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Abstract

Hepatitis E virus (HEV) originally identified as a cause of acute icteric hepatitis in
developing countries has grown to be a cause of zoonotic viral hepatitis in
developed countries such as the United States. While there are eight identified
genotypes to date, genotype 1 (HEV1), HEV2, HEV3, HEV4 are the most common
to infect humans. HEV1 and HEV2 are most common in developing countries
including Latina America, Africa and Asia, and are commonly transmitted
through contaminated water supplies leading to regional outbreaks. In contrast
HEV3 and HEV4 circulate freely in many mammalian animals and can lead to
occasional transmission to humans through fecal contamination or consumption
of undercooked meat. The incidence and prevalence of HEV in the United States
is undetermined given the absence of FDA approved serological assays and the
lack of commercially available testing. In majority of cases, HEV infection is a self-
limiting hepatitis requiring only symptomatic treatment. However, this is not the
case in immunocompromised individuals, including those that have undergone
solid organ or stem cell transplantation. In this subset of patients, chronic
infection can be life threatening as hepatic insult can lead to inflammation and
fibrosis with subsequent cirrhosis and death. The need for re-transplantation as a
result of post-transplant hepatitis is of great concern. In addition, there have been
many reported incidents of extrahepatic manifestations, for which the exact
mechanisms remain to be elucidated. The cornerstone of treatment in immuno-
compromised solid organ transplant recipients is reduction of immunosup-
pressive therapies, while attempting to minimize the risk of organ rejection.
Subsequent treatment options include ribavirin, and pegylated interferon alpha in
those who have demonstrated ribavirin resistance. Further investigation assessing
safety and efficacy of anti-viral therapy is imperative given the rising global
health burden. Given this concern, vaccination has been approved in China with
other investigations underway throughout the world. In this review we introduce
the epidemiology, diagnosis, clinical manifestations, and treatment of HEV, with
emphasis on immunocompromised individuals in the United States.
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Core Tip: Hepatitis E Virus is a leading cause of acute icteric hepatitis in developing countries. Despite
being self- limiting in most cases, immunocompromised individuals are at a risk of chronic hepatitis,
which can be life threatening. Hallmark of treatment includes reduction of immunosuppressive therapies
followed by possible need of anti-viral therapy, which has shown to be ineffective.
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INTRODUCTION

Hepatitis E Virus (HEV) was first reported as a non-A, non-B hepatitis in 1980 (another distinct type
from post transfusion non-A, non B hepatitis), causing epidemic water-borne acute hepatitis[1].
Although significant improvements have occurred regarding virology, epidemiology, diagnosis,
prevention, and treatment of hepatitis E, it is still the leading cause of acute icteric hepatitis in
developing countries[2]. Previously, HEV was known as epidemic viral hepatitis in endemic areas.
Currently, it is also identified as a zoonotic viral hepatitis in developed countries[3]. Blood transfusions
and tissue transplantation are recognized as new routes for virus transmission worldwide[4].

HEV can cause a wide range of clinical manifestations, including acute hepatitis that can be self-
resolving, chronic hepatitis (mostly in immunocompromised patients), and extrahepatic manifestations
including renal and neurologic symptoms and complications[3]. Despite the development of several
serological tests, screening and diagnosis of HEV is still challenging. In most cases, HEV infection is a
self-limiting disease despite any treatment. Treatment of acute HEV at times can be imperative,
especially in immunocompromised patients, as it can decrease the risk of chronic hepatitis, cirrhosis,
and subsequently death[5]. A potentially effective vaccination strategy has been developed for HEV
prevention, altering the incidence in Asian countries[6]. The World Health Organization (WHO)
recommends consideration of vaccination for high-risk patients such as pregnant women[7]. In this
review we summarize the epidemiology of Hepatitis E in the United States, review the clinical manifest-
ations and treatment options with emphasis on their implications in immunocompromised individuals.

EPIDEMIOLOGY

HEV is one of the leading causes of viral-induced acute liver failure worldwide[8]. HEV1, HEV2, HEV3,
and HEV4 are the main genotypes which have clinical implications on humans. Genotypes 1 and 2
cause infection in hyperendemic areas such as Asia, Africa, Mexico, and the Middle East (Table 1).
Humans are the main reservoir for these genotypes and contamination of drinking water supplies with
human feces is the main route of transmission. Consequently, endemics can emerge after heavy rainfall
and flooding[9,10]. Transmission through blood transfusion[11] and vertical transmission[12] are well
documented for sporadic infection worldwide.

