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The human norovirus (HuNoV), human rotavirus (HRV), hepatitis A virus (HAV), hepatitis E virus (HEV), human
astrovirus (HAstV), Aichi virus (AiV), sapovirus (SaV), human adenovirus (HAdV) and enterovirus (EV) are
important foodborne viruses. The majority of the foodborne viruses have a low infection dose, are stable and can
survive and persist in foods for a long time without loss of infectivity. Foodborne viruses are usually transmitted to

human by consumption of contaminated food, person-to-person contact or drinking contaminated water.

foodborne viruses human norovirus (HuNoV), human rotavirus (HRV),
hepatitis A virus (HAV), hepatitis E virus (HEV), human astrovirus (HAstV), Aichi virus (AiV)
sapovirus (SaV), human adenovirus (HAdV) enterovirus (EV).

| 1. Introduction

Among foodborne outbreaks reported worldwide, foodborne viruses' outbreaks have increased in recent years 1,
In contrast to many bacteria or fungi, foodborne viruses cannot grow in foods, they can survive during processing

and storage of foods. Consumers can be infected by consumption of virus-contaminated foods.

Enteric viruses such as human noroviruses (HuNoV) and hepatitis A virus (HAV) have been linked with several
recorded outbreaks worldwide.Occasional outbreaks worldwide, have been also caused by human astrovirus
(HAstV), human rotavirus (HRV), sapovirus (SaV), enterovirus (EV), human adenovirus (HAdV) and Aichi virus
(AiV). Human enteric viruses have been reported for 45% and 13.1% of the foodborne outbreaks in USA and EU,
respectively [2. Hepatitis E virus (HEV) has been also considered as an emerging foodborne virus. In 2014, viruses
were ranked first (20.4%) among the foodborne outbreaks in the European Union (EU) for the first time B, Viruses
are transmitted to human by consumption of contaminated food, person-to-person contact or environmental
reasons, e.g., water [4l,

Viruses can contaminate foods at various steps of their production from pre- to post-harvest. Humans can be
infected by the consumption of foods contaminated with viruses. However, the transmissions of viruses via
contaminated foods are complicated and usually not clear 2. A viral transmission to humans from the consumption
of contaminated foods depends on various parameters such as virus stability, food processing methods, the
infection dose, and the susceptibility of the host 8. Additionally, food components may protect the virus during the
food processing methods and human ingestion. The dose of infection of foodborne viruses is generally low, and

almost a small amount of virus can infect humans. Foodborne viruses can survive for a long time in foods without
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loss of infectivity . In addition, many control strategies that rely on the intrinsic and extrinsic properties of foods.

e.g., pH, water activity (a,,) for control of bacterial population in food, is ineffective against foodborne viruses 1,
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Outbreak

oodborne viruses and their characteristigs are listed in Tabl& 1. These viruses can either be RNA or/ DNA and

single- or double-stranded. They also have different pathology.

2.1. Human Norovirus (HuNoV)

HuNoV, previously known as Norwalk virus, is a non-segmented positive-sense RNA, non-enveloped virus,
belonging in the family Caliciviridae. Noroviruses are divided into seven genogroups (Gl to GVII) with more than 30
genotypes found worldwide, while GI, GIl and GIV genogroups are usually infecting humans @. HuNoV is a human
enteric pathogen and is recognized as the major etiological agent of acute gastroenteritis outbreaks worldwide; the
majority of non-bacterial gastroenteritis outbreaks (90%) in the United States are associated to HuNoV &, In the
European Union, HUNoV has been frequently identified in foodborne and waterborne outbreaks and has been the

fourth etiological agent found in foodborne outbreaks [£!.

