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Abstract  26 

AiV-1 is considered an emerging human enteric pathogens and foodborne transmission has been 27 

documented as an important source of exposure for humans, chiefly in relation to non-safe, risky 28 

food habits. We surveyed the presence of AiV-1 in retail shellfish, including oysters and mussles, 29 

identifying the virus in 3/170 (1.8%) of the analysed samples. The AiV-1 positive samples were of 30 

different geographic origin. Upon sequence analysis of a portion of the 3CD junction region, two 31 

AiV strains identified from harvesting areas in Northern Italy were characterised as genotype B and 32 

displayed 99-100% identity at the nucleotide level to other AiV-1 strains detected in sewages in 33 

Central Italy in 2012, suggesting that such strains are stably circulating in Italian ecosystems. 34 

Interestingly, a strain identified from mussles harvested in Southern Italy could not be characterised 35 

firmly, as inferred in the Bayesian analysis and by sequence comparison, indicating that different 36 

AiV strains are also circulating in Italy. Viral contamination in retail shellfish challenges the 37 

microbiological guidelines for food control and requires the development and optimization of 38 

additional diagnostic and prevention strategies. 39 
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1. Introduction  75 

Aichi virus, a human enteric virus of the genus Kobuvirus, family Picornaviridae, was first 76 

recognized in 1989 as the cause of oyster-associated non-bacterial gastroenteritis in humans in 77 

Aichi Prefecture, Japan (Yamashita et al., 1991).  78 

The Kobuvirus genus includes three species, Aichivirus A (formerly Aichi virus) (Yamashita et al., 79 

1998), Aichivirus B (formerly Bovine kobuvirus) (Yamashita et al., 2003) and Aichivirus C 80 

(porcine kobuvirus) (Reuter et al., 2009). The species Aichivirus A includes the prototype Aichi 81 

virus 1 (AiV-1) identified in humans, along with canine kobuvirus 1 (Kapoor et al., 2011; Li et al., 82 

2011),  feline kobuvirus 1 (Chung et al., 2013) and murine kobuvirus 1 (Phan et al., 2011).  83 

AiV-1 is a small non-enveloped virus of approximately 27–30 nm in diameter with a single-84 

stranded, positive polarity RNA genome of 8,280 nucleotides (nt) in length. The single large open 85 

reading frame encodes a polyprotein of 2,432 amino acids that is cleaved into the structural proteins 86 

VP0, VP3 and VP1 and non-structural proteins 2A, 2B, 2C, 3A, 3B, 3C and 3D (Sasaki et al., 2001;  87 

Yamashita et al., 1998). 88 

Upon sequencing of a short genome fragment of the 3C and 3D (3CD) junction region, AiV-1 has 89 

been further classified into at least 2 main phylogenetic lineages or genotypes, indicated with the 90 

letters A and B (Di Martino et al., 2013; Le Guyader et al., 2008; Yamashita et al., 2003; Yamashita 91 

et al., 2000) and this is exploited for epidemiological investigations and molecular tracking of 92 

sporadic cases and outbreaks of gastro-enteritis. An AiV-1 strain identified in France has been 93 

proposed as a distinct lineage/genotype, C (Ambert-Balay et al., 2008). 94 

AiV-1 has been suspected to play a role as human gastroenteric pathogen. AiV-1-related clinical 95 

signs and symptoms include diarrhea, abdominal pain, nausea, vomiting and fever (Yamashita et al., 96 

1991). 97 

Virological surveys suggest that AiV-1 is responsible for sporadic cases of gastroenteritis (0.5%- 98 

1.8%) (Kitajima et al., 2015). However, serological investigations have revealed high antibody 99 

prevalence in humans of different age groups, suggesting that AiV-1 infections are quite common 100 
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(Khamrin et al., 2014; Ribes et al., 2010). Serological studies in Spain, Germany, and Tunisia have 101 

revealed that 70, 76, and 92 % of the population across all age groups has antibodies specific for 102 

AiV-1 (Oh et al., 2006; Ribes et al., 2010; Sdiri-Loulizi et al., 2010).  103 

AiV-1 has been detected in Asia, Africa, South America and Europe in various types of 104 

environmental samples, such as sewage, river water, groundwater, and shellfish, indicating a 105 

worldwide distribution and suggesting a complex ecology, as observed for other enteric viruses 106 

