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Abstract
The hepatitis E virus (HEV) is the fifth known form of viral hepatitis and was first recognized as the cause of an epidemic of unexplained acute hepatitis in the early 1980s. Globally, it is one of the most frequent causes of acute viral hepatitis. The majority of HEV infections are asymptomatic and lead to the spontaneous clearance of the virus. Among the eight different genotypes identified to date, HEV genotype 1 (HEV1), HEV2, HEV3, and HEV4 are the most frequent genotypes causing infections in humans. HEV1 and HEV2 are prevalent in developing regions and able to result in large-scale outbreaks originating from contaminated water supplies. They are also responsible for severe hepatitis in pregnant patients and infants. In contrast, HEV3 and HEV4 are zoonotic, and the transmission of these genotypes to humans occurs mainly through the fecal contamination of water and consumption of contaminated meat from infected animals. Their main reservoir is the pig, and they are mostly encountered in developed countries. The major risk groups for HEV infection and its ensuing adverse consequences are pregnant women, infants, older people, immunocompromised individuals, patients with underlying chronic liver diseases, and workers that come into close contact with HEV-infected animals. In the clinical perspective, HEV infections have diverse clinical manifestations including acute and self-limiting hepatitis, acute-on-chronic liver disease, chronic hepatitis, cirrhosis, and liver failure. Although HEV mainly results in acute self-limiting infection, chronic HEV infection may occur among immunocompromised patients (e.g., solid-organ transplant recipients). Additionally, HEV-associated extrahepatic manifestations involving various organs have been reported in the last decade, although the causal link for many of them still needs to be proven. Ribavirin and interferon-alpha are the most widely used agents for the treatment of HEV infections with a certain level of success. However, ribavirin is contraindicated in pregnant patients, and interferon-alpha cannot be used in most transplant recipients. Therefore, there is an urgent need for novel antiviral compounds that are safe and effective particularly for patients having contraindications for ribavirin or interferon-alpha and infected by the ribavirin-resistant HEV. In this review article, a literature search using PubMed and MEDLINE databases was performed, up to March 2020. Only the articles published in English were reviewed.
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Core Tip: The hepatitis E virus (HEV) is the most common cause of acute viral hepatitis worldwide. To date, four main genotypes of the HEV infecting humans have been described. While HEV1 and HEV2 cause only acute hepatitis, HEV3 or HEV4 can become chronic in immunocompromised patients. Extrahepatic manifestations have also been defined for these genotypes. Acute infections are generally self-limiting and do not require special treatment. For chronic hepatitis, ribavirin is the drug of choice. Nevertheless, novel drugs are required for patients in whom ribavirin treatment fails. We herein reviewed the epidemiology, diagnosis, clinical manifestations, and treatment of HEV infections.

INTRODUCTION
The hepatitis E virus (HEV) is the most common cause of acute viral hepatitis worldwide and belongs to the Hepeviridae family[1-3]. Despite being an important cause of hepatitis and increasing knowledge on the HEV, the origin of the HEV remains obscure[4]. In 1983, the Russian virologists Balayan et al[5] visualized the virus by electron microscopy while examining one of their own feces after ingestion of a pooled fecal extract of infected soldiers.
The HEV is a small non-enveloped virus, 27-34 nm in diameter, with a single-stranded positive sense ribonucleic acid (RNA) genome[6,7]. The HEV genome harbors discontinuous regions called open reading frames (ORF). Among these regions, ORF1 encodes nonstructural (functional) proteins (e.g., RNA-dependent RNA polymerase, methyltransferase)[8,9], ORF2 encodes the viral capsid protein[10], and ORF3 encodes a functional ion channel that has important roles in the release of viral particles[11]. The recently discovered ORF4 is unique for HEV genotype 1 (HEV1) and plays a critical role in the proper functioning of HEV RNA polymerase[12]. The capsid protein encoded by ORF2 is highly immunogenic, and antibodies against this protein have neutralizing and protective features[13,14]. Therefore, the capsid protein seems to be a suitable target for vaccine development against HEV. HEV molecular biology is outside the scope of this review. Therefore, we direct the readers to other review articles on this topic[15,16].
Our viewpoint of the HEV has undergone a dramatic change over the past decade. Previously, HEV was considered to be limited to some developing countries. Currently, it is known to be endemic as a zoonotic infectious agent in most high-income countries. Locally acquired (autochthonous) HEV infections caused by HEV3 and HEV4 have become the most common cause of acute viral hepatitis in several developed countries. The best example of this is China where previously HEV1 was the most frequent genotype. However, HEV4 has surpassed HEV1 in recent years, most probably due to improved sanitation and hygiene measures[17].
In this review, we aimed to present contemporary data about the epidemiology, diagnosis, clinical manifestations, and management of HEV infections.

