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                    Hepatitis A infection is the leading cause of viral hepatitis throughout the world. 
According to the World Health Organization, there are more than 1.4 million new 
cases of hepatitis A worldwide every year, and the cost of foodborne illness caused 
by hepatitis A in the USA is now estimated to be more than 36,000    US dollars, 
according to an analysis by Ohio State University (Scharff  2012 ). 

 Hepatitis A infection is caused by the hepatitis A virus (HAV), a small (27–
32 nm), nonenveloped, single-strand RNA virus with an estimated infectious dose 
of 10–100 viral particles. HAV is excreted in feces, and infection mainly occurs 
through the fecal-oral route either by direct contact with an HAV-infected person or 
by ingestion of contaminated drinking water and food, which account    for 2–7 % of 
the total disease burden. Nevertheless, this fi gure is probably an underestimate 
because a considerable proportion of cases (~68 %) remain uncharacterized. 
Secondary spread of HAV after primary introduction by, for example, food-related 
contamination is common and often results in larger prolonged outbreaks (Hollinger    
and Emerson 2007). 

 Occasionally, HAV is also acquired through blood transfusions (Noble et al. 
 1984 ) or sexual contact (anal-oral). Men who have sex with men (MSM) are a 
known group at risk for hepatitis A. Periodic hepatitis A outbreaks among MSM 
have been reported since early 1990s in several developed countries (Cotter et al. 
2003; Tortajada et al. 2012). 

 Via sewage discharge, HAV can contaminate food crops, natural watercourses, 
and soil. Therefore, food and drinking water are considered major vehicles of HAV 
transmission to humans. 

 Foodborne outbreaks of HAV are mainly associated to three food categories 
(Table  1.1 ).  Bivalve molluscs  are fi lter feeders that ingest and pass out large quanti-
ties of water to screen and consume tiny food particles. As part of this process, they 
can accumulate HAV if the water has been contaminated with human sewage. 
Shellfi sh are also at risk because they often are eaten raw, like oysters; improperly 
cooked, like most of other molluscan shellfi sh; or steamed for only a few minutes.

    Chapter 1   
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    Berries and vegetables  (fresh produce) may be contaminated by irrigation water or 
by virus-infected individuals (e.g., seasonal workers picking berries) (Van Boxstael 
et al.  2013 ). An illustrative example is the outbreak associated with the consump-
tion of green onions that were traced back to two farms in Mexico (CDC  2003 ; 
Dentinger et al.  2001 ; Milazzo and Vale  2005 ; Wang and Moran  2004 ; Wheeler 
et al.  2005 ). 

  Ready-to-eat meals  can become contaminated during preparation through contact 
with fecally contaminated hands and surfaces. Several reported outbreaks have been 
associated with a immunoglobulin M–positive food handler who contaminated one 
or more food items, for instance donuts (Weltman et al.  1996 ), deli food (Schmid 
et al.  2009 ), or raw beef (Robesyn et al.  2009 ). 

 In addition to the above-mentioned food items, recent HAV outbreaks associated 
with imported sun-dried tomatoes (Petrignani et al.  2010 ) or the presence of HAV 
RNA on dates (Boxman et al.  2011 ) highlight the importance of considering other 
food items during outbreak investigations. Moreover, this type of outbreak warrant 
   from foods exported from HAV endemic countries that are consumed untreated. 

 So far there is not much information regarding the level of HAV contamination 
in food products. Costafreda et al. ( 2006 ) reported between 7.5 × 10 3  and 7.3 × 10 5  
HAV genomes per gram of digestive tissues, or around 1 × 10 3  to 1 × 10 5  per gram of 
clam. Benabbes et al. ( 2012 ) recently detected HAV in two Moroccan shellfi sh sam-
ples, with concentrations of around 100 RNA copies per gram of digestive tissue. 

 In Mexican vegetables, cilantro, parsley, and green onions, HAV levels ranged 
from 2.4 × 10 3  to 2.8 × 10 2  RNA copies per gram (Felix-Valenzuela et al.  2012 ). 
These viral loads are by far greater than the estimated infective dose for HAV, that 
is, 10–100    viral particles (Yezli and Otter  2011 ). 

 The importance of foodborne diseases caused by HAV is increasingly being rec-
ognized, and the World Health Organization has found that there is an upward trend 
in their incidence. This recognition is refl ected by the attention that national and 
international organizations give to considering the control of foodborne viral infec-
tion in the report of the Advisory Committee on the Microbiological Safety of Food 
(Advisory Committee on the Microbiological Safety of Food  1998 ), the recent pro-
posed guidelines for the application of food hygiene to the control of viruses for 
Codex Alimentarius (CX/FH/10/42/5), the scientifi c opinion of the European Food 
Safety Authority (EFSA) (Hazards    EPoB  2011 ), and the expert advice on foodborne 
viruses for Codex Alimentarius (  www.who.int/foodsafety/publications/micro/
mra13/en/index.html    ). This latter document concluded, among other consider-
ations, that prevention and control measures should be considered for HAV in 
bivalve molluscan shellfi sh, fresh produce, or prepared foods. 

1.1     Classifi cation 

 HAV, the prototype of the  Hepatovirus  genus within the Picornaviridae family 
(Fauquet et al.  2005 ), is composed of an icosahedral capsid that contains a positive 
sense, single-stranded RNA genome of approximately 7.5 kb. Its RNA genome 
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bears different distinct regions: the 5′ and 3′ noncoding regions; the P1 region, 
which encodes the structural proteins VP1, VP2, VP3, and a putative VP4; and the 
P2 and P3 regions, encoding nonstructural proteins associated with replication. 

 Some degree of nucleotide sequence heterogeneity of the P1 genomic region has 
been observed among independent HAV isolates from different regions of the world 
(Costa-Mattioli et al.  2001 ; Lemon and Binn  1983 ; Robertson et al.  1992 ). However, 
this variability at the nucleotide level is not refl ected in an equivalent degree of varia-
tion at the amino acid level (Hollinger and Emerson 2007; Sánchez et al.  2003b ). 

 The high degree of conservation of the amino acid sequences of the capsid pro-
teins of HAV entails a low antigenic diversity; therefore, only a single serotype of 
human HAV has been recognized (Hollinger and Emerson 2007). Moreover, 
Sánchez et al. ( 2003a ) have described that, despite antigenic conservation, HAV 
replicates as a complex distribution of mutants, a feature of viral quasispecies. 

 Although only a single HAV serotype has been described, several genotypes can 
be differentiated from molecular methods based on the putative VP1⁄2A junction 
(Nainan et al.  2006 ). Initially, seven genotypes were identifi ed: genotypes I, II, III, 
and VII, associated with human infections, and genotypes IV, V, and VI in simians. 
However, recent publications have reclassifi ed genotype VII as a subgenotype of 
genotype II (Costa-Mattioli et al.  2002a ; Lu et al.  2004 ). Genotypes I and III are the 
most prevalent genotypes isolated from humans. Subgenotype IA seems to be 
responsible for the majority of hepatitis A cases worldwide, whereas subgenotype IB 
viruses have been found mainly in the Mediterranean region (Nainan et al.  2006 ; 
Pinto et al. 2007), although they may be reported elsewhere too (Sánchez et al.  2002 ). 
A new subgenotype, IC, recently has been proposed (Pérez-Sautu et al.  2011 ). This 
subgenotype most probably is derived, by quasiespecies dynamics, from subgeno-
type IA, most common in South America.  

1.2     Features of Hepatitis A Infection 

 Hepatitis A is a self-limited disease that results in fulminant hepatitis and death in 
only a small proportion of patients. The course of hepatitis A may be extremely 
variable. However, it is a signifi cant cause of morbidity and socioeconomic losses 
in many parts of the world. Symptoms develop gradually and include loss of appe-
tite, fever, headache, nausea, and vomiting, followed by jaundice 1–2 weeks later, 
with no associated chronic illness. The illness lasts from a few weeks to several 
months and is typically more severe in adults than in children, in whom it is asymp-
tomatic. HAV infection has a long incubation period of 2–7 weeks, and individuals 
can excrete high numbers of virus particles (10 6 –10 8  particles/g of feces) during 
infection. The shedding of particles can start in the last 2 weeks of the incubation 
period and in some individuals can continue for up to 5 months after infection 
(Hollinger and Emerson 2007). 

 Death may occur, particularly in the elderly (2.1 %). The fatality rate in HAV 
infections is lower than 0.1 %, although recent HAV outbreaks tend to be more 
severe. For example, the outbreak in 2003 associated with the ingestion of contami-
nated green onions caused three deaths among 601 cases (Wheeler et al.  2005 ).  

1.2  Features of Hepatitis A Infection
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1.3     Epidemiology 

 The incidence of HAV infection varies considerably between regions of the world, 
with the highest rate in developing countries where sewage treatment and hygiene 
practices are poor. In much of the developing world, where HAV infection is 
endemic, the majority of individuals are infected during early childhood, and virtu-
ally all adults are immune. In developed countries, however, HAV infections have 
become less common as a result of increased living standards. In these low to mod-
erately endemic countries, only a few people are infected during early childhood, 
and the majority of adults remain susceptible to infection, which may lead to the 
occurrence of hepatitis A outbreaks (Table  1.1 ). 

 Geographic areas can be characterized by high, intermediate, or low levels of 
endemicity patterns of HAV infection (  http://www.who.int/csr/disease/hepatitis/
whocdscsredc2007/en/index4.html    ). The levels of endemicity correlate with the 
hygienic and sanitary conditions of each geographic area. 

 High endemicity is reported in developing countries with poor sanitary and 
hygienic conditions (parts of Africa, Asia, and Central and South America). In these 
countries infection is usually acquired during early childhood as an asymptomatic 
or mild infection. Reported disease rates in these areas are therefore low, and out-
breaks of disease are rare. Reported disease incidence may reach 150 per 100,000 
per year. 

 Intermediate endemicity is reported in developing countries, countries with tran-
sitional economies, and some regions of industrialized countries where sanitary 
conditions are variable (Southern and Eastern Europe and some regions in the 
Middle East). In these countries children escape infection during early childhood; 
however, these improved economic and sanitary conditions may lead to a higher 
disease incidence because infections occur in older age groups and reported rates of 
clinically evident hepatitis A are higher. 

 Low endemicity occurs in developed countries (Northern and Western Europe, 
Japan, Australia, New Zealand, USA, Canada) with good sanitary and hygienic 
conditions, and infection rates are generally low. In countries with very low HAV 
infection rates, disease may occur among specifi c risk groups such as travelers or 
MSM. Another fact to bear in mind is that the number of reported cases of HAV 
infection has declined substantially in countries with effective programs of immuni-
zation with a HAV vaccine.  

1.4     Regulations and Recommendations 

 No specifi c    legislation including microbiological criteria for viruses in foods exists 
in the European Union or in the USA. 

 Current standards for the evaluation of the sanitary quality of shellfi sh rely 
entirely on bacterial indicators of fecal contamination, either fecal coliforms or 
 Escherichia coli . It has been    well documented that such indicators are not correlated 
with the presence of viral pathogens, and HAV has been detected in shellfi sh from 
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areas classifi ed as suitable for commercial exploitation according fecal coliform 
criteria (Abad et al.  1997 ; Prato    et al.  2013 ; Sánchez et al.  2002 ). Therefore   , many 
ongoing discussions have proposed that sanitary controls of shellfi sh include viral 
parameters to guarantee safety for human consumption. 

