pathway. Progress is additionally being made on 
the management of hepatitis D infection. This review summarizes the recent evolution in disease characteristics, as-
sociated affected population, and changes in our understanding of management for these infections. We also discuss 
future directions in the management of viral hepatitis, including discussion on issues related to management before 
and after antiviral therapy. Conclusion: We summarize recent advances in the identification and management of viral 
hepatitis, which hold the potential to markedly reduce disease burden and therefore associated liver-related complica-
tions. However further work is needed to adequately identify and manage these diseases. (Hepatology Communications 
2020;4:329-341).

V iral hepatitis continues to contribute to the 
burden of liver disease in the United States, 
causing chronic hepatitis, cirrhosis and decom-

pensated disease, liver cancer, and extrahepatic mani-
festations. However, this past decade has experienced 
a sea of change in our ability to identify, diagnose, and 
manage these diseases, most notably with develop-
ment of curative direct-acting antiviral (DAA) ther-
apies for chronic hepatitis C virus (HCV) infection. 
Numerous advances in treatment development and 
strategies have been made in chronic hepatitis B virus 
(HBV) and hepatitis D virus (HDV) as well. This 

review aims to summarize the current epidemiology 
and management strategies available for chronic viral 
hepatitis, including future directions and areas where 
further work is needed.

Hepatitis C: From Chronic 
Malady to Robust Cure

Of the viral hepatitides, none has seen as much 
 transformation in available pharmacologic treatment 
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options as for chronic HCV, which has been viewed 
previously as a chronic infection with only modest 
cure rates (sustained virologic response [SVR] up to 
63%) with interferon-based therapies.(1) However, now 
it has become a disease with multiple, well-tolerated, 
finite therapies with SVR rates greater than 95% across 
nearly all patient and viral characteristics. Availability 
of such treatment has altered the landscape of patient 
populations who are able to receive treatment, as well as 
which patients should have access to these safe, effective 
treatments.

CHanging epiDemiology anD 
sCReening ReCommenDations

Hepatitis C remains one of the most preva-
lent chronic liver diseases in the United States and 
beyond, but the infected population is shifting toward 
a younger, treatment-naïve population without cir-
rhosis. The estimated worldwide anti-HCV antibody 
seropositivity is 100  million people, with viremia in 
71  million.(2) In a prevalence study of the Global 
Burden of Disease project, HCV genotype 1 was most 
common (46.2% of cases), although other genotypes 
also contribute a large proportion of disease burden 
(genotype 3: 30.1%; genotype 2, 4, and 6: 22.8%; 
genotype 5: <1%).(3) A meta-analysis reported global 
HCV prevalence of 2.5%, ranging from 1.3% in the 
Americas to 2.9% in Africa.(4) In the United States, 
an epidemiological study of the National Health and 
Nutrition Examination Survey (NHANES) revealed 
serologic antibody positivity in 1.7% (4.1  million) 
adults, with viremia seen in 1.0% (2.4 million) in 2013 
to 2016.(5) In 2017, the Centers for Disease Control 
estimated 44,700 new cases of acute HCV infection, 
with an estimated 2.8  million people with chronic 
HCV in the United States.(6)

In the United States, although the disease burden 
from HCV is decreasing, the clinical characteristics of 
those with chronic infection is evolving. Overall, HCV 
prevalence has decreasing nearly 2-fold, from 1.6% to 
0.9% over the past 20  years.(7) Additionally, the dis-
tribution of affected age groups is thought to have 
become bimodal, with a disproportionate number of 
new HCV cases seen in those aged 20 to 39 years and 
40 to 59 years.(8) It has been proposed that this bimodal 
distribution has developed due to the increase in peo-
ple who inject drugs (PWID), a population in whom 
prevalence of chronic HCV has been estimated to be 
approximately 73.4% (range 20%-80% globally), corre-
sponding to 1.5 million people in the United States.(9) 
Another suggested epidemiological change based on a 
recent modeling analyses is that in contrast to the pre-
vious population consisting of treatment-experienced 
patients, most of the treatable patients are now antic-
ipated to be treatment-naïve and without cirrhosis.(10) 
However, despite anticipated decreased disease inci-
dence, disease burden is still expected to be substantial 
based on a modeling study finding that, driven primarily 
by a lack of disease identification, 560,000 patients will 
not know about their chronic infection, 320,000 patients 
will die, 157,000 will develop hepatocellular carcinoma, 
and 203,000 patients will develop decompensated cir-
rhosis in the next 35 years.(11)

Optimizing HCV screening holds the key to disease 
identification, yet effective screening has persistently 
been a challenge in the United States. A recent study 
of screening strategies identified that reflex nucleic 
acid testing after a positive serum antibody result 
was cost-effective and adequately sensitive for vire-
mia.(12) However, identifying who to screen has been 
challenging. Most current screening recommenda-
tions until recently had called for both risk-factor and 
cohort-based approaches. The American Association 
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for the Study of Liver Diseases (AASLD) currently 
recommends one-time screening for individuals with 
associated risk behaviors (PWID or with intranasal 
drug use) or risk exposures (hemodialysis, unregu-
lated parenteral exposure, health care workers with 
exposure to HCV-infected blood, children born to 
HCV-infected women, prior recipients of transfusions 
or organ transplants, and history of incarceration) and 
for those in the birth cohort (born between 1945 and 
1965), regardless of the presence of risk factors.(13) 
However, due to the expanding young population and 
the anticipated aging of the baby boomer generation, 
the U.S. Preventive Services Task Force is in the pro-
cess of expanding its recommendations to screen to 
all adults aged 18 to 79 years, a screening recommen-
dation that is distinct from other organizations, and 
potentially cost-effective compared with birth cohort 
screening.(14,15) Although a monumental step forward, 
this one-time screen runs the risk of missing individ-
uals screened before engaging in high-risk behaviors. 
Additionally, targeted micro-elimination may be an 
effective strategy to reduce HCV disease burden on 
those at high risk for disease, and has been reported 
to be cost-effective in the U.S. prison population,(16) 
men who have sex with men, injection drug use, and 
maternal-to-child transmission.(17,18) Although guide-
line recommendations are important for guiding prac-
tices, they will ultimately need to be adopted by both 
practitioners and medical societies.

eVolution oF management 
pRinCiples anD tHeRapies FoR 
CHRoniC Hepatitis C ViRus 
inFeCtion

Our understanding of treatment-eligible popu-
lations has developed in tandem with DAA thera-
pies and an evolving definition of cure. Although in 
prior years there was need to define safe populations 
for antiviral treatments, current recommendations 
suggest treating all individuals diagnosed with HCV 
infection regardless of risk for reinfection, hepatic 
fibrosis stage, or prior-treatment status. Additionally, 
the definition of SVR has been shortened to be 
the absence of viremia 12  weeks after treatment 
completion, as 99% of patients with SVR12 have 
been found to have persistent viral clearance at 
24  weeks.(19) This finding has reduced the hetero-
geneity of treatment endpoints in treatment studies, 

whereas prior studies used 24 or even 48  weeks to 
define HCV cure.

