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There are many similarities in the epidemiology and transmission of hepatitis A virus (HAV)
and hepatitis E virus (HEV) genotype (gt)3 infections in the United States. Both viruses are
enterically transmitted, although specific routes of transmission are more clearly established
forHAV than forHEV:HAV is restricted to humans andprimarily spread through the fecal–oral
route, while HEV is zoonotic with poorly understood modes of transmission in the United
States. New cases of HAV infection have decreased dramatically in the United States since
infant vaccination was recommended in 1996. In recent years, however, outbreaks have
occurred among an increasingly susceptible adult population. Although HEV is the most
common cause of acute viral hepatitis in developing countries, it is rarely diagnosed in the
United States.

T
he incidence of hepatitis A virus (HAV) in-
fection has been declining in the United

States since infant vaccination was initially
recommended in 1996 (see cdc.gov/hepatitis/
statistics/2015surveillance/commentary.htm). In-
fections in the United States are typically seen
in travelers returning from endemic countries,
but outbreaks have increasingly been linked
to foods imported from endemic countries
(Klevens et al. 2010; Collier et al. 2014). Com-
munity-wide outbreaks continue to occur in
high-risk populations, such as men who have
sexwithmen (MSM), the homeless, and persons
who use illicit drugs, and appear to be more
severe in older populations and populations
with underlying medical conditions (Villano

et al. 1997; Bialek et al. 2011; Collier et al.
2014; Centers for Disease Control and Preven-
tion [CDC], unpubl.). Despite being a vaccine-
preventable disease, the changing epidemiology
of HAV has led to increased susceptibility in
older persons who are more likely to suffer
from more severe disease, highlighting the sig-
nificance of HAV as an important pathogen in
terms of public health and its burden on the
medical system.

Hepatitis E virus (HEV), also an enterically
transmitted RNA virus, is a significant cause of
acute viral hepatitis worldwide. In developing
countries, there are an estimated 20 million in-
cident HEV infections annually, 3.3 million
of which are symptomatic, resulting in an esti-
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mated 26,700 deaths in 2015 (Rein et al. 2012;
Global Burden of Disease 2015 Mortality and
Causes of Death Collaborators 2016). HEV in-
fection has two distinct epidemiological profiles:
in developing countries HEV genotype (gt)1
(and occasionally gt2 and gt4) presents as
sporadic disease and as large outbreaks primar-
ily associated with fecally contaminated drink-
ing water, although in developed countries HEV
gt3 presents as sporadic disease (Teshale et al.
2010). These isolated clinical cases were tradi-
tionally associated with travel to endemic
areas; however, in the past two decades, locally
acquired (autochthonous) HEV infection has

been increasingly recognized in developed
countries, including the United States.

EPIDEMIOLOGY OF HAV IN THE
UNITED STATES

The success of childhood vaccination has made
HAV infection rarer in the United States than in
the past (Fig. 1) (Murphy et al. 2016). Despite
this dramatic success, and the herd immunity it
generates throughout the U.S. population, chal-
lenges persist as susceptible persons continue to
be exposed to contaminated foods as well as
other unidentified risks (Murphy et al. 2016).
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Figure 1. Incidence of hepatitis A in the United States. (A) Cases of acute hepatitis A per 100,000 population
reported to theNational Notifiable Diseases Surveillance System, United States, 1966–2013. (Panel fromMurphy
et al. 2016; reproduced courtesy of the Centers for Disease Control and Prevention © 2016.) (B) Incidence of
hepatitis A virus by age group—United States, 2000–2015. (Source: CDC, National Notifiable Diseases Surveil-
lance System, 2015.)
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Patterns of HAV disease occur in three
distinct ways according to endemicity of disease
(Shapiro and Margolis 1993). In developing
countries with poor sanitary infrastructure,
high infection rates occur among exposed
children who develop immunity without ever
being symptomatic, and outbreaks are infre-
quent (Shapiro and Margolis 1993). Countries
with intermediate levels of disease experience
increased numbers of susceptible adults and oc-
casional, large outbreaks (Shapiro and Margolis
1993). Countries with adequate sanitation
infrastructure have low rates of infection and
infrequent outbreaks as long as the disease is
not introduced into the population from an
external source (Shapiro and Margolis 1993;
Klevens et al. 2015). In the United States, during
the transition from intermediate-to-low HAV
endemicity, temporal increases in HAV infec-
tion and community outbreaks arose every
10–15 years (Fig. 1A) (Murphy et al. 2016). Geo-
graphic variability ofHAVdiseasewas alsomore
extreme in the United States prior to the avail-
ability of vaccine (Daniels et al. 2009). In 1995,
the incidence of HAV infection in the United
States ranged from 1.1 per 100,000 per year
in Kentucky and New Hampshire to 86.7 per
100,000 in Oregon (Daniels et al. 2009). As
vaccination coverage increased, incidence rates
declined and temporal and geographic variabil-
ity disappeared (Fig. 2) (Denniston et al. 2015).
In 1996, 31,032 cases were reported to the

