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SUMMARY

The transmission of human pathogens by faecally contaminated fruit and
vegetables is well established, but the burden of disease caused by foodborne
pathogens is unknown. Fresh produce can be contaminated through the use of
polluted irrigation water or by the handling of the produce by infected
individuals either pre- or post harvest. There is very little known regarding the
extent of viral contamination of irrigation water and fresh produce in South
Africa. Noroviruses (NoV) and hepatitis A virus (HAV) are recognized as
leading causes of foodborne viral disease. These viruses are transmitted
predominantly via the faecal-oral route, primarily person-to-person by direct
contact with an infected person, or indirectly by ingestion of contaminated
food and water. The detection of enteric viruses in food or water is
problematical and complex as many foodborne viruses, including HAV and

NoV, cannot be readily isolated in cell culture.
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The aim of this investigation was to develop and optimise simple and efficient
methods for the concentration and detection of NoV GIl and HAV in irrigation
water and fresh produce. These methods would then be applied to field
samples of irrigation water and fresh produce to try and establish a link
between viral contamination detected in irrigation water and that on associated
irrigated fresh produce. The efficiency of different commercial real-time
reverse transcriptase-polymerase chain reaction amplification kits for the real-
time detection of HAV, NoV Gl and NoV GIl was assessed, and standard
curves for the quantitative detection of these viruses were constructed using
the most appropriate kit. Using two types of fresh produce, three different
elution buffers, each at two pHs, with two different elution times were
compared to establish which buffer was the most efficient for the extraction of
viruses from the fresh produce. The tris-glycine beef extract buffer (pH 9.5)
with an elution time of 20 minutes most efficient for the extraction of the
selected enteric viruses from fresh produce. From April 2008 to November
2009, 86 irrigation water and 72 fresh produce samples were collected from
commercial and subsistence farms, street vendors and commercial outlets. All
the irrigation water and fresh produce samples were analysed for HAV, NoV
Gl and NoV GII. Overall, 16.3 % (13/86) and 12.5 % (9/72) of irrigation
water and fresh produce samples tested positive for one or more human
pathogenic viruses, namely NoV GII and HAV, respectively. Nucleotide
sequence and phylogenetic analysis of the HAV and NoV GII strains
identified clinically relevant viruses in the irrigation water and on the fresh
produce. A direct link between contaminated irrigation water and
contamination of fresh produce could not be established, but irrigation water
was identified as a possible source of contamination of the fresh produce. The
results also suggested that food handlers contributed significantly to the viral
contamination of the fresh produce. This study highlights the potential health
risk posed by fresh produce to consumers in South Africa and highlights the
need for further in depth studies to quantify the risk to consumers. This study
represents new data on the occurrence of enteric viruses in food and water in
South Africa and is crucial for the development of effective intervention and
control strategies for food safety in South Africa.
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CHAPTER 1

LITERATURE REVIEW

1.1 GENERAL INTRODUCTION

A variety of agents, namely bacteria, viruses, parasites, toxins, metals and
prions can cause food- and waterborne illness (Acheson, 2001; Parashar and
Monroe, 2001). Despite the progress seen in recent times in medical care and
food technology, food- and waterborne diseases remain an important public
health problem in both developing and industrialised countries (Leggitt and
Jaykus, 2000; Egli et al., 2002; Widdowson and Vinjé, 2008). Except for the
obvious epidemic cases, food and waterborne diseases frequently go
unrecognized, and the impact of food and waterborne diseases on human
health and economy is underestimated (Egli et al., 2002). It is estimated that
foodborne gastroenteritis accounts for 76 million cases and 325,000
hospitalisations per year in the United States of America (US) (Bresee et al.,
2002). Food and waterborne outbreaks of microbial and viral origin appear to
be both common and underreported (Hedberg and Osterhorm, 1993; Centers
for Disease Control and Prevention [CDC], 2010). Factors such as changing
lifestyles and demographics, frequent travel, the globalisation of the food
industry and dwindling water supplies have contributed to the increase in
food- and waterborne infections (Koopmans et al., 2002; Newell et al., 2010).
The interaction of water, food and human health is complex, as human health
can be affected by the ingestion of contaminated water either directly or
indirectly through contaminated food (Helmer, 1999). Several studies have
shown that fresh produce can be contaminated with pathogenic
microorganisms such as bacteria, fungi, protozoa, and viruses when irrigated
with contaminated water (Baez and Coutino, 1984; Steele and Odumeru, 2004;
Carter, 2005; Cheong et al., 2009a; Wei and Kniel, 2010). Food sources can

also be contaminated during harvesting, processing and preparation or serving
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by infected food handlers (Koopmans and Duizer, 2004; Barrabeig et al.,
2010, Tuan Zainazor et al., 2010), The likelihood of fresh produce becoming
contaminated during irrigation is in turn dependant on the growing location of
fresh produce, the nature of the produce surface and the type of irrigation
applied (Gerba and Choi, 2006). Therefore, the quality of irrigation water
influences the safety of produce, since contaminated water can either
contaminate or spread contamination within produce. In addition, due to an
increase in demand for fresh water sources, river water, and even wastewater,
is commonly used for irrigation in countries where water supplies are limited
(Hamilton et al., 2006).

Although viruses were suspected to be the cause of outbreaks of nonbacterial
foodborne illness for more than 75 years, very little is known or found in the
historical records about viral foodborne illness (Atmar and Estes 2006). Food
was first recognized as a vehicle of enteric virus infection in 1914 after an
outbreak of poliomyelitis associated with raw milk (Gerba, 2006). In 1929
Zahorsky proposed the name “winter vomiting disease” to describe an
epidemic of nonbacterial gastroenteritis, because of the increase seen during
the winter months (Koopmans et al, 2002; Atmar and Estes, 2006). Although
a specific viral agent could not be isolated in vitro, foodborne outbreaks of
nonbacterial gastroenteritis were recognised. The first recognition of hepatitis
A virus (HAV) to be transmitted via shellfish was in the mid 1950s in Sweden,
and subsequently in the US (Gerba, 2006).

Waterborne diseases have plagued mankind for a long time. The first
description of attempts to treat drinking water are generally attributed to Greek
and Sankrit writings dating back to 4000 BC (Barry and Hughes, 2008).
Among the scientists to first believe in water treatment was Hippocrates who
invented the bag filter (or Hippocratic sleeve) in an attempt to make water
more healthy for the human body (Barry and Hughes, 2008). Enteric viruses
were first isolated from water in the early 1930s and 1940s and focused on

poliovirus and other enteric virus in faeces and wastewater (Rzezutka and
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Cook, 2004). The viruses were recovered from water by using a gauze pad
and identified using cell culture methods (Rzezutka and Cook, 2004). More
than 150 years have passed since the acceptance of the healthful effects of
clean water, but 1.1 billion people still lack access to clean water and 2.6
billion people lack access to adequate sanitation globally (Grabow, 2007
Barry and Hughes, 2008).

Outbreaks and sporadic occurrences of food- and waterborne virus infections
are documented throughout the world (Carter, 2005). It has been estimated
that in the US 67% of foodborne illness was caused by viruses and the rest due
to bacteria (30%) and parasites (3%) (Carter, 2005). Fresh produce was
responsible for the largest number of cases of illness and seafood for the
highest number of outbreaks. Although the reported numbers of food and
waterborne viral diseases are considerable and increasingly recognized, based
on the present data, the global burden of food and waterborne viral disease is
currently unknown (Kasowski et al., 2002; Koopmans et al., 2002; Leclerc et
al., 2002; Grabow, 2007; Bosch et al., 2008; Newell et al., 2010). In addition,
the number of reports indicate that the diseases are far more prevalent than
reported outbreaks (Leclerc et al., 2002). This is due to lack of data on
environmental epidemiology, technical limitations in pathogen identification,
difficulties in determining the source of infection and occurrence of
unappreciated infection (Bosch et al., 2008). Person-to-person and food- and
waterborne routes of transmission may overlap which further impacts on the
estimation of food and waterborne illness (Koopmans and Duizer, 2004).
Data from 10,000 outbreaks in different countries indicated that 10% were
foodborne, 2% were waterborne and the rest due to person-to-person
transmission (Newell et al., 2010). Moreover, factors such as susceptibility to
infection by the malnourished and the immunocompromised, and the influence
of geographic location, socio-economic circumstances and seasonality in a
global warming situation further complicates the overall picture (Bosch et al.,
2008).



IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

While outbreaks of viral foodborne disease remain important in public health,
their aetiology is not identified in the majority of cases (Parashar and Monroe,
2001). Considering the low infectious dose of enteric viruses, contaminated
fresh produce may constitute a risk to consumers (Newell et al., 2010). To
ensure human health safety, rapid detection methods for pathogens in food and
water is essential (Fratamico and Bayles, 2005; Mattison and Bidawid, 2009).
Even though the health impact of contaminated food and waterborne viral
diseases is well recognized, tests for most of these viruses remain restricted to
selected laboratories due to technical difficulties. Traditionally, the detection
of viruses has been done in cell culture (Fratamico and Bayles, 2005), which
poses numerous problems as the sensitivity is low, the method is tedious,
labour- and cost-intensive (Gilgen et al., 1997; Meleg et al., 2006; Cliver,
2008). More importantly, no appropriate cell culture host exists for the
epidemiologically important viruses such as HAV and the norovirus (NoV)
(Leggitt and Jaykus, 2000; Pinté and Bosch, 2008; Rodriguez et al., 2009).

Recent advances in the development of molecular-based assays and nano-
technology have facilitated the sensitive detection of a number of pathogens,
including food- and waterborne viruses (Egli et al., 2002; Atmar, 2006; Wyn-
Jones, 2007; Rodriguez et al., 2009). Molecular techniques such as the
polymerase chain reaction (PCR) and reverse transcriptase (RT)-PCR offer the
best alternative sensitive and specific methods for the detection of enteric
viruses from environmental samples (Meleg et al., 2006). Using these assays
even non-culturable species can be detected (Egli et al., 2006). Unfortunately,
these assays are often in nested format, which pose a contamination hazard for
the carryover of amplification products. In addition, they still require time-
consuming sample handling and post-PCR handling (Rutjes et al., 2005). The
inception of real-time (rt) PCR/RT-PCR assays has facilitated the
quantification of viruses, which is essential in estimating the public health risk
constituted by low levels of viruses in environmental samples (Rutjes et al.,
2005). Real-time RT-PCR is frequently used for the detection of viruses in

clinical samples, but has less frequently been applied for environmental



samples (Rutjes et al., 2005). This assay does not require post-PCR
handling, and therefore can be implemented in routine viral detection in
environmental samples (Nijhuis et al., 2002, Fuhrman et al., 2005). In
addition, the molecular characterisation of enteric viruses detected in food and
water sources and clinical specimens provides an important epidemiological
tool for source tracking in the event of a foodborne outbreaks (Lappalainen et
al., 2001; Koopmans et al., 2002; Verhoef et al., 2010). Despite the unlimited
potential application of molecular techniques or PCR, many of the assays still
need improvement with respect to robustness, reliability and quality control
before they can be applied for routine analysis (Egli et al., 2002; Mattison and
Bidawid, 2009; Bosch et al., 2011).

1.2 FOOD AND WATERBORNE VIRUSES

1.2.1 Introduction

More than 100 human enteric viruses, including NoV, astrovirus (AstV),
rotavirus (RV), adenoviruses (AdVs), enteroviruses and HAV may be present
in the gastrointestinal tract (Wyn-Jones and Sellwood, 2001; Koopmans and
Duizer, 2004; Carter, 2005; Grabow, 2007). These viruses, which belong
primarily to the families Adenoviridae, Astroviridae, Caliciviridae,
Picornaviridae and Reoviridae (Griffin et al., 2003; Carter, 2005; Newell et al.,
2010), may infect persons by ingestion after which they are shed in high
numbers in the faeces (Koopmans and Duizer, 2004; Carter, 2005; Schwab,
2007). These enteric viruses are associated with a variety of diseases in
humans, from ocular and respiratory infections to gastroenteritis, hepatitis,
poliomyelitis, myocarditis, and aseptic meningitis (Griffin et al., 2003;
Koopmans and Duizer, 2004). Noroviruses and HAV are associated with
gastroenteritis and hepatitis, respectively (Koopmans et al., 2002; Koopmans
and Duizer, 2004).



Noroviruses and HAV are the most commonly detected viruses associated
with food- and waterborne diseases (Table 1.1) (Kasowski et al., 2002,
Koopmans et al., 2002, Koopmans and Duizer, 2004; Hedberg et al., 2006;
Bosch et al., 2011). In the US, 67% of foodborne illness was attributed to
viruses, with 40% of foodborne viral infections attributable to NoVs, 5% to
HAV, 1% to AstVs, 1% to RVs (Carter, 2005).

Table 1.1: Likelihood of food or waterborne transmission of enteric
viruses according to the type of illness associated with infection. (adapted

from Koopmans and Duizer, 2004)

Likelihood of
water- and Gastroenteritis Hepatitis Other
foodborne
transmission
Common Norovirus Hepatitis A virus
Uncommon Enteric adenovirus | Hepatitis E virus Enterovirus
Rotavirus
Sapovirus
Astrovirus

Coronavirus

Aichivirus

These viruses are excreted in high titres in faeces of infected individuals,
resulting in their accumulation in community sewage which may contaminate
drinking water sources, recreational and natural waters (lakes and rivers)
(Meleg et al., 2006), which may in turn contaminate food sources (Steele and
Odumeru, 2004; Berger et al., 2010; Newell et al., 2010; Okoh et al., 2010;
Wei and Kniel, 2010). These enteric viruses are able to persist in the
environment due to their extreme resistance to unfavorable conditions (heat,
disinfection and pH changes) (Koopmans et al., 2002; Carter, 2005) and water

quality and food safety, and therefore human health, may be significantly



affected by their presence in contaminated water (Wyn-Jones and Sellwood,
2001) and food (Koopmans and Duizer, 2004; Newell et al., 2010).

1.2.2 Norovirus
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1.2.2.1.1 Viral morphology

While morphologically typical caliciviruses were first recognized in stool
samples by Madeley and Cosgrove (Madeley and Cosgrove, 1975, Madeley et
al.,, 1977; Atmar and Estes, 2001), NoVs were first described in 1972
(Kapikian et al., 1972). The virion is 27-40 nm in diameter, nonenveloped
with icosahedral symmetry (Koopmans et al., 2005, Martinez et al., 2006).
The name calicivirus is derived from the Latin calyx, meaning cup or goblet,
and refers to the cup-shaped depressions on the surface of the particle (Figure
1.1) (Richards, 2005).

Figure 1.1:  Electron micrograph of calicivirus showing cup-shaped
depressions calyces (source unknown)



The major structural protein folds into 90 dimers that form a shell domain
from which arch-like capsomers protrude (Atmar and Estes, 2001) with the
characteristic feature of 32 cup-shaped depressions at each of the icosahedral
five fold and three fold axes (Atmar and Estes, 2001). In some negatively
stained virus preparations, the cup-shaped depressions appear distinct and well
defined, particularly in sapoviruses [SaVs], leading to the characteristic “Star
of David” appearance (Atmar and Estes, 2001). In some instances the cup-
shaped depressions of the virion are less well-defined with an amorphous
structure and a ragged outer edge hence the name “small round structured
viruses” which was previously used to describe NoVs (Clark and Lambden,
2001; Desselberger and Gray, 2003)

1.2.2.1.2 Genomic organisation

The NoV genome is a single-stranded, positive-sense, poly A tailed RNA
genome of approximately 7.5 — 7.7 Kb (Koopmans et al., 2005; Martinez et
al., 2006; Atmar, 2010). The genome consists of three open reading frames
(ORF) 1, 2, and 3 (Scipioni et al., 2008)(Figure 1.2).

