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Abstract
[bookmark: OLE_LINK581][bookmark: OLE_LINK582]Hepatitis E virus (HEV) is an emerging pathogen and an increasingly recognized cause of graft hepatitis, especially in the post-orthotopic liver transplantation immunocompromised population. The exact incidence and prevalence of HEV infection in this population remains unclear but is certainly greater than historical estimates. Identifying acute HEV infection in this population is imperative for choosing the right course of management as it is very difficult to distinguish histologically from acute rejection on liver biopsy. Current suggested approach to manage acute HEV involves modifying immunosuppression, especially discontinuing calcineurin inhibitors which are the preferred immunosuppressive agents post-OLT. The addition of ribavirin monotherapy has shown promising success rates in clearing HEV infection and is used commonly in reported cases.
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Core tip: Hepatitis E virus (HEV) is an emerging pathogen in developed countries and an important cause of graft hepatitis in the post-orthotopic liver transplantation population that is often misdiagnosed either due to low index of suspicion or due to poor diagnostic assays. We recommend mandatory HEV testing in such cases, and careful treatment with modification of immunosuppression, especially switching from calcineurin inhibitors to a different class. Ribavirin has shown to be increasingly successful in treating HEV infection and preventing graft failure from acute HEV infection, if diagnosed early.
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INTRODUCTION
Hepatitis E virus (HEV) is one of the major causes of acute viral hepatitis globally. HEV genotypes vary globally in terms of transmission and pathogenicity (Table 1.) There have been large scale epidemics of HEV across the low and middle income countries of Asia and Africa as well as sporadic cases in the same geographical regions[1]. More recently, HEV has been identified as an emerging pathogen in developed countries as well, particularly among immunosuppressed solid organ transplant recipients.
The overall prevalence varies greatly among existing studies, which are primarily from Europe. In the United States, diagnoses of symptomatic autochronous HEV infection are very rare compared to the number of cases reported in several European countries. The annual incidence of de-novo HEV infection in the United States is reported to be approximately 0.7%[2]. However, it is interesting that serological evidence of HEV exposure is more common than expected in a low endemic area like the United States (around 21%)[3,4]. In general, HEV seroprevalence was found to be higher in liver transplant recipients, particularly those with liver cirrhosis (7.4% and 32.1%, respectively)[5].  Whether cirrhosis is a predisposing factor for HEV or whether HEV infection may play a role in the pathogenesis of cirrhosis, remains controversial.
HEV has been identified as a cause of graft hepatitis in liver transplant recipients. The true frequency and clinical importance of HEV infections after liver transplantation is still unclear[6]. A study conducted in France estimated pre-transplant anti-HEV IgG prevalence as 29% increasing regularly with age from 7% in children < 15 years old to 49% for adults > 60 years old[7] . On follow-up, the annual incidence of HEV infection post-transplantation was 2.1% in previously seronegative patients, and it was much higher than that those found in other areas of the world. In previously seropositive patients, the annual incidence of post-transplantation re-infections detected by HEV RNA was 3.3%, an incidence similar to that of de novo infection[8]. Another group in the Netherlands retrospectively estimated HEV prevalence in a cohort of 285 adult liver transplant recipients and found 274 (96.1%) to be negative for all HEV parameters (HEV RNA, IgM/IgG). The prevalence of acquired de novo HEV hepatitis in this cohort was 1%-2% after transplantation. Therefore, despite low prevalence, chronic hepatitis E needs to be considered in the differential diagnosis of graft hepatitis[9,10].

PRESENTATION
HEV in most individuals is known as self-limiting, acute, icteric hepatitis which recovers without sequelae in most cases. Case fatality rates in the general population can vary from 0.1% to 3.0%[11]. However, pregnant women often have worse outcomes with more likelihood of progression to fulminant liver failure and a case fatality rate of 10%-20% or higher, especially in developing countries[12]. Although the usual outcome of HEV is favorable, in a minority of cases, fulminant liver failure often leads to liver transplantation have been well described, many in non-endemic areas and autochthonous without any evidence of foreign exposure. HEV testing thus should be performed during the initial evaluation of every acute liver failure regardless of epidemiological context[13,14].

HEV IN SOLID ORGAN TRANSPLANT RECIPIENTS
In patients with chronic liver disease, acute viral hepatitis from HEV can worsen rapidly to a syndrome called acute on chronic liver failure leading to very high mortality (0-67% with a median of 34%)[1]. In immunocompromised individuals, HEV can take up a more chronic course with prolonged viremia[15]. Those with solid organ transplant have been studied the most with overall chronic HEV infections reported in up to 50%-60% of organ transplant recipients[16]. The chronic HEV infection usually manifests as mild elevation in liver enzymes without clinical signs of overt hepatitis. However rapid fibrosis progression causing cirrhosis within 1-2 years of infection and graft failure is seen in some cases[9,16,17]. Prospective study by Kamar et al evaluated evolution of liver fibrosis in chronic HEV infected 16 organ transplant patients by sequential liver biopsies. Three out of 16 patients progressed to cirrhosis and two out of these died from decompensated cirrhosis[18]. The same group looked at virological and immunological factors associated with viral persistence leading to chronic infection in solid organ transplant (SOT) patients. The patients that had progressive liver fibrosis were found to have less quasispecies diversification during the first year than patients without liver fibrosis progression. This along with a weak inflammatory response (low serum concentrations of interleukin-1 [IL-1] receptor antagonist and soluble IL-2 receptor) and high serum concentrations of the chemokines involved in leukocyte recruitment to the liver in the acute phase were associated with persistent HEV infection[19]. HEV related extra-hepatic manifestations like neurological symptoms, kidney injuries and hematological disorders have also been reported[20]. Most of chronic HEV infection cases observed belonged to genotype 3, however there are recent reports of genotype 4 infections as well[21,22].