HuNoV is highly contagious, requiring only a low infectious dose (< 10? copies/mL) and can be spread by water,
aerosol vomitus droplets, person-to-person contact, and food 2%, The foodborne disease has an incubation period
of 1 to 2 days and the symptoms include vomiting, gastralgia, fever, or diarrhea 1. HuNoV infection may affect
any age group, but children of less than 5 years old have the highest rates of HuNoV-associated medical visits 12,
while older adults are at greatest risk for HuNoV-associated deaths 3. Ahmed et al. (2014) reported that the

pooled prevalence of norovirus in 187,336 patients with HV infections was 18% between the years 2008-2014 141,

Raw shellfish, fruits and vegetables pose a significant risk for human HuNoV infection 12, The prevalence of
HuNoV in market shellfish ranged between 3.9% to 54% between the years 2000 to 2018 [18],

Table 1. Foodborne viruses.

Particle/

i i . Disease Associated
Viruses Genus/ Family Disease .
Infection  purden Foods
Genome
Dose
Human Non- Norovirus/ Acute gastroenteritis The leading Shellfish oysters,
norovirus enveloped/ cause of fish, buffet meals,
(HuNoV) Caliciviridae 100 foodborne vegetables
sSRNA copies/mL  jliness
worldwide.
685 million

cases, ca.

https://encyclopedia.pub/entry/3318 4/15



Foodborne Viruses | Encyclopedia.pub

200,000

deathsl/year.

Children <5
years old: 200

million cases,

70,000 deaths/
year (mostly in
developing

countries)

The most
common
cause of
severe

diarrhoeal
Non- ) )
Human ) . disease in
enveloped/  Rotavirus/ Viral gastroenteritis Clams and

rotavirus o 10-100 children <5 )
segmented in children, adult oysters, fruits,

infectious 3
Reoviridae diarrhea years old: >2

(HRV) dsRNA viral million cases,
particles

vegetables

>200,000
deaths/ year
(90% in Africa

or Asia)

Hepatitis A Non- Hepatovirus/ Hepatitis A ca. 5% of Sandwiches,

enveloped/ recorded fruits, vegetables,
(HAV) Picornaviridae 10-100 foodborne milk, shellfish

SSRNA viral outbreaks.
particles
The leading
cause of viral
hepatitis. 1.4

million cases,

>7,000 deaths

| year
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Non-
Human
) enveloped/
astrovirus
(HAtVs)
SSRNA
o Non-
Aichi virus
enveloped/
AV
AV SSRNA
. Non-
Hepatitis E
enveloped/
(HEV)
ssRNA

Sapovirus Non-

enveloped/
(Sav)
SsRNA

Mamastrovirus/

Gastroenteritis
Astroviridae
Kobuvirus/

Gastroenteritis
Picornaviridae
Orthohepevirus/

Hepatitis E
Hepeviridae
Sapovirus/ Gastroenteritis

Caliciviridae

Unknown;
relatively

low

Unknown

Unknown

Unknown;
likely a
low
infectious
dose

similar to

5% infection

2-9% of all
acute )
) Bivalve mollusks,
nonbacterial )
. fruits, vegetables
gastroenteritis

in children

0.5-1.8% of
gastroenteritis ~ Raw shellfish

sporadic cases

20 million

infections, ca.

3.3 million
symptomatic
ymp Raw/undercooked

cases,
boar, deer and

> 40.000 pork meat, livers

' d i

deaths/year andiver
sausages

(ca. .3% of the 9

mortality due

to viral

hepatitis)

2-12% of Shellfish

cases of acute

gastroenteritis  (Oysters and

clams)
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that of
HuNoV
5-7% of
. respiratory
Gastroenteritis, ) )
tract infections
fever, in child
in children.
Human Non-
d i | d/ respiratory disease Seafoods
adenovirus  envelope . - :
P Mastadenovirus/Adenoviridae The exact
Unknown shellfish
(HAdV) dsDNA conjunctivitis, A ( )
. . and incidence
hemorrhagic cystitis,
meningoencephalitis UL UL
Millions
Heart disorders infections/year,
N hand-foot-and-
on- . )
Enterovirus Enterovirus/ mouth disease Low; 1- >90% Shellfish
enveloped/ 1 .
(HFMD), natal 0 asymptomatic
(EV) A Picornaviridae sepsis, meningitis/ infectious (mainly oysters)
viral >80% in
encephalitis particles children < 15
years old

ssRNA: single-stranded RNA, ssDNA: single-stranded DNA.