EPIDEMIOLOGY
Among the eight distinct HEV genotypes that have been identified in the Orthohepevirus A species, HEV1, HEV2, HEV3, and HEV4 are able to infect humans. Humans are the main reservoir of HEV1 and HEV2, and any transmission from animals to humans for HEV1 and HEV2 has not yet been reported. The epidemics of HEV1 and HEV2 develop periodically in several regions of Asia, Africa, Mexico, and the Middle East[18]. In these regions, large waterborne outbreaks can be caused by the inadvertent fecal contamination of water supplies particularly after heavy rainfall and flooding[19,20]. In 1955-1956, the first identified HEV outbreak had infected 29300 individuals in India[19]. In addition to the epidemic infection, sporadic HEV infections have occurred in endemic areas[21].
Although HEV1 and HEV2 usually lead to self-limiting acute viral hepatitis, HEV1- and HEV2-related infections still have a substantial burden on public health in low-income countries. According to the mathematical model developed in 2005, these genotypes were associated with 20.1 million annual new infections in Asia and Africa with 3.4 million symptomatic hepatitis E cases, 70000 fatalities attributed to acute liver failure, and 3000 stillbirths[22]. However, these estimates have several restrictions and require updating. The person-to-person transmission of HEV1 and HEV2 is infrequent in both sporadic and epidemic settings[23], whereas vertical transmission from mother to fetus during pregnancy is well defined[24]. Moreover, HEV1 transmission through blood transfusion was also reported[25]. For unknown mechanisms, the mortality rate of acute HEV1 or HEV2 infection is considerably high in pregnant women and infants.
HEV3 and HEV4 infections mainly develop through zoonotic transmission that is caused by close contact with infected animals or the consumption of contaminated food products (most commonly raw or undercooked meat). The main reservoir for these genotypes is the pig, and they have also been demonstrated in wild boars, rabbits, goats, sheep, deer, horses, cats, and dogs[26-29]. Therefore, these animals can be considered as potential zoonotic sources for transmission to humans. They can also be detected in large quantities in the feces of asymptomatic animals and in the milk of infected cows[30]. Some experiments revealed that the HEV can be inactivated if heated up to 71 °C for at least 20 min[31]. In addition, fruits and vegetables washed with contaminated waters can be putative routes of HEV transmission[32,33]. Considering the transmission routes of HEV3 and HEV4, we can conclude that farmers, veterinarians, and individuals working in the slaughterhouse are more prone to HEV infections than the general population.
Albeit less common than zoonotic and waterborne transmissions, infected blood or blood products from a viremic patient should be considered as a possible transmission route for HEV infections[34]. However, most of iatrogenic transmissions remain asymptomatic in immunocompetent individuals. A study from the United Kingdom involving 225000 blood donations demonstrated that 0.035% of recipients were viremic, and almost 42% of recipients being transfused with HEV RNA-positive blood products became viremic or developed antibodies against HEV[35]. Currently, blood products are routinely tested for HEV RNA in the United Kingdom, Ireland, and the Netherlands[36]. Selective screening is performed in Germany and France for high-risk patients, and authorities in Greece, Portugal, Italy, and Spain are assessing whether to initiate HEV screening in blood products[36]. A study from the United Kingdom showed the cost-effectiveness of routine screening of the HEV in solid-organ transplant recipients by the nucleic acid amplification tests (NAATs) or antigen test[37]. The screening of plasma-derived blood products in the United States may not be necessary since only 0.002% of plasma donations in the United States were found HEV RNA positive[38]. In addition to blood products, HEV acquisition can occur from a transplanted organ. Schlosser et al[39] reported a case of a liver transplant recipient who experienced chronic HEV infection and cirrhosis after receiving an organ from a donor with negative HEV serology.
In developed countries, HEV3 is the most frequent causative genotype in HEV infections[21]. However, HEV4 has become as equally important as HEV3 in China, Japan, Taiwan, Hong Kong, and South Korea over the last decades[40]. In Europe, the prevalence of HEV infections varies according to regions. In particular, HEV3 is hyperendemic in southwest France with a very high rate of seroprevalence (> 50%)[41]. It is also endemic in northern France, Belgium, the Netherlands, and Germany. The rates of previous HEV exposure can reach up to 30% in these countries[21]. In a survey conducted in 30 European countries, the number of cases with HEV infection has increased from 514 per year in 2005 to 5617 in 2015[42]. In addition, HEV infection was reported as the most frequent type of acute viral hepatitis between 2013 and 2015 in the Netherlands[43]. These infections are generally locally acquired (autochthonous), and both symptomatic infections and seroprevalence rates increase significantly with age. In the United States, a recent study reported an HEV seroprevalence rate of 6%[44]. The lower rate of seropositivity in the United States compared with that in other developed countries, especially in Europe, can be partly explained by less frequent organ meat consumption, insufficient awareness of HEV among United States health-care providers, and lack of a Food and Drug Administration-licensed assay to diagnose HEV infection[45]. Turkey has been reported as an HEV1 and HEV2 endemic country based upon outdated data. However, for the first time in the literature, we have identified HEV3 viremia in two Turkish patients involved in a cross-sectional study including the high-risk groups for HEV infection, and there was no HEV1 or HEV2 viremic patient (unpublished data).
Thus far, HEV5 and HEV6 have only been reported in wild boars and are not associated with infections in human beings[46]. HEV7 and HEV8 have been detected in camels[47]. In 2016, HEV7 was detected for the first time in a patient regularly consuming camel milk and meat from the United Arab Emirates[48]. Phylogenetic analysis proved that the viruses identified in the samples obtained from the patient and samples from camel meat and milk belong to HEV7. However, no further cases in humans have been identified since then. In addition to these well-defined HEV genotypes infecting humans, some recent studies found that a new HEV genotype called HEVC1 that is normally infecting rats leads to acute and/or chronic hepatitis as well as extrahepatic manifestations in humans[49].
The estimation of HEV seroprevalence by examining the frequencies of anti-HEV antibodies (immunoglobulin (Ig)G and IgM) in a population would be extremely difficult considering the use of different assays with varied sensitivities in the detection of anti-HEV antibodies. For instance, the seroprevalence rate of anti-HEV antibodies in Asia and Africa was 10%-40% with increasing frequency in older age groups (> 50 years of age)[50]. This low rate of anti-HEV antibody positivity in these endemic regions could be explained by the disappearance of anti-HEV antibodies with time, failure of the surveillance systems to detect symptomatic HEV cases, or low sensitivity of previously used serological assays[45]. Nevertheless, new-generation serological assays are more sensitive and have similar specificity than older widely used serological assays[51,52].

