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Abstract: To assess the quality of shellfish harvest areas, bivalve mollusk samples from three coastal
areas of the Campania region in Southwest Italy were evaluated for viruses over a three-year period
(2015-2017). Screening of 289 samples from shellfish farms and other locations by qPCR and RT-
qPCR identified hepatitis A virus (HAV; 8.9%), norovirus GI (NoVGI; 10.8%) and GII (NoVGIL;
39.7%), rotavirus (RV; 9.0%), astrovirus (AsV; 20.8%), sapovirus (SaV; 18.8%), aichivirus-1 (AiV-1;
5.6%), and adenovirus (AdV, 5.6%). Hepatitis E virus (HEV) was never detected. Sequence analysis
identified HAV as genotype IA and AdV as type 41. This study demonstrates the presence of
different enteric viruses within bivalve mollusks, highlighting the limitations of the current EU
classification system for shellfish growing waters.
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1. Introduction

The presence of enteric viruses in water, food, and the environment is a global concern,
prompting countries to protect public health through the development of strategic plans aimed at
reducing epidemic cases in their territories. Hepatitis A virus (HAV) is considered one of the most
serious food-borne viruses. HAV is transmitted primarily through contact with infected individuals
or through the consumption of contaminated water and foods, such as raw or undercooked shellfish
[1,2]. In Italy, human cases of hepatitis A have decreased over the past 30 years, and the incidence of
HAV is now classified as medium to low (0.6-0.8 cases per 100,000 inhabitants) as reported by the
Italian Surveillance System of Acute Hepatitis, SEIEVA (Integrated Epidemiological System for Acute
Viral Hepatitis) in 2015 to 2016 (http://www.epicentro.iss.it) [3,4]. Although both genotype IA and IB
are found throughout Italy, strain distribution is not homogeneous. In Southern Italy, most outbreaks
of HAV have traditionally been from genotype IB strains, many of which are frequently associated
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with the consumption of raw seafood [5]. In Northern Italy, genotype IA is more predominant. A
noteworthy genotype IA outbreak occurred in Northern and Central Italy during 2013 that was
associated with the consumption of frozen berries [6]. Since 2016, an alarming increase in hepatitis A
cases among male homosexuals has been observed in Italy, as well as in Europe overall. In Italy, the
number of these cases for men aged 25 to 54 years is higher than in other European countries (SEIEVA
2017) [7]. During the period of July 2016 to July 2017 in northern Italy (Brescia), 42 cases were
reported, of which, 25 (60%) were associated with sexual behavior (fecal-oral contact) rather than
transmission of the pathogen through food [8]. This new trend is also confirmed by the data
published by the European Center for Disease Prevention and Control (ECDC), which indicates that
the risk factor related to sexual behavior is increasing with respect to the classic risk factors, such as
the consumption of raw mollusks or travel to endemic areas [8]. The World Health Assembly has
recently adopted a global hepatitis A strategy, with the goal of reducing HAV illness [7].

Among the other enteric viruses, norovirus (NoV) is an important agent responsible for large
numbers of gastroenteritis cases. This virus is frequently transmitted through person-to-person
contact, water, and foods, such as mollusks, which are frequently contaminated by exposure to urban
wastewater. It is worth noting that an individual with an enteric virus infection eliminates between
105 to 10 viral particles per gram of stool [9], and thus, it follows that only a few infected people
within a given population are sufficient to shed a huge charge of viral particles.

Other enteric viruses, such as aichivirus (AiV), sapovirus (SaV), astrovirus (AsV), adenovirus
(AdV), and rotavirus (RV), can also potentially cause human illnesses [10]. Today, AiV is considered
an emerging human enteric pathogen able to cause gastroenteritis through the consumption of
contaminated shellfish and other foods [10]. Sapoviruses are commonly implicated in shellfish-
associated outbreaks [11]. Adenovirus contamination is thought to be highly persistent in the
environment and within shellfish, leading some researchers to propose it as a general index for virus
contamination [12]. Although not frequently implicated in outbreaks, it has been implicated in
shellfish-borne transmission [13]. Although shellfish-borne transmission of RV, AdV, and AsV is less
common, it has occurred [10,12]. Identification of hepatitis E virus (HEV) within shellfish is
uncommon and is not commonly associated with HEV transmission, but it is not unprecedented. The
first report of HEV in European shellfish was by Béji-Hamza et al. [14] and La Rosa et al. [15], who
confirmed the presence of HEV in shellfish from commercial harvesting areas and classified them as
genotype G3. Enteric viruses eliminated in feces (e.g.,, HAV, NoV) can persist for long periods in
water, wastewater, and in sewage sludge [16]. To control disease in humans, it is important to ensure
that consumers have access to a safe water supply and that shellfish are reared in microbiologically-
safe water. In this regard, it should be noted that current European legislation, Regulation CE
854/2004, Regulation CE 2285/2015, and Regulation CE 2073/2008 [17-19], only provides for the use
of E. coli as an indicator organism to evaluate the degree of fecal contamination of water and the
microbiological criteria applicable to food products, despite numerous authors indicating an absence
of correlation between enteric virus and E. coli [1,10]. The objective of the current study was to
investigate the presence of viral agents within the digestive tissues of mollusks produced and
marketed in southern Italy. The present study focuses on the detection of HAV, NoV (GI and GII),
AsV, RV, AiV, SaV, AdV, and HEV.

