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Comments for the Author

I thank the referee for the important remarks provided and can find below a point-by-point reply to
the Editor’s suggestions/criticisms.

R1: The manuscript describes a study on the presence of Aichivirus in retail shellfish in Italy. After
analyzing 170 samples, the virus was detected in 3 (1.8%) samples, indicating a really low
prevalence. However, this fact is ignored by the authors which insist in the importance of the
detection, considering the increasing interest on emerging pathogens. But, can Aichivirus be
considered as an emerging pathogen in Italy?

Reply 1.1:

There are several studies reporting the presence of AiV-like viruses, kobuviruses, in different
animal species including goat, roe deer, pig, red fox, cats and dogs in Italy (Di Martino et al., 2013;
Di Profio et al., 2013; Di Martino et al., 2014; Di Martino et al., 2015; DiBartolo et al., 2015).
However, specific direct investigations for AiV in human patients have not been carried out, so it is
not possible to assess the impact of AiVs on local population. Regardless, in some Italian regions,
as in other European and extra-European countries, there are some dietary habits (i.e., consumption
of row shellfish) that may influence the ecology of some foodborne pathogens. Filter-feeding
animals (mussles, clams, oysters) are a good proxy to assess the presence of human enteric
pathogens in local population. Our findings are supported by a 2013 study in Italy, demonstrating
environmental contamination by those viruses. Di Martino et al. (2013) assessed the presence of
AiV in untreated influent sewage samples collected at four wastewater treatment plants in central
Italy. AiV was detected in 6 (12.5 %) of the 48 specimens and in all plants. Accordingly, we have
indirect evidence that local population is exposed to infection by AiVs.

R1.2: On the other hand, the authors tried to link the positive detections with the original harvesting
areas, omitting the possibility of contamination by handling during postharvesting operations. Such
possibility should be mentioned and discussed in the manuscript.

Reply 1.2: The samples collected and included in the study are retail shellfish, so contamination by
handling during post harvesting operations is very difficult. Shellfish in the depuration centre are
placed in tanks containing controlled and purified water through ozone and UV. The most likely
hypothesis, not only for us, is contamination of the harvesting areas.

R1.3: Conclusions are not fully supported by the results obtained. i.e. it is stated that the study
confirms the lack of correlation between bacterial indicators and viral pathogens, but no estimations
of E. coli numbers were made. I assume that this statement is based in the fact that are retail
shellfish. However, the possibility of a bias in the food chain resulting in the non compliance of the
regulations cannot be ruled out.

Reply 1.3: The main objective of the work was the research of AiV in bivalve molluscs. We
analyzed retail shellfish, and we take for granted that the products were in strict compliance with
bacteriological parameters lay down by EU Reg 2073/2005. As for the lack of correlation between
bacterial indicators and viral pathogens, there are a lot of studies that have demonstrated the lack of
this correlation including Di Pinto et al., 2004; Croci et al., 1999; Goyal et al., 1979; Koopmans and
Duizer, 2004.

R1.4: Again, the potential role of Aichivirus in food-related gastroenteritis (as stated in the
conclusions) is not firmly supported by the results obtained. Were the shellfish tested for other
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viruses? If so, information on the existence of mixed contaminations would be of interest for the
readers. Some information is repeated in different parts of the manuscript. Please, avoid such
iterations

Reply 1.4: As suggested by the referee, we have changed the conclusions of the manuscript, in
order to get rid of repetitions.
At p. 10, line 235-237 and 237-242, the sentences were either deleted or replaced.

We agree with the Referee’s comments that our findings do not demonstrate firmly the role of AiV
in human gastro-enteritis. We had already disclosed this in the discussion at p 8-9, line 199-202,
stating that “caution must be taken when considering the public health implications, since only
molecular methods were used in our study. It will be necessary in the future to define the
correlation between the level of viral contamination detected by PCR in shellfish and virus residual
infectivity.”

We toned down throughout the manuscript claims on “the potential role of Aichivirus in food-
related gastroenteritis”.