Multiple societies have made recommendations 
for patient screening, including considerations for 
country-specific policies, to identify populations to 
perform screening (Table 1). Identification through 
screening remains challenging. Prior AASLD guid-
ance had recommended screening all Americans born 
between 1945 and 1965.(20) However, recent updates 
broaden the screening to include all U.S. adults aged 
18 years or older,(21) paralleling the recommendations 
made by the U.S. Preventive Services Taskforce to test 
those 18 to 79 years old.(14) Identifying an optimally 
inclusive screening strategy will allow us to move 
toward treating the largest proportion of the chronic 
HCV-infected population.

Since the approval of telaprevir and boceprevir in 
2011 with SVR rates of 65% to 75%, the landscape of 
antiviral therapy for chronic HCV has expanded, with 
development of well-tolerated, pan-genotypic, all-oral, 
DAA therapies available to a variety of special popu-
lations (Table 2). Additionally, recent updates to the 
AASLD recommendations have developed a simpli-
fied approach to treat chronic HCV, recommending 
glecaprevir/pibrentasvir for 8  weeks or sofosbuvir/ 
velpatasvir for 12 weeks in all patients with HCV who 
are treatment-naïve, noncirrhotic, with normal renal 
function and without comorbid infections.(21)

Despite earlier data of heterogenous safety and effi-
cacy across different treatment groups, current thera-
pies for chronic HCV infection are safe and effective 
across a variety of patient populations, with high SVR 
rates in decompensated cirrhosis (>85%), end-stage 
renal disease (>95%), human immunodeficiency virus 
co-infection (>95%), or history of prior DAA failure 
(>90%), status following liver transplantation (>95%), 
and across all HCV genotypes (>95%).(22-25) High 
SVR despite multiple patient comorbidities target-
ing all viral genotypes thus raises the question about 
whether defining “special populations” or treatment 
subgroups is still a pertinent need.

FutuRe DiReCtions
HCV elimination is possible with DAA therapies. 

However, beyond issues of screening, there are issues 
that limit diagnosis, referral, and treatment for all 
infected patients. From a health-services perspective, 
the World Health Organization has set five service 
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coverage targets for elimination of viral hepatitis as 
a public health threat by 2030, including targeting 
vertical transmission prevention, blood and injection 
safety, PWID harm reduction, and antiviral treat-
ment provision.(26) However, a recent Markov mod-
eling analysis found that 36 of 45 (80%) high-income 

countries/territories would be projected to not meet 
these elimination targets by this time, including the 
United States.(27) Further aggressive policy measures 
will be needed if this benchmark were to be met.

Providing treatment would ultimately only treat 
the 7% to 11% with known chronic HCV infection, 

taBle 2. ReCommenDeD tReatments FoR CHRoniC HCV inFeCtion*

Regimen
Treated 

Genotypes
Duration 
(weeks) Efficacy Treatable Special Populations Special Considerations

Daclatasvir/sofosbuvir 1, 2, 3, 4 12 93%-100% Decompensated cirrhosis Add RBV for decompensated cirrhosis

Following liver transplant with/without 
cirrhosis

HIV/HCV coinfection when 
 antiretroviral cannot be changed 
to accommodate recommended 
regimens (GT1,4)

Elbasvir/grazoprevir 1, 3, 4 12 91%-100% Treatment-experienced (PEG/RBV) 
with/without cirrhosis

GT1a: Alternative regimen if high-fold 
resistance variants to NS5A

Severe renal impairment GT3: Add sofosbuvir for PEG/RBV 
experienced with compensated 
cirrhosis

Not for decompensated cirrhosis 
or following liver transplant with 
cirrhosis

Glecaprevir/pibrentasvir 1, 2, 3, 4, 5, or 6 8 94%-100% Treatment-experienced (PEG/RBV) 
with/without cirrhosis†

Not for decompensated cirrhosis 
or following liver transplant with 
cirrhosis

Following liver transplant without 
cirrhosis

12-week duration for special 
populations

Severe renal impairment 8-week duration for compensated 
cirrhosis

Following kidney transplant with/
without cirrhosis

Ledipasvir/sofosbuvir 1, 4, 5, or 6 12 93% to 100% PEG/RBV experienced with/without 
cirrhosis

8-week duration for treatment-naïve, 
non-black, HIV-negative, HCV 
RNA < 106 IU/mL, without cirrhosis

Decompensated cirrhosis 24-week duration and add RBV for 
decompensated cirrhosis with 
sofosbuvir failure

Following liver transplant with/
without cirrhosis (compensated or 
decompensated)

Following kidney transplant with/
without cirrhosis

Add RBV for decompensated 
 cirrhosis, following liver transplant

Sofosbuvir/velpatasvir 1, 2, 3, 4, 5, or 6 12 96%-100% Treatment-naïve, PEG/RBV, or DAA 
experienced without cirrhosis  
(± decompensation)

Add voxilaprevir for NS5A failure 
(including NS3 protease inhibitors) 
with/without cirrhosis (not for 
 decompensated cirrhosis or follow-
ing liver transplant with cirrhosis)

PEG/RBV with/without NS3 protease 
inhibitor experienced

24-week duration and add RBV for 
decompensated cirrhosis with DAA 
failure including NS5AFollowing liver transplant with decom-

pensated cirrhosis

*Simplified regimen for treatment-naïve, nonpregnant patient with normal renal function and HCV mono-infection, without cirrhosis or 
history of liver transplantation: glecaprevir/pibrentasvir for 8 weeks or sofosbuvir/velpatasvir for 12 weeks.
†Also non-NS5A failure with/without cirrhosis.
Abbreviations: CKD, chronic kidney disease; PEG, pegylated interferon; RBV, ribavirin.
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but it does not account for those undiagnosed or not 
offered treatment.(28) Thus, more work is needed to 
identify those suffering attrition during the process 
steps required from testing to treatment, by which 
loss to follow-up would result in persistent infection, 
described as the HCV treatment cascade.(29,30) As an 
illustrative example, Rege et al. found in an analysis of 
two large national laboratory databases from 2013 to 
2016, that 89.4% of patients diagnosed with chronic 
HCV infection did not receive prescription for anti-
viral therapy. In this study, 46.7% of patients did not 
have genotype testing, and 57.3% did not have liver 
chemistries, suggesting that patients suffer attrition 
at an early phase of the care cascade.(31) Future work 
to target the care cascade gaps will help to identify 
those for whom treatment could be offered: HCV 
screening, diagnosis, patient communication regard-
ing chronic infection, care linkage, and fibrosis stag-
ing. Concurrently, development of HCV vaccinations 
and subsequent provision implementation strategies 
will be important to reduce population disease burden.

