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Abstract
Each hepatitis virus—Hepatitis A, B, C, D, E, and G—poses a distinct scenario to 
the patient and clinician alike. Since the discovery of each virus, extensive 
knowledge regarding epidemiology, virologic properties, and the natural clinical 
and immunologic history of acute and chronic infections has been generated. 
Basic discoveries about host immunologic responses to acute and chronic viral 
infections, combined with virologic data, has led to vaccines to prevent Hepatitis 
A, B, and E and highly efficacious antivirals for Hepatitis B and C. These 
therapeutic breakthroughs are transforming the fields of hepatology, transplant 
medicine in general, and public and global health. Most notably, there is even an 
ambitious global effort to eliminate chronic viral hepatitis within the next decade. 
While attainable, there are many barriers to this goal that are being actively 
investigated in basic and clinical labs on the local, national, and international 
scales. Herein, we discuss pertinent clinical information and recent organizational 
guidelines for each of the individual hepatitis viruses while also synthesizing this 
information with the latest research to focus on exciting future directions for each 
virus.
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Core Tip: Viral hepatitis encompasses a wide array of clinical diseases—from asymptomatic and self-
limited to chronic liver disease to acute liver failure. Extensive historical research has resulted in vaccines 
to prevent Hepatitis A, B, and E and highly efficacious antivirals for Hepatitis B and C, and these 
therapeutic breakthroughs are transforming the fields of hepatology, transplant medicine in general, and 
public and global health. While these breakthroughs are highly promising, there are many barriers to 
eventually elimination of chronic viral hepatitis. These barriers are being actively investigated, and we 
discuss ongoing research in the historical context of viral hepatitis research.
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INTRODUCTION
In this review of viral hepatitis infections, we discuss the pertinent clinical information and recent 
organizational guidelines for each of the individual hepatitis viruses while also synthesizing this 
information with the latest research to focus on exciting future directions for each virus.

HEPATITIS A
Hepatitis A
The Hepatitis A Virus (HAV) is a single stranded, non-enveloped ribonucleic acid (RNA) molecule. 
HAV is a member of the Picornaviridae family and the Hepatovirus genus that is transmitted primarily 
through a fecal-oral route via person-to-person contact or ingestion of contaminated food or water[1,2]. 
Globally, serologic evidence of prior infection is quite high, but prevalence has high geographic and 
demographic variability[3]. Acute HAV infection characteristically causes a self-limited illness. 
However, cases of fulminant liver failure have been reported with advanced age being the greatest risk 
factor for symptomatic disease[4]. Treatment is primarily preventative with vaccination prior to possible 
exposures, and both vaccination and HAV immunoglobulin to confer both active and passive immunity 
after exposure[5].

Epidemiology
An estimated 1.4 million cases of hepatitis A occur globally each year[6]. Estimates of disease prevalence 
vary regionally and are highly dependent on socioeconomic status and access to clean water. In 
developing countries with poor sanitation, there is nearly 100% seropositivity for HAV immunoglobulin 
G (IgG). In these countries, it is presumed that most children are infected at very early ages, when 
minimal symptoms develop and therefore clinical presentation of HAV infection is very rare[3]. In 
wealthy nations, including the United States, HAV IgG seropositivity rates are much lower[7]. Seropos-
itivity increased with age and was lower among United States-born residents compared to immigrants
[8]. Since the introduction of the HAV vaccine in 1996, new cases of HAV have declined by over 90% in 
the United States despite relatively low rates of HAV vaccination[9]. International travel to endemic 
areas or person-to-person contact with an infected person are the main risk factors for HAV.

Natural History of Infection and Clinical Course
The primary route of HAV infection is the fecal-oral route from contaminated food and water. This is 
evidenced by detection of HAV RNA in stool during the incubation period and for up to 4-5 mo after 
the onset of symptoms[10]. In small children, the infection is largely asymptomatic with fewer than 10% 
of children < 6 years old developing jaundice with HAV infection, and the only evidence of infection is 
serologic presence of anti-HAV antibodies. In older children and adults, HAV infection follows a 
characteristic pattern[5]. Infection is followed by an average 28-d incubation period where the virus 
actively replicates in hepatocytes. HAV itself is not thought to be directly hepatotoxic as there is no 
laboratory or clinical evidence of liver damage during the incubation period, and HAV can be 
propagated in vitro without any evidence of cytopathology[11]. After the incubation period, however, 
there is immune-mediated damage to the hepatocytes that results in non-specific symptoms of fever, 
malaise, fatigue, and loss of appetite followed by jaundice in approximately 70% of patients[12]. The 
majority of patients (approximately 60%) have a full recovery within 2 mo. Of the patients who do not 
fully recover within 2 mo, some develop prolonged cholestasis and others have relapsing disease with 2 
or more bouts within a 6-10 wk period driven primarily by viral shedding within the stool and 
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reinfection. The overwhelming majority (nearly 100%) of these patients fully recover within 6 mo of 
disease onset, and there is no increase in mortality with any of these disease presentations[9].

Fulminant HAV is associated with low HAV RNA titers and high bilirubin levels, likely related to a 
robust host immune response reducing HAV viral load and resulting in significant hepatocyte damage
[4]. Acute liver failure occurs in less than 1% of cases of HAV infection[4]. It is more common among 
patients with advance age (> 75 years old), underlying liver disease, or chronic kidney disease. The 
incidence of fulminant HAV in the United States has decreased dramatically from 1990 to 2005[13]. Data 
from the United States Acute Liver Failure Study Group (ALFSG) showed that the proportion of ALFSG 
cases due to HAV was low (29 of 925 patients, 3.1%), and of these patients, 55% recovered, 31% received 
transplant, and 14% died[13]. In 2006, the ALFSG study group designed a prognostic model based on 
clinical features at presentation [alanine transaminase (ALT) < 2600 IU/L, creatinine > 2.0 mg/dL, 
intubation, and vasopressors] that predict the likelihood of death and need for transplant with high 
accuracy[13]. Subsequently, a refined scoring system was derived from a cohort of 294 Korean patients 
with fulminant hepatitis A to predict the likelihood of death or need for liver transplant[14]. This 
scoring system takes multiple objective values (age, international normalized ratio, bilirubin, ammonia, 
creatinine, and hemoglobin) at the time of HAV-associated ALF into account, and compared to the 
ALFSG study group, this new model better predicted the likelihood of death or need for transplantation 
in both the Korean discovery cohort and international validation cohorts[14]. These scoring systems are 
useful in determining the level of care that a patient with acute HAV infection should receive. 
Nevertheless, there is an unusually high rate of recovery for HAV-related acute liver failure, and given 
this, auxiliary transplantation and artificial liver devices have been proposed as therapeutic bridges to 
native liver recovery and regeneration[15]. However, these are not commonly used in clinical practice.

Prevention, Diagnosis, and Treatment
There are currently 4 inactivated HAV vaccines available, all with similar efficacy and side effect 
profiles. However, widespread vaccination programs are not currently universal[16]. In fact, the World 
Health Organization (WHO) recommends that large-scale efforts should not be undertaken in highly 
endemic areas where nearly 100% of children contract HAV early in life and are asymptomatic[16]. On 
the other hand, in regions with lower rates of disease and higher acute infection rates later in life (when 
it is more likely to be symptomatic and result in increased healthcare costs) the WHO recommends 
either targeted vaccination of high-risk groups (in very low prevalence areas) or universal vaccination 
programs (in intermediate endemic areas)[16]. Given recent outbreaks and increases in the number of 
cases reported in the United States each year, the United States Centers for Disease Control (CDC) now 
recommends vaccination of all children > 1 year old in addition to the traditional at-risk groups[17].

Clinically, HAV infection is indistinguishable from other forms of acute viral hepatitis and diagnosis 
relies on serologies. An acute infection is defined by the presence of anti-HAV-immunoglobulin M 
(IgM) antibodies, which are present within a couple of weeks of exposure and at the onset of symptoms. 
Anti-HAV-IgG antibodies are also present at the onset of symptoms. While the anti-HAV-IgM titer 
decreases over time and is generally undetectable after 1 year of exposure, the IgG antibody is present 
for life and confers lifelong immunity. HAV RNA can be found in various bodily secretions and 
excretions, which can determine infectivity but levels are not currently used clinically.

Treatment for HAV is largely supportive with spontaneous recovery in the overwhelming majority of 
patients. While there is no anti-viral treatment for HAV, some studies have investigated post-exposure 
prophylaxis with both active immunity with HAV vaccination and conferring passive immunity 
through HAV immunoglobulin infusions. The most comprehensive study came in 2007 when Victor et al
[18] performed a randomized control trial comparing HAV vaccination to HAV immunoglobulin in 
1090 household contacts aged (2 to 40) of HAV patients. Both groups had low rates of hepatitis A, and 
the study’s noninferiority criteria were met[18]. As such, the United States CDC recommends either 
HAV vaccine or HAV immunoglobulin for post-exposure prophylaxis within 2 wk of exposure[19]; 
however, the HAV vaccine does have an advantage over immunoglobulin, including active immunity 
and longer duration of action.

In summary, while effective HAV vaccines are available, the available data support the current 
practice of targeted vaccination in areas where patients who are more prone to more severe symptoms 
from HAV are more likely to be exposed rather than vaccinating all individuals in endemic areas. For 
those who are exposed, it will be interesting to see if further improvements can be made to already good 
predictive models to determine the clinical trajectory of patients with acute, fulminant HAV to 
determine whether liver transplant will be needed. Finally, we will be eagerly watching for further data 
on currently investigational liver support devices, which hold promise to provide supportive care 
through fulminant HAV and obviate the need for liver transplantation.