 EFSA currently recommends (Hazards EPoB  2011 ) that European Union 
 environmental legislation considers specifi c protection against fecal pollution in 
bivalve mollusc production areas. Control measures need to focus on avoiding fecal 
contamination in these areas as much as possible. Sanitary surveys would provide the 
necessary knowledge base. Preventive approaches could include introducing prohi-
bition zones in the proximity of sewage discharges, using more stringent  E. coli  
 standards for class B classifi cation areas, and using pollution alert procedures. 

 As for shellfi sh,    no microbial criteria exists for viruses in fresh produce. The 
requirements of food business operators producing or harvesting plant products are 
general in nature and leave room for subjective interpretation, for example, to use 
potable or clean water whenever necessary. 

 The EFSA Panel on Biological Hazards (Hazards EPoB  2011 ) recently has con-
cluded that controlling viruses in fresh produce clearly needs a food-chain approach, 
taking into account all aspects from primary production to consumption. This 
includes consideration of the inputs to primary production, which include the farm 
environment (soil, wildlife, etc.), irrigation water source, and manure. In addition, 
the workers (growers, pickers) and transport (open transportation may provide con-
tamination opportunities) from the fi eld to the packing and processing plants are a 
consideration at this stage. All of these stages represent potential sources of con-
tamination, and their relevance to the particular commodity of concern may need to 
be assessed. At later stages, for example, during packing, the possibilities for con-
tamination from handling needs to be taken into account. 

 Guidelines on the application of general principles of food hygiene to the control 
of viruses in food recently have been elaborated by the Codex Committee on Food 
Hygiene (CX/FH 10/42/5). The primary purpose of these guidelines is to minimize 
the risk of illness arising from the presence of human enteric viruses in foods, 
including specifi cally HAV. These guidelines focus specifi cally  on controlling 
viruses in shellfi sh and fresh produce and include specifi c guidance on food 
handling. 

 The European Commission recently has issued emergency measures regarding 
virus testing of frozen strawberries originating in China. These measures came into 
place January 1, 2013, and require testing for both the norovirus and HAV.  

1.5     Vaccination 

 Inactivated HAV vaccines have been available since the early 1990s and provide 
long-lasting immunity against hepatitis A infection. The immunity is largely related 
to the induction of high titers of specifi c antibodies. These vaccines have a high 
effi cacy, because of the existence of a single serotype of HAV. These vaccines con-
sist of viruses that are grown to high titers in cell culture, purifi ed, inactivated with 

1.5 Vaccination
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formalin, and adsorbed to an aluminum hydroxide adjuvant. They have quite a high 
economic cost, and therefore many discrepancies about their universal use in mas-
sive vaccination campaigns already exist. Countries with previous high or interme-
diate endemicity of HAV have performed studies of the benefi cial impact of child 
vaccination on the overall incidence of hepatitis A, concluding that HAV immuniza-
tion is economically and medically justifi ed (Dagan et al.  2005 ; Domínguez et al. 
 2008 ; Wasley et al.  2005 ). In contrast, other countries in a similar situation do not 
currently recommend the implementation of such a measure in terms of the cost and 
related benefi ts (Franco and Vitiello  2003 ). In this context it is quite evident that 
highly endemic countries that usually have low economic incomes cannot afford the 
hepatitis A vaccination. 

 As a general rule, in low and intermediate endemic regions, where paradoxically 
the severity of the disease is high, vaccination against hepatitis A should be recom-
mended for those in high-risk groups, including travelers to highly endemic areas, 
MSM, drug users, and patients receiving blood products. In addition, the inclusion 
of hepatitis A vaccines in mass vaccination programs in countries receiving large 
numbers of immigrants from endemic countries is particularly advisable. 

 Nevertheless, the quasiespecies replication pattern of HAV (Sánchez et al. 
 2003b ) could lead to the selection of new antigenic variants escaping immune 
 protection in populations with continued exposure to the virus (Aragonès et al. 
 2008 ). Hence, in these conditions, mass vaccination programs in highly endemic 
areas are controversial.       

1 Introduction
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                    Because of the increasing number of hepatitis A virus (HAV) outbreaks associated 
with food products (Table   1.1    ), it has become even more important to have reliable 
and widely applicable techniques for detecting and quantifying HAV in food sam-
ples (reviewed by Bosch et al.  2011 ; Sánchez et al.  2007 ). Moreover, since the 
infectious dose of HAV is very low (10–100    viral particles) (Yezli and Otter  2011 ), 
sensitive methods are therefore needed when screening food products for the pres-
ence of HAV. 

 HAV detection is based on two main principles: the detection of infectious 
viruses by propagation in cell culture or the detection of viral genomes by molecular 
amplifi cation techniques such as reverse transcriptase polymerase chain reaction 
(RT-PCR) or real-time quantitative PCR    (RT-qPCR). HAV detection by cell culture 
is mainly based on the formation of cytopathic effects, followed by quantifi cation of 
the viruses by plaque assay, the most probable number or tissue culture infectious 
dose 50. Although cell culture propagation of wild-type strains of HAV may be pos-
sible, the procedure is complex and tedious because it requires virus adaptation 
before its effective growth. The use of a cell line that allows the growth of a wild- 
type HAV isolate from stool has been reported, although its validity for broad- 
spectrum isolation of HAV is not yet demonstrated (Konduru and Kaplan  2006 ). In 
conclusion   , until issues are resolved regarding assay complexity, cost-effectiveness, 
and validity for the detection of a broad spectrum of HAV isolates, infectivity is not 
yet a useful method for detecting HAV in food, except on the “challenges test,” that 
is, evaluating different food manufacturing processes by inoculating food with the 
strain adapted by cell culture. 

 Current methods for the detection of HAV in food products require multiple 
steps: virus extraction from food; purifi cation of the RNA (in most of the procedures 
a concentration step is needed); and last, molecular detection. Nucleic acid amplifi -
cation techniques are currently the most widely used methods for detection and 
quantifi cation of HAV in food. Among them, real-time RT-PCR assays have revolu-
tionized nucleic acid detection by the high speed, sensitivity, reproducibility, and 
minimization of cross-contamination. 

    Chapter 2   
 Analytical    Methods for Detecting 
the Hepatitis A Virus in Food 

http://dx.doi.org/10.1007/978-1-4614-7104-2_1
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 Many of the published methods or methods under development for the detection 
of HAV in foods use a 10- to 100-g sample size (reviews by Bosch et al.  2011  and 
Croci et al.  2008 ). These methods are generally diverse and not standardized; how-
ever, several organizations call for the development of standardized methodologies 
validated for their use in selected food matrices. For instance in Europe, the CEN/
TC25/WG6/TAG4 working group has been entrusted by the European Committee 
for Standardization to establish a horizontal method for detecting the norovirus and 
hepatitis A virus in different types of foods and bottled water. This group has been 
working extensively on the procedure, and right now the analysis of food matrices 
for the detection of HAV is well established to the extent that European Standards 
have assigned an International Organization of Standardization (ISO) number and 
the standard is under development (ISO/ISO/PRF TS 15216-1):

 –    Microbiology of food and animal feeding stuffs—Horizontal method for detec-
tion of hepatitis A virus and norovirus in food using real-time RT-PCR—Part 1: 
Method for quantitative determination  

 –   Microbiology of food and animal feeding stuffs—Horizontal method for detec-
tion of hepatitis A virus and norovirus in food using real-time RT-PCR—Part 2: 
Method for qualitative detection    

 Validation studies are currently underway for each of the process stages to con-
fi rm the standard. 

 In this standard is stated that because many food matrices contain substances that 
are inhibitory to RT-qPCR, it is necessary to use a virus/RNA extraction method that 
produces highly clean RNA preparations that are fi t-for-purpose. Therefore, for soft 
fruit and salad vegetables the proposed method for HAV extraction is by elution 
with agitation followed by precipitation with polyethylene glycol (PEG)/sodium 
chloride. For bottled water, adsorption/elution using positively charged membranes 
followed by concentration by ultrafi ltration is used; for bivalve molluscan shellfi sh, 
viruses are extracted from the tissues of the digestive glands using treatment with a 
proteinase K solution. All matrices share a common RNA extraction procedure 
based on virus capsid disruption with chaotropic reagents followed by adsorption of 
RNA to silica particles. Real-time RT-PCR is the method of choice for HAV detec-
tion and quantifi cation. Because of the complexity of the method this standard 
includes a comprehensive suite of controls. 

 Other institutions such as Health Canada have issued a standard method for HAV 
detection in bottled water, green onions, and strawberries, which is published online 
in Health Canada’s Compendium of Analytical Methods (  http://www.hc-sc.gc.ca/
fn-an/res-rech/analy-meth/microbio/volume5/index-eng.php    ). 

 The following sections address the issues of how to release HAV from each type 
of food matrix, nucleic acid extraction methods, molecular detection techniques, 
and quality controls. 

2 Analytical    Methods for Detecting the Hepatitis A Virus in Food
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2.1     HAV Extraction from Food 

 HAV extraction from food matrices can be defi ned as the separation and concentra-
tion of virus particles from the food matrix. The type of food, its composition, and 
the route of contamination determines how to release HAV from food before nucleic 
acid extraction (Bosch et al.  2011 ), and therefore many different procedures have 
been published (reviewed by Stals et al.  2012 ). All these methods can be grouped by 
food matrix. 

2.1.1     Shellfi sh 

 Shellfi sh are fi lter feeders that can accumulate HAV in their tissues if the water has 
been contaminated with human sewage. Molecular HAV detection in shellfi sh sam-
ples involves problems with inhibitors and low virus concentrations. Nevertheless, 
several effi cient procedures are currently available for HAV detection in molluscan 
shellfi sh, and some of them already have been applied during outbreak investiga-
tions (Pinto et al.  2009 ; Sánchez et al.  2002 ). 

 Table  2.1  lists different procedures for the processing of shellfi sh samples before 
the specifi c HAV detection by molecular procedures. Since viruses are most likely 
to be located in the digestive tract of shellfi sh (Abad et al.  1997 ; Romalde et al. 
 1994 ), most of these methodologies include the dissection of stomach and digestive 
diverticula, as initially proposed by Atmar et al. ( 1995 ). Testing the stomach and 
digestive tract for HAV presented several advantages in comparison with testing 
whole shellfi sh: increased test sensitivity, decrease in the sample-associated inter-
ference with RT-qPCR, and, in some instances, a less time-consuming procedure.

   Alkaline elution combined with the PEG precipitation approach has resulted in 
varying detection limits when detecting HAV in either whole shellfi sh or shellfi sh 
digestive tissue (Table  2.1 ). Chloroform-butanol extraction, Cat-Floc elution, and 
PEG precipitation have been applied for confi rmation of clams as the source of an 
HAV shellfi sh outbreak (Bosch et al.  2001 ; Costafreda et al.  2006 ; Sánchez et al. 
 2002 ) and for the detection of HAV in Moroccan cockles and clams (Benabbes 
et al.  2012 ). 

