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Epidemiology of hepatitis E virus infection

Kasem A., Azeem K., Vlčková J., Zatloukalová S., Štěpánek L., Kyselý Z., Kollárová H. 

SOUHRN
Kasem A., Azeem K., Vlčková J., Zatloukalová S., Štěpánek 
L., Kyselý Z., Kollárová H.: Epidemiologie virové hepatitidy E
Hepatitida E patří mezi hlavní problémy veřejného zdraví. 
Odhaduje se, že každý rok na hepatitidu E ve světě zemře při-
bližně 44 000 osob. Virus hepatitidy E je nejčastější příčinou 
akutní virové hepatitidy na světě. Zatím bylo popsáno 7 genotypů 
viru hepatitidy E, z nichž pouze 4 mohou způsobit onemocnění 
člověka.
Genotypy 1 a 2 jsou obligátními lidskými patogeny, k přenosu 
dochází fekálně-orální cestou a prostřednictvím kontamino-
vané vody. Jsou hlavními příčinami epidemické a endemické 
akutní hepatitidy v rozvojových zemích v důsledku špatných 
hygienických podmínek. Naopak ve vyspělých zemích prevalují 
genotypy 3 a 4, které jsou zoonotického původu a jsou přená-
šeny alimentárně a přímým kontaktem s infikovaným zvířetem. 
U genotypů 3, 4 byl popsán i přenos krví, krevními produkty 

a tkáněmi z infikovaných osob nebo zvířat, také byl popsán 
přenos z matky na dítě. Většina infekcí HE probíhá klinicky asym-
ptomaticky, ale průběh se může lišit od self-limiting onemocnění 
až po fulminantní selhání jater. Byly popsány i extrahepatální 
projevy infekce virem hepatitidy E.
Prevence infekce virem hepatitidy E se zaměřuje především na 
hygienická opatření, jako jsou bezpečnost pitné vody a sanitace 
lidských odpadů. Důraz by měl být kladen i na stravovací zvyklosti, 
kulinární úpravu a také na sledování distribuce zoonotických 
rezervoárů.
Vakcína proti virové hepatitidě E je dostupná pouze v Číně, chrání 
pouze proti genotypu 4 a nejsou důkazy o zkřížené ochraně 
i proti jiným genotypům.

KLÍČOVÁ SLOVA
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ABSTRACT
Hepatitis E is a major concern to public health, it is estimated 
that 44,000 people die annually due to hepatitis E. Hepatitis E 
virus (HEV) is the most common cause of acute viral hepatitis 
in the world. HEV has been found with 7 genotypes, only 4 can 
infect humans. 
Genotypes 1 and 2 are major causes of the epidemic and ende-
mic acute hepatitis in developing countries. In the poor hygienic 
conditions, these genotypes are obligate human pathogens 
transmitted between humans by the fecal-oral route and via 
contaminated water. On the contrary, in developed countries, 
genotypes 3 and 4 are of zoonotic origin and they are transmit-
ted by alimentary route and via direct contact with the infected 
animal. Transmission by blood, blood products and tissues from 
infected persons or animals and even mother-to-infant trans-
mission is also possible. Hepatitis E clinical course varies from 

self-limiting disease to fulminant hepatic failure, and extrahepatic 
manifestations have occurred.
Management to control and prevent this infection is mainly hy-
gienic measures. The provision of clean drinking water and ame-
liorating the sanitation of human wastes are the most effective 
preventive approaches as in any infection outbreak transmitted 
through the fecal-oral route. Nevertheless, dietary habits, distri-
bution of different zoonotic reservoirs and the hygienic level play 
a crucial role in limiting and preventing the spread of hepatitis E 
in the developed countries.
Although HEV vaccine was developed, it is still available only in 
China. It protects against genotype 4 with no clear evidence of 
protection against other genotypes.
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INTRODUCTION

Hepatitis E virus (HEV) infection was documented for 
the first time in 1955 during an outbreak in New Delhi, 
India [1]. In 1983, HEV was discovered by Mikhail Balayan 
during an outbreak of unknown hepatitis among Soviet 
soldiers in Afghanistan [2].
In the past, HEV was assumed to be endemic only in 
developing countries with poor sanitation and all cases 
in developed countries were considered to be imported. 
But more recent data suggest that HEV is endemic in 
developed countries too. Nowadays, HEV might be the 

most common cause of acute viral hepatitis in the world. 
Over 20 million cases are estimated annually worldwide 
[3, 4].
Th is review article presents the current knowledge of the 
epidemiology of HEV.