Figure 1.2:  Genomic organisation of norovirus (Scipioni et al., 2008).

Open reading frame 1 at theedd, the largest, encodes a polyprotein
precursor for several non-structural proteins that includes nucleotide
triphosphatase (NTPase), proteinase and RNA dependent RNA polymerase
(RdRp). Open reading frame 2 encodes the major capsid protein (VP1), and
ORF3, which is located at the 3’ end of the genome is the smallest, encoding a
minor structural protein (VP2) ~20 kDa, and is involved in expression and
stability of VP1 capsid protein (Scipioni et al., 2008). The region from the C-
terminal end of ORF1 to the N-terminal of ORF2 is the most highly conserved
region of NoV strains (Scipioni et al., 2008).



1.2.2.1.3 Biochemical and physical characteristics

The physiochemical properties have not been fully established for all members
of the family (Koopmans et al., 2005). Noroviruses have a molecular mass
(Mr) of ~15 x 10° a buoyant density of 1.33-1.41 g/cm® and sedimentation
value of Syw 170-187 S (Atmar and Estes, 2001; Koopmans et al., 2005;
Green, 2007). Norovirus is resistant to low pH (pH 2.7 for 3 hours at room
temperature) and heat treatment (30 min at 60 °C) (Green, 2007). The virus
can still remain infectious after 30 min in the presence of 0.5-1 mg of free
chlorine per liter, meaning that the virus is relatively resistant to chlorine. The
virus can be inactivated at higher concentrations of >2 mg free chlorine per
liter (Koopmans and Duizer, 2004). Norovirus is more resistant to chlorine

inactivation than poliovirus and simian RV (Green, 2007).

1.2.2.1.4 Classification

Noroviruses, previously known as Norwalk-like viruses, belong to the family
Caliciviridae (Koopmans et al., 2005; Zheng et al., 2006; Green, 2007; Said et
al.,, 2008). Before the cloning of the viral genome, the classification of
caliciviruses was based on the morphology and structure of the viral capsid
(Moreno-Espinosa et al., 2004). The current classification and nomenclature
of the caliciviruses was proposed by the International Committee on
Taxonomy of Viruses (ICTV) in 1998 and it has been further updated by
Zheng and co-workers (Zheng et al., 2006; Scipioni et al., 2008). There are
four genera within the family Caliciviridae: Norovirus and SaV which are
associated with human infections, and Lagovirus and Vesivirus, which cause
veterinary infections (Chiba et al., 2000, Moreno-Espinosa et al., 2004,
Koopmans et al., 2005; Martinez et al., 2006, Zheng et al., 2006; Scipioni et
al., 2008). An additional three genera have been proposed for inclusion within
the family Caliciviridae: i) Becovirus or Nabovirus, to accommodate a unique
bovine enteric calicivirus (Farkas et al., 2008; Scipioni et al., 2008) (Figure
1.1), ii) Valovirus to accommodate the St-Valérien-like viruses isolated from
pigs (L’Homme et al., 2009), and iii) Recovirus for the novel calicivirus which

was isolated from the stools of rhesus macaques (Farkas et al., 2008).



Based on sequence analysis of the complete capsid gene (VP1), NoVs are
classified into 5 genogroups (G), GI-GV (Figure 1.3), and genogroups are
further divided into genotypes or clusters (Zheng et al., 2006; Scipioni et al.,
2008). Norovirus Gl, GllI, and GIV primarily infect humans (Green, 2007;
Scipioni et al., 2008; Atmar, 2010). Norovirus GlI includes both human and
porcine strains, Gl and GV include bovine and murine strains with the lion,
feline and canine NoVs in GIV (Scipioni et al., 2008; Atmar 2010).

Figure 1.3:  Phylogenetic tree of Caliciviridae (Scipioni et al., 2008).

Norovirus GI, GII, and GIIlI have been further divided into 8, 17, and 2
genotypes, respectively, whereas GIV and GV have two and one genotypes,
respectively (Zheng et al., 2006; Scipioni et al., 2008; Atmar, 2010). Despite

this diversity, in recent years only a few strains, primarily those of GllI
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genotype 4 (Gl1.4), are responsible for a majority of the cases of NoV- related
foodborne outbreaks (Newell et al., 2010).

1.2.2.2 Pathogenesis

Norovirus is transmitted through the faecal oral-route. Since it is acid stable,
it passes through the stomach and their replication is thought to occurring in
the small intestine (Lopman et al., 2002). Though little is known about the
mechanism by which NoV causes diarrhoea, lesions on the small intestinal
mucosa were noted in a study using a healthy volunteers infected with virus
(Lopman et al., 2002). The mucosal lining becomes inflamed and absorptive
epithelial cells develop an abnormal appearance (Lopman et al., 2002).
Blunting of the villi, shortening of the microvilli, dilation of the endoplasmic
reticulum, swelling of the mitochondria, and intracellular oedema are
microscopically also observed (Lopman et al., 2002; Glass et al., 2009). The
small intestine returned back to normal histological appearance within two

weeks in these healthy volunteers (Lopman et al., 2002).

1.2.2.3 Clinical features

Norovirus is a major cause of nonbacterial acute gastroenteritis, affects all age
groups (Green, 2007; Patel et al., 2009) and is the most common cause of
diarrhoea in adults and the second most common cause in children (Glass et
al., 2009). The clinical symptoms of NoV associated acute gastroenteritis
have been described based on the volunteer studies and description of
outbreaks of acute gastroenteritis (Moreno-Espinosa et al., 2004). After
exposure to the NoV, the incubation period is usually 24 to 48 hours (Moreno-
Espinosa et al., 2004). Following the incubation period, the infected person
may develop nausea, vomiting, non-bloody diarrhoea and abdominal cramps,
malaise and low-grade fever (Moreno-Espinosa et al., 2004; Patel et al., 2009).
Subclinical infection however, is common (Atmar, 2010). As this condition
was first identified as “winter vomiting disease”, patients may experience
vomiting alone and has been reported more frequently with GIl.4 strains

(Atmar, 2010). The symptoms usually last 3 to 4 days but can be longer (4-6
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days) in children <11 years of age in hospitalised outbreaks (Patel et al.,
2009). In healthy individuals virus can be shed in low titres up to 8 weeks
after infection and for more than a year in immunocompromised individuals
(Glass et al., 2009). Norovirus diarrhoea sometimes requires parenteral fluid
therapy or hospitalisation (Koopmans et al 2002; Glass et al., 2009). Severe
dehydration by NoV may still occur, and in rare cases this can also be fatal
(CDC, 2007).

1.2.2.4 Laboratory diagnosis

Prior to the development of molecular-based assays and the cloning of NoV
the laboratory diagnosis was dependent on electron microscopy (EM) for the
detection of the viruses (Lopman et al., 2002; Glass et al., 2009; Atmar, 2010).
Electron microscopy has a relative low sensitivity, requiring the presence of a
minimum of ~10°-10° particles per ml of stool sample, a skilled electron
microscopist and expensive equipment (Parashar and Monroe, 2001; Richards,
2005). Unfortunately some enteric viruses, including NoV, are not shed to a
very high maximum titre and detection is dependent upon collection of a stool
specimen 2-3 days after the onset of illness (Koopmans et al., 2002; Schmid et
al., 2004). Electron microscopy can therefore not be used for the detection of
lower concentration of virus particles present in contaminated food, water and
environmental samples (Seymour and Appleton, 2001). Despite humerous
attempts by several groups of investigators, NoVs have never been isolated in
cell culture (Koopmans et al., 2002; Widdowson and Vinjé, 2008; Bosch et al.,
2011).

