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Resumo 
 

 

Os vírus entéricos são geralmente transmitidos pela via fecal-oral e constituem 
uma ameaça para a saúde pública. Podem ser transmitidos a partir do 
ambiente marinho através da ingestão de águas de recreio ou do consumo de 
bivalves, sendo a sua transmissão a partir do ambiente marinho considerada 
muitas vezes emergente. 
A virologia aquática começou há meio século atrás, com a tentativa de alguns 
cientistas em detectar poliovírus em amostras de água. Desde essa altura, 
vários vírus entéricos têm sido associados a outros surtos de gastroenterite e 
hepatite. A maioria dos vírus entéricos, transmitidos a partir do ambiente 
marinho pertence às famílias Caliciviridae, Adenoviridae, Picornaviridae e 
Reoviridae. 
Este trabalho tem como objectivos avaliar a importância da transmissão de 
vírus entéricos pelo ambiente marinho, revendo os factores que afectam a sua 
sobrevivência neste ambiente e enumerando os casos de transmissão 
emergente. 
São vários os factores que podem condicionar a sobrevivência destes vírus no 
ambiente marinho, tais como, a temperatura da água, a radiação UV, o pH, a 
salinidade, a pluviosidade e a adsorção a sedimentos. 
O número de surtos de gastroenterite de natureza viral tem vindo assim a 
aumentar nos países desenvolvidos da Europa e da América do Norte. A 
família Caliciviridae e o vírus da hepatite A da família Picornaviridae são 
responsáveis pela maioria dos surtos, causando gastroenterites devidas, 
principalmente, ao consumo de bivalves contaminados e mal cozinhados. A 
maioria dos casos emergentes está relacionada com a importação de bivalves 
contaminados de zonas endémicas, onde as condições de higiene são 
deficitárias. Alguns dos casos emergentes estão relacionados com a 
ocorrência de novas estirpes de vírus, mais virulentas, como é o caso das 
estirpes de norovírus, ou através da transmissão por via marinha, 
anteriormente desconhecida para alguns grupos de vírus (ex. polyomavirus e 
alguns enterovirus). 
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Abstract 

 
The enteric viruses generally are transmitted by the fecal-oral route and 
constitute a threat for the public health. They can be transmitted from the 
marine environment through the ingestion of recreational waters or through the 
consumption of bivalves, being its transmission from the marine environment 
considered many times emergent.  
Water virology started around half a century ago, with scientists attempting to 
detect poliovirus in water samples. Since that time, other enteric viruses were 
found to be responsible for outbreaks of gastroenteritis and hepatitis. The 
majority of the enteric viruses that have a sea waterborne transmission belong 
to the families Caliciviridae, Adenoviridae, Picornaviridae and Reoviridae. 
This work has as objectives to evaluate the importance of the transmission of 
enteric viruses for the marine environment, reviewing the factors that affect its 
survival in this environment and enumerating the cases of emergent 
transmission. 
Many factors could influence their surveillance in marine environments, such as 
water temperature, UV radiation, pH, salinity, raining, and adsorption to 
sediments among others. 
The number of outbreaks of viral gastroenteritis has increased in the developed 
countries of Europe and North America. Caliciviridae family and hepatitis A 
viruses of Picornaviridae family are responsible for the majority of the 
waterborne gastroenteritis outbreaks, due to the consumption of contaminated 
raw bivalves. The majority of emergent outbreaks are linked to imported 
contaminated bivalves from endemic areas, with bad sanitary conditions. Some 
emergent cases are linked to the occurrence of new, more virulent, strains of 
existent viruses, like norovirus strains, or through waterborne transmission that 
was previously unknown for this type of viruses (e.g. polyomaviruses and some 
enteroviruses). 
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1. Introduction 

The environmental virology starts as a scientific discipline around half a century 

ago with the detection of picornaviruses in water, after a large hepatitis outbreak was 

declared in New Delhi between December 1955 and January 1956. After that, a great 

variety of other viral families strains have been added to the detection of picornaviruses in 

the water environment. Nowadays, poor water quality continues to be a major threat for 

human health, so it is imperative to trace and characterize the type and origin of viral 

contamination in order to evaluate their association with health threat and to implement the 

required corrective measures (Bosch 1998, Griffin et al. 2003, Bosch et al. 2005, Myrmel 

et al. 2006). 

Viruses are characterized by their simple organization and their unique mode of 

replication. A virus consists of genetic material, which may be either DNA or RNA, and is 

surrounded by a protein coat and, in some viruses, by a membranous envelope (Figure 1) 

(White et al. 1994, Mahony et al. 2008). 

Unlike cellular organisms, viruses do not contain all the biochemical mechanisms 

for their own replication; viruses replicate by using the biochemical mechanisms of a host 

cell to synthesize and assemble their separate components. When a complete virus particle 

(virion) comes in contact with a host cell, the viral nucleic acid and, in some viruses, a few 

enzymes are introduced into the host cell (White et al. 1994, Mahy et al. 2009).  

 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 1 – Structure of viruses. In the left side an enveloped virus (influenza virus) and in the right side 

a nonenveloped virus (adenovirus). 
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Viruses vary in their stability; some such as rotaviruses are very stable and survive 

well outside the body while others, particularly those viruses that are enveloped, do not 

survive well and therefore usually require close contact for transmission and are readily 

destroyed by disinfectants, particularly those with a detergent action (White et al. 1994, 

Mahy et al. 2009). 

The term `enteric viruses' encompasses all those groups of viruses which may be 

present in the gastrointestinal tract; they may cause disease, or infection may be 

asymptomatic. Being shed in the faeces they will be present in sewage, but as they are 

obligate intracellular parasites they cannot multiply in the environment (Wyn-Jones and 

Sellwood 2001) 

Human enteric viruses become a potential public health problem only if they are 

able to survive in the marine environment, being disseminated to recreational and shellfish-

producing coastal waters (Fong et al. 2005). 

The enteric viruses are stable in water, and could exist naturally in marine 

environment or could be transported to marine environment through sewage outfall and 

vessel wastewater discharge (Grabow 1996, Pianetti et al. 2000, Griffin et al. 2003, Suttle 

2005, Bosh et al. 2006, Suttle 2007, Lugoli et al. 2009). The pathogenic viruses excreted 

by infected members of the population are able to survive for long periods of time in the 

aquatic environment especially when they are bound to organic material of fecal origin 

(Grabow 1996, Griffin et al. 2003, Bosh et al. 2006, Suttle 2007, Lugoli et al. 2009). In 

fact, viruses have been isolated from seawater and shellfish that fulfil current criteria on 

bacterial indicators, revealing shortcomings in microbiological quality standards (Lugoli et 

al. 2009). 

The faeces of infected individuals transport between 105 and 1011 viral particles per 

gram of feces (Griffin et al. 2003, Suttle et al. 2005, Bosh et al. 2006, Bosh et al. 2008, 

Lugoli et al. 2009). In the contaminated sewage, it can be found more than an hundred 

viral species that could infect humans, and cause a variety of illnesses, as hepatitis, 

gastroenteritis, meningitis, fever, rash, conjunctivitis, pericarditis, myocarditis, 

cardiomyopathy, aseptic meningitis and encephalitis and maybe diabetes (Goyal et al. 

1984, Bosch 1998, Pianetti et al. 2000, Griffin 2003, Bosch et al. 2005, Pusch et al. 2005). 

Although only few of them, can be waterborne transmitted. Consequently, the sewage 

could contain a large number of different viruses that contaminate recreational waters and 
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shellfish harvesting waters, representing a great risk to the public health (Griffin et al. 

2003, Suttle et al. 2005, Bosh et al. 2006, Bosh et al. 2008, Lugoli et al. 2009). 

Additionally, most enteric viruses are believed to have a low infectious dose of 10-100 

particles or possibly even less, who contributed to the large number of related outbreaks 

(Greening 2006).  

Many studies linked episodes of gastroenteritis with bathing in seawater, 

particularly in children, but this associations are difficult to prove for many reasons, 

including the wide spectrum of syndromes, the presence of numerous different viral strains 

and the high frequency of subclinical infections (Goyal et al. 1984, Bosch 1998, Pianetti et 

al. 2000, Griffin 2003, Bosch et al. 2005, Pusch et al. 2005, Sinclair et al. 2009). 

Furthermore, the difficulties encountered in using the available diagnostic techniques have 

limited the detection of enteroviruses in environmental samples, and thus these pathogens 

have frequently not been identified as the agents of waterborne diseases (Goyal et al. 1984, 

Bosch 1998, Pianetti et al. 2000, Griffin 2003, Bosch et al. 2005, Pusch et al. 2005, 

Sinclair et al. 2009). 

Bivalve molluscan shellfish, such as oysters, are filter feeders, they can filter large 

volumes of water as part of their feeding activities and are able to accumulate and 

concentrate different types of pathogens resulting from contaminated marine environments 

by fecal human pollution (Bosch 1998, Bosch et al. 2005, Bosch et al. 2006, Le-Guyader 

et al. 2009). The consumption of shellfish harvested from enteric virus-contaminated 

waters often has been implicated in outbreaks of viral diseases, notably viral hepatitis and 

gastroenteritis (Bosch 1998, Bosch et al. 2005, Bosch et al. 2006, Le-Guyader et al. 2009).  

The World Health Organization (WHO) reports that 1.8 million people, 90% of 

whom are children younger than 5 years old, die each year from gastroenteritis diseases. 

Nearly 90% of diarrheal infections are waterborne or water related, and improved 

sanitation may reduce diarrhea morbidity by 37.5% (Smith et al. 1993, Otsu 1999, 

Haramoto et al. 2004, El-Senousy et al. 2007). 

The majority of theses viruses belong to the families Picornaviridae (poliovirus, 

echovirus, coxsackieviruses and hepatitis A virus (HAV), Caliciviridae (noroviruses and 

sapoviruses); Adenoviridae (adenovirus strains 3, 7, 40 and 41) and Reoviridae 

(rotaviruses) and has been associated with gastroenteritis and hepatitis diseases. However, 

the range of pathologies caused by these viruses, is still not clear. As an example, several 
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types would appear to be responsible for biliary atresia in newborns (Bosch et al. 1998, 

Griffin et al. 2003, Pianetti et al. 2003, Bosch et al. 2005, Fong et al. 2005).  

The lack of studies, does not allow one better characterization of this viruses, and 

they continue to be discovered or appear to reemerge as important human pathogens 

(Griffin et al. 2003, Suttle 2005, Bosch et al. 2006, Suttle 2007, Bosch et al. 2008). 

Moreover most viruses in marine environment seem to be infectious and some can remain 

infectious in sediments for long periods, from decades to a hundred years or more (Griffin 

et al. 2003, Fong et al. 2005, Bosch et al. 2006, Bosch et al. 2008). 
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2. Enteric Viruses as human pathogens 

All of the known pathogenic viruses that pose a significant public health threat in 

the marine environment are transmitted via the fecal-oral route. This group, known 

collectively as enteric viruses, is a continually growing list (Griffin et al. 2003). These 

viruses belong to the families Adenoviridae (Mastadenovirus), Picornaviridae (Kobovirus, 

enteroviruses, and hepatovirus), Caliciviridae (Norovirus and Sapovirus), Hepeviridae 

(Hepevirus), Reoviridae (reoviruses and rotaviruses), Polyomaviridae (BK virus e JC 

virus) and Astroviridae (Mamastrovirus) (Table 1) (Griffin et al. 2003). 

The enteric viruses are associated with a variety of diseases in humans (Table 1), 

from ocular and respiratory infections to gastroenteritis, hepatitis, myocarditis, and aseptic 

meningitis. The elderly, the very young, and the immunocompromised are the most 

susceptible and are more likely to develop severe infections (Griffin et al. 2003).  

 

Table 1 – Characteristics of Human Enteric Viruses 
 

Family Classification Genera Disease Seasonality 

Adenoviridae double-

stranded 

DNA 

nonenveloped  

icosahedral 

capsid 

Mastodenovirius 

(51 human serotypes ) 

6 species (A-F) 

Gastroenteritis late winter, 

spring 

beginning 

of summer 

Picornaviridae positive-sense 

single-

stranded RNA 

nonenveloped  

icosahedral 

capsid 

Erbovirus,teschovirus, 

kobuvirus,aphthovirus, 

cardiovirus,hepatovirus, 

parechovirus, 

rhinovirus and 

enterovirus(coxsackievirus 

poliovirus e echovirus)  

 

Gastroenteritis 

Myocarditis 

Hepatitis 

meningitis 

Summer 

early fall 
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Norovirus 

Sapovirus 

Vesivirus 

Caliciviridae positive-sense 

single-

stranded RNA 

nonenveloped  

icosahedral 

capsid 

Lagovirus 

Gastroenteritis Winter 

Hepeviridae positive-sense 

single-

stranded RNA 

nonenveloped 

icosahedral 

capsid 

Hepevirus (HEV) Hepatitis Summer 

Autumn 

Reovirus Reoviridae double-

stranded RNA 

nonenveloped 

icosahedral 

capsid 

Rotavirus 

Gastroenteritis Winter 

BK virus Polyomaviridae double-

stranded 

DNA 

nonenveloped  

icosahedral 

capsid 

JC virus 

Cancer 

Nephritis  

progressive 

multifocal 

leukoencphalopathy 

Winter 

Spring 

Mamastrovirus 

8 serotypes (HAstV-1 to 

HAstV-8) 

Astroviridae positive-sense 

single-

stranded RNA 

nonenveloped 

viruses 

icosahedral 

capsid 

Avastrovirus 

Gastroenteritis Winter 

Spring 
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3.1 Adenoviridae family 

 
Adenoviridae family includes a group of nonenveloped viruses, icosahedral particles 

consisting of a protein coat, or capsid, surrounding a DNA-protein core, ranging from 70 to 

100 nm in diameter, with a double-stranded DNA genome, as well as, its hosts and varies 

in length from 30 to 40 kb, depending on the serotype (Bosch et al. 2006, Hundesa et al. 