CDC National Notifiable Diseases Surveillance
System (NNDSS); after correcting for under-
reporting, it is estimated that around 80,000 cas-
es occurred (Bell et al. 1998). In 2015, the most
recent year for which data are available, 1398
cases were reported to NNDSS; after correcting
for underreporting, it is estimated that ∼2800
cases occurred (see cdc.gov/hepatitis/statistics/
2015surveillance/commentary.htm).

Previous studies showed that persons who
cannot identify a source of exposuremay acquire
HAV infection from an asymptomatic or unrec-
ognized case (Bell et al. 1998). In the pre-vacci-
nation era, asymptomatic children, in particular,
were thought to be the source of infection
among cases with unknown risk factors (Bell
et al. 1998). Outbreaks among children and staff
at day care centers have been recognized since
the 1970s (Shapiro andHadler 1991). During an
investigation of a community-wide outbreak, an
asymptomatic child ≤6 years old was found in
the households of 30% of cases (Bell et al. 1998).
The epidemiologic paradigm of asymptomatic
infected children being a frequent source of in-
fection changed with the introduction of child-
hood hepatitis A vaccination.

During 1983–1995, HAV infection occurred
primarily in persons 15 to 29 years of age, largely
the result of local sustained outbreaks (Bell et al.
1998). Risk factor information was unknown in
52% of cases but the most frequently reported
risk factors were history of intravenous drug use,
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Figure 2. Annual average incidence of reported cases of acute hepatitis A in the United States by county, pre-
vaccine (1987–1997) and post-vaccine (2007) introduction. (From Murphy et al. 2016; reproduced courtesy of
the Centers for Disease Control and Prevention 2016.)
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and sexual or household contact with an HAV-
infected case; travel was identified in only 4% of
cases (Bell et al. 1998). In 2005–2007, however,
among HAV cases with identified risk factor
information, international travel was the most
frequently described potential source of infec-
tion (Klevens et al. 2010). As the U.S. hepatitis A
vaccination strategy has recommended vaccina-
tion for travelers since 1996, this suggests that
there is a need for improved vaccine recommen-
dation awareness among both travelers and clin-
ical providers.

HAV does not produce long-lasting infec-
tion, and humans are the only natural reservoir,
so reduction in disease incidence should be sus-
tained by maintaining a high level of population
immunity through ongoing routine vaccination
of infants and young children (Bell et al. 1998).
Recent increases in HAV infection are primarily
affecting the adult population, particularly those
who suffer from medical comorbidities (Collier
et al. 2014, 2015; Klevens et al. 2015).

Data from the National Health and Nutri-
tion Examination Survey (NHANES) show that
the prevalence of antibodies against HAV (anti-
HAV) among adults is low, likely because of the
success of childhood immunization (Klevens
et al. 2015). During 2007–2013, the prevalence
of anti-HAV was below 20% among adults
aged 30 to 49 years, which indicated a lack of
immunity in this age group. This is thought to
be because of the fact that 30- to 49-year-olds
did not benefit from expansion of childhood
hepatitis A vaccination recommendations in
1996 and later, and that there was also lack of
HAVexposurewhen these individuals were chil-
dren (Denniston et al. 2015; Klevens et al. 2015).
A shift toward decreasedHAV immunity among
U.S.-born adults with increased use of hepatitis
A vaccination and higher anti-HAV prevalence
among children suggests that U.S. children are
no longer a major source of HAV infection for
susceptible adults (Klevens et al. 2015).