HEV3 and HEV4 are the most prevalent genotypes in industrialized countries[13]. In contrast to
HEV1 and HEV2, genotypes 3 and 4 can infect both humans and animals. Pigs, wild boars, and deer are
identified as the reservoirs for these genotypes[14]. Transmission by consuming raw or undercooked
meat, or close contact with the infected animal is responsible for autochthonous infection[15,16]. There
is only one case report of HEV7 infection in humans who regularly consumed camel meat and milk in
the United Arab Emirates[17].

Epidemiology of HEV in the United States

The precise incidence and prevalence of HEV infection in the United States is undetermined. HEV is not
amongst the nationally notifiable diseases leaving systematic collection, analysis, and evaluation of HEV
data a challenge. The absence of sensitive and specific FDA-approved serology assays poses another
obstacle in assessing the incidence of HEV in the United States[18]. The lack of commercially available
tests also leads to misdiagnosed HEV infection at alarming rates. Reviewing several national drug-
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Table 1 Hepatitis E epidemiology according to genotypes

HEV1, HEV2 HEV3, HEV4
Geography Developing countries (Asia, Africa, and South America) Developed countries (Europe, United states, Japan, and Hong Kong)
Disease pattern Endemic Sporadic
Seasonal pattern ~ Yes No
Reservoir Only human Animals (Pigs, wild boars, deer)
Transmission Fecal-oral Food-born, blood products, transplantation
Age More common among young adult More common among older adults
Risk factor Chronic liver disease, pregnancy Chronic liver disease, immunocompromised
Safety measure Clean water, sanitation, and hygiene Avoid contact with high-risk animals, cook meat adequately
Chronic infection ~ Not reported In immunocompromised patients.

HEV1: Hepeatitis E virus genotype 1; HEV2: Hepatitis E virus genotype 2; HEV3: Hepatitis E virus genotype 3; HEV4: Hepatitis E virus genotype 4.

Jaishideng®

induced liver injuries (DILI) registries revealed HEV infection as the true cause of liver injury in patients
initially diagnosed with DILI[19].

National Inpatient Sample (NIS) data from Healthcare Cost and Utilization Project showed the rate of
hospitalization due to hepatitis E increased from 3.7 per 10 million in 2010 to 6.4 per 10 million in 2015.
Although hospitalization is still low in the United States, the increasing rate is worrisome[20]. The
National Health and Nutrition Examination Survey (NHANES) data also demonstrated an increase in
HEV seropositivity (IgG/IgM) from 5% in 2013-2014 to 7.7% in 2015-2016. Simultaneously, the rate of
IgM seropositivity (recent infection) almost doubled in US-born individuals[21]. The multivariate
logistic regression model identified a strong association of HEV seropositivity with aging, female
gender, and non-Hispanic Asian ethnicities[21]. Testing serum samples from 681 adult Americans with
acute liver failure (ALF) revealed a low rate of acute HEV infection (0.04%) in this population. However,
the rate of positive anti-HEV IgG (signifying prior exposure) was significantly higher in the ALF
patients than in the general US population[22].

HEV TRANSMISSION

All autochthonous HEV infections detected in the United States are caused by HEV genotype 3. Caitlin
reported the risk of anti-HEV seropositivity in people who consumed undercooked meat was 12.9 times
higher than the general population. This observation confirmed undercooked meat as a route of
zoonotic HEV infection in the US[23]. In one study, serum samples from pigs at 25 slaughterhouses in 10
states were tested for HEV infection. HEV RNA and anti-HEV seropositivity was 6.3% and 40%,
respectively. Blood of HEV RNA-positive pigs potentially can contaminate slaughterhouses' supply
chains, making it a key source of infection control[24]. A recent study suggested consuming self-grown
food as another possible source for zoonotic HEV infection[25].

Ticehurst et al[26] reported the possible HEV transmission through blood transfusion for the first time
in the United States. A random sample from 5040 blood donations showed 11.4% and 1.8% positive anti-
HEV IgG and anti-HEV IgM, respectively[27]. Stramer et al[28] reported two positive HEV RNA among
18829 samples of blood donated from six geographic regions. Despite low contamination rates, they
suggested providing HEV-negative blood for patients at risk of developing hepatitis, such as severely
immunosuppressed patients. Among 128,020 samples of plasma from 27 states, the prevalence of HEV
RNA positivity was reported at 0.002%. Therefore, routine screening for HEV contamination in plasma
donation was not suggested[29]. Several countries are considering HEV screening in blood donors.
Delage et al[30]evaluated cost-benefit and the quantitative risk of blood donation screening for HEV
infection in the United States. Due to the lower rate of HEV in North America, HEV blood donation
screening will be more expensive than in other countries, and have minimal clinical benefits.