2006, Mahony et al. 2008, Acosta et al. 2009). The viral proteins are essential for the 

infection process, and an adenovirus with damaged DNA can successfully infect host cells 

(Ko et al. 2003, Jothikumar 2005, Eischeid 2009). 

There are four genera in this family, Mastodenovirus, Aviadenovirus, Atadenovirus 

and  Siadenovirus, but only genera Mastadenovirus could affect humans (Pond 2005). In 

the genus Mastadenovirus (includes human or mammalian hosts) there are 51 serotypes of 

human adenoviruses (HAdVs) categorized by hemagglutination into six subgenera, A-F, 

on the basis of their physicochemical, biological, immunological and genetic properties, 

that define their ability to agglutinate red blood cells. A new serotype isolated recently has 

been proposed to represent a new subgenera G (ko et al. 2003, Fong et al. 2005, 

Jothikumar et al. 2005, Hundesa et al. 2006, Metzgar 2007, Mahony et al.  2008, Acosta et 

al. 2009). 

Adenoviruses are able to withstand extreme conditions, including unfavorable pH 

environments (Pond 2005). They are resistant to acidic pH of 5-6 (Pond 2005). 

Furthermore, they can withstand the harshness of lipid solvents. Therefore, they can live 

outside of a host for long periods of time compared to other viruses (Pond 2005). 

Adenovirus has been shown to be resistant to both tertiary treatment and UV radiation 

(Pond 2005). 

HAdVs has been recently listed on the U.S.EPA Candidate Contaminant List, 

which indicates that it is a high priority for possible future regulation (Griffin et al. 2003, 

Ko et al. 2003, Fong et al. 2005, Xagararaki et al. 2007). In Europe, different authors have 

suggested the inclusion of adenovirus as an index of pollution of human origin in waters 

based on its presence in greater numbers and high persistence in surface waters (Linden et 

al. 2007, Muscillo et al. 2008). 
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HAdV have been shown to be prevalent in seawater and in shellfish (Table1). 

(Jiang et al. 2001, Pina et al. 1998, Bofill-Mas et al. 2006).  

The high incidence of adenoviruses found in harvested oyster suggests that these 

viruses may endemic in coastal marine environments and that people infected by these 

viruses may act as carriers, shedding viruses in their stools without showing any symptoms 

(Aragão et al. 2010). According to some authors adenoviruses cannot necessarily be 

associated with disease outbreaks, even when they are isolated from, or detected in, the 

feces of an individual with disease (Aragão et al. 2010). Not all viral genomes detected 

correspond to infectious viral particles and a high proportion of non-infectious viral 

particles may be expected in the environment (Aragão et al. 2010). 

 

The HAdVs serotypes 40 and 41 (subgenera F) are critical etiological agents of 

viral gastroenteritis in children, frequently associated to waterborne transmition (Griffin et 

al. 2003, Ko et al. 2003, Fong et al. 2005, Eischeid et al. 2009). Other serotypes that can 

cause gastroenteritis are serotypes 3 and 7 (Griffin et al. 2003, Ko et al. 2003, Fong et al. 

2005, Eischeid et al. 2009). Adenovirus type 3 (HAdV3) is one of the most prevalent 

serotypes detected globally (Griffin et al. 2003, Ko et al. 2003, Fong et al. 2005, Eischeid 

et al. 2009). Normally, adenovirus diseases more commonly occur during the late winter, 

spring and the beginning of summer (Pond 2005). 

 

Table 2 – Adenoviruses detected in seawater and Shellfish. 

 

Year Authors Local Description 

1980 Hugues et al. 

 

France Adenoviruses was detected in seawater, the 

virus numbers per litter was 0.05 to 6.5 

MPNCU . 

1998 Pina et al. 

 

Spain Adenoviruses were detected in shellfish 

samples of Nearshore waters of Barcelona. 

2000 Jiang, Sunny USA The results of this study indicated the 

presence of a human pathogenic virus in 

beach waters of Southern California. 
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2001 Sunny Jiang et al. Southern 

California 

Adenoviruses were detected by PCR in 4 of 

the 12 samples collected from Southern 

California Beaches. 

2005 Rigotto et al. Brazil Samples were collected from oyster farms 

located in Santa Catarina Island, 

Florianopolis City. Analysis showed that 

adenoviruses were detected throughout the 

period of analysis in all samples. 

2006 Yoe-Jin and Kim Korea Infectious viral particles were found in 

Korean oysters throughout the year. 

2006 Sílvia et al. 

 

Europe Marine water samples of marine recreational 

waters of nine different European were 

positive for Adenoviruses. 

2006 Yoe-Jin and  Kim Korea Direct PCR results showed that almost 

all oyster samples were contaminated with 

adenoviruses. 

2008  Muscillo et al. Italy Adenoviruses were present in seawater 

samples. 

2008 Umesha et al. India Adenoviruses were detected in 17% of 

oyster and 27% of clam samples. 

2011 Wyn-Jones et al. Europe 55% of marine samples from Pomezia, 

Rome, were positive for HAdV, while none 

was found at Barcelona, and none was 

detected at Larnaca and Cyprus. 
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3.2 Picornaviridae family 

Viruses belonging to family Picornaviridae are nonenveloped viruses with icosahedral 

capsid, ranging from 27 to 30 nm in diameter, and a positive-sense single-stranded RNA 

genome of  7,2 to 8,4 Kb, whose host range are typically restricted to mammals 

(Grohmann et al. 1997, Mahy et al. 2009, Voevodin et al. 2009).  

Genera associated with Picornaviridae include erbovirus, teschovirus, kobuvirus, 

aphthovirus, cardiovirus, hepatoviruses (hepatite A virus), parechoviruses, rhinovirus and 

enteroviruses (coxsackieviruses, polioviruses and echoviruses) (Griffin et al. 2003, Mahy 

et al. 2009). The first three of these genera were recently added to the picornavirus family, 

and the last five contain pathogens that are the most extensively studied picornaviruses 

capable to infect humans (Haramoto et al. 2004). Medically important picornaviruses 

belong to Enterovirus, Hepatovirus, Rhinovirus, Parechovirus and more recently 

Kobuvirus (Voevodin et al. 2009). The genera Enterovirus, Hepatovirus and Kobuvirus are 

the most implicated in outbreaks transmitted from the marine environment (Voevodin et al. 

2009). 

Since 2003, 89 serotypes of enteroviruses have been identified and ratified by the 

Executive Committee of the International Committee on Taxonomy of Viruses (Fong et al. 

2005). There are 63 distinct members of the genus Enteroviruses (Mahony 2008). 

Enteroviruses are ubiquitous agents found worldwide. It has been estimated that 

enteroviruses infect 1 billion or more individuals worldwide each year (Mahony 2008).  

Human enterovirus are classified in 4 subgeneras, A to D. Coxsackie A viruses 

belong to subgeneras A, B and C and coxsackie B viruses and echoviruses are members of 

the subgenera B (Greening 2006) . 

They cause a wide illness spectrum, from asymptomatic infections to encephalitis, 

and are the leading cause of aseptic meningitis in developed countries (Mahony 2008). 

Clinical outcomes may go beyond gastroenteritis, as some viruses travel from the intestinal 

tract to other organs (Mahony 2008). Children often have respiratory symptoms, and this 

syndrome has been referred to as a “summer cold” (Vaughn et al. 1979). In fact, 

enterovirus continues to be the most common cause of aseptic meningitis (Vaughn et al. 

1979). Travel-related enteroviruses disease has not been frequently reported, perhaps 

because of low clinical attack rates and nonspecific symptoms (Girones et al. 2010). 
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Poliovirus of the enteroviruses genus is widely considered to be prototypical 

picornaviruses, and perhaps the most feared by humans due to the potential to poliovirus 

infection to result in paralytic poliomyelitis (Mahy et al. 2009). About 70% (62 serotypes) 

of nonpoliovirus enteroviruses have been associated with human infections, and 30% have 

been associated with animal infections (Fong et al. 2005, Mahony 2008). Enterovirus types 

68 to 71 have not been studied extensively but have been isolated from patients with 

bronchiolitis, conjunctivitis, meningitis and paralysis resembling poliomyelitis (Griffin et 

al. 2003). Coxsackieviruses have been associated with myocarditis, paralytic disease, 

aseptic meningitis, insulin-dependent diabetes, and cold-like illnesses (Griffin et al. 2003). 

Echoviruses are generally less infectious than other enteroviruses and are usually 

associated with the common cold and respiratory diseases. There are four recognized 

members of the genus echovirus (Vaughn et al. 1979, Fong et al. 2005). 

Hepatitis A viruses (HVA) represent one of the most important public health 

problems in undeveloped countries (Croci et al. 2000, Bosch et al. 2005, Fong et al. 2005, 

Yeh et al. 2008). According to data from CDC, an average of 28,000 cases of HA occurred 

yearly between 1987 and 1997 (Sánchez et al. 2004 ). A single HAV serotype has been 

described, although seven genotypes have been defined (Sánchez et al. 2004, Yeh et al. 

2008).  

Molecular epidemiology studies of hepatitis A virus strains isolated from different 

countries, including low, intermediate and high endemic areas, reveal the circulation of 

dominant or even unique strains in highly endemic areas, in contrast with the occurrence of 

mixed imported strains in conjunction with endemic strains in certain high-risk or ethnic 

groups in low endemic areas (Divizia et al. 2004, Sánchez et al. 2004, Pintó et al. 2007, 

Yeh et al. 2008). The distribution patterns of hepatitis A in different geographical areas of 

the world are closely related to their socioeconomic development (Divizia et al. 2004, 

Pintó et al. 2007). The endemicity is low in developed regions and high in underdeveloped 

countries (Divizia et al. 2004, Pintó et al. 2007). HAV are principally endemic in 

developing countries in Africa, East Asia and South America (Divizia et al. 1999). An 

epidemiological shift, from high to low prevalence, has been noticed in recent decades in 

the countries of Southern Europe, including Spain, Italy and Greece (Pintó et al. 2007). 

Consequently, the Mediterranean basin as a whole should no longer be considered as an 

endemic area (Pintó et al. 2007). Most northern shore countries are at present of low 
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endemicity, although some of them, such as Albania, are still areas of high endemicity, 

while most southern/ eastern shore countries are highly endemic, with exceptions such as 

Israel, where a clear epidemiological shifting is presently occurring (Pintó et al. 2007). 

However, due to the great immigration flows from North Africa to Spain, Italy and France 

a new epidemiological pattern may emerge in the near future (Pintó et al. 2007). 

The epidemiological pattern has important implications on the average age of 

exposure and hence on the severity of the clinical disease (Pintó et al. 2007). Since 

hepatitis A infection induces a life-long immunity, severe infections among adults are rare 

in highly endemic regions where most children are infected early in life, usually without 

clinical symptoms (Pintó et al. 2007). In contrast, in low endemic areas the disease occurs 

mostly in adulthood, mainly as a consequence of travelling to endemic regions or as food 

or waterborne outbreaks, and hence the likelihood of developing severe symptomatic 

illness is high (Divizia et al. 2004, Pintó et al. 2007). 

HAV is Known to cause acute liver infection with a discrete onset of symptoms 

(e.g. fever, malaise and nausea), followed in several days by jaundice (Croci et al. 2000, 

Bosch et al. 2008, Yeh et al. 2008). Hepatitis A represents worldwide around 50% of the 

total hepatitis cases and although is self-limiting and rarely causing death may incapacitate 

patients for several months (Croci et al. 2000, Bosch et al. 2008). 

Aichi virus from kobuvirus genera were isolated in 1989, from a stool specimen of 

a patient with oyster-associated nonbacterial gastroenteritis, whose name is derived from 

the characteristic morphology of the virus particles (kobu means bump in Japanese) 

(Sasaki et al. 2001, Le-Guyader et al. 2008, Doyle 2010). 

 

Viruses of the Picornaviridae family have been detected in seawater (Table3), and 

infections in humans are reported to peak in summer and early fall, which also coincides 

with increased water recreational activities and water contact (Fong et al. 2005).  

 

 

Table 3 – Picornaviruses detected in seawater and shellfish. 
 

Year Authors Local Description 

1956  Roos Sweden In 1955, 629 cases of HVA were associated with 

raw oyster consumption. 
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1969 Bendinelli and Ruschi Italy Two echovirus 9 and one coxsackievirus B4, were 

isolated from oysters (Crassostrea virginica) amined 

either directly after harvesting or after a 3-day 

period in sea water polluted by domestic raw sewage 

.The study was carried out from June to September, 

the seasonal period during which enterovirus content 

of sewage reaches maximal levels in this region. In 

Italy, one poliovirus 3 was found in mussels 

harvested in the harbor of Genoa (and three 

echoviruses (types 3, 9, and 13) were detected in 

mussels purchased on the city market of Bari. 

1975 De Flora et al. Italy Enteroviruses were detected in Italian seawaters. 

1979 Goyal et al. USA Enteroviruses were detected in Texas seawaters. 

1979 Vaughn et al. USA Poliovirus and Echoviruses was detected in New 

York seawaters. 