(Atmar et al., 1995;  La Rosa et al., 2017). Accordingly, AiV-1 has been proposed as an emerging 107 

viral pathogen associated with environmental contamination and water and foodborne infections 108 

(Kitajima et al., 2015). AiV-1 transmission occurs through direct contact, by faecal-oral routes, or 109 

through consumption of contaminated food or water. Importantly, AiV-1 has been associated with 110 

human gastroenteritis outbreaks related to consumption of oysters or other shellfish (Hansman et 111 

al., 2008;  Le Guyader et al., 2008;  Sdiri-Loulizi et al., 2010).  112 

Filter-feeding shellfish are an important source for transmission of enteric viral diseases, since they 113 

are able to accumulate and concentrate waterborne pathogens, especially when they are grown in 114 

coastal areas contaminated by sewage (Le Guyader et al., 2000; Terio et al., 2010).  115 

In the European Countries, the microbiological quality of commercially harvested shellfish intended 116 

for human consumption must comply with the EU Food Hygiene Regulations (EC 2073/2005 and 117 

subsequent amendments), which rely exclusively on bacterial indicators (Escherichia coli and 118 

Salmonella spp). The microbiological requirements do not include human viral pathogens and 119 

therefore fulfilment of the parameters established by the regulations does not rule out the presence 120 

of viral pathogens in retail shellfish (Terio et al., 2010). Moreover, bacterial indicators are not 121 

correlated with the presence of enteric viruses (Croci et al., 2000; Goyal et al., 1979; Koopmans and 122 

Duizer,  2004). 123 

Although the faecal indicator system has been in place for many years, it has been understood that 124 

this system does not adequately index for the presence of viral agents transmitted by shellfish, such 125 
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as norovirus and hepatitis A virus (Formiga-Cruz et al., 2003) or of other food-borne viruses such as 126 

Aichi virus.  127 

Information on contamination of shellfish by AiV-1 is limited to a few countries  (Rivadulla et al., 128 

2017; Sdiri-Loulizi et al., 2010), whilst it is scanty or absent for several geographical areas, 129 

including a number of European countries. This information may be relevant, chiefly in regions 130 

where consumption of raw shellfish is more common, thus enabling additional epidemiological 131 

cycles for enteric viruses and favouring the spread of foodborne pathogens (La Bella et al., 2017). 132 

In this study, we assessed the presence of AiV-1 in retail shellfish in Apulia region, Italy, between 133 

April 2016 and April 2017. 134 

 135 

2. Methodology  136 

2.1 Sampling and processing of shellfish samples 137 

A total of 112 mussels (Mytilus galloprovincialis), 36 oysters (Ostrea edulis) and 22 clams (Venus 138 

gallina) batches were collected from open-air markets, hypermarket and fish chops in the Apulia 139 

region (SE Italy) from April 2016 to April 2017. All the samples were harvested in class A marine 140 

areas. After collection, batches (each composed of 10 individual mollusks) of digestive glands were 141 

processed according to ISO/TS 15216-2:2013 method. 142 

RNA extraction was carried out with Nuclisens® Magnetic Extraction Kit – NucliSENS® 143 

easyMAG system (BioMérieux, Marcy I'Etoile, France) following manufacturer's instructions after 144 

adding an extraction control, following the guidelines of ISO/TS 15216-2:2013 method. 145 

2.2 Detection of AiV-1 by Reverse transcriptase-polymerase chain reaction (RT-PCR) 146 

AiV-1 was detected by RT - PCR using SuperScript® OneStep RT-PCR System with Platinum® 147 

Taq DNA Polymerase (Invitrogen, Ltd, Paisley, UK) and the primer set Ai6261 (5’ 148 

ACACTCCCACCTCCCGCCAGTA 3’) and Ai6779 (5’ GGAAGAGCTGGGTGTCAAGA 3’), 149 
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targeting a 519-bp fragment at the 3CD junction region (viral protease and RNA-dependant RNA 150 

polymerase) (Pham et al., 2007; Yamashita et al., 2000). 151 

The thermal profile was comprised of 50 °C for 60 min and 94 °C for 2 min, followed by 40 cycles 152 

of 94 °C for 30 s, 50 °C for 30 s and 68 °C for 1 min, with a final extension at 68 °C for 10 min. 153 