 A recent methodology combining proteinase K and heat treatment at 65 °C has 
been selected by the CEN/TC275/WG6/TAG4 working group for the extraction of 
HAV from shellfi sh digestive tissues (Lees  2010 ). This procedure is included in the 
draft of the ISO/TS5216 standard and has been used for confi rmation of clams as 
the source of an HAV shellfi sh outbreak (Pinto et al.  2009 ). 

 After virus extraction, a variety of subsequent nucleic acid extraction and purifi -
cation protocols may be employed (Table  2.1 ), and they are discussed in the follow-
ing sections.  

2.1  HAV Extraction from Food
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2.1.2     Vegetables and Soft Fruits 

 Despite the great number of published methods for HAV extraction and concentra-
tion from produce (Croci et al.  2008 ; Fino and Kniel  2008a ), only a small number 
of approaches have been validated extensively (Butot et al.  2007b ), used to confi rm 
viral contamination of produce items associated with HAV outbreaks (Calder et al. 
 2003 ; Papafragkou et al.  2008 ), or used for epidemiological investigations (Felix- 
Valenzuela et al.  2012 ; Kokkinos et al.  2012 ). 

 Elution concentration protocols are particularly pertinent to fruits and vegetables 
that are prone to contamination through sewage-contaminated surface water or 
infected food handlers during harvesting, packaging, or food preparation, where the 
viruses are likely to be on the surface of the food. These protocols are based on 
washing out HAV particles from the surface of the food using an appropriate buffer, 
usually an alkaline with a pH between 9 and 10.5, followed by concentration of the 
eluted viruses. The concentration methods vary widely, including PEG precipita-
tion, ultrafi ltration, ultracentrifugation, or immunoconcentration (Table  2.2 ).

     Table 2.1    Methods for HAV extraction from shellfi sh samples   

 Procedure  Shellfi sh type 
(weight)  Detection limit  References  Elution  Concentration 

 Chloroform- 
butanol/
cat-fl oc elution 

 PEG precipitation  Oysters and 
hard- shell 
clams 
(1.5 g of 
digestive 
tract) 

 ND  (Atmar et al. 
 1995 ) 

 Fluorocarbon 
extraction 

 PEG precipitation  Oysters (50 g)  10 PFU  (Jaykus et al. 
 1995 ) 

 pH 9.5 glycine 
buffer, 
precipitation, 
tri-reagent, and 
purifi cation of 
viral poly(A) 

 PEG precipitation  Hard-shell 
clams and 
Eastern 
oysters 
(25 g) 

 0.015 PFU  (Kingsley and 
Richards 
 2001 ) 

 Alkaline buffer  PEG precipitation  Mussels (2 g 
of digestive 
tract) 

 10 RT-PCRU  (Sincero et al. 
 2006 ) 

 Glycine buffer and 
chloroform 
extraction 

 Ultracentrifugation  Oysters (25 g)  5 TCID 
50

 /g  (Casas et al. 
 2007 ) 

 Glycine buffer  Cationically 
charged 
magnetic 
particles with 
Pathatrix 

 Oysters (5 g)  2 × 10 1  
RT-PCRU 

 (Papafragkou 
et al.  2008 ) 

    ND  not determined,  TCID  
 50 

  median tissue culture infectious dose,  PEG  polyethylene glycol,  PFU  
plaque forming unit,  RT-PCRU  reverse transcriptase polymerase chain reaction units  
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   Some studies have shown that ultrafi ltration is more effi cient than PEG 
 precipitation for the recovery of HAV in several food items (Butot et al.  2007b ; 
Lee et al.  2012 ). Moreover, Hyeon et al. ( 2011 ) observed that the recovery rate 
of fi ltration was statistically higher than PEG precipitation (47.3 % vs. 24.9 %) 
on lettuce samples. However, elution with an alkaline buffer and PEG concentra-
tion procedure, which is cheaper, has been selected by the CEN/TC275/WG6/
TAG4 working group as the standard method when extracting HAV from  produce 
and soft fruits. 

   Table 2.2    Methods for HAV extraction from soft fruits and vegetables   

 Procedure  Food matrix (weight) 
 Detection 
limit  References 

 Alkaline buffer + PEG  Green onions (25 g)  1 TCID 
50

   (Guevremont et al. 
 2006 ) 

 Lettuce (6 g)  10 PFU  (Sair et al.  2002 ) 
 Vegetables (100 g)  50 TCID 

50
   (Dubois et al.  2002 ) 

 Strawberries and 
tomato sauce (30 g) 

 14–33 PFU  (Love et al.  2008 ) 

 Sun-dried tomatoes 
(25 g) 

 1 PFU  (Martin-Latil et al. 
 2012 ) 

 Alkaline 
buffer + ultrafi ltration 

 Various berries and 
vegetables (15 g) 

 1.2 TCID 
50

   (Butot et al.  2007b ) 

 Alkaline 
buffer + ultracentrifu-
gation 

 Sun-dried tomatoes 
(25 g) 

 1 PFU  (Martin-Latil et al. 
 2012 ) 

 Alkaline buffer + cationic 
separation 

 Lettuce, strawberries, 
and green onions 
(25 g) 

 10 2  PFU  (Papafragkou et al. 
 2008 ) 

 Alkaline buffer + cationic 
separation 

 Lettuce, raspberries, 
strawberries, and 
green onions (50 g) 

 10 2  RT-PCRU  (Morales-Rayas 
et al.  2010 ) 

 Alkaline buffer + fi ltration  Lettuce (15 g)  ND  (Hyeon et al.  2011 ) 
 PBS elution + immuno-

magnetic separation 
 Green onions and 

strawberries (25 g) 
 0.5 PFU  (Shan et al.  2005 ) 

 PBS + immunomagnetic 
separation + fi ltration 

 Lettuce and 
strawberries 

 10 PFU  (Bidawid et al. 
 2000c ) 

 PBS + centrifugation  Strawberries and 
lettuce (10 g) 

 ND  (Paula et al.  2010 ) 

 PBS elution + fi ltration  Vegetables (25 g)  50 PFU  (Dubois et al.  2006 ) 
 PBS 2 % serum elution  Spinach  ND  (Shieh et al.  2009 ) 
 Neutral buffer + 

ultracentrifugation 
 Raspberries and 

strawberries (60 g) 
 10 3  RT-PCRU  (Rzezutka et al. 

 2006 ) 
 Neutral buffer + PEG  Various vegetables  6.6 TCID 

50
   (Sánchez et al. 

2012b) 
 Guanidine buffer + 

polyvinylpyrrolidone 
 Spinach and 

tomatoes (25 g) 
 3 × 10 3  PFU  (Hida    et al.  2013 ) 

    ND  not determined,  TCID  
 50 

  median tissue culture infectious dose,  PBS  phosphate-buffered saline, 
 PEG  polyethylene glycol,  PFU  plaque-forming unit,  RT-PCRU  reverse transcriptase polymerase 
chain reaction units  
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 In general, performance of these procedures has been performed by artifi cially 
contaminating food on the surface. Nevertheless, a novel mechanism of HAV con-
tamination of green onions and spinach has been proposed. Chancellor et al. ( 2006 ) 
found HAV particles trapped inside growing green onions (the particles had been 
taken up intracellularly through the roots), even though survival of the virus was not 
evaluated. These fi ndings have been confi rmed recently by Hirneisen and Kniel 
( 2012 ), who found that HAV or pressure-treated HAV were internalized up to 4 log 
RT-qPCR units. This mechanism warrants further examination, and if confi rmed it 
will defi nitely change future approaches for the detection of viruses in vegetables. 

 When applying these approaches, the infl uence of individual food matrices on 
the overall effi ciency of HAV detection    is likely to be signifi cant. HAV recovery 
from berry samples was consistently low compared with that from vegetables (Butot 
et al.  2007b ; Dubois et al.  2002 ). This has been attributed to inactivation of the virus 
on the surface of the berry by a pH drop (Konowalchuk and Speirs  1975 ). The effi -
ciency of detecting    HAV on the surface of blueberries was higher than that for other 
berries, probably because it is easier to release viruses from smooth surfaces, as on 
blueberries, and because blueberries have a relatively thick and waxy skin, which 
limits the exudation of antiviral substances (Butot et al.  2007b ). 

 The increase in mass production and distribution of food products has led to an 
increase in the number of multinational outbreaks. A wide range of pathogens has 
been associated with outbreaks related to vegetable products. Among them, the 
most common agent causing fresh produce–related outbreaks is are human norovi-
ruses  (40 %), followed by  Salmonella  (18 %),  Escherichia coli  O157:H7 (8 %), 
 Clostridium  (6 %), HAV (4 %), and  Shigella  (4 %) (Doyle and Erickson  2008 ). 
Therefore, some recent studies have been devoted to developing methodologies to 
concentrate enteric viruses, including HAV, and foodborne bacterial pathogens. 
Brassard et al. ( 2011 ) have developed a method for the detection of bacteria and 
viruses in spinach based on the use of an electropositive charged membrane and a 
second concentration step using Amicon centrifugal units for viral detection. Using 
this procedure, the HAV detection limit was established as 10 plaque-forming unit 
(PFU)/g.  Sánchez et al. (2012)  recently evaluated a procedure for the simultaneous 
detection of several foodborne pathogens in fresh-cut vegetables by using a Pulsifi er 
to elute the pathogens from the surface of the vegetable with buffered peptone water  
and concentration by PEG precipitation. The average recoveries from artifi cially 
inoculated parsley, spinach, and salad were approximately 20.7 % for HAV, whereas 
the detection limit was 6.6 tissue culture infectious dose 50. These procedures are 
useful during the epidemiological investigation of foodborne outbreaks and for rou-
tine surveillance of foodborne pathogens in vegetables.  

2.1.3     Ready-to-Eat Foods 

 Ready-to-eat foods cover a wide range of food products, and as for the rest of the 
food matrices, several strategies for HAV detection have been applied. For instance, 
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HAV was artifi cially inoculated on hamburger samples (50 g) and processed by the 
sequential steps of homogenization, fi ltration, Freon extraction, and PEG precipita-
tion (Leggitt and Jaykus  2000 ). In the study, HAV recovery ranged from 2 % to 4 % 
for HAV and the detection limit was established as 10 3  PFU/50 g of food sample. 
Papafragkou et al. ( 2008 ) used cationically charged magnetic particles with an auto-
mated capture system (Pathatrix) to concentrate HAV from 25-g samples of 
 artifi cially contaminated deli turkey and cake with frosting, reporting a detection 
limit of 2 × 10 0  RT-PCR units    and 2 × 10 2  RT-PCR units, respectively.  

2.1.4     Bottled Water 

 Although there is no epidemiological evidence that bottled water serves as a vehicle 
for viral diseases, some doubts were raised concerning its safety because of the 
reported fi nding of norovirus sequences in 33 % of commercially available bottled 
water samples sold in Switzerland (Beuret et al.  2000 ,  2002 ). However, attempts by 
other research groups to reproduce these results were always in vain (Butot et al. 
 2007a ; Ehlers et al.  2004 ; Khanna et al.  2003 ; Lamothe et al.  2003 ; Liu et al.  2007 ; 
Sánchez et al.  2005 ; Villar et al.  2006 ), even though much larger numbers of bottled 
water samples and more sensitive detection methods were used. Further investiga-
tions strongly suggested that the original fi ndings were due to artifacts and system-
atic mistakes (Sánchez et al.  2005 ). 

