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Probabilità di 
trasmissione 

attraverso il cibo e 
l’acqua

Malattia

Gastroenteriti Epatiti Altro

Frequenti Norovirus Virus dell’Epatite A

Occasionali Adenovirus enterici (tipi 
40-41)

Rotavirus (gruppo A-C)

Sapovirus 

Astrovirus

Coronavirus

Aichivirus

Virus dell’Epatite E

(attraverso l’acqua, 
ma anche carne di 
maiale poco cotta)

Enterovirus

Nipah virus

TBE

HAI H5N1 (?)

SARS CoV (?)
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6 Hanno molteplici vie di trasmissione (alimentare, interumana, respiratoria)

4 Hanno un’alta variabilità genetica (numerosi ceppi e salti di specie)

1 Hanno una bassa carica infettante (1-100 particelle virali)

CARATTERISTICHE DEI VIRUS TRASMESSI CON GLI ALIMENTI

5 Possono causare infezioni asintomatiche

7 Non si replicano nei cibi né li alterano

2 Sono eliminati in grande numero (fino a 1011  particelle/g di feci)

3 Hanno un’alta resistenza ambientale ed ai trattamenti (virus “nudi”)
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FONTI DI CONTAMINAZIONE

Produzione primaria 
di prodotti di origine 
animale (virus da 
serbatoi animali)

Produzione primaria 
di alimenti vegetali 
e/o molluschi (virus 
da serbatoi umani) 

Manipolazione
(virus da serbatoi 
umani) 

Trasmissione  e 
veicoli

Carne, sangue, latte, 
saliva

Liquami, acque 
ambientali o di 
irrigazione

Mani, ambiente

Frequenza di 
malattia

Rara Frequente Frequente

Virus coinvolti 
(esempi)

SARS-CoV
HEV
TBE
Nipah

NoV
HAV
HEV

NoV
HAV
HEV
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SCIENTIFIC OPINION 

Scientific Opinion on an update on the present knowledge on the 
occurrence and control of foodborne viruses1 

EFSA Panel on Biological Hazards (BIOHAZ)2, 3 

European Food Safety Authority (EFSA), Parma, Italy 

ABSTRACT 

A review of the biology, epidemiology, diagnosis and public health importance of foodborne viruses was 

performed. Data needs to support a risk assessment were also identified. In addition possible control options and 

their anticipated impact to prevent or reduce the number of foodborne viral human infections were identified, 

including the scientific reasons for and against the establishment of food safety criteria and process hygiene 

criteria for viruses for certain food categories. Food may be contaminated by virus during all stages of the food 

supply chain, and transmission can occur by consumption of food contaminated during the production process 

(primary production, or during further processing), or contaminated by infected food handlers. Transmission of 

zoonotic viruses (e.g. HEV) can also occur by consumption of products of animal origin. Viruses do not multiply 

in foods, but may persist for extended periods of time as infectious particles in the environment, or in foods. At 

the EU-level it is unknown how much viral disease can be attributed to foodborne spread. The relative 

contribution of different sources (shellfish, fresh produce, food handler including asymptomatic shedders, food 

handling environment) to foodborne illness has not been determined. The Panel recommends focusing controls 

on preventive measures to avoid viral contamination rather than trying to remove/inactivate these viruses from 

food. Also, it is recommended to introduce a microbiological criteria for viruses in bivalve molluscs, unless they 

are labelled “to be cooked before consumption”. The criteria could be used by food business operators to 

validate their control options. Furthermore, it is recommended to refine the regulatory standards and monitoring 

approaches in order to improve public health protection. Introduction of virus microbiological criteria for 

classification of bivalve molluscs production areas should be considered. A virus monitoring programme for 

compliance with these criteria should be risk based according to the findings of a sanitary survey. 

KEY WORDS 

Food borne viruses, Norovirus, Hepatitis, Microbiological criteria, molluscs, fresh produce. 

                                                      

 
1  On request of EFSA, Question No EFSA-Q-2009-00877, adopted on 26 May 2011.  
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PRINCIPALI VIE DI DIFFUSIONE 
ALIMENTARE DEI VIRUS

NoV: norovirus
HAV: virus dell’epatite A
HEV: virus dell’epatite E
TUTTI: virus eliminati con le feci
(Altri?): diversi a seconda della sorgente e della via di diffusione.

EVL
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L’impatto sanitario dei virus enterici nelle 

acque dipende dai diversi usi delle acque 

stesse e dalle conseguenti vie di 

esposizione.

Gastroenteritis

Respiratory diseases

Impianto di depurazione

SCARICO RIUTILIZZO

Acqua di mare Acque superficiali Irrigazione Industria

Balneazione Molluschi
Consumo

umano Vegetali Aerosol

CIRCOLAZIONE DEI VIRUS 

ENTERICI ATTRAVERSO LE 

ACQUE

A. Carducci, Genova, 28 giugno 2012
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Abstract: Several studies have shown that enteric viruses can be transferred onto the 

surface of vegetables and fruits through spray irrigation, but, recently, reports have 

suggested viral contamination of vegetables sub-irrigated with reused wastewater. 