CAUSATIVE AGENT

Hepatitis E virus, a small RNA virus, is a member of the 
genus Hepevirus in the family Hepeviridae. Th e virions are 
icosahedral, non-enveloped, spherical particles with 
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a diameter of approximately 27–34 nm. The viral genomes 
are positive-sense monopartite a single-stranded RNA of 
about 6.4–7.2 kb containing 3 open reading frames (ORF). 
Third ORF (ORF3) encodes a small immune reactive pro-
tein, which is associated with viral pathogenesis. The 
replication of HEV is not well-understood but it is known 
that it occurs in association with endoplasmic reticulum 
of the host cell [5–7]. 
HEV is a ubiquitous virus, which causes liver infection. 
HEV has been found with 7 genotypes, which varies in 
the host, mode of transmission, clinical course and its 
geographical distribution. Four of these genotypes can 
infect humans: HEV1, 2, 3, and 4. Genotypes 5 and 6 are 
found only in animals. Genotype HEV7 is a new potential 
genotype which might infect the humans [8–11].

SOURCE, RESERVOIR, AND TRANSMISSION 

Source of HEV is an infected human or animal. Recent 
evidence indicates that hepatitis E is a zoonotic disease, 
and its reservoir is swine and other potential animals. 
Both human and swine strains of HEV are genetically 
closely related and, in some cases, indistinguishable [9]. 
Several other species of small mammals are designated as 
potential reservoirs. For instance rat and rabbit hepatitis 
E virus has been isolated and described [12, 13]. 
The human can acquire infection both directly and indi-
rectly. HEV is transmitted directly via the fecal-oral route 
or contact with an infected animal. Indirect transmission 
occurs mainly through contaminated water or food [14, 
15]. Other modes of transmission may include transfusion 
of infected blood or blood products, transplantation of 
solid organs and tissues, as well as vertical transmission, 
via the intrauterine and perinatal routes [16].
Since the infection is transmitted via direct contact with 
animals, there are some specific groups of workers that 
could be in higher risk of HEV infection, such as farmers, 
veterinarians, and workers attending animals [17–19]. 
People who were in direct contact with pigs, pig wastes 
and carcasses, for instance, slaughterers, traders, and 
suppliers, show increased seroprevalence as high as 66% 
than those who were not in direct contact. HEV infection 
often runs silently among the workers in slaughterhous-
es. Their serum tests were anti-HEV IgM positive, the 
overall prevalence was 13%, the highest seroprevalence 
was 50% among slaughterers. As this silent infection 
of HEV is maintained amongst swine abattoir workers, 
a new occupational risk might be arising as a challenge to 
the public health systems [19–21]. The same route of trans-
mission is applied at pet owners with their pet pigs [18].
Indirectly HEV is transmitted by contaminated water and 
food. Contamination of drinking water supplies with 
human feces usually occurs after disruption of water sup-
plies due to heavy rainfalls, floods, and monsoons [15]. 
In foodborne transmission, the most important vehicu-
lum is raw or rare meat of domestic pigs, rabbits, deer, 
and wild boars, that are infected with HEV, as has been 
intelligibly demonstrated with cogent evidence [22, 23]. 
In Japan, some surveys showed the infection rates 
among the domestic pigs had been exceeding 95% [24]. 
Transmission via consumption both of wild-boar meat 
and uncooked deer meat has been recorded [25, 26]. 
Transmissions through the consumption of contami-

nated food products such as pork have been reported in 
Japan [27]. In the latest studies, fully infective HEV was 
detected and isolated from pork liver sausage produced 
in France, suggesting a new risk factor for HEV infection 
by the consumption of these products [28], and measures 
to eliminate the source of this viral infection. 
Shellfish can also serve as a potential vehiculum with 
their capability to concentrate viral particles from the 
surrounding environment. Generally, these viral in-
fections occur due to the consumption of raw or under-
cooked shellfish from contaminated water. Moreover, 
HEV RNA has been found in shellfish worldwide [29]. 
In developing countries where the sanitation is poor, 
HEV1 and HEV2 the predominating genotypes, are trans-
mitted between humans by the fecal-oral route. The virus 
is excreted in the stool of an infected person. In developed 
countries (including Europe), the most common geno-
types are HEV3 and HEV4. They are transmitted zoonoti-
cally from animal reservoirs (including pigs, wild boars, 
and deer), with infrequent cases that have increasingly 
been reported in recent years [14, 30]. 

