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INTRODUCTION

Hepatitis E virus (HEV) is one of the five most common vi-
ruses causing hepatitis globally; it belongs to the Hepeviridae 
family.[1] In 1983, Russian virologist Balayan[2] tested the virus 
for the first time and observed the HEV in his own feces through 
an electron microscopy. Although our understanding of HEV has 
improved since its discovery, the origin of HEV remains unclear. 
HEV infects approximately 20 million people annually world-
wide, causing more than 3 million clinically apparent symptoms 
and 70,000 deaths.[3] Although HEV often causes self-limiting 

acute viral hepatitis, HEV-related infection remains a huge public 
health burden in developing countries with poor sanitation. The 
mortality due to acute HEV infection in pregnant women and in-
fants is rather high due to unknown mechanisms.[4] In addition, it 
has been reported in recent years that HEV infection can lead to 
the rapid progression of chronic hepatitis E to cirrhosis in immu-
nocompromised and other special populations.[5] In China, HEV 
genotype 1 (HEV1) was previously the most common genotype. 
However, HEV genotype 4 (HEV4) overtook HEV1 to become 
the predominant genotype in recent years, most likely due to the 
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ABSTRACT
Hepatitis E virus (HEV) infection is a global health concern, with a large number of new in-
fections reported every year. In developing countries with poor sanitation condition, HEV1 
and HEV2 are mainly transmitted by the fecal-oral route due to water contamination. HEV3 
and HEV4 are zoonotic diseases in humans consuming undercooked pork, mainly in devel-
oped countries. Usually, HEV infection is an acute self-limited course, and chronic infection 
can occur in immunocompromised individuals. The diagnosis of HEV infection relies on sero-
logical tests, including RNA and anti-HEV antibodies. Currently, ribavirin is a proven effective 
drug; the treatment options for immunocompromised and pregnant individuals are limited. 
To date, only China has approved vaccines for HEV prevention. Therefore, more research is 
needed to understand the etiology.
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improvements in living standards and sanitation.[6] It is important 
to follow the changing trend of hepatitis E worldwide, research the 
progress of etiology, grasp the trend of, and better prevent infec-
tion. This study aimed to provide an update on the etiology, clinical 
manifestations, diagnosis, and treatment of HEV infection.

Etiology
HEV is a small, icosahedral, nonenveloped, single-stranded RNA 
virus with a diameter of 27–34 nm; it is the only member of the 
Hepeviridae family and Hepevirus genus. HEV has three open 
reading frames (ORFs) (Figure 1). ORF1 encodes a nonstructural 
protein responsible for viral processing and replication, ORF2 en-
codes capsid proteins, and ORF3 encodes a protein involved in the 
release of new virions.[7] The recently discovered ORF4 is an addi-
tional ORF of HEV1 and plays a key role in the normal function-
ing of HEV RNA polymerase.[8] Viruses that infect humans belong 
to the Orthohepevirus family and can be divided into groups A to 
D. Although Group A comprises the predominant species infect-
ing humans, a strain belonging to Group C has also been recently 
identified in humans in contact with rats.[9] Group B (avian) and 
D (bat) that infect animals but are not transmissible to humans. 
Group A includes eight genotypes. Only HEV1 (Asia, India, and 
North Africa) and HEV2 (Mexico and West Africa) infect hu-
mans, while HEV3 and HEV4 (Asia, North America, and Europe) 
can infect humans and animals and are mainly prevalent in pigs.[10] 
HEV5 and HEV6 have only been reported in wild boar, HEV7 
has been reported in dromedary camels and in people who con-
sume camel meat or milk, and HEV8 in Bactrian camels in the 

Middle East.[11,12] In addition, rodent (as an intermediate host)-as-
sociated HEV can also infect humans, and cases of murine HEV 
infection in humans have been reported in Hong Kong.[13] Other 
zoonotic hosts, including moose, ferrets, and dolphins, exist. It is 
not clear whether the corresponding HEV strains are capable of 
infecting humans. 