HEPATITIS B
Hepatitis B infection is caused by the Hepatitis B Virus (HBV), a deoxyribonucleic acid (DNA) virus 
belonging to the Hepadnaviridae family and the Orthohepadnavirus genus[20]. It is transmitted via 
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exposure to infected blood or bodily fluids, most commonly from intravenous drug use, sexual contact, 
or vertical transmission from mother to child[20]. The burden of HBV is declining in the developed 
world due to vaccination[21], but HBV prevalence is still quite high in endemic areas primarily due to 
vertical transmission between mother and child and early life exposures[22]. The age of HBV infection is 
the principal factor determining the course of disease; the overwhelming majority of perinatally infected 
patients develop chronic hepatitis B whereas the majority of adults who are infected readily clear the 
virus[23]. Antiviral medications can stop viral replication and subsequent liver damage. While no 
available treatments can clear HBV infection, there are exciting investigational agents that may provide 
therapeutic benefit in the future[24]. Moreover, there is a broad global health effort to eliminate HBV via 
a combination of aggressive vaccination, diagnostic, and treatment programs[25].

Epidemiology
In 2006, it was estimated that 2 billion people had been infected with HBV and that 360 million people 
were living with chronic hepatitis B worldwide. There is geographic variation in hepatitis B prevalence. 
Endemic regions like Southeast Asia, Sub-Saharan Africa, and parts of South America have prevalence 
rates greater than 8% compared to 2% in non-endemic areas, including the majority of North America
[26]. Routes of transmission differ between endemic and non-endemic areas and determine the course of 
HBV infection. In endemic areas, vertical transmission between mother and child and horizontal 
transmission among young children are the most common routes of HBV infection, but in non-endemic 
areas, intravenous drug use and sexual transmission in adults are the predominant modes of infection
[27]. Exposure to HBV within the first six months of life confers a nearly 90% risk of developing a 
chronic infection due to immunologic tolerance, which decreases to approximately 50% risk if exposed 
before the age of 6[27]. Acutely infected adults with intact immune systems, however, spontaneously 
clear HBV infection in a remarkable 95% of cases. Taken together, these data indicate that the majority 
of chronic HBV in the world is within endemic areas. In line with this, recent studies have shown that 
more than 90% of cases of chronic HBV in the United States are in immigrants from endemic areas[28]. 
While the incidence of acute HBV is declining in the United States due to vaccination, blood product 
screening, and perinatal screening, the incidence of chronic HBV is increasing due to changing 
immigration patterns and increasing immigration from endemic areas[28]. A recent meta-analysis 
assessed the prevalence of hepatitis B surface antigen (HBsAg) in hemodialysis patients in the Middle 
East found a 4.4% positivity rate, which is decreasing over time[29].

Natural History of Infection and Clinical Course
Hepatitis B is a small DNA virus with 10 known genotypes. The enveloped hepatitis B virus is 
recognized via the HBsAg and enters the cell via receptor-mediated endocytosis[20]. Upon entry into the 
cell, HBV is uncoated and undergoes repair of the single-stranded DNA to either integrate into the host 
genome or form covalently closed circular DNA (cccDNA), both of which serve as templates for 
transcription and translation[20]. The cccDNA persists in hepatocytes even after other signs of declining 
virus activity, including HBsAg loss, and is the main cause of HBV persistence despite antiviral 
treatment. The 3.2kb genome has 4 open reading frames that encode for the (1) Core gene (important for 
viral packaging and production of e-antigen (eAg); (2) surface gene (encodes surface proteins); (3) X-
gene (which maintains expression of cccDNA); and (4) polymerase gene (encodes multiple proteins 
important for DNA replication, including a reverse transcriptase and polymerase)[24]. Once transcribed 
from cccDNA, immature RNA molecules are packaged into nucleocapsids that can either be recycled to 
the nucleus or further packaged and trafficked to budding sites in a HBsAg-dependent manner.

HBV is not directly cytotoxic but instead the clinical course of HBV is determined by the intensity of 
the immune response[30,31]. Acute HBV infection is a subclinical illness in approximately 2/3 of the 
cases while the other 1/3 develop symptomatic hepatitis and 1% develop acute liver failure with 
survival rates of only 20%. Regardless of the initial clinical manifestation, with an intact immune 
system, the majority of HBV is rapidly cleared, and understanding the modes of natural clearance are 
important for developing new treatment strategies.

The innate immune system is classically thought of as the initial line of defense against pathogens: It 
uses non-specific defenses including proinflammatory cytokines, interferons, and natural killer (NK) 
cells to keep the virus under reasonable control[31]. The adaptive immune system is fine-tuned to more 
specifically fight the pathogen. In hepatitis B, however, the line between these two arms of the immune 
system are blurred. In acute HBV infection, the innate immune system has a relatively weak release of 
the prototypical cytokines and weak induction of interferon and interferon-stimulated genes[32]. In fact, 
HBV has been shown to actively suppress interferon release and inhibit with interferon functions[33]. In 
one study of 21 patients with acute HBV infection, these patients had an increase in the anti-inflam-
matory cytokine interleukin (IL)-10 while there was no change in interferon levels from baseline[34]. 
Increases in IL-10 were accompanied by a decrease in NK cell activation and attenuated HBV-specific 
CD4+ and CD8+ T-cell responses[34]. Moreover, there is a decrease in NK cell function in clearing the 
initial infection. However, non-traditional roles for NK cells, including regulating the adaptive T-cell 
response, and the non-classical NK T-cells (NKT cells) can clear HBV without the help of CD4+ or CD8+ 
T-cells. These defects in the innate immune response to HBV infection are likely the culprit for the 
relatively low rate of symptomatic hepatitis in the acute phase and have led to HBV being considered a 
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“stealth virus”[35].
Adaptive immunity plays a crucial role in clearance of acute HBV infection. Classically, CD8+ T-cells 

selectively eliminate virus-infected cells by recognizing short viral epitopes on infected cells, and HBV-
specific CD8+ T-cells are an integral component of natural HBV control[31]. This was suggested by a 
study of 23 patients with acute, self-limited HBV[36]. Interestingly, the highest frequency of HBV-
specific CD8+ T-cells correlated with the clinically acute phase of infection[36]. Causation was more 
convincingly demonstrated with an experimental chimpanzee model with selective depletion of either 
CD4+ T-cells or CD8+ T-cells prior to acute HBV infection[37]. Chimpanzees with depletion of CD8+ T-
cells had delayed viral clearance, and viral clearance did not occur until the reappearance of CD8+ T-
cells[37]. Repopulation of CD8+ T-cells and viral clearance also coincided with interferon expression. 
Depletion of CD4+ T-cells did not have any appreciable effect on viral clearance compared to controls
[37].

Patients who are unable to mount this initial immune response fail to clear the virus and progress to 
chronic HBV. Immunologic hallmarks of chronic hepatitis B infection include numerical and functional 
deficiency of HBV-specific CD8+ T-cells as well as decreased B-cell function[38-40]. Given their crucial 
role in clearing acute HBV infection, augmenting the number and function of CD8+ T-cells is of great 
interest in therapeutic development.

Chronic hepatitis B has four distinct phases: the immune tolerant phase, immune active phase, 
inactive carrier phase, and reactivation. In the immune tolerant phase, there are high HBV viral loads 
without lab evidence of liver inflammation. Immune active phase is evidenced by lower viral loads with 
elevated transaminases. If untreated, patients in the immune active phase have a very high chance 
(approximately 20%) of progressing to chronic liver disease with cirrhosis and hepatocellular carcinoma 
(HCC) in approximately 25%-30% of patients with the presence of active viral replication and necroin-
flammatory liver disease being predictors of disease progression. In the absence of antiviral therapy, 
patients with HBsAg-positive cirrhosis have an 84% 5-year survival when compensated but a bleak 14% 
5-year survival rate after the initial decompensation event[41]. While current antivirals can help 
improve liver histology, decrease hepatic decompensation, and improve long-term survival, achieving a 
functional cure (i.e., HBsAg loss) is an uncommon event with unknown predictive factors[42,43]. In the 
inactive carrier state, patients have normalization of transaminases, undetectable HBV virus levels, and 
in some patients, fibrosis improvement[44]. However, these patients can reactivate either due to loss of 
immune control whether spontaneously or induced by immunosuppressive therapies[45]. Despite 
available treatments, the burden of chronic HBV is still very high and is estimated to account for 700000 
deaths each year from decompensated cirrhosis and HCC[46].

Prevention, Diagnosis, and Treatment
As discussed above, vertical and horizontal transmission in childhood are responsible for the majority 
of chronic HBV infections. HBV can be prevented with administration of an effective HBV vaccine, 
which has been available since the 1980s. This was demonstrated with mass childhood vaccination 
programs in the endemic area of Taiwan that started in 1984[47]. Seroprevalence of HBV was tested 10 
years after the introduction of mass vaccination programs and showed marked declines in the 
childhood presence of HBsAg (from 9.8% to 1.3%) and rising rates of immunity as marked by hepatitis B 
surface antibody (HBsAb) (from 23% to 79%)[47]. Importantly, a subsequent study showed that 
universal childhood HBV vaccination was also linked to reduced incidence of childhood HCC and 
HCC-associated mortality[48]. A similar aggressive vaccination program for Native Alaskans was 
conducted in newborns and young-children and was linked to elimination of acute, symptomatic HBV 
infections and HCC[49]. Additionally, despite a growing population, the number of children identified 
with HBsAg fell from 697 to 2 after initiation of this vaccination program[49]. The effect of vaccination 
has also been studied in infants at highest risk of vertical transmission—those born to HBeAg positive, 
HBsAg carrier mothers[50]. In combination with hepatitis B immunoglobulin (HBIG), neonatal 
vaccination for HBV was extremely efficacious. Persistent HBsAg was found in only 6% of the infants 
receiving both vaccination and HBIG compared to 88% of those receiving placebo[50]. With this marked 
efficacy in mind, the World Health Organization has recommended universal birth dose vaccination 
against HBV. However, despite the demonstrated efficacy more than 35 years ago, this has still not 
occurred in the majority of endemic countries. Expanding HBV vaccination is therefore the focus of 
many ongoing global health efforts to eliminate HBV[25].

