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Aims: The objective of this study was to determine the presence of infectious hepatitis A virus

(HAV) in molluscs naturally contaminated with viral HAV-RNA.

Methods and Results: One hundred and forty-two mollusc samples were analysed for the

presence of viral HAV-RNA using RT-nested-PCR; positive samples were then analysed with

an integrated method, cell-culture RT-PCR, to detect infectious virus. Viral HAV-RNA was

detected in 34á5% of the samples while 12á7% of the total samples were positive for the

presence of infectious virus.

Conclusions: The results demonstrate the validity of the screening method (RT-nested-PCR)

and the necessity of applying a method that is capable of detecting the presence of infectious HAV.

Signi®cance and Impact of the Study: The study demonstrates that in any case, to determine

the safety for human consumption, the results of RT-nested-PCR must be con®rmed with an

integrated cell-culture PCR method.

INTRODUCTION

Hepatitis A virus (HAV) is responsible for a large proportion

of the annual number of reported cases of hepatitis infection

worldwide (Graff et al. 1993; Anon 1998). One of the most

clearly implicated foods in the transmission of HAV has been

bivalve molluscs, mainly because they are often eaten raw or

only slightly cooked (Wanke and Guerrant 1987; Gerba

1988). Worldwide, approximately 7% of the reported cases of

HAV infection have been associated with mollusc consump-

tion (Gerba and Goyal 1978; Cliver et al. 1983), and in 1988,

the consumption of contaminated clams was reported as the

cause of more than 300 000 cases of HAV infection in

Shanghai, China (Xu et al. 1992).

In Italy, according to the Italian National Epidemiological

Surveillance System for Acute Hepatitis Viruses (SEIEVA,

`Sistema Epidemiologico Integrato per le Epatiti Virali

Acute'), in the period from 1995 to 1997, 71% of the

noti®ed cases of acute viral hepatitis infection were cases of

HAV infection (Ciccozzi et al. 1999), and the consumption

of mussels was implicated in 72% of the cases in southern

Italy (Ciccozzi et al. 1999).

In the European Union, the directive that regulates the sale

of molluscs (European Community 1991) only speci®es

bacteriological parameters (e.g. Salmonella and Escherichia
coli) for determining the suitability of molluscs for con-

sumption. However, the absence of bacteria does not

necessarily signify the absence of viruses (Goyan et al.
1979; Wait et al. 1983; Croci et al. 1998) and even the

detection of bacteriophage, whose use has been proposed by

various authors (Havelaar and Hogeboom 1984; Lucena et al.
1994), has proven to be relatively ineffective as an indicator

of the presence of infectious viruses (Croci et al. 2000).

In the past 10 years, molecular biological techniques such

as the polymerase chain reaction (PCR), have emerged as

effective methods for detecting enteric viruses in mussels

(Atmar et al. 1993; Graff et al. 1993; Lees et al. 1994;

Le Guyader et al. 1996; Cromeans et al. 1997; Fiore et al.
2000). However, these techniques have certain limitations

(Richards 1999); most importantly, it is not known whether

they are able to distinguish between infectious and non-

infectious viruses. In fact, RT-PCR has a positive reaction

even when applied to RNA viruses that are no longer

infectious (Ma et al. 1994; Ojen et al. 1995; Hilfenhaus et al.
1997), and in a recent study, HAV-RNA was ampli®ed from

sterile seawater for 232 d, though it was infectious in cell

cultures for only 35 d (Arnal et al. 1998).

The objective of the present study was to determine

the presence of infectious HAV, applying the integrated
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cell-culture RT-PCR method to molluscs naturally contam-

inated with viral RNA, as determined by RT-nested-PCR.

MATERIALS AND METHODS

Samples

Blue mussels and other bivalve molluscs (i.e. clams and

cockles) were collected directly from the markets of cities in

areas of southern Italy with a high incidence of HAV

infection.

Virus Extraction

Mussels were rinsed with sterile distilled water, the body

and liquor removed and homogenized in a blender

(Osterizer Pulse Magic 16, Milwaukee, WI, USA; 30 s

at maximum speed). Seventy-®ve grams of homogenate

were diluted 1 : 1 in glycine buffer (0á05 M, pH 9á2),

stirred for 30 min, and centrifuged at 10 000 g for 15 min

at 4°C. The supernatant was collected and the pH

adjusted to 7á2. Polyethylene glycol (PEG 8000, Sigma,

MO, USA), 50% (w/v) in 7á5% NaCl (PEG-NaCl

solution), was added (1 : 4) to obtain a ®nal concentration

of 12á5%. The mixture was stirred overnight at 4°C and

then centrifuged at 10 000 g for 1 h at 4°C. The pellet

was resuspended in 10 ml of 10X Dulbecco's phosphate

buffered saline (PBS) (Euroclone Ltd., Wetherby, UK).