Despite vaccination efforts, large outbreaks
have occurred because susceptible adults are in-
creasingly being exposed to contaminated food
imported fromHAV-endemic countries (Collier
et al. 2014; Ly and Klevens 2015). In 2014,
21,461,300 metric tons of fruits and vegetables

were imported into the United States compared
with 12,858,800 metric tons of fruits and vege-
tables imported in 2000 (see ers.usda.gov/data-
products/us-food-imports/us-food-imports).

HAV infections among older individuals
continue to pose public health and clinical chal-
lenges because HAV causes more severe disease
among older patients with liver disease and co-
morbid medical conditions (Collier et al. 2015).
The increase over time in the proportion of cases
who are hospitalized reflects the simultaneous
increase over time in HAV infection among
the susceptible older adult population, resulting
in more severe disease (Ly and Klevens 2015).
Since 1996, it has been recommended that per-
sons with chronic liver disease, including those
with hepatitis B virus (HBV) and hepatitis C
virus (HCV) infection, receive hepatitis A
vaccination (Bell et al. 1996). Despite this
recommendation, the 2011 Multiple Cause of
Death (death certificate) data showed that 39%
of deaths related to HAV infection had “other
hepatitis” and 28% had “cirrhosis, fibrosis, and
other liver diseases,” indicating vaccination
was likely not received (Ly and Klevens 2015).
Examination of hepatitis A immunity and vac-
cination among chronic HCV patients in a large
U.S. cohort during 2006–2008 revealed that 56%
showed immunity or had documented vaccina-
tion against hepatitis A (Henkle et al. 2015). In
2015, only 9% of adults with chronic liver dis-
ease had received hepatitis Avaccination nation-
wide (Williams et al. 2017). Although overall
adult vaccination coverage remains low for all
vaccines, clinicians should be aware of the hep-
atitis A vaccination recommendations and the
changing epidemiology of hepatitis A infection
in the United States, and consider vaccinating
adults in recommended risk groups (Collier
et al. 2015).

Molecular epidemiology is increasingly be-
ing used to understand transmission networks
of persons with similar risk exposures. Molecu-
lar epidemiology alone usually has limited
public health utility; however, when combined
with reliable and accurate epidemiologic data, it
has the potential to generate actionable public
health information (Nainan et al. 2005; Klevens
et al. 2010). More than 80% of surveillance spec-
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imens tested by the Division of Viral Hepatitis
Laboratory at CDC are genotype IA, with ∼16%
being genotype IB (Y Khudyakov, unpubl.).
Both genotype IA and IB are the most common
circulating genotypes in the world. Genotype IA
is seen in North and South America and geno-
type IB in the Middle East and North Africa
(Vaughan et al. 2014).

TRANSMISSION OF HAV WITHIN
THE UNITED STATES

In the United States, transmission of HAV is
typically person-to-person through the fecal–
oral route and occurs among high-risk groups
and populations likely to develop severe disease,
including travelers to endemic countries, MSM,
persons who use illicit drugs, and persons with
chronic liver disease. Foodborne, waterborne,
and blood transfusion– and organ transplanta-
tion–associated outbreaks are rare but continue
to occur (Collier et al. 2014; Foster et al. 2017).

Among cases of HAV infection with risk
factor data reported in the United States,
∼46% are attributable to international travel to
endemic countries (Klevens et al. 2010). The risk
of developing hepatitis A infection among sus-
ceptible travelers ranges from 3 to 20 per 1000
travelers (Khuroo 2003; Fiore et al. 2006). The
proportion of cases attributable to international
travel includes cases who did not travel but
reported exposure to a traveler (Khuroo 2003).
Vaccination has been recommended for inter-
national travelers since 1996, but awareness and
uptake of the vaccine prior to travel has been
lacking, with up to 65% of U.S. international
travelers reportedly unaware that vaccination
prior to travel was available or recommended,
and vaccine coverage among travelers ∼16% in
2015 (Liu et al. 2015; Williams et al. 2017).

Outbreaks of HAV have been well docu-
mented among MSM in the United States
(Cotter et al. 2003). Although it is possible that
the virus could be transmitted sexually because
of the short course of viremia, transmission is
more likely the result of close personal contact
and specific sexual practices, notably oral–anal
or digital–anal contact (Bialek et al. 2011). Hep-
atitis A vaccine was recommended for MSM by

the Advisory Committee on Immunization
Practices (ACIP) in 1996, but vaccine uptake
remains low (Williams et al. 2017).