Hepatitis E infecting humans is mainly caused by the first four of 
the eight Orthohepevirus A genotypes[14] (Figure 2). HEV1 and 
HEV2 are obligate human pathogens. In South Asia, Africa, ru-
ral China, and Mexico, HEV infection can cause large outbreaks 
due to poor sanitation. HEV is transmitted by the fecal-oral route 
through water source pollution.[15] HEV3 and HEV4 are zoonotic 
diseases, and pigs are the main hosts.[7] Genotype 3 is widely found 
and identified in North America and Europe. Genotype 4 is main-
ly found in China and Japan, with related cases also occurring in 
Europe.[10] HEV infections continue to increase every year in de-
veloped countries. Statistics reveal at least 2 million new infections 
annually in Europe.[16] HEV has been found in pigs worldwide, and 
the consumption of infected pig meat products, which have been 
undercooked, is a major route.[17] In addition, HEV has also been 
found in many other foods, mainly including shellfish, fruits, and 
vegetables.[18] Noteworthy, parenteral transmission through blood 
transfusion has been identified as a new occult infection route.[19] 
Reports confirm that China and Germany have a higher prevalence 
of viremia compared with other countries in the world, 0.281% 
and 0.12%, respectively.[20,21] However, only a small minority of in-
fections through blood transfusion cause symptomatic hepatitis E. 
Approximately 70% of infections remain asymptomatic. This makes 

Figure 1. A schematic diagram of the open reading frames (ORFs) with the HEV genome. HEV: hepatitis E virus.

Figure 2. The distribution of the different HEV genotypes in the worldwide. HEV: hepatitis E virus.



Page 3 of 7 Community Acquired Infection |  Volume 9 | 2022

Wang, et al.: Research progress of human Hepatitis E virus infection

the detection of infected blood donors extremely difficult. The de-
velopment of chronic HEV infection is possible only when infected 
blood or blood products are administered to immunosuppressed 
individuals.

Clinical manifestations, diagnosis and pathology
A majority of clinically HEV-infected patients experience an acute 
self-limiting hepatitis course. After an incubation period of 2–9 
weeks, an average of 6 weeks, patients develop symptoms such as 
fatigue, loss of appetite, nausea, vomiting, abdominal distension, 
and liver pain. The prevalence of cholestasis and jaundice is high. 
HEV1 and HEV2 are mainly found in young adults and pregnant 
women, while HEV3 and HEV4 typically affect middle-aged and 
older adults; their prevalence is higher in male patients than in fe-
male patients.[22] Most immunocompetent people with HEV can 
clear the virus spontaneously and rarely develop acute liver failure. 
People with underlying liver diseases (alcoholic liver disease, fatty 
liver, and so on) are at risk of developing decompensation or acute 
liver failure.[23] In patients with diabetes, HEV3 may cause severe 
disease and acute liver failure has been reported.[24] In women 
during late pregnancy, HEV1 infection can cause up to 25% mor-
tality,[4] most deaths occurring due to fulminant liver failure or 
obstetric complications. The recently discovered HEV4 infection 
has also been linked to pregnancy and can lead to preterm labor 
and miscarriage. However, overall, no excess maternal mortality was 
found in HEV3 and HEV4 infection.[25] The causal mechanisms 
underlying death during pregnancy are still not fully understood. 
Further research is needed to reveal the interactions between vari-
ous hormones and viruses in the body during pregnancy.[26]

HEV may contribute to immunocompromised patients (e.g., solid 
organ transplant [SOT] patients,[27] patients receiving chemother-
apy for hematological malignancies,[28] patients with rheumatism 
using steroids and other immunosuppressive drugs,[29] and patients 
with Human Immunodeficiency Virus [HIV][30]) develop chronic 
hepatitis. To date, all chronic infection cases are caused by HEV3 
and HEV4, and no related report of HEV1 or HEV2 exists.[31] 
Chronic hepatitis E can lead to changes in the structure of liver 
tissue. Pathologically, lymphocytic infiltration in the portal area can 
be observed, as well as hepatocyte necrosis, with varying degrees of 
fibrosis and rapid progression to liver cirrhosis.[32,33] The mechanism 
of chronic HEV infection is relatively complex; it is mainly closely 
related to the host immune status. Chronic HEV infected patients 
have low autoimmune function due to the intake of immunosup-
pressants, chemotherapy or HIV infection, which prevents timely 
clearance of the virus, resulting in chronic infection. In addition, 
massive transfusions of blood products, plasma exchange, and 
stem cell transplantation increase the risk of blood-borne infec-
tion in these patients. Defining chronic HEV infection has been 
controversial. In 2013, Kamar designed a study in a cohort of 69 
HEV-infected SOT recipients; of these, 28 cleared the virus with-
in 3 months and 41 remained infected for more than 6 months. 
Therefore, it was concluded that 3 months were defined as the 
cutoff for chronic HEV infection in SOT recipients.[34] At present, 