In the 1980s and 1990s numerous immunological-based methods such as
immune EM (IEM), radio-immunoassays (RIA), enzyme immunoassays
(EIA) and western blot were developed for diagnosis of NoV (Moreno-
Espinosa et al., 2004). For these assays the reagents were from previously
infected individuals. The source of virus antigen was stool of acutely infected
persons, and the convalescent sera obtained from infected persons was used as

hyperimmune sera.  The problem was that immune responses are
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predominately type-specific, and that assays using these reagents had limited
applicability (Atmar and Estes, 2001). These restrictions limited the general
availability of this diagnostic assays (Atmar and Estes, 2001). More recently
commercial immunochromatographic and EIAs were developed for the
detection of NoV antigen in stool samples (Burton-Macleod et al., 2004;
Okitsu-Negishi et al., 2006; Atmar, 2010). These assays have been shown to
be effective for the detection of selected NoV GI and NoV GII genotypes in
stool specimens (Okitsu-Negishi et al., 2006; Khamrin et al., 2008), and false
negative results were noted using the NoV-immunochromatography assay
(Khamrin et al., 2008). This latter observation was ascribed to the fact that the
detection limit of the NoV-immunochromatography assay was 10’ and 10°
copies of NoV GlIl.4 and NoV GI1.3, respectively (Khamrin et al., 2008).

In the early 1990s, a breakthrough occurred with the cloning and sequencing
of Norwalk virus and Southampton virus. This knowledge of the genomic
organization of NoV allowed the development of sensitive molecular-based
detection and characterisation methods based on RT-PCR amplification and
nucleotide sequencing of the RT-PCR amplicons (Atmar and Estes, 2001;
Patel et al., 2009; Atmar, 2010). Molecular-based assays are considered to be
the *“gold-standard” for the routine diagnosis of NoVs (Rolfe et al., 2007),
and currently the most common and widely used assay for the diagnosis of
NoV infection is RT-PCR (Atmar and Estes, 2006; Patel et al., 2009). More
sensitive qualitative and quantitative rt RT-PCR singleplex and multiplex
assays have also been developed and applied for the detection of NoVs in
large numbers of stool samples (Ludwig et al., 2008; Patel et al., 2009; Stals et
al., 2009) and sera (Takanashi et al., 2009) This technology has facilitated
investigations regarding the genetic relatedness of viral strains (Malasao et al.,
2008; Mladenova et al., 2008; Xu et al., 2009; Mans et al., 2010) and the
identification of the potential source of infections (Patel et al., 2009).
Microarray techniques for the detection of NoVs have also been developed but
with the disadvantage of having to continually having to update the detection

primers (Jadskeldinen and Maunula, 2006).
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1.2.2.5 Epidemiology

Noroviruses are transmitted primarily via the faecal-oral route (Patel et al.,
2009; Atmar, 2010), either directly from person-to-person or indirectly via
contaminated water and food (Atmar and Estes, 2006; Souza et al., 2006).
Transmission via vomitus, either by aerosol transmission or contact with
contaminated surfaces, is thought to be responsible for outbreaks in closed
settings such as hotels, hospitals, child-care centres etc. (Patel et al., 2009).
Recreational exposure via faecally polluted water while canoeing, rafting, or
swimming, or through direct contact with ill participants during other
recreational activities can result in infection (Atmar and Estes, 2006). Infected
handlers are play important role in the transmission of NoVs from ready-to-eat
food (Souza et al., 2006). Noroviruses are highly contagious, with a low
infectious dose (Atmar and Estes, 2006; Teunis et al., 2008) and high attack
(>30%) and secondary attack rates (Atmar and Estes, 2006; Atmar, 2010).
The multiple overlapping routes of infection makes it difficult to identify the
source and route of infection thus hindering prevention and control measures
(Atmar and Estes, 2006).

Norovirus infection occurs worldwide throughout the year with a higher
incidence in winter, giving rise to its former name “winter vomiting disease”
(Koopmans et al., 2002, Carter, 2005; Patel et al., 2009; Atmar, 2010).
Between 1995 and 2000 more than 85% of the nonbacterial gastroenteritis
outbreaks in Europe were due to NoV (Baert et al., 2009). Noroviruses are the
most important cause nonbacterial acute gastroenteritis and are reportedly
responsible for 47-96% of outbreaks and 5-36% of sporadic cases of acute
gastroenteritis (Atmar, 2010). All age groups are affected, and after RVs,
NoVs are the second most common cause of gastroenteritis in hospitalised
paediatric patients (Matson and Sziics, 2003; Moreno-Espinosa et al., 2004;
Atmar and Estes, 2006; Koopmans, 2008; Atmar, 2010). Immunity to NoV
appears to be short-lived (Glass et al.,, 2009; Patel et al., 2009). The
occurrence of NoVs in South Africa (SA) was first reported in 1993 when two

outbreaks of acute gastroenteritis were associated with Norwalk (NoV GlI.1)
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and Hawaii (NoV GII.1) viruses, respectively (Taylor et al., 1993). In 1995,
Mexico virus (NoV GII.3) was identified as a cause of sporadic gastroenteritis
in paediatric patients in the Pretoria area (Wolfaardt et al., 1995a, 1997). In
the same region (Pretoria), seroprevalence studies showed that 57% of
children were exposed to NoVs by two years of age and by 40 years of age
67% of the population had been exposed to NoVs (Taylor et al., 1996). Two
years later a NoV antibody prevalence of 94-96% was reported for urban and
rural South Africans (Smit at al., 1999). Ten years later Mans et al. (2010)
reported a NoV prevalence of ~14% in hospitalised paediatric patients with
gastroenteritis in the Pretoria region, with NoV GIl.4 being the most

frequently detected strain.

Worldwide many different types of NoV are circulating in the general
population (Koopmans and Duizer, 2004), with individual strains emerging
and becoming more prominent (Blanton et al., 2006; Glass et al., 2009). For
the last 15 years NoV GII infections have been more common than NoV Gl
infections (Koopmans, 2008; Patel et al., 2009; Atmar, 2010). In addition
NoV GI has been more commonly associated with traveller’s diarrhoea and
shellfish-associated disease while NoV GlI is associated with sporadic cases
and outbreaks of gastroenteritis (Atmar and Estes, 2009). In recent years
(1995-1996 and 2003-2003), NoV GlI.4 strains and variants are reportedly the
epidemic strains in the US, Ireland, England, The Netherlands, Germany,
Japan, New Zealand and Australia (Lopman et al., 2004; Blanton et al., 2006).
Co-infections or mixed infections with more than one NoV strain can occur
(Kageyama et al., 2004) which facilitates recombination and the emergence of

new virus strains (Atmar and Estes, 2006)

Understanding the mechanism of transmission, survivability and pathogenic
potential of these viruses can assist greatly in developing the guidelines for the
prevention and control of the spread of this virus (Thornton et al., 2004).
Control depends on hygienic measures, particularly those aimed at reducing

the spread by the faecal-oral route. These include proper management of food,
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water supplies, sewage, and individual measures such as hand washing and
correct disposal of contaminated material (Moreno-Espinosa et al., 2004;
Green, 2007).

1.2.3 Hepatitis A virus

Hepatitis viruses can be divided into enterically transmitted viruses (HAV and
hepatitis E virus), and parenterally transmitted hepatitis viruses (hepatitis B, C
and D viruses) (Koopmans et al., 2002; Kumar et al., 2010). Although the
aetiological agent was identified only in 1972, epidemic hepatitis has been
recognised since ancient times (Cuthbert, 2001; Carter, 2005; Hollinger and
Emerson, 2007; Dotzauer, 2008; Pinto et al., 2010).

1231 Virology

1.2.3.1.1 Viral morphology

Hepatitis A virus is a small, 27-28nm in diameter, non-enveloped single-
stranded RNA virus with icosahedral symmetry (Stanway et al., 2005; Nainan
et al., 2006; Dotzauer, 2008).

Figure 1.4:  Transmission electron micrograph of hepatitis A virus particles

aggregated by antibodies (Kumar et al., 2010).