HEV IN IMMUNOCOMPROMISED

For the first time in the US, Kuniholm ef al[31] reported a chronic HEV infection in an HIV-positive
patient. They also confirmed that chronic infection could persevere even with a CD4+ count > 200
cells/mm?[31]. Assessing 311 patients who received allografts revealed 4% posttransplant HEV
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infection. Although no chronic infection was reported, developing posttransplant infection was
associated with graft rejection[32]. A recent study on 145 post-liver transplant patients with a history of
hepatitis C virus (HCV) infection showed 6 (4.1%) patients developing anti-HEV IgM antibodies in 5
years. All samples were negative for HEV RNA. Treatment of HCV with Interferon and Ribavirin may
contribute in clearance of HEV infection[33].

CLINICAL MANIFESTATIONS

Acute icteric hepatitis
The majority of acute HEV infections are asymptomatic or can cause minor nonspecific systemic illness,
that is often self-limiting. It has been estimated that approximately 5-30% of patients acutely infected go
on to develop acute icteric hepatitis[34]. Acute icteric hepatitis is characterized by malaise, fever, body
aches, anorexia, nausea and vomiting, which occurs for about a one-week period of time classified as the
prodromal phase. Following the prodromal phase, patients enter the icteric phase characterized by
jaundice and dark urine, which can be coupled with a marked increase in aminotransferases (greater
than 8-10 time the upper limit of normal) and a variable degree of hyperbilirubinemia[35]. These
symptoms collectively resolve over the course of a few days to weeks, marking the convalescent phase.
In a small percentage of patients, the acute icteric phase can progress to acute liver failure (ALF) or
acute on chronic liver failure (ACLF) in those with underlying chronic liver disease[36]. Pregnant
women are of particular risk to developing ALF during their second and third trimester, with mortality
rate of nearly 25% as a result of hepatic failure or obstetric complications[37]. ACLF is defined by the
European Association for the Study of Liver Diseases (EASL) as acute deterioration of pre-existing
chronic liver disease usually related to a precipitating event and is associated with increased 28-day
mortality due to multi-system organ failure[38]. Typical manifestations include acute worsening of liver
function with complications such as worsening ascites, hepatic encephalopathy or coagulopathy[36].
The impact of acute HEV infection in patients with chronic liver disease in the United States has been
reported. In a study conducted by Kyvernitakis et al[39], 11% of 115 patients with chronic HCV infection
diagnosed with cancer were positive for HEV IgG. Seropositivity was significantly associated with older
age, place of birth outside the United States, cirrhosis, and history of reused needles/syringes during
vaccination[39]. In another study, HEV related ALF was assessed in 681 adults with ALF by testing for
anti HEV IgM, IgG and HEV-RNA. A total of three men demonstrated repeatedly detectable anti HEV
IgM, but negative HEV RNA, signifying rarity of acute HEV infection in ALF patients (0.4%). 43.4% of
ALF patients tested positive for anti HEV IgG, with prevalence being highest from the Midwest and in
those of older age[22]. There has also been documentation of a fatal hepatic decompensation caused by
HEV4 in an orthotopic liver transplant recipient following a prolonged visit to Hong Kong[40]. In
another prospective study in the United States, HEV infection was noted to contribute to a small but
important percentage of cases of acute liver injury that was initially suspected to be caused by drug
induced liver injury[41].

Chronic HEV in immunocompromised individuals

Chronic HEV infection in solid organ transplant (SOT) recipients can be defined as HEV replication
(viremia) present for more than 3 mo after the onset of infection[42]. Chronic infection was initially
reported by Kamar et al[43] in 2008, when patients who received kidney or liver transplants developed a
persistent increase in aminotransferase levels, evidence of histological activity, and liver fibrosis during
follow-up after acute HEV. It has been suggested that up to 66% of SOT recipients exposed to HEV go
on to develop chronic infection, which is mostly asymptomatic but can most commonly include fatigue
and or mild to moderate aminotransferase rise, diarrhea and arthralgias[44]. Chronic infection has been
most commonly reported with HEV3 infection[45] however, there have been reports of persistent
hepatitis when infected with HEV4[46].