1980 Hugues et al. France Enteroviruses was detected in seawaters. 

1982 Finance et al. Spain Enteroviruses was detected in seawaters. 

1982 Schaiberger et al. USA Enteroviruses was detected in Florida seawaters. 

1983 Fattal et al. Israel Enteroviruses was detected in seawaters. 

1984 Rao et al. USA Enteroviruses was detected in Texas seawaters. 

1985 Lucena et al. Spain Poliovirus and Echoviruses was detected in 

seawaters. 

1991 Jean-Claude et al. USA Large multistate outbreak of HA caused by the 

consumption of Florida raw oysters. During this 

outbreak HAV was identified in illegally harvested 

oysters that were the source of infection. 

1991 Halliday  et al.  China In Shanghai, in 1988, almost 300,000 cases of HAV 

infection were linked to the consumption of clams 

harvested from a sewage-polluted area. 

1993 Yamashita et al. Japan Aichi strain was isolated from patients in outbreaks 

of oyster-associated nonbacterial gastroenteritis. 
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3.3 Caliciviridae family  

Caliciviruses have a nonenveloped, icosahedral capsid composed of a single protein type, 

ranging from 28 to 35 nm of diameter, with a single-stranded, non-segmented, positive-

sense RNA genome that varies in length from 7,4 to 7,7 kb, depending on the serotype 

(Grant 2010). Family members encode two or three ORF´s, the arrangements of which 

differ between genera (Grant 2010). ORF1 encodes for the mature non-structural 

polyprotein, including the RNA-dependent RNA polymerase. ORF2 and ORF3 encode 

structural proteins, the major capsid protein (VP1) and a minor structural protein (VP2) 

respectively (White et al. 1994, Katayama et al. 2004, Asanaka et al. 2005, Grant 2010).  

The Caliciviridae family includes four genera on the basis of sequence relatedness 

and genomic organization: Vesivirus, Lagovirus, Noroviruses and Sapovirus (Bosch 1998, 

Griffin et al. 2003, Fong et al. 2005, Bosch et al. 2008, Voevodin et al. 2009, Grant 2010). 

The human pathogens within this family are of the Norovirus and Sapovirus genera 

(Voevodin et al. 2009, Grant 2010).  

Human Norovirus (HuNoVs) are genetically and antigenically diverse. As 

reproducible methods for cultivation of HuNoVs have not been developed, genetic 

characterization based on complete capsid gene analysis has been used to classify them 

into five distinct genetic groups (or genogroups). Three genogroups contain human strains 

(genogroups I, II, and IV), and the other two genogroups (genogroups III and V) contain 

strains that infect only animals (Tsai et al. 1993, Le-Guyader et al. 2009). Genogroup II 

HuNoVs (more precisely, genogroup II.4 HuNoVs) are the predominant cause of HuNoV 

infections, but they cause HuNoV infections within a larger population of cocirculating 

genotypes (Le-Guyader et al. 2009). The genus Sapovirus is also divided in five 

genogroups that can be subdivided into three, genotypes based on a similar analysis of the 

capsid sequence (Constantini et al. 2006). Human sapoviruses belong to genogroups I, II, 

IV, and V (Asanaka et al. 2005, Constantini et al. 2006). 

The human caliciviruses have low infectious doses, induce only short-term 

immunity, are very resistant to inactivation, prolonged asymptomatic shedding, 

environmental stability (can remain more than 14 days in 15ºC seawater), and great strain 

diversity, that increase the risk of infection by members of this virus (Smith et al. 1993, 
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Jothikumar et al. 2005, Constantini et al. 2006, Rosa et al. 2007, Le-Guyader et al. 2009). 

These characteristics allow the efficiently circulate in both clinical and environmental 

contexts (Jothikumar et al. 2005, Rosa et al. 2007, Le-Guyader et al. 2009). These viruses 

have been detected in different water environments such as sewages, municipal water, well 

water, ice cubes, and recreational waters (Jothikumar et al. 2005, Rosa et al. 2007, Le-

Guyader et al. 2009). So, the risk of infection after consumption of raw or improperly 

cooked seafood or after exposure to contaminated recreational water is considered high 

(table 4) (Jothikumar et al. 2005, Rosa et al. 2007, Le-Guyader et al. 2009). 

Primary noroviruses infection results from the ingestion of fecally contaminated 

food or water, while secondary infection results from person-to-person contact, aerosolized 

vomits, fomites, and infected food handlers (Rosa et al. 2007). Noroviruses has a mean 

incubation period of 24 hours, with the illness lasting from 24 to 48 hours. Noroviruses are 

most importance cause of epidemic nonbacterial gastroenteritis and have been identified as 

the primary pathogens associated with shellfish-borne gastroenteritis in the developed 

world in people of all ages (Smith et al. 1993, Nishida et al. 2003, Constantini et al. 2006, 

Rosa et al. 2007, Nenonen et al. 2008, Grant 2010). 

Noroviruses gastroenteritis is characterized by nausea, vomiting and diarrhea 

(Smith et al. 1993, Grant 2010). The disease is usually self-limiting (Grant 2010).  

Human sapoviruses (HuSaVs) cause illness primarily in children (Nishida et al. 

2003, Jothikumar et al. 2005, Constantini et al. 2006). The majority of infections occur 

during winter months, but sporadic cases also occur throughout the year (Le-Guyader et al. 

2009). 

 

 

Table 4 – Outbreaks of Caliciviridae family. 

 

Year Authors Local Description 

1977 Appleton et al. U.K The first linkage of viruses with shellfish-associated 

gastroenteritis was made in the winter of 1976–1977 

in the United Kingdom. Small, round, virus like 

particles, like those seen in outbreaks of “winter 

vomiting disease,” were observed in patients faces. 
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1979 Murphy et al. Australia 2000 persons were involved in an outbreak of oyster-

associated food poisoning in June and July, 1978. 

1980 Linco and 

Grohmann 

Australia An outbreak of gastroenteritis occurred in Australia 

in June 1978, involved 150 persons. The Norwalk 

virus was shown to be the cause and was derived 

from oysters harvested in the Georges river area in 

Sydney.. Another, but much smaller, outbreak took 

place after a dinner in Darwin in December 1978 and 

again the Norwalk virus was the cause. Boxes of 

frozen oysters from the same source had been 

packaged in August in Sydney, overlooked, then 

dispatched to Darwin in December. The virus had 

obviously survived frozen for several months. 

1982 O’Mahony et al. Great 

Britain 

During 1980-1981, 424 cases of outbreaks of 

norovirus linked to shellfish (cockles) consumption 

were reported. 

1985 Richards USA 472 cases of outbreaks of norovirus linked to 

shellfish (oysters) consumption. 

1986 Morse et al. USA 204 cases of outbreaks of norovirus linked to oysters 

consumption and 813 cases linked to clams 

consumption. 

1991 Tang et al. Shanghai In 1988, an epidemic involved 290,000. 

People, who contracted hepatitis A after eating 

clams. 47 people died.  

 

 
 
 

3.4 Hepeviridae Family 

Hepatitis E virus (HEV) is the prototype species of the genus Hepevirus, the only member 

of the family Hepeviridae. It is a 32 to 34 nm, nonenveloped, icosahedral, single-stranded, 

non-segmented, positive-sense RNA genome of 7.2 Kb (Labrique et al. 1999, Hollinger 

2002, Cheng 2008, Magni 2010).  HEV capsid is composed of a single protein type. 

Multiple copies of the structural protein interact to form an icosahedral shell with 
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protrusions (Labrique et al. 1999, Hollinger 2002, Chang 2008, Magni 2010). HEV 

genome contains three ORF´s, ORF1 encodes putative nonstructural proteins; ORF2 

encodes the major, if not the only, capsid protein; and ORF3 encodes a short protein of 

unknown function (Labrique et al. 1999, Hollinger 2002, Emerson et al. 2004). 

Furthermore, although the sequence of HEV is not closely related to that of any recognized 

virus, reason why HEV is recently removed from the Caliciviridae family (Labrique et al. 

1999, Hollinger 2002). 

HEV Infects humans and other animal species, and it is endemic to various 

countries, but rarely in developed countries (Labrique et al. 1999, Hollinger 2002, Pintó et 

al. 2007, Cheng 2008).  

Hepatitis E infection is frequent in children, it is mostly asymptomatic or causes a 

very mild illness without jaundice that goes undiagnosed (Magni 2010). Pregnant woman 

appear to be exceptionally susceptible to severe disease, and excessive mortality has been 

reported in this group (Magni 2010). Typical signs and symptoms of hepatitis include 

anorexia, jaundice, an inflamed liver, abdominal pain and tenderness, nausea and vomiting, 

and fever, although the disease may range in severity from subclinical to fulminant 

(Labrique et al. 1999, Hollinger 2002, Pintó et al. 2007, Chang 2008, Magni 2010). 

Hepatitis caused by HEV is clinically indistinguishable from hepatitis A disease. The 

infective does is not known (Magni 2010). 

HEV has a summer-autumn seasonality, and the rates of infection increased sharply 

throughout the months of June to September with peak in July (Momoki 2009). A study in 

South Asia confirms this marked seasonality (Labrique et al. 1999). A periodicity of 5-10 

years has been suggested for recurring epidemics of HEV in India, China, and certain 

central Asian republics of the former Soviet Union (Labrique et al. 1999). Outbreaks are 

documented almost every rainy season, with seasonal increases during the monsoon 

months of June through August (Labrique et al. 1999). Communities with inadequate 

sewage disposal are prone to recurrent HEV outbreaks. A low level of community 

sanitation is also strongly associated with both epidemic and endemic HEV (Labrique et al. 

1999). 
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3.5 Reoviridae family 

The Reoviridae family includes a group of nonenveloped virus, icosahedral capsid, ranging 

from 60 to 80 nm in diameter, with a double-stranded RNA, segmented in 10 to 12 discrete 

segments, of 16 to 27 Kb of size (Bos et al. 2004, Grassi et al. 2009). 

The genome is enclosed by a triple-layered capsid composed of a double protein 

shell and an inner core; the innermost layer is composed of protein VP2, the intermediate 

layer consists of protein VP6, and the outermost layer is composed of glycoprotein VP7 

and the spike protein VP4 (Kudo et al. 1991, Caballero et al. 2004, Bosch et al. 2006). 

Two of the structural proteins, VP7 and VP4 are important in virus infectivity (Bosch et al. 

2006).  The VP6 protein located on the inner capsid layer is designated the group-specific 

antigen and is the major target of rotavirus diagnostic assays (Bosch et al. 2006).This 

protein is believed to play a role in the development of protective immunity (Bosch et al. 

2006). Genomic reassortment of the rotaviral RNA segments may occur during replication, 

particularly when there is coinfection with more than one strain (Bosch et al. 2006).  

Rotavirus strains may be serotyped on the basis of VP7 and VP4 glycoproteins that 

are the targets of neutralizing antibodies produced following natural infection (Villena et 

al. 2003). Glycoprotein VP7, determines G serotypes, and the protease-sensitive protein 

VP4, determines P types (Villena et al. 2003). Fourteen rotavirus G serotypes, including 10 

serotypes that infect humans, have been identified (Pianetti et al. 2000, Pusch et al. 2005). 

In concern to VP4, 20 serotypes, including 8 serotypes that infect humans, have been 

characterized (Pianetti et al. 2000, Pusch et al. 2005). Genotyping studies have indicated 

that four G-P combinations, P[8]G1, P[4]G2, P[8]G3, and P[8]G4, are common worldwide 

( Gabrielli et al. 2003, Pintó et al. 2003, Villena et al. 2003). 

This family includes reoviruses and rotaviruses. The rotavirus is the most important 

agent of gastroenteritis transmitted from the aquatic environment in this family (table 5) 

(Bos et al. 2004, Grassi et al. 2009). 

Rotaviruses are resistant to the action of disinfectants, heat, proteolytic enzymes 

and pH values between 3 and 10 (Bosch et al. 2006, Grassi et al. 2009). However 

Rotaviruses do not show the same tolerance to extreme conditions as other enteric viruses, 

although they are stable in the environment and can be stored for several months at 4°C or 

even 20°C (Bosch et al. 2006, Grassi et al. 2009). They are resistant to drying and may 

survive on fomites and surfaces. Heating at 50°C for 30 min reduces their infectivity by 
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99% (Bosch et al. 2006, Grassi et al. 2009). Repeated cycles of freezethaw can also 

destroy infectivity (Bosch et al. 2006, Grassi et al. 2009). Normal cooking temperatures 

are usually sufficient to inactivate rotaviruses. They are resistant to chlorine levels present 

in drinking water, and are persistent in the environment (Bosch et al. 2006). 

Rotavirus was first identified as a causative agent of gastroenteritis in 1973 and is 

thought to be responsible for the deaths of 4x106 to 5x106 individuals annually worldwide 

(Domínguez et al. 2009, Grassi et al. 2009). It is estimated that over one million cases of 

severe diarrhea in the 1 to 4 year-old age group are caused by rotaviruses annually in the 

United States, with up to 150 deaths (Griffin et al. 2003, Loisy et al. 2004, Grassi et al. 

2009). It is one of the major causes of infantile viral gastroenteritis worldwide, but adults 

are also susceptible (Grassi et al. 2009). Group A rotaviruses are the leading cause of 

infantile diarrhea worldwide and are associated with more than 600,000 deaths annually, 

mainly in developing countries (Villena et al. 2003, Domínguez et al. 2009). Rotaviruses 

are known to have also high incidence rates in adults. In an outbreak in Vail, Colo., the 

attack rate among adults was 43.8 percent (American Water Works 2006). At least nine 

documented waterborne outbreaks have occurred in the United States (American Water 

Works 2006). Griffin et al. (2003), screened 263 outbreaks of gastroenteritis in the USA 

between 1998 and 2000 and found that rotavirus was implicated in three outbreaks. The 

group B rotavirus, that uniquely affects Asia, has been associated with outbreaks affecting 

large numbers of adults in broad geographic distributions of China and India (Anderson et 

al. 2004). Group C rotavirus causes sporadic outbreaks in children (Bosch et al. 2006). 