HAV infection is also found at high frequen-
cy among persons who use illicit drugs (Villano
et al. 1997). There is no evidence that injection
of drugs contributes substantially to the high
prevalence of HAV infection in this population,
however, and it is theorized that transmission is
not bloodborne but occurs by direct person-to-
person contact related to crowding and poor
hygiene (Villano et al. 1997).

In 2017, hundreds of reportedly homeless
individuals were involved in multiple large hep-
atitis A outbreaks in the United States (CDC,
unpubl.). Despite previously described out-
breaks in this population, homeless individuals
have not been considered a high-risk group un-
der current ACIP hepatitis A vaccine recom-
mendations (Bell et al. 1996; Tjon et al. 2005;
Hennessey et al. 2009). Anti-HAV prevalence
among homeless populations in the United
States is unknown; few seroprevalence studies
have been conducted and NHANES does not
include this population. It is difficult to deter-
mine whether challenges in maintaining hy-
giene make homelessness an independent risk
factor for HAV infection as homeless individu-
als may also have other HAV risk factors (Hen-
nessey et al. 2009).

Community-wide epidemics, commonly
seen in the pre-vaccine era, no longer occur as
frequently as in the past, but large, common
source foodborne outbreaks have occurred
with increasing frequency in the United States
in recent years. Hepatitis A is the only vaccine-
preventable foodborne disease in the United
States. Describing the epidemiology of food-
borne HAV in the United States is challenging
because of underreporting related tomisdiagno-
sis, the long incubation period (which leads to
difficulty in recalling food exposures), focal viral
contamination, and cases being geographically
and temporally widespread (Amon et al. 2005).
HAV transmission related to food could be the
result of contamination at the point of service,
usually by an infected food handler, or contam-
ination during growing, harvesting, processing,
or distribution (Fiore 2004). A single food han-
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dler who works while infectious can transmit
HAV to hundreds of persons, but as food han-
dlers are not at high risk of hepatitis A infection
owing to their occupation, universal hepatitis A
vaccine for food handlers is not recommended
at this time (Fiore 2004; Fiore et al. 2006;
Sharapov et al. 2016). Mirroring the decline in
hepatitis A incidence observed nationally, the
number of HAV-infected food-handler cases
has declined substantially since the implemen-
tation of childhood hepatitis A vaccination
(Sharapov et al. 2016).

Food items contaminated before distribu-
tion are difficult to identify; once identified, it
is often impossible to determine at what point
in the cultivation, harvesting, or processing the
contamination occurred (Fiore 2004). Recently,
HAV-contaminated frozen strawberries, pome-
granates, and scallops have been implicated in
multiple outbreaks involving a large number of
cases and multiple states (Collier et al. 2014; M
Foster, unpubl.; M Viray, unpubl.). HAV out-
breaks related to shellfish have the added
contributing factors of inappropriate harvesting
near known sources of sewage, inappropriate
discharge of sewage near shellfish beds, and
use of contaminated water to immerse harvested
live shellfish. Shellfish concentrate hepatitis A
virus through natural filtration processes (Enri-
quez et al. 1992). Foodborne HAV outbreaks
can be prevented by reducing bare-hand con-
tact with foods that are not subsequently
cooked prior to consumption, excluding food
handlers from duties that involve contact with
food while infectious, providing sanitary facili-
ties for field workers, and using treated water for
rinsing produce or to make ice for packing
(Fiore 2004).

Current water-treatment processes used in
the United States make waterborne outbreaks of
hepatitis A virus unlikely. Although waterborne
HAV outbreaks have not been reported in the
last 20 years, they have been reported previously
in relation to wells, springs, and swimming
pools (Bowen and McCarthy 1983; Bergeisen
et al. 1985; Mahoney et al. 1992). Fecal contam-
ination of these various water sources was typi-
cally from a nearby septic system. Prevention of
waterborne HAV outbreaks is best accomplished

by using and swimming in water that has been
properly treated and/or chlorinated.

