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Abstract

Hepatitis E virus (HEV) infections are generally self-limited. Rare cases of
hepatitis E induced fulminant liver failure requiring liver transplantation are
reported in the literature. Even though HEV infection is generally encountered
among developing countries, a recent uptrend is reported in developed countries.
Consumption of unprocessed meat and zoonosis are considered to be the likely
transmission modalities in developed countries. Renal involvement of HEV
generally holds a benign and self-limited course. Although rare cases of
cryoglobulinemia are reported in immunocompetent patients, glomerular
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manifestations of HEV infection are frequently encountered in immunocompromised and solid
organ transplant recipients. The spectrum of renal manifestations of HEV infection include pre-
renal failure, glomerular disorders, tubular and interstitial injury. Kidney biopsy is the gold
standard diagnostic test that confirms the pattern of injury. Management predominantly includes
conservative approach. Reduction of immunosuppressive medications and ribavirin (for 3-6 mo) is
considered among patients with solid organ transplants. Here we review the clinical course,
pathogenesis, renal manifestations, and management of HEV among immunocompetent and solid
organ transplant recipients.

Key Words: Hepatitis E; Acute kidney injury; Glomerular disorders; Kidney biopsy; Solid organ transplant;
Kidney transplant

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis E virus (HEV) infection is infrequently associated with significant mortality and
morbidity. HEV infection is not only restricted to developing countries, but is also identified among
developed nations and predominantly holds zoonotic transmission. Renal manifestations of HEV infection
range from acute tubular necrosis to immune-mediated glomerular injury. Conservative approach is
routinely employed in management of acute kidney injury from HEV. Ribavirin and reduction of
immunosuppression are considered among patients with solid organ transplants as they are prone to
develop chronic hepatitis E infection. Plasma exchange and pulse steroids are sometimes used in
management of crescentic glomerular nephritis associated with HEV infection.
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INTRODUCTION

Hepatitis E virus (HEV) has a pronounced worldwide distribution. It is a spherical, single-strand RNA
virus consisting of three partially overlapping open reading frames (ORF) ORF1, ORF2, and ORF3[1].
HEV belongs to hepeviridae family, and eight genotypes of HEV (HEV1 to HEV 8) have been identified
[2,3]. Genotypes HEV1 and HEV2 are routinely encountered in developing countries and are
transmitted through fecal-oral route. HEV3 and HEV4 are associated with sporadic autochthonous
infection among western countries and are predominantly transmitted through animal reservoirs and
ingestion of uncooked meat[4-6]. Additionally, HEV genome 3 related infection is associated with solid
organ transplant recipients and immunocompromised patients. Other uncommon modalities of
transmission could occur through blood products and solid organ transplants[7,8]. Transfusion-related
transmission is not common in the United States, but is reported in countries like China and Japan[9,
10]. Lastly, vertical transmission of HEV infection from mother to fetus could be up to 100%, as reported
by Kumar et al[11] and is associated with fatal outcomes.

CLINICAL COURSE

HEV infection commonly holds a benign, self-limiting course, and the case-fatality rate in developing
countries is estimated to be 0.5%-4%[12,13]. Clinical presentation of HEV infection is similar to that of
hepatitis A. Majority of the infected patients sustain mild and asymptomatic course. Acute HEV
infection is accompanied by jaundice, icteric eyes, malaise, anorexia, and abdominal discomfort. Severe
infection is usually reported among patients with underlying chronic liver disease and is associated
with increased mortality[14]. Additionally, solid organ transplant recipients encounter a more sustained
course[15]. Among such patients, HEV antibody production could be delayed, often leading to
sustained viremia with progression to chronic hepatitis and cirrhosis[16,17].