These outbreaks are related to person-to-person transmition, and contaminated food and 

drinking water. 

Several outbreaks of waterborne disease have been attributed to this organism 

(Grassi et al. 2009). They are widely distributed in nature and are excreted in large 

numbers in the feces of infected individuals (Grassi et al. 2009). All of the rotavirus 

outbreaks have been associated with direct fecal contamination of an untreated or 

compromised water supply or suboptimal treatment of drinking water (Caballero et al. 

2004). Environmental transmission of rotavirus occurs mainly through shellfish grown in 

polluted waters and contaminated drinking water (Caballero et al. 2004, Grassi et al. 

2009). 
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There are many reasons for the recurrent rotavirus infections. Primary, number of 

reasons depending, on the viral particle and the host (Koroglu et al. 2011). There are many 

groups, subgroups and serotypes of the virus, and the preliminary antibody response to 

disease is serotype-specific with little cross-protection (Koroglu et al. 2011). Second, 

rotaviruses have extensive antigenic and genomic diversity and epidemiologic shift of 

group A rotavirus over the years has been reported (Koroglu et al. 2011). Additionally, 

mutant strains of rotavirus have been shown to cause large outbreaks (Koroglu et al. 2011). 

Some host factors have been reported to result in recurrent adult infections, such as a short-

lived rotavirus-specific immune response, low rotavirus-specific secretory IgA levels in 

feces (undetectable levels as early as 1 year after infection) and significantly decreased 

circulating levels of protective antibody (undetectable levels by the age 70 years) (Koroglu 

et al. 2011). 

Rotavirus disease is more common during the winter months in countries with a 

temperate climate. In tropical regions, outbreaks can occur both in the cooler and drier 

months and throughout the year especially where transmission is related to contaminated 

water supplies and where no sewage treatment systems exist (Kudo et al. 1991, Armah et 

al. 1994, Bosch et al. 2006) 

 

Table 5 – Rotavirus in seawater 
 

Year Authors Local Description 

1986 Rao et al. USA Rotavirus was detected in Texas seawaters. 

1987 Andersson and Weber 

 

Sweden Waterborne viral disease (gastroenteritis) outbreaks 

in recreational seawater. 

1989 Fattal and Shuval 

 

Israel Waterborne viral disease (gastroenteritis) outbreaks 

in recreational seawater. Rotavirus induced 

gastroenteritis among bathers on the Mediterranean 

Israeli beaches. 

 
 

3.6 Polyomaviridae family 

  The Polyomaviridae constitute a family of nonenveloped viruses, icosahedral capsid 

ranging from 40 to 50 nm of diameter, with a doubled-stranded super coiled and covalently 



Emergent Viruses in the Marine Environment 

 
 

Sónia Sousa         

    21 
 

closed DNA genome that varies in length from 40 to 50 kb, depending on the serotype 

(Girones 2006, Mahy 2009).   

Human rabyomvirus BK virus (BKV) shows high antigenic variability, especially 

in the viral capsid protein VP 1 region, which allows the determination of different 

antigenic serotypes (Montagner et al. 2007). Genetic instability apparently affects immune 

regulation of host, and may compromise both the pathogenesis of nephropathy caused by 

BKV and the development of antiviral agent resistance (Montagner et al. 2007). Human 

Polyomaviruses JC virus (JCV) show 75% genome identity with BK virus (BKV). Both 

viruses produce latent infection that persist indefinitely in individuals and are excreted 

regularly in the urine of healthy individuals, especially in the case of JCV (Vilchez et al. 

2004, Hundesa et al. 2006, Gimenez et al. 2006, McQuaig et al. 2009). 

The polyomaviruses are highly specific for their hosts, and all the members share a 

similar organization (Gimenez et al. 2006, McQuaig et al. 2009). Genes that are expressed 

soon after these viruses infect cells include the T and t antigens, which are potentially 

oncogenic multifunctional proteins (Girones 2006). These viruses produce severe clinical 

syndromes, primarily among immunocompromised individuals (Girones 2006). However, 

these polyomaviruses consistently infect approximately 50–90% of the adult population 

without causing symptoms, suggesting an extended period of coevolution between these 

viruses and their human host (Girones 2006). 

JCV is associated with progressive multifocal leukoencphalopathy, a fatal 

demyelinating disease that accounts for 4% of deaths of AIDS patients (Gimenez et al. 

2006, Girones 2006, McQuaig et al. 2009). Meanwhile, BKV infections may lead to 

kidney diseases and syndromes, including hemorrhagic cystitis, renal allograft loss, and 

ureteric stenosis in transplant patients, especially following kidney or bone marrow 

transplantations (Gimenez et al. 2006, Girones 2006, McQuaig et al. 2009). BKV seems to 

infect humans during infancy and is excreted in urine with lower frequency than the 

viruses in JCV infections (Girones 2006). BKV and JCV gained much attention in the late 

1970s as the etiological agents of kidney nephritis (Gimenez et al. 2006, McQuaig et al. 

2009). The pathogenicity of these viruses is commonly associated with 

immunocompromised states but has attracted more attention due to their AIDS –linked 

immunosupression (Hundesa et al. 2006, Gimenez et al. 2006). The role of these viruses in 

human cancer has also been suggested, in particular JCV is associated with a higher 



Emergent Viruses in the Marine Environment 

 
 

Sónia Sousa         

    22 
 

incidence of several most notably brain tumors, but also B-cell lymphoma and colorectal 

cancer (Hundesa et al. 2006, Gimenez et al. 2006, Girones 2006). JCV is also linked to 

chromosomal instability (Girones 2006). 

In 2000 it was first suggested that JCV would be a useful indicator of human 

sewage in water (McQuaig et al. 2009). The obligate host specificity abundance of BKV 

and JCV in municipal sewage has led the successful use of these viruses to indicate human 

fecal pollution in environmental water samples (McQuaig et al. 2009). 

It has been shown that there is a high prevalence of the human polyomaviruses 

BKV and JCV in sewage, river and lake water and seawater and even drinking water, 

implying a potential transmission of these viruses and their potential oncogenic genes 

through the oral route (Bofill-Mas et al. 2000, Bofill-Mas et al. 2005, Gimenez et al. 2006, 

Girones et al. 2010, Calquaa et al. 2011). A study showed a JCV prevalence of 98% in 52 

sewage samples collected from different geographical areas around the world (Calquaa et 

al. 2011). JCV and BKV have also been detected in distinct environmental samples from 

India and JCV in bivalve molluscan samples (Bofill-Mas et al. 2005). They have winter-

spring seasonality in temperate climates (Forbes et al. 2007). 

 

3.7 Astroviridae family  

HAstV have a nonenveloped, icosahedral capsid, ranging from 28 to 30 nm of diameter, 

containing a non-segmented, positive single-stranded RNA genome that is approximately 

6.8 to 7.2 kb long and contains three ORF’s , ORF1a containing the proteases, ORF1b 

containing the RNA-dep RNA polymerase, and ORF2 containing the capsid (Monroe et al. 

1993, Murphy et al. 1999, Otsu. 1999, Nadan et al. 2003, Haramoto et al. 2004, Katayama 

et al. 2004, EL- Senousy et al. 2007).   

The Astroviruses, classified into two genera; mamastrovirus (infecting mammals) 

and the avastrovirus (infecting birds) is further broken down into subtypes named 

according to the species it is infecting (Murphy et al. 1999, Bosch et al. 2006, Silva et al. 

2009). Astrovirus share some properties with caliciviruses and picornaviruses but are 

distinguished in their virion size, structure, the coding content of their genome, and 

replication strategy (Murphy et al.1999). 
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To date, eight HAstV serotypes (HAstV type 1 [HAstV-1] to HAstV-8) have been 

described (Monroe et al. 1993, Nadan et al. 2003, Bosch et al. 2006). HAstVs-1 is most 

common worldwide and cDNA is infectious when capped (Palombo et al. 1996, Murphy et 

al. 1999). While HAstV-2 to -5 seem to be less common, HAstv-6 to- 8 are seldom 

detected (Palombo et al. 1996, Murphy et al. 1999). 

Astroviruses are resistant to extreme environmental conditions (Grohmann 1997, 

Murphy et al. 1999, Bosch et al. 2006). Their heat tolerance allows them to survive 50°C 

for 1 hr (Murphy et al. 1999, Bosch et al. 2006). The virus is also stable at pH 3.0 and is 

resistant to chemicals, including chloroform, lipid solvents, and alcohols and to nonionic, 

anionic, and zwitterionic detergents (Murphy et al. 1999, Bosch et al. 2006). 

 

Astroviruses infections occur worldwide and have been reported for all age groups, 

and the young, elderly, and immunocompromised are at the greatest risk (Nadan et al. 

2003, Nishida et al. 2003, El-Senousy et al. 2007). The astroviruses were first recognized 

in 1975 in association with outbreaks of gastroenteritis in newborns, and were named 

according to their star-like appearance under the electron microscope (Nadan et al. 2003, 

Bosch et al. 2006, Kokkinos et al. 2011). Human astroviruses (HAstV) have been 

identified as the second most important cause of viral infantile diarrhea in selected areas of 

South Africa and in other regions of the world (Murphy et al. 1999, Otsu 1999, Nadan et 

al. 2003). Large outbreaks of astrovirus diarrhea are described with increasing frequency 

nowadays (Abad et al. 1997, Gabay et al. 2006). The large majority of outbreaks are 

related to person-to-person transmission and through the consumption of contaminated 

food and drinking water. Astroviruses are found in seawater and in shellfish, however there 

are no reports of outbreaks related to seawater.  

HAstVs disease is usually less severe than the disease caused by rotaviruses, and may also 

cause asymptomatic infections (Nadan et al. 2003). Clinically, astroviruses cause 

symptoms similar to those of caliciviruses after an incubation period of 3–4 days (Bosch et 

al. 2006). Symptoms include diarrhea, vomiting, nausea, fever, malaise and abdominal 

pain. Symptoms will generally dissipate on their own within a period of 3 to 4 days 

(Murphy et al. 1999, Nadan et al. 2003). There is no need for treatment or hospitalization, 

as the virus will be generally cleaned out by the body itself, although in some rare cases, 

may actually lead to dehydration (Murphy et al. 1999, Nadan et al. 2003). 
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Epidemiological evidence of transmission via contaminated shellfish and water has 

been reported (Bosh et al. 2006). There are several Japanese reports of astrovirus genomes 

identified in shellfish and there is evidence that astroviruses appear to contribute to food 

borne outbreaks of gastroenteritis, mainly through the consumption of contaminated 

mussel and oysters (Yamashita et al. 1991, Caul 1996, Reynolds 2000, Bosch et al. 2001, 

Potasman et al. 2002, Vasickova et al. 2005). 

The transmission of astrovirus, via environmental contaminated waters tends to be 

an important public and environmental health concern, however, nothing is known about 

the survival of astrovirus in such a vehicle (Abad et al. 1997). 

In temperate climates, a seasonal peak in winter and spring occurs, but infections 

may occur throughout the year, with children under the age of 7 years being affected 

predominantly (Utagawa et al. 1994, CooK et al. 1995, Palombo et al. 1996, Abad et al. 

2001, Vasickova et al. 2005, Bosh et al. 2006). Astroviruses showed a greatly enhanced 

survival at low temperature, suggesting that temperature, among other environmental 

factors, may be meaningful in the seasonal distribution of outbreaks (Abad et al. 2001). 
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3. Enteric Viruses in marine environment 

3.1 Transport and Survival 

There are several routes by which enteric viruses can enter in the marine 

environment, including indirect discharge of treated or untreated sewage effluents, 

unintentional discharges by urban and rural run-off, waste input from boats and rivers 

(Harvell et al. 1999, Griffin et al. 2003). 

These viruses can persist for long periods in the marine environment, which 

increases the probability of human exposure by recreational contact and the accumulation 

in shellfish (Lucena et al. 1994, Suttle 2005, Myrmel et al. 2006). 

There are several factors that control the survival of viruses in the marine 

environment, as water temperature, pH, exposure to UV, association with sediments, 

predators, salinity and raining (Le-Guyader et al. 1983, Chuan et al. 1983, Goyal et al. 

1984, Yates et al. 1985, Grantzer et al. 1998, Griffin et al. 2003, Bosch et al. 2005; Fong et 

al. 2005, Bosch et al. 2006, Suttle 2007, Lugoli et al. 2009). 

The most significant factor controlling virus survival is water temperature (Yates et 

al. 1985, Grantzer et al. 1998, Bosch 2007). Several studies, have reported that, enteric 

viruses survive more frequently at lower temperature in natural environments (Fong et al. 

