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    Chapter 3   
 Epidemiology of Hepatitis E                     

     Yansheng     Geng       and     Youchun     Wang     

    Abstract     Hepatitis E virus (HEV) is globally prevalent with relatively high per-
centages of anti-HEV immunoglobulin G-positive individuals in the populations of 
developing and developed countries. There are two distinct epidemiologic patterns 
of hepatitis E. In areas with high disease endemicity, primarily developing countries 
in Asia and Africa, this disease is caused mainly by genotype 1 or 2 HEV, both of 
which transmit predominantly through contaminated water and occur as either out-
breaks or as sporadic cases of acute hepatitis. The acute hepatitis caused by either 
of these two genotypes has the highest attack rate in young adults, and the disease 
is particularly severe among pregnant women. In developed countries, sporadic 
cases of locally acquired genotype 3 or 4 HEV infection are observed. The reservoir 
of genotype 3 and 4 HEV is believed to be animals, such as pigs, with zoonotic 
transmission to humans. The affected persons are often elderly, and persistent infec-
tion has been well documented among immunosuppressed persons. A subunit vac-
cine has been shown to be effective in preventing clinical disease and has been 
licensed in China.  
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3.1         Introduction 

 Serological and molecular studies have shown that hepatitis E virus (HEV) is glob-
ally distributed and is the leading cause of enterically transmitted viral hepatitis 
illness worldwide. HEV infection has been reported in most countries of the world. 
Large annual epidemics are attributed to HEV in endemic areas, and sporadic cases 
are increasingly reported in developed countries. It is estimated that two billion 
people worldwide are infected with HEV every year with 14 million symptomatic 
cases and 300,000 deaths [ 87 ].  

3.2     Worldwide HEV Serological Prevalence in the Human 
Population 

 Anti-HEV antibodies appear following HEV infection and can persist for several 
years [ 3 ,  4 ]. Thus, the detection of anti-HEV antibodies in blood from an individual 
is taken to indicate their prior exposure to HEV, and the prevalence of these antibod-
ies may provide an epidemiological marker of the frequency of HEV exposure in a 
population. The prevalence of anti-HEV antibodies has been studied in various 
populations worldwide, and the results indicate that anti-HEV antibodies are pres-
ent in persons living in all geographical areas. Tables  3.1 ,  3.2 ,  3.3 , and  3.4  summa-
rize the results reported from studies involving the collection of samples that are 
more or less representative of the general population of countries or regions from 
Asia, Europe, Africa, and the Americas.

      Developing countries in Asia and Africa frequently displayed high HEV preva-
lence rates. In Asia, rates higher than 30 % were found among adults from India, 
Bangladesh, China, and Malaysia, while low rates (less than 10 % among adults) 
were consistently reported from Japan (Table  3.1 ). The anti-HEV-positive rates in 
most African countries are higher than 30 % (Table  3.2 ). In contrast, these rates are 
less than 20 % in most European countries (Table  3.3 ). The divergent anti-HEV 
immunoglobulin (Ig)G seroprevalence among different countries may roughly rep-
resent the geographical variations in the burden of hepatitis E infection. The preva-
lence of anti-HEV IgG is high in developing countries, refl ecting the endemic nature 
of the disease in this setting. 

 HEV seroprevalence differs between rural and urban areas. In the general popu-
lation, the positive rate of anti-HEV IgG was signifi cantly higher in rural areas (41.7 
%) than in urban areas (22.7 %) of China and in eastern Japan (5.6 %) than in west-
ern Japan (1.8 %) and varied greatly between different states/regions of the USA 
(range, 1.2–21.3 %) and Europe (range, 0.26–52.5 %) [ 31 ]. A difference in serop-
revalence between rural and urban residents is also observed in Egypt, Mexico, and 
South Africa, with the seroprevalence being higher in rural areas [ 8 ,  110 ]. 
Conversely, one study in Gabon found that the HEV prevalence in urban areas (13.5 
%) was over twice as high as that in rural areas (6.4 %) [ 20 ]. The population density, 
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absence of sewer systems, consumption of bush meat, and presence of excreta from 
peri-domestic animals near habitations, all of which contribute to the precarious 
sanitary conditions in this area, might be risk factors for HEV spread. 

 In some countries, the seroprevalence of anti-HEV IgG has remained stable over 
time. The rate was approximately 5 % from 2007 to 2012 in Japan; approximately 
3 % from 2000 to 2012 in Brazil, from 1999 to 2010 in Spain, and from 1994 to 
2012 in Italy; and approximately 18 % from 1997 to 2013 in the USA, according to 
a review by [ 73 ]. In contrast, the anti-HEV IgG seroprevalence has increased over 
time in other countries: in Germany, from 5.5 % in 2010 to 15.5 % in 2013; in 
Greece, from 0.26 % in 1998 to 9.43 % in 2013; and in the Midi-Pyrénées region of 
France, from 16.6 % in 2008 to 52.5 % in 2011 [ 73 ]. Investigations in Pune, India 
[ 11 ], and Ankara, Turkey [ 12 ], showed no or minor increases in rates of HEV sero-
positive over time. However, a study from a tribal population of the Andaman and 
Nicobar Islands in India showed a signifi cant rise in HEV seroprevalence, from 13 
% in 1989 to 40 % in 1999 in children <15 years of age [ 79 ]. A few studies have 
addressed the issue of changing HEV seroprevalence over time in the same popula-
tion, but the authors were unable to identify the specifi c factors responsible for this 
change [ 79 ]. 

