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Abstract

Human enteric viruses are one of the most common causes of foodborne diseases in both developed and developing
countries. While human hepatitis A virus (HAV) and noroviruses (NoV) lead to the vast majority of outbreaks and
diseases, there are handful of Viral enteropathogens that contribute to sporadic outbreaks worldwide including
sapovirus, astrovirus, rotavirus, Aichi virus, and enterovirus. In addition, hepatitis E virus is increasingly being identified
as an emerging health threat within the food supply. HAV and NoV are highly infectious and may cause widespread
outbreaks. The clinical manifestation of infection with NoV, however, is relatively mild. Viruses cannot grow on or in
foods but they may reach fresh produce via faecal contamination. This contamination can arise during growth and
harvesting region from contact with contaminated water and untreated or inadequately sewage sludge used for
fertilization and irrigation. Alternatively, vegetables or fruits handled by an infected individual might become polluted
with virus and transmit viral infection. The most frequently documented foodborne viral illness is hepatitis A and viral

gastroenteritis: both have been linked to the consumption of vegetables and /or fresh fruit.
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[1]. Foodborne illness can result in long-term health
effects, such as reactive arthritis, irritable bowel
syndrome, diabetes, kidney disease, hypertension, and
neurological dysfunction [2-4].

Abbreviations: HAV: Hepatitis A Virus; NoV:
Noroviruses; WHO: World Health Organization; HEV:
Hepatitis E Virus.

Introduction _ , _ , - o
Viruses are increasingly identified as significant

Food safety has important implications for economies, causes of foodborne illness worldwide in recent years.

food security, and public health. Globally, foodborne
disease is a major cause of mortality and deaths, it is
estimated that about 600 million illnesses and 42,000
deaths are reported due to foodborne disease annually
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Viruses are quite different than bacterial pathogens,
consisting of nucleic acids enclosed in a protein shell or
coat called a capsid. Viruses are not free-living and are
unable to replicate in food but only replicate within the
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living cells of animals, plants, bacteria, or humans. Most
foodborne viruses are extremely stable in the
environment as resistant to many common food-
processing interventions due to the lack of viral envelopes
[5]- Foodborne viruses may able to survive on hands, in
foods, on food contact surfaces, in feces, and on floors for
long periods of time [6]. Bacteria was the predominant
causative agents of foodborne diseases in previous
decades but now it is well known that enteric viruses are
one of the main causative pathogens for foodborne
disease, resulting in 45% and 13.1% of foodborne
outbreaks in the United States and the European Union
(EU), respectively [7,8].

Foodborne viral infections are commonly caused by
human enteric viruses and these viral infections are
spread via virus particles excreted in the vomit or stool of
infected peoples. Hepatitis A virus (HAV) and Norovirus
(NoV) are the two most well-known foodborne viruses in
the United States [9]. Hepatitis E virus (HEV), rotaviruses,
sapoviruses, astroviruses, and Aichi viruses are less
common causes associated with outbreaks of foodborne
illness [7,10-13]. NoV is commonly considered to be the
most prevalent cause of viral-associated foodborne
gastroenteritis, worldwide [7]. NoV is linked to an
estimated 19-21 million cases of acute gastroenteritis
annually in the United States [7]. World Health
Organization (WHO) estimated that in 2010 NoV caused
677 million illnesses worldwide alone; in addition, NoV
was also responsible for the majority of deaths (213 515)
as well as the highest occurrence in children less than 5
years of age [14]. The majority of foodborne viruses are
recognized enteric due to their fecal-oral mode of
transmission. Human enteric viruses are commonly non-
enveloped viruses and are stable against environmental
conditions.

Diseases due to these viruses are commonly the result
of preparing or consuming food with fecal-contaminated
water. While these aforementioned viral pathogens are
identified to be significant causes of gastroenteritis
illness, their role as foodborne causative agents is still
being identified as <1% of those cases are often directly
linked to food products [15-17]. Outbreaks caused by
enteric viruses are most commonly linked to the
consumption of ready-to-eat foods, raw oysters, and fresh
produce [18]. In the US alone, fresh produce can be
further classified into groups such as fruits and leafy
greens, which have been cited as responsible for 21% and
30% of NoV outbreaks, respectively [19].

Foods may become contaminated with enteric viruses
through direct contact with contaminated water sources
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or by a person handling food. While outbreaks linked to
shellfish are most often associated with fecal-
contaminated water, research shows outbreaks linked to
ready-to-eat foods and fresh produce usually caused by a
person handling food [18]. It is notable to state that foods
could be contaminated with microbes at any point from
pre- to postharvest and the transmission routes often
remain unidentified [18]. Generally, human enteric
viruses can be transmitted via the faecal-oral route and
they have a low infectious dose and are excreted in the
feces of infected individuals in large numbers. This can
commonly lead to prolonged outbreaks due to both
asymptomatic and symptomatic carriers. In this review,
we will focus on the viruses causing most foodborne viral
disease, NoV and HAV, as well the emerging foodborne
viral hazard, HEV.