The mixture was stirred for 10 min at room temperature

and centrifuged at 10 000 g for 15 min at 4°C. The

supernatant was collected, and PEG-NaCl solution was

added (1 : 4). The mixture was stirred overnight at 4°C

and then centrifuged at 10 000 g for 45 min at 4°C. The

pellet was resuspended in 3 ml of PBS and centrifuged at

10 000 g for 10 min at 4°C. One and a half millilitres of

the solution were extracted with 30% chloroform and

centrifuged at 3000 g for 5 min. The aqueous phase was

transferred to a new vial, whereas the remaining phase was

extracted with 500 ll of cell-culture medium [Eagle

minimum essential medium (EMEM) with Earle's Salts

(Euroclone)] and centrifuged at 3000 g for 5 min. The

extracts were then combined, extracted with 30% chloro-

form, and centrifuged at 3000 g for 5 min. The superna-

tant was stored at )20°C prior to use.

RT-nested-PCR

RT-nested-PCR was performed as described previously

(Croci et al. 1999), [30 PCR cycles, each consisting of 25 s at

95°C, 30 s at 49°C, and 1 min at 70°C, used for both the

®rst and second (nested) PCR]. The primers were selected

on the basis of regions conserved among the HAV strains,

HM 175 (GenBank accension no. M14707; Cohen et al.
1987), L.A. (K02990; Najarian et al. 1985), MBB (M20273;

Paul et al. 1987), GBM (X75214; Graff et al. 1994) and FG

(X83302; Beneduce et al. 1995). The primers (Table 1) were

checked for cross-reactivity with other enteric viruses.

Integrated method (cell-culture RT-PCR)

Samples found to be positive for the presence of viral RNA

were subjected to cell culture RT-PCR using FRhK-

4-derived Frp3 cells (Venuti et al. 1985). Cultures of Frp3

cells were grown with EMEM (Imperial, UK) supplemen-

ted with 10% Fetal Bovine Serum (FBS) (Imperial) at 37°C

and in 5% CO2 in 25-cm2 ¯asks for 3 d. To one ml of mussel

extract, 100´ antibiotics ± antimycotic (Imperial) solution

(1 : 100 v/v) was added and stored at 4°C overnight. The

same amount of antibiotics ± antimycotic (Euroclone Ltd.)

solution was then added, and the sample was maintained at

37°C for 2 h. This solution was then used to inoculate the

cell monolayer, leaving it in contact for one hour at 37°C and

5% CO2. The monolayer was then washed three times with

2 ml of EMEM to eliminate all of the virus not infecting the

cells; 5 ml of EMEM, supplemented with 2% FBS and

1 mmol l)1 guanidine-HCl (Siegl and Eggers 1982), was

then added and incubation was performed at 37°C and in

5% CO2. After 15 d, the monolayer was subjected to three

cycles of freezing thawing; after centrifugation at low speed

(2000 g for 5 min), supernatants were used for RT-PCR to

con®rm the presence of infectious virus. RT-PCR was

performed using primers 1 and 2 (Table 1) and the above-

described ampli®cation conditions.

Sequencing

Those samples that were shown to be positive for viral RNA

at screening, but in which infectious virus was not observed,

Table 1 HAV primer sequences used for

PCR and nested PCR
Oligonucleotide* Sequence Position 

Primer 1 5¢-CATATGTATGGTATCTCAACAA-3¢ 1092±1113

Primer 2 5¢-CAGGGGCATTTAGGTTT-3¢ 698±714

Primer 3 5¢-CCAATTTTGCAACTTCATG-3¢ 1029±1047

Primer 4 5¢-TGATAGGACTGCAGTGACT-3¢ 836±854

*Primers 1 and 2 used for PCR; primers 3 and 4 used for nested PCR.