A nested PCR was performed with the primer pair C94b-246k (C94b, 5’ 154 

GACTTCCCCGGAGTCGTCGTCT 3’; 246k, 5’ GACATCCGGTTGACGTTGAC 3’) to amplify a 155 

223-bp fragment within the 3CD junction region (Pham et al., 2007; Yamashita et al., 2000) using 156 

the HotStarTaq Master mix kit (Qiagen, Hilden, Germany). The thermal profile consisted of 95 °C 157 

for 15 min and 35 cycles of 94 °C for 30 s, 50 °C for 30 s and 72 °C for 30 s, with a final extension 158 

at 72 °C for 10 min. 159 

 160 

2.5 Sequencing and phylogenetic analysis  161 

Nested PCR products (223-bp fragment) were separated by electrophoresis in a 1.5 % agarose gel 162 

and appropriately sized bands were excised and purified on column (Qiaquick Gel extraction Kit, 163 

Qiagen, Gmbh, Germany). Cycle sequencing was carried out using BigDye Terminator Cycle 164 

chemistry (Applied Biosystems, Foster City, California, US). Raw sequences were edited using the 165 

Geneious software version 10.0.5 (Biomatters Ltd, New Zealand).  166 

The sequences were analysed using free access sequence databases by BLAST 167 

(http://www.ncbi.nlm.nih.gov) and therefore compared to a selection of sequences representative of 168 

recent epidemic strains with reference strains circulating worldwide.  169 

The Enterovirus Genotyping Tool version 0.1 (http://www.rivm.nl/mpf/typingtool/enterovirus) 170 

(Kroneman et al., 2011) was also used for correct classification of the AiV-1 sequence. 171 

The phylogenetic analysis were performed by using Geneious software package (Geneious version 172 

10.0.5 created by Biomatters).  173 

 174 
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3. Results and Discussion  175 

In this study, 170 shellfish samples collected in Italy over a 12-month period were screened for 176 

AiV-1. All the samples tested negative in the first-round RT-PCR with primer pair Ai6261 - 177 

Ai6779. However, in the second-round PCR with primers C94b-246k, AiV RNA was detected in 178 

3/170 (1.8%) bivalve molluscan samples. The samples of Mytilus galloprovincialis species were 179 

purchased from fish markets located in the North of Apulia (Foggia) in April 2016 and April 2017. 180 

However, the harvesting areas, all which were of class A, were located in Ravenna (Northern Italy, 181 

Adriatic sea) and Taranto (Southern Italy, Ionian sea), i.e. in two completely different ecosystems.  182 

In a 2014-2015 Italian study, AiV-1 RNA was detected in 13/108 (12.04%) mussels obtained from 183 

both class A and class B harvesting areas in Campania region, Tirrenian sea (Fusco et al., 2017). 184 

Also, analysis of untreated influent sewage samples collected from four wastewater treatment plants 185 

in central Italy identified AiV in 6 (12.5 %) out of 48 samples and 4 out of 4 plants (Di Martino et 186 

al. 2013).  Overall, these scattered pieces of information suggest that AiV is present in different 187 

Italian ecosystems. 188 

Interestingly, in our study there was no difference in the prevalence of various enteric viruses 189 

between class-A and  class-B harvesting areas, suggesting that virus contamination is not strictly 190 

related to bacteriological contamination, as also observed elsewhere (La Bella et al., 2016; Terio et 191 

al., 2010; Loisy et al., 2005; Romalde et al., 2002).  192 

Whether the observed differences also reflect a temporal/geographical variation or a different 193 

sensitivity of the diagnostic instruments used in the various studies remains to be assessed. Also, the 194 

fact that we only tested products at retail, and therefore fulfilling the severe production criteria, 195 

could have somewhat biased the results. 196 

The presence of AiV-1 in mussels from class-A harvesting area is of particular importance since 197 

shellfish from these areas may be destined to direct human consumption, resulting in a potential 198 

public health risk. However, caution must be taken when considering the public health implications, 199 

since only molecular methods were used in our study. It will be necessary in the future to define the 200 
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correlation between the level of viral contamination detected by PCR in shellfish and virus residual 201 

infectivity.  202 

Despite several efforts, viral contamination in shellfish remains a serious problem and recent papers 203 

have demonstrated contamination of different bivalve molluscs worldwide (Benabbes et al., 2013;  204 