PARENTERAL TRANSMISSION

Parenteral transmission of HAV through con-
taminated blood products or needles is also
rare, despite patients being viremic up to 30
days before symptom onset (Bower et al.
2000). Transmission of HAV after blood trans-
fusion has been established previously, and
prolonged infection and transmission of HAV
in a solid organ transplant recipient was recently
reported (Hughes et al. 2014; Foster et al. 2017).
No screening tests for HAV infection are
required for blood, organ, or tissue donation
in the United States, although hepatitis A vacci-
nation of transplantation candidates is recom-
mended (Fiore et al. 2006; Hughes et al. 2014).

Nosocomial transmission ofHAV is uncom-
mon because hygienic practices are generally
adhered to when patients are symptomatic
enough to be hospitalized (Azimi et al. 1986).
The use of contact precautions is recommended
for health-care workers caring for patients with
HAV who require diapers or are incontinent
(Siegel et al. 2007). Health-care workers do not
have increased prevalence of HAV infection;
because of this and the rarity of nosocomial
outbreaks, the hepatitis A vaccine is currently
not a mandatory vaccination for health-care
workers in the United States (Fiore et al. 2006;
Guturu et al. 2012).

EPIDEMIOLOGY OF HEV IN THE
UNITED STATES

HEV belongs to the genusOrthohepevirus with-
in theHepeviridae family. Genotypes capable of
infecting humans are clustered within a single
species, Orthohepevirus A, and include gt1, gt2,
gt3, gt4, and gt7 (Smith et al. 2016). gt1 and gt2
infect only humans, whereas gt3 and gt4 have
been isolated from a variety of mammalian
species and gt7 strains have been isolated from
camels (Woo et al. 2014). To date, autochtho-
nous HEV infections reported in the United
States have been caused by gt3 only (Drobeniuc
et al. 2013).
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The true incidence, prevalence, and risk
of HEV infection in the United States are
unknown. Clinical cases of HEV infection are
rarely reported, and few cases of autochthonous
acute hepatitis E have been documented in the
United States (Drobeniuc et al. 2013). HEV is
not a nationally notifiable disease in the United
States; consequently, systematic surveillance is
lacking (see cdc.gov/nndss/conditions/notifiable/
2017). HEV seroprevalence data has been diffi-
cult to compare because of the inconsistent per-
formance of research and commercially avail-
able HEV antibody serological assays (Mast
et al. 1998; Bendall et al. 2010; Drobeniuc et al.
2010). The lack of a highly sensitive and specific
Food and Drug Administration (FDA)-licensed
assay is very likely to be a major barrier to diag-
nosis of HEV infection in the United States.

Other causes of liver injury and disease
may take precedence over the diagnosis of
HEV infection. Misdiagnosis of HEV infection
as drug-induced liver injury further complicates
accurate detection of HEV in the United States.
Serum samples from 318 patients with suspect-
ed drug-induced liver injury participating in the
Drug-Induced Liver Injury Network study were
analyzed for the presence of HEV antibodies
(Davern et al. 2011). The prevalence of antibod-
ies to HEV immunoglobulin G and M (anti-
HEV IgG and IgM) was 16% and 3%, respec-
tively (Davern et al. 2011). Clinical reassessment
of the anti-HEV IgM-positive patients led to the

conclusion that HEV infection accounts for a
small proportion of suspected drug-induced
acute liver injury in the United States (Davern
et al. 2011).

Using data from NHANES III (conducted
among the noninstitutionalized U.S. population
aged ≥6 years between 1988 and 1994), re-
searchers estimated the force of incident HEV
infection in the United States to be seven infec-
tions per 1000 susceptible persons per year
(Table 1) (Faramawi et al. 2011). Recently, for
the first time in the United States, a comparison
was undertaken of the prevalence of anti-HEV
IgG over time using the same serological assay in
a population-based sample. Analyzing data
from NHANES III (1988–1994) and the 2009–
2010 NHANES survey; Teshale et al. (2015) de-
termined that the prevalence of HEV antibody
among those aged≥6 years declined from 10.2%
(95% confidence interval [CI], 9.1%–11.4%)
during 1988–1994 to 6.0% (95% CI, 5.2%–

6.8%) during 2009–2010. In both NHANES
surveys, age was significantly associated with
anti-HEV IgG positivity, with higher prevalence
among older persons (Teshale et al. 2015).