most clinics define chronic HEV infection as the continuous detec-
tion of HEV RNA in the blood or feces of patients for more than 6 
months. In the “EASL Hepatitis E Virus Infection Clinical Prac-
tice Guidelines” issued by the European Association for the Study 
of the Liver (EASL) in 2018, HEV RNA detection for more than 
3 months can be considered as chronic HEV infection.[35] With the 
development of organ transplantation and new immunosuppres-
sive drugs, more immunosuppressed people may be detected, and 
chronic HEV infection may also become a new problem faced by 
clinicians.

In addition to acute and chronic hepatitis manifestations, Hepatitis 
E can also show a variety of extrahepatic manifestations.[36] The first 
is neurological disease. Guillain-Barre Syndrome (GBS) is one of 
the most common extrahepatic complications of HEV infection. 
HEV-related GBS cases have been reported in many countries 
around the world. In Europe, a prospective study showed 16.5% 
of symptomatic HEV cases presented with neurological symp-
toms.[37] In addition to GBS, facial palsy, neuralgic amyotrophy 
(NA), polyradiculopathy, mononeuritis multiplex, viral men-
ingitis, encephalitis, and myelitis have all been suggested to be 
potentially associated with HEV infection. It is unclear whether 
neurological manifestations are the result of immune-mediated 
mechanisms or a direct cytopathic effect of HEV. Besides, he-
matological, and renal diseases also have been reported in both 
acute and chronic HEV infection, especially HEV3. Pancreatitis 
has been reported in patients with acute HEV1 infection.[36,38] 

It is well known that HEV is a hepatitis virus that mainly mani-
fests as liver damage, but various studies have shown that the abil-
ity of HEV to replicate in extrahepatic tissues.[33] In vivo models 
can provide better insight into the pathogenesis of extrahepatic 
manifestations, there are a variety of animal models of infection 
with different genotypes, including pigs, rhesus monkeys, rabbits, 
BALB/c mice, etc.[39] However, a drawback of such models is that 
not all genotypes of isolates can actively infect animal models.  A 
new small animal model, human liver chimeric mice can be infect-
ed with HEV of different genotypes. This model breaks through 
previous flaws will be a valuable tool for the in vivo study of HEV 
infection.[40] In addition, in terms of in vitro cell culture, due to the 
cell passage of primary cells derived from organs is difficult and has 
poor reproducibility. Researchers design stem cell-based primary 
cell model.[41] We can study the host immune response to HEV 
through different in vivo and in vitro models.

The HEV should be considered in hepatitis that cannot be ex-
plained by other causes. The EASL guidelines recommend serology 
as a first-line test.[35] The diagnosis of acute HEV is complicated 
due to the lack of a standardized assay. Although a variety of com-
mercial test kits are available, specificity and sensitivity vary widely. 
Generally, the initial test method is an anti-HEV Immunoglobulin 
M (IgM) assay; IgM is a marker of acute infection that appears in 
the early phase and persists for 4–5 months.[42] HEV RNA assays 
are required to confirm the diagnosis due to poor specificity. For 
chronic HEV infections, it is necessary to detect HEV RNA in 
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serum or stool for more than 3 months. The anti-HEV Immuno-
globulin G (IgG) assay is of limited utility in chronic infections. 
Therefore, EASL recommends using a combination of serology and 
nucleic acid amplification technique (NAT) testing to diagnose 
HEV infection and NAT testing to diagnose chronic HEV infec-
tion.[35,43] Diagnostic and treatment algorithm of HEV infection is 
shown in Figure 3.