2.2. Human Rotavirus (HRV)

Rotaviruses are double-stranded non-enveloped RNA viruses, belonging in the family Reoviridae 1. They are
divided into seven groups (A—G); humans are infected by groups A—-C, while animals are infected by the rest of the
groups. Human rotavirus (HRV) causes severe childhood gastroenteritis and diarrhea in infants and children of less
than 5 years old 8. Group B rotavirus, also known as adult diarrhea rotavirus, has caused major epidemics of
severe diarrhea, in thousands of individuals of all ages in China. Group C rotavirus has been associated with rare

and sporadic cases of diarrhea in children in many countries and the first outbreak was reported in Japanin 2005
[18),

The most common mode of transmission for HRV is through fecal-oral route, either from person-to-person or

contact with contaminated environmental surfaces or through contaminated water and food with faeces 2. Human
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and animal rotavirus shed into sewage and the environment can contaminate surface waters, seafood, soft fruits
and vegetables. Also infected food handlers may contaminate foods. Outbreaks of waterborne and foodborne HRV
infection have been reported in several countries . Transmission through respiratory droplets has also been

suggested. In many cases, the root of contaminated food for the HRV transmission to infected persons was unclear
[20]

Very low doses of the viruses can be infectious as such as doses of 10-100 viral particles in food or water can
cause infection in humans &l The incubation period for HRV infection is about 1-3 days [21l. The disease caused by
HRV is self-limiting in general, lasting for about 4-7 days and the typical symptoms include watery diarrhea,

abdominal pain, vomiting, and dehydration that can lead to a high mortality rate (18],

2.3. Hepatitis A Virus (HAV)

HAV is a 27 nm, non-enveloped, positive-stranded RNA virus, a member of the Picornaviridae family B, Human
strains are grouped into three genotypes (I-lll) and seven subgenotypes (IA-IlIB) based on their genomic

characterization. The infectious dose of HAV is low, with 10-100 viral particles.

During the incubation time (range 15-50 days, approximately 28 days), the virus is discarded from the body. HAV
can infect humans through the fecal-oral route, direct person-to-person contact or ingestion of contaminated water
or food, such as shellfish, fruits or uncooked vegetables 8. HAV survived for 42 and 20 days in spinach and green
onions, respectively (22123, various prevalence ranges for HAV in market shellfish have been reported such as 1%
and 26% in Spain (2015) 24 and Tunisia (2006) (23], respectively. In shellfish, HAV survived for aimost one month

in refrigerated oysters . HAV infection from frozen contaminated shellfish and fruits was also reported 28],

The symptoms of HAV infection include fever, headache, fatigue, nausea, and abdominal discomfort followed by
signs of hepatitis 2 to 3 weeks 7. A lifelong immunity occurs after infection and since HAV is a single serotype, the

vaccine of HAV can prevent the disease. AHAV vaccine is commercially available since 1995 (28],

Waterborne and foodborne HAV is estimated to infect 2—7% of the human gastroenteritis patients, and foodborne
infection can often result in a larger and prolonged outbreak &, In the EU, HAV ranked second, after Salmonella,
for the number of hospitalizations with 6.8% of all outbreak-related hospitalizations reported in 2018 &, It is

important to know that HAV is the most heat-resistant viral pathogen 221,

2.4. Hepatitis E Virus (HEV)

HEV is a single-stranded, non-enveloped, icosahedral RNA virus in the family Hepeviridae, a diverse family of
viruses infecting animals and human B9, Strains of HEV infecting humans belong to the Orthohepevirus genus
which is divided into four species (A-D), with human disease being caused by strains within species A, which
comprises eight genotypes 1. Two of these are obligate human pathogens (HEV1, HEV2), and two are endemic

in several animal species, such as pigs and wild boar, causing zoonotic infections in humans (HEV3, HEV4). The
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remaining genotypes appear to be restricted to wild boar (HEV5, HEV6) and camels (HEV7, HEVS8), although a