     Table 3.1    Prevalence of anti-HEV antibodies among the general population of Asia   

 Country  Number of samples 

 Anti-HEV rate (%) 

 References  Children  Adults  Overall 

 India  812  13–40  1677  15–73  [ 77 ] 
 Malaysia  134  40–50  43–67  44–50  [ 90 ] 
 China  3844  10–11  40–46  44  [ 66 ] 
 China  15,862  5.1–8.4  23.5  [ 53 ] 
 Bangladesh  1134  3.8  27.1–41.5  22.5  [ 64 ] 
 Korea  147  23.1  [ 84 ] 
 Korea  2450  5.9  [ 116 ] 
 Iran  510  46.3  [ 36 ] 
 Israel  729  0.5  1.1–37.5  10.6  [ 75 ] 
 Turkey  210  5.2–8.5  [ 11 ] 
 Japan  22,027  2.6–2.7  [ 97 ] 
 Hong Kong  450  6.8–8.0  18–60  28  [ 20 ] 
 Cambodia  868  5.8  21.2–35.3  18.4  [ 115 ] 

    Table 3.2    Prevalence of anti-HEV antibodies among the general population of Africa   

 Country  Number of samples 

 Anti-HEV rate (%) 

 References  Children  Adults  Overall 

 Zambia  300  16  42  [ 50 ] 
 Egypt  10,156  25.7–75.3  48.1–73.7  67.6  [ 37 ] 
 South Africa  767  5.8–19.1  [ 106 ] 
 Somalia  36  61.1  [ 18 ] 
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   Table 3.4    Prevalence of anti-HEV antibodies among the general population of the Americas   

 Country  Number of samples 

 Anti-HEV rate (%) 

 References  Children  Adults  Overall 

 USA  18,695  1–5  39–42  21  [ 64 ] 
 Canada  393  2.6  3.1  3  [ 75 ] 
 Mexico  273  36.3  [ 7 ] 
 Chile  100  17  [ 48 ] 
 Bolivia  226  2.4–8.7  6.3  4.0–24  [ 27 ] 

    Table 3.3    Prevalence of anti-HEV antibodies among the general population of Europe   

 Country  Number of samples 

 Anti-HEV rate (%) 

 References  Children  Adults  Overall 

 UK  710  3.9  [ 14 ] 
 Italy  236  8.7  6.3  [ 27 ] 
 Germany  4422  16.8  [ 36 ] 
 France  1031  34  [ 51 ] 
 The Netherlands  7270  0–0.3  1.4–6.4  1.9  [ 113 ] 
 Spain  2305  0.5  2.1  1.1  [ 39 ] 
 Spain  2529  4.6  7.3  6  [ 36 ] 
 England  1591  2–3  5–27  13  [ 50 ] 
 England  1140  2–3  5–25  13.5  [ 50 ] 

 The seroprevalence of HEV seems to be higher in pregnant women than in the 
general population in Ghana, 28.7 % [ 2 ] vs. 4.6 % [ 74 ], and also in Gabon, 14.2 % 
[ 20 ] vs. 0 % [ 90 ]. In most disease-endemic areas, anti-HEV antibodies have been 
detected in as many as 5 % of children less than 10 years of age, and this ratio 
increases to 10–40 % among adults older than 25 years of age. India, Malaysia, and 
Southern China displayed the highest rates among children (up to 20–50 %) (Table 
 3.1 ). Overall, there appears to be a gradual increase in the anti-HEV IgG seropreva-
lence as the age of individuals rises (Table  3.6  and Fig.  3.1 ).

   The wide variation in the anti-HEV antibody seroprevalence among the popula-
tions of various countries or within the same country may also be partly due to dif-
ferences in the HEV antibody detection assays used to assess the seroprevalence 
(Table  3.5 ). The various commercially available tests show important differences in 
sensitivity. Further, the sensitivity and specifi city of a test depend upon the 
 prevalence, as well as on the viral genotype present in the study population. In a 
population- based cohort study, 1025 randomly selected participants were enrolled 
from Matlab, Bangladesh (2004–2005), and were tested for anti-HEV antibodies 
using an in-house enzyme immunoassay developed by the Walter Reed Army 
Institute of Research (WRAIR). In 2014, the banked sera of 1009 of those partici-
pants were retested using the Wantai anti-HEV IgG enzyme-linked immunosorbent 
assay (ELISA). The WRAIR assay estimated the overall population seroprevalence 
as 26.6 % (95 % confi dence interval [CI], 24.0–29.5), whereas the Wantai assay 
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   Table 3.6    Anti-HEV IgG distribution in the general population of the Midi-Pyrénées area of 
France, according to age   

 Age (sample 
no.) 