Hydroponic cultures, used to grow ready to eat fresh lettuce, have also been used to study 

the possibility of viral absorption through roots. This study was conducted to assess a 

possible risk of viral contamination in lettuce from contaminated water. The leaves of 

lettuce plants grown in hydroponic cultures where the roots were exposed to water 

containing Coxsakievirus B2, were analysed for evidence of the virus. The plants and 

water were sampled at different times and virus was measured using quantitative RT-PCR 

and infectivity assay. In leaf samples, the lowest observed infective data were lower than 

the qRT-PCR detection limits, suggesting that free viral RNA or damaged viruses are 

eliminated rapidly while infectious particles remain stable for a longer time. The obtained 

data revealed that the leaves were contaminated at a water concentration of 4.11 ± 1 Log 

Most Probable Number/L (8.03 ± 1 Log GC/L) a concentration observed in contaminated 

untreated water of wastewater treatment plants. However, the absorption dynamics and 

whether the virus is inactive in the leaves still remains to be clarified. Nevertheless, this 

work has practical implications for risk management in using reclaimed water for 

OPEN ACCESS
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elimination of virus integrity and RNA from exposure to vegetal fluids. Previous studies have reported 

that viral nucleic acids persist in the leaves for a short time [6,28]. We observed a significant positive 

correlation between the viral titres in the water and the leaves (R2 = 0.6560; p < 0.001) (Figure 4).  

 

Figure 3. qRT-PCR logarithmic titers of water and leaves. 

 

Figure 4. Linear regression analysis between water and leaves for qRT-PCR. 

The results from the cell culture titrations were not completely consistent with the qRT-PCR results 

(Figure 5). In the water samples, the virus was undetectable by the MPN assay at the 1:100 viral 

dilution in each analysed samples (not showed in figure). For the intermediate concentration (4.11 ± 1 

Log MPN/L), the virus titre decreased from the first day and was undetectable on the third day. The 

virus concentration in the most contaminated water slightly decreased until the second day and then 

suddenly dropped below the limit of detection on the fourth day. In addition, in these experiments, the 

control tanks had negative results for each days tested. 
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Figure 5. Cell Culture MPN logarithmic titers of water and leaves. 

In the leaves, virus titres did not correspond exactly to the different levels of water contamination. 

No significant correlation was found between contamination of the water and leaves over time  

(R2 = 0.2246; p = 0.11); at the lowest virus dilution, we observed relatively stable viral titres in leaves, 

while the virus in the tank solution gradually disappeared. In fact, we observed positive results in the 

leaves even when the results were negative in the corresponding water sample. This could be due to 

adsorption of the virus onto the surfaces of the tanks but could also be attributed to plants protecting 

internalized viruses (Figure 6). 

 

Figure 6. Linear regression analysis between water and leaves for cell culture MPN tests. 

The linear regression analysis between the infectious virus and qRT-PCR titres for the water 

samples were positively correlated (R2 = 0.8024; p < 0.0001), but this was not observed in the leaves 

(R2 = 0.2196; p = 0.12) (Figure 7). 
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2.2 Hydroponic Cultures Preparation 

Hydroponic plants cultures were prepared in three phases: seeding, transplanting, and transferring. 

Monoclonal seeds were placed to cover the surface of autoclaved soil (Spezal Substrat, special 

composition) in plastic jars (nine-cm diameter). The seeds were sprayed with sterile water and 

incubated in growth chambers at 23 °C and 70% humidity with artificial lighting for 12 h per day. 

After the seeds had germinated and the germs had grown sufficiently, they were transplanted into pots 

filled with the same autoclaved soil. Three to four germs were placed at the centre of each pot and 

watered with 0.5 M Hoagland's nutrient solution [36]. The hydroponic tanks were lined with a non-

woven plastic support material and filled with sterile vermiculite; 12 holes were drilled in the 

vermiculite. Next, the plants were taken from the pots and the roots were gently washed in sterile 

water to remove all soil residue. Than they were placed in vermiculite (one plant in each hole) and 1 L 

of sterile Hoagland’s solution was poured into each tank. The plants were grown in the laboratory 

under a fluorescent light cycle of 12 h light and 12 h dark for one week. The temperature and relative 

humidity were maintained at 23 °C and 70%, respectively (Figure 1).  

 

Figure 1. Hydroponic growth tank. 

After this growing time, for the following experimental trials, the remaining eight tanks with 990 

mL of nutrient sterile solution were prepared and, in each of them, five plants, prepared as above, were 

transferred inside. 