 Position refers to the HM-175 HAV strain (Cohen et al. 1987).
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were subjected to sequencing in order to exclude false

positives. The samples were cloned into vector PCR II (TA-

Cloning System Invitrogen Co., Carlsbad, California, USA)

and sequenced (Sanger et al. 1977) using the Sequenase

PCR Product kit (Amersham Pharmacia Biotech AB,

Uppsala, Sweden) to con®rm their identity.

RESULTS

The results obtained using RT-nested-PCR and cell-culture

RT-PCR are shown in Table 2. Of the 142 samples analysed

by RT-nested-PCR (89 mussels and 53 other bivalve

molluscs), 49 (34á5%) were positive for HAV-RNA and 93

(65á5%) were negative. Of the positive samples, 18 (12á7%

of the total samples) showed the presence of infectious virus

when examined using the integrated method. HAV-RNA

was detected after the nested phase in all but one of the

positive samples, in which the quantity of viral RNA was

high enough, was detected after a single ampli®cation cycle

(RT-PCR) and no infectious virus was detected in this

sample.

DISCUSSION

The results of this study demonstrate that in molluscs, as

previously shown in arti®cial seawater (Arnal et al. 1998),

HAV-RNA is more persistent than infectious virus. These

results, when considered together with those of studies that

have shown a high fragility of free genomic RNA (Tsai et al.
1995), suggest that the detected viral RNA originated from

viral particles whose capsids were partially denaturated yet

nonetheless capable of protecting the RNA from degrada-

tion. However, this denaturation apparently does not allow

the virus to continue to be infectious.

The results also con®rm that only those methods for

which a second, nested ampli®cation can be performed are

sensitive enough to detect viral RNA in molluscs, where

enteric viruses are expected to be present in lower numbers

(De Medici et al. 1998). Even concentrations of viral RNA

suf®ciently high to be revealed after the ®rst phase of

ampli®cation (i.e. RT-PCR) are not proof of the presence

of infectious virus. Although the presence of viral RNA

does not necessarily indicate the presence of an immediate

health-risk for the consumer, it does indicate that the

molluscs originated from a contaminated environment.

Thus all of the necessary measures for determining and

controlling the cause of contamination or for intensifying

the control of lots of mussels from the same origin should

be adopted.

To determine the safety for human consumption, the

results of RT-nested-PCR must be con®rmed with an

integrated cell-culture PCR method. Only the capacity to

grow on cell cultures provides the necessary evidence that

viruses are competent to perform many of the cyto-infective

processes required to cause human infection (Richards 1999;

Lees 2000). Efforts should thus be made to render this

method as rapid as possible, as proposed for detecting

enteroviruses in water (Reynolds et al. 1996). With regard to

the use of this method for detecting other enteric viruses,

this is not yet possible for certain enteric viruses. For

example, human caliciviruses cannot be cultivated (Green

1997) and further studies will be needed to overcome this

limitation.

ACKNOWLEDGEMENTS

This work, which was carried out as part of the project

QLRT-1999±0594, `Rapid detection of transnational food-

borne viral infection and elucidation of transmission routes

through molecular tracing and development of a common

database', was supported by a grant from the Fifth

Framework Programme of the European Commission.

REFERENCES

Anon (1998) Report on Foodborne Viral Infection Advisory Committee

on the Microbiological Safety of Food The Stationary Of®ce ± London

(UK).

Arnal, C., Grance, J.M., Gantzen, G., Schwartzbrod, L., Deloice, R.

and Billaudel, S. (1998) Persistence of infectious hepatitis A virus

and its genome in arti®cial seawater. Zentralblatt fuÈr Hygiene und

Umweltmedizin 201, 279±284.

Positive to

RT-nested-PCR

Con®rmed with

integrated method

Sample Sample size N° % N° %

Mussels 89 30* 33á7 12 13á5
Other molluscs 53 19 35á8 6 11á3

Total 142 49 34á5 18 12á7

*One sample was positive to RT-PCR (one ampli®cation cycle), but it was not positive for the

presence of infectious virus.

Table 2 Number of samples positive to

RT-nested-PCR and cell-culture RT-PCR

364 D. DE MEDICI ET AL.

ã 2001 The Society for Applied Microbiology, Letters in Applied Microbiology, 33, 362±366



Atmar, R.L., Metcalf, T.G., Frederick, H.W. and Estes, M.K. (1993)

Detection of enteric viruses in oysters by using the polymerase chain

reaction. Applied and Environmental Microbiology 59, 631±635.