Analyses of routine blood donations have
provided an additional perspective on HEV se-
roprevalence in the United States. Xu et al.
(2013) analyzed blood donations from the
National Institutes of Health obtained in 2006
and 2012: the overall seroprevalence ofHEV IgG
was 18.8% among the 1939 donations, and a

Table 1. Comparison of HAV and HEV characteristics in the United States

Additional
considerations HAV HEV

Viral taxonomy

(family, genus)

Picornaviridae, Hepatovirus Hepeviridae, Orthohepevirus

Primary route of

transmission

Fecal–oral Zoonotic (foodborne)

Zoonotic reservoir No Pigs, boars, and deer

Chronic infection No Yes, among immunocompromised persons

Severity Generallymild, self-limited acute illness

Increased severity with increased age

at infection and in persons with

preexisting liver disease

Acute liver failure possible, but rare

Most infections are clinically silent

When symptoms occur, illness is generally mild

and self-limited

Increased severity in pregnant women and

persons with preexisting liver disease

Acute liver failure possible, but rare

HAV, hepatitis A virus; HEV, hepatitis E virus.
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statistically significant ( p < 0.01) decrease in se-
roprevalence was noted between the 2006 sam-
ples (21.8%) and the 2012 samples (16.0%).
Only 0.4% of the total samples were HEV IgM
reactive, and HEV RNAwas not detected in any
of the blood donations (Xu et al. 2013). Stramer
et al. evaluated 18,829 routine blood donation
samples obtained through the American Red
Cross National Testing Laboratories in 2013.
Only two donations were confirmed to be
positive for HEV RNA, generating a viral RNA
detection frequency of one in 9500 among U.S.
blood donors (Stramer et al. 2016). In a sub-
analysis, 4499 samples underwent antibody test-
ing; HEV IgG and IgM seroprevalence were
7.3% and 0.58% overall, respectively (Stramer
et al. 2016).

The epidemiology of HEV among immuno-
compromised patients (e.g., organ transplant re-
cipients, human immunodeficiency virus [HIV]-
infected patients, patients with hematologic
disorders, or chemotherapy recipients) differs
from that among immunocompetent individuals.
HEV primarily causes acute, self-limited infec-
tions. However, chronic HEV infection involving
gt3 was reported in 2008 among solid organ
transplant recipients in France who were receiv-
ing immunosuppressive drugs (Kamar et al.
2008). In a retrospective analysis of data from
primarily European transplant centers, 65.9% of
the 85 solid organ transplant recipients with re-
cent HEV infection developed chronic HEV in-
fection (Kamar et al. 2011). In the United States,
Terrault et al. (2014) evaluated liver transplant
recipients from nine geographically diverse re-
gions between 1998 and 2009; HEV infection
was found in 38% of patients prior to liver trans-
plant, but incident infections after liver transplant
were rare, with only 1.9% identified during fol-
low-up (median 114days), all ofwhichwereHEV
RNA-negative. This suggests that HEV is not a
significant cause of unexplained hepatitis among
liver transplant recipients in the United States.

Several studies have shown that the preva-
lence of antibodies against HEV is somewhat
higher among individuals who work with swine
than amongmembers of the general population.
A cross-sectional survey comparing U.S. swine
veterinarians to normal blood donors showed

that 26.4% and 18.3%, respectively, were positive
for anti-HEV IgG (Meng et al. 2002). Prevalence
of anti-HEV IgG increasedwith age among both
the swine veterinarians and normal blood do-
nors (Meng et al. 2002). Another cross-sectional
serosurvey compared HEV antibody prevalence
between North Carolina swine workers and
non-swine workers; 10.9% and 2.4% were anti-
HEV-positive, respectively, despite a complete
lack of history suggesting past clinical manifes-
tations of hepatitis E in any of the anti-HEV-
positive study participants (Withers et al. 2002).
The serosurvey also examined swine and mice
from farms in the same region as the swine
workers: the overall antibody prevalence in
swine was 34.5%, but varied from 10.0% to
91.7%, although no anti-HEV was detected in
mice (Withers et al. 2002). In a survey of wild rat
species from across the United States, ∼8% of
Rattus spp. rats were positive for HEV by
polymerase chain reaction (PCR) (Lack et al.
2012). HEV-positive rats were detected across
the United States in both urban and rural
areas, and genetic sequencing showed wide-
spread infection with zoonotic HEVgt3 (Lack
et al. 2012).