At p 10, line 239-241, the sentence “ Our finding suggest the potential role of Aichivirus in food-
related gastroenteritis caused by contaminated bivalves, chiefly in countries or population (as in
Southern Italy where consumption of raw or slightly cooked seefood is common” was replaced with
“We were successful to identify AiV-1 RNA in shellfish at retail, i.e. in products at the end of the
production chain and destined to direct human consumption without any further action/control by
the health bodies”.

The specific task of this work was to gather information on the presence of AiV in food destined to
human consumption. We agree that screening for other enteric pathogens can provide useful
information, but this was not in the scopes of the study.

R1.5: The distribution of genotypes in the tree is incorrect. Sequences AB034659 and AB092832
belong to genotype B.

Reply 1.5: The referee’s observation is correct. We have corrected the brackets in the tree to display
the correct information for the two sequences AB034659 and AB092832 of genotype B.



Highlights:
e Presence of Aichi virus in retail shellfish was evaluated
e Shellfish were analysed using validated methods

e Aichi virus were detected in 1.8% of the 170 samples
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Abstract

AiV-1 is considered an emerging human enteric pathogens and foodborne transmission has been
documented as an important source of exposure for humans, chiefly in relation to non-safe, risky
food habits. We surveyed the presence of AiV-1 in retail shellfish, including oysters and mussles,
identifying the virus in 3/170 (1.8%) of the analysed samples. The AiV-1 positive samples were of
different geographic origin. Upon sequence analysis of a portion of the 3CD junction region, two
A1V strains identified from harvesting areas in Northern Italy were characterised as genotype B and
displayed 99-100% identity at the nucleotide level to other AiV-1 strains detected in sewages in
Central Italy in 2012, suggesting that such strains are stably circulating in Italian ecosystems.
Interestingly, a strain identified from mussles harvested in Southern Italy could not be characterised
firmly, as inferred in the Bayesian analysis and by sequence comparison, indicating that different
AiV strains are also circulating in Italy. Viral contamination in retail shellfish challenges the
microbiological guidelines for food control and requires the development and optimization of

additional diagnostic and prevention strategies.
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1. Introduction
Aichi virus, a human enteric virus of the genus Kobuvirus, family Picornaviridae, was first
recognized in 1989 as the cause of oyster-associated non-bacterial gastroenteritis in humans in
Aichi Prefecture, Japan (Yamashita et al., 1991).
The Kobuvirus genus includes three species, Aichivirus A (formerly Aichi virus) (Yamashita et al.,
1998), Aichivirus B (formerly Bovine kobuvirus) (Yamashita et al., 2003) and Aichivirus C
(porcine kobuvirus) (Reuter et al., 2009). The species Aichivirus A includes the prototype Aichi
virus 1 (AiV-1) identified in humans, along with canine kobuvirus 1 (Kapoor et al., 2011; Li et al.,
2011), feline kobuvirus 1 (Chung et al., 2013) and murine kobuvirus 1 (Phan et al., 2011).
AiV-1 is a small non-enveloped virus of approximately 27-30 nm in diameter with a single-
stranded, positive polarity RNA genome of 8,280 nucleotides (nt) in length. The single large open
reading frame encodes a polyprotein of 2,432 amino acids that is cleaved into the structural proteins
VPO, VP3 and VPI1 and non-structural proteins 2A, 2B, 2C, 3A, 3B, 3C and 3D (Sasaki et al., 2001;
Yamashita et al., 1998).
Upon sequencing of a short genome fragment of the 3C and 3D (3CD) junction region, AiV-1 has
been further classified into at least 2 main phylogenetic lineages or genotypes, indicated with the
letters A and B (Di Martino et al., 2013; Le Guyader et al., 2008; Yamashita et al., 2003; Yamashita
et al., 2000) and this is exploited for epidemiological investigations and molecular tracking of
sporadic cases and outbreaks of gastro-enteritis. An AiV-1 strain identified in France has been
proposed as a distinct lineage/genotype, C (Ambert-Balay et al., 2008).
AiV-1 has been suspected to play a role as human gastroenteric pathogen. AiV-1-related clinical
signs and symptoms include diarrhea, abdominal pain, nausea, vomiting and fever (Yamashita et al.,
1991).
Virological surveys suggest that AiV-1 is responsible for sporadic cases of gastroenteritis (0.5%-
1.8%) (Kitajima et al., 2015). However, serological investigations have revealed high antibody

prevalence in humans of different age groups, suggesting that AiV-1 infections are quite common

|-
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(Khamrin et al., 2014; Ribes et al., 2010). Serological studies in Spain, Germany, and Tunisia have
revealed that 70, 76, and 92 % of the population across all age groups has antibodies specific for
AiV-1 (Oh et al., 2006; Ribes et al., 2010; Sdiri-Loulizi et al., 2010).