In clinical practice, the diagnostic methods of HEV infection are 
limited to the aforementioned serological methods, and the differ-
ential diagnosis of complex cases is quite troublesome. Acute hepa-
titis E is easily misdiagnosed as drug-induced liver injury.[44] Given 
the time limit and specificity of serological testing, histopathology 
is more acceptable as the gold standard. Some scholars showed[45] 
that ORF2 protein (pORF2) in HEV-infected paraffin-embedded 
(FFPE) liver tissue was easier to observe than pORF1 and pORF3, 
and its immunohistochemistry could be used for diagnosis. This 
provided us with a histopathological diagnosis. Actually, at present, 
there are few pathological studies of HEV infection, related char-
acteristic changes and concepts have not been reported, and the 
pathological diagnosis is challenging.

Treatment and vaccine
In general, most HEV infection is spontaneously cleared and does not 
require antiviral therapy. As with other forms of acute viral hepatitis, 
bed rest, symptomatic and supportive treatment, and close monitoring 

of liver function are needed to observe illness progression.

However, immunosuppressed patients with chronic infections do 
require intervention. The EASL clinical practice guidelines recom-
mend reducing immunosuppression first, if not get virus clean, and 
then initiating ribavirin therapy.[35] About one third of chronically 
infected patients achieve sustained viral clearance by reducing 
immunosuppressive therapy; also, ribavirin monotherapy has been 
shown to be effective in patients with reduced immunosuppression 
but still unable to clear the virus.[46] A large-scale European mul-
ticenter retrospective study of 255 SOT recipients found that the 
sustained virological response (SVR) rate was 81.2% after taking 
ribavirin, and when relapsers received a second course of ribavirin, 
the SVR rate increased to 89.8%.[47] In liver transplant recipients, 
pegylated Interferon-α (pegIFN-α) may be an alternative, but in 
heart or lung transplant recipients, it is contraindicated due to the 
possible high risk of graft rejection.[35] Chronic or persistent hepati-
tis in HIV patients or patients receiving chemotherapy for hemato-
logical malignancies can be treated in the same way with ribavirin.[48] 
For pregnant women who may develop liver failure after infection, 
ribavirin has been clearly proven to have teratogenic effects and is 
contraindicated. Some patients are still treated with ribavirin, and 
no teratogenic cases have been observed due to the high mortality 
rate of acute hepatitis E during pregnancy.[49]

So far, in addition to ribavirin and interferon entering clinical ap-
plications, two other drugs have been approved in experimental 

Figure 3. Diagnostic and treatment algorithm of HEV infection. HEV: hepatitis E virus; IgM: Immunoglobulin M.
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settings other than in vitro cells culture, among them, sofosbuvir 
has entered the clinical trial stage, and silvestrol has entered the in 
vivo trial stage.[50] 

Currently, treatment options are limited for ribavirin-unrespon-
sive and contraindicated populations. Research data show that 
sofosbuvir can be used in this condition. Sofosbuvir is an NS5B 
polymerase inhibitor used to treat hepatitis C. It has been re-
ported to have antiviral activity against HEV in vitro.[51] A 
phase II pilot trial in Germany investigated the antiviral efficacy 
and safety of sofosbuvir monotherapy in 10 patients with chron-
ic HEV infection who failed to achieve hepatitis E virus clear-
ance with ribavirin or developed contraindications to ribavirin. 
Although many patients initially had a significant reduction in 
viral load, none achieved SVR.[52] Therefore, the antiviral effect 
of sofosbuvir on HEV remains uncertain. Silvestrol is a natural 
compound found only in plants of the genus Aglaia.[53] The pan-ge-
notypic effect of this compound is demonstrated in HEV infection 
experiments, the inhibitory effects were also consistent for different 
genotypes covering HEV1-4. Besides, HEV RNA levels reduced 
in feces of special treated mice.[54] Therefore, this compound may be 
considered as a future therapeutic strategy for chronic hepatitis E 
in immunocompromised patients.