2005, Bosch et al. 2006, Bosch 2007). Temperature affects the rate at which protein and 

nucleic acid denaturization occurs as well as chemical reactions in general that can degrade 

the viral capsid and /or nucleic acids (e.g. enzymes), preventing adsorption of the viruses 

to their host and inactivating enzymes required for replication (Wetz et al. 2004, Fong et 

al. 2005, Bosch et al. 2006, Bosch 2007). Virus inactivation at elevated temperatures 

probably results primarily from protein denaturization (Bosch 2007). Some studies pointed 

to viral proteins damage as the primary target for viral inactivation at high temperatures 

(above of 20ºC) (Fong et al. 2005, Bosch et al. 2006). A study with poliovirus, showed that 

poliovirus RNA becomes more sensitive to ribonuclease after it has been exposed to high 

temperatures, indicating structural alterations in the viral capsid (Johnson et al. 1997, 

Bosch 2007). At freezing or near-freezing temperatures, viruses may survive for many 

months (Bosch 2007). 
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A study of Jennifer Wetz et al. (2004) shown that the days to reduce viral titer by 

99% were 4.4 and 4.0 for 22 and 30 ºC, respectively (Wetz et al. 2004). In another marine 

virus survival study, 90% inactivation of poliovirus and parvovirus was observed in 1 to 3 

days at the highest temperature compared to 10 days at the lowest temperatures (Griffin et 

al. 2003). Viral strains, such as hepatitis A virus and parvovirus, exhibit higher thermal 

resistance than other enteric viruses (Bosch et al. 2006, Bosch 2007, Bosch et al. 2008). 

The composition of the water also influences the thermal inactivation of viruses 

(Bosch 2007). Factors, such as, pH, salts, organics, and the presence of particular matter 

have been shown to affect the thermal stability of viruses (Bosch 2007). Some cations 

enhance the effects of temperature, while others have the opposite effect (Bosch 2007). 

Rotavirus SA-11 is more rapidly inactivated by heating at 50 0C in a 1 M MgCl2, while 

reovirus type1 infectivity is stabilized (Bosch 2007). In seawater poliovirus type 1 is more 

stable in seawater than in distilled water (Bosch 2007). Poliovirus type 1 has been shown 

to be thermostablized by association with marine sediments (Bosch 2007). 

An investigation along the Catania coastline of Italy, disclosed the prevalence of 

reoviruses only during the autumn and winter months, indicate that surface water 

temperature may play a key role in the survival of enteric viruses in marine environments 

(Griffin et al. 2003). Another study showed that reoviruses were found in 95% of samples 

during the winter and in only 15% of the samples during the summer (Griffin et al. 2003). 

In Charlotte Harbor, Fla., enteroviruses were detected only in December and February, 

when lower surface water temperatures coincided with an increase in the number of water 

quality indicators relative to warmer months (Griffin et al. 2003). 

 

Enteric viruses, in general, are very stable at the pH of most natural waters (pH 5 to 

9) (Melnick et al. 1978, Duizer et al. 2004, Cannon et al. 2006, Bosch 2007). Most enteric 

viruses are more stable at a pH between 3 and 5 than at pH 9 to 12 (Melnick et al. 1978, 

Duizer et al. 2004, Thurston-Enriquez et al. 2005, Cannon et al. 2006, Bosch 2007). A 

study of Melnick and Gerba, (1978), demonstrated that if pH is maintained above 11 for 

sufficiently long periods, 99.9% inactivation of the viruses present can result (Melnick et 

al. 1978). The increase in pH has a direct toxic effect by fragmenting the nucleic acids 

(Bosch 2007, Abdel-Moety et al. 2008). Enteroviruses can survive at a pH of 11.0 to 11.5 

and 1.0 to 2.0 for short periods of time,). Adenoviruses and rotaviruses are sensitive to 
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inactivation at a pH of 10.0 or greater (Bosch 2007). Caliciviruses are inactivated between 

pH 3 and pH 5 (Abdel-Moety et al. 2008). Duizer et al. (2004) shown that 3 h at pH 2.7 

was not enough to completely inactivate Noroviruses. It has been suggested that the 

sensitivity of enteric viruses to pH may be strain dependent (Bosch 2007). 

 

The ultraviolet light in sunlight can inactivate viruses by causing cross-linking 

among the nucleotides (Suttle et al. 1992, Noble et al. 1997, Bosch 2007). However, 

viruses are more resistant to UV radiation than many other pathogens, because of their low 

molecular weight (Suttle et al. 1992, Bosch et al. 2006, Suttle et al. 2007). Viruses with 

double stranded DNA or RNA are significantly much more resistant to UV light 

inactivation than enteroviruses, because their undamaged DNA or RNA strand may serve 

as a template for repair by host enzymes and they can use host cell repair enzymes to repair 

the UV light damage (Suttle et al. 1992, Gerba et al. 2002, Bosch et al. 2006, Bosch 2007, 

Bosch et al. 2008). In fact, double stranded DNA or RNA viruses (e.g. adenoviruses) have 

been, frequently, responsible for recreational waterborne disease outbreaks (Gerba et al. 

2002). 

Visible light may also effect the survival of viruses by a process called 

photodynamic inactivation (Bosch 2007). In this process, the virus is “sensitized” to 

photooxidation by interaction of the viral genome with certain substances (Bosch 2007). 

Numerous synthetic and natural substances, such as ligins, fulvic acids, humic acids, and 

vitamins, may act as photosensitizers (Bosch 2007). These substances adsorb radiation and 

selectively transfer that energy to dissolved oxygen, which is excited to its highly oxidized 

state (Bosch 2007). The length of light exposure and its intensity also influence the rate of 

virus inactivation. A photodynamic substance has been demonstrated in algae cells, which 

is antiviral (Bosch 2007). 

Fujioka and Yoneyama, 2002 found that several enteroviruses in seawater were 

inactivated much more rapidly in the presence of sunlight than in the dark (Bosch 2007). 

The authors showed also that the rate of inactivation was much less in the winter than in 

the summer (Bosch 2007). Johnson et al. 2007 showed that inactivation rates of 

polioviruses under sunlight in marine water are higher than in the dark. A study of 

Nwachuku et al, 2005, confirm that adenoviruses are the most resistant enteric viruses to 

inactivation by UV light and that adenovirus 40 appears to be the most resistant. The effect 
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of freeze-thawing and storage in water may affect the sensitivity of some adenoviruses to 

inactivation by UV light (Nwachuku et al. 2005). The effectiveness of UV radiation in the 

inactivation of caliciviruses is comparable to that of the enteroviruses and less effective 

than that of adenovirus 2 and adenovirus 40 (Duizer et al. 2004). A study of Thurston-

Enriquez et al, 2003, showed also caliciviruses as more susceptible to UV inactivation than 

Adenoviruses 40. Gantzer et al. 1998 showed that UV light rapidly inactivates HAV 

viruses and Polivirus 1 but HAV is more resistant. Rzeżutka et al. 2004 also probe that UV 

light is highly efficient in the inactivation of poliovirus and should strongly influence its 

survival in most natural environments. In this study the time taken for 99% inactivation of 

poliovirus in dark was 52 days, but when exposed to light this time was reduced to 20.6 

days (Rzeżutka et al. 2004) 

 

Adsorption of enteric viruses to sediments has been demonstrated to prolong the 

survival of enteroviruses (Bosch 2007). The protective effect of clays on virus survival 

may be due to several factors, including the adsorption of enzymes or other substances that 

inactivate viruses, increased stability of the viral capsid, prevention of aggregate formation, 

and interference with the action of virucidal substances (Bosch 2007). Benonite clays have 

been shown to protect viruses against inactivation by ribonuclease by the adsorption of this 

enzyme to the clay (Bosch 2007). Marine sediments and clays also protect viruses against 

thermal inactivation in seawater (Bosch 2007). 

A study at an offshore sewage sludge dumping site noted that viable enteric viruses 

could be detected in the sediments 17 months after dumping was halted (Griffin et al, 

2003). Enteroviruses associated with marine solids were shown to remain infectious for 19 

days compared to 9 days for unassociated enteroviruses in the water column (Griffin et 

al.2003). The increase in the survival of enteroviruses associated with particulate matter 

was also observed in a seeded estuarine study (Griffin et al. 2003). Green and Lewis, 1995 

reported that enteroviruses and hepatitis A virus could be detected throughout the year in 

sediment in the immediate vicinity of a sewage outfall even though enteroviruses 

concentrations peaked in the wastewater during winter months. During wet weather when 

contaminants were loaded into an estuary isolate enteric viruses in both water and sediment 

samples, but during the dry season, viruses persisted only in the sediment (Ferguson et al. 

1996).  
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The increased virus survival in the presence of sediment has important implications 

in the marine environment, because fecal contamination of coastal areas results in 

contamination of shellfish harvesting areas, accumulation of solid-associated viruses in 

sediments with sediments acting as virus reservoirs, and finally accumulation of viruses in 

shellfish (Bosch et al. 2006). Additionally, virus uptake by molluskan bivalves is enhanced 

by the presence of particulate material (Bosch et al. 2006). 

The association with sediments can not only act as reservoirs of human enteric 

viruses but also as a source from which virus can be released into a water column by storm 

action and dredging activities (Rao et al. 1984, Bosch et al. 2005, Fong et al. 2005, Bosch 

2007). While viruses associated with small-size (<3µm) particulate material tend to float in 

the water columm, viruses adsorbed onto large/medium (>6µm) particles readily settle 

down in the bottom sediment (Shiow-Chuan 1983, Grabow 1996, Bosch et al. 2005, Fong 

et al. 2005). In the fluffy sediments the concentration of viruses could be 10 to 10000 times 

higher than those found in water (Shiow-Chuan 1983, Rao et al. 1984, Grabow 1996, 

Bosch et al. 2005, Fong et al. 2005). Sediments represent a reservoir from in which viruses 

may spread when the sediments are disturbed and resuspended in the water column (Rao et 

al. 1984, Bosch et al. 2005, Fong et al. 2005, Bosch 2007, Rao et al. 1984). Resuspended 

solid-associated viruses can be transported from polluted to unpolluted recreational or 

shellfish growing waters and then represent health hazards (Rao et al. 1984, Bosch et al. 

2005, Fong et al. 2005, Bosch 2007). Studies of Smith et al. 1978 (Bosch 2007) have 

shown that viruses will readily adsorb to sand, pure clays, bacterial cells, particulate 

organic matter, silts, etc (Bosch 2007). 

Viruses can ether migrate considerable distances in the surface and circulate 

between marine waters and freshwaters, making the transmission of viruses to new areas a 

serious threat (Yates 1985, Griffin 2003, Bosch 2005, Fong et al. 2005, Bosch et al. 2006, 

Suttle 2007). The size and chemical composition of different viruses influence the 

extension to which they can travel into surface (Hurst et al. 1991).  

Studies with bacteriophages demonstrated that viruses can migrate considerable 

distances in surface and penetrated to depths as great as 67 m (Griffin 2003, Bosch 

2005).Several physical factors such as tidal pumping and the porous nature of limestone 

contribute to the rapid groundwater migration rates observed in theses studies (Griffin 

2003, Bosch 2005). 
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Viral persistence in natural waters may be strongly related to predation by 

flagellates, extracellular proteases, nucleases, and other enzymes, that contribute to viral 

inactivation (Wetz et al. 2004, Fong et al. 2005, Bosch et al. 2006). However, the small 

grazing rate of about 3 viruses per flagellate per hour (about 1% of measured decay) would 

have a limited effect on viral populations in general (Wetz et al. 2004). In contrast, 

(Gordon and Toze 2003) found the presence/absence of predators is a more important 

factor than temperature on virus survival in groundwater. Several authors also suggest that 

in addition to direct microbial action, extracellular proteases, nucleases and other enzymes 

contribute to the decline of enteric pathogens in seawater (Wetz et al. 2004). The longer 

survival of enteric virus in water compared to other viruses may be due to the greater 

resistance to proteolytic enzymes (Bosch 2007). Polioviruses and coxsackieviruses have 

been shown to be resistant to a wide range of photolytic enzymes (Bosch 2007). However, 

this may vary with the serotype of enterovirus (Bosch 2007). 

 

Salinity has not been shown to have a direct effect on virus survival, although 

accelerated inactivation of virus in higher salinities has been reported, maybe because 

increased salt concentrations are virucidal (Lo et al. 1976, Fong et al. 2005, Bosch et al. 

2006). The effect of salinity on virus stability is yet a controversial issue. Many studies 

have reported enhanced removal of virus infectivity in saline solution compared with 

distilled water, whereas others report no significant effect of salinity on virus persistence 

(Bosch et al. 2006). However many studies relate that viruses almost always survive longer 

in freshwater than in seawater, because have been shown that salinity increase viral 

aggregation, which appears to contribute to the loss of viral titer (Bosch 2007, Wetz et al. 

2004). This appears to be also largely due to the presence of antagonistic microorganisms 

rather than the increased salt concentration (Bosch 2007). A study of  Lo et al. 1976 , 

shown that enteric viruses (poliomyelitis type 1, echovirus-6, and coxsackievirus B-5) at 

25°C appeared to be slightly more stable in the low-salinity water, whereas at 4°C 

poliovirus 1 and coxsackievirus B-5 appeared to be more stable in the high salinity water, 

however the differences are probably not significant. 
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Many authors have demonstrated the importance of rainfall and streamflow in the 

loading of fecal indicator organisms to coastal waters (Lipp et al. 2001). The heavy 

precipitation may have result in both increased surface runoff and saturation of soils 

(Labrique et al. 1999, Lipp et al. 2001, Wetz et al. 2004). During major storm events 

sewage treatment plants may not be able to treat all of the incoming sewage because their 

collection systems also collect storm water runoff, allowing faecally polluted water into 

rivers, and flooding (Bosch 2007, Sedas 2007). In developing nations there is evidence of 

outbreaks following floods caused by heavy rains (Bosch 2007, Sedas 2007). Rainfall is 

important, because it can also mobilize adsorbed viruses and promote their migration in the 

groundwater (Hurst et al. 1991). Some studies are developed to demonstrate the migration 

of viruses between biomes (Hurst et al. 1991). A study of Sano et al, 2004, shows that 

viruses from soil, sediment, and freshwater can infect and propagate on marine microbial 

communities (Sano et al. 2004).  