HIGH INDEX OF SUSPICION
A high index of suspicion is needed in patients with graft hepatitis of unclear etiology since graft failure can result from missed chronic HEV infection. Cases where re-transplantation was done as a last resort have been described[23]. Similarly, in allo-hematopoetic stem cell transplant recipients, liver enzyme abnormalities are often attributed to hepatic graft vs host disease or drug induced liver injury and possibility of HEV infection is overlooked[24]. Presence of anti-HEV antibodies may not protect against re-infection, especially in low concentrations (< 7 WHO units/mL)[8]. 
A study in France compared SOT recipients who developed chronic HEV infection with those who cleared infection. In general acute aminotransferase levels were higher in those who cleared their infection. Also levels of IgM, IgG anti-HEV antibodies and HEV RNA during acute infection phase were not predictive of whether or not the infection will become chronic. In acute phase itself, only 24% had abnormal bilirubin levels[25]. This further emphasizes that an acute HEV infection can be easily missed unless clinician had a high index of suspicion. Now there is increasingly common recognition of HEV and this emerging pathogen is coming within the spectrum of differential diagnosis of US physicians.

INADEQUACY OF AVAILABLE DIAGNOSTIC ASSAYS
Currently available antibody assays have shown low and variable sensitivity[26,27]. In severely immunocompromised person, anti-HEV IgG detection could be false negative. Comparison of two commercially available assays (Adaltis and Wantai) showed a wide discrepancy in results.  Anti-HEV IgG positivity among both assays was wide (10.9% vs 31.3%, P = 0.005).  On immunoblot, specificity of both assays remained 80%-86%. For anti-HEV IgM testing, both assays were concordant for 97% of the serum samples[28]. 
Also there was a considerable variability in the accuracy of PCR tests assays used in various studies from Europe from where most of our data regarding HEV infection has been derived[29] .
The testing for HEV hence should be done during initial evaluation of graft dysfunction irrespectively since histological appearance on liver biopsy may not clearly distinguish rejection and acute viral hepatitis. 
Early diagnosis of HEV should lead to prompt treatment particularly adjusting the immunosuppressive drug regimen as some drugs have been shown to exert opposing effects on HEV replication[30].

MANAGEMENT
Modification of immunosuppressive regimen
Immunosuppressive therapy has been proposed to be a key factor for developing chronic hepatitis E in organ transplant recipients[31] and is often attributed to diminished antiviral immunity. However, the effect of various immunosuppressive agents on HEV replication is lesser known. Role of steroids is particularly important in the setting of liver transplantation as it is known that steroid boluses used to treat acute rejection in HCV patients can increase the severity of HCV recurrence and viral load. Wang et al[30] studied the different immunosuppressants in two HEV replication models. They demonstrated that steroid (prednisone and dexamethasone) did not affect viral replication. It was also demonstrated that calcineurin inhibitors (CsA and FK506) promoted HEV infection. In fact the use of FK506 was found to be the main predictive factor for chronic hepatitis E in organ recipients in another study by Kamar et al[16,18]. On the other hand mycophenolic acid/mycophenolate mofetil (MPA/MMF) suppressed viral infection in replica model. The clinical benefit was demonstrated in heart transplant recipients where MMF containing regimens were assumed to play a role in more frequent HEV clearance[17]. These were in vitro studies and will need further validation with randomized controlled clinical trials. Nevertheless the results provide valuable reference for the management of immunosuppression in these patients. 

ROLE OF PEGYLATED- INTERFERON ALPHA (PEG-IFN)
Peg-IFN is a strong immune-stimulatory drug that is being already used for the treatment of chronic hepatitis B and C infections. However Pegylated- interferon Alpha (Peg-IFN) is suggested to induce allogenic immunity, leading to transplant rejection in patients after solid organ transplantation which possibly limits its use in the treatment of chronic hepatitis E.
Successful use of Peg IFN therapy for chronic HEV has been reported in a patient with hemodialysis dependent end stage renal disease after failed renal transplant after 3 mo of therapy and achievement of sustained viral response (SVR) at 6 mo[32]. The use of peg-IFN in post- OLT patients was successful in achieving SVR, albeit with variable and longer course of therapy[33,34]. A recent systemic review found total 8 patients treated with peg-IFN.  SVR was achieved in 6 out of 8 patients (75%) after cessation of therapy, but only 2 out of 8 patients (25%) achieved SVR at or greater than 6 months. Also 2 patients experienced acute rejection of their transplant organ during treatment[35]. This suggests the use of other antiviral agents like ribavirin preferable option, especially in post-OLT chronic HEV.