AiV-1 has been detected in Asia, Africa, South America and Europe in various types of
environmental samples, such as sewage, river water, groundwater, and shellfish, indicating a
worldwide distribution and suggesting a complex ecology, as observed for other enteric viruses
(Atmar et al., 1995; La Rosa et al., 2017). Accordingly, AiV-1 has been proposed as an emerging
viral pathogen associated with environmental contamination and water and foodborne infections
(Kitajima et al., 2015). AiV-1 transmission occurs through direct contact, by faecal-oral routes, or
through consumption of contaminated food or water. Importantly, AiV-1 has been associated with
human gastroenteritis outbreaks related to consumption of oysters or other shellfish (Hansman et
al., 2008; Le Guyader et al., 2008; Sdiri-Loulizi et al., 2010).

Filter-feeding shellfish are an important source for transmission of enteric viral diseases, since they
are able to accumulate and concentrate waterborne pathogens, especially when they are grown in
coastal areas contaminated by sewage (Le Guyader et al., 2000; Terio et al., 2010).

In the European Countries, the microbiological quality of commercially harvested shellfish intended
for human consumption must comply with the EU Food Hygiene Regulations (EC 2073/2005 and
subsequent amendments), which rely exclusively on bacterial indicators (Escherichia coli and
Salmonella spp). The microbiological requirements do not include human viral pathogens and
therefore fulfilment of the parameters established by the regulations does not rule out the presence
of viral pathogens in retail shellfish (Terio et al., 2010). Moreover, bacterial indicators are not
correlated with the presence of enteric viruses (Croci et al., 2000; Goyal et al., 1979; Koopmans and
Duizer, 2004).

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

this system does not adequately index for the presence of viral agents transmitted by shellfish, such

(Sa}
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as norovirus and hepatitis A virus (Formiga-Cruz et al., 2003) or of other food-borne viruses such as
Aichi virus.

Information on contamination of shellfish by AiV-1 is limited to a few countries (Rivadulla et al.,
2017; Sdiri-Loulizi et al., 2010), whilst it is scanty or absent for several geographical areas,
including a number of European countries. This information may be relevant, chiefly in regions
where consumption of raw shellfish is more common, thus enabling additional epidemiological
cycles for enteric viruses and favouring the spread of foodborne pathogens (La Bella et al., 2017).
In this study, we assessed the presence of AiV-1 in retail shellfish in Apulia region, Italy, between

April 2016 and April 2017.

2. Methodology

2.1 Sampling and processing of shellfish samples

A total of 112 mussels (Mytilus galloprovincialis), 36 oysters (Ostrea edulis) and 22 clams (Venus
gallina) batches were collected from open-air markets, hypermarket and fish chops in the Apulia
region (SE Italy) from April 2016 to April 2017. All the samples were harvested in class A marine
areas. After collection, batches (each composed of 10 individual mollusks) of digestive glands were
processed according to ISO/TS 15216-2:2013 method.

RNA extraction was carried out with Nuclisens® Magnetic Extraction Kit — NucliSENS®
easyMAG system (BioM¢érieux, Marcy I'Etoile, France) following manufacturer's instructions after

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

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

AiV-1 was detected by RT - PCR using SuperScript® OneStep RT-PCR System with Platinum®
Taq DNA Polymerase (Invitrogen, Ltd, Paisley, UK) and the primer set Ai6261 (5’

ACACTCCCACCTCCCGCCAGTA 3’) and Ai16779 (5 GGAAGAGCTGGGTGTCAAGA 3°),

|oN
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targeting a 519-bp fragment at the 3CD junction region (viral protease and RNA-dependant RNA
polymerase) (Pham et al., 2007; Yamashita et al., 2000).