Specialty care access is another area for future 
consideration in the optimization of HCV care, 
and expansion of the provider pool who provide 
antiviral therapies would increase the capacity for 
HCV treatment. Alternative models of HCV care 
have been reported with DAA therapies provided 
by non-hepatology providers. Studies of non- 
hepatologist-driven HCV care has reported success 
in treating infected patients when led by nurses,(32) 
pharmacists,(33) and primary care providers.(34) As 
more chronically infected patients are identified, 
growth scaling of the provider pool to treat this 
expanding patient population may result in improved 
care access for larger number of patients in need of 
treatment. This will become increasingly important 
as systems consider alternative payment models to 
increase therapy access, such as the “Netflix model” 
of subscription payment to drug companies adopted 
by Louisiana,(35) or a dedicated linkage-to-care pro-
gram in Philadelphia, which reported linkage to care 
in over two-thirds of patients infected with HCV.(36)

Solid-organ transplantation capacity can be 
expanded through improved HCV-positive organ use. 
Wooley et al. conducted a single-center, open-label pilot 
trial of patients receiving organ transplantation from 
HCV-infected donors of various genotypes (n  =  44 
with 36 lung and 8 heart transplants) who received 
4 weeks of sofosbuvir and velpatasvir immediately after 

transplantation. The authors found that, on follow-up, 
all 35 patients (100%) were alive with excellent graft 
function and undetectable viral load 6  months after 
transplantation.(37) Further data are needed regarding 
outcomes associated with liver transplantation, as well 
as optimal treatment duration and timing.

DAA-treatable populations have expanded to 
include those with end-stage renal disease, coinfection 
with HBV or human immunodeficiency virus, and 
pediatric populations. However, some populations are 
still in need of further research. For example, DAA 
therapy in pregnant women is still not currently rec-
ommended and more data are needed regarding the 
safety and efficacy to prevent vertical transmission. 
Beyond maternal-to-child transmission risk, preg-
nancy may be the only time when patients have access 
to continuous care, thus being a potential opportune 
time to receive treatment. Additionally, guidance for 
treatment for those with acute HCV infection (occur-
ring in the first 6  months of infection) has recently 
changed to recommend treatment in these patients 
after diagnosis and without a waiting period to assess 
for viral clearance.(13) If DAA treatments become 
more cost-effective in the future, future research in 
optimal treatment regimen and timing may become 
useful in preventing acute HCV infection from pro-
gressing to chronic infection, and minimizing comor-
bidity resulting from acute infection and transmission 
with horizontal spread.

Despite robust SVR rates in most patients, the 
presence of HCV resistance–associated amino acid 
substitutions can result in lower cure rates in some 
patient groups, including genotype 1a/3, cirrhosis, and 
nonresponders to prior interferon-based treatments. 
Developing strategies to detect and account for viral 
resistance to DAAs will be necessary, as with contin-
ued treatment, the population of chronically infected 
patients shifts toward treatment-experienced, DAA-
refractory patients.

Finally, as large numbers of patients achieve HCV 
cure, further knowledge will be needed of post-SVR 
management, particularly regarding who need closer 
monitoring. Although patients with cirrhosis will still 
require indefinite subspecialty care, determination of 
surveillance of those with advanced fibrosis is not 
clear. For example, there is a question regarding the 
need for surveillance for hepatocellular carcinoma 
in these patients, and one study reported the cost- 
effectiveness of surveillance in those with cirrhosis, 
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but not in those with F3 fibrosis.(38) Another popula-
tion in need of further research is those with obesity, 
owing to the risk for nonalcoholic fatty liver disease, 
which has arisen as the most prevalent chronic liver 
disease in the world and the fastest-growing indication 
for liver transplantation in the United States.(39-41) A 
recent nationwide study found a 160% increase in 
NAFLD prevalence in the past 30 years, despite stable 
or decreasing prevalence of chronic HBV, HCV, and 
alcoholic liver disease.(7) Weight gain after HCV cure 
has been suggested in small prospective studies.(42,43) 
Additionally, it is unclear whether weight gain occurs 
or is associated with alternation in the natural history 
of HCV from cure, but is clinically important given 
the high worldwide prevalence of obesity and the 
multisystemic complications associated with excess 
weight, including NAFLD(44) (Table 3).

Hepatitis B Virus: Still in 
Need of Definitive Cure

Although current therapies for chronic HBV are 
associated with high viral suppression rates, patients 
generally require lifelong therapy, and true virologic 
clearance remains elusive. HBV management has gen-
erally been approached with viral suppression using 
antiviral therapies. This section will detail recent 
developments, including recent development of a new 
effective first-line antiviral and future therapeutic 
strategies under investigation.

eVolVing Disease BuRDen anD 
epiDemiology

HBV remains a global public health issue. A recent, 
large epidemiologic pooled analysis of 161 countries 
found HBV surface antigen (HBsAg) prevalence of 
3.61%, comprising 248 million chronically infected 
individuals and ranging between 0.20% in the 
Americas to 22.38% in Africa. In the United States, 
HBsAg seroprevalence was 0.27%, corresponding to 
843,724 individuals with chronic HBV infection.(45)

aDVanCes in VaCCination
Improvements in HBV vaccination strategy is one 

key to reducing disease burden. Universal vaccination 

programs in hyperendemic regions, such as the one 
implemented in 1984 for infants in Taiwan, have been 
associated with reduced HBV carrier and liver can-
cer rates.(46,47) Additionally, ease of vaccination dos-
ing would increase uptake by patients and providers. 
In a recent, large, phase 3, multicenter, randomized, 
blinded, active-controlled trial of healthy patients, 
Heyward investigated a two-dose regimen (given at 
0 and 4  weeks) of HBsAg-1018 (HEPLISAV-B), a 
vaccine containing HBsAg combined with a toll-like 
receptor 9 agonist adjuvant designed to improve vac-
cine immunogenicity.(48) Compared with the three-
dose, 6-month regimen, HBsAg-1018 was found to 
induce a higher seroprotection rate through 1  year 
following vaccination, with comparable safety. This 
vaccine was approved in 2018 for all persons aged 
18 years or older for vaccination against HBV.(49)