Available antiviral medications against HBV are interferon-based regimens or nucleotide/nucleoside 
reverse transcriptase inhibitors (NRTIs), including entecavir, tenofovir, lamivudine, adefovir, and 
telbivudine[42]. Interferon-based therapies have both immune stimulating and antiviral effects and have 
higher potency than NRTIs; however, it is used much less frequently because of its adverse effects. The 
first generation NRTIs (lamivudine, adefovir, and telbivudine) suffered from low-barriers to viral 
resistance and have been replaced by second generation NRTIs (entecavir and tenofovir) in clinical 
practice[42]. When used alone, NRTIs can achieve HBV DNA negativity in 70%-85% of patients and e-
antigen seroconversion in 20%-25% of patients after 1 year of treatment with even further benefit after 3 
years[51]. However, even patients with seroconversion have high rates of HBV relapse upon 
withdrawal of medication (approximately 30% by 5 years), which has led to prolonged therapy even 
after e-antigen seroconversion to decrease the risk of reactivation[52]. While many patients are treated 
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with lifelong NRTIs with minimal side effects, even the simplest treatment algorithms require physician 
visits, lab draws, and HCC screening every 6 mo. This is costly and inconvenient, which can lead to 
non-adherence to care for a variety of reasons, especially in many resource-limited endemic countries. 
Indeed, worldwide, many patients that guidelines would suggest to be on NRTI therapy do not actually 
receive treatment[25]. Multiple approaches to remove this barrier to receiving care are being invest-
igated and include determining if and when therapy can safely be withdrawn and combining NRTI 
therapy with other therapies to improve durable, off-treatment responses. In retrospective analyses of 
patients who have discontinued NRTI, it appears safe to stop therapy if patients do not have HBeAg, 
have very low levels of HBsAg, and have minimal fibrosis. However, flares can still occur and HCC 
screening is still required, and therefore close follow up is still warranted, suggesting that this approach 
may not be feasible on a global scale[53]. NRTI withdrawal appears to be more feasible in non-cirrhotic, 
HBeAg negative patients with low HBV DNA titers if NRTI is combined with interferon therapy; 
however, this too was done in a highly regimented clinical trial setting with relatively short-term follow 
up[54]. At the moment, this approach is only experimental, and real-world experience with longer term 
data to determine HBV relapse rates and HCC occurrence has yet to be seen.

In sum, the most promising method for prevention of primary HBV infections is early, universal 
vaccination, and we are hopeful that aggressive vaccination campaigns already underway will substan-
tially reduce the burden of HBV in the coming decades. Fortunately, highly active antivirals are capable 
of controlling the virus and reducing the burden of advanced liver disease from HBV; however, there 
remains no cure for HBV. In the next section, we discuss many exciting experimental approaches aimed 
at curing HBV via multiple different mechanisms.

Future Therapies Under Investigation
The high rate of HBV relapse after NRTI withdrawal reflects the persistence of cccDNA and integrated 
HBV DNA. Multiple drugs in development target components of the HBV lifecycle as well as the 
immune response to HBV infection. Future approaches to achieving a cure for hepatitis B will likely 
exploit all three pathways. That is, (1) Use of existing potent antivirals in combination with; (2) novel, 
direct acting antivirals; and (3) immunomodulators that enhance clearance of cells that harbor HBV 
DNA[24]. Novel direct-acting antiviral therapies under investigation include gene editing and 
suppression via clustered regularly interspaced short palindromic repeats (CRISPR-CAS-9) technology 
and gene suppression via silencing RNA (siRNA) and antisense oligonucleotides (ASOs)[24].

The CRISPR approach has been used with guide RNAs designed to target cccDNA components (core, 
polymerase, or X open reading frames)[55]. This study demonstrated the ability of CRISPR technology 
to directly cleave cccDNA and significantly reduce both HBV RNA titers and HBsAg concentrations in 
vitro with both transient transfection and sustained expression. In a mouse model of HBV infection, 
simultaneous delivery of HBV and guide RNA was also shown to result in decreased HBV viral titers 
and HBsAg levels[55]. Given that both integrated HBV DNA and cccDNA can contribute to HBV 
persistence, another group successfully used CRISPR to excise a full-length integrated DNA fragment 
while simultaneously disrupting cccDNA in a cell line that stably expressed HBV DNA[56]. All 
measures of HBV chronicity were undetectable for 12 mo after this therapy[56]. While this is promising, 
CRISPR-Cas9 targets the integrated DNA by inducing double stranded DNA breaks within the host 
genome, which has the potential to have detrimental off-target effects including host genome 
rearrangement. More targeted approaches with CRISPR-Cas-9 “nickases” to mediate only single strand 
nicks and base-editing to introduce mutations have also been employed[57]. A more targeted approach 
with CRISPR-Cas9-mediated base-editing to introduce mutations has also been attempted in vitro. The 
introduction of either missense or nonsense mutations resulted in inactivation of both integrated and 
cccDNA with associated reductions in HBV viral titers, HBsAg, and reductions in both surface and 
polymerase proteins[57]. Moreover, CRISPR-Cas-9-mediated knockout of HBsAg in an HCC cell line 
reduced proliferation in vitro and the ability of these cells to form tumors in mice, suggesting 
therapeutic potential for HBV-associated HCC as well[58]. Together, these data suggest that CRISPR-
Cas9 technology has the potential to promote a true HBV cure.

Alternative approaches that directly target the hepatitis B virus include targeting the RNA products 
of both cccDNA and integrated HBV transcription via specific siRNA or ASOs. Both siRNA and ASOs 
are short RNA sequences that are complementary to the viral mRNA and therefore generate double 
stranded RNA that is targeted for degradation via dicer or RNase-H, respectively[59]. With multiple 
siRNA or ASOs administered in each dose, this approach has the potential to target multiple mRNA 
products simultaneously[59].

One siRNA molecule, ARC-520, is designed to target the open reading frame of HBV X but overlaps 
with all cccDNA transcripts and therefore has the potential to target all cccDNA transcripts for 
degradation. ARC-520 was shown to be safe in healthy volunteers[60], and in a phase II study, ARC-520 
resulted in significant reduction in HBsAg production in patients that were NRTI-naïve or had HBeAg
[61]. The difference in response to RNA interference (RNAi) between HBeAg+ and HBeAg- patients was 
investigated using chimpanzees and determined to be due to the presence of integrated DNA in 
addition to cccDNA[61]. In follow up studies of ARC-520 activity against chronic HBV in NRTI-
experienced patients, four monthly doses of the siRNA resulted in dose-dependent reduction in HBsAg 
concentrations regardless of HBeAg status. The reductions were only modest (approximately 0.4 log 
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reduction from baseline), possibly resulting from the presence of integrated DNA that is not targeted by 
this particular siRNA[62]. Additional siRNAs are currently under development and preliminary data 
from one siRNA that uses a N-Acetylgalactosamine ligand to target the siRNA to the liver suggests 
improved HBsAg reduction (approximately 1.75 log reduction) with dosing every 4 wk[63].

The potential of ASO in treating chronic HBV was recently demonstrated in preclinical in vitro and in 
vivo mouse models[64]. A target second-generation ASO that was complementary to reference 
sequences in HBV genotypes A-H was identified as an effective ASO using in vitro models. This ASO 
reduced HBV DNA expression, replication, viremia, and HBsAg and HBeAg production in multiple 
HBV genotypes[64]. Importantly, the ASO used had no interference with the anti-viral activity of NRTIs 
when given simultaneously, suggesting that combination with existing therapy is feasible[64]. An HBV-
targeted ASO was recently shown to be safe in escalating doses in healthy human subjects[65], and 
subsequently shown to have excellent antiviral activity in patients with chronic hepatitis B with 
reduction in HBsAg regardless of concurrent therapy after 29 d[66]. In addition to the longer-term 
follow up that is underway, it will be important to determine if there can be a further decline in 
measures of HBV infection if combined with additional ASOs or if sequence variations between 
individuals can be accounted for with use of multiple ASOs simultaneously[67]. Moreover, further 
modifications to ASOs are currently in development to improve delivery to hepatocytes[67].

Immunomodulation aims to rectify the relative functional and numerical deficiency of CD8+ T-cells 
that is present in patients with chronic hepatitis B infections. This can be achieved either by augmenting 
the function of existing CD8+ T-cells, creating a new source of CD8+ T-cells, or immune mobilization[24,
31,68,69]. One hallmark of CD8+ T-cells in chronic HBV is overexpression of inhibitory molecules, 
among them programmed cell death protein-1 (PD-1). This has led to the hypothesis that PD-1 
inhibition may increase recruitment of T-cells to help clear chronic hepatitis B. Efficacy of a single dose 
of the PD-1 inhibitor nivolumab was tested in patients who already had viral suppression and were 
HBeAg negative and demonstrated a modest further reduction in HBsAg production at 12 wk (average 
reduction was 0.3 log reduction) with only 1 patient achieving loss of HBsAg production in the study 
period[70]. While these data demonstrate some additive benefit of immunotherapy with currently 
available antivirals, it is notable that this study specifically excluded patients with advanced fibrosis 
leaving open the possibility that patients with cirrhosis may not be ideal candidates for this approach. 
Moreover, given extremely low number of HBV-specific CD8+ T-cells in chronic hepatitis B, it is unlikely 
that recruitment of autologous T-cells alone will provide a durable cure.