DIAGNOSIS
The incubation period of HEV infection is usually 2-6 wk[51]. At the time of diagnosis, HEV RNA and anti-HEV IgM can be detected, followed by anti-HEV IgG antibodies. Anti-HEV IgM antibody positivity in the serum can be considered an important marker for acute HEV infection. Anti-HEV IgM antibodies have a positivity for a short period of time (approximately 3-4 mo), but sometimes it persists for a year[53]. Anti-HEV IgG antibody is relatively long-lasting, and the exact duration of this response remains uncertain[45]. Furthermore, anti-HEV IgG antibody has an increasing avidity over time[54]. HEV RNA can be detected in the blood after 3 wk of exposure, and viral shedding lasts approximately 4-6 wk in the stool[54].
Enzyme immunoassay is the most widely used serological method for the identification of anti-HEV IgG and IgM antibodies in the diagnosis of HEV infection. The detection of anti-HEV IgM and rising titers of anti-HEV IgG antibodies alone are not sufficient for diagnosis since some commercial assays have insufficient specificities for these antibodies. In addition, anti-HEV IgM may disappear or not yet become positive until a sample is taken for the diagnosis of HEV infection. Moreover, anti-HEV IgG antibodies do not provide lifelong immunity, and the level of antibodies in the serum decreases over time. It has been suggested that having anti-HEV IgG titers < 7 units/mL is insufficient to prevent subsequent acute or chronic infections[55]. Conversely, a vaccine study suggested that anti-HEV IgG titers > 2.5 units/mL are protective[23].
Enzyme immunoassays are used not only for the detection of anti-HEV antibodies but also for that of the HEV capsid antigen. Although previously used antigen assays are not as sensitive as the NAATs, a newer version of assays has improved sensitivity[56,57]. Strikingly, HEV antigen may persist for several months after ribavirin-induced HEV RNA clearance of chronic HEV infection. This finding suggests that the presence of HEV antigen does not indicate the presence of infectious virions[58]. Therefore, the role of HEV antigen in diagnosis remains to be determined.
The detection of HEV RNA in the blood or stool is a diagnostic means for HEV infection. Particularly, the results of serological assays are often negative in acute and chronic HEV infections of patients with immunosuppressed conditions (e.g., solid-organ transplant recipients). Chronic HEV infection is defined as the persistence of HEV RNA in the blood or stool for at least 3 mo[59]. Different types of the NAATs have various sensitivities in the detection of HEV RNA. Therefore, the World Health Organization developed the international standard and international reference panel for HEV1, HEV2, HEV3, and HEV4[60]. This enabled us not only to compare the results obtained by different NAATs but also to report the results using a common unit, that is, the international unit (IU). Several different types of the NAATs are being used for the detection of HEV RNA in blood or stool samples. These tests can be exemplified as follows: Conventional reverse transcription polymerase chain reaction (RT-PCR), real-time RT-PCR, and reverse transcription loop-mediated isothermal amplification. The NAATs are able to detect the HEV RNA target, specifically conserved domains of the HEV genome (the region of ORF2 that overlaps ORF3), of all four major genotypes of HEV (genotypes 1-4) that infect humans[61]. However, polymorphisms in the targeted regions or problems in the designation of highly specific primers and probes' sequences may result in false-negative test results. The diagnostic algorithm of both acute and chronic HEV infections is shown in Figure 1.