 2–5 
(215) 

 6–10 
(104) 

 11–17 
(137) 

 18–27 
(127) 

 28–37 
(106) 

 35–47 
(184) 

 48–57 
(116) 

 56–65 
(40) 

 Percentage of 
anti-HEV IgG 
(%) 

 4.7  14.4  24.8  27.6  42.5  56  62.1  70 

  Data based on Kamar et al. [ 56 ]  
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  Fig. 3.1    Anti-HEV IgG distribution in the general population of rural Durango, Mexico, accord-
ing to age [ 7 ]       

   Table 3.5    Results from selected studies reporting the prevalence of anti-HEV antibodies in the 
general population of the USA   

 No. of 
samples 

 Anti-HEV 
rate (%) 

 Year of 
investigation  Testing kit  References 

 8814  6  2009–2010  DS-EIA-ANTI-HEV-G 
(Saronno, Italy) 

 [ 28 ] 

 18,695  21  1988–1994  “In-house” EIA  [ 64 ] 

produced a signifi cantly higher estimated seroprevalence of 46.7 % (95 % CI, 43.5–
49.8) ( p  < 0.001) [ 62 ]. Because these two tests produced nearly identical fi ndings in 
those aged 5 years and below (n = 94) with a 98 % agreement between the tests [ 62 ], 
the different sensitivities of the two assays resulted in different seroprevalence. 
Thus, in the absence of standardized commercially available confi rmatory assays, 
such as Western blots, differences in the seroprevalence rates between different 
populations must be interpreted with caution. Retesting populations with modern 
assays will be necessary to establish better population-level estimates of the HEV 
disease burden.
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3.3        HEV Genotype Distribution Worldwide 

 In addition to humans, HEV infects many other wild and domestic animals, such as 
pigs, rabbits, rats, deer, mongoose, and chickens. The genomic sequences are differ-
ent among HEV isolates from different hosts in different geographical areas. HEV 
is classifi ed into the family  Hepeviridae . A new proposed consensus for HEV clas-
sifi cation [ 97 ] divides the  Hepeviridae  family in two genera:  Orthohepevirus  and 
 Piscihepevirus . The latter currently includes only isolates from cutthroat trout. The 
genus  Orthohepevirus  is further subdivided into four species:  Orthohepevirus A , 
with isolates from humans, pigs, wild boars, deer, mongoose, rabbits, and camels, 
and  Orthohepevirus B ,  C , and  D , with isolates from other mammals or from birds. 
 Orthohepevirus A  is additionally divided into at least seven genotypes (genotypes 
1–7). Genotypes 1–4 are recognized to infect humans and can cause hepatitis 
E. Genotypes 1 and 2 are exclusively human HEV strains, whereas HEV genotypes 
3 and 4 can also infect other animal species, particularly domestic pigs and wild 
boars. Each HEV genotype has a specifi c geographic distribution. The worldwide 
distribution of genotypes 1–4 is shown in Fig.  3.2 .

  Fig. 3.2    Distribution of the HEV genotypes of viral isolates obtained from humans and animals 
(mainly pigs). The colors used for each country and the circle associated with it represent the pre-
dominant HEV genotypes of human and animal isolates, respectively, from that country (The fi g-
ure is based on data from Okamoto [ 83 ] and Aggarwal [ 4 ])       
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3.3.1       Asia 

 The only HEV genotype that has been identifi ed during the large waterborne out-
breaks of HEV in India and in the neighboring South Asian countries, such as 
Nepal, Pakistan, and Bangladesh, is genotype 1. Additionally, HEV isolates from 
sporadic cases in these countries also belong to genotype 1. The nucleotide 
sequences of these isolates are highly homologous, indicating that genotype 1 is the 
dominant cause of hepatitis E disease in this region [ 98 ]. However, HEV isolates 
from pigs in India were identifi ed as genotype 4 [ 13 ], indicating that different HEV 
genotypes can circulate in humans and pigs within the same country. 

 HEV strains isolated from the Xinjiang epidemic in 1988–1990, which were the 
fi rst HEV strains analyzed in China, were assigned to genotype 1 [ 70 ]. Additionally, 
most of the HEV strains isolated prior to 2000 from regions across China also 
belong to genotype 1. However, genotype 4, which has been identifi ed in most 
regions of China over the last 10 years, has overtaken genotype 1 in its frequency of 
isolation nationwide. Genotype 3 HEV strains have also been found in China and 
are thought to have been imported from Japan. Both genotypes 3 and 4 of HEV have 
been found in humans and pigs, and cross-species transmission of these two geno-
types from pigs to humans may have occurred. Currently, HEV genotypes 1, 3, and 
4 coexist in China, but genotype 4 is the predominant genotype in this country [ 70 ]. 