Beneduce, F., Pisani, G., Divizia, M., PanaÁ, A. and Morace, G. (1995)

Complete nucleotide sequence of a cytopatic hepatitis A virus strain

isolated in Italy. Virus Research 36, 299±309.

Ciccozzi, M., Mele, A. and Marzolini, A. (1999) L'epatite A nei

viaggiatori. Atti 1° Congresso SIMVIM (SocietaÁ Italiana di Medicina

dei Viaggi e delle Migrazioni) 13±14 Maggio 1999 pag. 44±45.

Cliver, D.O., Ellender, R.D. and Sobsey, M.D. (1983) Methods to

detect viruses in foods: testing and interpretation of results. Journal

of Food Protection 46, 345±357.

Cohen, J.I., Ticehurst, J.R., Purcell, R.H., Buckler-White, A. and

Baroudy, B.M. (1987) Complete nucleotide sequence of wild-type

hepatitis A virus: comparison with different strains of hepatitis A

virus and other Picornaviruses. Journal of Virology 61, 50±59.

Croci, L., Cosentino, A.M., De Medici, D., Fiore, A., Moretti, P.,

Costantini, G. and Toti, L. (1998) Isolation of HAV in mussels

meeting acceptable bacteriological standards Proceeding of 4th World

Congress Foodborne Infections and Intoxications (Berlin 7±12 June

1998) 797±801.

Croci, L., De Medici, D., Morace, G., Fiore, A., Scalfaro, C.,

Beneduce, F. and Toti, L. (1999) Detection of hepatitis A virus in

shell®sh by nested ± reverse transcription-PCR. International Journal

of Food Microbiology 48, 67±71.

Croci, L., De Medici, D., Scalfaro, C., Fiore, A., Divizia, M., Donia,

D., Cosentino, A.M., Moretti, P. and Costantini, G. (2000)

Determination of enterovirus, Hepatitis A virus; Bacteriophages

and E.coli in Adriatic sea mussels. Journal of Food Protection 88,

293±296.

Cromeans, T.L., Nainan, O.V. and Margolis, H.S. (1997) Detection of

hepatitis A virus RNA in oyster meat. Applied and Environmental

Microbiology 63, 2460±2463.

De Medici, D., Beneduce, F., Fiore, A., Scalfaro, C. and Croci, L.

(1998) Application of Reverse transriptase-nested-PCR for detection

of poliovirus in mussels'. International Journal of Food Microbiology

40, 51±56.

European Community (1991) Directive of Council 91/492/CEE, 15

July 1991. Of®cial Gazette of European Community L268/1, 24

September 1991.

Fiore, A., Di Pasquale, S. and Scalfaro, C. (2000) Uso della

RT-nested-PCR per la determinazione dell'HAV negli alimenti.

In: `Epatite a Trasmessa Con Gli Alimenti' ed. Croci, L. and De

Medici, D, pp. 41±46, Rapporti ISTISAN 00/2 ± Istituto Superiore

di SanitaÁ ± Roma ± Italy.

Gerba, C.P. (1988) Viral disease transmission by seafood. Food

Technology 42, 99±103.

Gerba, C.P. and Goyal, S.M. (1978) Detection and occurrence of

enteric viruses in shell®sh: a review. Journal of Food Protection 41,

743±754.

Goyan, S.M., Gerba, C.P. and Melnick, J.L. (1979) Human entero-

viruses in oysters and their overlaying waters. Applied and Environ-

mental Microbiology 37, 572±575.

Graff, J., Normann, A., Feinstone, S.M. and Flehmig, B. (1994)

Nucleotide sequence of wild-type hepatitis A virus GBM in

comparison with two cell culture-adapted variants. Journal of

Virology 68, 548±554.

Graff, J., Ticehurst, J. and Flehming, B. (1993) Detection of

hepatitis A virus in sewage sludge by antigen capture polymerase

chain reaction. Applied and Environmental Microbiology 59,

3165±3170.

Green, K.Y. (1997) The role of human caliciviruses in epidemic

gastroenterititis. Archives of Virology 13 (Supplementum),

153±165.

Havelaard, A.H. and Hogeboom, W.H. (1984) A method for the

enumeration of male-speci®c bacteriophages in sewage. Journal of

Food Protection 56, 439±447.

Hilfenhaus, J., Groner, A., Nowak, T. and Weimer, T. (1997) Analysis

of human plasma products: polymerase chain reaction does not

discriminate between live and inactivate viruses. Transfusion 37,

935±940.