This realization has led to efforts to generate new functional pools of effector T-cells by engineering 
large numbers of HBV-specific T-cells using chimeric antigen receptor (CAR) and T-cell receptor (TCR) 
technology. This approach has been successfully employed in mouse models of chronic HBV. One 
group isolated CD8+ T-cells from mice and engineered them to express CAR that bind to HBV envelope 
proteins prior to transferring them into HBV transgenic mice[71]. These adoptively transferred HBV-
specific T-cells engrafted, expanded, honed to the liver, reduced HBV replication, and caused only 
transient liver damage[71]. Similar success was achieved in HBV-infected humanized mice using human 
T-cells that were engineered to express an HBV-specific T-cell receptor[72]. Further, simultaneous 
treatment with the TCR-engineered cells and the HBV entry inhibitor myrcludex led to long-term 
control of HBV infection with limited liver injury[72].

A third approach has recently been described and acts as a hybrid between the above described 
methods of recruitment autologous T-cells and engineering larger pools of T-cells[69]. This approach 
uses immune-mobilizing monoclonal T-cell receptors against the virus (immTAV), which are soluble 
bispecific proteins that bind to both the TCR, which specifically recognizes the HBV viral peptide-
human leukocyte antigen complex, and to CD3, which recognizes non-specific T-cells. Using an HBV 
envelope protein-specific immTAV, one group demonstrated that this approach can redirect polyclonal 
T-cells to destroy hepatocytes that are either infected with HBV or have integrated HBV DNA[69].

Despite the success of these immunotherapy approaches in cell culture and animal models, these 
have not yet been translated into human trials. Investigators are likely to proceed with caution given 
that these cytotoxic T-cells are targeting infected tissue within an essential organ and any exaggerated or 
off-target effect has the potential to induce irreparable liver damage and prove fatal. One possible way 
to minimize this chance is to minimize the portion of hepatocytes harboring HBV infection with existing 
antivirals. It is therefore likely that this approach will be most useful after existing or novel antiviral 
medications deplete significant portions of HBV DNA. Enhancing CD8+ T-cell function will therefore 
result in destruction of the few remaining infected hepatocytes to allow for a cure.

HEPATITIS C
Hepatitis C infection is caused by the Hepatitis C virus (HCV), a single stranded RNA virus. HCV is a 
member of the Flaviviridae family and Hepacivirus genus that is transmitted primarily through direct 
bloodstream inoculation[73,74]. HCV successfully evades the immune system to cause a chronic 
hepatitis in the majority of cases, which often leads to advanced fibrosis and cirrhosis if untreated[73]. 
While there are no effective vaccines for HCV prevention, with the advent of direct-acting antivirals 
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(DAA) for the treatment of HCV, HCV can be easily cured in the overwhelming majority of cases. This 
has now led to ambitious global efforts to eliminate HCV[75]. Additionally, DAAs have led to the 
exciting possibility of transplanting organs from HCV-positive donors, which has the potential to 
greatly expand the organ donor pool and increase the availability of scarce resources.

Epidemiology
HCV is estimated to effect approximately 3% of the population worldwide, which translates into nearly 
200 million cases worldwide. There is a wide geographic variation in disease prevalence with rates of 
approximately 1.5% in the United States to nearly 15% in Egypt and up to 50% in certain age groups in 
Egypt[74,76,77]. The unusually high rate of HCV positivity in Egypt has been traced to campaigns to 
administer parenteral anti-schistosomiasis treatment with inadequate needle sterilization in the 1950-
1980s and subsequent spread with blood transfusions and medical and dental procedures[78]. More 
recently, a large effort to screen and treat Egyptians for HCV was undertaken and successfully screened 
49.6 million people for HCV and showed a lower seroprevalence than previous estimates after large 
treatment efforts, now at 4.61%[79]. Remarkably, after DAA treatment 98.8% of patients with a known 
treatment outcome had achieved sustained viral response, suggesting an even lower disease prevalence 
in Egypt now[79].

The estimates of prevalence in the United States are based on the National Health and Nutrition 
Examination Survey (NHANES) database, which surveys a representative sample of 5000 adults 
annually; however, it is notable that this survey does not include homeless or incarcerated individuals, 
where HCV prevalence is estimated to be significantly higher, with weighted prevalence of 23.1% in the 
incarcerated population and 32.1% in the homeless[80]. The estimates in the United States are therefore 
likely to underestimate the true disease burden with one study calculating that NHANES underes-
timates the number of HCV infections in the US by approximately 1 million[80]. Moreover, in recent 
years, the opioid epidemic has led to increasing rates of HCV cases and a shifting demographic, now 
with rates of infection rising fastest in young people while rates in the baby boomer generation fall due 
to screening efforts and treatment[81].

Hepatitis C transmission occurs with parenteral exposures, most commonly from intravenous drug 
use and contaminated blood transfusions with a notable exception in Egypt, as discussed above. A case 
control series from 1997 surveyed both 2316 HCV-positive and 2316 HCV-negative blood donors from 
the United States for lifestyle and socioeconomic factors to elucidate possible mechanisms of HCV 
exposure and transmission and to assist with finding populations that may benefit from closer screening
[82]. They found that the strongest risk factors for HCV-positive individuals were intravenous (IV) drug 
use (OR 49.6), blood transfusion, (OR 10.9), and sex with an IV drug user (OR 6.3)[82]. Since 1992, the 
United States has enacted universal HCV screening of donated blood, which has dramatically reduced 
the risk of HCV transmission via blood transfusions[83]. HCV can survive on an unsterilized needle for 
many days depending on the temperature and inoculum[84]. There are an estimated 11-21 million IV 
drug users worldwide[85], with rates rising in many countries, most notably with the opioid epidemic 
in the United States[81]. This has already led to rates of HCV infection rising sharply since 2010[86] and 
is likely to continue to do so until the opioid epidemic is under better control.

Natural History of Infection and Clinical Course
Nearly all cases of acute hepatitis C are asymptomatic, and fulminant hepatitis C has been reported only 
in case reports[87]. The lack of symptoms in early infections has precluded identification of patients for 
large studies to fully characterize this phase of the disease. Studies of transfusion-associated infections 
have been able to identify some patients with acute, transfusion-related HCV infections[88]. These 
studies have identified that HCV RNA rises rapidly after infection followed by a rise in ALT in 1-3 mo, 
indicating hepatocyte damage. The latent period (defined as the period prior to ALT elevations) is 
inversely proportional to the donor HCV viral load and is shorter in patients with clinically overt 
disease[88]. Importantly, these studies have helped identify host factors that assist with HCV clearance 
and those that make hosts susceptible to developing chronic disease. More recently, the factors that 
mediate this rapid immune response are being used in the hopes of developing a hepatitis C vaccine.

One such study analyzed women who were infected with HCV when prophylactically treated with 
Rho (D) immunoglobulin and found that spontaneous viral clearance is strongly associated with genetic 
polymorphisms near the interleukin 28B (IL28B) gene, which encodes interferon (IFN)-λ-3[89]. 
Moreover, women who did not have the favorable IL28B polymorphism had increased chance of viral 
clearance if they developed jaundice in the acute phase of infection[89]. This finding has been confirmed 
in additional studies, and one study followed 632 patients with acute HCV and found that 25% of 
patients cleared acute HCV with clearance being more likely if patients were female, had the favorable 
IL28B genotype (C/C), or were infected with HCV genotype 1[90]. This large study suggests that HCV 
becomes a chronic infection in approximately 75% of acutely infected individuals, which is in line with 
widely quoted estimates of 50%-85% chronicity rates[90].

Chronic HCV is also largely asymptomatic prior to the development of advanced fibrosis, and 
cirrhosis is estimated to occur in 16% of patients within 20 years of HCV infection[91]. Factors that 
contribute to chronic HCV progressing to cirrhosis include advanced age, concurrent HBV, ongoing 
alcohol use, immunocompromised states, and risk factors for non-alcoholic steatosis including obesity 
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and insulin resistance[92]. Once a patient has cirrhosis, they are at higher risk for hepatic 
decompensation and the development of HCC. While HCV-associated HCC can develop in non-
cirrhotic livers[93], the risk is much higher in patients with cirrhosis and additional risk is conferred by 
many of the factors associated with progression to cirrhosis in the first place, including age, alcohol use, 
and male sex[92].

Diagnosis and Treatment
As briefly discussed above, Hepatitis C is almost universally a chronic, asymptomatic disease until it 
ultimately causes advanced fibrosis and cirrhosis, when it has symptoms that overlap with a variety of 
advanced liver diseases. As such, diagnosis relies entirely on serologies. Given the frequency of HCV in 
the general population, the asymptomatic nature of early HCV, and the ease of treatment (discussed 
more below), it is recommended that all adults in the United States be screened for HCV at least once 
and that high-risk individuals be screened more frequently[94]. In most patients, diagnostic testing 
consists of a hepatitis C antibody test with a reflex to HCV RNA viral load if the antibody test is 
positive. Alternatively, in high-risk patients, some physicians may choose to send an HCV RNA level 
regardless of antibody result. If any test yields a positive result, further characterization of liver 
function—including a fibrosis assessment—will help direct further treatment and screening procedures.