2. Materials and Methods

2.1. Sampling

Over a three-year period from 2015 to 2017, a total of 289 1-kg samples of shellfish were collected,
of which, 280 were mussels (Mytilus galloprovincialis) and 9 were clams (Ruditapes philippinarum).
Samples were collected from various production sites on the southwestern coast of the Campania
region of Southern Italy (Table 1 and Figure 1) by the veterinary services in charge of the territory
under monitoring plans provided for by EC Regulation 854/2004 [17] and by EC Regulation 2285/2015
[18] for the classification of waters and microbiological food safety criteria applicable to food.
Specifically, 146 samples (defined as 1 kg of shellfish) of bivalve mollusks were examined in 2015,
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while 77 and 66 samples were collected in 2016 and 2017, respectively. Overall, 46 samples (16.0%)
were collected from class A sites, 237 (82.1%) from class B sites, 1 sample was from area C, and 5 from
natural banks (site classification described in Reg. CE 854/2004 [17], as shown in Table 2). Essentially,
under EU regulations, class A shellfish are considered safe enough to be directly sold and consumed,
while class B shellfish require post-harvest treatment (depuration) prior to sale. Class C shellfish are
generally not considered safe for human consumption unless extensively depurated. After collection,
the mollusks were transported at 4 °C to the Virology Department of Experimental Zooprophylactic
Institute of Southern Italy (IZSM), and then analysis was performed within 24 h.

Table 1. Sample collection sites.

Collection area Number of Samples Collected Percentage of Samples Collected (%)
ASL Na 1 Centre 27 9.4
ASL Na 2 North 201 70.0
ASL Na 3 South 56 19.9
Collection area not indicated 3 1.0

Figure 1. Shellfish sampling area (Campania region: Southeast Italy). The sampling areas are
indicated by yellow dots.

Table 2. Classification of shellfish samples (as defined from Reg CE 854/2004).

Classification Number of samples analyzed Percentage of samples analyzed (%)
Class Al 46 16.0
Class B2 237 82.1
Class C?3 1 0.3
Natural banks * 5 1.7

1 Class A: minimum of 10 samples required per year: 80% of sample results must be less than or equal
to 230 E. coli/100 g and no results may exceed 700 E. coli/100 g. 2 Class B: minimum of eight samples
required per year: 90% of sample results must be less than or equal to 4600 E. coli/100 g and no results
may exceed 46,000 E. coli/100 g. ® Class C: minimum of eight samples required: all sample results must
be less than 46,000 E. coli/100 g.  Natural banks: Production area not yet classified.

2.2. Nucleic Acid Extraction and Detection of Viruses by Quantitative Real-Time PCR

Twenty mussels were randomly selected from each sample. Hepatopancreas samples were
sectioned from individual animals, were finely chopped, and then pooled together. Two grams of the
pool underwent viral recovery according to the ISO/TS 15216-2:2013 [20].

Nucleic acids were extracted from 400 uL of viral extract using a mengovirus clone (vMCo) as
the nucleic acid extraction efficiency control. Extraction was carried out on the QIAsymphony SP
automatic extraction system (Qiagen Inc., Hilden, Germany) with the DSP Virus/Pathogen Midi kit
(Qiagen Inc., Hilden, Germany) following the manufacturer’s instructions. Nucleic acids were eluted



Int. ]. Environ. Res. Public Health 2019, 16, 2588 4 of 11

in 60 pL of elution buffer and immediately analyzed by real-time PCR or stored at —80 °C until use.
To determine the presence of the viral targets, quantitative one-step reverse transcription PCR (RT-
qPCR) assays were performed on a 7500 Fast Real-Time PCR System (Applied Biosystems, Foster
City, CA, USA) using the AgPath-ID One-step RT-PCR kit (Applied Biosystems by Thermo Fisher,
Life Technologies Austin, TX, USA). Each RT-PCR assay for an individual viral target was performed
in triplicate [2], with primers and probes specific for the virus investigated. HAV, NoVGI, and
NoVGII were detected following the UNI CEN ISO/TS 15216-1:2013 method [20]. RV, AiV, HEV, SaV,
AdV, and AsV were investigated according to protocols described in the literature [21-26]. The

sequences of primers and probes are shown in Table 3.

Table 3. Primers and probes for qPCR and RT-qPCR.