CLINICAL MANIFESTATIONS OF HEV INFECTIONS
Acute HEV infections
In general, acute HEV infection is relatively asymptomatic or mildly symptomatic. However, acute icteric hepatitis is seen in almost 5%-30% of patients infected by the HEV[62]. Malaise, fever, body aches, nausea, and vomiting are characteristic symptoms observed through the 1-wk prodromal phase of acute icteric hepatitis, which is followed by the icteric phase lasting approximately 1 wk. It is marked by dark-colored urine and jaundice[62]. Then, the convalescent phase results in the resolution of icteric symptoms. Generally, HEV1 and HEV2 cause more severe acute hepatitis presentation than HEV3 and HEV4[63]. Nonetheless, HEV3 and HEV4 may lead to severe acute HEV infections in older men and acute-on-chronic liver failure (ACLF) in patients with chronic liver diseases. 
Although the vast majority of acute HEV infections do not need any special treatment in immunocompetent patients, it is consistently shown that HEV1 infection in a pregnant woman (particularly at the third trimester) is associated with high maternal morbidity and mortality. Acute HEV1 infection-related mortality reaches up to 20% and is caused by eclampsia, hemorrhagic complications, and liver failure[64]. The newborns have a risk of maternal–fetal transmission and consequent clinical manifestations such as hypoglycemia, hepatitis, and neonatal death[65]. As mentioned above, HEV genotype seems to be closely associated with the worse clinical outcome in pregnant women, since HEV3 does not generally cause death or fulminant hepatitis for pregnant women and the data are not available for the course of HEV4 infection during pregnancy[66,67]. As a possible mechanism of this fact, Gouilly et al[68] found that HEV1 proliferates more efficiently than HEV3 ex vivo in stromal cells and in tissue explants of decidua basalis and fetal placenta. They also demonstrated significant changes in the structure of the placental barrier with increased cellular death and necrosis at the maternal-fetal interface in HEV1-infected pregnant women. HEV1 also leads to the production of more infectious virions and pro-inflammatory cytokines like chemokines and IL-6. These changes in the cytokine microenvironment are associated with high viral load and an increase in tissue damage[68]. Additionally, significant changes occur in the immune system during pregnancy to protect the fetus from the maternal immune system. These alterations result in a shift from a T helper (Th)1-dominated immune response to a Th2-dominated one[69]. Furthermore, the function of the monocyte-macrophage system of pregnant women with acute liver failure is significantly impaired[70]. Nevertheless, the implications of these immunological alterations for the severity of acute HEV infections are not known yet. Lastly, pregnancy-related hormonal changes may also contribute to a poor outcome. The pregnant women with fulminant hepatic failure due to HEV infection have higher concentrations of estrogen, progesterone, and β-human chorionic gonadotrophin than HEV-negative pregnant women with fulminant hepatic failure or healthy controls[65]. Consistent with this, an in vitro study showed that serum from pregnant women, particularly those in the third trimester, amplified the HEV replication via inhibiting estrogen receptors and the synthesis of type I interferons[71]. As a result, the causal mechanisms of fatal courses in pregnancy remain unknown; thereby, further studies investigating the potential role of patients’ hormonal, immunological, and genetic factors and HEV variants should be performed to clarify the relationship between pregnancy and worse clinical outcomes in acute HEV1 and HEV2 infections.

ACLF
The typical manifestations of ACLF include acute worsening of the liver function with clinical complications such as the onset or deterioration of ascites and hepatic encephalopathy and coagulopathy. ACLF is associated with an elevated mortality level of nearly 70% in some reports[72,73]. A large prospective study including 343 patients with decompensated liver disease found that hepatic decompensations were associated with acute HEV infection in 11 patients, and three of these patients died[74]. HEV has been proposed as an overlooked cause of infectious trigger for ACLF. Manka et al[75] performed a retrospective analysis of 80 acute liver failure cases in a single center from Germany. Among all patients, eight had HEV RNA positivity together with supporting clinical findings of acute HEV infection, but half of them had an initially erroneous diagnosis of drug-induced liver injury. Another study from the United States also showed that a minority of suspected cases of drug-induced liver injury were actually caused by the HEV[76]. For the definition of ACLF, the European definition proposed by the European Association for the Study of the Liver-Chronic Liver Failure consortium was used through this article[77].

Chronic HEV infections in immunocompromised patients
Immunocompromised patients cannot achieve HEV clearance and may develop chronic hepatitis and cirrhosis if infected by HEV3 and HEV4[79,80]. In contrast, chronic HEV infection has not been observed in cases infected with HEV1 and HEV2 until now[78,79]. Although Kamar et al[78] described chronic HEV infections in liver and kidney transplant recipients for the first time in the literature in 2008, the exact definition of chronic HEV infection has been intensively debated for a long time. According to Kamar et al[59], solid organ transplant recipients who are viremic for more than 3 mo after the onset of HEV infection can be regarded as chronically infected and evaluated for treatment. However, spontaneous clearance without any HEV-specific treatment was demonstrated between 3 and 6 mo of the first detection of HEV viremia in a small number of solid-organ transplant recipients[80]. Importantly, performing the NAATs is mandatory in all patients for the identification of persistent HEV replication as a sign of chronic HEV infection since both anti-HEV IgG and IgM may remain negative under immunocompromised status[81].
Although fatigue is the most frequent symptom in chronic HEV infection, most patients have no symptom and only mild elevations in liver enzymes[81]. Nevertheless, chronic HEV infections may lead to structural injuries in the liver including nodules, fibrotic remodeling, and subsequent cirrhosis[82]. Approximately 20%-50% of transplant recipients having exposure with HEV3 develop chronic infection[83]. Within 2-5 years of chronic HEV infection, approximately 10% of patients develop cirrhosis[84]. Often, the progression in liver inflammation and injury can regress with HEV clearance[85]. The risk of the development of chronic HEV infection after HEV3 exposure is not associated with the magnitude of HEV load, but it is related with previous tacrolimus use and low lymphocyte count[71]. The clinical presentation of chronic HEV infection has mainly been described in the setting of solid-organ transplantation, but it can be similarly observed in other immunosuppressed patients including those with hematological malignancies undergoing chemotherapy[86-88], individuals with human immunodeficiency virus (HIV)/acquired immune deficiency syndrome having low CD4+ cell count (< 200 cells/mm3)[89,90], and patients afflicted by rheumatic disorders and receiving immunosuppressive therapy[91].