The thermal profile was comprised of 50 °C for 60 min and 94 °C for 2 min, followed by 40 cycles
0f 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.

A nested PCR was performed with the primer pair C94b-246k (C94b, 5’
GACTTCCCCGGAGTCGTCGTCT 3’; 246k, 5 GACATCCGGTTGACGTTGAC 3’) to amplify a
223-bp fragment within the 3CD junction region (Pham et al., 2007; Yamashita et al., 2000) using
the HotStarTaq Master mix kit (Qiagen, Hilden, Germany). The thermal profile consisted of 95 °C
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

at 72 °C for 10 min.

2.5 Sequencing and phylogenetic analysis

Nested PCR products (223-bp fragment) were separated by electrophoresis in a 1.5 % agarose gel
and appropriately sized bands were excised and purified on column (Qiaquick Gel extraction Kit,
Qiagen, Gmbh, Germany). Cycle sequencing was carried out using BigDye Terminator Cycle
chemistry (Applied Biosystems, Foster City, California, US). Raw sequences were edited using the
Geneious software version 10.0.5 (Biomatters Ltd, New Zealand).

The sequences were analysed using free access sequence databases by BLAST

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

recent epidemic strains with reference strains circulating worldwide.

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

(Kroneman et al., 2011) was also used for correct classification of the AiV-1 sequence.
The phylogenetic analysis were performed by using Geneious software package (Geneious version

10.0.5 created by Biomatters).
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3. Results and Discussion
In this study, 170 shellfish samples collected in Italy over a 12-month period were screened for
AiV-1. All the samples tested negative in the first-round RT-PCR with primer pair Ai6261 -
Ai6779. However, in the second-round PCR with primers C94b-246k, AiV RNA was detected in
3/170 (1.8%) bivalve molluscan samples. The samples of Mytilus galloprovincialis species were
purchased from fish markets located in the North of Apulia (Foggia) in April 2016 and April 2017.
However, the harvesting areas, all which were of class A, were located in Ravenna (Northern Italy,
Adriatic sea) and Taranto (Southern Italy, lonian sea), i.e. in two completely different ecosystems.
In a 2014-2015 Italian study, AiV-1 RNA was detected in 13/108 (12.04%) mussels obtained from
both class A and class B harvesting areas in Campania region, Tirrenian sea (Fusco et al., 2017).
Also, analysis of untreated influent sewage samples collected from four wastewater treatment plants
in central Italy identified AiV in 6 (12.5 %) out of 48 samples and 4 out of 4 plants (Di Martino et
al. 2013). Overall, these scattered pieces of information suggest that AiV is present in different
[talian ecosystems.
Interestingly, in our study there was no difference in the prevalence of various enteric viruses
between class-A and class-B harvesting areas, suggesting that virus contamination is not strictly
related to bacteriological contamination, as also observed elsewhere (La Bella et al., 2016; Terio et
al., 2010; Loisy et al., 2005; Romalde et al., 2002).
Whether the observed differences also reflect a temporal/geographical variation or a different
sensitivity of the diagnostic instruments used in the various studies remains to be assessed. Also, the
fact that we only tested products at retail, and therefore fulfilling the severe production criteria,
could have somewhat biased the results.
The presence of AiV-1 in mussels from class-A harvesting area is of particular importance since
shellfish from these areas may be destined to direct human consumption, resulting in a potential
public health risk. However, caution must be taken when considering the public health implications,

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

Despite several efforts, viral contamination in shellfish remains a serious problem and recent papers
have demonstrated contamination of different bivalve molluscs worldwide (Benabbes et al., 2013;
Terio et al., 2010; Woods et al., 2016). According to an EFSA report (2015), in 2014 viruses were,
for the first time, the most commonly detected (20.4%) causative agent of foodborne outbreaks.
Although norovirus and hepatitis A virus are regarded as the most common causes of foodborne
infections, in recent years other viruses with zoonotic potential, including AiV-1, have been
identified in shellfish.