Prevalence of post liver transplant HEV infection in non-endemic regions has been estimated to be
between 1% and 2%[47]. Chronic HEV infection has been shown to cause structural injury to the liver
including formation of nodules, fibrotic changes and subsequent cirrhosis[48], with reports that approx-
imately 10% of those who develop chronic infection progress to cirrhosis within 2-5 years[49]. Injury
caused by viral infection including inflammation has been shown to regress following the clearance of
HEV[50]. In persons with prior liver transplantation, chronic infection can result in post-transplant
hepatitis, rapid progression to cirrhosis and liver failure, and even the need for re-transplantation which
can lead to recurrence of HEV infection in the newly transplanted liver[51].

The effects of chronic HEV can be seen beyond those with SOT, affecting various immunocom-
promised individuals. Chronic infection has been reported in an individual with non-Hodgkin’s
lymphoma undergoing treatment[52], and in stem cell transplant recipients on immunosuppression
[53]. International studies have demonstrated significantly greater seroprevalence of IgG and IgM
antibodies in cancer patients[54], and reported self-resolving acute infection, and even the need for
ribavirin treatment in patients with gynecological malignancies treated with chemotherapy[55]. Such
findings should spark further investigation when treating cancer patients with elevated transaminases.
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Chronic infection has also been seen in patients with human immunodeficiency virus with low CD4+
cell count of less than 200[56,57]. Rheumatological patients receiving mild immunosuppressive
treatments are also at increased risk of chronic infection[58].

Extrahepatic manifestations

Infection with HEV can lead to a variety of extrahepatic manifestations including neurological, hemato-
logical, renal, and other immune-mediated manifestations. The exact mechanism remains to be
elucidated, and suggestions include cross reactions between viral epitopes and self-antigens in tissues,
and possible viral replication in other non-hepatic tissues[59].

Neurological manifestations are the most commonly encountered, and include Guillain- Barré
syndrome (GBS), neuralgic amyotrophy (NA), encephalitis, myelitis, myositis, vestibular neuritis,
peripheral neuritis, and Bell’s palsy[60]. In a European study, 16.5% of HEV infected patients reported
neurological manifestation, which were more common in immunocompetent patients compared to
immunosuppressed individuals (22.6% vs 3.2%, P < 0.001)[61]. GBS can occur both after acute or chronic
infection with various HEV genotypes and is the most frequently described extrahepatic manifestation
[62]. In a case- control study from the Netherlands comparing GBS patients to healthy controls, the
prevalence acute HEV was higher in GBS patients compared to controls (5% vs 0.5%)[63]. Similar
manifestations were seen in a study from the United Kingdom and France, in which more than 5% of
those infected with HEV3 developed neurological complications during follow-up[64]. NA is an acute
and painful neuropathy in the upper extremity characterized by rapid multifocal motor weakness and
sensory loss, followed by atrophy[65]. A cohort study from the United Kingdom and the Netherlands
demonstrated that 10% of patients with NA had acute hepatitis E[66]. Central nervous system infections
including encephalitis and meningitis have been described, with HEV RNA being present in the serum
and cerebrospinal fluid in immunosuppressed individuals after SOT[62]. It remains unknown if these
neurological manifestations are a result of immune mediated molecular mimicry or direct cytopathic
effects of the virus[36]. Based on findings from a variety of studies, it is recommended that clinicians
consider infection with HEV as a culprit when encountering patients with neurological disorders and
concomitant elevations in liver enzymes[67].

Renal manifestations of HEV include kidney injury, membranoproliferative glomerulonephritis and
cryoglobulinemia. In a retrospective study assessing kidney function and histology in SOT recipients
with HEV3 infection, there was a statistically significant decrease in glomerular filtration rate during
infection (-5L/min, P = 0.04). Histological examination of those with high proteinuria and decreased
GFR during both the acute and chronic phase of infection demonstrated relapse of IgA nephropathy,
membranoproliferative glomerulonephritis, and the majority of patients having cryoglobulinemia that
resolved after clearance of HEV[68]. The relationship between cryoglobulinemia and HEV infection
remains unclear. In a study assessing SOT recipients infected with HEV, the prevalence of cryoglobu-
linemia was increased during chronic infection (52.9%) compared to the acute phase of infection (36.4%)
and HEV negative SOT recipients (23.6%, P < 0.01); also identifying HEV as a predictive factor for
cryoglobulinemia (odds ratio 2.3)[69]. Although the exact mechanism is unknown, it is possible that
immune complex deposits may play a critical role, as seen in Hepatitis C infection where HCV antigen,
anti-HCV IgG antibodies and rheumatoid factor deposit in glomeruli[70]