The capsid contains 60 copies each of the major proteins VP1 (1D), VP2 (1B)
and VP3 (1C) (Cuthbert, 2001; Dotzauer, 2008). The HAV capsid structure
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differs from that of other picornaviruses as: i) the canyon surrounding the 5-
fold symmetry axes is missing (Dotzauer, 2008), ii) the VP4 (1A) protein is
small and appears not to be myristylated at the N-terminus (Stanway et al.,
2005), and iii) although essential for virion formation (Cuthbert, 2001), the
VP4 (1A) protein appears not to be part of the mature virion (Cuthbert, 2001,
Stanway et al., 2005).

1.2.3.1.2 Genomic organisation

Hepatitis A virus has a positive-sense, single-stranded RNA genome 7.5 kb in
length and the organisation of the genome is similar to that of other
picornaviruses (Cuthbert, 2001). The genome consists of a 5’ noncoding
region (NCR) of ~740 nucleotides followed by a coding region of ~2,225
nucleotides, and a 3° NCR of ~60 nucleotides with a poly(A) tail (Cuthbert,
2001; Dotzauer, 2008; Kumar et al., 2010) (Figure 1.5).

+ P1 > P2 >t P3 >
IRES
[v'Pd
bi‘ VP2 VP3 VvP1 BA 2B 2C
VPg 5NCR \ 3 N
RNA rase
Capsid
Capsid RNA synthesis Protease
morphogenesis NTPase

Helicase

Polyprotein cleavage : A 3C viral protease T 7 cellular protease A unknown protease

Figure 1.5:  Diagram of the hepatitis A virus genome with coding regions in
blocks (Kumar et al., 2010).

The genome contains a single large open ORF encoding a polyprotein for the
major capsid proteins (VP1, VP2, VP3), and putative VP4 at the amino N-
terminal third which is also known as the P1 or 2A region (Martin and Lemon,
2006; Dotzauer, 2008; Song et al., 2009). The remainder of the polyprotein
comprises a series of non-structural proteins required for HAV RNA
replication: 2B, 2C (segment P2), 3A, 3B (a small protein, also known as VPg,
that is covalently linked to the 5’end of genomic RNA and that probably serve
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as the protein primer for RNA synthesis), 3C,o (a cysteine protease
responsible for most post-translational cleavage events within the
polyprotein), and 3Dy (the viral RNA-dependent, RNA polymerase)
(segment P3) (Martin and Lemon, 2006). The 5 NCR contains an extensive
secondary structure, an internal ribosome entry site (IRES), required for cap-
independent translation of polyprotein, and covalently linked to viral protein
VPg (Nainan et al., 2006; Hollinger and Emerson, 2007).

1.2.3.1.3 Biochemical and physical characteristics

Like other picornaviruses, HAV has a Mr of 8 x 10°, a buoyant density of
1.33-1.45g/cm® in CsCl (Stanway et al., 2005) and sedimentation coefficient
of 160 S (Dotzauer, 2008). Hepatitis A virus is stable, being resistant to low
pH (up to pH 1 for 2 hours at room temperature) and heating (60 °C for 1
hour) (Koopmans et al., 2002; Stanway et al., 2005; Dotzauer, 2008). The
virus is resistant to chemical agents such as 20% ether and chloroform and can
survive for years at -20°C or lower (Hollinger and Emerson, 2007) and can be
inactivated by autoclaving, ultra-violet (UV) irradiation and formalin
(Hollinger and Emerson, 2007). Hepatitis A virus, especially when it is
associated with organic material, appears to be resistant to free chlorine
(Koopmans et al.,, 2002). The virus can be inactivated by a 30 minute
exposure to 10-15 parts per million (ppm) residual chlorine, 15 min exposure
to 2.0-2.5 mg/€ free residual chlorine, or 3-5 min exposure at 20°C to chlorine
containing compounds, e.g. sodium hypochlorite, at a 3-10 mg/€ concentration
(Hollinger and Emerson, 2007). Surfaces can be disinfected with a 1:100
solution of sodium hypochlorite (Koopmans et al., 2002) and quaternary
ammonium compounds (Spradling et al., 2009). Hepatitis A virus can also be
inactivated by appropriate concentrations of glutaraldehyde (2%), iodine
(3mg/e for 5 minutes) and potassium permanganate (30 mg/€ for 5
min)(Spradling et al., 2009).
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1.2.3.1.4 Classification

Hepatitis A virus is classified within the family Picornaviridae, which includes
the genera Enterovirus, Rhinovirus, Cardiovirus, Aphthovirus, Hepatovirus,
Parechovirus, Erbovirus, Kobuvirus and Teschovirus (Stanway et al., 2005).
Due to their similarity to enteroviruses, HAV was initially classified in the
genus Enterovirus as enterovirus type 72 (Richards, 2005; Hollinger and
Emerson, 2007). Due to the unique properties of HAV, namely their genetic
structure, replication procedure, heat and acid stability, and behaviour in cell
culture, HAV was re-classified as the type species of the genus Hepatovirus
(Carter, 2005; Richards, 2005; Spradling et al., 2009; Kumar et al., 2010).
Despite genetic heterogeneity at the nucleotide level, immunological evidence
has demonstrated the existence of a single serotype of HAV (Nainan et al.,
2006, Hollinger and Emerson, 2007; Song et al., 2009) with two
phylogenetically distinct biotypes (Stanway et al., 2005). Based on the
analysis of a 168 base pair (bp) region of the VP1/P2A junction, HAVS are
further divided into six genotypes, with genotypes I, Il and Il found in
humans, while genotypes 1V, V and VI are of simian origin (Song et al., 2009;
Pinto et al., 2010). Genotypes I, 1l and 111 contain subgenotypes (1A, IB, lIA,
1B, 1A, and I1IB) (Song et al., 2009; Pinto et al., 2010). Genotype | is the
most common human type worldwide, particularly 1A, with genotype I
representing the majority of the remaining human strains (Hollinger and
Emerson, 2007; Pint6 et al., 2010). Genotypes IIA and IIB have been rarely
reported (Jothikumar et al., 2005; Sanchez et al., 2007). Clusters of strains
within genotypes and subgenotypes dominate in certain geographical regions
(Robertson et al., 1992; Hollinger and Emerson, 2007)

1.2.3.2 Pathogenesis

The pathogenesis of HAV is not clearly understood (Koopmans et al., 2002).
Once HAV is acquired, either by direct contact with a HAV-infected person or
by the ingestion of contaminated food or water, HAV enters, and presumably
replicates, in the small intestine (Spradling et al., 2009; Kumar et al., 2010).

Primary replication has also been detected in the oropharynx (Spradling et al.,
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2009). Primary replication is followed by a viremic stage whereby HAV is
transported to the liver with further replication in the hepatocytes (Cuthbert,
2001; Koopmans et al 2002; Kumar et al., 2010). The virus is then shed into
the bile canaliculi from where it passes back into the intestinal tract (Dotzauer,
2008) with shedding in the faeces in high titres (Figure 1.6) (Stanway et al.,
2005; Spradling et al., 2009; Pintd et al., 2010). Hepatitis A virus is not
cytolytic and hepatic damage is immune-mediated (Stanway et al., 2005;
Hollinger and Emerson, 2007; Spradling et al., 2009). The concentration of
HAYV in the stool is maximal, and the peak of infectivity is the two weeks prior
to the onset of jaundice (Richards, 2005; Spradling et al., 2009). Children can
shed the virus for longer periods (up to 10 weeks) than adults (Spradling et al.,
2009).

Figure 1.6: Possible ‘enterohepatic cycle” of hepatitis A virus (Cuthbert,
2001)

1.2.3.3 Clinical features

After a median incubation period of 28-30 days (15-50 days), HAV can
manifest from silent infection, asymptomatic or symptomatic infection to
fulminant hepatitis (Koopmans et al., 2002; Dotzauer, 2008). The likelihood
of developing symptomic HAV infection is highly dependant on age.