HEPATITIS E CLINICAL COURSE

The pathogenesis of hepatitis E is not well-understood. 
After the patient gets infected, the virus reaches the 
liver but the mechanism is unknown. Then, the virus 
replicates in the liver and other tissues, for example 
small intestine, lymph nodes and colon. Studies indicate 
that this replication occurs in the small intestine, lymph 
nodes or colon. After replication, virions are released in 
the bloodstream. THe virus is shed in the stool approxi-
mately 5 days before the onset of jaundice and up to 30 
days after its onset. Chronically infected persons shed 
the virus in the stool as long as infected [14, 30].
The incubation period is 15–60 days. The infection is usu-
ally self-limiting and lasts 2–6 weeks until full recovery. 
Most infections with HEV3 and 4 in developed countries 
are asymptomatic or unrecognized. Infections with HEV3 
and 4 in developed countries have the same clinical fea-
tures of infections caused by HEV1 and 2 in developing 
countries. The features of symptomatic cases are com-
mon symptoms of acute icteric hepatitis (nausea, fever, 
malaise, arthralgia, hepatomegaly, vomiting, diarrhea, 
and abdominal pain). Jaundice occurs in about 75% of 
symptomatic patients with HEV3 and 4, while it occurs in 
about 40% of patients with HEV1 and 2. Few patients may 
have neurological manifestations. Glomerulonephritis 
is related to infection with HEV3 [31, 32]. Occasionally, 
a fulminant hepatitis E can occur [40], it was reported 
in 1–4% of the cases and it was caused mainly by HEV1. 
However, fulminant hepatitis is more often to occur in 
those patients with hepatitis E than those ones with 
hepatitis A [33, 34]. 
Likewise, chronic HEV infections can develop and lead 
to chronic hepatitis and cirrhosis particularly in immu-
nocompromised patients with HEV3 [4, 30, 35].
Pregnant women with HEV infection showed a higher 
maternal mortality rate and their obstetric and fetal out-
comes were worse than in pregnant women infected by 
other types of viral hepatitis [36]. In some endemic zones 
(northern and central India, Pakistan), the mortality rate 
due to hepatitis E is up to 25% in pregnant women [37, 38]. 
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In some studies, HEV infection can predict lethal conse-
quences for patients with chronic liver disease (mortality 
in this subgroup could reach up to 75%) or immunocom-
promised patients. Severe progress is more common also 
in immunosuppressed people, due to transplantation, 
diabetes mellitus, HIV, etc. [39–41].

EPIDEMIOLOGY

HEV is a major public health issue and it is estimated 
that one-third of the human population (roughly 2.4 
billion people) has been already infected worldwide [42]. 
The World Health Organization (WHO) estimates, that 
in 2015 the total deaths due to HEV were 44,000, which 
constitutes 3.3% of the mortality caused by all types of 
viral hepatitis [4]. Some other references have mentioned 
even higher annual deaths (approximately 70,000 deaths 

due to HEV) [43]. More detailed information on the epi-
demiology of HEV infection is in Table 1 [44].
Hepatitis E is a frequent disease in Central and East Asia 
however several outbreaks in Europe, Central America, 
and the Middle East have been reported. Most of the 
outbreaks in high endemic areas occurred due to conta- 
mination of drinking water supplies with human feces. 
These water-borne outbreaks occur in Asia, especially 
Southeast Asia. Significant outbreaks in the history of 
HEV were in 1955–1956 in New Delhi, India (30,000 cases) 
[1], then in Kashmir, India 1978 [45], in Burma between 
1976–1977 [46], again in Kanpur, India in 1991 [47], and 
another striking outbreak was in China 1986–1988 [48]. 
Outbreaks worldwide in last two decades are summarized 
in Gideon database [49]. 
Regions with adequate sanitary conditions and well-con-
trolled water supplies are considered low endemic  
areas for hepatitis E, such as Europe, Australia, and The 