Based on the existing literature, geographical patterns can be osberved in the distribution of AIV-1
genotypes. Genetic analysis of the AiV-1 identified in gastroenteritis outbreaks in several European
countries has revealed that genotype A is the most common genotype circulating in Europe.
Genotype A is predominant in Germany (Oh et al., 2006), France (Ambert-Balay et al., 2008),
Sweden (Jonsson et al., 2012) and Finland (Kaikkonen et al., 2010). Genotype A was also
predominant in Japan (Pham et al., 2007; Yamashita et al., 2000). Genotype B seems predominant
in Pakistan (Yamashita et al., 2000), Bangladesh (Pham et al., 2007), Malaysia (Yamashita et al.,
2000) and Brazil (Oh et al., 2006). Analysis of sewages and waste water in Itay 2012 identified only
AiV-1 strains of genotype B (Di Martino et al., 2013). Two of the sequences (samples #7 and #15)
determined in this study were characterised as genotype B. Upon sequence comparison with
cognate sequences available in the databases, they displayed the highest nt identity (99-100%) to
the Italian strains detected in sewages in 2012 (Di Martino et al., 2013), suggesting that such
genotype B AiV-1 strains are circulating in Italian environments. One of the three sequences,
sample #29, could not be characterized firmly in the Bayesian analsysis, as it was not rooted strictly
with genotype A and B AiV-1 strains. In our analysis, other AiV-1 strains selected from the
databases also acted as genetic outlier between genotype A and B (Figure 1). By interrogation of

the sequence databases using web-based tools BLAST and FASTA, the strain #7 displayed the
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highest nt identity (97%) to AiV-1 strains detected in Japan (accession AB092832). Whether the
sub-classification scheme into genotypes A to C developed in the literature is not adequate to
summarize the genetic heterogeneity of AiV-1 strains can not be ruled out and should be assessed
by full-genome sequencing of the viruses.

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

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

4. Conclusion
The observed increase in food-borne diseases related to the consumption of raw or lightly cooked
mussels, requires continuous monitoring of common, emerging and neglected enteric viral agents,
including AiV-1, in order to assess more precisely the risks for human health. In polluted
environments, shellfish can play an important role as reservoirs and/or vehicles of enteric viruses.
We were successful to identify AiV-1 RNA in shellfish at retail, i.e. in products at the end of the
production chain and destined to direct human consumption without any further action/control by
the health bodies. Monitoring of viral contamination in shellfish can be useful to gather, indirectly,
information on the circulation of human enteric pathogens in local population. This will also be

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

5. Acknowledgments

This study was supported by Grant RF-2011-02350023 from Italian Ministry of Health.



591
592554
593

594
595254
596
597
598
600
601
602257

603
604258

605
606259
607
608
609260
610
611261
612
613262
614
615
616263
617
618264
619
620
621265
622
623266
624
625267
626
627
628268
629
630269
631
632
633270
634
635271
636
637
638272
639
640273
641
642
643274
644
645275
646
647
648
649

255

References
Ambert-Balay, K., Lorrot, M., Bon, F., Giraudon, H., Kaplon, J., Wolfer, M., Lebon, P., Gendrel,
D., Pothier, P., 2008. Prevalence and genetic diversity of Aichi virus strains in stool samples from

community and hospitalized patients. J. Clin. Microbiol. 46, 1252—1258.

Atmar, R.L., Neill, F.H., Romalde, J.L., Le Guyader, F., Woodley, C.M., Metcalf, T.G., Estes,
M.K., 1995. Detection of Norwalk virus and hepatitis A virus in shellfish tissues with the PCR.

Appl. Environ. Microbiol. 61, 3014-3018.

Benabbes, L., Ollivier, J., Schaeffer, J., Parnaudeau, S., Rhaissi, H., Nourlil, J., Le Guyader, F.S.,
2013. Norovirus and other human enteric viruses in Moroccan shellfish. Food Environ. Virol. 5, 35-

40.

Chung, J.Y., Kim, S.H., Kim, Y.H., Lee, M.H., Lee, K.K., Oem, J.K., 2013. Detection and genetic

characterization of feline kobuviruses. Virus Genes. 47, 559-562.