An increase in precipitation increased the probability of detecting viable 

enteroviruses (Griffin et al. 2003, Wetz et al. 2004). A study by Lipp et al, 2001, which 

analysed the effect of El Ninõ-Southern Oscillation (ENSO), shown that in regions 

strongly affected by ENSO events, flooding associated with extreme precipitation has been 

implicated in increased levels of gastroenteritis due to the contamination of water (Lipp et 

al. 2001). In the study no enteroviruses were detected in Charlotte Harbor prior to the wet 

winter weather (Lipp et al. 2001). Between December of 1997 and February of 1998, these 

enteric viruses were isolated from 75% of the sampled stations, including those considered 

to be relatively unpolluted (Lipp et al. 2001). Both viruses and high levels of indicators 

were most often detected in December, reflecting the combined importance of the lowest 

water temperature of the year and high rainfall (Lipp et al. 2001). So, the heavy 

precipitation and streamflow also significantly influenced the presence of human 

enteroviruses (Lipp et al. 2001). 

A 3-year study of French coastal waters indicated that the presence of viruses 

(enteroviruses, HAV, Norwalk-like virus, astrovirus and rotavirus) in shellfish usually 

coincided with incidence of human disease and episodes of rain during winter (Griffin et 

al. 2003). The authors of this stufy hypothesized that short, heavy winter rains caused an 

overload of sewage treatment facilities, resulting in contamination of shellfish beds 

(Griffin et al. 2003). 
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3.2 Transmition 
 

Humans are exposed to marine enteric virus through the consumption of shellfish 

grown in contaminated sea waters; to a lesser extend through sewage-polluted recreational 

waters, through the sea bathing and water sport activities, that are becoming increasingly 

popular and nowadays are not only expanded beyond the traditional summer seasons; and 

through marine aerosols (Bosch et al. 2005, Lipp et al. 2002, Bosch et al. 2006, Bosh et al. 

2008).  

The full impact of viral pollution of recreational seawater on public health is hard to 

evaluate due to the technical and economical difficulties of virological studies (Bosch et al. 

2005). Nevertheless, epidemiology studies show significant risks associated with 

swimming near flowing storm drains (Bosch et al. 2005). Specifically, the incidence of 

illnesses such as rashes, gastrointestinal disorders, and upper respiratory infections 

approximately doubled in those swimming at the mouth of a storm drain (Bosch et al. 

2005). Some studies demonstrated enteroviruses (polioviruses, coxsackieviruses, 

echoviruses), hepatitis A and E, adenoviruses, rotaviruses, and noroviruses have all been 

associated with swimming-related illness (Bosch et al. 2005).  

Bivalve shellfish (including mussels, clams, and oysters) concentrate viral particles 

as a consequence of their feeding process that consist in filtering large volumes of water 

(Le-Guyader et al. 2000, Formiga-Cruz et al. 2002, Romalde 2002, Myrmel 2004). When 

water is contaminated with human faeces, viral pathogens may get trapped in the shellfish-

growing water, and have been implicated as vector in the transmission of viral enteric 

diseases for many decades (Le-Guyader et al. 2000, Formiga-Cruz et al. 2002, Romalde 

2002, Myrmel 2004). 

Contamination of oyster beds with sewage effluent from oyster harvesting boats 

and recreational boats has been reported in the United States and New Zealand (Webby et 

al. 2007). In many countries, oyster beds are located in bays and estuaries close to 

residential areas (Webby et al. 2007). It is difficult for countries importing oysters to 

ensure that oysters are sourced from areas where fecal contamination cannot occur (Webby 

et al. 2007). 
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Following the culinary tradition, bivalve shellfish is often consumed raw, like 

oysters and sometimes clams or cockles, or just lightly cooked, like most of other molluscs 

(Bosch et al. 2005). This cooking habit, together with the fact that the whole animal 

including viscera is consumed, poses a major public health concern since shellfish act like 

passive carriers of human pathogenic viruses (Bosch et al. 2005). There are 

epidemiological evidences that human enteric viruses are the most common etiological 

agents transmitted by bivalve shellfish (Le-Guyader 1983, Romalde 2002, Sanchez 2002, 

Bosch et al. 2005, Bosch et al. 2008). 

The first reported association of viruses with shellfish-borne gastroenteritis 

infection was observed in the winter of 1976–1977 in the United Kingdom when cockles 

were epidemiologically linked to 33 incidents affecting nearly 800 people (Bosch et al. 

2005). 

The periodic appearance of outbreaks, mainly of hepatitis A and gastroenteritis with 

viral etiology, associated with shellfish consumption is an important health problem which 

results in a lack of public confidence over this marketable product and, therefore, in high 

economic losses by the seafood industry (Sánchez et al. 2002). To avoid these health 

hazards, majority of the countries have endorsed sanitary control measures for both 

shellfish and growing waters, based on the levels of fecal coliforms and/or Escherichia 

coli, such as the European Directive 91/492/EEC or the US interstate agreement set out by 

the Food and Drug Administration or the UK Advisory Committee on the Microbiological 

Safety of Food (Le-Guyader 1983, Romalde 2002, Bosch et al. 2005). These regulations 

cover similar ground on the requirements, among others, for harvesting area classification, 

depuration, relaying, analytical methods, and provisions for suspension of harvesting from 

classified areas following a pollution or public health emergency (Bosch et al. 2005). 

A major weakness of these controls is the use of traditional bacterial indicators of 

fecal contamination, such as the fecal coliforms or Escherichia coli, to assess 

contamination (Bosch et al. 2005). Fecal indicators are either measured in the shellfish 

themselves (EU perspective) or in the shellfish-growing waters (US FDA perspective) 

(Bosch et al. 2005). However, several reports describe a lack of correlation between 

bacterial indicator microorganisms and viruses, and pathogenic viruses such HAV, 

norovirus, rotavirus and enteroviruses may be detected in shellfish from areas classified as 
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suitable for commercial exploitation according to fecal coliform criteria (Le-Guyader 

1983, Romalde 2002, Bosch et al. 2005). 

The legislation also requires that third country imports into the EU and USA have 

to be produced to the same standard as domestic products (Bosch et al. 2005, Webby 

2007). Exporting nations have therefore developed programs for compliance with the 

regulations of their target export markets (Bosch et al. 2005, Webby 2007). Nevertheless, a 

number of examples of trans-national outbreaks have recently been reported following 

trade between EU Member States and importation of shellfish from third countries into the 

EU and the USA (Bosch et al. 2005, Webby 2007).  

A study of Sánchez et al. 2002, reported an outbreak of HVA in eastern Spain in 

1999. The reported outbreak was caused by imported frozen coquina clams complying 

with all European Union shellfish standards, which rely solely on bacteriological 

parameters (Sánchez et al. 2002). This outbreak reaffirms the fact that bacterial control is 

an insensitive proxy for viral contamination, since hepatitis A cases have been associated 

with the consumption of shellfish controlled through legal standards and enteric viruses are 

often detected in shellfish with bacterial counts meeting the current criteria for public 

consumption (Sánchez et al. 2002). Another study of Kingsley et al. 2002 reported five 

cases of gastroenteritis consistent with symptoms associated with Norwalk-like after the 

consumption of raw clams, imported from China, in a restaurant in New York in 2000.  

Norovirus infections represent the vast majority of shellfish-related outbreaks, and HAV 

have been clearly implicated in outbreaks linked to shellfish consumption from several 

countries such as the United States, Italy and China, representing the most serious 

infectious disease caused by shellfish consumption (Le-Guyader 2000, Formiga-Cruz et al. 

2002, Myrel 2004, Bosch et al. 2005)  

Approximately 80,000 illnesses due to HAV occur in the United States per year, 

but approximately 300,000 people in Shanghai, China developed hepatitis A after the 

consumption of contaminated clams in 1988 (Jiang et al. 2001). 

A study of Lucena et al. 1986, on seawater shown that a widespread poliomyelitis 

vaccination program conducted in a coastal urban community was reflected in the levels of 

vaccinal poliovirus in seawater, which demonstrates that environmental monitoring of 

viruses provides useful evidence on the occurrence of infections, not only apparent but also 

unapparent, among the population (Lucena et al. 1986). 
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4. Emergent viruses in the marine environment 

Emergent viruses can be defined as new viruses of recent appearance; viruses that 

also exist but increase rapidly this incidence or change this geographic area or viruses that 

water or foodborne transmission was unknown (Desselberger 2000, Bofill-Mas et al. 

2005). The last point could result to the application of new techniques or in the 

improvement of the methods that make more easily the detection of pathogens 

(Desselberger 2000, Bofill-Mas et al. 2005). 

In the 1990s occurred an emergence of a number of new pathogens, many of them 

was viruses (Desselberger 2000). Many enteric viruses known to be pathogenic, has been 

appeared to be associated with changed disease patterns or were recognized as new human 

pathogens (Desselberger 2000, Bofill-Mas et al. 2005). 

Viruses can emerge because of changes in the host and in the environment 

(Desselberger 2000, Tabor 2007). Change in the host population can include cultural 

changes as hygiene habits (Desselberger 2000, Tabor 2007). When a virus emerges by 

transfer to a susceptible population from a population in which it is endemic, the 

emergence can result from cultural change in either population (Desselberger 2000, Tabor 

2007). Changes in the environment can result from travel and major political changes such 

as war and conquest can lead to the emergence of pathogenic viruses due to migration of 

armies and displaced civilians, crowding deterioration of hygiene and famine 

(Desselberger 2000, Tabor 2007). By this way, virus can be transported from an endemic 

region to other non-endemic regions (Bos et al. 2004, Grassi et al. 2009). 

Another aspect of the viral emergence of changed pathogens is based on the 

widespread use of antivirals agents (Desselberger 2000). 

A new pathogenic virus can emerge in humans from among existing human viruses 

or from animal viruses (Tabor 2007). Mutations in a nonpathogenic virus of humans can 

create a pathogenic virus of humans (Tabor 2007). A virus of animal can mutate or 

recombine with a virus of humans to create a virus that is highly pathogenic for humans 

(Tabor 2007). The simple structure of viruses, allows mutations to occur easily, the 

explosive replication of viruses magnifies the mutation (Tabor 2007). RNA viruses are 
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particularly prone to these modifications since they lack molecular “proofreading” 

mechanisms to correct mutations and errors in replication (Tabor 2007). 

The re-emergence result in large majority by the consumption of contaminated sea 

food, that are imported from Asiatic countries to European countries or even through the 

consumption of contaminated sea food in Asiatic countries by travelling. The manifestation 

of disease, in general, occurs when the person arrived to origin country and could, by this 

way, spread the disease to other persons (Kingsley et al. 2002, Romalde et al. 2002, 

Sánchez et al. 2002).  

The consumption of imported contaminated food, namely bivalves is also an 

important cause of emergent viral diseases. An investigation of Webby et al. 2007, related 

that between November 2003 and January 2004, outbreaks of norovirus in 3 Australian 

jurisdictions involving 83 cases of illness were associated with imported oyster meat. 

Many other studies have linked the consumption of imported contaminated bivalves with 

hepatitis outbreaks. Sánchez et al. 2002, reported one hundred eighty-four serologically 

confirmed cases of hepatitis A in eastern Spain in 1999, linked to imported coquina clams 

complying with European Union shellfish standards. Kingsley et al. 2002, in their study 

detected Hepatitis A virus and Norwalk-like virus in clams imported into the United States 

from China. An epidemiological investigation showed that these clams were associated 

with five cases of Norwalk-like gastroenteritis in New York State in August 2000 

(Kingsley et al. 2002).  

 

An increase in the number of emergent outbreaks of foodborne disease associated 

with fish and shellfish may be also related to the improved surveillance (Webby et al. 

2007). Moreover, re- emergence of viruses can also occur when fear of vaccination 

becomes a regional political issue (Tabor 2007). 

 

As the epidemiology of waterborne diseases is changing, there is growing global 

public health concern about new and reemerging infectious diseases, which are occurring 

through a complex interaction of social, economic, evolutionary, and ecological factors 

(Bofill-Mas et al. 2000). 
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4.1 Emergency in Adenoviridae Family 

HAdVs have been considered critical, since the potential health risks associated 

with their waterborne transmission were noticed (Griffin et al. 2003, Fong et al. 2005, 

Jothikumar et al. 2005, Xagararaki et al. 2007). The enteric adenoviruses types 40 and 41 

have emerged as a leading cause of viral gastroenteritis in children, second most 

importance after the rotaviruses (Fong et al. 2005, Jothikumar et al. 2005, Xagararaki et al. 

2007). Many studies have suggested that the enteric adenoviruses may survive for 

prolonged periods in water, representing a potential route of transmission (Lebecka et al. 

2009). 

Variants of HAdV3 have been associated with outbreaks of severe disease.  A study 

of Lebecka et al (Lebecka et al. 2009) found a considerable genetic diversity among US 

clinical HAdV3 strains (Lebecka et al. 2009). Novel variants emerged and became 

prevalent. One such emergent strain may be associated with more severe clinical disease 

(Lebecka et al. 2009). Serotypes 31 and 51 are also associated with fecal-oral transmission 

and, consequently, potentially transmitted by water (Griffin et al. 2003, Fong et al. 2005, 

Jothikumar et al. 2005, Xagararaki et al. 2007). 