 Waterborne outbreaks of hepatitis A are unusual in developed countries, and to 
the best of my knowledge, only one HAV outbreak has been associated with the 
consumption of bottled water in China (  http://www.china.org.cn/government/local_
governments/2008-04/24/content_15007889.htm    ). 

 Taking into account the impact of Beuret’s publications   , different methodologies 
for routine monitoring    of HAV in bottled water have been described. Moreover, the 
CEN/TC25/WG6/TAG4 working group has considered bottled water as a food 
product in the ISO/TS 15216. 

 Most of the described methods are based on the procedure described by Gilgen 
et al. ( 1997 ), where water is fi ltered through a positively charged membrane with a 
0.45-μm pore size. Then, virus particles are released from the fi lter and further con-
centrated. Several authors have included some modifi cations to this procedure to 
increase virus recovery (Table  2.3 ). Direct lysis of viruses from positively charged 
membranes was fi rst introduced by Beuret ( 2003 ) as a method to reduce losses dur-
ing rinsing, elution, fl occulation, or concentration steps before RNA extraction. 
This approach    was automated and applied later by Perelle et al. ( 2009 ) and Schultz 
et al. ( 2011 ). However, Butot et al. ( 2013 ) recently reported the presence of inhibi-
tors, depending on the composition of the bottled water, when using this direct 
procedure.

   Another issue to consider is the viral adsorption into bottles. Butot et al. ( 2007a ) 
have reported HAV adsorption into PET bottles, reaching 90 % after 20 days of stor-
age. This adsorption was independent of the presence of microbiota of bottled water. 

2.1  HAV Extraction from Food
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This phenomenon is important from a method standardization point of view because 
it makes it more diffi cult to prepare stable reference samples that can be used for 
collaborative trials. However, the authors have shown that HAV can also be desorbed 
from the bottle wall by rinsing the bottles with a small amount of elution buffer. 
This washing step has been considered within the ISO/TS 15216 standard.   

2.2     Nucleic Acid Extraction and Purifi cation 

 After HAV extraction from food, a variety of subsequent nucleic acid extraction and 
purifi cation protocols may be employed. In the past decade a great number of pro-
tocols using commercially available kits have been published. A wide variety of 
commercial kits has been applied for nucleic acid purifi cation, offering reliability 
and reproducibility, and they are quite easy to use. Most of these kits are based on 
the method described by Boom et al. ( 1990 ), which consists of guanidinium lysis 
then capture of nucleic acids on a column or bead of silica. 

 Numerous published studies have compared different nucleic acid extraction 
methods for HAV on various food matrices. Ribao et al. ( 2004 ) compared several 
nucleic acid extraction kits, showing that the total quick RNA cells and tissue kit 
from Talent was the most suitable for the detection of HAV in mussel tissues. On 
strawberries, the best results were achieved with Aurum Total RNA extraction kit 
(BioRad), obtaining a detection limit of 5–6.25 PFU/mg of tissue (Bianchi et al. 
 2011 ). A slightly lower sensitivity was rendered by the RNeasy Plant mini kit from 
Qiagen (10–12.5 PFU/mg of tissue), whereas the Total Quick RNA Cells and 
Tissues kit version mini from Talent rendered a detection limit of 50–100 PFU/mg 
of tissue. 

 In the past 10 years    automated nucleic acid extraction platforms have been devel-
oped by commercial companies and have been shown to be suitable for the analysis 
of HAV in samples of bottled water (Perelle et al.  2009 ).  

   Table 2.3    Most commonly used methods for detecting HAV in bottled water   

 Procedure  Detection limit  References 

  +ve- charged membrane, ultrafi ltration, 
and RNA extraction 

 ND  (Gilgen et al.  1997 ) 

  +ve- charged membrane and RNA extraction 
by easyMAG 

 1 PFU/1.5 L; 211 
TCID 

50
 /1.5 L 

 (Schultz et al.  2011 ) 

 CIM columns, ultracentrifugation, 
and QIAamp Viral RNA kit 

 10 TCID 
50

 /L; 45 
TCID 

50
 /L 

 (Kovac et al.  2009 ; 
Schultz et al.  2011 ) 

  +ve- charged membrane, ultracentrifugation, 
and QIAamp Viral RNA kit 

 361 TCID 
50

 /L  (Di Pasquale et al.  2010a ; 
Schultz et al.  2011 ) 

  +ve- charged membrane, sonication, 
ultrafi ltration, and QIAamp Viral RNA kit 

 0.2–20 TCID 
50

 /L  (Butot et al.  2013 ) 

    +ve positively    ,  ND  not determined,  TCID  
 50 

  median tissue culture infectious dose,  PFU  plaque-
forming unit  
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2.3     HAV Detection in Food by Molecular Techniques 

 Molecular detection procedures are used widely in the fi eld of food virology and are 
continuously evolving. For instance, Sánchez et al. ( 2007 ) summarized published 
RT-qPCR methods for HAV detection in food, and since then several new methods 
have become available (Table  2.4 ).

   Although nucleic acid sequence-based amplifi cation (Jean et al.  2001 ) and loop- 
mediated isothermal amplifi cation techniques (Yoneyama et al.  2007 ) have been 
reported as highly sensitive and specifi c, RT-qPCR remains the current gold 

    Table 2.4    Molecular methods most commonly used for HAV detection   

 Target region 
 Molecular detection 
methods  Sensitivity  References 

  RT-qPCR  
 5′ NCR  Molecular  1 PFU/reaction  (Abd El Galil et al.  2005 ) 

 Beacon probe 
 VP1  SYBR Green  ND  (Brooks et al.  2005 ) 
 5′ NCR  TaqMan and 

molecular beacon 
 0.05 TCID 

50
 /reaction  (Costafreda et al.  2006 ) 

 1 copy/reaction 
 5′ NCR  TaqMan  5 copies/reaction  (Costa-Mattioli et al. 

 2002b ) 
 5′ NCR  TaqMan  ND  (Hewitt and Greening 

 2004 ) 
 5′ NCR  TaqMan  40 geq/reaction  (Jothikumar et al.  2005 ) 

 0.5 PFU/reaction 
 5′ NCR/VP4  TaqMan  ND  (Silberstein et al.  2003 ) 
 5′ NCR  TaqMan  60 geq/mL  (Villar et al.  2006 ) 
 Different 

regions 
 TaqMan  1 geq/mL  (Houde et al.  2007 ) 

 5′ NRC  TaqMan  5 TCID 
50

 /mL  (Di Pasquale et al.  2010b ) 
 Not specifi ed  FRET probes  5 geq/reaction  LightCycler HAV 

quantifi cation kit 
(Roche Diagnostics, 
GmbH, Mannheim, 
Germany) 

 0.02 TCID 
50

 /reaction 
 (Sánchez et al.  2006 ) 

 VP1  FRET probes  2 geq/reaction  RealArt HAV LC RT PCR 
kit (Artus GmbH, 
Hamburg, Germany) 

 (Sánchez et al.  2006 ) 

 0.05 TCID 
50

 /reaction 

  Other assays  
 5′ NCR  Nested real-time PCR  0.2 PFU  (Hu and Arsov  2009 ) 
 VP1–VP2  NASBA  4 × 10 2  PFU/mL  (Jean et al.  2001 ) 
 5′ NCR  LAMP  0.4–0.8 FFU/reaction  (Yoneyama et al.  2007 ) 

    ND  not determined,  TCID  
 50 

  median tissue culture infectious dose,  PFU  plaque-forming unit,  FFU  
focus-forming unit,  geq  genome equivalent,  RT-qPCR  real-time quantitative polymerase chain 
reaction,  LAMP  loop-mediated isothermal amplifi cation,  NASBA  nucleic acid sequence- based 
amplifi cation  
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standard for HAV detection and quantifi cation in food. Currently, several RT-qPCR 
assays, which have revolutionized nucleic acid detection by the high speed, sensitiv-
ity, reproducibility, and minimization of contamination, have been described for 
HAV detection (Bosch et al.  2011 ; Sánchez et al.  2007 ). Some of them are even 
commercially available, for example, the LightCycler hepatitis A virus quantifi ca-
tion kit (Roche Diagnostics), the RealArt HAV LC RT PCR kit (Artus GmbH), and 
the KHAV for environmental and food samples (Ceeram). 

 When standardizing methodologies, it is essential that the specifi city and sensi-
tivity of RT-qPCR assays are demonstrated. All these points are interconnected and 
depend mostly on the target sequences for primers and probe. The selected targets 
must guarantee an absolute specifi city and must reach equilibrium between high 
sensitivity, broad reactivity, and reliability of quantifi cation. 

 Unlike SYBR Green, an intercalating dye that binds to all doubled-stranded 
DNA, probe-based RT-qPCR (e.g., TaqMan, molecular beacon, or FRET probes) 
uses a fl uorescently labeled, target-specifi c probe that results in increased specifi city 
and sensitivity. Assays based on the TaqMan chemistry (Costa-Mattioli et al.  2002b ; 
Costafreda et al.  2006 ; Hewitt and Greening  2004 ; Jothikumar et al.  2005 ; Silberstein 
et al.  2003 ; Villar et al.  2006 ) are the methods that have been commonly used for the 
detection and quantifi cation of HAV. Although some authors have used primers tar-
geted to the VP1 capsid region (Brooks et al.  2005 ), primers targeting the highly 
conserved 5′ noncoding region are more widely preferred (Table  2.4 ), most of which 
show similar performance (approximately 1 RNA copy per reaction). Nevertheless, 
a good validation study of the selected primers must be carried out to avoid failing 
in the detection of specifi c genotypes, as previously described (Heitmann et al. 
 2005 ). Of all the above-mentioned RT-qPCR assays, the one suggested by Costafreda 
et al. ( 2006 ) is the method most extensively used for HAV detection in food (Fraisse 
et al.  2011 ; Martin-Latil et al.  2012 ; Sánchez    et al. 2011) and is currently included 
in the procedure proposed by the CEN/TC/WG6/TAG4 group. This RT-qPCR assay 
recently has been incorporated in a one-step, duplex real-time qRT-PCR (Blaise-
Boisseau et al.  2010 ). Likewise, new developments are moving now to combine the 
detection of several foodborne pathogens in a single reaction tube. For instance, 
Morales-Rayas et al. ( 2010 ) have designed a multiplex RT-qPCR assay for the 
detection of HAV and norovirus genotype I and genotype II. The detection limit of 
this multiplex RT-qPCR was determined as 10 HAV particles.  

2.4     Quality Controls 

 Although the detection of HAV in food is mainly performed by RT-qPCR tech-
niques, there are several limitations. These types of methodologies are prone to 
inhibition, favoring false-negative results and demonstrating the need for proper 
quality controls (D’Agostino et al.  2011 ). 

 Several methods to overcome the presence of inhibitors have been described, 
such as the analysis of diluted samples, smaller food sample sizes, dissection of the 
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digestive tract of shellfi sh samples, addition of pectinase to berry samples, or 
 adaptation of the RT-qPCR by, for example, the addition of Tween, bovine serum 
albumin, or commercial reagents (Bosch et al.  2011 ). 

 Another obstacle that infl uences HAV detection in foods is the low effi ciency of 
concentration and nucleic acid extraction procedures, which infl uence the perfor-
mance of the whole methodology. 