Over the years many hematological manifestations from HEV infection have been reported. One such
manifestation is hemolytic anemia secondary to glucose-6-phosphate dehydrogenase deficiency, leading
to oxidative stress in red blood cells during viral hepatitis infection. Several cases have been docu-
mented, and there have also been reports of renal failure secondary to renal tubule obstruction by hemo
-globin and bilirubin during hemolysis incited by acute HEV[71]. As in other hepatotropic viruses such
as cytomegalovirus, hepatitis A virus and hepatitis B virus; there have been reports of autoimmune
hemolytic anemia secondary to infection with hepatitis E[72]. Hepatitis associated aplastic anemia, is a
life-threatening variant of aplastic anemia in which pancytopenia occurs two to three months after
hepatitis[73]. Cases of HEV related aplastic anemia have been reported, leading to recovery following
treatment, and even death[74,75]. A variety of different mechanisms leading to thrombocytopenia
secondary to hepatotropic viruses have been postulated including bone marrow suppression and
development of anti-platelet antibodies and platelet associated immune complexes[76]. There have been
several reports of HEV causing thrombocytopenia which were either self-limited or required transfusion
or intravenous globulin and corticosteroid administration[77,78]. Several extrahepatic manifestations
have been documented for which the pathophysiology remains unclear. A complete list of these
manifestations across various organs can be seen in (Table 2).

DIAGNOSIS

The incubation period of HEV is approximately 2 to 6 wk and precedes the IgM response detected
during the same time that liver enzyme abnormalities arise. Diagnosis of HEV can be accomplished
either directly by detecting the HEV RNA or capsid antigen in the blood and other body fluids or
indirectly by detecting anti-HEV antibodies in infected individuals’ serum[79]. The detection of anti-
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Table 2 Extrahepatic manifestations of hepatitis E viral infection

Organ/System Manifestation

Neurological

Hematological

Cardiovascular

Renal

Musculoskeletal
Thyroid

Pancreas

Guillain- Barré syndrome, Bell’s palsy, myelitis, peripheral neuropathy, neuralgic amyotrophy, encephalitis, meningitis vestibular
neuritis, mononeuritis multiplex, seizure, pseudotumor cerebri, oculomotor palsy, polyradiculoneuropathy

Thrombocytopenia, hemolytic anemia, aplastic anemia, hemophagocytic syndrome, thrombotic thrombocytopenic purpura, Cutaneous
T cell lymphoproliferative disorder, monoclonal gammopathy of uncertain significance

Myocarditis, Henoch-Schénlein purpura

Reduction in glomerular filtration rate, IgA nephropathy, cryoglobulinemia, membranoproliferative glomerulonephritis, membranous
glomerulonephritis

Myositis, polyarthritis
Autoimmune thyroiditis, subacute thyroiditis

Acute pancreatitis
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HEV IgM antibody is an important marker of acute viral infection, and has a short positivity mostly
ranging from 3-4 mo, but can be present for up to one year[36]. When testing for anti-HEV IgM with
conventional assays and commercially available immunohistochemistry assays, sensitivity has been
reported to be > 97% in immunocompetent patients and 80-85% for immunocompromised patients with
> 99.5% specificity[80,81]. It is important to consider additional testing for RNA presence in immuno-
compromised individuals due to the poor antibody response exhibited by this population[13]. IgG
antibody response is delayed and long lasting with persistence of several years, although the exact
duration remains uncertain. In order to detect these antibodies, enzyme immunoassays are utilized with
recombinant ORF2 and/or ORF3 proteins from HEV1 strains, which also cross react with other
genotypes, however assay detection varies considerably[82]. Use of commercially available assays have
limited detection which vary between 0.25 and 2.5 WHO units per ml, and the determination of anti-
HEV IgG concentration can be used to estimate reinfection after natural infection or immunization[79].
It has been suggested that immunocompromised patients with anti-HEV IgG concentration < 7 WHO
units per ml can become reinfected with increased risk of developing chronic hepatitis[83]. In addition,
it has been suggested that anti-HEV IgG titers > 2.5 units per ml are protective following vaccination
[84].