case of human HEV?7 infection has been reported 2],

HEV spreads via the fecal-oral route from contaminated food and water (23, The infectious dose of HEV has not
been accurately determined; the incubation period is approximately 15 to 60 days. HEV infection usually leads to
acute hepatitis. In the first phase (1-10 days), the disease manifests as influenza-like syndrome with abdominal
pain, tenderness, nausea, vomiting, and fever, while in the second phase (15-40 days) is characterized with
concurrent jaundice, anorexia, hepatomegaly, myalgia, and dark urine 28, Typically, disease is self-limiting; but
mortality rates can become high, particularly among pregnant women and in patients with preexisting liver disease,
or may even evolve to a chronic state, especially in immunosuppressed individuals. HEV has been shown to

produce a range of extra-hepatic manifestations 341,

HEV is now recognized as the most common cause of acute viral hepatitis worldwide with increasing numbers of
autochthonous events occurring globally, including Europe Bl32, HEVcan be transmitted by contaminated food, as
increasingly reported in small outbreaks and sporadic cases. Infection is related to the consumption of
undercooked or raw meat from deer and boar [Z. HEV is also present in porcine muscle and has also been
detected in commercial livers, sausages, and pork derived foods [23l23, |n addition, since large amounts of viruses
excreted in feces, animal manure land application and runoffs can contaminate irrigation and drinking water with
concomitant contamination of vegetables or shellfish 28, Therefore, the animal strains of HEV pose not only a

zoonotic risk but also a food safety risk.

2.5. Human Astrovirus (HAstV)

HAstV are small non-enveloped single-stranded positive RNA viruses belonging to the Astroviridae family, genus
Mamastrovirus. Classic HAstV is grouped in 8 serotypes and is responsible for 2% to 9% of all acute nonbacterial
gastroenteritis infections in the pediatric population worldwide. However, infections in immunocompromised
individuals and elderly people are also reported 7. Type 1 astroviruses are the most prevalent of 8 serotypes
across epidemiologic contexts BZ. The infection is transmitted essentially through the fecal-oral route, either
directly or by ingestion of food. HAstV is stable in drinking water, fresh surface water, and seawater, indicating
another means of transmission. HAstV infection can be caused by a relatively low dose and following an incubation
period of 3—4 days, typically, induces a mild, watery diarrhea that lasts 2 to 3 days, associated with vomiting, fever,
anorexia, and abdominal pain. Infections are usually self-limiting but can also spread systemically and cause
severe infections in immunocompromised patients B4l In recent years, large foodborne HAstV outbreaks have
been observed worldwide. Consumption of contaminated bivalve mollusks were usually associated in several

outbreaks, due to their contamination with HAstVs in polluted water 28],

2.6. Aichi Virus (AiV)

AiV is a spherical (ca. 30 nm in diameter) non-enveloped, single-stranded positive sense RNA genome virus

classified in the genus Kobuvirus, family Picornaviridae. 1t was initially found in the Aichi region of Japan, in 1989,
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from patients suffering from gastro-enteritis infection associated with the consumption of contaminated raw oysters
[38),

It has been proposed as causative agentof human gastroenteritis potentially transmitted by fecal-oral routes
through contaminated food or water; however, the epidemiology and etiological role of AiV is, to a large extent,

unknown 281,

Clinical signs and symptoms of AiV infection, following an incubation period 0.5-2.5 days, include diarrhea,
abdominal pain, nausea, vomiting, and fever, reflecting gastroenteritis 22, Serologic studies indicate that up to 90%
of the human population has been exposed to AiV by the age of 40 years indicating widespread exposure.
However, a low incidence of AiV infection in patients with either sporadic or epidemic gastroenteritis has been
reported 49,

Recent epidemiological studies revealed that the virus could be detected in a higher frequency and abundance
than other human enteric viruses. AiV excreted with human feces contaminate waters and it is frequently found in
surface waters, in wastewater, in sewage or river water 4. Humans could be exposed to these viruses in surface
waters used for the production of drinking water (after insufficient hygienic treatment) or for recreational purposes
and after consumption of raw shellfish cultivated in contaminated surface waters 42 The vast majority of the
recorded AiV outbreaks between the years 1987 to 2007 were associated with the consumptions of contaminated

raw oysters 43],

2.7. Sapovirus (SaV)

SaV is a small (30-38 nm in diameter), positive single-stranded RNA genome virus belonging to the genus
Sapovirus, and a member of the Caliciviridae family. To date, five genogroups of SaV are recognized, Gl to GV.
The saVsGl, GllI, GIV and GV genogroups infect humans, while the GlII genogroup infects pigs 24!,