2.3. Experimental Contamination 

A suspension of Coxsackie B2 at a concentration of 11.62 Log GC/L (qRT-PCR) and an Most 

Probable Number of 11.30 Log MPN/L was introduced into the water solution of the hydroponic 

cultures. We also made two 10-fold dilutions of the virus suspension. In brief, 10 mL of the undiluted 

virus suspension or 10 mL of each dilution were mixed directly in the tanks containing 990 mL of 

nutrient sterile solution, avoiding contaminating the leaves. Two tanks were contaminated for each 

dilution and two were left as negative controls, by adding 10 mL of sterile water.  

At the same contamination time, one plant for each tank was sampled and treated as described 

below to evaluate if it was already contaminated at the starting time. 

The expected final concentrations of the virus in the water of the tanks were 9.62 Log GC/L  

(9.30 Log MPN/L) for the lowest dilution and 7.62 Log GC/L (7.30 Log MPN/L) for the highest 

dilution. The plants were maintained for four days in the same culture conditions. All necessary 
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PROCESSO ALIMENTO INATTIVAZIONE VIRALE

RISCHIO DI INFEZIONE DEL 

CONSUMATORE SE I VIRUS 

SONO PRESENTI PRIMA DEL 

PROCESSO

PROBABILITÀ DI PRESENZA 

PRIMA DEL PROCESSO

Trattamento termico

Bollitura  a 100°C Latte HAV e PV >4 Trascurabile Improbabile

60°C, 30 min HAV< 2 o HAV >4

PV <2

Norovirus completamente 

inattivato

Medio

Pastorizzazione di alimenti solidi 

(70°C per 2 min)

Paté o altre carni 

cotte

HAV<2

Feline Calicivirus >3

Medio Improbabile

Pastorizzazione di liquidi solidi 

(71.7°C per 15 sec)

Latte, gelati HAV <2 Medio Improbabile

Altri trattamenti 

fisici/chemici/biologici

Liofilizzazione Latte, Dessert, 

cioccolata

HAV<1

Feline Calicivirus <1

Alta Improbabile

Congelamento Gelati, dessert 

congelati

HAV<1

Feline Calicivirus <1

PV <1

Alta Possibile

Acidificazione Succhi di frutta Norovirus: a pH 2.7 per 3h

HAV: a pH 1 per 5h

Media Possibile

Depurazione di mitili Norovirus: incompleta Alta Probabile

EVL
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PROCESSO ALIMENTO INATTIVAZIONE VIRALE RISCHIO DI INFEZIONE DEL 

CONSUMATORE SE I VIRUS 

SONO PRESENTI PRIMA DEL 

PROCESSO

PROBABILITÀ DI PRESENZA PRIMA 

DEL PROCESSO

Trattamento ad alta pressione PV<1 Alto

Inattivazione virale in acqua

Clorazione (0.5 mg di cloro 

libero/l per 1 min)

HAV>3, HAV<2, HRV<2, 

PV>3

Variabile Possibile (acqua potabile)

Probabile (acque superficiali)

Radiazioni UV (20 mJ/cm2) PV 3 o meno

HRV <3

Bassa

Ozono (0.2 mg/l per 10 min) HAV >3, PV 2 o meno, HRV 

<1

Variabile

Pulizia delle superfici

Etanolo (70% per 10 min) HAV <2, HRV <3 Medio

Cloroexidina gluconato (0.05% 

per 10 min)

HAV <1, HRV <1 Alto

Ipoclorito di sodio (0.125 % per 

10 min)

HAV <3, HRV <3 Basso

Ristorazione

Lavaggio

Insalata, frutta NO Alta Possibile

EVL

A. Carducci, Genova, 28 giugno 2012
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EU summary report on zoonoses, zoonotic agents and food-borne outbreaks 2013 

 

EFSA Journal 2015;13(1):3991 11 

 

Bacterial toxins include toxins produced by Bacillus, Clostridium and Staphylococcus. Food-borne viruses include calicivirus, hepatitis A 
virus, flavivirus, rotavirus and other unspecified viruses. Other causative agents include mushroom toxins, marine biotoxins, histamine, 
mycotoxins and escolar fish (wax esters). Parasites include primarily Trichinella, but also Cryptosporidium, Giardia and other 
unspecified parasites. Other bacterial agents include Listeria, Brucella, Shigella, Vibrio and other unspecified bacterial agents. In this 
figure, the  category  ‘Pathogenic Escherichia coli (including VTEC)’ also includes one strong-evidence outbreak due to pathogenic E. coli 
other than VTEC. 

Figure 2. Distribution of all food-borne outbreaks per causative agent in the EU, 2013 

  

DISTRIBUZIONE DELLE EPIDEMIE 
DI ORIGINE ALIMENTARE PER 
AGENTE CAUSALE IN EU, 2013 

Nel 2013, sono state 
riportate in Europa nove 
epidemie idriche con forte 
evidenza:
calicivirus (Norovirus, 
Norwalk-like virus), E. coli 
verocitotossigena (VTEC 
O128), Cryptosporidium 
parvum, Cryptosporidium 
hominis e Salmonella. Tre da 
causa sconosciuta
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Oltre a questi un’epidemia di Epatite 
A, dal 1° gennaio 2013 ha causato 
1.444 casi in 12 Paesi Europei. L’Italia 
ha riportato il 90% dei casi. 