TRANSMISSION OF HEV IN THE UNITED
STATES

HEV can be transmitted zoonotically from di-
rect animal contact, fecal–orally from contami-
nated water or food, parenterally from blood
components and solid organ transplants, and
vertically from mother to child. Direct evidence
of sexual transmission has not been shown.
Additionally, person-to-person transmission of
HEV has not been documented in the United
States, nor have instances of transmission via
vertical, parenteral, or waterborne routes.

Historically, in the United States, HEV in-
fection was considered rare and documented
only in association with travelers returning
from HEV-endemic areas (Centers for Disease
Control and Prevention 1993). Travel-related
HEV infections in the United States have been
identified because of gt1 (Asia and Africa) and
gt4 (Asia) (Teshale et al. 2010; Drobeniuc et al.
2013). During the past two decades, however,
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multiple autochthonous HEV infections have
been reported within the United States (Tsang
et al. 2000; Amon et al. 2006; Curry et al. 2009;
Tohme et al. 2011; Drobeniuc et al. 2013; Im
et al. 2013; Te et al. 2013; Aderinto-Adike et al.
2014; Grewal et al. 2014; Sue et al. 2014; Terrault
et al. 2014). Despite extensive epidemiological
investigation, a clear source of HEV infection is
often not apparent in many of the sporadic au-
tochthonous cases reported in the United States
(Tsang et al. 2000; Amon et al. 2006; Curry et al.
2009; Tohme et al. 2011).

ZOONOTIC TRANSMISSION

HEV gt3 and gt4 are zoonotic; pigs (domestic
and wild) are a recognized reservoir and deer
and rabbits serve as potential reservoirs for
zoonotic HEV infection (Meng 2013). Swine
veterinarians from eight states in the United
States had 1.51 times the odds of being positive
for HEV antibodies as normal blood donors
who were matched on age and geography
(Meng et al. 2002). In a cross-sectional serosur-
vey conducted in North Carolina, the second
largest swine producing region in the United
States, swine workers had a 4.5-fold higher
HEV antibody prevalence than non-swine
workers (Withers et al. 2002). In an effort to
determine the presence of HEV RNA in com-
mercial pig livers, researchers in Virginia tested
127 pig livers sold in grocery stores in theUnited
States and found that 11% were positive for
HEV RNA (Feagins et al. 2007). Furthermore,
the research by Feagins et al. showed that inoc-
ulation with the contaminating virus could
cause infection in specific pathogen-free pigs,
raising public health concerns regarding the
potential for foodborne HEV infection from
virus surviving ex vivo in retail settings (Feagins
et al. 2007).

In addition to zoonotic transmission through
direct contact with animal reservoirs, HEV gt3
and gt4 are also transmissible through con-
sumption of meat from animals that are viremic
at the time of slaughter (Teo 2010; Meng 2013;
Ankcorn and Tedder 2017). Although viral
sequencing has shown direct linkages between
HEV infection and consumption of raw or

undercooked pork, boar, or venison in industri-
al countries outside the United States, no such
compelling laboratory evidence has been report-
ed in the United States (Tei et al. 2003; Li et al.
2005; Deest et al. 2007; Matsubayashi et al. 2008;
Colson et al. 2010). Additionally, analysis of
NHANES data did not show a significant asso-
ciation between HEV seropositivity and pork
consumption (Teshale et al. 2015). To date, the
potential for autochthonous foodborne HEV
infection in the United States has only been
posited in two case reports (Aderinto-Adike
et al. 2014; Grewal et al. 2014). Grewal et al.
(2014) reported on a 62-year-old immunocom-
petent woman with chronic hepatitis E who de-
nied receiving blood products, recounted eating
pork, oysters, and mussels, and noted several
trips to Mexico in the years preceding illness
onset. Although a specific source of infection
was not identified, the investigators reported
that “it is tempting to speculate that this patient
may have acquiredHEV infection by consuming
pork or shellfish” (Grewal et al. 2014). Aderinto-
Adike and colleagues (2014) presented two cases
of locally acquired acute hepatitis E, one in a 56-
year-old female from Louisiana, and the other in
a 76-year-old female from Texas, whose only
noted potential sources of infection were deer,
and pig liver and deer meat, respectively.