Primers/Probe

Target Name Sequence Reference
HAV

Primer forward HAV 68 5TCACCGCCGTTTGCCTAG3

Primer reverse HAV 240 5GGAGAGCCCTGGAAGAAAGY [20]
Probe HAV 150 FAM 5 CCTGAACCTGCAGGAATTAA-3'-MGB/NFQ
NOROVIRUS GI

Primer forward NGI QNIF4 5-CGCTGGATGCGNTTCCAT-3'

Primer reverse NGINVI1LCR 5CCTTAGACGCCATCATCATTTACY [20]
Probe NVGGI1P-FAM 5TGGACAGGAGAYCGCRATCT3 TAMRA

NOROVIRUS GII

Primer forward NGII QNIF2 5 ATGTTCAGRTGGATGAGRTTCTCWGA-3’

Primer reverse NGII COG2R 5-TCGACGCCATCTTCATTCACA-3’ [20]
Probe NG;L%/INIF 5-AGCACGTGGGAGGGCGATCG-3' TAMRA

HEV

Primer forward JVHEV1 5-GGTGGTTTCTGGGGTGAC-3’

Primer reverse JVHEV2 5-AGGGGTTGGTTGGATGAA-3 [23]
Probe JVHEV P-FAM 5-TGATTCTCAGCCCTTCGC-3’'TAMRA

AICHIVIRUS

Primer forward AiV-AB-F 5-GTCTCCACHGACACYAAYTGGAC-3

Primer reverse AiV-AB-R 5-GTTGTACATRGCAGCCCAGG-3’ [21]
Probe Al\;ﬁﬁ_TP 5-TTYTCCTTYGTGCGTGC- 3'NFQ (MGB)

ROTAVIRUS

Primer forward NSP3F 5 ACCATCTWCACRTRACCCTCTATGAG-3’

Primer reverse NSP3R 5-GGTCACATAACGCCCCTATAGC-3 [22]
Probe NSP3P-FAM 5-AGTTAAAAGCTAACACTGTCAAA3 (MGB)
SAPOVIRUS

Primer forward SAV124F 5-GAYCASGCTCTCGCYACCTAC-3’

Primer reverse SAV1245R 5-CCCTCCATYTCAAACACTA-3 [24]
Probe SAV124TPFAM 5’- CCCCTATRAACCA-3'NFQ (MGB)

ADENOVIRUS

Primer forward AdV1 5-CWTACATGCACATCKCSGG-3

Primer reverse AdV2 5-CRCGGGCRAAYTGCACCAG-3 25]
Probe Advs-FAM 5 CCGGGCTCAGGTACTCCGAGGCGTCCT-3'
ASTROVIRUS

Primer forward AsV1 5-CCGAGTAGGATCGAGGGT-3

Primer reverse AsV2 5-GCTTCTGATTAAATCAATTTTAA-3 [26]
Probe AsV FAM 5CTTTTCTGTCTCTGTTTAGATTATTTTAATCAC

C-3’ TAMRA

HAV = hepatitis A virus; NGI = norovirus GI; NGII = norovirus GII; HEV = hepatitis E virus; AiV = aichivirus; SaV =

sapovirus; AdV = adenovirus; AsV = astrovirus; FAM/TAMRA = fluorocrome; MGB = minor groove binder probe
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For each virus, quantification analysis was done using a standard curve achieved from
amplifying serial dilutions of the quantified standard plasmid DNA (from 1 to 1 x 10°
copies/reaction). Log genome copies were plotted against the C: value, and results are expressed as
the number of genome copies per gram of digestive tissue (copies/g) according to Fusco et al. [2].

The HEV positive control was a kind gift of the Federal Research Institute for Animal Health
“FLI” (Germany). HAV, NoV GI, NoV GII, RV, and AdV quantified standard plasmids were kindly
provided by the Italian National Reference Laboratory for the monitoring of viral contamination of
bivalve mollusks (Istituto Superiore di Sanita, Rome). AsV and SV plasmid standards were
purchased from CeeramTools (Biomerieux; Craponne, France). The AiV plasmid standard was
kindly gifted by Dr. J.L. Romalde, Universidad de Santiago de Compostela, Spain. Results were
analyzed as already described by Fusco et al. [2]. Briefly, when at least one replicate (out of the three
performed) showed a C:< 40, the sample was considered positive. Samples with a Ct> 40 were
considered negative.

2.3. Sequencing and Phylogenetic Analysis

Samples positive for HAV and adenovirus, exhibiting C: values of <38, were examined by
sequencing analysis. HAV-positive samples were analyzed as described by Taffon et al. [27] using a
nested PCR with a broad range of primers targeting the VP1/2A junction of the HAV genome (267 bp
amplicon).

AdV-positive samples were amplified with a seminested PCR using primers described by Allard
et al. [28] with the KAPA Hotstart Ready Mix PCR Kit (Kapa Biosystems Inc. Wilmington, MA, USA)
and the following thermal profile: 95 °C for 15 min followed by 35 cycles of 94 °C for 30 s, 68 °C for
15 s and 72 °C for 15 s, and a final extension at 72 °C for 5 min for both PCR reactions.

3. Results

Over a 36 month period, 289 samples of bivalve mollusks were tested from 20 shellfish farms located
in three areas of the Campania region: two located in the estuary of ASL NA 1 Center, 10 in the estuary of
ASL NA 2 North, and 8 in the ASL NA 3 South Estuary (Figure 1; Table 1). All shellfish samples were
examined for the presence of HAV, NoV (Gl and GlI strains), AiV-1, AdV, AsV, SaV, RV, and HEV nucleic
acid sequences. The number of positive samples for each target is shown in Table 4.

Table 4. Positive results in the samples for various targets during the three-year testing period.