Apart from the above, there are a number of studies confirming 
the use of some drugs for the treatment of HEV infection, but 
all in vitro tests, none of them have been validated in clinical 
trials.[50] One of the studies designed a HEV replication system 
for drug screening using GT3 isolates, by which the researchers 
found that Type III IFNs (IFN-λ1-3) can effectively inhibit the 
growth of HEV.[55]

The recombinant vaccine HEV 239 (Hecolin; Xiamen Innovax 
Biotech, Xiamen, China), which Chinese scholars successfully 
developed, was certified by the China Food and Drug Administra-
tion (CFDA) in 2012 and has become the world’s first vaccine for 
hepatitis E prevention. In phase III clinical trial of 97,356 clinical 
volunteers aged 16–65 years, using the 0, 1, and 6-month regimens, 
15 people in the placebo group were infected with HEV within 13 
months after three doses of vaccine following the standard proto-
col. The vaccine efficacy was 100.0% in the vaccine group.[56] The 
extended follow-up lasted for 4.5 years. Finally, 60 cases of hepatitis 
E were found; seven cases (0.3/10,000-years) in the vaccine group 
and 53 (2.1/10,000-years) in the control group; the vaccine efficacy 
rate was 86.8%.[57] Currently, no globally approved vaccine is avail-
able to prevent hepatitis E; the focus is on preventing infection and 
cutting off the route of transmission. Major improvements in sani-
tation, better personal hygiene, and better management of manure 
and water sources are needed in developing countries. Attention 
should be on the food chain in developed countries. As mentioned, 
pork products are the main vehicle. Hence, it is recommended to 
avoid eating raw pork or eat only if it has been cooked for more 
than 2 min at 70℃. In addition, attention needs to be paid to the 
transmission of HEV through blood transfusion.

CONCLUSION

In the past, HEV was considered to be a disease endemic in un-
derdeveloped areas with poor sanitation. However, a surge in HEV 
infections has been reported in recent years worldwide, including 
in developed countries; it has gradually become a new global health 
problem. Identifying novel HEV genotypes in different animals 
and hosts increases the likelihood of cross-species infection. Mean-
while, blood transfusions also increase the risk of infection. Typical-
ly, the infectious process is self-limited, but a chronic infection has 
recently been reported in immunocompromised patients and the 
number of cases is increasing. In addition to acute and chronic hep-
atitis, HEV infection has a variety of extrahepatic manifestations, 
with GBS being one of the most common neurological lesions. 
Ribavirin (RBV) and pegIFN-α can be used to treat chronic hep-
atitis E, and many other drugs are in in vitro cell trials, and vaccine 
is only available in China. Under the guidance of EASL guidelines, 
we can better diagnose and manage chronic patients.

Source of funding
This study was supported by the Natural Science Foundation 
of Liaoning Province, China (Grant No. 2019JH2/10300031-
05), the National Natural Science Foundation of China (Grant 
No.12171074), the National Science and Technology Major Proj-
ect (Grant No. 2017ZX10103007-005).

Conflicts of interest 
The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

REFERENCES

1.	 Hoofnagle JH, Nelson KE, Purcell RH. Hepatitis E. N Engl J Med 
2012;367:1237–1244. 

2.	 Balayan MS, Andjaparidze AG, Savinskaya SS, Ketiladze ES, 
Braginsky DM, Savinov AP, et al. Evidence for a virus in non-A, 
non-B hepatitis transmitted via the fecal-oral route. Inter virology 
1983;20:23–31.

3.	 Rein DB, Stevens GA, Theaker J, Wittenborn JS, Wiersma ST. 
The global burden of hepatitis E virus genotypes 1 and 2 in 2005. 
Hepatology 2012;55:988–997.

4.	 Navaneethan U, Al Mohajer M, Shata MT. Hepatitis E and preg-
nancy: understanding the pathogenesis. Liver Int 2008;28:1190–
1199. 

5.	 Webb GW, Dalton HR. Hepatitis E: an expanding epidemic with a 
range of complications. Clin Microbiol Infect 2020;26:828–832.

6.	 Aslan AT, Balaban HY. Hepatitis E. virus: Epidemiology, diagno-
sis, clinical manifestations, and treatment. World J Gastroenterol 
2020;26:5543–5560.