Pregnant women can suffer a complicated course with fulminant HEV infection and sustain higher
mortality rates compared to non-pregnant cohorts. It is estimated that fatality rates reach 10%-40%
among pregnant women[11,18]. Both obstetric and non-obstetric complications are encountered. Non-
obstetric complications include fulminant hepatic failure, acute liver failure, acute cerebral edema and
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obstetric complications include pre-term delivery, antepartum hemorrhage, intrauterine fetal demise[19-
21].

RENAL MANIFESTATIONS OF HEV INFECTION

Non-glomerular manifestations

Renal manifestations of hepatitis B and hepatitis C (HBV, HCV) infection are well described. The
association between HEV infection and kidney is established as the HEV particles are isolated from the
urine of infected patients[22,23]. Additionally, when urine of infected monkeys was induced into
healthy animals, the development of HEV infection was well appreciated and confirmed the infectious
nature of the viral particles shed in the urine[23]. HEV-associated renal manifestations include prerenal
or intrinsic renal disorders. Among intrinsic renal conditions, glomeruli and tubules are the affected
sites[24,25].

HEYV infection is less commonly associated with the progression of kidney disease in immunocom-
petent patients. Chronic HEV infection and subsequent development of decompensated liver cirrhosis
are frequently encountered among solid organ transplant recipients. Hepatorenal physiology secondary
to increased circulating vasoactive agents like nitric oxide is often noted. Similar to other cirrhotic
patients, HEV-associated liver dysfunction patients could have increased vasodilatory mediators
released secondary to shear stress on the portal vasculature, leading to splanchnic vasodilatation,
portosystemic shunting, and bacterial translocation. Additionally, reduction in effective arterial blood
volume perpetuates decrease in renal perfusions that ultimately leads to renal vasoconstriction[26].
Urine sodium levels remain low, indicating prerenal failure. However, prolongation of renal hypoper-
fusion contributes to ischemic injury of the proximal tubule with manifestations of acute tubular
necrosis[13].

Bile cast nephropathy, also called cholemic nephrosis, is typically encountered among patients with
cholestasis secondary to advanced cirrhosis or acute liver failure. Nayak et al[27] reported a case of
cholemic nephrosis secondary to acute HEV infection. Historically, the diagnosis is made by kidney
biopsy with the presence of bile cast obstructing distal tubules. The pathogenesis of cholemic nephrosis
is not completely understood, however, it is hypothesized secondary to intraluminal obstruction of the
bile cast along with direct tubular toxicity[28,29].

Cases of hemolysis and subsequent renal failure are reported with HEV infection. Karki et al[30]
reported a case of massive hemolysis in a patient with glucose-6-phosphate dehydrogenase (G6PD)
deficiency, heme pigment causing direct proximal tubular toxicity. Development of hemoglobin cast
further leads to intratubular obstruction and subsequent development of acute kidney injury. It is
hypothesized that the liver dysfunction secondary to acute HEV leads to accumulation of toxins along
with the depletion of antioxidants like glutathione. Additionally, if patients have underlying G6PD
deficiency, massive hemolysis, and acute kidney injury are encountered[31] (Figure 1).

Glomerular manifestation

Glomerular manifestations of HEV infection are reported among solid organ transplant recipients
associated with HEV genotype 3. However, it is unclear if renal manifestations and presentation differ
among various organ transplant recipients. While glomerular manifestations are commonly noted
among immunocompromised patients[32,33], autochthonous HEV-induced membranoproliferative
glomerular pattern was reported in an immunocompetent individual[33].

Study by Kamar ef al[34] evaluated the renal function of patients with HEV infection in solid organ
transplants recipients. Out of total 51 cases of genotype 3 HEV infections, 43.2% were cleared of the
virus spontaneously within 6 mo of infection, whereas 56.8% progressed to chronic hepatitis. Among 36
kidney and kidney-pancreas-transplant patients, glomerular filtration rate (GFR) significantly decreased
from baseline of 52.9 + 17.7 mL/min at four-month median before HEV infection to 48.8 £ 18.7 mL/min
during acute HEV infection (P = 0.04). Acute rejection episode, infection, modification in immunosup-
pressant type or dose, and functional renal insufficiency were ruled out, and the GFR decline is
attributed to acute HEV infection. Proteinuria levels significantly increased in four kidney-transplant
patients at HEV diagnosis, which subsequently improved with improvement in renal functions and
HEV clearances.