Croci, L., De Medici, D., Scalfaro, C., Fiore, A., Divizia, M., Donia, D., et al., 2000. Determination
of enteroviruses, hepatitis A virus, bacteriophages and Escherichia coli in Adriatic Sea mussels. J.

Appl. Microbiol. 88, 293-298.

Di Martino, B., Di Profio, F., Ceci, C., Di Felice, E., Marsilio, F., 2013. Molecular detection of

Aichi virus in raw sewage in Italy. Arch. Virol. 158, 2001-2005.

European Commission (EC) regulation N° 2073/2005 of 15 November 2005 on microbiological

criteria for foodstuffs.

European Food Safety Authority, 2015. The European Union summary report on trends and sources

of zoonoses, zoonotic agents and food-borne outbreaks in 2014. EFSA journal 13, 191.

Formiga-Cruz, M., Allard, A.K., Conden-Hansson, A.C., Henshilwood, K., Hernroth, B.E., Jofte,

J., Lees, D.N., Lucena, F., Papapetropoulou, M., Rangdale, R.E., Tsibouxi, A., Vantarakis, A.,



650

651276
652
653
654
655
656
657
658
659279
660
661
662
663
664281
665
666
667
668
669283
670
671
672
673
674285
675

576286
677
678
679
680
631288
682
683
684
685
686290
687
688
689
690
691292

692
693293
694
695
696294
697
698295
699
700
702
703297
704
705
706
707
708

278

280

282

284

287

289

291

Girones, R., 2003. Evaluation of potential indicators of viral contamination in shellfish and their

applicability to diverse geographical areas. Appl. Environ. Microbiol. 69, 1556-1563.

Fusco, G., Di Bartolo, 1., Cioffi, B., Ianiro, G., Palermo, P., Monini, M., Amoroso, M.G., 2017.

Prevalence of foodborne viruses in mussels in Southern Italy. Food Environ. Virol. 9, 187-194.

Goyal, S.M., Gerb, C.P., & Melnick, J.L., 1979. Human enteroviruses in oysters and their overlying

waters. Appl. Environ. Microbiol. 37, 572-581.

Hansman, G.S., Oka, T., Li, T.C., Nishio, O., Noda, M., Takeda, N., 2008. Detection of human

enteric viruses in Japanese clams. J. Food Prot. 71, 1689-1695.

ISO/TS 15216-2, 2013. Microbiology of food and animal feed-horizontal method for determination
of hepatitis A virus and norovirus in food using real-time RT-PCR. Part 2: Method for qualitative

detection International Organization for Standardization, Geneva, Switzerland.

Jonsson, N., Wahlstrom, K., Svensson, L., Serrander, L., Lindberg, A.M., 2012. Aichi virus

infection in elderly people in Sweden. Arch. Virol. 157, 1365-1369.

Kaikkonen, S., Rasanen, S., Ramet, M., Vesikari, T., 2010. Aichi virus infection in children with

acute gastroenteritis in Finland. Epidemiol. Infect. 138, 1166—1171.

Kapoor, A., Simmonds, P., Dubovi, E.J., Qaisar, N., Henriquez, J.A., Medina, J., Shields, S.,
Lipkin, W.I.; 2011. Characterization of a canine homolog of human Aichivirus. J. Virol. 85,

11520-11525.

Khamrin, P., Maneekarn, N., Okitsu, S., Ushijima, H., 2014. Epidemiology of human and animal

kobuviruses. VirusDis. 25, 195-200.

Kitajima, M., Gerba, C.P., 2015. Aichi Virus 1: Environmental occurrence and behaviour.

Pathogens 4, 256-268.



709
710998
711
712
115299
714
715
716
717
5301
719
790302
721
722
55303
724

726
727305
728
729

731
732307
733
734308
735
736
737309
738
739310
740
741
742311
743
744312
745
746313
747
748314
749
750
751315
752
753316
754
755
756 317
757
758318
759
760319
761
762
763
764
765
766
767

300

Koopmans, M., Duizer, E., 2004. Foodborne viruses: An emerging problem. Int. J. Food Microbiol.