 HEV genotypes 3 and 4 have been consistently dominant in East and Southeast 
Asian countries, such as Japan [ 58 ], Korea [ 54 ], and Singapore [ 102 ]. Hepatitis E 
shows a sporadic, non-endemic epidemiologic pattern in this area, and HEV strains 
of genotype 3 or 4 have been isolated from patients with autochthonous hepatitis E 
in these countries. 

 Large outbreaks and sporadic cases of hepatitis E have both been reported in 
Central Asia. The HEV strains isolated from outbreaks or sporadic cases in 
Turkmenistan were identifi ed as belonging to genotype 1 [ 6 ]. In Kyrgyzstan, another 
Central Asian country, genotype 1 HEV strains were detected from patients during 
an outbreak, while the HEV strains detected from pigs in this country belong to 
HEV genotype 3 [ 71 ].  

3.3.2     Africa 

 Data on the circulating HEV genotypes are available for nine African countries 
[ 61 ]. Based on these limited data, genotype 1 appears to be the most prevalent HEV 
genotype in Africa, as it was found in the Central African Republic [ 35 ], Sudan 
[ 82 ], Chad [ 82 ,  111 ], Egypt [ 15 ,  26 ], and Namibia [ 47 ]. Genotype 2 HEV, which 
was fi rst reported in an outbreak in Mexico, was subsequently identifi ed in patients 
in West Africa, Nigeria [ 18 ], Chad Nicand [ 35 ,  82 ], and Namibia [ 47 ,  72 ]. Genotype 
3 HEV is rare in African countries and was found in one Egyptian child [ 57 ] and in 
one acute hepatitis patient in Mayotte (originally from France) [ 33 ]. Studies of 
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Ghanaians suggest that the anti-HEV antibody seroprevalence among pig handlers 
is over 34 % and that the predominant HEV genotypes in Ghana may be of zoonotic 
origin [ 1 ,  2 ]. 

 Notably, the HEV genotype distribution can differ between neighboring coun-
tries, as was demonstrated by one study in Sudan and Chad reporting that genotype 
1 HEV was more common in Sudan, while genotype 2 HEV was more common in 
Chad [ 82 ].  

3.3.3     America 

 Genotype 3 HEV was fi rst identifi ed in human cases of locally acquired hepatitis E 
in the USA [ 65 ,  92 ]. However, the incident rates of hepatitis E are relatively low in 
the USA and in Canada. Only a few of the reported acute hepatitis E cases were 
acquired domestically. All of the HEV strains isolated from patients without a his-
tory of travel to a foreign county were identifi ed as genotype 3 [ 30 ,  106 ,  118 ]. 
Genotype 3 HEV is also prevalent in pigs in North America. 

 In Latin America, molecular characterization studies identifi ed the prototype 
strain for genotype 2 HEV (M74506) on the basis of characterization of a single 
strain, but subsequent studies found that some cases in this area were caused by 
genotype 3 HEV strains [ 32 ]. Epidemic outbreaks and sporadic cases of hepatitis E 
were also reported from Cuba; the 23 HEV strains recovered from two outbreaks 
and from 12 sporadic cases were all clustered within genotype 1 in phylogenetic 
trees [ 114 ]. In recent studies performed in Venezuela, the sequences of two strains 
of HEV genotype 1 and of one strain of HEV genotype 3 were detected in three 
sporadic cases. Genotype 3 HEV RNA was also found in samples from hepatitis E 
patients in Argentina, Brazil, Uruguay, and Southwest Bolivia [ 29 ,  76 ,  78 ]. These 
data confi rm the co-circulation of HEV genotypes 1 and 3 in the Caribbean region. 
However, additional fi ndings are still needed to confi rm the presence of HEV geno-
type 2 in Mexico.  

3.3.4     Europe 

 Since the 1990s, travel-associated imported cases of HEV infection have been 
reported in many European countries: in the UK from India and Saudi Arabia; in the 
Netherlands from Bangladesh, Somalia, and the Middle East; and in Sweden and 
Turkey [ 67 ]. The clinical features of these patients were similar to those in HEV- 
endemic countries, and all of the HEV strains linked to these imported infections 
belong to genotype 1. In contrast, most of the hepatitis E cases in European coun-
tries, such as the UK, Germany, Dutch, Spain, Sweden, Czech Republic, and France, 
in which the infection was acquired from within Europe, rather than from travel 
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outside of this area, are caused by HEV genotype 3 [ 9 ,  67 ]. Therefore, genotype 3 
HEV is considered to be the autochthonous type in Europe. 