management: ViRal 
suppRession is Key

If treatment is indicated, the choice of antiviral 
agent should be a medication with a high barrier to 
viral resistance. Studies of pivotal trials have revealed 
low long-term (up to 8 years) rates of HBV resistance 
to entecavir (ETV), tenofovir disoproxil fumarate 
(TDF), and tenofovir alafenamide (TAF). Thus, these 
three antiviral drugs have become the only oral ther-
apies recommended by the AASLD and European 
Association for the Study of the Liver (EASL).(50-52)  
TAF, a nucleotide reverse-transcriptase inhibitor and 
prodrug of tenofovir, was approved in the United 
States in 2016 and has emerged as one effective first-
line antiviral therapy. TAF benefits from more effi-
cient hepatocyte drug delivery compared with TDF, 
which allows lower allowable TAF doses. For this 
reason, TAF may be associated with lower risk for 
renal dysfunction and reduced bone mineral density 
compared with TDF.(53) An analysis of two large, ran-
domized, phase 3 controlled trials found significantly 
lower bone mineral density at 96  weeks in patients 
receiving TDF compared with TAF (hip: −2.51% 
TDF vs. −0.33% TAF; spine: −2.57% TDF vs. −0.75 
TAF; P < 0.001 for both) and renal function (median 
glomerular filtration rate: −4.8% TDF vs. −1.2% TAF; 
P  <  0.001), with TAF noninferiority for HBV viral 
suppression.(54) The recent 2017 EASL Guidelines 
and 2018 AASLD Guidance update have added TAF 
as a first-line preferred HBV therapy to TDF, ETV, 
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and pegylated interferon. Additionally, these recom-
mendations include considerations for choosing TAF 
over TDF, including advanced age, reduced bone den-
sity, and chronic renal insufficiency (Table 4).(51,52)

FutuRe DiReCtions: neW 
DeFinitions, BiomaRKeRs, 
anD tHeRapeutiC 
appRoaCHes

Clarification of treatment endpoints based on patient 
serological status may allow more clarity of treatment 
goals when developing drugs targeting multiple path-
ways in the viral replication pathway. Although the 
ideal goal would be to halt all forms of HBV replication 
(termed “sterilizing cure” or “virologic cure”), this may 
be unrealistic due to the persistence of viral covalently 
closed circular DNA (cccDNA) in the liver, and with it 
the risk of reactivation with immunosuppression event 
after treatment completion. A recent consensus confer-
ence for HBV treatment endpoints provided guidance 
for HBV treatment endpoint goals in therapeutic drug 
design, including “functional cure,” whereby after a finite 
course of therapy, HBV DNA is not detectable and 
HBsAg loss has persisted for 6 months following treat-
ment. “Partial functional cure,” defined as detectable 

HBsAg but persistently undetectable HBV DNA 
6 months after treatment, is considered an intermediate 
goal for antiviral therapies.(55,56) Designation of these 
clear-but-distinct endpoints will allow benchmarking of 
the progress of novel therapy development.

More research on the biomarkers of treatment 
efficacy will allow better assessment of HBV cure. 
Biomarkers may assist in posttreatment monitor-
ing and in identifying those potentially able to be 
successful with antiviral therapy discontinuation. 
Decrease in quantitative HBsAg levels has been 
associated with viral clearance,(57,58) and is routinely 
monitored over the course of antiviral treatment, 
allowing differentiation of immune tolerance and 
immune clearance in hepatitis B e antigen (HBeAg)-
positive patients.(59) Hepatitis B core-related  
antigen (HBcrAg) is one new biomarker under 
investigation. HBcrAg has been correlated with 
cccDNA levels, can predict posttreatment recur-
rence of hepatocellular carcinoma during antiviral 
therapy, and can identify patients who may success-
fully discontinue therapy.(60-62) Pregenomic RNA 
(pgRNA), an intermediate genome-length RNA 
transcribed from cccDNA, has also been associated 
with cccDNA levels and may be a clinical marker 
for viral replication activity.(59) These viral molecules 

taBle 4. ConsiDeRations FoR antiViRal seleCtion FoR HBV tReatment

AASLD

Guidance statements No preference between ETV or TDF regarding potential long-term risks of renal and bone complications

TAF is associated with lower rates of bone and renal abnormalities than TDF

In cases of suspected TDF-associated renal dysfunction and/or bone disease, TDF should be discontinued and substituted 
with TAF or ETV, with consideration for any previously known drug resistance

EASL

Indications for selection of 
ETV or TAF over TDF

Age

> 60 years

Bone disease

Chronic use of medications that worsen bone density (including steroids)

History of fragility fractures

Osteoporosis

Renal dysfunction

eGFR <60 mL/min/1.73 m2

Albuminuria >30 mg/24 hours or urinalysis with moderate qualitative proteinuria

Hypophosphatemia (<2.5 mg/dL)

On hemodialysis

Recommendation statements Patients on TDF at risk of development and/or with underlying renal or bone disease should be considered for a switch to 
ETV or TAF, depending on previous treatments

Abbreviations: eGFR, estimated glomerular filtration rate; ETV, entecavir; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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hold promise as surrogate markers for HBV viral 
activity in conjunction with standard biomarkers in 
present clinical use.

Current approved treatments for chronic HBV fall 
into two classes: nucleos(t)ide reverse transcriptase 
inhibitors, also known as nucleos(t)ide analogs (NAs), 
and interferon alpha. Additionally, additional NAs are 
currently in development, including other tenofovir 
prodrugs besifovir and metacavir.(63) Unfortunately, 
even though NAs effectively suppress viral replication, 
they do not lead to virologic cure. Thus, most patients 
require indefinite oral therapy, as although partial 
functional cure is readily achievable with current 
therapies, complete functional cure is achieved in a 
minority and virologic cure in even fewer patients.(64)

Development of new treatments for chronic HBV 
is needed, concurrently with a better understanding of 
the HBV replication life cycle. For treatments to the-
oretically achieve virologic cure, inhibition of cccDNA 
and viral replication is needed. Towards this goal, 
multiple drugs targeting multiple therapeutic targets 
(Table 5) are in development. Viral entry inhibitors 
such as Myrcludex B competes for viral binding for 
viral entry into the hepatocyte and would play a role 
in treating both HBV and HDV.(63) Other targets 
include viral migration to the hepatocyte nucleus, 
viral uncoating, cccDNA production and integration, 
viral replication through DNA synthesis, as well as 
the production and secretion of viral particles (Dane 
particles).(55) New drug development coupled with 
research on combination therapies hold promise for 
effective viral virologic cure.