90, 23-41.

Kroneman, A., Vennema, H., Deforche, K., Avoort, H.V., Penaranda, S., Oberste, M.S., Vinje, J.,
Koopmans, M., 2011. An automated genotyping tool for enteroviruses and noroviruses. J. Clin.

Virol., 51, 121-5.

La Bella, G., Martella, V., Basanisi, M.G., Nobili, G., Terio, V., La Salandra, G., 2017. Food-Borne
Viruses in Shellfish: Investigation on Norovirus and HAV Presence in Apulia (SE Italy), Food

Environ Virol. 9, 179-186.

La Rosa, G., Della Libera, S., laconelli, M., Proroga, Y.T., De Medici, D., Martella, V., Suffredini,
E., 2017. Detection of Norovirus GII.17 Kawasaki 2014 in Shellfish, Marine Water and Underwater

Sewage Discharges in Italy. Food Environ. Virol. Mar 3. doi: 10.1007/s12560-017-9290-8.

Le Guyader, F.S., Haugarreau, L., Miossec, L., Dubois, E., Pommepuy, M., 2000. Three year study

to assess human enteric viruses in shellfish. Appl. Environ. Microbiol. 66, 3241-3248.

Le Guyader, F.S., Le Saux, J.C., Ambert-Balay, K., Krol, J., Serais, O., Parnaudeau, S., Giraudon,
H., Delmas, G., Pommepuy, M., Pothier, P., Atmar, R.L., 2008. Aichi virus, norovirus, astrovirus,
enterovirus, and rotavirus involved in clinical cases from a French oyster related gastroenteritis

outbreak. J. Clin. Microbiol. 46, 4011-4017.

Li, L., Pesavento, P.A., Shan, T., Leutenegger, C.M., Wang, C., Delwart, E., 2011. Viruses in

diarrhoeic dogs include novel kobuviruses and sapoviruses. J. Gen. Virol. 92, 2534-2541.

Loisy, F., Atmar, R.L., LeSaux, J.C., Cohen, J., Caprais, M.P., Pommepuy, M., 2005. Rotavirus
virus like particles as surrogates to evaluate virus persistence in shellfish. Appl. Environ. Microbiol.

71, 6049-6053.



768
769390
770

771

321
773
774
775
776
L33
778

779324

780
281325
782
783
784326

785
786327
787
788

790
791329
792
793330
794
795
796331
797
798332
799
800333
801
802
803334
804
805335
806
807
808336
809
810337
811

812338
813

815
816

817340
818
819341
820
821
o 342
823
824
825

826

322

343

Oh, D.Y., Silva, P.A., Hauroeder, B., Diedrich, S., Cardoso, D.D., Schreier, E., 2006. Molecular
characterization of the first Aichi viruses isolated in Europe and in South America. Arch. Virol.

151, 1199-1206.

Pham, N.T., Khamrin, P., Nguyen, T.A., Kanti, D.S., Phan, T.G., Okitsu, S., Ushijima, H., 2007.
Isolation and molecular characterization of Aichi Viruses from fecal specimens collected in Japan,

Bangladesh, Thailand, and Vietnam. J. Clin. Microbiol. 2287-2288.

Phan, T.G., Kapusinszky, B., Wang, C., Rose, R.K., Lipton, H.L., Delwart, E.L., 2011. The fecal

viral flora of wild rodents. PLoS Pathog. 71002218.

Reuter, G., Boldizsar, A., Pankovics, P., 2009. Complete nucleotide and amino acid sequences and
genetic organization of porcine kobuvirus, a member of a new species in the genus Kobuvirus,

family Picornaviridae. Arch Virol. 154, 101-108.

Ribes, J.M., Montava, R., Téllez-Castillo, C.J., Fernandez-Jiménez, M., Buesa, J., 2010.
Seroprevalence of Aichi virus in a Spanish population from 2007 to 2008. Clin. Vaccine Immunol.

17, 545-549.

Rivadulla, E., Varela, M.F., Romalde, J.L., 2017. Low prevalence of Aichi virus in molluscan

shellfish samples from Galicia (NW Spain). J. Appl. Microbiol. 122, 516-521.