In confronto al 2012 il numero di 
epidemie idriche con forte evidenza 
sono diminuite.
La più grande di queste si è verificata in 
Finlandia, con 174 casi, causata da 
norovirus.
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Da: franck.chatigny@ceeram.com

Oggetto: RASFF : Monthly Report for Virus Alerts (November) 2015

Data: 30 novembre 2015 12:33

A: acarducci@biologia.unipi.it

View online version
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System for Food and Feed.
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VIRUS DELL’EPATITE A- HAV
Famiglia Picornaviridae, genere Hepatovirus
 Unico sierotipo (HAV) 
Epatite infettiva epidemica alimentare
 Trasmissione oro-fecale

 Diametro 28 nm

 Simmetria icosaedrica: 4 proteine capsidiche 

(VP1-4)

 Assenza di pericapside

 Genoma: RNA lineare a singola elica, polarità 

positiva,    legato alla proteina VPg

Identificati sette genotipi comparando la 

congiunzione VP1/2A.

Alcuni ceppi coltivabili

Struttura

EVL

(Nainan et al., 2006)

A. Carducci, Genova, 28 giugno 2012
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Rispetto agli altri Picornavirus, HAV è più 
resistente al calore, all'essiccamento, a bassi 
valori di pH (pH l a 38°C per 90 min), é 
relativamente resistente alla clorazione 
dell'acqua (0,3-0,5 ppm di cloro libero). Nel 
latte HAV rimane infettivo dopo 
pastorizzazione (62,8°C per 30 min) 

Alimenti maggiormente incriminati sono i 
molluschi bivalvi, frutti di bosco congelati  
(contaminazìone I), ma anche altri alimenti 
come succo di arancia, sandwiches, insalate 
(contaminazione II) 

EPIDEMIOLOGIA

EVL

Distribuzione mondiale: 1,5 milioni casi clinici/anno.

(CDC, 2002)

Fattori di rischio principali:

Contagio interumano

Acqua o alimenti contaminati

Consumo frutti di mare crudi o poco cotti

Viaggi in aree endemiche

A. Carducci, Genova, 28 giugno 2012
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Sono in commercio due vaccini inattivati
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Tassi di incidenza per 100.000 abitanti dell’ epatite A, per il periodo 1985-2013 in Italia

biennio 2013-2014 
epidemia legata al consumo di frutti di bosco congelati in modo 
particolare nelle Regioni del Nord e del Centro Italia 

1992, nel 1994 e nel 1997, i picchi epidemici associati al consumo di frutti 
di mare crudi in alcune Regioni dell’Italia meridionale

Dati SEIEVA
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Tracing food items in connection to hepatitis A

 

EFSA Journal 2014;12(9):3821 17

Table 2:  Confirmed and probable hepatitis A cases by reporting country and travel history to an 

outbreak-country during the country’s national outbreak period, European multinational HAV 

infection outbreak 2013–2014, as of 30 June 2014 (information for May and June 2014 may be 

incomplete) 

Reporting country Cases reported Confirmed cases Travel-related cases to an 
outbreak country (a), (b) 

No % overall No % reported No % reported (c) 

Bulgaria 1 0.1 0 0.0 % 1 100.0 

Denmark 1 0.1 1 100.0 % 1 100.0 

Finland 11 0.8 5 45.5 % 0 0.0 

France 5 0.3 5 100.0 % 0 0.0 

Germany 35 2.4 9 25.7 % 25 71.4 

Ireland 25 1.7 21 84.0 % 4 16.0 

Italy 1 300 90.0 228 17.5 % 0 0.0 

The Netherlands 15 1.0 15 100.0 % 1 6.7 

Norway 31 2.1 31 100.0 % 0 0.0 

Poland 6 0.4 3 50.0 % 6 100.0 

Sweden 10 0.7 9 90.0 % 2 20.0 

United Kingdom 4 0.3 4 100. % 2 50.0  

Total 1 444 100.0 331 22.9 % 42 2.9 

(a): For one French and one British case, this information is not available. 

(b): As of 30 June 2014, these are Finland from January to June 2014; Ireland from January to October 2013; Italy from 

January 2013 onwards; Netherlands from August to December 2013; Norway from November 2013 to April 2014. 

(c): Not including cases in residents of the same country (e.g. Finnish cases excluded from Finland). 

The highest number of cases associated with this outbreak was reported in April 2013 (Figure 1). From 

March to October 2013, more than 100 cases were reported each month. Since November 2013 the 

number of cases reported per month has decreased to below 70. 
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Tracing food items in connection to hepatitis A
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Figure 1:  Distribution of total cases of hepatitis A by month of onset and by probable country of 

infection, European multinational HAV infection outbreak, January 2013 to June 2014, as 

of 30 June 2014 (n = 1 442; information for May and June 2014 may be incomplete). 