Table 1. Epidemiology of HEV Infection in Developing and Developed Countries

Epidemiological Features HEV in developing countries HEV in developed countries

Seroprevalence Low < 15 yr, rise rapidly between 15–30 yr Increases with age, its peak between 30–50 yr

Incidence
Variable:64/1,000 patient-yr, Bangladesh; 42/1,000 
patient-yr, Egypta

Variable: 30/1,000 patient-yr, South of France; 7/1,000 
patient-yr, USA

Outbreaks Yes; thousands of cases No; sporadic, small groups from a food point source

Attack rate About 1 in 2 Asymptomatic in 67–98%

Person-to-person spread Very limited No

Seasonality Yes; outbreaks occur at times of flooding/monsoon No

Mortality rateb 0.5–3% 0.5–3%

aadapted from the reference [15]
badapted from reference [68]

Adapted from [44]

Figure 1. The Dominating HEV Genotypes in the World. Data Adjusted 
According [22, 60, 77].
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Americas. In these regions, the disease is less frequent 
and mostly occurs as sporadic cases [50]. The prevalence 
of anti-HEV IgG is ranging from 0.6% to 52.2% [51]. HEV 
infection of autochthonous cases in these zones appears 
to be related to zoonotic transmission from domestic 
animals (most often from pigs) to humans [52], or ei-
ther through the ingestion of raw or undercooked HEV 
contaminated food, particularly pork meat and liver 
containing products [53]. The majority of the autoch-
thonous hepatitis E reported cases were in middle-aged 
and elderly men [54]. 
Distribution of HEV genotype varies between countries 
(Figure 1). The genotypes dominance is influenced by 
their route of transmission and whether they have a re- 
servoir. Mapping the distribution of HEV genotypes helps 
to understand the regional differences in prevalence 
and clinical course, thus, to control and prevent HEV. 
Both genotypes 3 and 4 are dominating in the developed 
countries. Genotype 1 dominates in central Asia and 
the Middle East. Genotype 2 is predominant only in 
Mexico and relatively frequent in few other countries 
in Africa. In selected countries, more than one genotype 
can dominate.
Earlier, cases of hepatitis E in Europe were considered 
to be confined to returners from endemic areas, how-
ever, it is now confirmed that HEV is endemic in the 
European Union/European Economic Area (EU/EEA)  
[55]. In a surveillance report based on data from 22 coun-
tries of the EU/EEA Member States, for over the period 
2005–2015, a total of 21,018 confirmed hepatitis E cases  
were reported. The vast majority (80%) of all confirmed 
cases were reported from Germany, France, and the 
United Kingdom. Since at least 2005, these three Member 
States have had national-level surveillance [55, 56]. 
Annually, the total number of confirmed cases has been 
increasing, with a particularly sharp increase between 
2011 and 2015, this increase is most probably because 
of the advancements in the diagnostic techniques and 
screening possibilities, rather than an increase in its 
incidence [56]. Also, data on anti-HEV antibody preva-
lence can be severely affected by the test used because 
their sensitivity and specificity significantly changed 
over the time.
In EU/EEA countries, seroprevalences show an increase 
in seropositivity with age and the highest values were in 
people aged 50 years and above. As the studies differ in 
terms of the sampled population and the test used so they 
also differ in the estimates. Seroprevalence estimates 
differ even within one country, for instance, the average 
prevalence in France is around 20% [57]. Frequent studies 
have been conducted in France, showing variability in 
the seroprevalence between the southern and northern 
regions in France. The southern regions in France have 
shown significantly higher endemicity than the north-
ern regions. For instance, the seroprevalence was the 
highest in Ariège in the southwest, 86.4% of the tested 
blood donors were HEV positive [57]. In another study 
conducted among HIV patients in France, the anti-HEV 
IgG seroprevalence was remarkably higher in southern 
patients (9%) in comparison to northern patients (3%) 
[58]. 
In Central Europe, the average seroprevalence of an-
ti-HEV IgG among the adult population was 16.8% in 
Germany, while in the Czech Republic, it was 8.6%. In 

both countries, seroprevalence rates increase with age 
and the majority of HEV cases are autochthonous of zoo-
notic origin with a minority of travel-related infections. 
Recent studies show HEV infection as an under-reported 
infection [59–63].