 To monitor all these issues, quality control and quality assurance measures 
include the use of positive and negative controls, thus tracing any false-negative or 
false-positive result, respectively. Most false negatives are a consequence of inef-
fi cient HAV extraction or inhibition of the RT-qPCR reaction. Most false positives 
result from cross-contamination (D’Agostino et al.  2011 ). Therefore, the most 
recent methods include an internal amplifi cation control, an added external con-
trol for monitoring extraction effi ciency, or both. For instance, Costafreda et al. 
( 2006 ) have proposed the use of a nonpathogenic virus, the mengovirus MC0 
strain, as a HAV process control. In this approach a titrated process control is 
added during the initial step of the procedure and is quantifi ed by RT-qPCR at the 
end of the procedure, allowing an accurate estimate of the performance of the 
whole procedure. This approach already has been used by several authors to eval-
uate the effi cacy of their procedures as well as for accurate quantifi cation of HAV 
in naturally contaminated food samples (Benabbes et al.  2012 ; Butot et al.  2009 ; 
Pinto et al.  2009 ). 

 The feline calicivirus also has been proposed as a process control for HAV detec-
tion in food and water samples (Di Pasquale et al.  2010b ; Mattison et al.  2009 ). 
However, the feline calicivirus has been reported to be an inappropriate surrogate 
for HAV in acid conditions (Butot et al.  2008 ; Cannon et al.  2006 ).  

2.5     Assessment of HAV Infectivity 

 Viral infectivity is defi ned as the capacity of a virus to enter the host cell and exploit 
its resources to replicate and produce infectious viral particles, which may lead to 
infection and subsequent disease in the human host (Rodriguez et al.  2009 ). 
Obviously, cell culture–based methods are the soundest methodologies for the esti-
mation of the number of infective HAV particles. However, as indicated earlier, 
there are no available culture models for routine monitoring of wild-type HAV 
strains. Therefore, cell culture–based methods have been used mainly in artifi cially 
inoculated experiments for method development or evaluation of inactivation 
processes. 

 One of the major limitations of using PCR or real-time PCR is its inability to 
differentiate between infectious and noninfectious viruses. This is relatively impor-
tant when detecting HAV in food samples subjected to food manufacturing pro-
cesses. In some instances the reduction in the number of infectious viruses did not 
correlate with the number of genomes detected by real-time RT-PCR (Butot et al. 
 2008 ,  2009 ; Hewitt and Greening  2004 ). 

2.5  Assessment of HAV Infectivity
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 Several different approaches to assess HAV infectivity using PCR have been 
attempted (revised by Rodriguez et al.  2009 ). The detection of an intact HAV 
genome or specifi c region may indicate that the virus capsid is protecting the 
genome from degradation and therefore determining infectivity. For instance, 
Bhattacharya et al. ( 2004 ) reported that the amplifi cation of the 5′ and 3′ noncoding 
regions may be suitable to discriminate between infectious and noninfectious HAV 
after ultraviolet and heat treatments. Moreover, it has been suggested that the 5′ 
noncoding region is the most easily degraded region of the genome of HAV upon 
exposure to chlorine and chlorine dioxide, and it has been used to discriminate 
between infectious and noninfectious HAV (Li et al.  2002 ;  Sánchez et al. 2012 ). 

 Another approach is to assess damage of the capsid, which results in loss of pro-
tection of the HAV genome. In this approach, enzymatic treatment with RNase, in 
some instances combined with a proteinase K treatment, have been applied to dif-
ferentiate successfully between an intact HAV and HAV inactivated by ultraviolet 
light, chlorine disinfection, and thermal treatment at 72 °C (Nuanualsuwan and 
Cliver  2003 ). 

 A promising new strategy to assess HAV infectivity relies on the use of nucleic 
acid intercalating dyes such as propidium monoazide (PMA) or ethidium monoaz-
ide as a sample treatment before the RT-qPCR. This approach recently has been 
applied to discriminate successfully between infectious and noninfectious HAV 
inactivated by heat treatment ( Sánchez et al. 2012 ). As suggested by Parshionikar 
et al. ( 2010 ) for other enteric viruses, stable secondary structures of the RNA 
genome may facilitate covalent binding of PMA to viral RNA. This is in agreement 
with the successful application of PMA RT-qPCR for enterovirus (Parshionikar 
et al.  2010 ) and HAV ( Sánchez et al. 2012 ), where the selected primer sets are tar-
geted to the 5′ noncoding region. 

 It recently has been reported that PMA treatment was more effective than RNase 
treatment for differentiating infectious and thermally inactivated HAV ( Sánchez 
et al. 2012 ).    Results showed that combining 50 μM of PMA and RT-qPCR selec-
tively quantify infectious HAV in media suspensions. Although this methodology 
has not been evaluated in food samples, PMA treatment before RT-qPCR detection 
is a promising alternative to assess HAV infectivity in food samples.       

2 Analytical    Methods for Detecting the Hepatitis A Virus in Food
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                    In this    chapter, the stability of HAV in food and its inactivation under the most 
 common food processing conditions will be compiled. 

 Summarizing, HAV is unusually stable to acid treatments, demonstrating infec-
tivity following exposure to a pH of 1.0 for 2 h. It is relatively resistant to heat, being 
only partially inactivated after 12 h at 60 °C. HAV is resistant to drying and remains 
infectious for several days to months in contaminated fresh water, seawater, waste-
water, soils, oysters, and cookies. HAV can be inactivated by iodine (3 mg/L for 
5 min) and sodium hypochlorite (3 mg/L at 20 °C for 5 min). HAV is not destroyed 
by freezing and remains stable for several years at temperatures of −20 °C to −70 °C. 
HAV inoculated in bottled water is still infectious after 300 days (reviewed by Baert 
et al.  2009 ; Sattar et al.  2000 ; Rzezutka and Cook  2004 ). 

3.1     Stability of HAV in Food Products 

 HAV is known to tolerate environmental factors more than many other viruses, 
including most enteric viruses. HAV is a highly stable virus, able to persist for 
extended periods of time in the environment, and therefore in food products. HAV 
has been shown experimentally to be able to survive in several food products and 
can persist under normal storage conditions over the usual periods between pur-
chase and consumption. 

  Chilled storage temperatures     (2–8 °C) typically retard respiration, senescence, 
product browning, moisture loss, and microbial growth in minimally processed 
fruits and vegetables, but may contribute to the survival and transmission of HAV 
(Seymour and Appleton  2001 ). Survival of HAV on chilled foods has been studied 
extensively (reviewed by Baert et al.  2009 ). Most of the studies found that HAV 
remained infectious for periods exceeding the shelf-life of products. On vegetables, 
Croci et al. ( 2002 ) evaluated HAV survival on carrots and fennel, reporting complete 
inactivation of HAV by day 4 for carrots and by day 7 for fennel. Sun et al. ( 2012 ) 
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recently showed that HAV survived during more than 20 days during storage at 
3–10 °C on contaminated green onions. Shieh et al. ( 2009 ) investigated the survival 
of HAV on fresh spinach leaves in moisture- and gas-permeable packages that were 
stored at 5.4 °C for up to 42 days, reporting only 1-log reduction of HAV infectivity 
over 4 weeks of storage. 

 On shellfi sh, HAV inoculated in commercially prepared marinated mussels 
showed a 1.7-log reduction of HAV infectivity after 4 weeks of storage at 4 °C 
(Hewitt and Greening  2004 ). 

 The stability of HAV inoculated in bottled water was studied at 4 °C (Biziagos 
et al.  1988 ). Infectious HAV was detected after 1 year of storage, with only a 0.68- 
log reduction. Biziagos et al.    also found that HAV stability was dependent on the 
protein concentration. 

 In general, the above-mentioned studies indicated that HAV will survive on 
chilled food over the periods before deterioration of the specifi ed food. 

  Relative humidity.     The infl uence of relative humidity on HAV survival on vegeta-
bles and fruits has been investigated. Stine et al. ( 2005 ) investigated the survival of 
HAV on bell peppers, cantaloupe, and lettuce stored at 22 °C under high (mean, 
85.7–90.3 %) and low (mean, 45.1–48.4 %) relative humidity. HAV survived sig-
nifi cantly longer on cantaloupe than on lettuce, and high inactivation rates were 
reported under conditions of high humidity. 

  Frozen storage.     The occurrence of HAV outbreaks due to the consumption of shell-
fi sh and berries that had been frozen several months (Bosch et al.  2001 ; Hutin et al. 
 1999 ; Niu et al.  1992 ; Pinto et al.  2009 ; Ramsay and Upton  1989 ; Reid and Robinson 
 1987 ; Sánchez et al.  2002 ) indicates that if food is contaminated before freezing, 
substantial fractions of the viruses will remain infectious during frozen storage. 
Moreover, some studies have reported the presence of HAV sequences on frozen 
shellfi sh. For instance, Shieh et al. ( 2007 ) were able to detect and type HAV 
sequences in oysters implicated in an outbreak. Those oysters were stored in the 
cold for 12 days and then frozen at −20 °C for 7 weeks before analysis. Sánchez 
et al. ( 2002 ) also detected and typed HAV from imported frozen clams that caused 
an outbreak in Spain affecting 184 people. All these results indicate that freezing 
has little or no effect on HAV infectivity in molluscan shellfi sh. 

 Butot et al. ( 2008 ) extensively investigated the survival of HAV on frozen straw-
berries, blueberries, raspberries, parsley, and basil, concluding that frozen storage 
for 3 months had no effects on HAV infectivity. Overall, these studies showed that 
freezing will not ensure an adequate reduction of HAV if present in foods. 

  Drying.     HAV survival in dried state has been studied mostly on inanimate surfaces 
or fomites (Abad et al.  1994 ; Mbithi et al.  1991 ). The HAV outbreak associated with 
the consumption of sun-dried tomatoes indicates that if food is contaminated before 
drying, substantial fractions of the viruses will still remain infectious (Gallot et al. 
 2011 ; Petrignani et al.  2010 ). 

  Modifi ed atmosphere packaging     (MAP) is usually done to slow the respiration 
rate of fruits and vegetables and therefore reduce the product’s metabolism and 

3 HAV Survival and Inactivation Under Different Food Processing Conditions
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maturation. MAP is a way of extending the shelf life of fresh food products by 
inhibiting spoilage by bacteria and fungi. This technology substitutes the atmo-
spheric air inside a package with a protective gas mix. Overall this type of packag-
ing is designed to inhibit bacterial or fungal growth and therefore is not effective 
against HAV because it does not grow in foods. For instance, Bidawid et al. ( 2001 ) 
evaluated the effect of various modifi ed atmospheres on the survival of HAV on let-
tuce stored at room temperature and 4 °C for up to 12 days in ambient air and under 
various modifi ed atmospheres. The lettuce samples were stored in heat-sealed bags 
with the following percentages of gas mixtures (carbon dioxide [CO 

2
 ]:N 

2
    ): 30:70, 

50:50, 70:30, and 100 % CO 
2
 . Only at 70 % CO 

2  
 at room temperature was a signifi -

cant decline in virus survival observed. Because most commercially distributed veg-
etables are stored at lower CO 

2
  concentrations and at 4 °C, standard MAP conditions 

will not provide protection against HAV transmission. 