 

4.2 Emergency in Picornaviridae Family 

In this family, the viruses more commonly isolated from the environment are the 

enterovirus, because they grow easily in cell culture (American Water Works 2006). 

Human enteroviruses detected in bivalve shellfish include vaccine-strain poliovirus, 

coxsackievirus, and echovirus (Potasman et al. 2002). Enteroviruses have not generally 

been associated with shellfish-vectored (or seafood-vectored) infection, however, recently 

many studies related that enteroviruses were found to contaminate shellfish harvested from 

both polluted and relatively clean sites (Potasman et al. 2002). 

Coxsachieviruses have emerged as important waterborne enteric pathogens. A 

study realized in Puerto Rico demonstrated that 95% of enteroviruses detected were 

coxsackie B5 virus (Griffin et al. 2003). Others studies have reported that approximately 

30% of the isolates from untreated wastewater (Athens, Greece) were coxsackie B2, B4 

and B5 virus, with an estimated overall coxsackieviruses concentration of 35.8 to 172.8 

cytopathic units per liter (Griffin et al. 2003).  
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The risk of poliomyelitis among non-immunized travellers to tropical developing 

countries is well documented (Table 6). Transmission is more frequent in places where 

routine hygiene is limited (Girones et al. 2010). 

 

Coxsachieviruses have been associated with two meningitis recreational outbreaks, 

and an epidemiological study of batters in surface waters showed a significant increased 

risk of enteroviral infection in children (American Water Works 2006). 

Begier et al. 2008, report for the first time, an important public health problem, 

swimming in contaminated seawater as a novel mode of transmission of enteroviruses. 

Previous studies reported potential transmission of enterovirus through clams or oysters, 

drinking water, and recreational hot spring waters but never through contaminated 

seawater (Begier et al. 2008, Leveque et al. 2008).The study reported an outbreak of 

concurrent echovirus infections associated with sea swimming among a group of travelers 

to Mexico in 2004 (Leveque et al. 2008). Laboratory testing identified multiple pathogens 

(Echovirus 30, coxsachievirus A1 and coxsachievirus A5), all of which were shed in 

infected human feces. Analysis of exposures suggests that a sea swim 4 days before the 

primary illness peak was the infection source, likely because of sewage-contaminated 

seawater (Begier et al. 2008). This study also reported the description of the first potential 

outbreak of CVA1 infection among immunocompetent patients since the only published 

outbreak of CVA1 gastroenteritis was with immunocompromised children (Leveque et al. 

2008). 

Although major enteroviruses outbreaks of waterborne disease, are comparatively 

rare relatively to other viruses, there are substantial evidence that human enteroviruses are 

frequently present in recreational waters (table 6) (Leveque et al. 2008). Usually, these 

diseases are associated with low morbidity rates among healthy adults (Leveque et al. 

2008). However, it is possible that new recombinant enteroviruses strains may escape the 

immune system or demonstrate high fitness or infectivity levels and, therefore, may cause 

severe clinical syndromes, even in immunocompetent persons (Leveque et al. 2008). 

 

Recent studies have linked Aichi virus as etiological agent of gastroenteritis 

outbreaks through the consumption of oysters (Le-Guyader et al. 2008, Doyle et al. 2010).  

Le-Guyader et al. 2008, reports for the first time in Europe the presence of Aichi virus in 
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oyster samples .The event occurred in France following oyster consumption (Le-Guyader 

et al. 2008). 

Hepatitis A is one of the most serious viral infections linked to shellfish 

consumption, causing a serious debilitating disease and even death and today they are 

considered emerging virus in non-endemic areas. Although hepatitis A is a common 

endemic infection in developing areas, its prevalence in developed countries has declined 

due to improved sanitary conditions (Halliday et al. 1991, Kingsley et al. 2002, Romalde et 

al. 2001, Romalde et al. 2002, American Water Works 2006, Guillois-Bécel et al. 2009). 

HAV waterborne outbreaks are rare in United States, and the last reported outbreaks from 

water occurred in 1992. A consequence of this decline is that adult human populations are 

more susceptible to potential food- or water-borne hepatitis A epidemics or to acquiring 

the infection when travelling to endemic areas (Kingsley et al. 2002, Romalde et al. 2001, 

Romalde et al. 2002). The increase in international trade between endemic and non-

endemic areas can also account for the reemergence of hepatitis A infections (Kingsley et 

al. 2002, Romalde et al. 2001, Romalde et al. 2002). In fact, in recent years, countries 

historically considered to be important seafood consumers, such as Spain and France, have 

become the main importers of molluscs from diverse developing countries (Kingsley et al. 

2002, Romalde et al. 2001, Romalde et al. 2002). In September 1999, an important 

outbreak of hepatitis A, affecting 188 people, was detected in Valencia (eastern Spain), a 

non-endemic area for this disease (Kingsley et al. 2002, Romalde et al. 2001). Further 

studies demonstrated its association with the consumption of wedge clams (Donax sp.) 

imported from Peru (Kingsley et al. 2002, Romalde et al. 2001, Romalde et al. 2002). 

Although not required by the regulations controlling imports, the Spanish sanitary 

authorities have since adopted, as a preventive measure, the systematic analysis of 

imported shellfish samples for the presence of hepatitis A virus (HAV). Romalde et al. 

2002, show further evidence that shellfish imported from countries where hepatitis A is 

endemic can be a significant source of reemerging infection in developed countries 

(Kingsley et al. 2002, Romalde et al. 2002). HAV infection is the most serious viral 

infection linked to shellfish consumption, causing a debilitating disease and, occasionally, 

death (Halliday et al. 1991). As a consequence of globalization, transnational outbreaks of 

food-borne infections are reported with increasing frequency (Käferstein et al. 1997, 

Guyader et al. 2006, Sánchez et al. 2007, Webby et al. 2007). The reported outbreaks has 
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been caused by imported frozen coquina clams complying with all European Union 

shellfish standards, which rely solely on bacteriological parameters (Table 6). 

 

Data from SEIEVA (Sistema Epidemiologico dell’Epatite Virale Acuta dell’ 

Istituto Superiore di Sanita`–Integrated Epidemiological System for Acute Viral Hepatitis, 

ISS, Rome, Italy) report more than 1000 HAV cases in Italy in 1994, 62% of which have 

been associated with the consumption of mussels (O´Brien et al. 1977). While vaccination 

contributed to a significant decrease in the number of clinical cases, the huge recent 

immigration flow has probably been responsible for the re-emergence of the disease in 

form of small outbreaks among the non-vaccinated population (Yeh et al. 2008). CDC lists 

74 foodborne outbreaks occurring from 1998 to 2007 (Doyle 2010). 

 

Table 6 – Outbreaks of Picornaviridae family 
 

Year Authors Local Description 

1998 Christensen et al. Denmark During the New Year of 1996/97, more than 350 

persons in Denmark became ill from consumption of 

imported oysters. Enteroviruses were identified from 

both oyster and fecal sample, suggesting a common 

source of infection. 

2002 Kingsley et al. USA In August of 2000, five cases of gastroenteritis were 

reported after the consumption of raw clams in a 

restaurant in New York. These clams were imported 

from China and, although packaged and labeled as 

“cooked,” had the physical appearance and texture of 

raw clams when thawed. 

The HAV sequence comparisons indicate that the 

identified HAV strain is highly homologous to the 

Japanese AH-1 and Chinese C81 isolates. Similarities 

between genotype I viruses and the imported clam 

sequence for the 168-nucleotide regions encoding the 

VP1-2A junction indicate that this is a genotype I 

virus. 
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2002 Sánchez et al. Spain On October 1999, the Health Department in Valencia, 

Spain, reported the occurrence of a hepatitis A 

outbreak linked with imported frozen cockles. 

Genetic analysis demonstrated the occurrence of 

identical sequences in shellfish and patient serum 

samples, thus confirming the shellfish-borne origin of 

the outbreak. 

2004 Dubois et al. France Oysters harvested in western France, from five sites 

associated with outbreaks of foodborne norovirus 

gastroenteritis between February 2000 and March 

2001. 40% of shellfish samples were contaminated by 

enteroviruses. Infectious coxsackieviruses serotype 

A21 were isolated from three of these positive 

samples.  

Both human and animal origins of enterovirus 

contamination of shellfish seemed likely. 

2006 Costafreda et al. Spain An outbreak of HAV related to Frozen imported 

shellfish. 

2007  Svraka et al. Netherlands In 1998, Aichi virus was described as a cause of 

oyster associated gastroenteritis in Japan. More 

recently, Aichi virus was detected in gastroenteritis 

outbreaks in Germany, South America, and France. 

2009 Pintó et al. 

 

 

Spain In a period of 10 years, two hepatitis A outbreaks 

(1999,2008) occurred in Valencia (Spain) that were 

associated with the same source: frozen coquina 

clams imported from Peru. These molluscan bivalves 

complied with the European Union standards. The 

2008 hepatitis outbreak involvement of nearly 4,000 

tons of clams harvested in the Peru. 100 hepatitis A 

cases were associated with around 3,000 tons of 

clams that were already consumed when the alert 

measures were implemented. 
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4.3 Emergency in Caliciviridae Family 

The number of reported outbreaks of Caliciviridae family in many parts of the 

world has increased steeply since 2002 (Table 7) (Divizia et al. 2004). Such findings 

indicate that norovirus illness has become more severe during the past decade, possibly 

resulting from changes in the predominant norovirus strains belonging to genogroup II 

genotype 4 (GII4) (Divizia et al. 2004). Noroviruses are the dominant cause of outbreaks 

as well as sporadic community cases of viral gastroenteritis in the world (Doyle 2010, 

Grant 2010). Norovirus accounted for 93 to 96% of the outbreaks of nonbacterial acute 

gastroenteritis from 1997 to 2000 (Costantini et al. 2006, Grant 2010). 

It is estimated that 50 to 66% of all food-borne illness whose etiology is known is 

due to norovirus, and 52% of the gastroenteritis cases associated with consumption of raw 

or partially cooked shellfish are attributable to these viruses, which makes them the leading 

cause of seafood-associated (especially oysters) food-borne illness (Prato et al. 2004, 

Costantini et al. 2006, Guyader et al. 2009). 

Studies in Europe and in United States, reported that approximately 10% of all 

reported outbreaks were associated with contaminated seafood. In Japan, up to 35% of 

noroviruses outbreaks were linked to seafoodborne transmission (Costantini et al. 2006, 

Grant 2010).  

The first oyster and HuNoVs-associated gastroenteritis outbreak involved about 

2,000 persons and occurred during the summer of 1978 in Australia (Costantini et al. 

2006). In the 1990s, norovirus were identified as the primary pathogen associated with 

shellfish-borne gastroenteritis in the United States (Prato el al. 2004). 

In last 10 years, at least 3 global pandemic involving GII4 strains of different 

genetic variant occurred. Genetic variants of GII4 are antigenically distinct, and that the 

GII4 noroviruses evolved and continue to do so by a process known as epochal evolution, 

in which periods of genetic stasis are interrupted by rapid accumulation of mutations and 

the subsequent emerge of novel genetic variants (Divizia et al. 2004, Kroneman et al. 

2008). In norovirus evolution, this process is directed by population or herd immunity 

(Divizia et al. 2004, Kroneman et al. 2008). 

A new predominant GII4 strain emerged in the spring of 2002, also Known as 

Farmington Hills, caused an unusual amount of off seasonal outbreaks in a number of 

European countries, and auth a marked high prevalence on cruise ships, which was 
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followed by a global epidemic in the winter of 2002-03 (Divizia et al. 2004, Kroneman et 

al. 2008). The scenario was repeated with the emergence of a new GII4 variant in 2004-05 

in Oceania (Divizia et al. 2004, Kroneman et al. 2008). 

In France 2002, were first recognized the recombinant GII4 noroviruses strain 

(Cheng 2008). The emergence of GII4 sequences was believed to be associated with a 

multinational oyster-associated- gastroenteritis outbreak (Divizia et al. 2004, Prato et al. 

2004). In the spring of 2006 two genetically and epidemiologically distinct variants 

emerged (2006a and 2006b), these strains co-circulated during the next winter after which 

the 2006b variant become dominant over the other 2006a variant (Divizia et al. 2004). 

New GII4 variants have emerged every other year and disappeared a few years 

later, which can be seen as extremely fast evolution (Kroneman et al. 2008). This pattern is 

similar to observations of influenza viruses, where new variants are known antigenic drift 

variants, but changes in noroviruss in recent years have occurred faster than those in 

influenza viruses (Kroneman et al. 2008). A study of Kroneman et al. 2008, confirm that 

the 2004 and 2006 variants are now seen globally (Kroneman et al. 2008). In 2009, new 

lineages of GII4 strains have been identified, and detected at several locations around the 

world, but the 2006b variant remain dominant for three seasons in a row (Divizia et al. 

2004). 

GII4 norovirus strain are the most common genotype implicated in outbreaks in 

healthcare settings, however, in contrast, many foodborne outbreaks are caused by 

genotypes other than GII4. Multiple norovirus strains bellowing to both GI and GII 

genotypes are commonly detected in shellfish related outbreaks. Waterborne outbreaks 

have been frequently associated with GI strains, which have been proposed as more 

environmentally stable than GII norovirus strains (Divizia et al. 2004). Reuter et al 

identified four recombinant GIIb norovirus strains in Hungary which had capsids 

belonging to GII1, GII2, GII3 and GII4 (Divizia et al. 2004) 

 Symes and coworkers identified three different GII norovirus strains in the faeces 

of a case linked to a shellfish outbreak and found that each strain showed evidence of a 

potential recombinant event when the sequence were compared with other norovirus 

sequences (Divizia et al. 2004). Galimore and coworkers identified a recombinant GII 

norovirus, rGII-3a, from an outbreak associated with consumption of oysters (Divizia et al. 