ROLE OF RIBAVIRIN
Despite a clear benefit to manipulating immunosuppressive regimens, a substantial proportion of patients are still not able to clear the virus and rapidly progress toward chronic hepatitis[16]. Although no proven medication is available, the use of ribavirin monotherapy as an off label drug is gaining acceptance for treating hepatitis E. There is not enough data to recommend treatment with role of ribavirin (RBV) for adult liver transplant recipients, although this has been previously well studied in other SOT populations including lung[36], heart[17], kidney[37,38], and kidney-pancreas[39] transplantation. A large retrospective multicenter case series to assess the effects of RBV as monotherapy for SOT was done by Kamar et al[40]. It included 59 SOT patients (37 kidney, 10 liver, 5 heart, 5 kidney pancreas, and 2 lung) with prolonged HEV viremia. 54 out of 59 had genotyping performed and were HEV genotype 3. 95% had HEV clearance with RBV median therapy duration of 3 mo (1-18 mo). SVR measured as undetectable serum HEV RNA at 6 months after therapy cessation was observed in 46 out of 59 (78%) patients[40]. Recently, there have been several case reports of RBV monotherapy for post orthotropic liver transplant, the earliest case reporting SVR-8  following 16 week therapy[41]. Pischke et al[42] demonstrated successful HEV clearance with RBV monotherapy at 600 mg daily for 5 mo in 11 liver transplant patients.
There have been small number of patients who were non responders to antiviral therapy. One of the identified mutations is G1634R mutation in viral polymerase that was detected in HEV RNA of non-responders. Although there was no resistance to RBV in mutated HEV in vitro, bit this mutant form of a sub-genomic replicon of genotype 3 HEV replicated more efficiently in vitro than the non-mutant strains.  Similar results were seen for infectious virus in competition assays[43]. Also, interestingly a higher lymphocyte count at the time of RBV initiation was associated with a greater likelihood of achieving SVR[40] .
The exact mode of action of RBV against HEV is not known but successful clearance of both HEV genotype 1 and 3 indicate broad antiviral activity across genotypes[42]. However the standard dose and duration of RBV is yet to be determined.  Successful outcomes with RBV monotherapy along with tailoring of immunosuppression regimen could provide an acceptable management approach to post OLT HEV. A beneficial effect of combining ribavirin with MPA was seen in vitro as well[30]. 

CONCLUSION
HEV is an emerging pathogen and an increasingly recognized cause of graft hepatitis especially in the post-OLT immunocompromised population. The exact incidence and prevalence of HEV infection in this population might be unclear but certainly more than historical estimates. Identifying acute HEV infection in this population is imperative for choosing the right course of management as it is very difficult to distinguish histologically from acute rejection on liver biopsy. The current suggested approach to manage acute HEV involves modifying immunosuppression, especially discontinuing calcineurin inhibitors which are the preferred immunosuppressive agents post-OLT. Along with immunosuppression modification, addition of RBV monotherapy has shown promising success rate in clearing HEV infection with current studies suggest using RBV 600 mg /d  for a minimum of 5-6 mo successfully with a high SVR rate. We recommend maintaining high index of suspicion and mandatory confirmatory testing for HEV infection in post-OLT hepatitis with careful use of RBV in cases of established diagnosis (Figure 1).
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Table 1 Hepatitis E virus genotypic characteristics
	Characteristics
	Genotype 1
	Genotype 2
	Genotype 3
	Genotype 4

	Geographic location
	Africa and Asia
	Mexico and West Africa 
	Developed countries  
	China, Taiwan, Japan

	Transmission
	Water-borne, fecal oral, person to person
	Water-borne, fecal oral, person to person
	Food-borne
	Food-borne

	Group at high risk for infection
	Young Adults  
	Young Adults
	Older Adults ( 40 yr) and males. Immuno-compromised persons 
	Young Adults

	Zoonotic transmission
	No
	No
	Yes
	Yes

	Chronic infection 
	No
	No
	Yes
	Yes

	Occurrence of outbreaks 
	Common
	Smaller scale outbreaks 
	Uncommon 
	Uncommon 


Adapted from Centers of Disease Control and Prevention (http://www.cdc.gov/hepatitis/hev/hevfaq.htm).












Figure 1 Key steps in the management of hepatitis E virus.







High index of suspicion


Varaiable diagnostic assay senstivity


Modification of Immunosupression


Discontinuing calcineurin inhibitors (Tacrolimus, cyclosporin)


Ribavirin
(600 mg/day for 5-6 months) 


Ribavirin monotherapy to be used at centers with experience


Biopsy not always diagnostic


Mycophenolic acid helps viral suppression