 In 2008, a genotype 4 HEV infection was reported in a German patient with no 
travel history [ 117 ]. A genotype 4 HEV strain was then detected in Belgian swine in 
2011 [ 44 ], and the fi rst autochthonous genotype 4 infection was reported in France 
[ 105 ], followed by two other cases in southern France associated with the consump-
tion of uncooked pork liver sausage [ 23 ]. In 2011, 280 HEV RNA-positive infections 
were identifi ed by the National Reference Centre for HAV and HEV, including nine 
infections due to HEV genotype 4 [ 53 ]. During 2011, fi ve persons in the area of Lazio, 
Italy, were infected with a strain of HEV genotype 4 that showed high sequence 
homology with HEV isolates from swine in China [ 40 ]. These patients all lived in the 
same area and did not travel to disease-endemic areas, and epidemiologic information 
was unable to identify the transmission route. Strong sequence similarity (>96 %) was 
observed between the HEV isolates from human cases in northern and southern 
France and the strain isolated from swine in Belgium [ 16 ]. Overall, HEV genotypes 3 
and 4 overlap in Europe, but genotype 3 seems to be more prevalent.  

3.3.5     New Zealand and Australia 

 In New Zealand, HEV genotype 3 was isolated from four patients with unexplained 
hepatitis [ 25 ]. In Australia, there are few reported cases of locally acquired HEV; 
cases of hepatitis E are mainly travelers returning from disease-endemic countries 
[ 96 ]. Data from the Commonwealth Department of Health in Australia indicate that 
there were 378 reported HEV cases from 1999 to 2013, with an average of 25 cases 
per year, but the genotypes of the HEV strains responsible for these cases were not 
defi ned [ 96 ].   

3.4     Epidemiologic Patterns of HEV Infection 

 HEV is considered hyperendemic in many developing countries, such as India, 
Bangladesh, Egypt, Mexico, and China. According to the Centers for Disease 
Control and Prevention, USA, hyperendemic countries carry a prevalence of 25 % 
of all non-A, non-B acute hepatitis cases or have experienced a major waterborne 
outbreak of hepatitis E; in contrast, HEV is considered endemic in places with a 
quantifi able prevalence of all reported non-A, non-B acute hepatitis that is less than 
25 % [ 121 ]. Endemic countries and regions include much of Western Europe, the 
USA, New Zealand, many countries in South America, much of Asia, and the 
Middle East [ 121 ]. In these places, HEV infection is infrequent and occasionally 
occurs as sporadic cases [ 86 ]. 

 Distinctly different epidemiologic patterns have been observed in the geographi-
cal regions where hepatitis E is hyperendemic compared with those in areas where 
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it is endemic. These two distinct patterns seem to correlate with the distribution of 
HEV genotypes, disease prevalence, frequencies of various transmission routes, 
affected population groups, and clinical characteristics of the disease (Table  3.7 ).

3.4.1       The Epidemiologic Patterns of Infection with HEV 
Genotypes 1 and 2 

 Hepatitis E in hyperendemic areas, located in tropical and subtropical regions with 
poor sanitation, has characteristic epidemiological features. Namely, it occurs as 
both an epidemic and a sporadic disease, affects a large part of the population, and 
is largely due to genotype 1 or genotype 2 HEV strains. 

3.4.1.1     Reservoirs of HEV Genotypes 1 and 2 in Endemic Regions 

 In hyperendemic countries, hepatitis E is a waterborne infection caused mainly by 
genotype 1 or genotype 2 HEV. Because neither HEV genotype 1 nor HEV geno-
type 2 has ever been isolated from animals and both of these genotypes failed to 
infect pigs in experimental studies, zoonotic transmission appears unlikely to be 
responsible for the prevalence of HEV of these two genotypes. Their potential res-
ervoir may be a continuously circulating pool of individuals with clinical or sub-
clinical HEV infection. Punctuated by occasional dramatic outbreaks involving 
thousands or tens of thousands of cases, sporadic HEV cases occur throughout the 
year, and together these infections likely contribute to the HEV reservoir that is 
responsible for maintaining the disease in a given population [ 4 ]. 

 The detection of HEV genotypes 1 and 2 in sewage indicates that it may play an 
important role as an environmental reservoir of HEV [ 49 ]. Studies of cynomolgus 
macaques experimentally infected with HEV found that infection in this model pro-
duces protracted viremia and prolonged fecal shedding of HEV [ 5 ,  46 ]. Similar 
fecal shedding of the virus by persons with subclinical HEV infection could lead to 
the continuous maintenance of a source of infection in a disease-endemic area. This 

   Table 3.7    Epidemiological features of hepatitis E in hyperendemic and endemic areas   

 Feature  Hyperendemic areas  Endemic areas 

 HEV genotypes  1 and 2  3 and 4 
 HEV reservoirs  Human  Animals 
 Transmission  Waterborne  Zoonotic 
 Outbreaks  Yes  No 
 Person-to-person 
spread 

 Very limited  No 

 Seasonality  Yes, outbreaks occur at times of 
fl ooding/monsoon 

 No, but relatively higher in 
spring in China 
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pool of infection could, in turn, lead to periodic contamination of drinking water 
supplies.  