The introduction of direct acting antivirals (DAA) has revolutionized the care of patients with HCV
[95-98]. With pan-genotypic treatments now available, insurance coverage, falling costs of available 
agents, and widely available algorithms for simplifying treatment of patients with HCV (e.g., 
https://www.hcvguidelines.org), treatment of HCV is readily available to the majority of patients in 
developed countries such as the United States. Treatment goals have therefore shifted towards reaching 
as many patients as possible and have led to the aggressive goals of eliminating HCV globally[25,75]. As 
briefly discussed above, an impressive voluntary global health effort in Egypt was able to screen 49.6 
million citizens, which identified over 1 million untreated HCV RNA patients and led to successful 
treatment in 98.8% of patients with long-term follow up[79]. Remarkably, the cost of identifying and 
curing each case of Hepatitis C was $130.62 in contrast to the cost of chronic medical care and disability 
in patients with untreated HCV, which is estimated to be in excess of $100000 per patient[79]. This study 
highlights the feasibility of large-scale screening and treatment efforts in resource-limited settings. With 
the recent changes to the United States Preventative Services Task Force recommendations to expand 
screening from all adults born between 1945 and 1965 to all adults between age 18 to 79[94], it will be 
interesting to see if similar massive-scale screening and treatment can be successfully completed in the 
United States.

Despite this impressive effort, several factors remain barriers to global elimination of HCV[25]. 
Notably, in the Egyptian effort, 20.6% of the population did not participate in voluntary screening with 
men and young people (< 25 years old) having the lowest participation rates[79]. While these efforts will 
likely be successful in patients without ongoing risk factors for HCV infection, IV drug users who are at 
particularly high risk for HCV infection are among the patients least likely to seek out regular medical 
care and to adhere to a course of antiviral therapy. With this in mind, multiple studies in the United 
States have experimented with modified treatment protocols to decrease the burden of treatment and 
improve access to care. For example, the MINMON study (Clinical Trial Number: NCT03512210) aims 
to test whether a minimal monitoring approach is safe and effective when using the pan-genotypic 
agent sofosbuvir/velpatasvir in treatment-naïve HCV patients. To do this, they require no pretreatment 
genotyping, provided patients all of the necessary medication up front, and do not schedule any clinic 
or lab visits while patients were undergoing treatment but did remotely contact patients at 4 and 22 wk. 
Promising results for this study were presented at the American Association for the Study of Liver 
Diseases Liver Meeting in 2020 and showed that sustained virologic response (SVR) was near 95%[99]. If 
adopted on a broader scale, this approach has the potential to further simplify HCV treatment and 
remove some of the treatment burden. Additional studies have attempted to identify the most effective 
way to treat patients who inject drugs in the multi-center HERO study[100]. In this study, patients are 
randomly assigned to receive HCV treatment in one of two ways: (1) Directly observed treatment where 
patients take medication in front of a staff member; or (2) With the help of patient navigators who 
attempt to help patients overcome barriers to taking medication. Final results are forthcoming but will 
hopefully help provide guidance for HCV treatment in this difficult to treat population.

Prevention Efforts
Expansion of HCV prevention strategies are also vital to elimination efforts. Given HCV is most 
commonly transmitted from unsafe injection practices, especially among injection drug users, programs 
to increase safe injections are critically important to efforts to prevent HCV transmission and are gaining 
acceptance[101].

As with other hepatitis viruses, primary prevention of HCV with vaccination would be extremely 
beneficial. Moreover, reinfection is a significant risk for patients who have successfully completed DAA 
therapy but continue to have risk factors for HCV infection. Development of an effective HCV vaccine 
has proven difficult due to the extreme genetic diversity of HCV—7 known genotypes with over 80 
known subtypes—and an error-prone viral polymerase that confers HCV with rapid mutability[102]. 
Hope for a vaccine comes from the observation that approximately 25% of acutely infected individuals 
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spontaneously clear HCV[103]; however, re-infection can occur despite the appearance of broadly 
neutralizing antibodies in patients who clear their initial HCV infection. Nevertheless, a study that 
followed 22 active IV drug users who had previously cleared HCV demonstrated that upon reinfection 
with HCV, virus clearance occurs 83% of the time[104]. Moreover, reinfection is characterized by 
reduced maximal viral titers, shorter duration of viremia, and augmented T-cell responses[104]. Benefit 
of humoral immunity in preventing HCV infection has been demonstrated in chimpanzees treated with 
immunoglobulin derived from a human patient in the acute phase of post-transfusion hepatitis C 
infection[105]. In this case, human immunoglobulin directed against the hypervariable region 1 of the 
envelope 2 protein prevented infection with homologous HCV strains[105]. In another study, HCV 
neutralizing antibodies derived from a patient infected with HCV genotype 1a protected chimpanzees 
from infection with genotype 1a and 6a but failed to protect them from infection with HCV genotypes 
4a or 5a[106]. Pools of broadly neutralizing antibodies can prevent infections with multiple HCV 
genotypes in humanized mice[107,108], and together with the extreme genetic variability of HCV, this 
suggests that in order for a vaccine to be widely effective, it should be able to induce generation of 
broadly neutralizing HCV antibodies. Multiple experimental vaccines have used this approach; 
however, to date, the majority of recipients of these vaccines—either chimpanzee or human—have 
failed to produce sufficient titers of broadly neutralizing antibodies in most subjects[102,109]. 
Nevertheless, new culture strategies may enable use of whole inactivated HCV rather than only 
envelope protein epitopes to allow for additional vaccine epitopes and promote generation of more 
broadly neutralizing antibodies.

At the moment, prevention of HCV infection is dependent upon behavioral risk reduction (e.g., clean 
needle programs), which is unfortunately being overpowered by a surge of new cases with the ongoing 
opioid epidemic in the United States. While a vaccine would be ideal, there are various obstacles to 
overcome, as detailed above. Fortunately, widespread screening and treatment programs are underway 
on a global scale, and we are hopeful that these will achieve the goal of elimination of chronic hepatitis.

Hepatitis C and Organ Transplantation
DAAs have also made it possible to transplant solid organs from hepatitis C positive donors, which has 
the potential to greatly expand the donor pool, shorten time on the waitlist, and improve mortality in 
patients in need of organ transplantation[110]. Solid organ transplantation can transmit HCV to the 
organ recipient and was a major concern in the pre-DAA era. This was demonstrated by a retrospective 
review of all cadaveric donors to the New England Organ Bank between 1986 and 1990, and of 716 
organ donors, 1.8% (13) were determined to be HCV positive[111]. Of these 13 HCV positive donors, 
their organs—19 kidneys, 6 hearts, and 4 livers—were transplanted into 29 different recipients, and 14 of 
the recipients (48%) developed HCV, which caused chronic liver disease in the majority of infected 
patients[111]. This study raised serious concerns about whether HCV-positive organs should be offered 
for transplant given the lack of effective treatment for HCV at the time of the study. Subsequent studies 
from the pre-DAA era showed that transplant patients tend to have worse outcomes if they receive 
HCV positive organs. HCV-positive liver transplant recipients have decreased patient and graft 
survival, primarily attributed to HCV recurrence after transplantation[112]. Additionally, in 
immunosuppressed patients, including recipients of both liver transplants and other solid organs, HCV 
positivity is associated with exceptionally high HCV replication and the development of fibrosing 
cholestatic hepatitis C, an aggressive presentation of HCV that has a high risk of liver failure and 
mortality[113]. For heart transplant patients who receive hearts from HCV-positive donors, there is 
significantly increased mortality at 1, 5, and 10 years that may be attributable to both the development 
of liver disease and accelerated and more severe coronary artery vasculopathy[114,115]. In kidney 
transplant recipients, HCV, whether from the donor organ or already present in the recipient, is 
associated with both increased mortality and graft failure[116,117].

Prior to the introduction of highly effective treatment for HCV, these findings understandably led to 
reservations about using organs from HCV-positive donors and historically resulted in discarding high-
quality organs from HCV-positive donors at much higher rates. Compared to high-quality HCV-
negative livers, high-quality HCV-positive livers were 3 times more likely to be discarded from 2005 to 
2010, a rate which has decreased after DAAs but is still approximately 1.7 times more likely[118]. 
Similarly, high-quality kidneys from HCV-positive donors were 2.6 times more likely to be discarded 
between 1995 and 2009, and a more recent analysis (from 2005-2014) concluded that only 37% of kidneys 
from HCV-positive donors were transplanted (i.e. 63% were discarded) despite most being of good 
quality and many available recipients[119,120]. Hearts from HCV-positive donors are also significantly 
less likely to be used. In 2015, hearts from HCV-naïve donors were used approximately 30% of the time 
compared to 0.7% and 1.4% for hearts from HCV-viremic and non-viremic HCV-Ab positive donors, 
respectively[121].

If attitudes towards transplanting solid organs from HCV-positive patients do not change, there is 
likely to be an even greater mismatch between available high-quality donor organs and patients on 
transplant waitlists, as the opioid epidemic is resulting in an alarming rise in overdose deaths[122]. A 
recent National Registry Study characterized organ donations form deceased donors who died of drug 
overdose (ODD, overdose death donor) between 2000 and 2017 found that ODDs have risen 
significantly in that time from 1.1% of donors in 2000 to 13.4% of donors in 2017[122]. Compared to non-
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ODDs, ODDs were more likely to be young, white, have little comorbidity, and have HCV infection 
(18.3% were HCV-positive)[122]. Despite the higher rates of HCV positivity, the authors found similar 
5-year patient and graft survival rates between non-ODDs and ODDs[122].