Kidney biopsy performed during acute phase revealed patterns of membranoproliferative glomer-
ulonephritis, cryoglobulinemia II and III types, and IgA nephropathy[34]. Additionally, among patients
who developed chronic hepatitis, 12 patients who received anti-viral therapy with ribavirin for three
months had clearances of HEV with subsequent improvement in GFR at 6 mo follow up. Interestingly,
In the subgroup who received anti- viral therapy, cryoglobulinemia was detected in 70% of patients
before therap, eventually became undetectable in all patients after viral clearance. Renal manifestations
of the reported cases of HEV infection among immunocompetent and solid organ recipients are
summarized in Table 1.
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Table 1 Renal manifestations of the reported cases of hepatitis E virus infection among immunocompetent and solid organ recipients

Serum Renal Follow
Case study  Status Age Sex Country . . . Treatment Outcomes
creatinine/eGFR  manifestations up
Karkietal[30] LC 48yr M India 8.1 mg/dL ATN(Hemoglobin  Hemodialysis; 3 mo Improved kidney
Cast) Supportive care function

Verschuurenet 1.C 34yr F Netherlands 10 mg/dL ATN Hemodialysis; 3wk Complete kidney

al[13] Supportive care function recovery

Biliotti et al[51] L1.C 57yr M Italy 44 mL/min NR Sofosbuvir; 3wk Patient died from

Ribavarin MRSA infection

Guinaultetal  1.C 48yr M France 3.6 mg/dL MPGN Steroids 4 mo

[33]

Kamar et al[34] K.T 3Byr M France 2.1 mg/dL MPGN Steroids 16 mo Improved kidney
function

Kamar et al[34] K.T 26yr M France 24 mg/dL IgAN Ribavarin 3 mo 9 mo Stable kidney
function

Kamar efal[34] K.T 40yr M France 2.1 mg/dL IgAN Change in IS + 3 mo

Rituximab

Kamar et al[34] K.T 24yr M France 2.3 mg/dL MPGN Rituximab 3yr Renal replacement
therapy

Kamar et al[52] K.T 28yr M France 24 mg/dL ATN None 3 mo Serum creatinine
returned to
baseline

Del Belloetal ~ K.T 46yr M France 2 mg/dL MPGN Ribavarin 30 mo 12 mo Improved serum

[32] creatinine

NR: Not reported; eGFR: Estimated glomerular filtration rate; I.C: Immunocompromised; K.T: Kidney transplant; M: Male; F: Female; ATN: Acute tubular
necrosis; MPGN: Membranoproliferative glomerulonephritis; IgAN: IgA nephropathy.

Renal manifestations of hepatitis E

Pre-renal Intrinsic renal
Hemodynamic
Volume depletion

Hepato renal syndrome

Glomerular
Membranoproliferative
Glomerulonephritis
Membranous GN

IgA nephropathy
MPGN with mixed
cryoglobulinemia III

Tubular

Acute tubular necrosis

Bile cast nephropathy

Hemoglobin cast with GEPD deficiency

DOI: 10.4254/wjh.v14.i3.516 Copyright The Author(s) 2022.

Figure 1 Causes of acute kidney injury in acute hepatitis E virus-infected patients.