3.4.1.2     Outbreaks of Hepatitis E 

 Outbreaks of hepatitis E have been documented exclusively in resource-limited 
countries or in regions undergoing a humanitarian emergency, where there were 
overcrowding and limited access to potable water, proper sanitation, and hygiene. 
Hepatitis E outbreaks have been reported in Asia, the Middle East, North and West 
Africa, and Central America (Mexico), which are all considered to be hyperen-
demic areas of HEV infection. HEV outbreaks can generally be traced back to con-
taminated water sources and may affect several hundreds to several thousands of 
individuals. The occurrence and magnitude of outbreaks are strongly associated 
with the hygienic conditions and population density (Table  3.8 ).

    The fi rst retrospectively (serologically) confi rmed HEV outbreak occurred in 
New Delhi, India, in 1955–1956 with more than 29,000 symptomatic jaundiced 
persons [ 115 ]. In India, HEV is responsible for large outbreaks, and the source of 
infection is usually a contaminated water supply. According to the surveillance 
across all Indian states conducted by the National Integrated Disease Surveillance 
Programme (IDSP) in India [ 63 ], 291 hepatitis outbreaks were reported to the IDSP 
during 2011–2013. Twenty-three (65.7 %) of the 35 states in India reported at least 
one hepatitis outbreak, and fi ve states reported more than 20 outbreaks. Among the 
163 reported outbreaks with known etiology, 78 (48 %) were caused by hepatitis E, 
and 19 (12 %) were caused by both hepatitis A and E. Additionally, contaminated 
drinking water was identifi ed as the cause for 72 % (109 of 151) of the hepatitis A 
and E outbreaks and was implicated in 49 (38 %) of the 128 outbreaks for which 
laboratory confi rmation was not available. More outbreaks were reported from rural 

   Table 3.8    Selected reported large outbreaks of hepatitis E   

 Location  Years  Cases  Transmission  References 

 India  1955–1968  29,300  Waterborne  [ 115 ] 
 Kashmir  1978–1979  >270  Waterborne  [ 60 ] 
 Mexico  1986  >200  Contaminated well water  [ 112 ] 
 Ethiopia  1988–1989  >750  After monsoon rains  [ 107 ] 
 India  1991  79,000  Contaminated river water  [ 81 ] 
 China  1991  119,000  Waterborne  [ 100 ] 
 Vietnam  1994  >300  After heavy rains  [ 24 ] 
 Pakistan  1993–1994  3827  Contaminated plant water  [ 89 ] 
 Nepal  1995  692  Contaminated drinking water  [ 22 ] 
 Sudan  2004  >2600  Safe water insuffi cient  [ 43 ] 
 Uganda  2008  >10,000  Substantial person to person  [ 104 ] 
 Bangladesh  2010  >62  Contaminated tap water  [ 45 ] 
 Sudan  2014–2015  >1117  Safe water insuffi cient  [ 17 ] 
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areas (199/291, 68 %) than from urban areas (92/291, 32 %). The large number of 
hepatitis A and E outbreaks in India might be explained in part by the lack of ade-
quate sewage and sanitation systems; defecation in open fi elds, which can contami-
nate surface drinking water sources, remains a common practice in this region [ 63 ]. 

 The fi rst documented outbreak of HEV infection in Africa likely occurred in 
1950 in Tunisia, and HEV outbreaks have been detected in 11 African countries 
since the 1980s [ 103 ]. In recent years, some hepatitis E outbreaks have been reported 
from areas in Africa with confl ict, violence, and major human displacement [ 61 , 
 103 ]. Several HEV outbreaks have occurred in refugee camps. From April 2014 to 
January 2015, a total of 1117 suspected cases of HEV, with 21 (1.9 %) deaths, were 
reported among refugees residing in the Gambella region [ 17 ]. The limited avail-
ability of facilities for safe drinking water or for the proper disposal of human feces 
in refugee camps appears to have been the main cause for the spread of HEV infec-
tion [ 17 ]. 

 In North America, two outbreaks of hepatitis E took place in two Mexican vil-
lages in 1986–1987. In the village of Huitzila, 94 icteric cases were found among 
their 1157 residents; of these, two patients died. In Telixtac, 129 icteric cases were 
recorded among their 2194 inhabitants, with death reported in one patient [ 112 ]. 
Hepatitis E has not been reported since from Mexico; nevertheless, the country is 
considered hyperendemic for HEV [ 59 ]. 

 Hepatitis E incidence in South Asia has been characterized by marked seasonal-
ity, with outbreaks occurring during the rainy or monsoon seasons. These epidemics 
have been documented in April and October in countries such as India, Bangladesh, 
and Nepal [ 22 ,  42 ,  63 ]. 