  Acidifi cation.     Dressings, sauces, marinades, and similar food products depend on 
their acidity to prevent spoilage. They may consist of naturally acidic foods, such as 
fruit juice or tomatoes, or they may be formulated by combining acidic foods with 
other foods to achieve the desired acidity. Some foods, such as vinegar and certain 
pickled vegetables, may develop acidity from microbial fermentation. However acidi-
fi cation of food is not a suitable hurdle to control HAV in foods since HAV is highly 
stable at an acidic pH. For instance, HAV had a high residual infectivity after 2 h of 
exposure to pH 1 at room temperature, remaining infectious for up to 5 h. At 38 °C and 
pH 1, HAV remained infectious for 90 min (Scholz et al.  1989 ). Therefore, acidifi ca-
tion would not be a suitable strategy to reduce the number of viruses present on food.  

3.2     HAV Inactivation Under Different Food 
Processing Technologies 

 Koopmans and Duizer ( 2004 ) summarized the risks of consuming products that 
may have become contaminated with enteric viruses. The risks were categorized as 
negligible, low, medium, and high, depending on whether food processing resulted 
in reductions in the infectivity of common foodborne viruses of at least 4, 3, 2, and 
1 log units, respectively. 

 Several studies have investigated the effi cacy of commercial processes to inacti-
vate or eliminate HAV (Table  3.1 ). Most of these studies have been performed with 
HAV suspensions of the HM-175 strain, and little information is available about 
naturally contaminated food samples. Overall it is diffi cult to draw general conclu-
sions from these studies because of differences in the experimental conditions and 
methods that were used.

   This chapter looks fi rst at the existing studies concerning HAV behavior during 
food processing. Results from the studies are presented and discussed and conclu-
sions are drawn about the effi cacy of different food processing technologies if raw 
materials are contaminated, which may allow risk to be established. 

3.2  HAV Inactivation Under Different Food Processing Technologies



    Table 3.1    HAV inactivation by thermal treatments in food products   

 Thermal treatments  Food matrix 
 Inactivation 
(log reduction)  References 

  Shellfi sh  
 95 °C for 1.5 min  Cockles  > 4  (Koopmans and 

Duizer  2004 ) 
 90 °C for 10 min  Manila clams  > 4  (Cappellozza et al. 

 2012 ) 
 Boiling water for 3 min  New Zealand 

greenshell 
mussels 

 > 4  (Hewitt and 
Greening  2006 ) 

 Steaming for 180 s (internal 
temperature of 63 °C) 

 New Zealand 
greenshell 
mussels 

 1.5  (Hewitt and 
Greening  2006 ) 

 90 °C for 1.5 min  Soft-shell clams  2.7  (Sow et al.  2011 ) 
 90 °C for 3 min  Soft-shell clams  > 4  (Sow et al.  2011 ) 
 Marination (70 °C for 2.4 min, 

acetic acid) 
 Mussels  < 2  (Hewitt and 

Greening  2004 ) 
 60 °C for 10 min  Mussels  2  (Croci et al.  1999 ) 
 80 °C for 3 min  2 
 80 °C for 10 min  4 
 Mussels hors d’oeuvre (cooking 

for 9 min) 
 Mussels  > 3  (Croci et al.  2005 ) 

 Mussels au gratin (   opened 
mussels, put in a baking 
pan, were covered with a 
mixture of onions, garlic, 
parsley, breadcrumbs, and 
butter). The mussels were 
grilled in the oven (tempera-
ture of 250 °C for 5 min) 

 Mussels  > 3  (Croci et al.  2005 ) 

 Mussels in tomato sauce (oil, 
garlic, tomato sauce, and 
water were cooked for    
15 min, then mussel bodies, 
oregano, and parsley were 
added and cooked again for 
8 min at boiling temperature) 

 Mussels  > 4  (Croci et al.  2005 ) 

 Steaming  Green mussels  < 2  (Hewitt and 
Greening  2006 ) 

 Boiling water for 3 min  Green mussels  > 3.5  (Hewitt and 
Greening  2006 ) 

  Other food products  
 High temperature–short time 

and immediate packing 
(71.7 °C, 15 s) 

 Milk, ice cream  < 2  (Bidawid et al. 
 2000d ) 

 Pasteurization of solid foods 
(70 °C, 2 min) 

 Paté and other 
cooked meats 

 < 2  (Koopmans and 
Duizer  2004 ) 

 Ultrahigh temperature 
processing and aseptic 
fi lling (> 120 °C) 

 Milk, dairy 
products 

 > 4  (Koopmans and 
Duizer  2004 ) 

 85 °C for 5 min  Strawberry 
mashes 

 < 2  (Deboosere et al. 
 2004 ) 

 Blanching (95 °C, 2.5 min)  Basil, chives, mint, 
and parsley 

 > 3  (Butot et al.  2009 ) 

 Blanching (75 °C, 2.5 min)  Basil, chives, mint, 
and parsley 

 2  (Butot et al.  2009 ) 
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  Thermal processing  is commonly used in the food industry to inactivate foodborne 
pathogens or spoilage microorganisms, but in general it has been designed to kill 
bacteria. While thermal inactivation of bacterial foodborne pathogens has been 
studied thoroughly in food industry, heat inactivation of HAV in food has been 
poorly investigated. 

 Inactivation of HAV by heat treatment, as shown in Table  3.1 , varies with the 
type of food and cooking method. For instance, the presence of fats or proteins in 
shellfi sh plays a protective role (Croci et al.  1999 ; Millard et al.  1987 ). 

 In general, conventional pasteurization (e.g., 63 °C for 30 min or 70 °C for 
2 min) seems more effective than high temperature–short time pasteurization (e.g., 
71.7 °C for 15–20 s); however, HAV is unlikely to be inactivated completely during 
those treatments. On mussel homogenates heated at 60 °C for 10 min, HAV titers 
were reduced by 2 log, and infectious HAV was still detected when heat treatment 
was extended to 30 min (Croci et al.  1999 ). 

 The occurrence of HAV outbreaks due to the consumption of grilled, stewed, 
steamed, and fried shellfi sh indicates that regular cooking does not guarantee the 
complete inactivation of HAV (Koff and Sear  1967 ; Lees  2000 ). Some studies have 
investigated the effi cacy of light cooking on HAV inactivation in shellfi sh. Light 
cooking of shellfi sh usually involves heating until the shell is opened, which is usu-
ally achieved at temperatures below 70 °C for approximately 47 s, which is unable 
to completely inactivate HAV (Abad et al.  1997 ). Other research studies have shown 
the persistence of viruses during common cooking practices of shellfi sh, such as 
steaming (Croci et al.  1999 ,  2005 ; Hewitt and Greening  2006 ). To conclude, com-
plete inactivation of HAV in shellfi sh is achieved after steaming the shellfi sh to an 
internal temperature of 85–90 °C for 1.5 min, which may be not acceptable from an 
organoleptic point of view (Lees  2000 ). 

 As in    shellfi sh, the effect of fat content has an effect on the resistance of HAV to 
heat in other food matrices. For instance, Bidawid et al. ( 2000d ) evaluated HAV 
heat resistance in various types of milk with different fat concentrations, showing 
that routine pasteurization temperatures are not adequate to inactivate HAV in dairy 
products. Moreover   , it has been shown that increasing the fat content seemed to play 
a protective role and can further contribute to increased stability of HAV in food 
products under heating conditions. 

 Sugar concentration also has been reported to have a big effect on HAV heat 
resistance in berries (Deboosere et al.  2004 ). Because berries and vegetables usually 
are consumed fresh or frozen, limited thermal inactivation data exist for HAV in this 
type of product. For instance, Deboosere et al. ( 2004 ) defi ned the heat inactivation 
kinetics of HAV in a fruit model system. Later, the same research group developed 
a model for the inactivation of HAV in red berries without supplemented sugar and 
with different pH values (Deboosere et al.  2010 ). 

 Butot et al. ( 2009 ) investigated the resistance of HAV to heat in freeze-dried ber-
ries: different types of freeze-dried berries were heated at 80 °C, 100 °C, or 120 °C 
for 20 min, showing that dry heat treatment for 20 min at 100 °C or 120 °C was 
capable of inactivating infectious HAV. 

  Low-heat dehydration  in the 40–60 °C range continued overnight for up to 24 h has 
been a common means to dehydrate fruits and vegetables in households and the food 
industry. Effects on HAV survival after low-heat dehydration of green onions at 45 °C 

3.2  HAV Inactivation Under Different Food Processing Technologies
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or 65 °C for 20 h recently have been reported (Laird et al.  2011 ; Sun et al.  2012 ). 
Twenty hours of heating at 47.8 °C, 55.1 °C, and 62.4 °C reduced infectious HAV in 
green onions by 1, 2, and 3 log, respectively. Only when the temperature reached an 
average of 65 °C for 20 h was a 4-log reduction of HAV infectivity reported. 

  Shellfi sh depuration  is a commercial processing strategy that originated more than 
a century ago. Shellfi sh are placed in tanks of clean seawater and allowed to purge 
the contaminants over a period of several days (Richards et al.  2010 ). Methods for 
shellfi sh depuration have been designed to remove bacteria, but are poorly effective 
on HAV (Abad et al.  1997 ; Bosch et al.  1994 ; Lees  2000 ). Abad et al. ( 1997 ) have 
evaluated commercial depuration conditions used by the shellfi sh industry, and 
infectious HAV were recovered from bivalves after 96 h of immersion in a continu-
ous fl ow of ozonated marine water. 

 Ultraviolet (UV) irradiation is the method of choice for shellfi sh depuration in 
many countries. De Abreu Corrêa et al. ( 2012 ) have shown a 3-log reduction of 
HAV titers in a shellfi sh depuration system with UV treatment. De Medici et al. 
( 2001 ) evaluated the effectiveness of a closed-circuit depuration system that used 
both ozone and UV light for disinfecting water on mussels experimentally contami-
nated with HAV. The authors concluded that although HAV titers were signifi cantly 
reduced, a residual amount of infectious HAV was still detected. De Abreu Corrêa    
et al. ( 2012 ) recently observed that after 96 h of UV treatment working in a depura-
tion system, HAV was not detected on oyster samples. Overall, these studies indi-
cates that shellfi sh depuration contributes to reduced HAV levels and hence reduced 
risk of infection from shellfi sh consumption (Bosch et al.  1994 ). 

  Blanching  is a critical industrial food preparation process that consists of scalding 
vegetables in boiling or steaming water for a short time, and it helps retain the fl a-
vor, color, and texture of vegetables by stopping enzyme action. Almost all 
 vegetables that are to be frozen must be blanched, and blanching is also recom-
mended for vegetables before dehydration. Blanching conditions vary, and the tem-
peratures are generally between 75 °C and 105 °C. So far, only one study has 
evaluated this technology on basil, chives, mint, and parsley (Butot et al.  2009 ). In 
this study, HAV titers were signifi cantly reduced immediately following steam 
blanching at 95 °C for 2.5 min, and no residual infectious HAV were detected. 
Appreciably less inactivation of HAV was observed when the temperature of steam 
blanching was reduced to 75 °C, and the infectious HAV titers were reduced by an 
average of 2 log10 units, except for chives. 