Le Guyader, F., Neil, F.H., Estes, M.K., Monroe, S.S., Ando, T. and

Atmar, R.L. (1996) Detection and analysis of a small round-

structured virus strain in oyster implicated in a outbreak of

acute gastroenteritis. Applied and Environmental Microbiology 62,

4268±4272.

Lees, D. (2000) Virus and bivalve shell®sh. International Journal of

Food Microbiology 59, 81±116.

Lees, D., Henshilwood, K. and Dore, W.J. (1994) Development of a

method for detection of enteroviruses in shell®sh by PCR with

poliovirus as a model. Applied and Environmental Microbiology 60,

2999±3005.

Lucena, F., Lasobras, J., Mcintosh, D., Forcadell, M. and Jofre, J.

(1994) Effect of distance from the polluting focus on relative

concentrations of Bacteroides fragilis phages and coliphages in

mussels. Applied and Environmental Microbiology 60, 2272±2277.

Ma, J.F., Straub, T.M., Pepper, L. and Gerba, C.P. (1994) Cell culture

and PCR determination of Poliovirus inactivation by disinfectant.

Applied and Environmental Microbiology 60, 4203±4206.

Najarian, R., Caput, D., Gee, W., Potter, S.J., Renard, A.,

Merryweather, J., Van Nest, G. and Dina, D. (1985) Primary

structure and gene organization of human hepatitis A virus.

Proceedings of the National Academy of Sciences of the USA 82,

2627±2631.

Ojen, C.K., Cusack, T.M. and Yolken, R.H. (1995) Evaluation of the

effects of disinfectants on rotavirus RNA and infectivity by the

polymerase chain reaction and cell culture methods. Molecular and

Cellular Probes 9, 341±346.

Paul, A.V., Tada, H., von der Helm, K., Wissel, T., Kiehn, R.,

Wimmer, E. and Deinhardt, F. (1987) The entire nucleotide

sequence of the genome of human hepatitis A virus (isolate MBB).

Virus Research 8, 153±171.

Reynolds, K.A., Gerba, P.C. and Pepper, I.L. (1996) Detection

of infectious enteroviruses by an Integrated Cell Cultured-PCR

Procedure. Applied and Environmental Microbiology 62, 1424±1427.

Richards, G.P. (1999) Limitation of molecular biological techniques for

assessing the virological safety of foods. Journal of Food Protection 62,

691±697.

Sanger, F., Nicklen, S. and Coulson, A.R. (1977) DAN sequencing

with chain-terminal inhibitor. Proceedings of the National Academy of

Sciences of the USA 74, 5463±5467.

Siegl, G. and Eggers, H.J. (1982) Failure of guanidine and 2-a-

hydroxybenzyl-benzimidazole to inhibit replication of hepatitis A

virus in vitro. Journal of General Virology 61, 111±114.

DETECTING INFECTIOUS HAV 365

ã 2001 The Society for Applied Microbiology, Letters in Applied Microbiology, 33, 362±366



Tsai, Y.L., Tran, B. and Palmer, C.J. (1995) Analysis of viral RNA

persistence in seawater by reverse-transcriptase-PCR. Applied and

Environmental Microbiology 61, 363±366.

Venuti, A., Di Russo, C., Del Grosso, N., Patti, A.M. et al. (1985)

Isolation and molecular cloning of a fast-growing strain of human

hepatitis A virus from its double-stranded replicative form. Journal

of Virology 57, 579±598.

Wait, D.A., Hackney, C.R., Carrick, R.J., Lovelace, G. and

Sobsey, M.D. (1983) Enteric bacterial, viral pathogens and

indicator bacteria in hard shell clams. Journal of Food Protection

46, 493±496.

Wanke, C.A. and Guerrant, R.L. (1987) Viral hepatitis and gastro-

enteritis transmitted by shell®sh and water. Infectious Diseases Clinics

North Americae 1, 649±664.

Xu, Z.Y., Li, Z.H., Wang, X., Xiao, P. and Dong, D.X. (1992) Ecology

and prevention of a shell®sh associated hepatitis A epidemic in

Shanghai. China. Vaccine 10 (Suppl. 1), S67±S68.

366 D. DE MEDICI ET AL.

ã 2001 The Society for Applied Microbiology, Letters in Applied Microbiology, 33, 362±366