Originally SaV was found to cause gastroenteritis in children, but it was also observed in gastroenteritis cases in
elderly people. SaV is usually transmitted through the fecal—-oral route. However, SaV can be also transmitted via
contaminated drinking water and food or person-to-person contact 42, The incubation period is 0.5-2 days and
SaV infection manifests with typical viral gastroenteritissymptoms, characterized primarily by diarrhea and vomiting
often accompanied with fever, nausea, and abdominal cramps “€l. Duration of disease ranges from 2—6 days <.

The infectious dose is estimated at 1,015 to 2,800 genomic copies 43,

SaV outbreaks have been increased recently, especially in Japan. SaV have been found in sewage (treated and
untreated), river water and shellfish (oysters and clams) 44, Sporadic cases of SaV infections caused by

consumption of contaminated food have been reported 48],

2.8. Human Adenovirus (HAdV)
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HAdVs are non-enveloped, double-stranded DNA viruses that can infect humans. They belong to the genus
Mastadenovirus, family Adenoviridae. HAdV causes several different clinical syndromes such as gastroenteritis,
respiratory disease, hemorrhagic cystitis, hepatitis, meningoencephalitis, and exanthema 2. |t rarely causes
serious illness or death, mostly in infants and immunocompromised hosts, or patients who have respiratory or
cardiac diseases [42. HAdV is currently divided into 9 subgroups (A to I); 90 genotypes have been also recognized
391 The serotypes causing gastroenteritis are 40-41, which belong to species F and are the most common
etiological agents (5-20%) of acute gastroenteritis in young children B and of several outbreaks in communities

such as schools, nurseries and military camps 511,

Usually, after an incubation period of 8 to 10 days, periodic diarrhea occurs, with a low-grade fever, vomiting,
abdominal pains, or dehydration and complications of the respiratory system 2. HAdV infection is likely to be
caused via several routes. However, the most common HAdV infection to humans is via the fecal-oral route. Food,
particularly contaminated seafoods (shellfish), and water are also vectors of transmission and were also associated

with several foodborne outbreaks 311,

2.9. Enterovirus (EV)

Enteroviruses (EVs) are non-enveloped, single-stranded RNA viruses, members of the Picornaviridae family. Four
groups of EVs were recognized, namely, Coxsackie A, Coxsackie B, polioviruses and echoviruses, based on the
clinical symptoms. Due to sequence diversity, EVs have been also classified into 15 species: rhinovirus Ato C and
enterovirus A to L. Three rhinovirus species (A to C) and four enterovirus species (A to D) infect millions of
individuals worldwide every year B2, They are known to cause a diverse range of acute infections in humans, such
as herpangina, myocarditis and pericarditis, hand-foot-and-mouth disease (HFMD), and neonatal sepsis 22l They

are the most common etiology of meningitis/encephalitis 4.

EVs are transmitted predominantly via the fecal—oral route, but some species can be spread through respiratory
secretions. The infection dose is low, 1-10 infectious viral particles. The incubation period is usually 2-5 days, with
replication initially occurring in the upper respiratory tract (via inhalation or contact with oral or nasal mucous
membranes), or the gastrointestinal tract (via ingestion) B3, The vast majority of people infected with EV—over
90%—uwill either have no symptoms or have non-specific symptoms, such as sudden fever. However, EV infection
could also manifest with a wide range of symptoms such as mild respiratory symptoms, flu-like illness with fever
and muscle aches, fever with a rash, and gastrointestinal symptoms. Most EV infections are shelf-limited within 7—
10 days.Foodborne EV outbreaks are linked to the consumption of raw shellfish, mainly oysters from harvest area

contaminated by human sewage 2,
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