Along with the organ shortage and rise in availability of high-quality organs from HCV-positive 
donors, the success of DAAs in curing HCV has led to several clinical trials to determine the outcomes 
of transplanting organs from HCV-positive donors. In general, these trials have been an overwhelming 
success. Two separate studies of 10 HCV-mismatched kidney transplant recipients (Donor positive, 
recipient negative) showed 100% success rate of achieving SVR in recipients[123,124]. Moreover, this 
mismatched strategy reduced wait times, and recipients had excellent graft function at 6 mo post-
transplant[124]. Similar results have been shown in both mismatched heart and lung transplant patients. 
An early study performed HCV-mismatched heart transplants on 13 patients, and 9 of the 13 developed 
HCV viremia shortly after transplant. Eight of these patients completed DAA treatment and 
demonstrated SVR (the 9th patient died of a pulmonary embolus)[125]. Another study enrolled 44 
patients awaiting heart or lung transplant and performed 36 HCV-mismatched lung transplants and 9 
heart transplants regardless of HCV genotype[126]. Ninety-five percent of patients had detectable HCV 
RNA immediately after transplant, and 100% achieved SVR with the pan-genotypic DAA 
sofosbuvir–velpatasvir[126]. Importantly, at 6 mo, the patients continued to have excellent graft 
function and no detectable HCV RNA[126].

Finally, a larger, more recent study that performed 80 HCV-mismatched heart transplants and 
followed patients for 1 year showed comparable 1-year survival and similarly, low rates of allograft 
rejection between patients who received HCV-positive organs and those who received HCV-negative 
organs[127]. However, there was significantly more primary graft dysfunction and a trend towards 
increased early coronary allograft vasculopathy in patients who received organs from HCV-positive 
donors, although this was not statistically significant[127]. A large retrospective registry study of 
patients who underwent a single organ liver transplant from 2008 through 218 demonstrated similar 2-
year graft survival rates (approximately 88%) among all combinations of donor-recipient HCV RNA 
status[128]. Importantly, graft survival from HCV-positive donors has improved in the DAA era, with 3-
year graft survival now approximately 88% regardless of recipient HCV status[128]. Moreover, this 
study demonstrated a trend towards increasing use of organs from HCV-positive donors for HCV-
negative recipients from 7 in 2008 to 107 in 2018, highlighting increased acceptance of this novel strategy 
of expanding the pool of available organs[128].

Together, these data are extremely promising in demonstrating early, post-transplant HCV cure and 
similar graft and recipient survival in short- and mid-term follow-up. They also provide justification for 
the use of organs from HCV-positive donors, regardless of recipient HCV status. This strategy is gaining 
popularity: The Scientific Registry Transplant Recipients indicates increasing numbers of mismatched 
transplants, and there are now similar utilization rates of available HCV-positive and HCV-negative 
donor hearts[128]. Nevertheless, there still exists some skepticism of this strategy, as a recent survey of 
99 transplant nephrology providers demonstrated that fewer than half support offering HCV-positive 
kidneys as part of routine care outside of a research setting[129]. These attitudes will likely shift to usher 
in more widespread use of this practice if long-term outcomes are as promising as the available clinical 
trial results.

HEPATITIS D
Hepatitis D infection is caused by the Hepatitis D virus (HDV), a single stranded, enveloped RNA 
molecule. HDV is the smallest virus known to infect humans, and it is often classified as a subvirus 
given that the HDV lifecycle is entirely dependent on HBV[130,131]. Transmission occurs through 
similar means as HBV and can occur either at the same time as an HBV infection (i.e., coinfection) or in 
patients with chronic HBV infections (i.e., superinfection). This relationship to HBV infection timing 
determines the natural history of HDV infection, with superinfection more often leading to a rapid 
clinical deterioration with progressive hepatitis, cirrhosis and development of complications of 
cirrhosis, including HCC. Current treatment strategies for HDV are centered around prevention and the 
management of HBV, as HDV is entirely dependent on the HBV lifecycle; however, directed therapies 
against HDV are under investigation[132].

Epidemiology
There are multiple estimates of HDV prevalence, as high as 13% of all HBV carriers; however, a recent 
meta-analysis estimated that approximately 4.5% of HBsAg-positive people are coinfected with HDV, 
which corresponds to approximately 12 million HDV infections worldwide[133]. HDV is present 
worldwide with geographic variation that does not align with HBV prevalence. There is a very high 
prevalence of HDV in Mongolia (36.9% of patients with HBsAg) and in central African countries (with 
estimates of > 10% prevalence in the HBsAg-positive population). Despite high rates of HBV infection, 
there are very low rates of HDV co-infection in other Asian countries, including China[133]. Regardless 
of geography, the populations at highest risk for HDV include people who inject drugs and those with 
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human immunodeficiency virus (HIV) or HCV[133]. HDV is even more prevalent in patients with HBV-
associated cirrhosis and HCC, highlighting the pathogenic importance of HDV.

Natural History of Infection and Clinical Course
The primary modes of transmission for HDV are similar to those for HBV with the highest infection 
rates in people who inject drugs. HDV is a 1.7kb single stranded RNA molecule that encodes for the 
hepatitis D antigen (HDAg)[134]. Depending on RNA processing, the HDAg has one of two forms—the 
short form (HDAg-S) or long form (HDAg-L)—each with distinct functional roles. HDAg-S activates 
further HDV RNA synthesis, while HDAg-L inhibits HDV RNA synthesis and promotes HDV assembly 
with HBsAg to allow for packaging and transport[134]. It has been proposed that HDV mediates liver 
toxicity via both direct hepatotoxicity and indirect immune-mediated hepatocellular damage, although 
immune-mediated damage is the current prevailing theory.

Evidence suggesting direct hepatotoxicity is based on (1) Histopathology with limited immune 
infiltrate in acute HDV infection[135]; (2) ultrastructural analysis of hepatocytes infected with HBV and 
with HDV that showed a strong correlation between the appearance of cytoplasmic structures and 
hepatocellular damage as assessed by ALT levels[136]; and (3) in vitro cell culture data in which HDAg 
expression is associated with cell death in the absence of immune cells[137]. However, the conclusion 
that HDV causes direct cytotoxicity has been questioned. Transgenic mice with hepatocyte-specific 
expression of both HDAg-S and HDAg-L demonstrated no direct cytotoxic effect regardless of the level 
of HBsAg coexpression[138]. This finding was mirrored with histologic assessment of HBsAg carriers 
with chronic HDV infection, which demonstrated that HDAg expression was low during acute hepatitis 
and increased with the development of chronic disease[139]. However, these studies do not test the 
possibility of other stages of the HDV lifecycle causing direct cytotoxicity and some have suggested that 
HDV viral replication itself leads to cytotoxicity. More convincing evidence is present for HDV infection 
causing immune-mediated hepatotoxicity. Nevertheless, long-term follow up of 76 patients who 
underwent liver transplant for HDV-related cirrhosis showed that either HDV RNA (serum) or liver 
HDAg were present in 88% of patients within the first year[140]. However, these patients did not 
develop hepatitis unless active HBV infection recurs, suggesting that HDV is not hepatotoxic when 
expressed alone but instead requires HBV expression[140].

Regardless of the mode of hepatotoxicity, HDV has different clinical courses that depend on the 
timing of HDV infection in relationship to HBV-mediated liver disease. For coinfection, HBV and HDV 
are acquired simultaneously, whereas a superinfection occurs when HDV is acquired in a patient with 
an established HBV infection. Coinfection is most common in patients who use IV drugs. Since HDV is 
dependent on HBV and HBV infection is cleared in the majority of cases acquired in adulthood, HDV 
acquired in this manner also spontaneously clears. When the coinfection does not clear, some evidence 
suggests that HDV may cause a more intense hepatitis[141]. This was suggested by the high 
seroprevalence of HDV in patients with fulminant hepatitis B (52% in 1 study), but in this same study of 
fulminant hepatitis B, HDV coinfection correlated with better survival than with those infected with 
HBV alone (57.8% survival in coinfection vs. 16.7% survival with HBV alone)[141].

HDV superinfection occurs when a patient with a preexisting liver disease from chronic HBV 
infection contracts HDV. This is often accompanied by very high levels of HDV RNA expression with a 
subsequent severe hepatitis and decompensation of preexisting liver disease, as the HDV replication is 
protected by high levels of HBsAg[142]. Despite HDV inhibition of HBV replication, HBV infection is 
already established and allows development of chronic HDV infection in the majority of cases. Chronic 
HDV infection often leads to hepatitis with rapidly developing cirrhosis and increased risk of 
decompensation and HCC[143]. The increased risk of HCC in patients chronically infected with HDV is 
evidenced by multiple long-term cohort studies. A 28-year study of 299 patients with HDV infection 
with a median follow up of 233 mo demonstrated that active HDV replication portends an increased 
risk of cirrhosis and HCC with annual rates of 4% and 2.8%, respectively[144]. Moreover, this study also 
reported that HDV replication was an independent predictor of mortality in these patients[144]. 
Another cohort demonstrated that HCC developed in 42% of patients with chronic HDV within 12 years 
of diagnosis[131].

Prevention, Diagnosis, and Treatment
As discussed above, HDV infection and replication is entirely dependent upon HBV infection, and 
therefore HDV prevention efforts are largely centered around HBV prevention with vaccination 
programs. HBV vaccination programs have therefore led to a significant reduction in HDV infections in 
developed countries[145]. The impressive ongoing global efforts to eliminate chronic viral 
hepatitis—including HBV—should also significantly reduce the burden of HDV.