 During outbreaks, HEV mainly targets young to middle-aged adults, generally 
15–40 years of age, with a signifi cantly lower seroprevalence in individuals <10 
years old. Overall the attack rates during hepatitis E outbreaks range from 1 to 15 
%, with males generally outnumbering females (male/female ratio = 2–3:1), sug-
gesting that males are more likely to be affected by hepatitis E than females. In 
outbreaks in Pakistan and Nepal, the ratios of patients with mild anicteric symptoms 
to patients with severe jaundice were 4:1 and 3:1, respectively [ 99 ]. 

 The clinical symptoms of HEV infection are typical of acute viral hepatitis and 
include jaundice, malaise, anorexia, nausea, abdominal pain, fever, and hepatomeg-
aly; anicteric hepatitis is also observed [ 80 ]. The disease is self-limiting, and no 
chronic sequelae are generally reported. A unique clinical feature of HEV infection 
is its increased incidence and severity in pregnant women, with mortality rates of 
15–20 % [ 60 ]. Pregnant women with jaundice and acute viral hepatitis due to HEV 
showed higher mortality rates and worse obstetric and fetal outcomes than those 
with other types of viral hepatitis [ 85 ].  

3.4.1.3     Sporadic Hepatitis E in High-Endemic Regions 

 In HEV-endemic areas, epidemics of hepatitis E are more frequent and are usually 
separated by a few years. A periodicity of 5–10 years has been suggested for recur-
ring HEV epidemics in India, China, and certain Central Asian republics of the 
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former Soviet Union. Cyclic outbreaks have been documented in the tropics of Asia 
and Africa. In hyperendemic regions, hepatitis E continues to occur between epi-
demics in the form of sporadic hepatitis, irrespective of the age group [ 4 ]. In India, 
although the peak incidence occurs during the rainy season, low levels of HEV 
infection continue through the winter [ 9 ]. In the high-endemic regions, the sporadic 
patients and those patients during hepatitis E outbreaks share several epidemiologi-
cal and clinical characteristics, such as predominant affl iction of adolescents and 
young adults, the association between pregnancy and severe disease, and clinical 
presentation as acute hepatitis.   

3.4.2     Epidemiologic Pattern of HEV Infection 
in Industrialized Countries 

 In contrast to the larger epidemics and outbreaks of genotype 1 and genotype 2 HEV 
in developing countries, autochthonous hepatitis E in industrialized countries is 
considered prevalent but is only limited to sporadic cases caused by HEV genotype 
3 or genotype 4. Pigs, and likely many other animals, are natural reservoirs of HEV 
genotypes 3 and 4, and most infections are related to zoonotic transmission (details 
in Chap.   6    ). 

 HEV genotypes 3 and 4 seem to be much less virulent in humans than HEV 
genotypes 1 and 2. In immunocompetent individuals, HEV infections are usually 
asymptomatic and have no consequences. A careful investigation performed on 
people involved in an outbreak of genotype 3 HEV infection associated with shell-
fi sh intake among the passengers of a cruise ship found 11 cases of acute hepatitis 
and 22 asymptomatic infections [ 91 ]. A large prospective vaccination study in 
China showed that fewer than 5 % of those exposed to genotype 4 HEV develop 
signs of acute hepatitis E [ 124 ]. Another study reported that, as in adults, hepatitis 
E caused by genotype 3 HEV is very rarely symptomatic in children [ 116 ]. 
Additionally, in agreement with the typical male-to-female infection rate for HEV, 
an analysis of sporadic cases of acute hepatitis due to genotype 3 HEV found that 
the likelihood of infection was signifi cantly higher among men than among women 
[ 91 ]. 

 In recent years, the number of reported HEV cases in many developed countries 
has risen sharply, whereas the detected prevalence of antibodies against HEV in 
serum has remained fairly constant [ 88 ]. This observation suggests that the increase 
in cases of hepatitis E reported to the Robert Koch Institute likely arises from an 
increased awareness, rather than an increased incidence, of this disease [ 88 ]. An 
increase in the number of HEV infections acquired in developed countries and the 
discovery of chronic hepatitis E in immunosuppressed individuals have dispelled 
the perception of hepatitis E as merely an acute tropical illness, thus lending new 
importance to this infectious disease.  
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3.4.3     The Shifting Epidemiologic Pattern of Hepatitis E 
in China 

 China is generally considered to be an HEV-endemic area. The extended water-
borne outbreak of 1989 in Xinjiang Province, northwestern China, resulted in 
120,000 cases. The outbreak was caused by HEV genotype 1 and affected mainly 
young adults. Since then, a couple of outbreaks of different scales caused by geno-
type 1 HEV have been reported in different geographical areas. However, since 
2000, hepatitis E has mainly occurred as sporadic cases and occasional food-borne 
outbreaks, and no HEV outbreaks have been reported in recent years, suggesting a 
transition from a high-endemicity pattern to a low-endemicity pattern. Currently, 
the predominant circulating HEV genotype is genotype 4, with only occasional 
genotype 1 cases, and the sporadic cases of hepatitis E are more common in elderly 
men [ 41 ,  70 ]. This pattern of infection is similar to that seen in Europe with geno-
type 3 HEV. 