Terio et al., 2010;  Woods et al., 2016). According to an EFSA report (2015), in 2014 viruses were, 205 

for the first time, the most commonly detected (20.4%) causative agent of foodborne outbreaks. 206 

Although norovirus and hepatitis A virus are regarded as the most common causes of foodborne 207 

infections, in recent years other viruses with zoonotic potential, including AiV-1, have been 208 

identified in shellfish.  209 

Based on the existing literature, geographical patterns can be osberved in the distribution of AIV-1 210 

genotypes. Genetic analysis of the AiV-1 identified in gastroenteritis outbreaks in several European 211 

countries has revealed that genotype A is the most common genotype circulating in Europe. 212 

Genotype A is predominant in Germany (Oh et al., 2006), France (Ambert-Balay et al., 2008), 213 

Sweden (Jonsson et al., 2012) and Finland (Kaikkonen et al., 2010). Genotype A was also 214 

predominant in Japan (Pham et al., 2007; Yamashita et al., 2000). Genotype B seems predominant 215 

in Pakistan (Yamashita et al., 2000), Bangladesh (Pham et al., 2007), Malaysia (Yamashita et al., 216 

2000) and Brazil (Oh et al., 2006). Analysis of sewages and waste water in Itay 2012 identified only 217 

AiV-1 strains of genotype B (Di Martino et al., 2013). Two of the sequences (samples #7 and #15) 218 

determined in this study were characterised as genotype B. Upon sequence comparison with 219 

cognate sequences available in the databases, they displayed the highest nt identity (99-100%) to 220 

the Italian strains detected in sewages in 2012 (Di Martino et al., 2013), suggesting that such 221 

genotype B AiV-1 strains are circulating in Italian environments. One of the three sequences, 222 

sample #29, could not be characterized firmly in the Bayesian analsysis, as it was not rooted strictly 223 

with genotype A and B AiV-1 strains. In our analysis, other AiV-1 strains selected from the 224 

databases also acted as genetic outlier between genotype A and B (Figure 1). By interrogation of 225 

the sequence databases using web-based tools BLAST and FASTA, the strain #7 displayed the 226 
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highest nt identity (97%) to AiV-1 strains detected in Japan (accession AB092832).  Whether the 227 

sub-classification scheme into genotypes A to C developed in the literature is not adequate to 228 

summarize the genetic heterogeneity of AiV-1 strains can not be ruled out and should be assessed 229 

by full-genome sequencing of the viruses.  230 

Interestingly, strains #7 and #15 were identified in mussles harvested in Northern Italy, whilst strain 231 

#29 was from mussles harvested in Southern Italy, i.e. in two different ecosystems.  232 

 233 

4. Conclusion 234 

The observed increase in food-borne diseases related to the consumption of raw or lightly cooked 235 

mussels, requires continuous monitoring of common, emerging and neglected enteric viral agents, 236 

including AiV-1, in order to assess more precisely the risks for human health. In polluted 237 

environments, shellfish can play an important role as reservoirs and/or vehicles of enteric viruses. 238 

We were successful to identify AiV-1 RNA in shellfish at retail, i.e. in products at the end of the 239 

production chain and destined to direct human consumption without any further action/control by 240 

the health bodies. Monitoring of viral contamination in shellfish can be useful to gather, indirectly, 241 

information on the circulation of human enteric pathogens in local population. This will also be 242 

important to improve safety of food products and to plan more effective campaigns in consumers.  243 

 244 
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Highlights: 

• Presence of Aichi virus in retail shellfish was evaluated 

• Shellfish were analysed using validated methods 

• Aichi virus were detected in 1.8% of the 170 samples  
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Figure 1: Phylogenetic tree of AiV-1 
Bayesian phylogenetic analysis of AiVs based on the 519-nt 3CD long fragment of 3CD. The viruses 
detected in this study are in bold and in a box. Tree was generated using the Bayesian inference with 
Generalized Time-Reversible (GTR) model and gamma rate variation and supplying statistical support 
with subsampling over 1000 replicates. Numbers on the tree branches indicate the posterior probability 
values. Values lower than 0,8 are not shown. The scale bar indicates the number of substitutions per 
site. Genotypes are indicated with letters A to C. 
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