The only currently available treatment for HDV is interferon, which may exert its effect on HDV 
either via direct inhibition of HDV or inhibition of HBV[146]. Despite initial control of HDV viral load 
and improved histology during the treatment phases, multiple trials have shown exceptionally high 
rates of HDV relapse after completing interferon therapy[147]. The largest of these studies randomly 
assigned 42 patients with chronic HDV to receive either placebo or 3 million or 9 million units of 
interferon-alpha-2a[147]. This study demonstrated a dose-dependent response with regards to ALT 
levels, HDV RNA levels, and histology scores[147]. While the decreases in ALT levels were maintained 
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for 4 years of follow up, even patients treated with high dose interferon demonstrated relapses in HDV 
replication during post-treatment follow up[147]. Nevertheless, when these patients were followed for 
an additional 2-14 years, this group discovered that patients who received high dose interferon therapy 
had a dramatic long-term survival benefit[148]. Further, non-randomized, studies assessed the response 
of chronic HDV to peginterferon-alpha-2b[149,150]. These studies demonstrated variable responses to 
peginterferon-alpha-2b with a 57% sustained response in one study and only 17% sustained response in 
the other study with sustained response defined as undetectable HDV-RNA 6-mo post-treatment[149,
150]. Those most likely to have a sustained response are likely to also have early reductions in HDV-
RNA levels[149,150]. Conversely, no patients with cirrhosis demonstrated a sustained response[149].

Given the dependence of HDV on HBV, it is logical that therapies directed against HBV may also 
treat HDV. However, HDV replication is independent of HBV replication and only requires HBsAg. 
Therefore, any therapeutic benefit of HBV therapy on HDV infection is an indirect result of decreasing 
HBsAg production, which is not significantly reduced by nucleos(t)ide analogs. Unfortunately, trials of 
nucleos(t)ide analogs have not proven any sustained benefit in chronic hepatitis D despite excellent 
suppression of HBV DNA[151]. While there have been reports of Tenofovir resulting in HDV virus 
suppression in patients with either HBV-HDV co-infection or triple infection with HIV, HBV, and HDV
[152,153], but it is questioned whether this results in a sustained benefit if tenofovir is withdrawn. 
Moreover, when combined with peginterferon alpha-2a in a placebo-controlled randomized control 
trial, tenofovir had no additional benefit with respect to HDV RNA level[154]. Similarly, the nucleoside 
analog adefovir also had no benefit on HDV levels when used alone and had no added benefit to 
interferon therapy[155]. Taken together, these data highlight the need for more directed HDV therapies. 
Directed treatments against HDV are currently under investigation and included inhibitors of cell entry, 
prenylation inhibitors, and subviral particle release inhibitors[132,146]. However, none of these are 
currently approved for use outside of clinical trials.

HEPATITIS E
Hepatitis E infection is caused by the Hepatitis E virus (HEV), a single stranded, quasi-enveloped RNA 
molecule in the Hepeviridae family[156]. There are 8 known genotypes, with genotypes 1-4 being the 
most studied[157]. Transmission occurs either via fecal-oral route (genotypes 1 and 2) or zoonotic 
transmission with ingestion of raw or undercooked meat (genotypes 3 and 4). HEV typically causes an 
acute, self-limited hepatitis that is particularly severe in pregnant women; however, cases of chronic 
hepatitis E have been reported in immunocompromised hosts. Prevention is centered around improving 
hygiene and vaccination, although a vaccine is available for use only in China[158]. Currently, treatment 
of acute HEV is supportive, and chronic HEV is treated with a multipronged approach with decreasing 
the underlying immunosuppression and occasionally ribavirin.

Epidemiology
There are two distinct, genotype-dependent epidemiologic patterns of Hepatitis E. Hepatitis E virus 
genotypes 1 and 2 are only known to infect humans and are highly endemic in developing countries 
throughout the world[157]. In these regions, HEV genotypes 1 and 2 result in large outbreaks in areas of 
poor sanitation, primarily in developing countries and related to drinking water contaminated with 
feces[159]. This was demonstrated by a naïve volunteer who developed a hepatitis-like illness after 
ingesting pooled feces extracts from patients with non-A, non-B hepatitis, which led to the discovery of 
hepatitis E[160]. Genotypes 1 and 2 are estimated to cause at least 20 million acute infections that result 
in approximately 3.4 million symptomatic cases, 70000 deaths, and 3000 stillbirths each year[161].

In addition to humans, HEV genotypes 3 and 4 are known to infect multiple species including swine, 
deer, and rabbits and are more commonly reported in the developed world (Europe, North America, 
Australia, and Japan)[156]. HEV genotypes 3 and 4 account for very few (less than 1%) of the cases of 
viral hepatitis in the developed world, and transmission is thought to be from consumption of 
undercooked meat, primarily pork. This is evidenced by the exceptionally high rate of HEV infection in 
both wild and domesticated pigs in multiple European countries[162,163]. A study of the Swedish swine 
population also sequenced partial genomes of HEV strains from humans, pigs, and wild boars and 
found a high degree of relatedness, suggesting zoonotic transmission[163]. The ability of swine HEV 
genotype 3 to cross species was confirmed with inoculation of rhesus monkeys and chimpanzees[164]; 
however, pigs have varying degrees of susceptibility to experimental infection with HEV from humans
[165,166]. Nevertheless, HEV has been detected in multiple stages of consumer pork product processing 
across Europe[167-169], but HEV is inactivated by adequate food preparation, as pigs cannot be 
inoculated with HEV-infected pureed pig livers subjected to heating to 71 °C for 20 min or longer[170].

While very few cases of HEV are reported in the developed world each year, this likely owes to 
undertesting and the self-limited nature of the disease. Screening blood donations in Western Europe 
has shown HEV RNA in 0.02%-0.14% of all screened blood products. In England, one study that 
screened 225000 blood donations found that 79 donors (0.04%) were infected with HEV RNA[171]. 
These infected donors generated in 129 blood components and resulted in an estimated 42% infectivity 
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Table 1 Overview of epidemiology, symptoms, natural history and clinical management of viral hepatitis infections

Virus

Estimated 
number of 
infections 
worldwide

Mode of 
transmission

Typical clinical 
signs/symptoms Natural history Diagnosis Treatment Prevention

Hepatitis 
A

1.4 million 
annually

Fecal-oral route Many 
asymptomatic. Most 
with non-specific 
symptoms of 
fatigue, nausea, 
vomiting, anorexia, 
jaundice

Asymptomatic, self-
limited illness, prolonged 
cholestasis, relapsing, 
fulminant hepatitis (very 
rare)

Hepatitis A 
IgM

Supportive care, post-
exposure vaccination 
and HAV immuno-
globulin

Sanitation 
efforts, 
vaccination

Hepatitis 
B

257million 
chronic HBV 
infections 
(WHO 2017 
Global 
Hepatitis 
Report)

Vertical 
transmission 
(common for 
chonic HBV); 
IVDU, blood 
product 
transfusions, sexual 
contact (common 
for acute HBV)

Acute: non-specific 
symptoms (fatigue, 
nausea, vomiting, 
anorexia, jaundice); 
chronic: often 
asymptomatic, can 
progress to cirrhosis 
and HCC

Infection at birth: chronic 
HBV infection (immune 
tolerance, immune 
clearance, inactive 
carrier, reactivation). 
Eventual progression to 
cirrhosis and HCC; 
infection in adulthood: > 
95% clearance

Past 
infection-
HBsAg 
negative, 
HBsAb 
positive, 
HBcAb 
positive, 
HBeAb +/-; 
current 
infection-
HBsAg 
positive, 
HBsAb 
negative, 
HBcAb 
positive, 
HBeAb +/-

Nucleot(s)ide reverse 
transcriptase 
inhibitors (entecavir, 
tenofovir); interferon

HBV vaccine 
(universal 
vaccination 
recommended 
at birth); HBIG 
in select cases

Hepatitis 
C

71 million 
(WHO 2017 
Global 
Hepatitis 
Report)

Direct blood stream 
inoculation (IVDU, 
unregulated 
tattoos/piercings, 
blood transfusion 
and organ 
transplants)

Typically 
asymptomatic until 
cirrhosis develops

Spontaneous clearance: 
10%-25%; chronic 
Infection: 75%-90%, can 
progress to cirrhosis and 
HCC 

HCV 
antibody, 
HCV RNA 
viral load

Direct acting 
antivirals

Widespread 
screening 
efforts

Hepatitis 
D

12 million 
cases 
annually, 
4.5% of 
HBV-
infected 
individuals

Similar to Hepatitis 
B (IVDU, blood 
product 
transfusions, sexual 
contact)

Non-specific 
symptoms of 
fatigue, nausea, 
vomiting, anorexia, 
jaundice

Simultaneous coinfection 
of HDV and HBV: rare 
fulminant hepatitis, 
usually complete 
recovery; superinfection 
on chronic HBV: 
accellerated progression 
of chronic HBV

HDV IgM 
(acute), HDV 
IgG (chronic)

Hepatitis B treatment Hepatitis B 
vaccination

Hepatitis 
E

20 million 
acute 
infections 
(The Global 
Burden of 
Hepatitis E 
Virus 
Genotypes 1 
and 2 in 
2005)

Genotypes 1 and 2: 
Fecal-oral route; 
genotypes 3 and 4: 
Zoonotic, contam-
inated meat

Commonly 
asymptomatic; 
prodromal flu-like 
symptoms, nausea, 
vomiting, anorexia, 
fatigue followed by 
jaundice

Acute self-limited in 
majority of cases, severe 
in pregnant women; 
chronic hepatitis in 
immunocompromised 
hosts

HEV IgM 
(acute), HEV 
IgG (chronic)

Chronic infection: 
decrease immunosup-
pression, ribavirin

Genotypes 1 
and 2: 
Sanitation 
efforts, vaccine 
available in 
China

Hepatitis 
G

4.8% 
worldwide 

Direct blood stream 
inoculation (IVDU, 
unregulated 
tattoos/piercings, 
blood transfusion 
and organ 
transplants)

Not well-described, 
likely asymptomatic

Not well-described. 
Unlikely to cause 
clinically significant 
hepatitis in humans.