  High pressure processing (HPP)  has emerged as a promising technology because 
it can inactivate and inhibit microorganisms while only minimally degrading the 
quality of the product being treated (Rodrigo et al.  2007 ). Inactivation of HAV by 
HPP has been studied extensively using HAV suspensions (reviewed by Kovač et al. 
 2010 ), while the effi cacy on food matrices is limited (Table  3.2 ). Treatments with at 
least 400 MPa are in general very effi cient, but the reductions are signifi cantly differ-
ent when using different processing temperatures, times, or food matrices (Table  3.2 ). 
Moreover, organoleptic alterations need to be considered when HPP is applied to 

3 HAV Survival and Inactivation Under Different Food Processing Conditions
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        Table 3.2    HAV inactivation by high hydrostatic pressure and irradiation in food products   

 Treatment     Food matrix 

 Inactivation 
(log or PFU 
reduction)  References 

  Hydrostatic 
pressure (MPa)  

  300  1 min, 9 °C  Oysters  0.2  (Calci et al. 
 2005 )   325  0.8 

  350  1.3 
  375  2.3 
  400  3.2 
  300  5 min, 18–22 °C  Mediterranean 

mussels 
 0.1  (Terio et al. 

 2010 )   325  0.7 
  350  1.7 
  375  2.5 
  400  2.9 
  300  5 min, 18–22 °C  Blue mussels  0.8  (Terio et al. 

 2010 )   325  1.0 
  350  2.1 
  375  2.7 
  400  3.6 
  250  5 min, 21 °C  Strawberry puree  1.2  (Kingsley et al. 

 2005 )   275  2.1 

  300  3.1 
  375  4.3 
  250  5 min, 21 °C  Sliced green onions  1.2  (Kingsley et al. 

 2005 )   275  2.1 
  300  3.1 
  375  4.3 
  500  5 min, 4 °C  Pork sausage 

product 
 3.23  (Sharma et al. 

 2008 ) 
  Hydrodynamic 

pressure 
 –  Pork sausage 

product 
 1.10  (Sharma et al. 

 2008 ) 
  UV irradiation  (mW s/cm 2 ) 
  40  Lettuce, green 

onions, and 
strawberries 

 4.3; 4.1; 1.3  (Fino and Kniel 
 2008b ) 

  120  Lettuce, green 
onions, and 
strawberries 

 4.5; 5.3; 1.8  (Fino and Kniel 
 2008b ) 

  240  Lettuce, green 
onions, and 
strawberries 

 4.6; 5.6; 2.6  (Fino and Kniel 
 2008b ) 

  Gamma irradiation  (kGy) 
  3  Lettuce and 

strawberries 
 1  (Bidawid et al. 

 2000b ) 
  10  Lettuce and 

strawberries 
 3.3  (Bidawid et al. 

 2000b ) 
  2  Oysters and clams  2  (Mallett et al. 

 1991 ) 
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some food products. The mechanism of inactivation of HAV using HPP treatment 
has not been elucidated clearly, but results based on RNase and propidium monoaz-
ide treatments suggest that the HAV capsid remains intact following inactivation by 
HPP (Kingsley et al.  2002 ;  Sánchez et al. 2012 ). Therefore, the mechanism of HPP 
inactivation for HAV is most likely due to subtle alterations of viral capsid proteins 
preventing attachment to the cellular receptor or the blockage of the penetration and 
virion-uncoating mechanisms subsequent to viral attachment (Kingsley et al.  2002 ).

    Vacuum freeze-drying  is considered the reference process for manufacturing high-
quality dehydrated products. The production of freeze-dried products involves pre-
liminary freezing of fresh food, followed by placing the food samples under reduced 
pressure with suffi cient heat to sublimate ice. Vacuum freeze-drying treatment is the 
best method to dehydrate berries to maintain the color, fl avor, and most types of 
antioxidants. Freeze-dried berries are commonly used by the food industry in cere-
als, muesli bars, chocolate products, and bakery goods. So far there has not been 
much research into the effi cacy of freeze-drying on enteric viruses. Just one pub-
lished study has reported less than 2 log reduction of HAV infectivity after freeze-
drying of different types of berries and herbs (Butot et al.  2009 ). 

3.2.1     Other Manufacturing Processes 

     Gamma irradiation     is an alternative technology for inactivating pathogens in 
foods, especially produce. Nowadays, World Health Organization standards, which 
are based on nutritional, toxicological, and microbiological criteria, indicate that 
irradiation doses of ≤ 10 kGy are considered safe. The Food and Drug Administration 
has approved the use of irradiation up to 4 Gy for of fresh foods to control food-
borne pathogens and extend the shel-life of fresh iceberg lettuce and spinach 
(reviewed by Goodburn    and Wallace  2013 ). 

 Studies of the effect of gamma irradiation on HAV infectivity in foods are lim-
ited. Bidawid et al. ( 2000b ) investigated the effi cacy of irradiation on HAV inactiva-
tion in strawberries and lettuce at doses ranging between 1 and 10 kGy. They 
observed a linear decrease in HAV titer as irradiation doses increased for both food 
products. At 10 kGy, more than 3 log of HAV inactivation occurred for both straw-
berries and lettuce. Gamma irradiation (2 kGy) applied to shellfi sh, oysters, and 
clams signifi cantly reduced HAV levels but did not affect organoleptic qualities 
(Mallett et al.  1991 ) (Table  3.2 ). 

  UV light  is electromagnetic radiation with wavelengths shorter than visible light 
that can induce damage in a broad range of microorganisms when applied as UV-C 
light (254 nm). Fino and Kniel ( 2008b ) investigated the effect of UV light at various 
doses (40, 120, and 240 mWs/cm 2 ) on HAV inoculated on fresh produce (strawber-
ries, green onions, and lettuce). Inactivation of HAV varied depending on the UV 
dose and the food product. For instance, inactivation of HAV on strawberries was 
the least effective, with only a 2.6-log tissue    culture infectious dose 50/mL 
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inactivation at 240 mWs/cm 2 , compared with green onions and lettuce, where > 4.5-
log tissue culture infectious dose 50/mL inactivation was observed at the same UV 
dose. As described for other technologies, the type of surface has the greatest impact 
on HAV inactivation: smoother surfaces are the most easy to decontaminate. The 
more crevices or the presence of hairlike projections in the surface of the fruits or 
vegetables, the more protected are the viruses from UV light. 

  Pulsed-electric fi eld  (PEF) processing is a nonthermal method of pasteurizing 
 liquid foodstuffs; it uses short bursts of electricity and can inactivate spoilage and 
pathogenic microorganisms at or near atmospheric temperature (Puértolas et al. 
 2012 ). Several authors have reported the sensitivity of a range of foodborne patho-
gens to PEF treatments (Haughton et al.  2012 ; Mukhopadhyay and Ramaswamy 
 2012 ), but so far no information is available for HAV. 

  Antimicrobial packaging    . The addition of antimicrobial agents into food packag-
ing can be used to control the food microbiota and target specifi c microorganisms to 
provide higher safety and enhance the quality of food products. As a means of pre-
venting recontamination with pathogens and extending the shelf-life of foods, anti-
microbial packaging is one of the most promising technologies in the food industry. 
However, few studies have confronted the task of evaluating materials with viru-
cidal properties in real food applications. For the fi rst time, Martínez-Abad et al. 
( 2013 ) have evaluated active renewable packaging materials for virus control in 
vegetables using a norovirus surrogate. Further research is needed to evaluate the 
use of antimicrobial packaging on relevant foodborne viruses, such as HAV.  

3.2.2     Effi cacy of Washing Procedures to Eliminate/Inactivate 
HAV on Berries and Vegetables 

 The consumption of fresh-cut vegetables has increased globally because they gener-
ally are considered safe and healthy by consumers (Lynch et al.  2009 ). However, 
agricultural irrigation with wastewater that may be raw, treated, or partially diluted 
is a common practice worldwide and constitutes the main source of pathogen con-
tamination. Several factors affect microbial quality and shelf-life of berries and veg-
etables, such as intrinsic properties of the produce (e.g., pH, water content); 
processing factors (e.g., washing, cutting, blanching); extrinsic factors (e.g., storage 
temperature, packaging); and implicit factors (e.g., microbial characteristics). 

 Vegetables, including various types of salads and green onions, and berries have 
been associated with outbreaks of hepatitis A (Calder et al.  2003 ; Dentinger et al. 
 2001 ; Hutin et al.  1999 ; Niu et al.  1992 ; Ramsay and Upton  1989 ; Reid and 
Robinson  1987 ; Rosenblum et al.  1990 ). Recently, a hepatitis A outbreak caused by 
the ingestion of contaminated green onions resulted in three deaths among a total of 
601 cases (Wheeler et al.  2005 ). Moreover, HAV has been detected in market lettuce 
(Hernandez et al.  1997 ; Monge and Arias  1996 ; Pebody et al.  1998 ), in 1.32 % 
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(4/304) of salad vegetables from European countries (Kokkinos et al.  2012 ), and in 
28.2 % of the samples from Mexico (Felix-Valenzuela et al.  2012 ). 

 Produce may be contaminated with enteric viruses during cultivation and before 
harvest by contact with inadequately treated sewage or water polluted by sewage. 
Contamination may also occur during processing, storage, distribution, or fi nal 
preparation. This could happen because food is contacted by HAV-infected people, 
contaminated water, or fomites. In fact, experimental studies have shown that 
approximately 9.2 % of infectious HAV can be transferred to lettuce from the con-
taminated hands of the handlers (Bidawid et al.  2000a ). 

 Although it is usually accepted that preventive measures to avoid and reduce 
pathogen contamination are the most important steps to safeguard the microbiologi-
cal safety of produce, washing fruits and vegetables is a common practice during 
processing after harvesting (Goodburn and Wallace     2013 ). Vigorous washing of 
fruits and vegetables with clean potable water typically reduces the number of 
microorganisms by 10- to 100-fold and is often as effective as treatment with 
100 mg L −1  chlorine, the current industry standard (Seymour and Appleton  2001 ). 

 Although chlorine is relatively cheap and easy to use, it is also highly corrosive 
to the stainless steel surfaces frequently used in the food industry. Its use can gener-
ate the formation of by-products, such as trihalomethanes and other chemical resi-
dues, in the wastewater, which has led to the search for new alternatives for 
disinfection. Therefore, most of the current investigations have been focused on the 
search for sanitizing treatments that can be used as alternatives to water chlorina-
tion, with the aim of assuring the quality and safety of fresh produce. 

 Here   , the current knowledge about the effi cacy of the most common decontami-
nation procedures applied in the food industry to eliminate or inactivate HAV when 
present in fresh produce is summarized. 

  Potable water.     Washing is an accepted step in the decontamination of fresh produce 
because it removes soil, pesticide residues, and some microorganisms. Croci et al. 
( 2002 ) have reported less than 1-log reduction of HAV infectivity when fennel, car-
rots, and lettuce were washed with potable water for 5 min. 

 Butot et al. ( 2008 ) have evaluated the effi cacy of washing for 30 s in different 
types of berries and vegetables, showing less than a 1.5-log reduction. Moreover, 
this study evaluated the effect of washing with warm water (43 °C), without any 
improvement on HAV elimination. Fraisse et al. ( 2011 ) also showed less than a 
1-log reduction when lettuce was rinsed with water with bubbles, or bubbles and a 
sonication step at 35 kHz for 2 min. Overall, these results point out that rinsing with 
potable water had limited effects in removing HAV from berries or vegetables. 