Hepatitis A in children is mostly an asymptomatic disease, while adolescents

20



and adults usually show symptoms of clinical hepatitis (Koopmans et al 2002,
Fiore, 2004; Pintd et al., 2010). In children younger than 6 years, less than
10% with HAV infection have jaundice, while 76-97% of young adults have
symptoms and 40-70% are jaundiced (Fiore, 2004).

After infection the prodromal phase is characterised by the abrupt onset of
non-specific systemic symptoms such as low-grade fever, malaise, nausea,
myalgias, arthralgias, loss of appetite, headache, fatigue and vomiting
(Dotzauer, 2008; Kumar et al., 2010). Early specific symptoms of hepatitis
include dark urine, light coloured stools, upper quadrant pain and jaundice
(Koopmans et al 2002, Spradling et al., 2009; Kumar et al., 2010). Raised
levels of alanine aminotransferase and aspartate aminotransferase persist for 2-
3 weeks in children and up to 4 weeks in young adults (Spradling et al., 2009).
Individuals with HAV infection usually recover completely within 2 to 6
months (Yuan, 1995). Although there is no evidence of chronic liver disease
or persistent infection, prolonged hepatitis A may occur in 15-20% of patients
and last for up to 6 months (Nainan et al., 2006; Dotzauer, 2008). In general
the case-fatality rate is low (0.3%), but increases with age to 1.8% among
persons aged=> 50 years (Fiore, 2004; Dotzauer, 2008). Individuals with
underlying chronic liver disease have an increased risk of death (Fiore, 2004;
Dotzauer, 2008). Reported complications of HAV infection are cholestatic
hepatitis A and relapsing hepatitis A (Cuthbert, 2001; Richards, 2005;
Spradling et al., 2009). Extrahepatic manifestations of HAV infection, e.g.
transient rash and pancreatitis (Hollinger and Emerson, 2007), are rare
(Dotzauer, 2008).

1.2.3.4 Laboratory diagnosis

On the basis of clinical symptoms hepatitis A can not be distinguished from
other types of viral hepatitis (Koopmans et al., 2002; Hollinger and Emerson,
2007; Dotzauer, 2008) and diagnosis is dependent on virus specific serological
or nucleic acid amplification techniques (Dotzauer, 2008). The specific

detection of HAV associated with acute hepatitis was first accomplished by
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Feinstone and colleagues in 1973 who visualised virus-like particles using
IEM on faecal extracts (Cuthbert, 2001).

The diagnosis of acute hepatitis A infection is made by the detection of
immunoglobulin M (IgM) antibody to the capsid of HAV (anti-HAV IgM) in
the serum of patients, and is used as the primary marker of acute HAV
infection (Cuthbert, 2001; Koopmans et al., 2002, Nainan et al., 2006;
Dotzauer, 2008). In most people with acute HAV infection anti-HAV IgM
becomes detectable 5-10 days after the onset of symptoms and persist for up to
3-6 months (Koopmans et al., 2002; Hollinger and Emerson, 2007). A number
of methods are available detecting virus-specific IgM antibodies, including
RIA, EIA, immunoblotting, and dot immunogold filtration (Nainan et al.,
2006; Spradling et al., 2009). The specificity and sensitivity of the anti-HAV
IgM RIAs found to be 99% and 100%, respectively, with a positive predictive
value of 88% (Cuthbert, 2001). Infection with HAV in the past is determined
by the detection of immunoglobulin G (IgG) to HAV which confers lifelong
immunity (Hollinger and Emerson, 2007; Dotzauer, 2008; Pinto et al., 2010).
Commercial diagnostic assays determine total antibodies to HAV (anti-HAV),
therefore the presence of total anti-HAV and the absence of anti-HAV IgM
can be used to differentiate between past and current infections (Nainan et al.,
2006; Hollinger and Emerson, 2007; Spradling et al., 2009). Even though a
small proportion (8-20%) of vaccinated persons have a transient anti-HAV
IgM response, anti-HAV 1gG is produced by all successfully immunised

persons (Nainan et al., 2006).

The detection of HAV antigen in stool is another possible option for the
diagnosis of HAV infection (Dotzauer, 2008), but although techniques for the
detection of HAV antigen in faeces and serum are available, they are not
recommended for routine diagnostics (Spradling et al., 2009). Molecular-
based nucleic acid detection techniques can be applied to detect HAV in
samples of different origin (Spradling et al., 2009), but are also not generally

used for diagnostic purposes (Koopmans et al., 2002). Assays such as RT-
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PCR and rt RT-PCR, which are currently the most sensitive assays and widely
used assays to detect HAV RNA, are used in epidemiological studies to
identify infection sources and transmission patterns (Hollinger and Emerson,
2007). Nucleic acid sequence analysis of selected genomic regions can be
used for the determination of the genetic relatedness of isolates (Hollinger and
Emerson, 2007) and tracing the origin of outbreaks (Pinto et al., 2010).

Hepatitis A virus has successfully been propagated in different types of cell
cultures of both human and non-human origin, including primary and
secondary African green monkey kidney cells and foetal rhesus monkey
kidney cells (Nainan et al., 2006). However HAV requires an extensive
adaption period, and once adapted, it produces a persistent infection in the
infected cell culture with no cytopathic effect (CPE) or apparent cell damage
(Nainan et al., 2006). Due to the absence of a CPE, immunological- or
molecular-based assays are required to detect HAV antigen or RNA in the
infected cell cultures (Nainan et al., 2006). For the quantification of HAV in
cell culture the commonly used methods include radio-immunofocus assays,
fluorescent focus assays, in situ RIA, and in situ hybridisation (Nainan et al.,
2006). Clinical isolates of HAV grow slowly in cell culture making viral
isolation an unreliable and expensive assay which is not practical for

diagnostic purposes (Spradling et al., 2009).

1.2.3.5 Epidemiology

The prevalence of hepatitis A varies from one country to another and depends
largely on the level of socioeconomic development, and the hygiene and
sanitary standards of each geographical area (Alavian, 2005; Nainan et al.,
2006). The principal mode of transmission of HAV is person-to-person via
the faecal-oral route through close contact with an infected person (Hollinger
and Emerson, 2007; Dotzauer, 2008; Spradling et al., 2009). Outbreaks are
common in crowded situations such as institutions, schools, prisons and in the
military forces where susceptible individuals are housed together which allows

common source epidemics to evolve rapidly (Koopmans et al., 2002;
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Spradling et al., 2009).  Hepatitis A virus is less commonly transmitted
through blood transfusion and blood products, the sharing of needles by drug
abusers, sexual contact - particularly between male homosexuals, travel from
areas of low endemnicity to countries where HAV is endemic (Collier et al.,
2006; Nainan et al.,, 2006; Dotzauer, 2008; Spradling et al., 2009).
Contaminated food and water are also a source of HAV transmission
(Cuthbert, 2001; Nainan et al., 2006). Outbreaks of HAV associated with
food, particularly raw produce, contaminated before reaching the food service

establishments are been increasingly recognised (Koopmans et al., 2002).