. 2015 Number of 2016 Number of 2017 Number of Total Positivity
Viruses i oy i
Detected Positive Samples Positive Samples Positive Samples over Three Years
(%) (%) (%) (%)
HAV 7 (4.7) 4(5.1) 15 (22.7) 26 (8.9)
NoVGI 6 (4.1) 7(9.0) 18 (28.1) 31 (10.8)
NoVGII 31(21.2) 53 (68.8) 30 (46.8) 114 (39.7)
RV 18 (12.3) 0(0) 8 (12.5) 26 (9.0)
SaV 16 (10.9) 20 (25.9) 17 (26.5) 54 (18.8)
AsV 30 (20.5) 11 (14.2) 19 (29.0) 60 (20.8)
AiV 9(6.1) 2(2.6) 5 (7.8) 16 (5.5)
AdV 4(2.7) 6(7.7) 6(9.3) 16 (5.5)
HEV 0(0) 0(0) 0(0) 0(0)
Total samples 146 77 66 289
analyzed

RV =rotavirus.

Of all samples tested, 159 were positive for virus contamination, with 62% of these positive
samples containing at least two different virus RNAs (Table 5).
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Number of Positive

Percentage of Samples out of the Total

Positivitv of 1
ositivity of Samples Samples Positive (%)

Positivity for one target 60 37.7

Positivity for at least two 99 2.2

targets

Total positivity 159 55.0

Overall, HAV was detected in 26 (8.9%) of the 289 examined samples. As shown in Table 4, the
annual HAV prevalence was 4.7% (7/146), 5.1% (4/77), and 22.7% (15/66) in the years 2015, 2016, and
2017, respectively. HAV-positive shellfish showed a seasonal pattern, with samples only testing

positive between December and April (Table 6).

Table 6. Seasonal trend for virus positive samples from 2015 to 2017.

Virus Positivity

Number of Positive HAV NoVGI NoVGII RV SaV AsV AiV AdV

Month Samples/Number of o o o o o o o o
% % % % % % % %

Samples Analyzed

(%)
Jan. 23/28 (82.1) 25 12.9 20.1 0 129 10 25 37
Feb. 22/23 (95.6) 38 290 175 76 18 266 187 187
Mar. 18/26 (69.2) 115 96 87 0 129 20 125 62
Apr. 33/44 (75) 230 193 219 153 111 30 187 62
May 14/24 (58.3) 115 96 87 153 55 10 62 0
Jun. 3/4 (75) 0 0 1 0 0 16 0 0
Jul. 8/33 (24.2) 0 6.4 17 76 55 16 0 0
Aug. 0/13 (0) 0 0 0 0 0 0 0 0
Sept. 9/27 (33.3) 0 6.4 0 269 55 0 0 62
Oct. 0/18 (0) 0 0 0 0 0 0 0 0
Nov. 8/18 (44.4) 0 9.6 26 115 37 0 0 0
Dec. 22/28 (78.5) 153 645 175 153 111 5 25 25

Sequence analysis only gave good results for two of the HAV positive samples analyzed and
they were classified as genotype IA, showing a 99% nt identity with strains observed in different
Italian Regions in 2016 to 2017 (Accession numbers KY886891, KY292290, KY782330) during the
European outbreak of hepatitis A among men who have sex with men (MSM) [29-31]. NoVGI strains
were detected in 31 samples (10.8%), while NoVGII was detected in 114 samples (39.7%). For the
other enteric viruses, RV was found in 26 (9.0%), AsV in 60 (20.8%), AdV in 16 (5.6%), SaV in 54
(18.8%), and AiV in 16 (5.6%). The AdV sequence obtained from the only sequenceable sample
showed a 100% nucleotide identity with human AdV 41 strains already deposited in GenBank. HEV

was never detected in any samples analyzed in this study.

Positive samples were found in both class A and B areas as shown in Table 7. Specifically, 39%
of the samples collected in class A areas and 58% of class B samples were positive for at least one

enteric virus.
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Table 7. Virus positivity among different sampling class areas.

Classification Number of Samples Number of Positive Virus Identified
Analyzed Samples

HAV, NoVGI, NoVGIL RV, AsV,
Class A 46 20 SaV, Adv.

HAV, NoVGI, NoVGII, RV, AsV,
Class B 237 136 SaV, Adv, AiV

HAV, NoVGI, NoVGII, RV, AsV,
Class € ! ! SaV, Adv, AiV
Natural 5 5 HAYV, NoVGI, NoVGII, RV, AsV,
banks SaV, Adv, AiV

Quantitative analysis showed different results for the viruses investigated. Specifically, HAV,
NoVGI, and AdV displayed quantitative values/g of digestive tissue under the limit of quantification
for almost of the samples. Only one sample exhibited an HAV RNA quantity of 4.2 x 102 copies/g.

Notably, NoVGII showed quite a high average concentration value (1.1 x 106 copies/g), with
three samples reaching a concentration of more than 107 copies/g. RV and AsV positive samples
revealed a similar viral RNA average concentration, 1.9 x 10° and 1.4 x 10° copies/g, respectively. SaV
and AiV yielded an average quantity of 5.3 x 102 and 3.4 x 102 copies/g, respectively; five samples
reached 10° copies/g for SaV, and one sample 10* copies/g, while AiV was found at the same
concentration in all samples analyzed.