  Chlorine , delivered as a sodium hypochlorite solution with a pH of 6.5, at concen-
trations of 50–200 ppm free chlorine (FC) with exposure times of 1–2 min (Goodburn 
   and Wallace  2013 ), is the most widely used sanitizing agent for produce. Butot et al. 
( 2008 ) measured the effi cacy of washing different types of berries and vegetables 
with chlorinated water (200 ppm of FC). The study reported that HAV inactivation 
varied with the type of product, with a maximum of a 2.4-log reduction in blueber-
ries. Chlorinated water had a limited effect on HAV titers when used to 
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decontaminate raspberries and parsley, probably because of their surface. For 
instance, raspberries have crevices and hairlike projections, which may shield the 
viruses against environmental modifi cations. Nevertheless, fresh berries are unlikely 
to be washed because they deteriorate rapidly, unless they are used for further pro-
cessing (Mariam and Cliver  2000 ). 

 Fraisse et al. ( 2011 ) have investigated the effi cacy of 15 ppm of FC, determined 
to be the most representative of current practices after consulting a number of food 
manufacturers, on lettuce. They reported a 1.9-log reduction of HAV infectivity as 
measured by cell culture. Casteel et al. ( 2008 ) reported at least 1.2-log reductions of 
HAV on strawberries, tomatoes, and lettuce treated with 20 ppm chlorine for 5 min. 
All these results suggest that washing with chlorinated water apparently does not 
guarantee the complete elimination/inactivation of HAV in produce. 

  Chlorine dioxide  has emerged as an alternative to chlorine since its effi cacy is little 
affected by pH and organic matter, and it does not react with ammonia to form chlo-
ramines. However, chlorine dioxide is unstable, it must be generated on site, and it 
can be explosive when concentrated. Butot et al. ( 2008 ) conducted a study to explore 
the potential use of chlorine dioxide to decontaminate raspberries and parsley, report-
ing less than a 2-log reduction at 10 ppm. This concentration is more than three times 
the recommended concentration of 3 ppm (  http://www.fda.gov/Food/default.htm    )   . 

  Peracetic acid (PAA)  is considered a potent biocide and has safe by-products of 
degradation (acetic acid and oxygen). Little information is available on the effi cacy 
of PAA on HAV. To the best of my knowledge, only Fraisse et al. ( 2011 ) have 
reported that washing for 2 min in the presence of a peroxyacetic-based biocide 
(100 ppm) reduced HAV infectivity by only 0.66 log units. 

  Ozone (O  
 3 
  )  is widely used as an antimicrobial agent to disinfect water and is active 

against a broad range of pathogenic organisms including bacteria, protozoa, and 
viruses. Ozone is also one of the most effective sanitizers, with the advantage of 
leaving no hazardous residues on food or food-contact surfaces, and it can be used 
effectively in its gaseous or aqueous state (Kim et al.  2003 ). The inactivation of 
HAV by ozone has been investigated in HAV suspensions. While some tolerance to 
lower (i.e., 0.1–0.5 mg/L) ozone residuals was noted, the exposure of virus particles 
to ozone concentrations of 1 mg/L or greater at all pH levels resulted in their com-
plete (5 log) inactivation within 60 s (Vaughn et al.  1990 ). Herbold et al. ( 1989 ) 
reported that HAV inactivation by ozone was faster at 10 °C than at 20 °C. At 20 °C, 
0.25–0.38 mg of O 

3
  per liter was required for complete inactivation of HAV. 

 Although ozonated water has been used successfully for produce washes, reduc-
ing bacterial populations (Perry and Yousef  2011 ), the effi cacy of ozonated water 
for HAV inactivation still needs to be investigated. 

  Natural      compounds  able to be used as biocides for washing treatments have been 
evaluated mainly on norovirus surrogates; however, there is not much information 
about their effi cacy on HAV. So far, essential oils of oregano, zataria, and clove 
(Elizaquível et al.  2013 ); chitosan (Su et al.  2009 ); cranberry juice and cranberry 
proanthocyanidins (Su et al.  2010a ); pomegranate juice and pomegranate polyphe-
nols (Su et al.  2010b ,  2011 ); black raspberry juice (Oh et al.  2012 ); and Korean red 
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ginseng extract and ginsenosides (Lee    et al.  2011 ) showed, to some extent, antiviral 
activity on norovirus surrogates. Until now, only grape seed extract (GSE) has been 
evaluated on HAV (Su and D’Souza  2011 ). At 0.25, 0.50, and 1 mg/mL, GSE 
reduced HAV infectivity by 1.81, 2.66, and 3.20 log plaque-forming units/ml, 
respectively, after treatment at 37 °C, in a dose-dependent manner, highlighting the 
potential of GSE as an inexpensive, novel, natural alternative to reduce viral con-
tamination and enhance food safety. Lettuce and jalapeno peppers recently were 
inoculated with HAV and treated with several concentrations of GSE. The study 
   reported that after 1 min, 0.25–1 mg/mL GSE caused a reduction of 0.7–1.1 and 
1–1.3 log plaque-forming units for high and low HAV titers, respectively, on both 
food products (Su and D’Souza  2013 ). These results highlight the potential of natu-
ral compounds to be used as part of approaches using combinations of natural com-
pounds with other treatments for reducing HAV on produce.        
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                    The hepatitis A virus (HAV   ) is the etiological agent in the most common type of 
hepatitis worldwide, which is mainly transmitted via the fecal–oral route, either by 
person-to-person contact or through contaminated water and food, particularly 
shellfi sh, berries, vegetables, or ready-to-eat meals. The virus is shed in high num-
bers in the feces of both symptomatic and asymptomatic individuals. Even in symp-
tomatic cases, virus shedding starts before the onset of symptoms. Since the 
incubation period for HAV averages 28 days, it is diffi cult to trace the origin of 
many cases and outbreaks. 

 Foods may be contaminated by HAV along the food supply chain, and transmis-
sion can occur by consuming food contaminated during the production process 
(either primary production or during further processing) by infected food handlers 
(Hazards  2011 ). 

 Molecular diagnostic techniques, especially polymerase chain reaction (PCR)–
based methods are undoubtedly the best choice for rapid and reliable detection of 
HAV. In Europe, the CEN/TC25/WG6/TAG4 working group was entrusted by the 
European Committee for Standardization to establish a horizontal method for 
detecting norovirus and HAV in foods and bottled water; this methodology will be 
released in the coming months as an International Organization for Standardization 
norm (ISO/ISO/PRF TS 15216). This standard includes a real-time, reverse tran-
scription PCR method for the detection and quantifi cation of HAV. However, results 
from food testing using this standard may be disputed because it does not provide 
information about the infectivity of the target organism. Therefore, assessment of 
infectivity is tremendously important when working with food samples because of 
all the implications for consumers, food authorities, and the food industry. 

 Although the use of intercalating dyes has been investigated for discrimination 
of infectious HAV, much less information is available when compared with other 
relevant foodborne pathogens. So far, propidium    monoazide combining with reverse 
transcription qualitative PCR has been applied successfully to discriminate between 
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infectious and noninfectious HAV suspensions ( Sánchez et al. 2012 ). While the use 
of propidium monoazide already has been applied in different types of food prod-
ucts for the detection of other relevant foodborne pathogens (Chen et al.  2011 ; 
Elizaquível et al.  2012 ; Josefsen et al.  2010 ; Liang et al.  2011 ), further studies need 
to be undertaken to prove this concept as a method to detect infectious HAV in food 
samples. 

 The future ISO norm will bring the platform for new improvements in and devel-
opments of HAV detection methods, allowing inter- and intralaboratory standard-
ization and validation at national and international levels. As stated above, standard 
methods for HAV have been adopted only recently and are not yet included in sur-
veillance programs in many countries. Except for shellfi sh and fresh-cut vegetables, 
foods are seldom tested for viruses. Foodborne outbreaks frequently are suspected 
of being caused by viruses but, because of the lack of sensitive and reliable methods 
in most laboratories, this suspicion can rarely be confi rmed by isolation of the virus 
from the implicated food. Hence the safety of food products cannot be assured by 
testing for viruses, but it can be assured by preventing contamination and imple-
menting manufacturing processes that inactivate or eliminate them. 

 Koopmans and Duizer ( 2004 ) summarized the risks of consuming products that 
may have become contaminated with enteric viruses before processing. The risks 
were categorized as negligible, low, medium, and high, depending on whether the 
subsequent process reduced infectivity for common foodborne viruses at least 4, 3, 
2, or 1 log units, respectively. To estimate risk, many studies have been devoted to 
evaluating the effects on HAV infectivity of treatments commonly applied to food 
products. Currently, there is not a single traditional or nonthermal manufacturing 
process alone that can claim the complete elimination or inactivation of HAV from 
foods. Inactivation of HAV by various food manufacturing processes differs based 
on the technology, mechanism of inactivation, type of food, and HAV strain. 
Shimasaki et al. ( 2009 ) recently demonstrated that heat and high hydrostatic pres-
sure treatments revealed differences in inactivation effi ciencies among cell-adapted 
HAV strains, and each strain reacted differently depending on the treatment. These 
differences warrant further examination, and if confi rmed for other treatments, it 
will defi nitely change approaches of future inactivation studies. 

 Although the effect of food manufacturing technologies has been well studied in 
cell culture media, buffers, and some food matrices (e.g., shellfi sh and vegetables), 
there is a defi nite need for further research using a range of processing and techno-
logical parameters for different food products to clearly determine the conditions 
for effi cient removal or inactivation of HAV. According to the reported data on HAV 
inactivation in shellfi sh, it is clearly shown that some of the currently used cooking 
processes do not inactivate HAV in lightly cooked, steamed, or sautéed molluscan 
shellfi sh. Therefore, consumers should be made aware that heating to an internal 
temperature of 90 °C (194 °F) for 1.5 min is required for inactivation (4-log reduc-
tion) of HAV in molluscan shellfi sh, even though this heat treatment may result in a 
less palatable product (FOODS  2008 ). 

 Often, most common food manufacturing processes by themselves are inade-
quate to remove or inactivate HAV in food, but when the processes are combined, 
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the additive effect of the processes may enhance the level of HAV inactivation. 
Striking a balance between inactivation and the maintenance of sensory properties 
of these high-risk foods is an ongoing challenge to food processors. 

 As a consequence, emphasis should be on prevention of contamination before or 
during processing by implementing good agricultural, hygienic, and manufacturing 
practices and systems using hazard analysis critical control points. Strategies to 
reduce the risk of foodborne outbreaks of hepatitis A should focus on preventing 
foods from becoming contaminated. In developing countries, young children should 
be kept away from areas where fresh produce is grown and harvested. Education of 
workers, with an emphasis on hygiene; providing facilities for maintaining cleanli-
ness; and the use of treated water in production and processing will be major deter-
rents to contamination of food with HAV. Moreover, shellfi sh harvesting areas 
should be monitored for HAV contamination. 

 At the consumer’s level, because HAV is easily transferred between food and 
utensils (Wang et al.  2013 ), efforts have to be taken to prevent cross-contamination 
in the kitchen environment. 

 Overall, data provided in this review should serve as a baseline for food proces-
sors to effectively identify mitigation and intervention strategies in the event of an 
outbreak and to develop quality control measures specifi cally for HAV.      
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