Extrahepatic manifestations
HEV infections not only affect the liver but may also include other organ systems. Some disorders, including Guillain-Barré syndrome (GBS), neuralgic amyotrophy (NA), lymphoma, pancreatitis, thrombocytopenia, viral meningitis, thyroiditis, myocarditis, cryoglobulinemia, glomerulonephritis, Henoch-Schönlein purpura, and myasthenia gravis, have been claimed to be associated with HEV infection. Although some case series, animal models, and seroepidemiological studies supported casual relations between HEV infection and these extrahepatic manifestations, the exact underlying pathophysiological mechanisms have not yet been proven. Nevertheless, immune-mediated reactions and direct viral (cytopathic) tissue damage are the most commonly assumed culprit mechanisms in extrahepatic manifestations.

Neurological disorders: GBS is a typical neurological disorder emerging after some types of infections and causing severe damage to the peripheral nerves and nerve roots. Antibodies that are produced against gangliosides through molecular mimicry after culprit infections have been shown to lead to GBS[92]. GBS is one of the most frequently published extrahepatic complications of HEV infection, and it can occur after both acute and chronic infections of various HEV genotypes[93]. HEV-related GBS cases have been reported from both developed and developing countries. In a study from the United Kingdom and France, more than 5% of patients having HEV3 infection had neurological complications during follow-up[94]. In a case-control study, 10 out of 201 patients having GBS were infected by the HEV just before or at the onset of their illness[95]. The clinical features and outcomes in HEV-associated GBS resemble those in non-HEV-related GBS cases. A case-control study from Bangladesh reported that 11% (11 patients) of all patients who developed GBS had anti-HEV IgM positivity, and only one patient was HEV1 RNA positive. Of note, antibodies against gangliosides cannot be identified among these patients[96].
Besides GBS, facial nerve paralysis (Bell’s palsy), NA, polyradiculopathy, mononeuritis multiplex, viral meningitis, encephalitis, and myelitis are asserted as possibly related with HEV infection. NA (i.e. brachial neuritis) is another relatively frequent neurological manifestation of HEV infection and characterized by severe shoulder and arm pain, followed by weakness and atrophy[97]. The pathogenesis of NA is considered to be similar to that of GBS. Most patients presented with bilateral and severe involvement of the brachial plexus. In contrast to other causative agents, HEV-associated NA is not confined to the brachial plexus[98]. Other neurological presentations of HEV infections have been reported in case reports only.
Further studies should be performed to appreciate the actual pathophysiological mechanisms of neurological manifestations in HEV infection. Although some studies have demonstrated the ability of the HEV to complete the full viral life cycle in an oligodendrocyte[99], penetrate the blood-brain barrier[100], and stimulate mitochondrial apoptosis in HEV-infected gerbil brain tissues[101], it is unknown whether neurological manifestations are consequences of immune-mediated (mostly associated with molecular mimicry) mechanisms or the direct cytopathic effect of the HEV.

Hematological manifestations: Thrombocytopenia associated with HEV infections is generally not severe and does not require any specific treatment. However, severe thrombocytopenia was observed in nine patients who were infected by the HEV. Among these patients, the mean platelet count was 12 × 109/L[97]. The mechanism by which HEV infections lead to thrombocytopenia is not yet understood. It is considered being associated with the production of antiplatelet antibodies, as in most viral infections. However, only two out of nine patients had antibody against platelet in the aforementioned cases.
Hemolytic anemia was reported in patients with glucose-6-phosphate dehydrogenase deficiency having acute HEV infection[102,103]. In addition, aplastic anemia was reported in a young man from Pakistan[104]. However, more supporting data are needed to be confident about the causal relationship.

Acute pancreatitis: Acute pancreatitis is associated not only with the HEV but also with other hepatitis viruses (A, B, C). Most acute pancreatitis cases were reported from the Southern Asia region, suggesting that these were possibly caused by HEV1 infections[105,106]. HEV-associated acute pancreatitis is usually resolved with supportive care and mild to moderate in severity[106]. Although we do not have any strong evidence for the relation of HEV infection with acute pancreatitis, acute and severe epigastric pain should bring acute pancreatitis to mind as a possible differential diagnosis in patients having HEV infection. It is still unclear whether there is an increasing risk of acute pancreatitis after HEV3 and HEV4 infections.