HDV: Emerging Therapies
HDV is a defective RNA virus that requires 

HBsAg expression as an envelope protein to mediate 
viral entry and complete its life cycle. HDV infection 
presents as either HBV-HDV coinfection or HDV 
superinfection in those with chronic HBV infection. 
HBV-HDV coinfection is considered among the most 
severe forms of viral hepatitis, with risk of developing 
acute liver failure as well as higher risk for develop-
ment of cirrhosis, hepatocellular carcinoma, and mor-
tality compared with HBV infection alone.(65,66)

A recent systematic review and meta-analysis of 
182 articles reported a HDV worldwide pooled prev-
alence in the overall HBsAg-positive population of 
11% and in those with intravenous drug use as high as 
38%.(67) Additionally, a study of the U.S. NHANES 
revealed HDV antibody seropositivity in 33% to 47% 
of adult HBsAg carriers.(68) This suggests higher 
HDV disease burden than previous believed (previ-
ously estimated to be only 5%).(69) Further epidemio-
logic studies are needed to clarify the current disease 
burden of HDV, which in turn may help identify 
optimal screening strategies. Current recommenda-
tions for HDV screening suggest testing for human 
immunodeficiency virus (HIV)-positive patients, per-
sons who inject drugs, men who have sex with men, 
those at risk for sexually transmitted diseases, and 
immigrants from areas of highly endemic regions.(52)

The only currently recommended treatment for 
HDV infection is pegylated interferon-alfa 2a or 2b, 
which is associated with suppression rates of only 

taBle 5. tHeRapeutiC taRgets FoR HBV DRugs in DeVelopment

Virus Life Cycle Step Therapeutic Drug Class

Virus entry into hepatocyte Entry inhibitors

Virus intracytoplasmic migration to nuclear periphery and nuclear import Tubulin production inhibitor

Viral uncoating and intranuclear rcDNA release No current drugs

cccDNA production, integration, epigenetic modification cccDNA inhibitors (e.g., lymphotoxin beta receptor agonist)

Epi-drugs

Interferon alpha

Modification of cccDNA to pgRNA, pgRNA packaging for nuclear export Small interfering RNA

pgRNA reverse transcription to progeny rcDNA and capsid packaging Capsid assembly modulators

Interferon alpha

Viral replication through DNA synthesis Nucleoside analogs

Capsid incorporation of HBsAg and secretion from hepatocytes Secretion inhibitors

Interferon alpha

Abbreviations: ccc, covalently closed circular; DNA, deoxyribonucleic acid; HBsAg, hepatitis B virus surface antigen; pg, pregenomic; rc, 
relaxed circular; RNA, ribonucleic acid.
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25% (range 17%-43%) after 12  months of treat-
ment.(70,71) NAs are not indicated for treatment of 
HDV infection, as they were not found to contribute 
further efficacy,(71) but may nevertheless be indicated 
if concomitant chronic HBV DNA were present. 
Newer agents are under investigation, including HDV 
prenylation inhibitors (Lonafarnib), virion secre-
tion inhibitors (REP 2139), and viral entry inhibi-
tors (Myrcludex B) in phase 3 studies.(72-75) Further 
targeted mechanisms, including RNA interference 
(ARC-520), have been proposed as having potential 
to treat both HBV and HDV.(76,77)

Conclusion
Rapid, significant advances in the diagnosis and 

management for viral hepatitis has changed the land-
scape of the treatment of viral hepatitis in the past 
decade. Treatment options for hepatitis C currently 
hold the potential for eradication in the future if 
reduction in new cases can be coupled with wide-
spread disease identification and treatment. Clearly 
defining hepatitis B cure endpoints, in conjunction 
with effective biomarkers and therapies targeting 
multiple pathways that focus on prevention of viral 
replication machinery, holds the key to virologic cure 
and ultimately eradication. Progress on hepatitis D 
infection grows in tandem with that of hepatitis B, 
and future work in epidemiology and pharmaco-
therapy are needed. Finally, although hepatitis A 
and hepatitis E are generally approached usin sup-
portive measures due their self-limited nature, more 
knowledge regarding management is needed for 
the minority of patients who develop protracted or 
chronic disease. Finally, in all viral hepatitides, the 
recognition of high-risk groups coupled with devel-
opment of optimal screening and vaccination will 
hold the key for mitigating public health burden 
from these infections.

Author Contributions: A.D. and N.S.R. participated in 
the research, writing, and editing of this manuscript.

ReFeRenCes
 1) Manns M, Wedemeyer H, Cornberg M. Treating viral hepatitis C: 

efficacy, side effects, and complications. Gut 2006;55:1350-1359.
 2) World Health Organization. Web Annex B. WHO estimates 

of the prevalence and incidence of hepatitis C virus infection by 
WHO region, 2015. Global hepatitis report 2017.

 3) Messina JP, Humphreys I, Flaxman A, Brown A, Cooke GS, 
Pybus OG, et al. Global distribution and prevalence of hepatitis C 
virus genotypes. Hepatology 2015;61:77-87.

 4) Petruzziello A, Marigliano S, Loquercio G, Cozzolino A, 
Cacciapuoti C. Global epidemiology of hepatitis C virus infection: 
an up-date of the distribution and circulation of hepatitis C virus 
genotypes. World J Gastroenterol 2016;22:7824.

 5) Hofmeister MG, Rosenthal EM, Barker LK, Rosenberg ES, 
Barranco MA, Hall EW, et al. Estimating prevalence of hepati-
tis C virus infection in the United States, 2013-2016. Hepatology 
2019;69:1020-1031.

 6) Centers for Disease Control and Prevention. Surveillance for 
viral hepatitis—United States, 2017. Division of Viral Hepatitis. 
http://www.cdc.gov/hepat itis/Stati stics/ 2011S urvei llanc e/Comme 
ntary.htm; 2018.

 7) Younossi ZM, Stepanova M, Younossi Y, Golabi P, Mishra 
A, Rafiq N, et al. Epidemiology of chronic liver diseases in the 
USA in the past three decades. Gut 2019 Jul 31. https ://doi.
org/10.1136/gutjnl-2019-318813. [Epub ahead of print]

 8) Centers for Disease Control and Prevention (CDC) CfDCaP. 
Surveillance for viral hepatitis—United States, 2016; 2016.