7.	 Kamar N, Bendall R, Legrand-Abravanel F, Xia NS, Ijaz S, Izopet J, 
et al. Hepatitis E. Lancet 2012;379:2477–2488.

8.	 Nair VP, Anang S, Subramani C, Madhvi A, Bakshi K, Srivastava A, 
et al. Endoplasmic Reticulum Stress Induced Synthesis of a Novel 
Viral Factor Mediates Efficient Replication of Genotype-1 Hepatitis 
E Virus. PLoS Pathog 2016;12:e1005521.

9.	 Murphy EG, Williams NJ, Jennings D. First detection of Hepatitis 
E virus (Orthohepevirus C) in wild brown rats (Rattus norvegicus) 



Page 6 of 7Community Acquired Infection |  Volume 9 | 2022

Wang, et al.: Research progress of human Hepatitis E virus infection

from Great Britain. Zoonoses and Public Health 2019;66:686–694.
10.	 Lhomme S, Abravanel F, Kamar N, Izopet J. Screening, diagnosis 

and risks associated with hepatitis E virus infection. Expert Rev 
Anti-infect Ther 2019;17:403–418.

11.	 Woo PC, Lau SK, Teng JL, Tsang AK, Joseph M, Wong EY, et al. 
New epatitis e virus genotype in camels, the middle east. Emerg 
Infect Dis 2014;20:1044–1048.

12.	 Smith DB, Simmonds P, Izopet J, Oliveira-Filho EF, Ulrich RG, 
Johne R, et al. Proposed reference sequences for hepatitis e virus 
subtypes. J Gen Virol 2016;97:537–542.

13.	 Sridhar S, Yip CCY, Wu S, Cai J, Zhang AJ, Leung KH, et al. Rat 
hepatitis E virus as cause of persistent hepatitis after liver trans-
plant. Emerg Infect Dis 2018;24:2241–2250.

14.	 Purdy MA, Harrison TJ, Jameel S, Meng XJ, Okamoto H, Van der 
Poel WHM, et al. ICTV virus taxonomy profile: hepeviridae. J Gen 
Virol 2017;98:2645–2646.

15.	 Khuroo MS, Khuroo MS, Khuroo NS. Transmission of HEV in de-
veloping countries. Viruses 2016;8:253.

16.	 Adlhoch C, Avellon A, Baylis SA, Ciccaglione AR, Couturier E, de 
Sousa R, et al. Hepatitis E virus: assessment of the epidemiologi-
cal situation in humans in Europe. Clin Virol 2016;82:9–16.

17.	 Berto A, Martelli F, Grierson S, Banks M. Hepatitis E virus in 
pork food chain, United Kingdom, 2009-2010. Emerg Infect Dis 
2012;18:1358–1360. 

18.	 O’Hara Z, Crossan C, Craft J, Scobie L. First report of the pres-
ence of hepatitis E virus in Scottish-harvested shellfish purchased 
at retail level. Food Environ Virol 2018;10:217–221.

19.	 Hewitt PE, Ijaz S, Brailsford SR, Brett R, Dicks S, Haywood B, et 
al. Hepatitis E virus in blood components: a prevalence and trans-
mission study in southeast England. Lancet 2014;384:1766–1773.

20.	 Wen GP, Chen CR, Song XY, Tang ZM, Ji WF, Wang SL, et al. 
Long-term HEV carriers without antibody seroconversion among 
eligible immunocompetent blood donors. Emerg Microbes Infect 
2018;7:125. 

21.	 Westhölter D, Hiller J, Denzer U, Polywka S, Ayuk F, Rybczynski M, 
et al. HEV-positive blood donations represent a relevant infection 
risk for immunosuppressed recipients. J Hepatol 2018;69:36–42.

22.	 Kamar N, Dalton HR, Abravanel F, Izopet J. Hepatitis E virus infec-
tion. Clin Microbiol Rev 2014;27:116–138.

23.	 Blasco-Perrin H, Madden RG, Stanley A, Crossan C, Hunter JG, 
Vine L, et al. Hepatitis E virus in patients with decompensated 
chronic liver disease: a prospective UK/French study. Aliment 
Pharmacol Ther 2015;42:574–581.