Three basic epidemiological patterns of hepatitis A are recognised (Cuthbert,
2001, Spradling et al., 2009). Hepatitis A infection is still endemic in densely
populated lower socio-economic communities such as those found in much of
the developing world. The majority of persons are infected in early childhood
(by 10 years of age) and virtually all (90%) adults are immune (Nainan et al.,
2006; Spradling et al., 2009). Epidemics are therefore uncommon in areas of
high endemicity in Africa, Asia, Central America and Southern America
(Koopmans et al., 2002; Alavian, 2005). In areas of intermediate endemicity,
in some countries in Asia and Europe, the overall incidence and average age of
reported cases often increases because more (50-60%) older individuals are
susceptible and develop symptomatic infection (Koopmans et al., 2002; Fiore,
2004; Spradling et al., 2009). Developed areas such as North America and
northern Europe are considered to be areas of low endemicity. Since
sanitation and hygiene is good in these countries, the rate of infection in
children is generally low (Alavian, 2005) resulting in a large number of
susceptible of adults (Koopmans et al., 2002; Spradling et al., 2009). A fourth
pattern of HAV infection is emerging in areas with improvements in sanitation
and access to clean water. An epidemiological shift from intermediate to low
prevalence is noted, with a consequent increase in the susceptibility of the
older children and adults with a resultant increase in morbidity and outbreak
potential (Spradling et al., 2009; Pint6 et al., 2010). In SA hepatitis A is

endemic with epidemiological features of both developing (high endemicity)
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and developed (low endemicity) countries (Venter et al., 2007). In the lower
socio-economic, predominately black, communities nearly 100% of the
children are immune by the age of 10 years (Martin et al., 1994) while in the
higher, predominately white, communities 50-70% of the adults are immune to
HAYV infection (Venter et al., 2007). A change in the epidemic vulnerability
of the SA population can, however, be expected with the current trends in
urbanisation (Taylor et al., 2001; Venter et al., 2007).

Effective measures for the prevention and control of HAV are available.
Physical prevention can be effected by good personal hygiene and the
provision of adequate sanitation and potable water (Dotzauer, 2008).
Individual measures such as washing hands and correct disposal of potentially
contaminated material also play an important role in the prevention of HAV
infection (Koopmans et al., 2002). Immunological protection is available
through active or passive immunisation (Spradling et al., 2009). Effective
inactivated vaccines are available for active immunisation and the provision of
long-term immunity against HAV (Nainan et al., 2006; Dotzauer, 2008; Pintd
et al., 2010). Passive immunisation with pooled immunoglobulin, which
provides immunity for up to 5 months, is still used for post-exposure

prophylaxis (Dotzauer, 2008; Spradling et al., 2009)

1.3 ROLE OF FOOD AND WATER IN THE TRANSMISSION
NoVsAND HAV

The transmission of viruses by faecal contaminated food and water is a well
recognised public health problem worldwide (Gerba, 2006; Grabow 2007) and
foodborne viruses are recognised as a major cause of illness in humans
(Richards, 2005; Guévremont et al., 2006). The socio-economic impact and
burden of food- and waterborne disease is considerable (Grabow, 2007;
Widdowson and Vinjé, 2008). Food or water contaminated with viruses may
conform to acceptable bacterial standards (van Heerden et al., 2005a; Verhoef

et al., 2009), and look, smell and taste normal (Koopmans and Duizer, 2004).
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Unlike bacteria, viruses are strict intracellular parasites and they can not
replicate in food and water (Koopmans and Duizer, 2004; Papafragkou et al.,
2008). This means that the concentration of virus in contaminated food or
water will not increase during processing but rather decrease (Koopmans et
al., 2002). Infection via contaminated food or water depends on viral stability,
the amount of virus shed by infected persons, the method of processing of
water or food, the dose needed to induce infection, and the susceptibility of the
host (Koopmans et al., 2002). Since many enteric viruses are extremely
infectious, only a small amount of virus is required to infect a human host.
Currently, the infectious dose for NoV and HAV is estimated to be around 10-

100 infectious viral particles (Brassard et al., 2005; Guévremont et al., 2006).

131 Water sources

Water plays a major role in the dissemination of enteric viruses and
contaminated water is an important source of human infection but the true
burden of disease is underestimated due to underreporting (Grabow, 2007;
Mena, 2007). Waterborne illnesses can be acquired in a number of ways
including: i) the ingestion of or exposure to treated water used for drinking or
recreational purposes, ii) the use of untreated water for domestic, recreational
or agricultural purposes, and iii) during food processing or other industrial
activities (Grabow, 2007). Irrigation water has been identified as a
particularly important source of virus contamination and fresh produce-
associated outbreaks due to viruses are more often the result of the use of
contaminated irrigation water (European Commission, 2002; Koopmans and
Duizer, 2004). Contamination can also occur when foods, particularly salad
vegetables and fruit, are rinsed in viral-contaminated potable water in the
household (Carter, 2005).

Waterborne outbreaks of hepatitis A have been reported (Morse et al., 1972;

Bloch et al., 1990; Bosch et al., 1991), but since the introduction of effective

drinking water treatment waterborne outbreaks of hepatitis A are less common
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(Fiore, 2004; Pinté and Saiz, 2007). In contrast waterborne outbreaks of
gastroenteritis cause significant morbidity and mortality worldwide (Schwab,
2007).  Since the first confirmed report of a waterborne outbreak NoV
gastroenteritis (Beller et al., 1997) NoVs have been identified in outbreaks
from drinking water in Finland (Maunula et al., 2005), New Zealand (Hewitt
et al., 2007), Belgium (Baert et al., 2009), China (He et al., 2010), The
Netherlands (ter Waarbeek et al., 2010) and the US (Parshionikar et al., 2003).
Contaminated recreational water was implicated in outbreaks of NoV-
associated gastroenteritis in children in The Netherlands (Hoebe et al., 2004)
and the US (CDC, 2004).

1.3.2 Food sources

A number of different types of food, including shellfish, cold foods and fresh
produce, have been implicated in foodborne outbreaks of viral disease (Fiore,
2004; Goyal, 2006; Richards, 2006; Rutjes et al., 2006; Tuan Zainazor et al.,
2010). Soft fruits and vegetables are being increasingly identified as sources
of foodborne viral illness (Croci et al., 2008). In addition, consumer trends,
such as the consumption of raw vegetables and undercooking to retain the
natural taste and to preserve heat-labile nutrients, can increase the risk of
foodborne transmission (Carter, 2005; Croci et al., 2008; Tuan Zainazor et al.,
2010). Outbreaks of viral origin through consumption of contaminated fresh
frozen produce has also been documented (Tuan Zainazor et al., 2010). Food
products can be contaminated with enteric viruses at any point during
cultivation, harvesting, processing, distribution or preparation (Fiore, 2004;
Rutjes et al., 2006; Hollinger and Emerson, 2007; Wei and Kniel, 2010).

The first foodborne outbreak of infectious hepatitis was described in Sweden
in 1955 where 629 cases were associated with the consumption of raw oysters
(Pintd et al., 2010). The largest outbreak of HAV, affecting almost 3 000 000
individuals, occurred in Shanghai, China in 1988, and was associated with

consumption of clams harvested from a sewage-polluted area (Cuthbert, 2001;
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Pint6 et al., 2010). Shellfish has been implicated in a number of other
outbreaks of hepatitis A (Sanchez et al., 2002; Pintd et al., 2010), and both
HAV and NoV were detected in clams associated with foodborne illness
(Kingsley et al.,, 2002) In the US outbreaks of hepatitis A have been
associated with consumption of green onions (Dentinger et al., 2001; Wheeler
et al., 2005), strawberries (Hutin et al., 1999) and lettuce (Rosenblum et al.,
1990; Cuthbert, 2001). Epidemiological investigations from outbreaks due to
contaminated green onions and strawberries showed that these items required
extensive handling during harvesting which may have been the source of
contamination (Fiore, 2004). The ingestion of raw blueberries were identified
as the cause of an outbreak of hepatitis A in New Zealand (Calder et al., 2003)
and raspberries have been linked to outbreaks of hepatitis A (Croci et al.,
2008). In addition to shellfish and fresh produce contaminated raw beef has
been implicated in an outbreak of hepatitis A (Robesyn et al., 2009).
Noroviruses are the most common cause of foodborne illness (Croci et al.,
2008) and outbreaks of NoV gastroenteritis, associated with consumption of
contaminated food, have been well documented (Tuan Zainazor et al., 2010).
Noroviruses have been implicated in 43% of all foodborne outbreaks in
England, 67% in Sweden, 80% in The Netherlands and 28% in Japan (Boccia
et al., 2002; Tuan Zainazor et al., 2010). Numerous NoV outbreaks associated
with contaminated shellfish have been reported in the US and Europe
(Richards, 2006). Frozen raspberries have been implicated in a number of
outbreaks of NoV-associated gastroenteritis (Ponké et al., 1999; Le Guyader et
al., 2004; Cotterelle et al., 2005; Falkenhorst et al., 2005), including an
international outbreak (Butot et al., 2008).