 9) Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D, 
Horyniak D, et al. Global epidemiology of hepatitis B and hep-
atitis C in people who inject drugs: results of systematic reviews. 
Lancet 2011;378:571-583.

 10) Decision Resources Group. Report: Hepatitis C Virus: Disease 
Landscape and Forecast; Jan 2017.

 11) Chhatwal J, Wang X, Ayer T, Kabiri M, Chung RT, Hur C, et al. 
Hepatitis C disease burden in the United States in the era of oral 
direct-acting antivirals. Hepatology 2016;64:1442-1450.

 12) Chapko MK, Dufour DR, Hatia RI, Drobeniuc J, Ward JW, Teo 
CG. Cost-effectiveness of strategies for testing current hepatitis C 
virus infection. Hepatology 2015;62:1396-1404.

 13) AASLD-IDSA HCV Guidance Panel. Hepatitis C guidance 
2018 update: AASLD-IDSA recommendations for testing, man-
aging, and treating hepatitis C virus infection. Clin Infect Dis 
2018;67:1477-1492.

 14) U.S. Preventive Services Task Force. Draft update summary: hepa-
titis C virus infection in adolescents and adults: screening. https :// 
www.uspre venti veser vices taskf orce.org/Page/Docum ent/Updat 
eSumm aryDr aft/hepat itis-c-scree ning1 . Accessed August 29, 2019.

 15) Eckman MH, Ward JW, Sherman KE. Cost effectiveness of uni-
versal screening for hepatitis C virus infection in the era of direct- 
acting, pangenotypic treatment regimens. Clin Gastroenterol 
Hepatol 2019;17:930-939.e939.

 16) He T, Li K, Roberts MS, Spaulding AC, Ayer T, Grefenstette JJ, 
et al. Prevention of hepatitis C by screening and treatment in US 
prisons. Ann Intern Med 2016;164:84-92.

 17) Hahné SJ, Veldhuijzen IK, Wiessing L, Lim T-A, Salminen M, 
van de Laar M. Infection with hepatitis B and C virus in Europe: 
a systematic review of prevalence and cost-effectiveness of screen-
ing. BMC Infect Dis 2013;13:181.

 18) Martin NK, Vickerman P, Dore G, Hickman M. The HCV 
 epidemics in key populations (including PWID, prisoners, and 
MSM): the use of DAAs as treatment for prevention. Curr Opin 
HIV AIDS 2015;10:374.

 19) Martinot-Peignoux M, Stern C, Maylin S, Ripault MP, Boyer N, 
Leclere L, et al. Twelve weeks posttreatment follow-up is as rele-
vant as 24 weeks to determine the sustained virologic response in 
patients with hepatitis C virus receiving pegylated interferon and 
ribavirin. Hepatology 2010;51:1122-1126.

 20) AASLD/IDSA HCV Guidance Panel; Chung RT, Davis GL, Jensen 
DM, Masur H, Saag MS, Thomas DL, et al. Hepatitis C guidance: 
AASLD-IDSA recommendations for testing, managing, and treating 
adults infected with hepatitis C virus. Hepatology 2015;62:932-954.

http://www.cdc.gov/hepatitis/Statistics/2011Surveillance/Commentary.htm
http://www.cdc.gov/hepatitis/Statistics/2011Surveillance/Commentary.htm
https://doi.org/10.1136/gutjnl-2019-318813
https://doi.org/10.1136/gutjnl-2019-318813
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryDraft/hepatitis-c-screening1
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryDraft/hepatitis-c-screening1
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryDraft/hepatitis-c-screening1


Hepatology CommuniCations, march 2020DO AND REAU

340

 21) AASLD-IDSA. Recommendations for testing, managing, and 
treating hepatitis C. http://www.hcvgu ideli nes.org. Accessed 
November 25, 2019.

 22) Mücke MM, Mücke VT, Lange CM, Zeuzem S. Special pop-
ulations: treating hepatitis C in patients with decompen-
sated cirrhosis and/or advanced renal impairment. Liver Int 
2017;37:19-25.

 23) Pol S, Parlati L. Treatment of hepatitis C: the use of the new 
pangenotypic direct-acting antivirals in “special populations.” 
Liver Int 2018;38:28-33.

 24) Poordad F, Schiff ER, Vierling JM, Landis C, Fontana RJ, Yang 
R, et al. Daclatasvir with sofosbuvir and ribavirin for hepatitis C 
virus infection with advanced cirrhosis or post-liver transplanta-
tion recurrence. Hepatology 2016;63:1493-1505.

 25) Falade-nwulia o, suarez-Cuervo C, Nelson DR, Fried MW, 
Segal JB, Sulkowski MS. Oral direct-acting agent therapy for 
hepatitis C virus infection: a systematic review. Ann Intern Med 
2017;166:637-648.

 26) World Health Organization. Combating Hepatitis B and C to 
Reach Elimination by 2030: Advocacy Brief. Geneva, Switzerland: 
World Health Organization; 2016.

 27) Razavi H, Sanchez Gonzalez Y, Pangeri A, Cornberg M. Global 
timing of hepatitis C virus elimination: estimating the year coun-
tries will achieve the World Health Organization elimination tar-
gets. J Hepatol 2019;70:e748.

 28) Holmberg SD, Spradling PR, Moorman AC, Denniston 
MM. Hepatitis C in the United States. N Engl J Med 
2013;368:1859-1861.

 29) Linas BP, Barter DM, Leff JA, Assoumou SA, Salomon JA, 
Weinstein MC, et al. The hepatitis C cascade of care: iden-
tifying priorities to improve clinical outcomes. PLoS ONE 
2014;9:e97317.

 30) Yehia BR, Schranz AJ, Umscheid CA, Lo Re V, 3rd. The treat-
ment cascade for chronic hepatitis C virus infection in the United 
States: a systematic review and meta-analysis. PLoS ONE 
2014;9:e101554.

 31) Rege S, Gonzalez YS, Marx S, Manthena S, Patient RN. Flow 
Across Physician Specialties Over the Course of the Hepatitis C 
Care Cascade: A Real-World Analysis from the United States. 
Vienna, Austria: European Association for the Study of the Liver 
(EASL); 2019.

 32) Papaluca T, McDonald L, Craigie A, Gibson A, Desmond P, 
Wong D, et al. Outcomes of treatment for hepatitis C in pris-
oners using a nurse-led, statewide model of care. J Hepatol 
2019;70:839-846.