4. Discussion

A general trend of higher viral pathogen prevalence was noted in samples obtained in 2017. It is
noteworthy that more intense rainfall occurred in southern Italy during the February to May 2017
period as compared to previous years. High rainfall and flooding are known to increase the risk of
virus contamination of shellfish. Overall, the prevalence of HAV-positive shellfish was 8.9% for the
three-year study. The HAV prevalence was not always homogeneous over time (Table 4). In 2017, the
number of HAV-positive samples increased compared to the previous two years, from 4.7% in 2015
to 22.7%. However, there was no clear increase in human cases of hepatitis A associated with the
consumption of raw mollusks in 2017. However, in 2014 to 2015, there were several reported shellfish-
associated hepatitis A outbreaks in Italy, resulting from the consumption of raw and undercooked
mollusks [32]. Regarding the other enteric viruses analyzed, the seasonal trend showed that winter
had the higher level of virus positivity in shellfish, with the exception of rotavirus, which showed
positivity all year (Table 6).

In this study, three HAV-positive samples were identified in class B areas between January and
April 2017 and also one HAV-positive in a class A mussel area in which samples were collected in
February 2015 from a Campania production area. This finding highlights the potentially serious
hepatitis risk to consumers because class A shellfish are considered the most sanitary, which are
frequently consumed raw. These data underline the necessity of consumer education programs to
encourage people to avoid the consumption of raw shellfish.

Opverall, we believe these data may be indicative of the continual release of HAV in the seawater
ecosystem as it is shed by the population. HAV-positive samples were more often identified in the
winter and early spring periods (Table 6). This pattern has been observed in previous studies in Italy
and other EU countries [2,33]. For HAV samples, in general, low C: signals between 38 > C: < 40
precluded determining the sequence and HAV genotype of most positive samples. However, two
HAV sequences were genotype 1A, which is not the genotype traditionally found within shellfish in
southern Italy. Whether this finding is a reflection of an increased genotype IA strain presence within
the male homosexual population or due to another cause remains to be determined.

As for the viruses associated with gastroenteritis, NoV is considered a virus of primary concern
for shellfish consumers, while other viruses (AiV, SaV, AsV, AdV, and RV) are either sporadically-
associated with food-borne illness or are currently viewed as indicators of the sanitary quality of
shellfish and shellfish growing waters [10]. In this study, NoVGII was present in samples at a
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substantially higher percentage (39.7%) than NoVGI (10.8%). Fusco et al. (2017) [2] observed this
frequency pattern previously. The most probable explanation for this is that the NoVGII strains have
a high prevalence in the community, where the virus is frequently transmitted person-to-person [34]
and that this greater presence translates to a greater fecal viral load of GII strains as opposed to GI
strains, which are less prevalent [35,36]. In addition, while for other viruses, there was a higher
prevalence in 2017, this was not the case for NoVGII, which had a higher prevalence in 2016. Why
NoVGII was more prevalent within shellfish in 2016 when there was less rainfall remains to be
determined.

In the three-year period of the current study, 16 AiV-positive samples were identified, with a
prevalence of 5.6%, and specifically, the prevalence trend over the three-year period ranged from a
minimum of 2.6% in 2016 to a maximum of 7.8% in 2017 (Table 4). These figures contrast with a 12.0%
frequency previously observed for mussels collected in the period of 2014 to 2015 for class A and B
areas of the Tyrrhenian Sea [2], but are similar to the 6.0% prevalence observed in Galicia, Spain [37].
For this study, it appears that AiV contamination was influenced by weather conditions, since 2016
was the driest year of the three-year study and 2017 had the most rainfall. SaV was present in 54
(18.8%) mollusk samples.

During the 36-month sampling period, virus detection in the samples progressively increased
from 11.0% in 2015 to 26.5% in 2017 (Table 4). The high levels of SaV found within shellfish in this
study are not unprecedented in Europe. In a study conducted on mussels collected in estuaries near
the city of Coruna in Galicia, SaV was found in 30 out of 80 samples examined (37.5%) [22].

During the three-year period, the percentage of RV-positive samples was approximately 12% in
2015 and 2017, while in 2016, there were no positive samples. These results are similar to a study
conducted in 2014 to 2015 from the same area, which noted an RV prevalence of 12.9% [2]. In the
current study, AsV was present by PCR in 60 (20.8%) samples. This value is in general agreement
with the findings of a previous Italian study [2] but are higher than frequencies reported by Vilarifio
et al. (2009) [38] in mollusks collected in Rio de Vigo, Spain in 2009. In the current study, 16 (5.6%)
samples were positive for AdV. Sequence data from one sample that was positive by real-time PCR
for AdV identified it as serotype 41, and in fact, human adenovirus species F serotype 41 is an
important cause of acute gastroenteritis [23]. No samples were positive for HEV, although the
presence of HEV in the wild ecosystem of the Campania region has been reported [39].