Renal manifestations: The HEV can cause glomerulonephritis in both immunocompetent and immunosuppressed patients[107,108]. All glomerular diseases that have possible association with HEV infection were only reported in patients infected by HEV3, except one patient with HEV1 infection[108-110]. In total, at least eight patients with HEV3-associated glomerulonephritis have been described. The types of glomerulonephritis included membranoproliferative glomerulonephritis (n = 4), IgA-glomerulonephritis (n = 2), membranous nephropathy (n = 1), and nephroangiosclerosis (n = 1). All except one glomerulonephritis case were identified in immunocompromised patients. HEV clearance achieved either by therapy or spontaneously improved renal functions and proteinuria levels among these cases[109,110]. Additionally, HEV RNA was detected in the cryoprecipitate obtained from one patient who developed cryoglobulinemic glomerulonephritis[108].
The underlying mechanism by which HEV infection may induce glomerular disease remains to be established. In HEV-induced glomerulonephritis, immune-mediated mechanisms are presumably playing an important role similar to hepatitis C virus (HCV)-associated glomerulonephritis in which immune complexes consisting of HCV antigen, anti-HCV IgG antibodies, and a rheumatoid factor accumulate in the glomerular tissue. To date, 10 cases of mixed cryoglobulinemia likely caused by HEV infection have been published[107-109,111]. All cases had type II or III mixed cryoglobulinemia and were considered to be caused by HEV3 since these occurred in HEV3 endemic regions. In mixed cryoglobulinemia, immunoglobulins that are insoluble at reduced temperatures cause injury in various tissues by accumulating in the vascular bed[97]. Cryoglobulinemia-associated glomerulonephritis is likely to be caused by an uncontrolled immune response to particular viral antigens, as seen in hepatitis B virus- or HCV-associated glomerulonephritis[107-109]. However, a direct cytopathic effect of the HEV on the glomeruli cannot be excluded.

Other manifestations: Other HEV-related extrahepatic manifestations have also been described. These include myocarditis, myositis, thyroiditis, Henoch-Schönlein purpura, and myasthenia gravis. However, more convincing data are needed to construct causality between these disorders and HEV infection.

TREATMENT
Treatment of acute HEV infection and ACLF
To date, no specific drugs have been approved for the treatment of HEV infections. Fortunately, in the vast majority of cases, acute HEV infection can be cleared spontaneously and does not require any specific treatment. However, acute HEV infection can progress to severe hepatitis and liver failure particularly in pregnant women and patients with underlying chronic liver diseases. In severe cases like ACLF, rapid clearance of the HEV and normalization of liver enzymes were noted with ribavirin treatment[112]. In these cases, there was a great variability in doses and durations of ribavirin treatment, and no severe adverse reaction related with ribavirin treatment[113]. Although there is no alternative treatment option to ribavirin in acute and severe hepatitis or ACLF caused by the HEV, the efficacy of ribavirin has still not been clarified by large-scale studies or randomized, controlled trials. In some case reports, corticosteroids were offered for slowing down the rate of progression to liver failure in patients with fulminant hepatitis E[78].
Current treatment options for pregnant women with HEV1- or HEV2-related severe hepatitis or liver failure are much more limited. Since ribavirin treatment is contraindicated in pregnant patients because of the teratogenic potential of ribavirin, no study has demonstrated the effectiveness of ribavirin in pregnant patients with severe hepatitis until now. However, Sinclair et al[114] reported no teratogenicity with ribavirin treatment for pregnant patients who were infected by the HCV and exposed to ribavirin directly or indirectly. This finding can be partly explained by the lack of teratogenic effects of ribavirin at the last trimester due to the completion of organogenesis in the first trimester of pregnancy. Therefore, ribavirin can be suggested for pregnant patients infected by the HEV in the last trimester of pregnancy in a case-by-case fashion considering the very high mortality rate (almost 20%) of HEV infection in that period. As an alternative approach, diligent follow-up of the liver function test and supportive care can be applied in treatment for pregnant patients infected by HEV1 or HEV2. Early liver transplantation should be considered in indicated patients[115]. However, the therapeutic termination of pregnancy cannot be recommended based on the current literature[116].