Information on the month of onset is not available for two cases (one British and one 

French) 

Overall, at the EU level, the median age of confirmed or probable cases associated with this outbreak 

was 37 years (ranging from 1 to 92 years; 1 440 cases with available information) and 54 % were male 

(1 441 cases with available information) (Figure 2). 

 

Figure 2:  Age and sex distribution of confirmed and probable cases of hepatitis A, European 

multinational HAV infection outbreak 2013–2014, as of 30 June 2014 (n = 1 398; 

information on sex and/or age is missing for six cases) 

Of the five EU/EEA countries that reported a hepatitis A outbreak, Italy reported most of the 

confirmed and probable cases for the entire duration of the outbreak (Figure 3). The highest number of 

cases reported in Italy is in April 2013, while confirmed cases peaked in June 2013. The large 

proportion of probable cases reported and the delay in the Italian peak of confirmed versus probable 
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Tracing food items in connection to hepatitis A 

 

EFSA Journal 2014;12(9):3821 26 

The study included a total of 538 subjects, 119 cases (22.1 %) and 419 controls (77.9 %). The median 

age was 37.0 years (range 3–70 years) for HAV cases and 38.0 years (range 1–72 years) for controls 

(p = 0.6384). The majority of study participants in both groups were male. No significant difference in 

the sex of cases and controls was observed. As a result, a median of 3.5 controls for each case were 

included in the study. 

In the univariate analysis, compared with the 419 controls, cases were more likely to have eaten 

berries (OR 4.42) or raw seafood (OR 4.65) or to have travelled (OR 2.34) (Table 3). In the 

multivariate analysis, the highest association with the illness was for people who consumed berries 

(ORadj, 4.2; 95 % CI, 2.54–7.02) (Table 3). 

Table 3:  Consumed foods and other risk factors positively associated with hepatitis A on 

univariate and multivariate analysis 

Consumed foods and other risk 
factors 

Odds Ratio, crude  
(95 % CI) 

Odds ratio, adjusted  
(95 % CI) 

p-value 

Vegetables    

Fennel 1.03 (0.66–1.62)   

Fresh salad 1.02 (0.57–1.73)   

Bag salad 0.93 (0.59–1.45)   

Radishes 0.77 (0.44–1.34)   

Carrots 0.70 (0.43–1.12)   

Celery 1.29 (0.80–2.07)   

Raw seafood 4.65 (2.70–8.00) 3.83 (2.16–6.79) < 0.001 

Milk products (non-packaged) 0.62 (0.37–1.02)   

Untreated water 0.77 (0.39–1.50)   

Berries 4.42 (2.70–7.27) 4.22 (2.54–7.02) < 0.001 

Travel 2.34 (1.45–3.77) 1.98 (1.15–3.40) 0.014 

Age 1.02 (0.93–1.13)   

Sex 0.83 (0.55–1.26)   

 

Of the 119 cases enrolled in the study, 24 were sequenced by the time of the study. The date of onset 

of hepatitis of sequenced cases was from January to May 2013. The sequenced viruses had nucleotide 

identity of between 99.8 % and 100 % to the outbreak strain (HAV genotype 1A). A restricted 

statistical analysis was conducted on the 24 cases and 82 matched controls in order to confirm the 

above-described results. Seventeen out of the 24 cases (70.8 %) ate berries and 10 of 24 (41.7 %) ate 

raw seafood. No significant difference in the sex of cases and controls was observed within the 

restricted analysis either. The statistical analysis identified berries as the highest associated risk factor 

for developing the disease (ORadj 4.99; 95 % CI 1.32–18.92), followed by raw seafood (ORadj 4.46; 

95 % CI 1.10–18.04). 

As all cases from the Apulia region reported having eaten raw seafood, an analysis excluding cases 

from this region was undertaken and resulted in berries being the unique risk factor for the disease 

with an OR of 7.29 (95 % CI 1.56–34.02). 

Escludendo la Puglia dallo studio, 
rimane solo l’associazione con i 
frutti di bosco

La caratterizzazione 
molecolare degli isolati era 
disponibile solo per 331 casi 
confermati.
Tutti appartenevano al sub 
genotipo IA ed avevano una 
sequenza identica (GenBank 
accession number: KF182323)

I casi/lotti HAV positivi in 
cinque paesi potevano 
essere collegati a 7 aziende 
di congelamento polacche 
e/o a 5 fornitori di frutti di 
bosco congelati.
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Tale epidemia (come quella dovuta a fragole surgelate negli USA negli anni ‘70) ha dimostrato 
l’importanza dell’adesione  a buone pratiche agricole e di fabbricazione e dell’applicazione di 
tutte le misure igieniche ad evitare la contaminazione primaria e secondaria nella produzione 
di vegetali surgelati.