5. Conclusion

In conclusion, results from this study confirmed the circulation of enteric viruses pathogenic for
humans in mollusks. It is very important to underline that virus positivity was also found in samples
harvested in class A production areas. Nevertheless, the amount of positivity from class A production
sites was lower than class B sites, with 20 positive samples out of a total of 46 samples from the class
A sites analyzed and 136 positive samples out of 237 samples from class B (Table 7) These results
underline an important question about the food safety of shellfish belonging to class A since
according to Reg. CE 854/2004 [17], these mollusks could be directly consumed and do not need to be
depurated, whereas class B shellfish require a process of depuration prior to sale, which is known to
be, in any case, ineffective against viruses [33].

However, apparently, there have not been any major outbreaks or increases in the incidence of
human illness caused by these viruses in recent years. It is possible that in the three-year period of
this study, the surveillance activity carried out by veterinary services, together with information
campaigns that have increased consumer awareness regarding the importance of cooking seafood,
has achieved the goal of limiting human illnesses and as a consequence, facilitated a reduction of
alerts from viral enteric health emergency groups regarding the transmission of viruses through
consumption of contaminated mollusks.



Int. ]. Environ. Res. Public Health 2019, 16, 2588 9 of 11

Author Contributions: Authors listed in this article have made several contributions to this research, in detail:
Conceptualization was made by G.F. and F.B.; Methodology was made by F.B.,, M.G.A., G.L.R. and R.R.; Software
was made by T.P.; Validation was made by F.B., A.A. and T.P.; Formal analysis was made by F.B.,, D.H.K,, G.L.R.
and B.C,; Investigation was made by F.B., G.L.R.,, M.G.A., B.C. and P.M.F.; Resources was made by G.F.; Data
curation was made by G.F., F.B.,, M.G.A_; Writing —original draft preparation was made by G.F., F.B. and D.H.K;
Writing —review and editing was made by F.B., D.H.K. and P.M.F; Visualization was made by G.F., F.B., D.HK,,
AA.,PMF, TP, M.GA, B.C, RR, GL.R,; Supervision was made by G.F. and A.A.; Project administration
was made by G.F.; and finally Funding acquisition was made by G.F. and A.A.

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

Acknowledgments: U.S. Department of Agriculture is an equal opportunity provider and employer. Mention
of trade names or commercial products is solely for the purpose of providing specific information and does not
imply recommendation or endorsement by the U.S. Department of Agriculture.

Conflicts of Interest: Authors declare no conflict of interest; for this research funders had no role in the design
of the study; in the collection, analyses, and interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1. Fusco, G.; Aprea, G.; Galiero, G.; Guarino, A.; Viscardi, M. Escherichia coli, Salmonella spp., hepatitis A
virus and norovirus in bivalve molluscs in Southern Italy. Vet. Ital. 2013, 49, 55-58.

2. Fusco, G.; Di Bartolo, 1.; Cioffi, B.; Ianiro, G.; Palermo, P.; Monini, M.; Amoroso, M.G. Prevalence of
foodborne viruses in mussels in Southern Italy. Food Environ. Virol. 2017, 9, 187-194.

3. SEIEVA 2015 Annual Rates/100,000 Inhabitants by Type of Hepatitis, Age, Sex, and Geographical Area of
Acute Viral Hepatitis. Available online: http://www.epicentro.iss.it (accessed on 15 July 2018).

4. SEIEVA 2016 Annual Rates/100,000 Inhabitants by Type of Hepatitis, Age, Sex, and Geographical Area of
Acute Viral Hepatitis. Available online: http://www.epicentro.iss.it (accessed on 20 July 2018).

5. Tosone, G.; Mascolo, S.; Bruni, R.; Taffon, S.; Equestre, M.; Tosti, M.E.; Ciccaglione, A.R.; Martucci, F.;
Liberti, A.; Iannece, M.D.; et al. A family cluster of hepatitis A virus due to an uncommon IA strain
circulating in Campania (southern Italy), not associated with raw shellfish or berries: A wake-up call to
implement vaccination against hepatitis A. Infez. Med. 2016, 24, 30-33.

6. Chiapponi, C.; Pavoni, E.; Bertasi, B.; Baioni, L.; Scaltriti, E.; Chiesa, E.; Cianti, L.; Losio, M.N.; Pongolini, S.
Isolation and genomic sequence of hepatitis A virus from mixed frozen berries in Italy. Food Environ. Virol.
2014, 6, 202-206.

7. SEIEVA 2017 Annual Rates/100,000 Inhabitants by Type of Hepatitis, Age, Sex, and Geographical Area of
Acute Viral Hepatitis. Available online: http://www.epicentro.iss.it (accessed on 15 July 2018).

8. Comelli, A.; Izzo, I.; Casari, S.; Spinetti, A.; Bergamasco, A.; Castelli, F. Hepatitis A outbreak in men who
have sex with men (MSM) in Brescia (Northern Italy), July 2016-July 2017. Infez. Med. 2018, 26, 46-51.

9. Araud, E,; Di Caprio, E.; Ma, Y.; Lou, F.; Gao, Y.; Kingsley, D.H.; Hughes, ].H.; Li, ]. Thermal inactivation
of enteric viruses and bioaccumulation of enteric foodborne viruses in live oysters (Crassostrea virginica).
Appl. Environ. Microbiol. 2016, 82, 86-99.