24.	 Wenter C, Borena W, Oberhuber G, Graziadei I. Acute liver failure 
in immunocompetent patients infected with hepatitis. E Wien Klin 
Wochenschr 2019;131:442–445.

25.	 Li M, Bu Q, Gong W, Li H, Wang L, Li S, et al. Hepatitis E virus in-
fection and its associated adverse feto-maternal outcomes among 
pregnant women in Qinhuangdao, China. J Matern Fetal Neonatal 
Med 2020;33:3647–3651.

26.	 Horvatits T, Pischke S. Hev in pregnancy: Understanding the cru-
cial role of steroid hormones. Liver Int 2019;39:621–622.

27.	 Kamar N, Selves J, Mansuy JM, Ouezzani L, P eron JM, Guitard 
J, et al. Hepatitis E virus and chronic hepatitis in organ-transplant 
recipients. N Engl J Med 2008;358:811–817.

28.	 Geng Y, Zhang H, Huang W, Harrison TJ, Geng K, Li Z, et al. Per-
sistent hepatitis e virus genotype 4 infection in a child with acute 
lymphoblastic leukemia. Hepat Mon 2014;14:e15618.

29.	 Pischke S, Peron JM, von Wulffen M, von Felden J, Höner Zu 
Siederdissen C, Fournier S, et al. Chronic Hepatitis E in Rheuma-
tology and Internal Medicine Patients: A Retrospective Multicenter 
European Cohort Study. Viruses 2019;11:186.

30.	 Dalton HR, Bendall RP, Keane FE, Tedder RS, Ijaz S. Persistent 
carriage of hepatitis E virus in patients with HIV infection. N Engl J 
Med 2009;361:1025–1207.

31.	 Kamar N, Pischke S. Acute and persistent hepatitis e virus geno-
type 3 and 4 infection: Clinical features, pathogenesis, and treat-

ment. Cold Spring Harb Perspect Med 2018;9:a031872. 
32.	 Ingiliz P, Mayr C, Obermeier M, Herbst H, Polywka S, Pischke S. 

Persisting hepatitis E virus infection leading to liver cirrhosis de-
spite recovery of the immune system in an HIV-infected patient. 
Clin Res Hepatol Gastroenterol 2016;40:e23–e25.

33.	 Yadav KK, Kenney SP. Hepatitis E Virus Immunopathogenesis. 
Pathogens 2021;10:1180.

34.	 Kamar N, Rostaing L, Legrand-Abravanel F, Izopet J. How should 
hepatitis E virus infection be defined in organ-transplant recipi-
ents? Am J Transplant 2013;13:1935–1936.

35.	 Dalton HR, Kamar N, Baylis SA, Moradpour D, Wedemeyer H, 
Negro F. EASL clinical practice guidelines on hepatitis E virus in-
fection. J Hepatol 2018;68:1256–1271.

36.	 Fousekis FS, Mitselos IV, Christodoulou DK. Extrahepatic man-
ifestations of hepatitis E virus: An overview. Clin Mol Hepatol 
2020;26:16–23.

37.	 Abravanel F, Pique J, Couturier E, Nicot F, Dimeglio C, Lhomme S, 
et al. Acute hepatitis E in French patients and neurological mani-
festations. J Infect 2018;77:220–226.

38.	 Pischke S, Hartl J, Pas SD, Lohse AW, Jacobs BC, Van der 
Eijk AA. Hepatitis e virus: Infection beyond the liver? J. Hepatol 
2017;66:1082–1095.

39.	 El‐Mokhtar MA, Sayed IM. Model systems for studying extrahepat-
ic pathogenesis of hepatitis E virus. Current knowledge and future 
directions. Rev Med Virol 2021;31:e2218.

40.	 Sayed IM, Meuleman P. Updates in Hepatitis E virus (HEV) field; 
lessons learned from human liver chimeric mice. Rev Med Virol 
2020;30:2086.

41.	 Meister TL, Bruening J, Todt D, Steinmann E. Cell culture systems 
for the study of hepatitis E virus. Antivir Res 2019;163:34–49.