The detection and quantification of HEV RNA in blood and other bodily secretions is the gold
standard of detecting both acute and chronic active HEV infection, adding benefit to diagnosis of
infection in immunocompromised individuals with inherent poor immunologic response[36] (Figure 1).
Other situations in which RNA detection is of great utility includes donor screening, diagnosis of
chronic HEV infection, and assessing response to antiviral therapy[85]. HEV RNA becomes detectable
during the incubation period and can be present in the blood for about 4 wk and 6 wk in feces[81].
Given the narrow window of detectable RNA, an undetectable HEV RNA does not exclude recent
infection, particularly when patients present late in their illness[86]. Persistence of RNA for at least 3 mo
defines chronic infection[42]. Available types of nucleic acid amplification tests (NAATSs) include
reverse transcription polymerase chain reaction (RT-PCR), real time RT-PCR, and reverse transcription
loop-mediated isothermal amplification, with varying sensitivity in HEV RNA detection[36]. In
response to varying sensitivities the World Health Organization (WHO) has developed the international
standard and international reference panel for HEV1, HEV2, HEV3, and HEV4, allowing comparison of
results obtained from different NAATSs with reports using a common unit, the international unit (IU).
NAATSs detect HEV RNA targets, particularly conserved domains (ORF2 and ORF3 overlap region), of
HEV genotypes 1-4[87].

Viral antigens are present in the blood and liver during the early phase of acute hepatitis persisting
longer in chronic infection and can be diagnosed using sandwich enzyme immunoassays detecting HEV
capsid antigen derived from ORF2[88]. HEV antigen assays have excellent specificity, however
sensitivity is a major concern ranging from 40% to 91%[89]. It has been shown that HEV antigen may
remain present for months following clearance of chronic HEV infection, suggesting the presence of
antigen does not necessarily indicate presence of virions[90]. Given the simplicity, lesser cost and faster
results when compared to HEV RNA detection, HEV capsid testing may become an alternative in
diagnosis, however the role of HEV antigen diagnosis is yet to be determined[36,79].

TREATMENT

Unlike in most immunocompetent individuals who require no specific treatment for acute HEV
infection, chronic infection in immunocompromised hosts (i.e., solid organ transplant recipients)
requires treatment to avoid rapid progression to cirrhosis or even death[5]. In SOT recipients, reduction
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Figure 1 Diagnosis of hepatitis E virus in inmunocompetent vs immunocompromised patients. HEV: Hepatitis E virus; PCR: Polymerase chain

reaction.
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of immunosuppressive therapies is considered the first line therapeutic option, with approximately one
third of patients achieving viral clearance after dose reduction[44,50]. However, it is important to
remember that reducing immunosuppression can lead to increased risk of organ rejection.

In a large retrospective multicenter case series, Kamar et al[42] assessed the efficacy of ribavirin in
SOT recipients diagnosed with chronic hepatitis E and HEV viremia. A total of 59 (54 confirmed HEV
genotype 3) patients were included of which 37 had received kidney transplants, 10 had liver
transplants, 5 heart transplants, 5 combined kidney and pancreas transplants, and 2 patients had
undergone lung transplantation. Median dosing of ribavirin was 600 mg/day for a median duration of 3
mo. Following treatment 95% of patients exhibited clearance of HEV and 78% exhibited sustained
virological response (SVR). Although 60% of patients unfortunately developed recurrence, 40% of these
individuals were able reach SVR following a prolonged treatment course of an additional 6 mo. Adverse
events included anemia, requiring dose reduction in 29% of patients, and the use of erythropoietin and
blood transfusion[91]. A more recent study conducted by Kamar et al[42], retrospectively investigated 30
European centers to assess outcomes of ribavirin therapy in 255 SOT recipients with chronic HEV3. 81%
of patients achieved SVR with initial ribavirin treatment (median 600 mg/day for 3 mo), while 90%
were able to achieve SVR following an additional course of treatment after initially failing to meet SVR.
Interestingly it was also noted that an increased lymphocyte count at the initiation of treatment was a
positive predictive factor of SVR, while poor hematological tolerance requiring dose reduction was
associated with relapse after completion of therapy[92].