 33) Radley A, de Bruin M, Inglis SK, Donnan PT, Dillon JF. Clinical 
effectiveness of pharmacy-led versus conventionally delivered 
antiviral treatment for hepatitis C in patients receiving opioid 
substitution therapy: a study protocol for a pragmatic cluster ran-
domised trial. BMJ Open 2018;8:e021443.

 34) Rattay T, Dumont IP, Heinzow HS, Hutton DW. Cost-
effectiveness of access expansion to treatment of hepatitis C 
virus infection through primary care providers. Gastroenterology 
2017;153:1531-1543.e1532.

 35) Croughan P, Gee RE. How should physicians steward limited re-
sources while ensuring that patients can access needed medicines? 
AMA J Ethics 2019;21:630-635.

 36) Coyle C, Moorman AC, Bartholomew T, Klein G, Kwakwa H, 
Mehta SH, et al. The hepatitis C virus care continuum: linkage to 
hepatitis C virus care and treatment among patients at an urban 
health network. Hepatology 2019;70:476-486.

 37) Woolley AE, Singh SK, Goldberg HJ, Mallidi HR, Givertz 
MM, Mehra MR, et al. Heart and lung transplants from 
HCV-infected donors to uninfected recipients. N Engl J Med 
2019;380:1606-1617.

 38) Farhang Zangneh H, Wong WWL, Sander B, Bell CM, Mumtaz 
K, Kowgier M, et al. Cost effectiveness of hepatocellular carci-
noma surveillance after a sustained virologic response to therapy 
in patients with hepatitis C virus infection and advanced fibrosis. 
Clin Gastroenterol Hepatol 2019;17:1840-1849.e1816.

 39) Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, 
Younossi ZM, et al. Nonalcoholic steatohepatitis is the sec-
ond leading etiology of liver disease among adults awaiting 
liver transplantation in the United States. Gastroenterology 
2015;148:547-555.

 40) Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam 
M, et al. Global burden of NAFLD and NASH: trends, predic-
tions, risk factors and prevention. Nat Rev Gastroenterol Hepatol 
2018;15:11-20.

 41) Younossi ZM, Stepanova M, Afendy M, Fang Y, Younossi Y, Mir 
H, et al. Changes in the prevalence of the most common causes 
of chronic liver diseases in the United States from 1988 to 2008. 
Clin Gastroenterol Hepatol 2011;9:524-530.e521.

 42) Sugimoto R, Iwasa M, Hara N, Tamai Y, Yoshikawa K, Ogura S,  
et al. Changes in liver function and body composition by direct- 
acting antiviral therapy for hepatitis C virus infection. Hepatol 
Res 2018;48:337-344.

 43) Schlevogt B, Deterding K, Port K, Siederdissen CHZ, Sollik L, 
Kirschner J, et al. Interferon-free cure of chronic Hepatitis C 
is associated with weight gain during long-term follow-up. Z 
Gastroenterol 2017;55:848-856.

 44) Camilleri M, Malhi H, Acosta A. Gastrointestinal complications 
of obesity. Gastroenterology 2017;152:1656-1670.

 45) Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. 
Estimations of worldwide prevalence of chronic hepatitis B virus 
infection: a systematic review of data published between 1965 and 
2013. Lancet 2015;386:1546-1555.

 46) Chang M-H, You S-L, Chen C-J, Liu C-J, Lai M-W, Wu T-C, 
et al. Long-term effects of hepatitis B immunization of infants 
in preventing liver cancer. Gastroenterology 2016;151:472-480.
e471.

 47) Ni Y-H, Chang M-H, Jan C-F, Hsu H-Y, Chen H-L, Wu J-F, 
et al. Continuing decrease in hepatitis B virus infection 30 years 
after initiation of infant vaccination program in Taiwan. Clin 
Gastroenterol Hepatol 2016;14:1324-1330.

 48) Heyward WL, Kyle M, Blumenau J, Davis M, Reisinger K, 
Kabongo ML, et al. Immunogenicity and safety of an investiga-
tional hepatitis B vaccine with a toll-like receptor 9 agonist adju-
vant (HBsAg-1018) compared to a licensed hepatitis B vaccine in 
healthy adults 40-70 years of age. Vaccine 2013;31:5300-5305.

 49) Schillie S, Harris A, Link-Gelles R, Romero J, Ward J, Nelson N. 
Recommendations of the Advisory Committee on Immunization 
Practices for use of a hepatitis B vaccine with a novel adjuvant. 
Morb Mortal Wkly Rep 2018;67:455-458.

 50) Marcellin P, Gane E, Flisiak R, Trinh H, Petersen J, Gurel S,  
et al. Long term treatment with tenofovir disoproxil fumarate for 
chronic hepatitis B infection is safe and well tolerated and associ-
ated with durable virologic response with no detectable resistance: 
8 year results from two phase 3 trials [Abstract]. Hepatology 
2014;60(Suppl. 1):313A.

 51) European Association for the Study of the Liver. EASL 2017 
Clinical Practice Guidelines on the management of hepatitis B 
virus infection. J Hepatol 2017;67:370-398.

 52) Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, 
Jonas MM, et al. Update on prevention, diagnosis, and treat-
ment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. 
Hepatology 2018;67:1560-1599.

 53) Lampertico P, Chan H, Janssen H, Strasser S, Schindler R, Berg  
T. Long-term safety of nucleoside and nucleotide analogues in HBV-
monoinfected patients. Aliment Pharmacol Ther 2016;44:16-34.

http://www.hcvguidelines.org


Hepatology CommuniCations, Vol. 4, no. 3, 2020 DO AND REAU

341

 54) Agarwal K, Brunetto M, Seto WK, Lim Y-S, Fung S, Marcellin 
P, et al. 96 weeks treatment of tenofovir alafenamide vs. tenofo-
vir disoproxil fumarate for hepatitis B virus infection. J Hepatol 
2018;68:672-681.

 55) Liang TJ, Block TM, McMahon BJ, Ghany MG, Urban S, Guo 
JT, et al. Present and future therapies of hepatitis B: from discov-
ery to cure. Hepatology 2015;62:1893-1908.

 56) Cornberg M, Lok AS-F, Terrault NA, Zoulim F, Berg T, Brunetto 
MR, et al. Guidance for design and endpoints of clinical trials in 
chronic hepatitis B-report from the 2019 EASL-AASLD HBV 
Treatment Endpoints Conference. Hepatology 2019 Nov 12. 
https ://doi.org/10.1002/hep.31030 . [Epub ahead of print]

 57) Weigand J, Wedemeyer H, Finger A, Heidrich B, Rosenau J, 
Michel G. A decline in hepatitis B virus surface antigen (hbsag) 
predicts clearance, but does not correlate with quantitative hbeag 
or HBV DNA levels. Antivir Ther 2008;13:547-554.