42.	 Huang S, Zhang X, Jiang H, Yan Q, Ai X, Wang Y, et al. Profile 
of acute infectious markers in sporadic hepatitis E. PLoS ONE 
2010;5:e13560.

43.	 Baylis SA, Hanschmann KM, Blumel J, Nubling CM, Group 
HEVCS. Standardization of hepatitis E virus (HEV) nucleic acid 
amplification technique-based assays: an initial study to evaluate 
a panel of HEV strains and investigate laboratory performance. J 
Clin Microbiol 2011;49:1234–1239.

44.	 Davern TJ, Chalasani N, Fontana RJ, Hayashi PH, Protiva P, 
Kleiner DE, et al. Acute hepatitis E infection accounts for some 
cases of suspected drug-induced liver injury. Gastroenterology 
2011;141:1665–1672.

45.	 Lenggenhager D, Weber A. Clinicopathologic features and patho-
logic diagnosis of hepatitis E. Hum Pathol 2020;96:34–38. 

46.	 Kamar N, Izopet J, Tripon S, Bismuth M, Hillaire S, Dumortier J, 
et al. Ribavirin for chronic hepatitis E virus infection in transplant 
recipients. N Engl J Med 2014;370:1111–1120.

47.	 Kamar N, Abravanel F, Behrendt P, Hofmann J, Pageaux GP, 
Barbet C, et al. Ribavirin for hepatitis E virus infection after organ 
transplantation: a large European retrospective multicenter study. 
Clin Infect Dis 2020;71:1204–1211

48.	 Tavitian S, Peron JM, Huguet F, Kamar N, Abravanel F, Beyne-
Rauzy O, et al. Ribavirin for chronic hepatitis prevention among 
patients with hematologic malignancies. Emerg Infect Dis 
2015;21:1466–1469.

49.	 Horvatits T, Schulze Zur Wiesch J, Lütgehetmann M, Lohse 
AW, Pischke S. The Clinical Perspective on Hepatitis E. Viruses 
2019;11:617.

50.	 Kinast V, Burkard TL, Todt D, Steinmann E. Hepatitis E Virus Drug 
Development. Viruses 2019;11:485.

51.	 Dao Thi VL, Debing Y, Wu X, Rice CM, Neyts J, Moradpour D, et 
al. Sofosbuvir Inhibits Hepatitis E Virus Replication In Vitro and 
Results in an Additive Effect When Combined with Ribavirin. Gas-
troenterology 2016;150:82–85.

52.	 Cornberg M, Pischke S, Müller T, Behrendt P, Piecha F, Benckert 
J, et al. Sofosbuvir monotherapy fails to achieve HEV RNA elimi-
nation in patients with chronic hepatitis E - The HepNet SofE pilot 



Page 7 of 7 Community Acquired Infection |  Volume 9 | 2022

Wang, et al.: Research progress of human Hepatitis E virus infection

study. J Hepatol. 2020;73:696–699.
53.	 Pan L, Woodard JL, Lucas DM, Fuchs JR, Kinghorn AD. Roca-

glamide, silvestrol and structurally related bioactive compounds 
from Aglaia species. Nat Prod Rep 2014;31:924–939. 

54.	 Todt D, Moeller N, Praditya D, Kinast V, Friesland M, Engelmann 
M, et al. The natural compound silvestrol inhibits hepatitis E virus 
(HEV) replication in vitro and in vivo. Antiviral Res 2018;157:151–
158.

55.	 Nishiyama T, Kobayashi T, Jirintai S, Kii I, Nagashima S, Prathiwi 

Primadharsini P, et al. Screening of novel drugs for inhibiting hepa-
titis E virus replication. J Virol Methods 2019;270:1–11.

56.	 Zhu FC, Zhang J, Zhang XF, Zhou C, Wang ZZ, Huang SJ, et al. 
Efficacy and safety of a recombinant hepatitis E vaccine in healthy 
adults: a large-scale, randomised, double-blind placebo-controlled, 
phase 3 trial. Lancet 2010;376:895–902.

57.	 Zhang J, Zhang XF, Huang SJ, Wu T, Hu YM, Wang ZZ, et 
al. Long-term efficacy of a hepatitis E vaccine. N Engl J Med 
2015;372:914–922.