Hepatitis G 
RNA; not 
currently 
used 
clinically

None None

HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HEV: Hepatitis E virus; HGV: Hepatitis G virus; WHO: 
World Health Organization; IVDU: Intravenous drug use; HCC: Hepatocellular carcinoma; HBIG Hepatitis B immunoglobulin; HBsAb: Hepatitis B surface 
antibody; HBsAg: Hepatitis B surface antigen; IgG: Immunoglobulin G; IgM: Immunoglobulin M.

rate (18 of 43 followed up), which has led some to call for universal screening of blood donations for 
HEV[171,172]. Seropositivity in the developed world ranges from 6% in the United States to 39.1% in 
Southern France, although assays for HEV IgG have reportedly wide ranges of sensitivity[156]. A 2017 
systematic review that analyzed the prevalence of HEV in Iran found an overall positivity rate of 9.7% 
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with varying rates between cities (1.1% in Tehran vs 46.1% in Ahvaz)[173]. Finally, a recent systematic 
review and meta-analysis of 56 studies on the seroprevalence of HEV in patients on maintenance 
hemodialysis (HD) found that the pooled seroprevalence of HEV was 11.13% between 2016 and 2020, 
which had increased from 6.6% from 1994 to 2000[174]. Moreover, the length of time on HD was 
associated with higher seroprevalence as those on HD for more than 60 mo had a significantly higher 
chance of being seropositive (27.69% more than 60 mo vs 15.78% less than 60 mo)[174].

Natural History of Infection and Clinical Course
Hepatitis E enters into the hepatocyte in 1 of 2 distinct mechanisms depending on whether the virus is 
enveloped or not, and upon entry, the virus is uncoated, transcribed and translated into 3 different 
proteins that facilitate viral replication, repackaging, sorting and release into both the blood stream and 
bile[156]. Upon HEV release into the bile, the envelope is degraded by bile acids and detergents prior to 
being released into the intestinal lumen and excreted with stool. The unenveloped version of the virus 
released into the feces has a much more efficient mechanism of hepatocyte entry and helps explain the 
most common form of HEV transmission. HEV is not thought to be directly cytotoxic. Instead, HEV 
causes hepatotoxicity via immune mediated mechanisms as patients with acute hepatitis E infection 
show both CD4+ and CD8+ T-cell responses[175].

HEV infection is most commonly asymptomatic as evidenced by the high seroprevalence of anti-HEV 
IgG and lack of recollection of acute symptoms[176]. When symptomatic, HEV has a 2-10 d incubation 
period followed by non-specific prodromal symptoms of fatigue, nausea, vomiting, and anorexia, 
similar to other acute hepatitis infections. Ultimately, HEV causes an acute, self-limited hepatitis charac-
terized by jaundice and marked AST and ALT elevations. These symptoms typically self-resolve within 
1 mo, although some cases of prolonged cholestasis (up to 6 mo) and even cases of fulminant hepatic 
failure with resultant death have been reported[177].

Pregnant women are particularly prone to severe hepatitis E infections that can result in fulminant 
hepatic failure in approximately 20% of infected patients with an associated high mortality rate and 
high rate of fetus and neonatal complications, including spontaneous abortions, stillbirths, and neonatal 
deaths. Infections within the third trimester are the most problematic and are thought to be so 
detrimental because of an altered immune system and hormonal changes[178].

All reported cases of chronic hepatitis E infection have been linked to genotype 3 and have been 
reported in immunocompromised patients including those with HIV[179], undergoing chemotherapy
[180], or solid organ transplant recipients[181]. This has been linked to the development of cirrhosis and 
HCC. However, the limited number of cases reported precludes detailed assessment of risk of these 
complications of chronic HEV infection.

Prevention, Diagnosis, and Treatment
Given that the primary mode of transmission for the most common HEV variants (genotypes 1 and 2) is 
through contaminated water, the main mode of prevention is through increased sanitation efforts to 
provide citizens of the developing world with clean drinking water. A vaccine to protect against HEV is 
now approved for human use in China but not elsewhere; however, this is likely to benefit those 
infected in the rest of the world[158]. Efforts to bring clean drinking water to all parts of the world 
should reduce the burden of HEV, and we are hopeful that the vaccine for HEV may be approved 
outside of China for further HEV prevention.

There is currently no direct acting antiviral to treat HEV. In immunocompromised patients, the 
mainstay of treatment is to reduce immunosuppression if possible[181,182]. This results in a sustained 
viral response (i.e., no detectable HEV RNA) in approximately 30% of patients. In patients where 
decreasing immunosuppression is either not possible or does not result in SVR, ribavirin is currently the 
main therapeutic option[183]. Unfortunately, ribavirin is a category X drug, meaning that is should not 
be given to pregnant women. Some cases of ribavirin exposure do occur during pregnancy, which is the 
subject of study in the ribavirin pregnancy registry[184]. Interim analysis has failed to show a direct link 
between ribavirin and teratogenicity, but full results of the study are forthcoming and for the moment, 
ribavirin remains a category X drug[184]. Additional therapies, including pegylated interferon and 
sofosbuvir have been evaluated only in limited clinical settings[185,186].

HEPATITIS G
What is now regarded as the hepatitis G virus (HGV) was initially described in 1966 and named the GB 
virus (GBV) after the surgeon G. Barker, who fell ill with hepatitis. Subsequent studies isolated 
genetically similar agents, named GBV-A, GBV-B, and GBV-C, and GBV-C was genetically similar to a 
separate isolate already named HGV[187].

Hepatitis G virus is a less well-described entity with a global distribution but varying reports of HGV 
prevalence in the general population. A systematic review evaluated studies reporting the prevalence of 
HGV in healthy voluntary blood donors and found 649 infections in 13610 voluntary blood donors 
(4.8% positivity rate) [188]. The studies included in the review reported HGV positivity rates ranging 
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from 0.5% prevalence in a Japanese study to 18.9% in a South African study[188]. Currently, HGV is not 
widely tested for clinically, so the true incidence is not well-known.

The natural history of HGV is not well-characterized, and it is questioned whether HGV causes a 
clinically significant liver disease. While HGV has been detected in many different clinical scenarios, 
including acute presumed viral hepatitis, cirrhosis of unknown cause, and HCC, the clinical relevance is 
still questioned given the high co-infection rate with other causes of viral hepatitis, including HCV and 
that HGV co-infection does not exacerbate the course of HCV[189]. Moreover, greater than 75% of 
patients who are positive for HGV have normal liver function tests[190]. This group also reported that 
among HGV-positive individuals with elevated liver function tests, aminotransferase elevations are 
negligible and that there is no correlation between HGV viral load and aminotransferase elevations in 
patients on chronic dialysis[190]. In another study, 0 of 16 HGV-positive patients on chronic hemo-
dialysis had elevated aminotransferase levels despite prolonged viral persistence[191].

Additionally, individuals who undergo liver transplantation are often incidentally HGV-positive, and 
both HGV-positive and HGV-negative liver recipients have similar outcomes (including 40-mo 
survival), suggesting that HGV positivity does not affect engraftment or graft function[192]. Additional 
studies have suggested that the liver is not the site of viral replication as the liver-to-serum ratio of HGV 
RNA is less than 1, which is consistent with blood contamination of liver tissue[193]. Finally, despite 
initial reports of HGV-associated fulminant liver failure, it is now thought that these patients were 
positive for HGV RNA due to blood product administration during the hospitalization rather than HGV 
being present at the time of admission[194]. Experimental models also argue against HGV causing a 
clinically significant disease as studies in chimpanzees demonstrate that HGV can reach high levels of 
viremia in chimpanzees without causing a concurrent rise in liver enzymes[195]. Taken together, these 
data provide evidence that HGV does not cause clinically significant liver disease. As such, HGV is not a 
common test ordered on the clinical wards.

CONCLUSION
As a group, viral hepatitis represents an ongoing global health concern (Table 1). Acute viral hepatitis 
infections—HAV and HEV—tend to be self-limited infections with little-to-no long-lasting effect, and 
both vaccines and improved sanitation conditions will decrease the burden of disease over time. 
Moreover, ever-improving understanding of the risk factors for acute liver failure from acute hepatitis 
and experimental supportive care options will aid in further reducing the impact of acute viral hepatitis. 
Chronic viral hepatitis infections—HBV and HCV—on the other hand, often result in cirrhosis and 
death if left untreated. While vaccination for HBV is highly effective in reducing transmission, and 
treatments for HBV are effective in reducing HBV viral load and progression of liver disease, an 
effective cure for HBV remains elusive. Conversely, an effective vaccine for HCV has not been achieved, 
but highly effective treatments cure HCV in nearly 100% of cases and are now revolutionizing the fields 
of transplant medicine. Despite unique barriers, there are ongoing global efforts to eliminate chronic 
viral hepatitis, and given substantial progress, we are hopeful that this ambitious goal will be realized.
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