10. 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.; et al. Aichi virus, norovirus, astrovirus, enterovirus, and rotavirus involved
in clinical cases from a French oyster-related gastroenteritis outbreak. J. Clin. Microbiol. 2008, 46, 4011-4017.

11. Nakagawa-Okamoto, R.; Arita-Nishida, T.; Toda, S.; Kato, H.; Iwata, H.M.; Akiyama, O.; Nishio, H,;
Kimura, M.; Noda, N.; Takeda, N.; Oka, T. Detection of multiple sapovirus genotypes and genogroups in
oyster-associated outbreaks. Jpn. ]. Infect. Dis. 2009, 62, 63—66.

12.  Pina, S.; Puig, M.; Lucena, F.; Jofre, ].; Girones, R. Viral pollution in the environment and in shellfish:
Human adenovirus detection by PCR as an index of human viruses. Appl. Environ. Microbiol. 1998, 64,
3376-3382.

13. Iritani, N.; Kaida, A.; Abe, N.; Kubo, H.; Sekiguchi, J.; Yamamoto, S.P.; Goto, K.; Tanaka, T.; Noda, M.
Detection and genetic characterization of human enteric viruses in oyster-associated gastroenteritis
outbreaks between 2001 and 2012 in Osaka City, Japan. ]. Med. Virol. 2014, 86, 2019-2025.



Int. ]. Environ. Res. Public Health 2019, 16, 2588 10 of 11

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Béji-Hamza, A.; Hassine-Zaafrane, M.; Khélifi-Gharbi, H.; Della Libera, S.; Iaconelli, M.; Muscillo, M.;
Petricca, S.; Ciccaglione, A.R.; Bruni, R.; Taffon, S.; et al. Hepatitis E virus genotypes 1 and 3 in wastewater
samples in Tunisia. Arch. Virol. 2015, 160, 183-189.

La Rosa, G.; Della Libera, S.; Brambilla, M.; Bisaglia, C.; Pisani, G.; Ciccaglione, A.R.; Bruni, R.; Taffon, S.;
Equestre, M.; Iaconelli, M. Hepatitis E virus (genotype 3) in slurry samples from swine farming activities
in Italy. Food Environ. Virol. 2017, 9, 219-229.

Lazaro, D.R.; Cook, N.; Ruggeri, F.M.; Sellwood, J.; Nasser, A.; Nascimento, M.S.; D’ Agostino, M.; Santos,
R.; Saiz, ].C.; Rzezutka, A.; et al. Virus hazards from food, water and other contaminated environments.
FEMS Microbiol. Rev. 2012, 36, 786-814.

Reg.CE854/2004. Specific Rules for the Organization of Official Controls on Products of Animal Origin
Intended for Human Consumption-All II, Chapter II-Classification of Production and Relaying Areas.
Available online: https://aeaconsulenze.files.wordpress.com/2015/07/reg_ce_854-2004.pdf (accessed on 21
May 2018).

Reg CE 2285/2015. Reg. (UE) 2015/2285 of the COMMISSION of 8 December 2015 Amending Annex II to
Regulation (EC) No 854/2004 of the European Parliament and of the Council Laying down Rules for the Organization
of Official Controls on Products of Animal Origin Intended for all Live Bivalve Molluscs, Echinoderms, Tunicates
and Marine Gastropods, as well as Annex I of the Regulation (EC) n. 2073/2005 on the Microbiological Criteria
Principle of Food Products; EUR-Lex: Brussels, Belgium, 2015.

Reg CE 2073/2008. Microbiological Criteria Applicable to Food Products. Available online: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:2005:338:0001:0026:EN:PDF (accessed on 15 July 2019).
UNI CEN 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 Quantitative Detection;
ISO: Geneva, Switzerland, 2013.

Kitajima, M.; Gerba, C.P. Aichi virus 1: Environmental occurrence and behavior. Pathogens 2015, 4, 256-268.
Zeng, M.; Chen, J.; Gong, S.T.; Xu, X.H.; Zhu, C.M.; Zhu, Q.R. Epidemiological surveillance of norovirus
and rotavirus diarrhea among outpatient children in five metropolitan cities. Jpn. Infect. Dis. 2008, 64,
3376-3382.

Jothikumar, N.; Cromeans, T.L.; Robertson, B.H.; Meng, X.]J.; Hill, V.R. A broadly reactive one-step real-
time RT-PCR assay for rapid and sensitive detection of hepatitis E virus. J. Virol. Methods 2006, 131, 65-71.
Varela, M.F.; Hooper, A.S.; Rivadulla, E.; Romalde, J.L. Human sapovirus in mussels from Ria do Burgo, A
Corufia (Spain). Food Environ. Virol. 2016, 8, 187-193.

Hernroth, B.E.; Conden-Hansson, A.C.; Rehnstam-Holm, A.S.; Girones, R.; Allard, A.K. Environmental
factors influencing human viral pathogens and their potential indicator organisms in the blue mussel,
Mytilus edulis: The first Scandinavian report. Appl. Environ. Microbiol. 2002, 68, 4523-4533.