PREVENTION

Prevention measures vary regarding the geographic re-
gions and thus the predominating genotypes and their 
route of transmission. 
In low endemic areas, the zoonotic transmission of hepa- 
titis E dominates, therefore public health concern and 
the prevention should focus on food safety and zoonotic 
risk. HEV remains infectious at up to 60°C, proposing 
the transmission possibility of HEV by consumption of 
raw or undercooked food contaminated with HEV [64]. 
In order to inactivate the virus and achieve food safety, 
the required cooking temperatures should be minimally 
71°C for 20 min [65]. The virus RNA has also been found in 
ready-to-eat food products, including raw sausage and 
liver sausage at retail level [66, 67].
In high endemic regions, where the outbreaks are 
more frequent than in other regions, the infection is 
transmitted through the fecal-oral route, therefore, 
the provision of clean drinking water and ameliorating 
the sanitation of human wastes are the most effective 
preventive approaches. On the contrary, the scarcity of 
clearly defined risk factors for sporadic hepatitis E makes 
it more difficult to develop prevention strategies [68]. 
However, on the individual level, infection risk can be 
reduced by keeping hygienic habits such as hand-wash-
ing with drinking water, avoiding consumption of water 
of unknown resources; and abiding by WHO safe food 
procedures.
To introduce HEV screening test for blood products is 
of significant value in endemic areas and in high-risk 
population taking into the consideration the influence 
on the disease course [69–73].
In December 2011, the HEV vaccine was developed and 
approved by China’s State Food and Drug Administration 
(SFDA) but is available only in China. Hecolin® is a re-
combinant vaccine with 3-dose scheme, developed by 
Xiamen Innovax Biotech Co. and University in China. 
The annual production capacity of Hecolin® is 200,000 
doses/year currently, with a  high potentiality to pro-
duce 5 million doses a year, in order to meet the world 
requirements. Hecolin® offers protection against HEV4 
infection with no evidence whether it offers protection 
against other genotypes [74].
The need for a vaccine is associated with the worldwide 
distribution of HEV. Accordingly, HEV vaccination would 
be used the most in the endemic areas and in high-risk 
groups, for instance, food industry workers, immuno-
suppressed patients and those with chronic liver disease, 
in addition to the travelers to endemic areas, the elderly 
above 60 years old, children less than 2 years of age, and 
women before a planned pregnancy. The vaccine could 
also be used as a part of HEV outbreaks combat and their 
control [75, 76].
WHO recommends more researches on vaccines, par-
ticularly hepatitis E vaccine, and their safety, immu-
nogenicity, and efficacy. The Advisory Committee on 
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Immunization Practices (ACIP) still does not recommend 
any emergency immunization with inactive hepatitis 
E vaccine. The HEV vaccination is still not in the global 
recommendations [76].

CONCLUSIONS

HEV distribution is not restricted to geographical  or 
political borders. It is confirmed to be endemic not only 
in developing countries but also in developed ones with 
variations in genotypes and mode of transmission, re-
garding the regions and countries.
HEV infection and outbreaks are preventable in deve- 
loping countries by proper sanitation and providing 
clean drinking water. While in developed countries 
HEV infection is a  zoonotic infection mainly, thus, 
animal source food has to be processed and prepared for 
serving properly. Such measures may include general 
hygienic measures, proper heating, hygienic handling 
to avoid any potential contamination. Avoidance of 
consumption of raw or undercooked pork meat or liver 
products participates in decreased incidence of the se-
roprevalence. Elimination of HEV from the entire pork 
production can be achieved by veterinarian control, 
regular checkups and tests of the livestock in order to 
achieve full elimination of the virus. 
Transmission of HEV by infected blood, blood products, 
solid organs, and tissues is not frequent but possible. 
Therefore, implying screening tests for donors to prevent 
HEV transmission among people, particularly high-risk 
patients, would be desirable as well. 
Once HEV vaccination is available worldwide, not only 
in China, it could be used in the endemic areas, where 
its necessity is the highest. In general, vaccination pri-
or to pregnancy can be an essential preventive measure 
in ordinary obstetric care in high-incidence countries.
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