Romalde, J.L., Area, E., Sanchez, G., Ribao, C., Torrado, 1., Abad, X., Pintd, R.M., Barja, J.L.,
Bosch, A., 2002. Prevalence of enterovirus and hepatitis A virus in molluscs from Galicia (NW
Spain). Inadequacy of the EU standards of microbiological quality. Int. J. Food Microbiol. 74, 119-

130.

Sasaki, J., Kusuhara, Y., Maeno, Y., Kobayashi, N., Yamashita, T., Sakae, K., Takeda, N.,
Taniguchi, K., 2001. Construction of an infectious cDNA clone of Aichi virus (a new member of
the family Picornaviridae) and mutational analysis of a stem-loop structure at the 5° end of the

genome. J. Virol. 75, 8021-8030.



827
828344
829
830
831345
832
833
834
835
836347
837
838348
839
840
841349
842
843350
844
845351
846
847
g4g 352
849
850353
851
852 354
853
854
855355
856
857356
858
859
860357
861
862358
863
864359
865
866
867 360
868
869361
870
871362
872
873
874363
875

876364
877
878345
879
880
oy 366
882
883
884

885

346

Sdiri-Loulizi, K., Hassine, M., Aouni, Z., Gharbi-Khelifi, H., Sakly, N., Chouchane, S., Guediche,
M.N., Pothier, P., Aouni, M., Ambert-Balay, K., 2010. First molecular detection of Aichi virus in

sewage and shellfish samples in the Monastir region of Tunisia. Arch. Virol. 155, 1509-1513.

Terio, V., Martella, V., Moschidou, P., Di Pinto, P., Tantillo, G., Buonavoglia, C., 2010. Norovirus

in retail shellfish. Food Microbiol. 27, 29-32.

Woods, J.W., Calci, K.R., Marchant-Tambone, J.G., Burkhardt III, W., 2016. Detection and
molecular characterization of norovirus from oysters implicated in outbreaks in the US. Food

Microbiol. 59, 76-84

Yamashita, T., Sakae, K., 2003. Molecular biology and epidemiology of Aichi virus and other
diarrhoeogenic enteroviruses. In Perspectives in Medical Virology; Desselberger, U., Gray, J., Eds.;

Elsevier: Amsterdam, The Netherlands, pp. 645-657.

Yamashita, T., Ito, M., Kabashima, Y., Tsuzuki, H., Fujiura, A., Sakae, K., 2003. Isolation and

characterization of a new species of kobuvirus associated with cattle. J. Gen. Virol. 84, 3069-3077.

Yamashita, T., Ito, M., Tsuzuki, H., Sakae, K., 2001. Identification of Aichi virus infection by
measurement of immunoglobulin responses in an enzyme-linked immunosorbent assay. J. Clin.

Microbiol. 39, 4178-4180.

Yamashita, T., Kobayashi, S., Sakae, K., Nakata, S., Chiba, S., Ishihara, Y., Isomura, S., 1991.
Isolation of cytopathic small round viruses with BS-C-1 cells from patients with gastroenteritis. J.

Infect. Dis. 164, 954-57.

Yamashita, T., Sakae, K., Tsuzuki, H., Suzuki, Y., Ishikawa, N., Takeda, N., Miyamura, T.,
Yamazaki, S., 1998. Complete nucleotide sequence and genetic organization of Aichi virus, a
distinct member of the Picornaviridae associated with acute gastroenteritis in humans. J. Virol. 72,

8408-8412.



886

22; 367  Yamashita, T., Sugiyama, M., Tsuzuki, H., Sakae, K., Suzuki, Y., Miyazaki, Y., 2000. Application
889
890
891 . . . . . e . . .
892369  the Picornavirus family associated with gastroenteritis in humans. J. Clin. Microbiol. 38, 2955—

893
894370  2961.
895
896
897
898
899
900372
901
902
903
904
905374

906

907

908

909

910

911

912

913

914

915

916

917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

943

944 16

368 ofareverse transcription-PCR for identification and differentiation of Aichi virus, a new member of

371

373



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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