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HEV is a common cause of acute viral hepatitis worldwide but new data suggest that HEV 

infection is associated with a spectrum of extrahepatic manifestations (EMs). In some cases, 

the incidence rates were significantly higher than those in general population. This result 

raises the possibility that HEV replication outside the liver causes neurological and other 

symptoms described in the accompanying review by Kamar et al.

A brief review of the HEV life cycle is helpful for understanding its related pathology. HEV 

is usually transmitted enterically. Through a yet poorly understood mechanism, HEV 

penetrates the gut and enters the blood through which the virus reaches the liver to initiate 

its replication. Newly synthesized virions are released at both the basolateral and apical 

membranes of the infected hepatocytes. Virions released at the basolateral membrane return 

to the blood circulation and mediate subsequent rounds of infection, while those released at 

the apical membrane enter the biliary tract and are ultimately shed in feces. Replication of 

HEV is noncytopathic and the pathology is believed to be immune-mediated (1).

EMs associated with HEV infection may be caused by either direct or indirect mechanisms. 

Direct mechanisms involve replication of HEV in affected tissues as being the cause for the 

local tissue damage, whereas indirect mechanisms are caused by crossreactive immune 

responses post or during infection, by formation of immune complexes, or by secondary 

infection. As will be discussed below, compelling evidence for replication of HEV outside 

the liver is still lacking. However, crossreactive immune responses remain a possibility, at 

least for certain clinical symptoms.

Direct mechanisms

The potential for HEV entry and replication in cells other than hepatocytes cannot be 

dismissed. A broad host cell range may be facilitated by cloaking of HEV in host cell 

membrane (2, 3) and insertion of human sequences into the HEV genome (4-6). Membrane 
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cloaking may result in nonspecific binding and uptake by different cell types (7). In 

addition, similarities between the membrane-encased HEV virion (eHEV) and exosomes 

(small vesicles involved in intercellular communication) raise the possibility that eHEV may 

penetrate immunologically privileged sites such as the central nerve system (CNS) as do 

exosomes (8, 9). Incorporation of host sequences into the hypervariable region of the HEV 

genome has been described in patients with persistent HEV infection (4, 5). In vitro data 

showed that these insertions provided growth advantages to the virus in culture and may also 

lead to altered cell tropism and host range (4, 6). However, no data indicate that these human 

sequence insertions resulted in HEV replication in extrahepatic tissues.

Compelling evidence supporting extrahepatic replication of HEV is generally lacking. 

Although the gut stands as the first physical barrier for the virus, there are no published data 

indicating that HEV replicates in human gut. Bose et al. detected replicating HEV in human 

placenta by negative-strand-specific RT-PCR and in situ hybridization (10). However, the 

titer of HEV was extremely low and barely above the detection limit. And only a few, if any, 

positive cells were detected by immunohistochemistry using an anti-pORF3 antibody. The 

viral loads in placenta also had no correlation with pregnancy outcome or the mortality of 

either the mothers or the babies (10). A more recent study described the detection of HEV-

Ag in kidneys and infectious virus in urine from persons with HEV infection or monkeys 

with experimental acute HEV infection (11). However, replication of HEV in the kidney 

was not demonstrated. HEV RNA has also been detected in the cerebrospinal fluids (CSF) 

of hepatitis E patients (12). Interestingly, the viral sequences differed from those circulating 

in the blood, suggesting independent virus replication with the CNS (13). However, these 

sequence data need be interpreted with caution since different quasispecies do not 

necessarily represent independent replication, but could also be due to other reasons such as 

selection of particular viral populations by physical barriers between different compartments 

as well as antiviral immunity. Deep sequencing may be needed to assess the diversity of 

virus populations in different compartments to investigate if unique sequences were present 

in the CNS.

In summary, most published studies lack compelling evidence for active HEV replication in 

affected tissues and organs, making it unlikely that replication of HEV is directly 

responsible for these EMs. Even when low level replication is present, virus titer is another 

important factor to consider. More definitive molecular evidence for virus replication 

(presence of negative strand viral RNA) and their spatial-temporal correlation with 

pathological findings should be sought in the future to define the causal relationship between 

HEV and EMs.

Indirect mechanisms

Indirect mechanisms include crossreactive immune responses, generation of immune 

complexes, and secondary microbial infections. Most EMs associated with HEV infection 

are related to neurological problems and kidney injury (12). Whereas neurological problems 

usually occur post-infection and are likely caused by crossreactive immune responses, the 

kidney injury often involves deposition of immune complexes formed between viral 
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antigens and antibodies. In these scenarios, viral replication in affected tissues may not be 

necessary.

Under certain circumstances, immune responses directed against invading microbes 

crossreact with host antigens resulting in autoimmunity. This can be mediated by either 

crossreactive antibodies or T cells. As an example for crossreactivity, certain individuals 

with 2009 H1N1 influenza A infection or Pandemrix vaccine developed antibodies against 

the viral nucleoprotein that crossreact with the hypocretin receptor 2, resulting in sleep 

disorder narcolepsy (14). Crossreactive cytotoxic T cells have been described in patients 

with chronic hepatitis C (15). While neurological problems associated with HEV infection 

usually occur post-infection, which is suggestive of crossreactive immune responses as 

being involved, no data currently exist with regard to the generation of crossreactive 

antibodies or T cells during HEV infection.

Immune complexes formed between HEV antigens and antibodies may also contribute to 

EMs associated with HEV infection. Deposition in the glomerulus of immune complexes 

may result in tissue damage involving kidney, skin and the vascular system. However, since 

membrane-cloaked HEV predominates in the blood and coexists with HEV-specific 

antibodies (2), it seems unlikely that formation of immune complex is responsible for HEV-

associated EMs.

Finally, HEV infection may trigger the reactivation of latent viruses or co-infection by other 

microbes in certain individuals, particularly those who are immunocompromised. This could 

result in clinical symptoms depending on the tissues/organs that are affected by these 

secondary infections. The advancement of modern diagnostic tools and a better 

understanding of the etiology of diseases hold promise for identifying mechanisms for EMs 

associated with HEV infection, and perhaps with other hepatitis viruses.

In summary, there is precedent for direct and indirect tissue damage by viruses. For HEV, 

this remains largely speculative in the absence of data documenting extrahepatic replication 

of the virus or induction of crossreactive antibody or T cell responses. This is an important 

future direction for research on this understudied virus.
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CNS central nervous system

CSF cerebrospinal fluids
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