Sebbene tutti i lotti risultati positivi alle analisi siano stati prontamente ritirati e richiamati dal 
mercato, non si esclude l’eventualità che altri mix di frutti di bosco surgelati/congelati 
contaminati, diversi da quelli oggetto di allerta possano essere presenti sul mercato.

Il Ministero della salute raccomanda di:

•utilizzare i frutti di bosco surgelati solo per preparazioni portate a 100° (temperatura di 
ebollizione) per almeno 2 minuti, ad esempio salse o marmellate

•non impiegare i frutti di bosco crudi per guarnire i piatti (ad esempio la superficie di una 
crostata, semifreddi, yogurt ecc.)

•lavare accuratamente i contenitori e gli utensili usati per maneggiare i frutti di bosco 
scongelati.
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CALICIVIRUS UMANI (HuCV)

 Appartengono alla Famiglia Caliciviridae

 2 generi danno malattie nell’uomo (Norovirus e Sapovirus)

 Virus a RNA singola elica (ss) 

 Privi di involucro

 Dimensione: 27-35 nm

 Possiedono una sola proteina nel capside

 L’analisi genomica li divide in 4 gruppi: Norovirus, Sapovirus, Vesivirus e Lagovirus

EVL

A. Carducci, Genova, 28 giugno 2012
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Neighbour-joining tree, complete 

capsids, Caliciviridea0.1
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Koopmans, COST 929 Symp, Pisa 2008

A. Carducci, Genova, 28 giugno 2012
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• Famiglia Caliciviridae, genere Norovirus

• Virus a RNA a singolo filamento

• Alta resistenza alla temperatura 

• Virus che sopravvive ad alti livelli di cloro (generalmente una
concentrazione di 10 ppm o 10 mg/L per più di 30 minuti è adeguata per
la disinfezione)

• Non cresce in coltura cellulare

NOROVIRUS

EVL

A. Carducci, Genova, 28 giugno 2012
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PERIODO DI INCUBAZIONE 
24 – 48 ore con un range di 10 – 50 ore

SEGNI E SINTOMI

• Casi asintomatici
• Diarrea acquosa acuta
• Vomito (specialmente in bambini)
• Crampi addominali
• Nausea
• Febbre di bassa intensità

DURATA

Generalmente breve: < 3 giorni

CARATTERISTICHE

• 30% di infettati non presenta sintomi
• Virus molto contagioso: 10 –100 particelle virali sono sufficienti per dare infezione

CARATTERISTICHE CLINICHE

EVL

A. Carducci, Genova, 28 giugno 2012
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EPIDEMIOLOGIA
Distribuzione mondiale

Stagione invernale

Adulti e Bambini

Diffusione:
interumana
contaminazione fecale di cibo o acqua

La maggior parte delle persone ha avuto l’infezione dall’età di 4 anni (in base a studi 
sulla sieroprevalenza) 

Norovirus (USA; Reisdorf, 2004)

Winter vomiting disease

EVL

DIAGNOSI
 Campioni di feci o cibi sospetti
 Immune EM
 RT-PCR
Sierologia per scopi epidemiologici

A. Carducci, Genova, 28 giugno 2012
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Stima delle dimensioni delle infezioni da norovirus nella popolazione ed evidenza dei casi 
a vari livelli del sistema di diagnosi, cura e sorveglianza. 

(tradotto da Verhoef L. et al., 2008) 

EVL
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Caratteristiche dei NOROVIRUS 

che facilitano le epidemie

Caratteristiche Osservazioni Conseguenze

Bassa dose infettante <102 particelle virali Trasmissione persona-persona attraverso 

goccioline, trasmissione secondaria o 

attraverso le mani

Diffusione asintomatica prolungata ≤2 settimane Aumenta il rischio per la trasmissione 

secondaria o ci sono problemi per il 

controllo della diffusione tramite le mani

Resistenza ambientale Sopravvivono al cloro ≤10 ppm, 

congelamento e riscaldamento a 

60°C

Difficoltà di eliminare il virus dall’acqua 

contaminata: sopravvive nel ghiaccio ed 

ostriche cotte al vapore

Grande variabilità dei ceppi Molteplicità genetica e di tipi antigenici Richiede diagnosi composte; l’infezione si 

ripete per la molteplicità dei tipi antigenici; 

facile sottostimare la prevalenza

Mancanza di immunità permanente Possono avvenire reinfezioni L’infezione contratta da bambini non 

protegge nell’età adulta; difficile sviluppare 

vaccini che proteggano tutta la vita

MMWR June 01, 2001/50(RRD9); 1-18

EVL

A. Carducci, Genova, 28 giugno 2012
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Crustaceans, shellfish, 
molluscs and products 

thereof, 34

Buffet meals, 12

Mixed food, 10

Fruit, berries and juices 
and other products 

thereof, 4

Vegetables and juices 
and other products 

thereof, 4

Other foodstuffs, 12

N=76

15.8 %

13.2 %

15.8 %

5.3 %

5.3 %
44.7 %

Distribution of food vehicles

in strong-evidence

outbreaks caused by 

calicivirus, including

norovirus (excluding strong-

evidence water-borne

outbreaks) in the EU, 2013
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This paper reports on several simultaneous 
outbreaks of norovirus infection linked to the 
consumption of raw oysters. Since January 2010, 334 
cases in 65 clusters were reported from five 
European countries: the United Kingdom, Norway, 
France, Sweden and Denmark.