 The trend of diminishing numbers of HEV outbreaks is in accordance with the 
shift in the prevalence of HEV genotypes over the past 20 years that has been 
observed in China and some other countries. The reason for this shift toward geno-
type 4 HEV as the predominant genotype in China is unclear, but it might refl ect the 
improvements in water supply and sanitary conditions in China over the past few 
decades, allowing zoonotically transmitted genotype 4 HEV to become dominant in 
the human population.   

3.5     HEV Prevention and Control 

 As an enterically transmitted virus, HEV is primarily transmitted by the contamina-
tion of drinking water and undercooked meat products. Proper disposal of human 
feces, consumption of clean water, sanitary handling and proper cooking of meat 
products, and education about personal hygiene help prevent this disease. 

 Passive immunoprophylaxis with antibodies against HEV capsid was successful 
in treating hepatitis E in cynomolgus monkeys [ 108 ]. Although there are four HEV 
genotypes, all known HEV strains share common epitopes on their capsid genes, 
suggesting that they belong to a single serotype [ 93 ]. Therefore, a protective vaccine 
against a broad spectrum of HEV isolates should be possible. Various recombinant 
capsid proteins expressed in insect cells and  Escherichia coli  were reported to be 
successful recombinant vaccines conferring protection against both homologous 
and heterologous HEV strains [ 33 ,  69 ,  109 ]. Two subunit vaccines have been devel-
oped against HEV infection and have been shown to be highly protective against 
clinical hepatitis E in clinical trials [ 95 ,  124 ]. The fi rst of these vaccines is a 56-kDa 
protein encoded by the ORF2 of a genotype 1 HEV strain that is expressed in insect 
cells. In a trial among 2000 volunteer Nepalese soldiers, three doses of 20 μg of the 
56-kDa protein (at 0, 1, and 6 months) achieved 100 % seroconversion and a protec-
tive effi cacy of up to 95.5 % (95 % CI, 85.6–98.6 %) during a 2-year follow-up [ 95 ]. 
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The second vaccine, a 26-kDa protein encoded by the ORF2 of a genotype 1 HEV 
strain, is expressed in  E. coli  and occurs as viruslike particles of 23 nm in diameter 
[ 124 ]. In the phase II study and the phase III trial, this vaccine was found to be safe 
and immunogenic, and it conferred protection against HEV infection [ 122 ,  124 ]. 
This vaccine has been licensed with the commercial name of Hecolin for use in 
China since 2012. A study addressing the long-term effi cacy of this vaccine was 
carried out over 4.5 years in which the effi cacy, immunogenicity, and safety of the 
vaccine were evaluated in a vaccinated group of 56,302 participants in comparison 
with a control group of 56,302 participants. In this study, 60 cases of hepatitis E 
were identifi ed, of which only seven belonged to the vaccinated group, revealing 
that the effi cacy of this vaccine is 87 %. No issues concerning the safety of the vac-
cine were observed [ 123 ]. The use of the vaccine should be considered to mitigate 
or prevent outbreaks of hepatitis E infection, especially in high-risk groups, such as 
pregnant women.  

3.6     Conclusion 

 Hepatitis E is highly endemic in several developing countries in Asia and Africa 
where contamination of water supplies and lack of adequate sanitation are frequent. 
In developed countries, autochthonous cases of HEV infection are sporadic, and the 
importance of animal reservoirs has become clear. The clinical and epidemiological 
characteristics of hepatitis E in hyperendemic and endemic countries are summa-
rized as follows:

  In Developing Countries 

•   Hepatitis E occurs as outbreaks or sporadic cases.  
•   Outbreaks are generally caused by genotype 1 or genotype 2 HEV strains through 

water contamination.  
•   The highest attack rate appears to be among individuals between 15 and 40 years 

of age.  
•   HEV infection is self-limited and has no chronic sequelae.  
•   Hepatitis E occurs more often in pregnant women than in nonpregnant women or 

men, and pregnant women with hepatitis E have a high mortality rate (10–25 %).   

  In Developed Countries 

•   Hepatitis E is mostly caused by HEV of genotype 3 or 4.  
•   The main routes of HEV transmission are probably zoonotic and food-borne; 

person-to-person transmission is rare.  
•   The estimated HEV infection incidence varies among different age groups, and 

the males of aged 50 years or older account for most of the total patients.  
•   Chronic HEV infections have been observed in immunocompromised 

individuals.        
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