Norovirus

Noroviruses, belonging to the family Caliciviridae, are
non-enveloped viruses. These viruses are very small
particles (28-30 nm) with single-stranded and positive
sense (+) RNA genomes, containing three open reading
frames [20]. The major presentation of the disease is
diarrhea and/or vomiting which is generally self-limiting
lasting up to 3 days. NoV has a low infectious dose, and
infectious viral particles are excreted in very high
amounts from infected individual (109 virions/gram) in
stool for prolonged periods ranged from 2 to 4 weeks
after infection signs have subsided leading to
asymptomatic carriers [21]. Currently, there is identified
7 genogroups (G) of norovirus of which only three
genotypes (GI, GII and GIV) infect humans. NoV GI and GII
are the primary genogroups which cause diarrheal
infection in humans, since GII.4 cluster is the most
prevalent of foodborne pathogen [22].

According to present estimates, NoV is the major
cause of foodborne disease and responsible for 58% of
cases domestically, worldwide [7,23]. Outbreaks
commonly occur in cruise ships, longterm care facilities,
schools, and catered events. While both NoV GI and GII
hNoV have been reported in many outbreak scenarios,
there are some apparent trends in source attribution that
are group-specific. Matthews et al. [24] reported that 66%
of foodborne illness were caused by NoV GII, 13% were
due to GI infection, and 20% due to multiple infections
(GI/GII) between 1993 and 2011. Moreover, it is reported
that GIl.4 is the predominant NoV in all outbreaks
associated with person-to-person transmission whereas
NoV GI.2 and GI.4 genogroups are the most prevalent GI in
foodborne disease outbreaks [25].
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Hepatitis A Virus

Hepatitis A virus, belonging to the family
Picornaviridae, is a small round virus of size ranged from
32 to 37 nm with a positive single stranded RNA. The
genome of HAV consists of one an open reading frame
(ORF) which is classified into 3 parts that encode for
capsid proteins as well as other nonstructural and
structural components [7]. There is a total of 7
genogroups (GI-GVII) of which four genogroups (GI, GII,
GIII and GVII) infect humans. The incubation period of
HAV infection can be from 2-6 weeks with signs
presenting in four phases. Unlike most human enteric
viruses, the illness related to Hepatitis A also affects the
liver [7]. More specifically, early symptoms of infection
include vomiting, anorexia, and nausea with general
fatigue followed by jaundice presenting 1-14 days after
infection with the virus. The disease can last from 2-5
weeks and is typically milder symptoms in children than
adults [26].

Globally, there are an estimated 200 million
asymptomatic shedders and 1.4 million cases annually
[27]. The prevalence of HAV in developed countries is low
though there can be large susceptible populations in
nonendemic regions where immunization participation is
low. Sources of HAV infection within developed countries
are commonly from fresh produce (e.g. soft red fruits and
green onions) and bivalve mollusks (e.g. clams, oysters,
and mussels) imported from areas with poor hygiene
conditions or from travel to similar regions [28]. Actual
foodborne cases are about 5% of total HAV infections
with 41% being travel-related [29]. Globally, in 2010, the
WHO reported that 90 000 people died due to hepatitis A
illness with 30,000 of those deaths directly occurred due
to contaminated food with to HAV [27].

Hepatitis E Virus

Hepatitis E, belonging to the Hepeviridae family,
consisting of positive sense (+) and single-stranded RNA
genome with a virion of size ranged from 27 to 34 nm [5].
Hepatitis E cannot be distinguished clinically from other
forms of viral hepatitis, causing inflammation of the liver
tissue leading to sever jaundice syndrome [5]. Hepatitis E
virus has 4 genogroups (HEV A-D); however, only group
HEV A infects humans, which is further classified into
genotypes 1 through 4 are more often in developing
areas whereas types 3 and 4 are observed more in
developed areas —the latter have been related to
zoonotic transmission [30]. The incubation period of HEV
is 2 weeks to 2 months with illness lasting anywhere from
4-6 weeks. Although HEV infection is usually a self-
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limiting, it poses a high risk to pregnant women and their
foetuses where the death rates can be up to 10% [31].

In HEV-endemic regions (Asia and Africa), there are an
estimated 20 million cases of HEV leading to 3.4 million
symptomatic cases and 70 000 deaths [32]. Similar
detection rates of infection are not documented in
developed areas; however, HEV is currently identified as
an emerging foodborne virus [30]. Similar to other enteric
viruses, filter-feeding bivalve molluscan shellfish
produced in regions susceptible to pollution with
untreated animal or human sewage may present a risk for
HEV transmission through this route has not been
approved. Also of concern is the contamination of certain
crops through polluted irrigation water with untreated
sewage water in HEV-endemic regions—again, this route
has not been directly substantiated although HEV genome
has been found in irrigation water [33]. King, et al. [30]
stated that there are only five studies that provided
molecular and epidemiological evidence for the
foodborne transmission of hepatitis E virus to humans. All
of the reported cases were related to wild boar meat, wild
venison meat, or other pork products and documented in
either Japan or the EU between 2003 and 2017. Also, HEV
outbreak was documented in 2014 in Australia due to
locally acquired HEV infections linked to consumption of
contaminated pork products [34].
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