Treatment of chronic HEV in immunosuppressed individuals who have received SOT poses a
challenge following lack of response to ribavirin. A final option includes treatment with pegylated
interferon alpha (PEG-IFNa), which has been shown to be effective following liver transplantation. In a
study of three post liver transplant patients, a three-month course of PEG-IFNa resulted in an antiviral
response with HEV clearance was obtained in two of the study participants[93]. Similar findings were
noted by Haagsma et al[94] who demonstrated efficacy of PEG-IFNa when reduction of immunosup-
pressive medications was not adequate. However, it is important to note that PEG-IFNa is contrain-
dicated in lung, heart, renal and pancreas transplant recipients due to the risk of organ rejection[95].

Treatment of HEV in ribavirin resistant infections can be a challenge. Approval of sofosbuvir revolu-
tionized the treatment of chronic hepatitis C and the role of sofosbuvir in the treatment of HEV has also
been investigated. Based on in vitro studies, sofosbuvir has been considered as a treatment for ribavirin
resistant HEV alone or synergistically with ribavirin[96]. Effectiveness of sofosbuvir has been shown to
lead to viral clearance in acute HEV when used in combination with ribavirin[97] and for the treatment
of refractory HEV in an individual following kidney transplantation[98]. However, other studies have
demonstrated inability to reach SVR when treated with combination therapy in a patient with chronic
HEV (genotype 3) following multivisceral organ transplantation[99]. A recent case series of 3 SOT
recipients treated with combination of sofosbuvir and ribavirin following failed ribavirin monotherapy
(inability to achieve SVR) displayed failure of complete elimination of HEV. RNA plasma levels
returned to pretreatment levels following cessation of therapy, suggesting antiviral activity of
combination therapy[100]. Monotherapy with sofosbuvir has also been shown to be ineffective with
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high rates of relapse following only partial response in individuals with chronic HEV[101]. To date none
of the mentioned drugs have been approved in the treatment of HEV, and further large-scale studies are
indicated to assess safety and efficacy, alone or in combination. Although many clinical trials are
actively investigating efficacy of vaccine prevention, there is limited investigation on HEV treatment
(clinicaltrials.gov).

VACCINE

Development of a safe and efficacious vaccine has shined light on the prevention of HEV and
subsequent worldwide morbidity and mortality. Zhu et al[102] published results of a randomized,
double blind phase 3 trial of recombinant HEV vaccine (HEV 239: Hecolin®) administered in 3 doses at
0,1 and 6 mo in China. Results demonstrated a near 100% efficacy, with no serious adverse effects at 12
mo follow-up after vaccine administration[102]. Long term efficacy of up to 4.5 years displayed
continuous efficacy of 87%, and cross protective efficacy between genotype HEV1 and HEV4 which are
prevalent in China[103]. Currently a large, cluster-randomized, blinded trial (NCT02759991) is invest-
igating the effectiveness of Hecolin in pregnant women in Bangladesh[104]. It has been recommended
that vaccination against HEV in certain high-risk individuals such as those who are immunocom-
promised, have chronic liver disease, pregnant women in endemic areas, and those in hyperendemic
parts of the world[81]. Further studies are urgently needed to investigate vaccine efficacy toward other
prevalent genotypes and to assess safety and efficacy in those with aforementioned underlying chronic
medical conditions prior to being garnered approval beyond China. Recently a single investigation was
completed in the United States, assessing Hecolin®safety, reactogenicity and immunogenicity in healthy
adults (NCT03827395), for which we eagerly await results.

CONCLUSION

Hepatitis E infection is a major global health burden that leads to extensive morbidity and mortality,
particularly in developing countries. While most cases of acute HEV infection are self-limiting and only
require symptomatic treatment, progression to chronic disease can be fatal. Individuals particularly at
risk for chronic infection include solid organ transplant recipients and those with other immunosup-
pressive conditions such as HIV and rheumatological conditions. Elevation in liver enzymes in the
immunosuppressed should prompt urgent serological testing coupled with HEV RNA detection, given
inherent poor immunological response. The initial hallmark to treatment is the reduction of
immunosuppressive therapies to allow physiological defense and viral clearance. Subsequent treatment
options include ribavirin; however, resistance poses a challenge as other treatment options can be
harmful to SOT recipients. While vaccine development has proven to be effective, it is imperative that
we continue to assure clean drinking water and safe food practices worldwide. Further clinical investig-
ations are essential in order to help develop safe and efficacious viral treatments that can save millions
of lives worldwide.
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