Although no cases of hepatitis E have been
directly linked to waterborne transmission or
environmental contamination in the United
States to date, there is growing concern that con-
taminated produce or shellfish could represent
an emerging source of foodborne HEV trans-
mission. HEV-infected humans and animals
excrete large quantities of HEV in feces, and
infectious virus has been isolated from swine
manure slurry storage facilities in the Midwest-
ern United States (Kasorndorkbua et al. 2005).
Agricultural application or runoff of HEV-
containing manure or feces could indirectly
contaminate the surrounding environment or
irrigation water, leading to downstream con-
tamination of produce or shellfish and the
possibility of foodborne transmission, similar
to other enterically transmitted viruses, includ-
ing hepatitis A virus (Shieh et al. 2007; Meng
2013; Ankcorn and Tedder 2017).
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PARENTERAL TRANSMISSION

Transfusion transmission has been described in
HEV-endemic and industrialized countries out-
side of the United States (Khuroo et al. 2004;
Boxall et al. 2006; Matsubayashi et al. 2008;
Hewitt et al. 2014). The overall risk of a viremic
blood donation causing a subsequent infection
in a recipient is estimated to be 42%; transfusion
transmission has been documented from red
blood cells, platelet products, fresh frozen
plasma, and pooled granulocytes (Hewitt et al.
2014). In a recent evaluation of HEV in blood
donors and recipients in the United States, no
evidence of HEV transmission was identified
among 362 prospectively followed blood recipi-
ents despite an HEV IgG seroprevalence of
18.8% among the donor population (Xu et al.
2013). However, researchers estimated that
HEVcouldhavebeen transmittedby transfusion
in up to 0.8% of recipients (Xu et al. 2013). This
suggests that transfusion-transmitted HEV in-
fections may be occurring in the United States,
but that larger studies will be necessary to deter-
mine the frequency with which this occurs.

Although HEV can be transmitted by organ
transplantation, this has not been documented
in the United States. The first reported case of
HEV transmission from solid organ transplan-
tation occurred in Germany after an orthotopic
liver transplant recipient developed chronic
HEV infection and cirrhosis following trans-
plantation of an occultly infected donor liver
(Schlosser et al. 2012). More recently, two addi-
tional cases of HEV gt3 transmission from solid
organ transplantation were reported in France,
the first such cases described involving trans-
mission via infectious renal grafts (Pourbaix
et al. 2017).

Although a variety of HEV transmission
routes have been confirmed worldwide (e.g.,
fecal–oral, vertical, zoonotic, person-to-person,
and parenteral), direct evidence to support
most of these transmission routes is lacking in
the United States. Additionally, zoonotic expo-
sure and transmission cannot account for the
vast majority of HEV IgG-positive persons
nationwide; no clear associations with food
consumption have been identified (Teshale

et al. 2015). Further research efforts are required
to determine the routes of transmission that
account for the high HEV seroprevalence in
the United States.

CONCLUDING REMARKS

HAV infections remain an important cause of
morbidity and mortality in the United States,
particularly among adults in key risk groups.
Although hepatitis A rates have declined
drastically since the introduction of effective
vaccines, declining anti-HAV prevalence esti-
mates among adults suggest that a substantial
proportion of the U.S. adult population remains
susceptible to hepatitis A at ages when risk of
morbidity and mortality from HAV infection is
highest. Although vaccinations have increased
herd immunity, changes in epidemiology lead-
ing to a more susceptible adult population make
it difficult to protect unvaccinated individuals
who are exposed to the virus.

HEV infection (gt3) in the United States
behaves markedly differently than in develop-
ing countries (mainly gt1). The contribution of
HEV to the landscape of acute and chronic
hepatitis in the United States remains enigmatic.
Relevant risk factors of infection, pathogenicity,
incidence, prevalence, and modes of transmis-
sion of HEV in the United States require
further elucidation. The development of FDA-
approved assays for HEV, as well as increased
epidemiological studies, will be necessary to re-
solve the questions that persist regarding the
epidemiology and transmission of HEV in the
United States.
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