Le Cann, P.; Ranarijaona, S.; Monpoeho, S.; Le Guyader, F.; Ferré, V. Quantification of human astroviruses
in sewage using real-time RT-PCR. Res. Microbiol. 2004, 155, 11-15.

Taffon, S.; Bidini, G.; Vichi, F.; Corti, G.; Genovese, D.; Kondili, L.A.; Bindi, R.; Armellini, F.; Leoncini, F.;
Bartoloni, A.; et al. A unique HAV strain circulated in patients with acute HAV infection with different risk
exposures in Tuscany Italy. J. Clin. Virol. 2011, 50, 142-147.

Allard, A.; Albinsson, B.; Wadell, G. Rapid typing of human adenoviruses by a general PCR combined with
restriction endonuclease analysis. J. Clin. Microbiol. 2001, 39, 498-505.

Bruni, R.; Costantino, A.; Equestre, M.; Garbuglia, A.R.; Pacenti, M.; Morea, A.; Madonna, E.; Chionne, P.;
Alfonsi, V.; Rizzo, C.; et al. Ongoing European Outbreak of Hepatitis a Among MSM: Four Strains Observed in
Italy, August 2016 to February 2017; Submitted (23-MAR-2017); Biomedical Sciences and Human Oncology-
Hygiene Section, University of Bari Aldo Moro, Policlinico PiazzaG: Cesare, Bari, Italy, 2017. Available
online: https://www.ncbi.nlm.nih.gov/nuccore/KY886891 (accessed on 15 July 2019).

Garbuglia, A.R.; Minosse, C.; Scognamiglio, P.; Capobianchi, M.R. Surveillance Study on Hepatitis a Virus in
LAZIO; Submitted (05-DEC-2016); National Institute for Infectious Diseases’'L: Spallanzani, Portuense,
Rome, Italy, 2016. Available online: https://www.ncbi.nlm.nih.gov/nuccore/KY292290 (accessed on 15 July
2019).

Franchin, E.; Pacenti, M.; Barzon, L.; Lavezzo, E.; Palu, G. HAV in Veneto Region, Italy, 2017; Submitted (17-
MAR-2017); Department of Molecular Medicine, University of Padua: Gabelli, Padua, PD, Italy, 2017.
Available online: https://www .ncbi.nlm.nih.gov/nuccore/KY782330 (accessed on 15 July 2019).



Int. ]. Environ. Res. Public Health 2019, 16, 2588 11 of 11

32.

33.

34.

35.

36.

37.

38.

39.

Costantino, A.; Coppola, N.; Spada, E.; Bruni, R.; Taffon, S.; Equestre, M.; Marcantonio, C.; Sagnelli, C.;
Dell'Isola, C.; Tosone, G.; et al. Hepatitis A virus strains circulating during 1997-2015 in Campania, a
Southern Italy region with periodic outbreaks. ]. Med. Virol. 2017, 89, 1931-1936.

Polo, D.; Varela, M.F.; Romalde, J.L. Detection and quantification of hepatitis A virus and norovirus in
Spanish authorized shellfish harvesting areas. Int. . Food Microbiol. 2015, 193, 43-50.

Siebenga, J.J.; Vennema, H.; Duizer, E.; Koopmans, M.P.G. Gastroenteritis caused by norovirus GGII.4 in
the Netherlands, 1994-2005. Emerg. Infect. Dis. 2007, 13, 144-146.

Atmar, R.L.; Opekum, A.R.; Gilger, M.A.; Estes, M.K.; Crawford, S.E.; Neill, F.H.; Graham, D.Y. Norwalk
virus shedding after experimental human infection. Emerg. Infect. Dis. 2008, 14, 1553-1557.

Chan, M.M.C.W,; Sung, ].].Y.; Lam, RK.Y.; Chan, P.K.S.; Lee, N.L.S.; Lai, RW.M.; Leung, W.K. Fecal viral
load and norovirus associated gastroenteritis. Emerg. Infect. Dis. 2006, 12, 1278-1280.

Rivadulla, E.; Varela, M.F.; Romalde, ]J.L. Low prevalence of Aichi virus in molluscan shellfish samples
from Galicia (NW Spain). ]. Appl. Microbiol. 2017, 122, 516-521.

Vilarifio, M.L.; Le Guyader, F.S.; Polo, D.; Schaeffer, ].; Krol, J.; Romalde, J.L. Assessment of human enteric
viruses in cultured and wild bivalve molluscs. Int. Microbiol. 2009, 12, 145-151.

Aprea, G.; Amoroso, M.G.; Di Bartolo, I.; D’ Alessio, N.; Di Sabatino, D.; Boni, A.; Cioffi, B.; D’ Angelantonio,
D.; Scattolini, S.; De Sabato, L.; et al. Molecular detection and phylogenetic analysis of hepatitis E virus
strains circulating in wild boars in south-central Italy. Transbound. Emerg. Dis. 2018, 65, e25-e31.

© 2019 by the authors. Licensee MDP], Basel, Switzerland. This article is an open access
|@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