2004). Recently another new recombinant strain GIIc-GII.12, was identified from Sewed, 
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New- Zealand outbreaks associated with consumption of contaminated oysters and also in 

a sample of the implicated oysters (Divizia et al. 2004). 

Co-infections in the humans gut with multiple norovirus strains may lead to genetic 

recombination and the emergence of recombinant strains (Divizia et al. 2004). 

Sapovirus caused a gastroenteritis outbreak affecting 55 college students in Taiwan 

in 2007, no vehicle was identified but it was believed to be a foodborne illness (Doyle 

2010).  However sapovirus outbreaks are less common than noroviruses outbreaks 

although the number of outbreaks appear to be increasing (Grant 2010). 

 

Table 7 – Outbreaks of Caliciviridae family 

 

Year Authors Local Description 

1997 Stafford et al. Australia An outbreak of Norwalk virus gastroenteritis 

following consumption of oysters was described in 

Queensland. Ninety-two of the 97 cases identified 

were confirmed as having consumed raw oysters 

within three days prior to developing the illness. 

1998 Halliday et al. China An outbreak with 292 and 301 cases reported by the 

consumption of clams and raw respectively. 

1999 

 

 

Bosch et al. 

 

 

Spain Two outbreaks in Spain were traced to frozen 

cockles imported from Peru. These clams had been 

grilled but apparently at too low a temperature or for 

too short a time to inactivate the virus. 184 cases are 

report in 1999. 

1996-2000 Jothikumar et al. USA In this study 18 of the 38 shellfish extracts tested 

positive for GI NoV and fecally contaminated 

shellfish are some of the most important food items 

involved in such outbreaks. 

2000 Berg et al. USA Between 1993 and 1996, three oyster-related 

gastroenteritis outbreaks attributed to Norovirus 

occurred in Louisiana. 

2004 Prato et al. Italy In 1994, seafood consumption was the source of a 

small cholera outbreak. 
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During 2002, a large outbreak of HuNoVs 

gastroenteritis that involved several households in 

Bari province was reported. This investigation 

showed the causative role of mussel consumption in 

the outbreak, confirmed by laboratory tests on both 

stools and food samples. 

2006 

 

Doyle Minnesota 

 

Norovirus was the confirmed or suspected agent in 

54 of 81 foodborne outbreaks of gastroenteritis. 

2006 Le-Guyader et al. Italy 

France 

An international outbreak linked to oyster 

consumption involving a group of over 200 people 

in Italy and 127 people in France. 

2007 Guillois-Bécel et al . France An outbreak with 111 cases was reported by the 

consumption of oysters. 

2007 Webby Australia Between November 2003 and January 2004, 

outbreaks of norovirus in 3 Australian jurisdictions 

involving 83 cases of illness were associated with 

imported oyster meat. Multiple strains of norovirus 

were detected in fecal specimens from 8 of 14 

patients and in 1 of the 3 batches of implicated 

oyster meat. Trace back investigations revealed that 

all oyster meat was harvested from the same estuary 

system in Japan within the same month. 

 

2008 

 

Pintó et al. 

  

Spain Two outbreaks in Spain were traced to frozen 

cockles imported from Peru. These clams had been 

grilled but apparently at too low a temperature or for 

too short a time to inactivate the virus. 100 cases are 

report in 2008. 

 

2009 

Doyle  

UK 

An outbreak with more than 240 cases are report by 

consumption of shellfish. 

2009 Gabrieli et al. Italy 4 reports have described the involvement of 

HuNoVs in the etiology of outbreaks and in two 

outbreaks the vehicle of transmission was 

contaminated water. 
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4.4 Emergency of Hepeviridae Family 

HEV is one of the threatening and emerging foodborne viruses in developed 

countries, and the major cause of enterically transmitted non-A non-B hepatitis worldwide 

(Table 4) (Hughes 2003, Bosch 2007). 

HEV is most commonly recognized to occur in large outbreaks and infection rates 

accounts for more than 50% of acute sporadic hepatitis in both children and adults in some 

high endemic areas (Murphy et al. 1999). Numerous large waterborne outbreaks in the 

India subcontinent and Africa have been documented (Arankalle et al. 1994, American 

Water Works 2006). Waterborne outbreaks involving 10,000 to 80,000 persons have been 

reporting from the consumption of contaminated water in most of Asia, the Middle East 

Africa and Mexico (American Water Works 2006). The first major recorded outbreak of 

waterborne HEV was observed in Delhi, India in 1955-1956 (Arankalle et al. 1994). In 

north western China an outbreak involving 100,000 cases was reported in 1986-1988 (Bi et 

al. 1993). In recent years, large HEV outbreaks have been reported from Africa (Buisson et 

al. 2000).  

HEV, known for being the cause of major outbreaks of waterborne hepatitis in Asia 

and Africa, is an emerging pathogen in industrialized countries (Murphy et al. 1999). HEV 

can be introduced more and more in industrialised countries through travel to an endemic 

area, like Asia, Africa and the Middle East or the increasing globalization of the world 

market, (Murphy et al. 1999, Baert et al. 2007, Koopmans et al. 2008). The numbers of 

reports from Europe and United States have been increasing (Murphy et al. 1999). 

However, sporadic cases not associated with travel, leading the suggestions that HEV may 

be endemic in low levels in developed countries (Murphy et al. 1999). HEV has been 

reported in Netherlands, Spain, France, Greece, Sweden, UK, Italy, United States and 

Japan (Murphy et al. 1999).  

Shellfish consumption was considered a risk factor for sporadic cases of HEV in 

Eastern Sicily and undercooked cockles and muscles were associated with HEV in India 

(Bosch et al. 2001). Epidemiological follow-up is difficult with this virus because of a 15 

to 60 day incubation period and the sporadic distribution of illnesses. To date, no large 

outbreaks of shellfish-associated HEV have been reported. HEV should be considered a 

potential emerging pathogen in the United States and other countries (Table 8) (Goyal et 

al. 2006). 
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The propensity for waterborne transmission suggests that shellfish could be at risk 

of contamination with HEV and can act as a vector for transmission of HEV. Although 

direct evidence is not currently available, the association of shellfish with transmission of 

HEV is highly suggestive (Potasman et al. 2002). A few studies have implicated other viral 

agents in the pathogenesis of bivalve-related outbreaks of infection (Potasman et al. 2002). 

 

Table 8 - Outbreaks of Hepeviridae family 
 

Year Authors Local Description 

1999  OOI et al. USA Sporadic cases of symptomatic HEV infection have 

been reported in United States travelers to 

developing countries, including Mexico and 

Pakistan. Travel destinations were diverse: Thailand, 

China, Russia, and Peru. These data are consistent 

with an infection acquired while traveling. The mode 

of transmission in these individuals was not 

determined, although consumption of contaminated 

shellfish has been implicated. 

2000 Buisson et al. Nigeria An endemic circulation of HEV in Nigeria was 

suspected from serological data. The ten cases of 

HEV detected in Port-Harcourt, spaced out over an 8 

month period, shared no apparent common source of 

contamination, thus they are considered sporadic 

cases. Rainfall is abundant and surface water is 

briny. These features suggest how residents may be 

exposed to HEV from contaminated water supplies 

or uncooked shellfish and could explain the 

occurrence of sporadic cases observed throughout 

the year. 

2004 Koizumi et al. Japan Cases of imported hepatitis E in industrialized 

countries infected with a genotype 1 hepatitis E virus 

(HEV) have been identified. A case of 56-year-old 

Japanese man who acquired infection with a 

genotype 4 HEV with 98.8% identity to a 
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Vietnamese isolate after ingestion of uncooked 

shellfish while travelling in Vietnam was identified. 

2009 Said et al. UK In 2008, acute hepatitis E infection was confirmed in 

4 passengers returning to the United Kingdom after a 

world cruise This investigation suggests that 

shellfish, which are known to be a common source 

of other viral infections, are a potential source of 

HEV infection in Europe. 

2010  Legrand-Abravanel et 

al. 

France The consumption of shellfish was associated with 

an outbreak of HEV among passengers on a cruise 

ship. The HEV genotype 3 genome has been 

identified in river bivalves in Japan, and HEV RNA 

has been detected in sewage water and rivers in 

France. 

 

4.5 Emergency in Reoviridae Family 

Many studies have reported the occurrence of reoviruses and rotaviruses in natural 

water. The low infectious dose, the high strain diversity, the possibility of cross-species 

transmission, and the risk of human–animal genetic reassortment lead to the emergence of 

new rotavirus strains (Loisy et al. 2004). 

Rotavirus group A has been documented as a cause of waterborne outbreaks in 

humans. Two emerging combinations, P[8]G9 and P[6]G9, are becoming common (Chuan 

1983, Goyal et al. 1984, Griffin et al. 2003, American Water Works 2006, Myrmel et al. 

2006). The distribution of rotavirus types may vary between distinct geographic and 

socioeconomic regions of the world or even between years in a given community (Gabrieli 

et al. 2003, Villena et al. 2003).  

Rotavirus transmission via the aquatic environment is a major health problem 

worldwide and, to date, there have been no tools available to track rotavirus particles in 

seawater environment.  

Field analysis of rotavirus stability to degradation in the environment is difficult, as 

many strains are difficult to cultivate and viral pathogenecity precludes its use in an open 
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environment. A few studies have been made on rotavirus behavior in a marine 

environment. The majority of outbreaks are related to contaminated sewages and drinking 

water. Environmental transmission of rotavirus occurs mainly through shellfish grown in 

polluted waters and contaminated drinking water (Reynolds 2000, Koroglu et al. 2011). 

However the large majority of studies only report outbreaks linked to drinking water, or 

person-to-person transmission. There is a lack in marine water studies 

4.6 Emergency in Polyomaviridae Family 

JCV and BKV have not been traditionally monitored in terms of waterborne 

diseases and are now considered emergent viruses (Gimenez et al. 2006).  

Until 2007, BK virus and JC virus were considered the only genuine human 

polyomaviruses. The application of advanced technologies resulted in the identification of 

three novel human polyomaviruses: KI, WU, and Merkel cell polyomavirus (Moens et al. 

2006, Sadeghi et al. 2010). These viruses appear to circulate ubiquitously; however, their 

clinical significance beyond Merkel cell carcinoma is almost completely unknown (Moens 

et al. 2006, Sadeghi et al. 2010). The three emerging polyomaviruses occur frequently in 

tissues of many different types, and Merkel cell polyomavirus is also found in 

environmental samples (Sadeghi et al. 2010). 

 Since the waterborne transmition are known, polyomaviruses have been detected in 

seawater and shellfish samples, however no related outbreaks through seawater are 

reported, maybe because these viruses are very recently known as waterborne pathogens, 

not making possible, already the accomplishment of more studies. 

 

4.7 Emergency in Astroviridae Family 

At the time, no astrovirus outbreaks related to seawater transmission are reported. 

The majority of studies only report outbreaks associated with consumption of sewage-

polluted water and food. The large majority of outbreaks are related to person-to-person 

transmission and through the consumption of contaminated food and drinking water (Silva 

et a.l 2001).  
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Epidemiological evidence of transmission via contaminated shellfish and water has 

been reported (Bosh et al 2006). There are several Japanese reports of astrovirus genomes 

identified in shellfish and there is evidence that astroviruses appear to contribute to food 

borne outbreaks of gastroenteritis, mainly through the consumption of contaminated 

mussel and oysters (Caul 1991, Yamashita et al. 1991, Reynolds 2000, Bosch et al. 2001, 

Potasman et al. 2002, Vasickova et al. 2005). As, HAstVs may also cause asymptomatic 

infections, the detection and the outbreak reported are very difficult. 

The transmission of astrovirus, via environmental contaminated waters tends to be 

an important public and environmental health concern. 
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5. Conclusions 
 

The majority of the enteric viruses that have a sea waterborne transmission belong 

to the families Caliciviridae, Adenoviridae, Picornaviridae and Reoviridae. 

 

Many factors could influence their surveillance in marine environments, such as 

water temperature, UV radiation, pH, salinity, raining, and adsorption to sediments among 

others. 

 

Seasonal factors may play a significant role in recreational risk with the periods of 

highest risk corresponding to the late winter months, with cool temperatures and peak 

tourism, and also periodic heavy precipitation in the summer. 

 

The majority of waterborne emergent outbreaks are linked to imported 

contaminated bivalves from endemic areas, with bad sanitary conditions, increasing the 

reported outbreaks of viral gastroenteritis in the developed countries of Europe and North 

America.  

Caliciviridae family and hepatitis A viruses of Picornaviridae family are 

responsible for the majority of these waterborne gastroenteritis outbreaks. 

 

Some emergent cases are linked to the occurrence of new, more virulent, strains of 

existent viruses, like norovirus strains, or through waterborne transmission that was 

previously unknown for this type of viruses (e.g. polyomaviruses and some enteroviruses). 

 

It has been recognized  the decrease in coastal marine water quality occurring in 

areas impacted by human waste, so it is easy to understand that enteric viruses are 

frequently isolated from waters directly or indirectly that are influenced by fecal 

contamination and have been associated with many waterborne outbreaks. 

The improvement of the sanitary conditions is essential, to prevent the occurrence 

of enteric viruses in the marine environment and to decrease the number of related 

outbreaks. 
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