PATHOPHYSIOLOGY OF HEV-INDUCED RENAL INJURY

Pathophysiology of HEV-induced kidney injury is not completely known. HEV-mediated renal
manifestations were thought to be a result of direct cytopathic injury due to the viral infection per se or
related to immune-mediated mechanisms. Similar to HBV and HCV, it is hypothesized that HEV plays a
role in precipitating glomerular injury through immune complex-mediated mechanisms[35]. The study
by El- Mokhtar et al[36] assessed the role of immune-mediated mechanisms in HEV-induced renal
dysfunction. CD10 and CD13 positive proximal tubular epithelial cells were isolated and challenged in
vitro with HEV inoculum. HEV infection minimally upregulated inflammatory markers in the absence
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of peripheral blood mononuclear cells, and no measurable changes were noted in lactate dehydrogenase
(LDH) levels, kidney injury molecules, or transcription of chemokines. However, when the HEV
infected proximal tubular cells were inoculated with peripheral blood mononuclear cells, there was
upregulation of inflammatory molecules, kidney injury markers, and LDH levels, indicating that HEV
infection per se might not be completely responsible for glomerular injury. Thus, it is the intersection
between immune cells, HEV infection, and proximal tubular epithelial cells that contribute to renal
injury[36].

MANAGEMENT OF RENAL MANIFESTATIONS OF HEV INFECTION

Diagnostics

Over the recent years, HEV laboratory testing has been refined drastically. Two main methods for
testing HEV currently are indirect and direct serological tests. With regards to indirect studies, there are
commercially available kits for serological testing for the presence of anti-HEV IgM and anti-HEV IgG
that relies on the presence of antibodies in the serum to detect infection[37]. In addition, indirect studies
rely heavily on patient’s immune response to HEV infection, decreasing sensitivity in immunocom-
promised patients to some degree[38]. Direct testing predominately uses more advanced nucleic acid
testing, that works via detecting the presence of viral genetic material in the form of nucleic acid
sequences (HEV RNA) to determine the presence or absence of infection along with detection of viral
capsid antigens[39,40].

In Immunocompetent patients, it is advised to check anti-HEV IgM initially for suspected HEV
infection[41]. A negative test rules out the disease, however, if the test is positive, HEV RNA analysis is
needed. On the other hand, among immunocompromised patients, it is recommended to test HEV-RNA
even with negative anti-HEV IgM in blood and in stool before ruling out HEV infection[37]. Urine
studies and electrolytes give subtle clues in identifying various causes of AKI. Urine microscopy adds
an additional advantage to diagnose patients with acute tubular necrosis in the presence of muddy
brown granular cast. Kidney biopsy remains the gold standard diagnostic testing for glomerular
disorders and tubular obstructions, including bile cast nephropathy, while evaluating renal manifest-
ations of HEV. Patients with acute or chronic hepatitis with new-onset proteinuria should be considered
for kidney biopsy[42].

Treatment

Management of HEV-associated renal manifestations depends on the clinical presentation. Treatment is
predominantly based on a conservative approach given benign course of the disease. Acute infection
with HEV usually does not require anti-viral therapy. In patients with severe acute infection or acute on
chronic liver disease, ribavirin therapy is considered[42]. For patients with acute kidney injury
secondary to acute tubular necrosis or bile cast nephropathy, routine care to maintain mean arterial
pressures, avoid nephrotoxic agents, and further insults are recommended. Indications for initiation of
renal replacement therapy are similar to routine indications of dialysis initiation. Management of HEV-
associated glomerular disorders should be based on underlying pathology. Guinault ef al[33] reported a
case of HEV-induced cryoglobulinemic glomerulonephritis in an immunocompetent patient with serum
monoclonal IgG k light chain type II cryoglobulin. Renal biopsy results were consistent with lobular
membranoproliferative exudative glomerulonephritis with fibrinoid necrosis and cellular crescents with
a ruptured Bowman capsule. The patient was subsequently treated with seven sessions of plasma
exchange along with pulse steroids with improvement in HEV RNA titers and cryoglobulinemic levels.
Occasionally acute HEV infection follows a fulminant course as reported in pregnant individuals and
could manifest as acute cerebral edema, seizures, acute fatty liver and are associated with increased
mortality[43].