 58) Ozaras R, Tabak F, Tahan V, Ozturk R, Akin H, Mert A, et al. 
Correlation of quantitative assay of HBsAg and HBV DNA levels 
during chronic HBV treatment. Dig Dis Sci 2008;53:2995-2998.

 59) Giersch K, Allweiss L, Volz T, Dandri M, Lütgehetmann M. 
Serum HBV pgRNA as a clinical marker for cccDNA activity.  
J Hepatol 2017;66:460-462.

 60) Mak LY, Wong DK, Cheung KS, Seto WK, Lai CL, Yuen MF. 
Review article: hepatitis B core-related antigen (HBcrAg): an 
emerging marker for chronic hepatitis B virus infection. Aliment 
Pharmacol Ther 2018;47:43-54.

 61) testoni B, lebossé F, Scholtes C, Berby F, Miaglia C, Subic M, 
et al. Serum hepatitis B core-related antigen (HBcrAg) correlates 
with covalently closed circular DNA transcriptional activity in 
chronic hepatitis B patients. J Hepatol 2019;70:615-625.

 62) Hosaka T, Suzuki F, Kobayashi M, Hirakawa M, Kawamura Y, 
Yatsuji H, et al. HBcrAg is a predictor of post-treatment recur-
rence of hepatocellular carcinoma during antiviral therapy. Liver 
Int 2010;30:1461-1470.

 63) Xia Y, Liang TJ. Development of direct-acting antiviral and 
host-targeting agents for treatment of hepatitis B virus infection. 
Gastroenterology 2019;156:311-324.

 64) Tang LS, Covert E, Wilson E, Kottilil S. Chronic hepatitis B  
infection: a review. JAMA 2018;319:1802-1813.

 65) Fattovich G, Giustina G, Christensen E, Pantalena M, Zagni 
I, Realdi G, et al. Influence of hepatitis delta virus infection on 
morbidity and mortality in compensated cirrhosis type B. Gut 
2000;46:420-426.

 66) Fattovich G, Bortolotti F, Donato F. Natural history of chronic 
hepatitis B: special emphasis on disease progression and prognos-
tic factors. J Hepatol 2008;48:335-352.

 67) Chen H-y, shen D-t, Ji D-Z, Han P-C, Zhang W-M, Ma  
J-F, et al. Prevalence and burden of hepatitis D virus infection in 
the global population: a systematic review and meta-analysis. Gut 
2019;68:512-521.

 68) Patel EU, Thio CL, Boon D, Thomas DL, Tobian AA. Prevalence 
of hepatitis B and hepatitis D virus infections in the United 
States, 2011-2016. Clin Infect Dis 2019;69:709-712.

 69) Lempp FA, Ni Y, Urban S. Hepatitis delta virus: insights into 
a peculiar pathogen and novel treatment options. Nat Rev 
Gastroenterol Hepatol 2016;13:580-589.

 70) Mentha N, Clement S, Negro F, Alfaiate D. A review on hepatitis 
D: from virology to new therapies. J Adv Res 2019;17:3-15.

 71) Wedemeyer H, yurdaydìn C, Dalekos GN, Erhardt A, Çakaloğlu 
Y, Değertekin H, et al. Peginterferon plus adefovir versus  
either drug alone for hepatitis delta. N Engl J Med 2011;364: 
322-331.

 72) Koh C, Canini L, Dahari H, Zhao X, Uprichard SL, Haynes-
Williams V, et al. Oral prenylation inhibition with lonafarnib in 
chronic hepatitis D infection: a proof-of-concept randomised, 
double-blind, placebo-controlled phase 2A trial. Lancet Infect Dis 
2015;15:1167-1174.

 73) Yurdaydin C, Keskin O, Kalkan Ç, Karakaya F, Çalişkan A, 
Karatayli E, et al. Optimizing lonafarnib treatment for the man-
agement of chronic delta hepatitis: the LOWR HDV-1 study. 
Hepatology 2018;67:1224-1236.

 74) Ni Y, Lempp FA, Mehrle S, Nkongolo S, Kaufman C, Fälth 
M, et al. Hepatitis B and D viruses exploit sodium taurocholate 
co-transporting polypeptide for species-specific entry into hepato-
cytes. Gastroenterology 2014;146:1070-1083.e1076.

 75) ClinicalTrials.gov. Study of the efficacy and safety of lonafarnib/ 
ritonavir with and without pegylated interferon-alfa-2a (D-LIVR).  
Identifier NCT03719313. Bethesda, MD: National Library of 
Medicine (US); 2019. https ://clini caltr ials.gov/ct2/show/NCT03 
719313. Accessed December 15, 2019.

 76) Cornberg M, Manns MP. Hepatitis: no cure for hepatitis B and D 
without targeting integrated viral DNA? Nat Rev Gastroenterol 
Hepatol 2018;15:195-196.

 77) Wooddell Ci, yuen m-F, Chan HL-Y, Gish RG, Locarnini SA, 
Chavez D, et al. RNAi-based treatment of chronically infected 
patients and chimpanzees reveals that integrated hepatitis B virus 
DNA is a source of HBsAg. Sci Transl Med 2017;9:eaan0241.

 78) World Health Organization. Guidelines on Hepatitis B and 
C Testing: Policy Brief. Geneva, Switzerland: World Health 
Organization; 2016.

 79) World Health Organization. Guidelines for the Care and 
Treatment of Persons Diagnosed With Chronic Hepatitis C Virus 
Infection. Geneva, Switzerland: World Health Organization; 
2018.

 80) European Association for the Study of the Liver. EASL rec-
ommendations on treatment of hepatitis C 2018. J Hepatol 
2018;69:461-511.

 81) Moyer VA. Screening for hepatitis C virus infection in adults: US 
Preventive Services Task Force recommendation statement. Ann 
Intern Med 2013;159:349-357.

 82) Terrault NA, Bzowej NH, Chang KM, Hwang JP, Jonas MM, 
Murad MH. AASLD guidelines for treatment of chronic hepatitis 
B. Hepatology 2016;63:261-283.

Author names in bold designate shared co-first 
authorship.

https://doi.org/10.1002/hep.31030
https://clinicaltrials.gov/ct2/show/NCT03719313
https://clinicaltrials.gov/ct2/show/NCT03719313