Treatment of chronic HEV infection
The first-line therapeutic approach for solid organ transplant recipients who have chronic HEV3 or HEV4 infection should be dose reduction of immunosuppressive medications, particularly those targeting T lymphocytes. This approach alone provides sustained viral clearance in up to one-third of patients[86]. Kamar et al[81] reported 25% (4/16) success rate in viral clearance only by reducing the doses of immunosuppressive medications in solid-organ transplant recipients. However, all immunosuppressive drugs do not have the same effects. In in vitro studies, viral replication has been shown to be upregulated by mammalian target of rapamycin inhibitors but suppressed by mycophenolate mofetil[117,118]. It is essential to establish the clinical implications of these in vitro findings since chronic HEV infections have been reported in mycophenolate-receiving transplant patients.
Although pegylated interferon-alpha can be considered in liver transplant recipients and patients undergoing hemodialysis for the treatment of chronic HEV infection[118,119], it is contraindicated in renal, pancreas, heart, and lung transplant patients because of enhanced immune response and the risk of rejection[120]. Therefore, ribavirin constitutes the treatment of choice in chronic HEV infections in many solid-organ transplant recipients, despite that its efficacy has not been endorsed by randomized, controlled trials. In a multicenter retrospective study including 59 solid organ transplant recipients treated with ribavirin at a median dose of 600 (range, 29-1200) mg/d for 3 (range, 1-18) mo, the rate of sustained virologic response (undetectable HEV RNA in serum 6 mo after the completion of ribavirin treatment) was 78%. Additionally, one-third of patients with persistent HEV viremia at the end of the 3-mo treatment achieved sustained virologic response after receiving ribavirin for a longer period[121]. Kamar et al[122] collected data retrospectively from 30 European centers to depict the outcomes of ribavirin treatment among 255 solid-organ transplant recipients with chronic HEV3 infection. The primary aim of this study was to describe the ribavirin treatment responses and determinants of sustained virologic response. In the results of this study, 81% of all patients achieved sustained virologic response with an initial ribavirin treatment at a median dose of 600 mg/d for a median duration of 3 mo, while the rate of sustained virologic response elevated to 90% when an additional course of ribavirin was given to those who did not initially achieve sustained virologic response. This study also confirmed that higher baseline lymphocyte count and good hematologic tolerance to ribavirin (i.e., not needing ribavirin dose reduction) were predictors of achieving sustained virologic response. Nevertheless, tolerability of ribavirin treatment is still a major concern. In this study, 28% of patients needed ribavirin dose adjustment because of hematological side effects. Although the optimal duration of ribavirin therapy remains unclear, the 3-mo treatment is the most widely used treatment modality for chronic HEV infections. At the completion of ribavirin treatment, the detection of HEV RNA in the stools of patients in whom HEV RNA was negative in the serum was reported as being associated with an increased risk of HEV viremia at follow-up[123]. Also, Kamar et al[124] showed that a reduction in the HEV RNA concentration of ≥ 0.5 log10 IU/mL at day 7 was a highly predictive marker of sustained virologic response. In the same study, the serum ribavirin trough level had no impact on sustained virologic response at the 7th or 60th d of therapy.
Chronic HEV infection can be treated by pegylated interferon-alpha, ribavirin, or the combination of two drugs in non-transplant immunosuppressed patients, that is patients with hematological disorders or HIV, according to the results of a few case reports and small case series[88,125-127]. In line with these findings, Tavitian et al[128] reported that 75% (9/12) of stem cell transplant recipients achieved sustained virologic response with ribavirin treatment.
The antiviral mechanism of ribavirin against the HEV is not completely understood. Ribavirin seems to inhibit HEV replication by depleting guanosine triphosphate pools, which probably inhibits inosine monophosphate dehydrogenase and prevents HEV RNA replication[129]. However, the deep sequences revealed G1634R and Y1320H mutations in the HEV RNA polymerase gene in patients who cannot achieve sustained virologic response with ribavirin treatment[130,131]. Furthermore, the G1634R mutation was found to emerge during ribavirin treatment in relapsed patients[130]. Interestingly, some studies showed that prolong treatment with ribavirin (e.g., 6 mo duration) can achieve sustained virologic response even in HEV infections that cannot be cured by 3-mo ribavirin therapy and caused by HEV strains carrying the G1634R mutation[132]. Additional mutational variants in the HEV polymerase gene have been subsequently described. Interestingly, some of these mutations render the HEV sensitive to ribavirin; others promote or suppress HEV replication[131,133]. Hence, the role of HEV RNA polymerase mutations and their effects on HEV infection-related outcomes are not yet established.
Ribavirin treatment can cause some side effects including skin reactions, dose-dependent hemolytic anemia, and dry cough. As patients with chronic HEV infection have some comorbidities resulting in impaired renal function or anemia, ribavirin doses should be adjusted cautiously in these patients[134].

Treatment of extrahepatic complications
The extrahepatic manifestations of HEV infections can be treated by either ribavirin or immunosuppressive medications such as corticosteroids. Before deciding treatment for these manifestations, the main mechanism of extrahepatic manifestation in question should first be determined. As mentioned before, extrahepatic manifestations are mainly mediated by immunological mechanisms or the direct viral (cytopathic) effect of the HEV. Therefore, treatment (ribavirin or immunosuppressive drugs) should be chosen according to the main pathophysiological mechanisms of extrahepatic manifestations.