EVL

A. Carducci, Genova, 28 giugno 2012
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Cao D and Meng XJ. Molecular biology and 
replication of hepatitis E virus. Emerging 
Microbes & Infections (2012) 1, e17; 
doi:10.1038/emi.2012.7

Capside icosaedrico formato da una singola proteina
Genere Hepevirus, Famiglia Hepeviridae
Senza involucro
ssRNA 
Genoma di 7.2 kb
4 genotipi In base alle sequenze dell’intero genoma
Difficile coltura (molti ceppi non coltivabili)

VIRUS DELL’EPATITE E  - HEV



Nuovi pericoli e nuovi scenari epidemiologici nella sorveglianza 
delle Malattie Trasmesse da Alimenti

Pistoia 15-16 Dicembre 2015

Albero filogenetico basato sulla sequenza dell’intero genoma

Yugo DM, Cossaboom CM, and Meng XJ. Naturally Occurring Animal Models of Human 
Hepatitis E Virus Infection. ILAR J. 2014; 55(1): 187–199. doi: 10.1093/ilar/ilu007. 
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Pischke S, Behrendt P, Bock CT,  Jilg W, Manns MP, Wedemeyer H. Dtsch Arztebl Int. 
2014 Sep; 111(35-36): 577–583. doi: 10.3238/arztebl.2014.0577
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Distribuzione mondiale dei casi clinici di HEV

Kamar N, Bendall R, Legrand-Abravanel F, Xia NS, Ijaz S, Izopet J, Dalton HR. Hepatitis E. Lancet. 2012; 30:2477-
88. doi: 10.1016/S0140-6736(11)61849-7
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Source and route of HEV1–4 infection

Kamar N, Bendall R, Legrand-Abravanel F, Xia NS, Ijaz S, Izopet J, Dalton HR. Hepatitis E. 
Lancet. 2012; 30:2477-88. doi: 10.1016/S0140-6736(11)61849-7
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Number of 
samples

Anti-HHEV prevalence, %
Reference

Children Adults Overall

United Kingdom
710 - 3.9 - Bernal et al., 1996

1591 2.0 – 3.0 5.0 – 27.0 13.0 Ijaz et al., 2009

Italy
1889 - 2.6 - Gessoni and Manoni, 1996

3511 - 2.9 - Vulcano et al., 2007

San Marino 2233 - 1.5 - Rapicetta et al., 1999

Spain
2529 4.6 7.3 6.0 Buti et al., 2006, 2008

2305 0.5 2.1 1.1 Fogeda et al., 2012

Germany 4422 - 17.0 - Faber et al., 2012

The Netherlands 7072 0 – 0.3 1.4 – 6.4 1.9 Verhoef et al., 2012

Prevalenza di anti-HHEV nella popolazione generale in Europa

Echevarrìa (2014) Autochthonous Hepatitis E Virus Infection in Europe: A Matter of Concern for Public Health?. Journal of Clinical and 
Translational Hepatology 2014; 2:7–14
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 Buone pratiche di produzione e di 
manipolazione

 Controllo delle acque
 Monitoraggio delle materie prime
 Vaccini

PREVENZIONE
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Attualmente in Europa non sono disponibili vaccini
anti-HEV.
Nel 2013 in Cina è stato autorizzato un vaccino
ricombinante per la prevenzione dell’epatite E (HEV
239, come commerciale Hecolin®), approvato per
soggetti di età superiore ai 16 anni e raccomandato
per individui ad alto rischio di infezione

Non è disponibile in commercio un vaccino anti-NoV.
E’ in fase di sperimentazione clinica di tipo I un vaccino
multivalente con VLP (viral-like-particle) con risultati
promettenti (Lindesmith et al., 2015)

• Norovirus

• Virus dell’Epatite E

VACCINI
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REGOLAMENTO (CE) N. 2073/2005 DELLA COMMISSIONE del 15 novembre
2005 sui criteri microbiologici applicabili ai prodotti alimentari

Il regolamento (CE) 2073/2005 e s.m.i. fissa soltanto alcuni criteri microbiologici, mentre la scelta di ulteriori analisi e relativi criteri
interpretativi viene demandata agli Stati membri. A questo proposito la Regione Piemonte (con D.D. n. 780 del 18.11.2011) ha emesso
proprie linee guida per l'analisi del rischio nel campo della microbiologia degli alimenti