While managing patients with solid organ transplants, benefits of treatment need to be weighed
against risks of rejection. Reduction of immunosuppression is considered the first-line approach[44],
allowing HEV clearance in about one-third of patients. Ribavirin, an anti-viral agent, is considered in
patients with severe acute or acute on chronic liver failure[45,46]. It has also been postulated that
ribavirin acts by inhibiting HEV viral replication and increases the expression of interferon stimulating
genes leading to immune modulation[47]. In a study done by Kamar et al[34], patients who received
anti-viral therapy with ribavirin, cryoglobulinemia was detected in 70% of patients before therapy and
became undetectable in all patients after viral clearance. Ribavirin is also used successfully to treat HEV-
associated membranoproliferative glomerulonephritis in a solid organ transplant recipient[32]
(Figure 2).

In a multicenter retrospective study by Karmer et al, solid-organ transplant recipients were treated
with ribavirin at a median dose of 600 (range, 29-1200) mg/d for three months. Similar virological
remission was observed in patients who received ribavirin for three months as compared to those who
were treated for more than three months. In patients with detectable HEV RNA in the serum and/or in
the stool, at the end of three months, ribavirin monotherapy can be continued for an additional three
months[48] Hence it is indicated to treat with ribavirin initially for three months and evaluate the
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Management

/\

Immunocompetent Immunocompromised

T

Usual AKI management Acute Chronic
Reduction in Ribavirin for 3-6
immunosuppression mo

Ribavirin in acute Relapse/persistent
severe hepatitis E HEV infection

Pegylated interferon
for 3 mo in only liver
transplant patients
-Not indicated
among kidney
transplant

DOI: 10.4254/wjh.v14.i3.516 Copyright The Author(s) 2022.

Figure 2 Management of acute kidney injury in acute hepatitis E infected patients.
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response. With non-sustained virological remission, ribavirin is recommended to be continued for a
total of 6 mo. Among liver transplant recipients, interferon (IFN) a has shown to achieve sustained
virological remission among patients with HEV after liver transplant. However, the use of IFNa is not
recommended among other solid organ transplant recipients due to the risk of graft rejection (Table 1).

Sofosbuvir, a nucleotide analog, is evaluated along with ribavirin in patients who failed ribavirin
monotherapy. Wezel et al[49] evaluated two solid organ transplant recipients who failed ribavirin
monotherapy and observed that sofosbuvir showed variable antiviral activity in chronic HEV patients.
Sofosbuvir was ineffective in achieving sustained virological response. Pegylated IFNa has shown
efficacy in achieving a sustained virological response in patients with hemodialysis and liver transplants
[50]. However, given the concern of interference with graft and risk of acute rejection, interferon a is
contraindicated in patients with other solid organ transplants[47].

CONCLUSION

HEYV infection is a global health concern and is uncommonly associated with mortality and morbidity.
HEV infection is restricted not only to developing countries, but is increasingly identified among
developed countries. Renal manifestations of HEV range from prerenal failure, acute tubular necrosis,
glomerular disorders, and intratubular obstruction form bile cast nephropathy. Similar to HBV and
HCV infections, immune-mediated mechanisms are hypothesized in development of HEV-associated
glomerular diseases. Conservative approach is routinely employed in cases of renal involvement from
acute hepatitis in immunocompetent patients. Among solid organ transplant recipients, ribavirin is
considered in patients with chronic HEV infection for a duration of 3-6 mo along with reduction of
immunosuppression. IFNo has shown to achieve sustained virological remission among patients with
HEV after liver transplant. However, the use of IFNa is not recommended among other solid organ
transplant recipients secondary to the risk of graft rejection. In patients who failed monotherapy with
ribavirin, sofosbuvir has been evaluated in conjunction with ribavirin with variable anti-viral effects.
Plasma exchange, in addition to pulse steroids is occasionally used in management of crescentic
glomerular nephritis associated with HEV infection.
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