PROMISING TREATMENT OPTIONS FOR RIBAVIRIN-RESISTANT HEV INFECTIONS 
Sofosbuvir, an NS5B polymerase inhibitor, was approved by the Food and Drug Administration for the treatment of hepatitis C. Because of its high in vitro efficacy, sofosbuvir was also considered as an option in the treatment of ribavirin-resistant HEV infections[135]. However, a study involving 10 cases with chronic HEV infection reported only partial response and high rate of relapse with sofosbuvir monotherapy[136]. Moreover, it was administered as combination therapy with ribavirin in some ribavirin-resistant cases. Biliotti et al[137] showed the clearance of the HEV with sofosbuvir/ribavirin combination therapy in patients with acute HEV infection. In another study, combination therapy was reported to treat refractory HEV infection in an immunosuppressed individual[138]. In contrast, other studies demonstrated that sofosbuvir/ribavirin combination therapy was not able to provide sustained virologic response in chronic HEV infections observed in solid-organ transplant recipients and patients infected by the HIV[139-141]. Similarly, Schulz et al[142] reported that sustained virologic response could not be achieved with ribavirin and sofosbuvir combination in a multi-organ transplanted patient with chronic HEV3 infection. In the deep sequence analysis undertaken at three separate time points, a stepwise accumulation of four well-characterized ribavirin-associated resistance mutations (K1383N, D1384N, V1479I, and G1634R) was identified. The results of an ongoing phase 2 clinical trial are curiously awaited to understand the efficacy of sofosbuvir in the treatment of HEV infection.
Nishiyama et al[143] reported a promising compound, 2'-C-methylguanosine, that suppressed the growth of HEV3 in cell cultures and showed in vitro synergistic interaction with ribavirin against the HEV. However, there is no study yet exploring its efficacy and safety in animal models and human trials.
Zinc can be a potential adjuvant therapy in ribavirin-resistant and/or relapsed HEV infections. Horvatits et al[144] reported the favorable in vitro efficacy of zinc in a patient with a breakthrough HEV infection under 800 mg/d of ribavirin treatment[145]. Additionally, authors identified significantly lower serum zinc level in patients with chronic HEV infection than in the control group[144]. More importantly, the addition of 120 mg/d of zinc to existing ribavirin treatment cleared the HEV in this patient[144]. In contrast, two solid-organ transplant recipients with chronic HEV infections failed to achieve sustained virologic response with ribavirin treatment despite having elevated intra-erythrocyte zinc concentrations[145]. Clearly, further large-scale studies are required to understand the impact of adjuvant zinc therapy on patients who have chronic HEV infection and fail to achieve sustained virologic response under ribavirin monotherapy.
In vitro, the natural compound silvestrol has an inhibitory effect on HEV replication[146]. Additionally, silvestrol-treated mice showed a rapid diminish in fecal concentrations of HEV RNA[146]. However, it has not yet been tested on humans.
NITD008 and GPC-N114 were originally developed to treat the dengue virus and picornaviruses, respectively. These two novel antiviral candidates demonstrated a potent inhibitory effect against HEV replication without causing significant cellular cytotoxicity in cell cultures[147]. However, the antiviral efficacy and safety of these compounds are still unknown for HEV infections in humans.

VACCINE
In 2010, an HEV vaccine, based on a protein encoded by ORF 2 of an HEV1, was assessed in a phase 3 trial including more than 100000 participants from China[148]. In this phase 3 trial, the long-term efficacy and safety of this vaccine was explored over more than 4 years in a vaccinated group (n = 56302 participants) in comparison with a control group (n = 56302 participants). The authors of this trial identified only 60 cases of hepatitis E, and seven of them belonged to the vaccinated group. Furthermore, no serious adverse events related to the vaccine were observed[148]. Because of the endemicity of HEV1 and HEV4 in China, the protective effect of this vaccine could be assumed for HEV1 and four infections, but these findings cannot be extrapolated for HEV3 infections. That is why the National Institute of Health decided to perform a phase 1 trial to investigate the safety of this vaccine, and phase 2 and 3 trials will likely follow that trial. Therefore, the findings from these trials will demonstrate the safety and efficacy of HEV vaccine (Hecolin) in an HEV3 endemic region. Additionally, an ongoing large trial is testing Hecolin in more than 20000 pregnant women in Bangladesh. The results of this study would be quite important to understand the effectiveness and safety of Hecolin in pregnant women (clinicaltrials.gov, NCT02759991) who are under great risk of HEV1 infections.

CONCLUSION
The HEV is an important cause of viral hepatitis in both high- and low-income countries. Previously, HEV infections were considered a problem of undeveloped countries, which have poor sanitation standards and clean drinking water supply systems. The recent data revealed that the global burden of HEV infection is greater than previously estimated, and autochthonous HEV infections in high-income countries are prevailing worldwide. Additionally, the epidemiology of HEV infections has not yet been established in many countries. The great majority of HEV infections are asymptomatic or mildly symptomatic, although pregnant women and patients with chronic liver diseases have a significant risk of severe hepatitis and hepatic failure. Furthermore, immunocompromised patients may develop chronic hepatitis after HEV3 or HEV4 exposure. Besides hepatic manifestations, HEV infections may lead to diverse extrahepatic involvements such as neurological and renal manifestations. Although ribavirin has been used in the treatment of chronic HEV infections for several years, there is no randomized, controlled trial that supports the safety and efficacy of ribavirin in the treatment of HEV infections. Similarly, there is no robust evidence for the effectiveness of ribavirin and interferon-alpha therapies in acute HEV infection. Moreover, ribavirin is not a panacea, and the administration of ribavirin for pregnant women is highly debatable. Therefore, new compounds that are safe and effective are needed for patients having ribavirin intolerance and infected by the ribavirin-resistant HEV.
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Figure Legends
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Figure 1 Diagnostic algorithm of hepatitis E virus infection. For diagnosis of acute hepatitis E virus (HEV) infection in immunocompetent patients, both serologic assays and nucleic acid amplification tests (PCR) should be used in combination. Negative PCR results can be seen in early period of acute infection. On the other hand, serologic tests are not reliable tools in immunosuppressed patients. Therefore, PCR results are much more important in diagnosis of acute infection among these patients. In addition, HEV RNA positivity that is lasting at least 3 mo is accepted as a diagnostic marker for chronic HEV infection in some immunocompromised patients (e.g., solid-organ transplant recipients, allogeneic hematopoietic stem cell transplant recipients). HEV: Hepatitis E virus; RNA: Ribonucleic acid; Ig: Immunoglobulin.
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