Analisi

A partire dal 1° gennaio 2007 verranno effettuate le analisi per la
determinazione dei virus dell’Epatite A e dei Norovirus su un totale di 100
campioni annui. I prelievi dovranno essere inviati al Laboratorio Controllo
Alimenti della Sede, compilando il verbale allegato (Allegato 5ter). Le matrici
sono rappresentate da molluschi e da preparazioni gastronomiche a base di
prodotti ittici crudi. Il campione deve essere effettuato in aliquota singola.
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1 Alta capacità di purificazione 

CARATTERISTICHE DEI METODI PER LA RICERCA DI PATOGENI NELL’AMBIENTE E NEGLI ALIMENTI

2 Elevata sensibilità

3 Alta specificità 

4 Rapidità
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Elevate concentrazioni

Virus umani

Presenza in genere di una sola specie

Costanza nella composizione dei campioni

VIROLOGIA CLINICA

Basse concentrazioni
Virus umani ed animali
Frequente co-presenza di specie diverse
Estrema variabilità nella composizione dei campioni

VIROLOGIA AMBIENTALE / ALIMENTARE
ENVIRONET: 2006-2010



Nuovi pericoli e nuovi scenari epidemiologici nella sorveglianza 
delle Malattie Trasmesse da Alimenti

Pistoia 15-16 Dicembre 2015

● Colture cellulari/ Placche

● ME/EMI

● Ibridazione/ Sequenziamento

● ELISA

● PCR / RT-PCR

● Real-Time PCR

● Immunocromatografia

● Microarray

METODI ATTUALI PER RICERCA VIRALE IN CAMPIONI CLINICI E 
AMBIENTALI
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CONFRONTO TRA VARIE TECNICHE PER LA RICERCA DEI VIRUS

5 – 6 hAlta 1 PFU/mlPCR

24 – 48 hAlta 103 –105 PFU/ml Sonde

molecolari 

2-3 h Alta 104.5 – 105 PFU/ml ELISA 

2 - hBassa 106 particelle/ml Microscopia Elettronica 

1 – 3 settimane da Bassa a Alta 1 PFU/ml Colture Cellulari 

Tempo richiesto SpecificitàSensibilità Test 
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CONFRONTO TRA COLTURE CELLULARI E PCR
PER LA RICERCA DI VIRUS NELL’AMBIENTE

No infettività

Risente dell’effetto degli inibitori 

Molto sensibile

Utilizzabile per tutti i virus

Tempi brevi 

Quantificabile

Economica

PCR

Tempi lunghi

Utili solo per alcuni virus

Fenomeni di interferenza e di tossicità

Possono rilevare virus animali

Molto sensibili 

Evidenziano l’infettività 

Quantificabile

L’intero campione può essere analizzato

Colture Cellulari 

SVANTAGGIVANTAGGI TECNICHE 

Poliovirus plaques in BGM

Una soluzione: “Integrated Cell Culture RT-PCR (ICC-PCR)”

EVL
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. (Koopmans and Duizer, 2004)

EVL
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ACQUA E MITILI
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A. Caducci, Genova, 28 giugno 2012
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2 campioni positivi
per Norovirus

1 campione positivo
per HAV

61 campioni positivi
per i colifagi 

Analisi di molluschi bivalvi (mitili, vongole e 

ostriche) per la ricerca di Norovirus, e virus 

dell’Epatite A tramite PCR e colifagi somatici 

tramite tecniche colturali (collaborazione con 

l’istituto Zooprofilattico di La Spezia)

I campioni positiv per norovirus ed HAV 

erano negativi per E. coli e salmonelle. Nel  

campione positivo per HAV è stata 

riscontrata la contemporanea  positività 

per colifagi  
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Il metodo di riferimento per la ricerca di HAV e NoV nelle matrici alimentari è descritto nella norma tecnica ISO 
(01/05/2013)

ISO/TS 15216: “Microbiology of food and animal feed — Horizontal method for determination of hepatitis A virus and 
norovirus in food using real-time RT-PCR”
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CONCLUSIONI

Negli ultimi 10 anni è aumentata la consapevolezza dell’importanza dei virus come agenti di 
malattie trasmesse da alimenti, per il miglioramento delle tecniche diagnostiche  e quindi la 
maggiore segnalazione di casi ed epidemie di origine virale
I virus responsabili sono molteplici, accomunati da caratteristiche di diffusione e resistenza 
ambientale.
L’HAV ed i norovirus sono quelli più frequentemente coinvolti.
Molluschi e frutti di bosco sono gli alimenti più frequentemente incriminati
L’HEV, sebbene meno diffuso è un patogeno emergente di grande rilievo
La prevenzione si basa principalmente su buone pratiche di produzione e manipolazione, 
secondario il ruolo dei vaccini
Il controllo analitico delle materie prime è oggi possibile con metodi standardizzati e quindi 
sempre più diffuso
E’ essenziale stabilire correlazioni fra i dati clinici e quelli del monitoraggio alimentare.
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