14 RECOVERY OF VIRUSES FROM FOOD AND WATER
Even after the introduction of molecular-based techniques the detection of
viruses in food and water has always been problematic as enteric viruses in

environmental samples are often present in low numbers. The analysis of

food and water is therefore a three-stage process: i) sample preparation and
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viral recovery, ii) viral detection and iii) viral characterization (Mattison and
Bidawid, 2009). In order to achieve a suitable analytical sensitivity for
detection of viral contamination in water and fresh produce, sensitive recovery
methods are therefore necessary before the detection system can be applied
which includes the inoculation onto cultured cells and/or the use of molecular
methods (Environmental Protection Agency (EPA), 2000; Guévremont et al.,
2006; Wyn-Jones, 2007; Jones et al., 2009; Mattison and Bidawid, 2009).

141 Recovery of virusesfrom food

Methods for the recovery of viruses from foods generally involve two critical
steps: i) to concentrate low level of viral particles, and ii) to eliminate any
inhibitory substances that can interfere with analytical process (Mattison and
Bidawid, 2009). Although a number of different methods have been described
for the concentration of viruses from food the most appropriate will be
determined by the nature and type of food sample to be analysed (Baert et al.,
2008). None of the concentration methods have been standardised and each
has advantages and drawbacks as there is no one method which fulfill all the
criteria for all viruses and food matrixes (Rzezutka and Cook, 2009). In
addition there is no standard sampling procedure for the viral analysis of the
different food matrices (Bosch et al., 2011).

The concept of a “statistically representative sample” is an important question
to be addressed when analysing food for viruses. It is important that the
sample should be representative of the entire batch or crop, but this is not
clearly defined in the literature (Bosch et al., 2011). There are no guidelines
or specifications indicating: i) the size or weight of a specific item of food,; ii)
the number of food items per batch or crop; iii) whether the food item must
be whole or chopped; or iv) how many and which leaves for leafy vegetables
need to be analysed. In addition the sampling procedure may be influenced by
“local knowledge” regarding seasonality, possible levels of contamination and

the costs involved. A number of methods use 25 g of food sample (Dubois et
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al., 2006; Guévremont et al., 2006; Cheong et al., 2009b; Plante et al., 2011,)
while others use 40 g (Schwab et al., 2000) or 50 g (Baert et al., 2008).

The extraction or recovery and concentration of viruses from the food matrix
is challenging as this involves the liberation and concentration of low level of
viruses from food matrix. A high efficiency of virus extraction is critical as
this will allow the detection of viruses in food samples even when a detection
method has a low sensitivity (Rzezutka and Cook, 2009). Factors that need to
be considered in the viral recovery and concentration process include: i) the
sample weight and size of food item; ii) the chemical composition of the
extraction solution or buffer (salt content, pH and molarity) to promote the
release of the virus from the food matrix; and iii) inhibitory substances that
might be introduced from the extraction solution (Rzezutka and Cook, 2009).
The recovery and concentration methods described in the literature include
elution from the food matrix followed by: i) concentration with polyethylene
glycol (PEG) precipitation, ii) adsorption and elution from charged filters, iii)
concentration with ultracentrifugation; or iv) concentration with ultrafiltration
(Mattison and Bidawid, 2009). An important feature of all these concentration
procedures is that the viruses must be eluted from the food matrix into a liquid

eluant for further concentration.

It is well known that plants contain high levels of PCR inhibitors which may
be released into the rinsing or elution buffer and if not removed may cause
inhibition in the subsequent detection assay (Plante et al., 2011). The success
of the elution procedure for the removal of viruses from the surface of the
fresh produce is dependent on the eluant chosen. Several elution buffers,
namely distilled water, phosphate buffered saline (PBS), 3% beef extract,
glycine beef extract, tris-glycine beef extract (TGBE) have been assessed for
removal of viruses from fruit and vegetable surfaces (Dubois et al., 2006; Kim
et al., 2008, Cheong et al., 2009b). = Recovery studies have shown that
improved recovery efficiency was achieved when protein containing eluting

alkaline buffers, e.g. 1-3% beef extract at pH 9.5, were used (Dubois et al.,
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2007; Kim et al., 2008). Bovine serum albumin (BSA) and Tween 80 has
been added to a number of these buffers to improve the detection of viruses
rinsed from the vegetable surfaces (Rutjes et al., 2005; de Paula et al., 2010;
Plante et al., 2011). Most laboratories are restricted to their in-house
developed recovery methods for fresh produce since limited attention has been
spent on the evaluation and standardisation of elution methods (Stals et al.,
2011).

1.4.2 Recovery of virusesfrom water

Viral recovery from water samples is particularly problematic because of the
variability in the efficiency of recovery (EOR) for the different enteric viruses,
the influence of the water quality and the time involved with these methods
(Wyn-Jones, 2007). Since the levels of enteric viruses in contaminated water
samples are expected to be low for most water samples (ground-, surface- and
drinking water) a suitable viral concentration method needs to be selected for
the success of viral monitoring. Several methods, involving different
strategies, for the recovery of viruses from large volumes of water have been
applied. The majority of methods are based on the ionic charge of the virus,
e.g. adsorption-elution techniques. Other strategies include entrapment, e.g.
ultrafiltration and immuno-affinity column, ultracentrifugation and many other

methods such as flocculation (Fong and Lipp, 2005; Wyn-Jones, 2007).

1.4.2.1 Concentration based on ionic charge: Adsorption-elution method
The adsorption-elution methods involve manipulation of the charge on the

virus surface, using pH changes to maximise their adsorption to charged filters
(Fong and Lipp, 2005). The adsorption-elution method concentrates viral
particles in water by adsorption to and subsequent elution with buffers from
the charged membrane or filters (Fong and Lipp, 2005; Wyn-Jones, 2007).
The principle involved is that viruses are brought into contact with a solid
matrix to which the virus will adsorb under specific condition of pH and ionic
strength (Wyn-Jones and Sellwood 2001; Wyn-Jones 2007). The virus is then
released from the adsorbent by elution into a smaller volume of elution buffer
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(e.g. beef extract-glycine buffer [GBEB]) at a high pH (~pH 9.5), so as to
displace the virus from the adsorbent (EPA, 2000; Wyn-Jones and Sellwood,
2001; Wyn-Jones, 2007). The choice of the adsorbent matrix is, however,
determined by the nature of the water sample (Wyn-Jones and Sellwood
2001). This is one of the most commonly used techniques for the recovery of
viruses since water volumes can be increased without loss of efficiency and

can therefore can also be used for drinking water (Fong and Lipp, 2005).

14211 Glass wool adsorption-elution
The glass wool adsorption-elution technique, first applied by Menut et al.

(1993) and Vilaginés et al. (1993) for the recovery of enteroviruses and RV
SA11 from tap water, has been widely applied for the successful recovery of a
wide range of enteric viruses from untreated surface and treated water samples
(Wolfaardt et al., 1995b; Gantzer et al., 1997; Grabow et al., 1999; Powell et
al., 2000; Taylor et al., 2001; Gassilloud et al., 2003; van Heerden et al.,
2003, 2005a, 2005b; Vivier et al., 2004; van Zyl et al., 2006; Venter et al.,
2007; Lambertini et al., 2008; Wyn-Jones et al., 2011). Depending on the
quality of water, a wide range of the EORs have been reported for the glass
wool columns. An EOR of 80-90% was reported for the routine recovery of
enteric viruses from large volumes of water (Grabow et al., 2001) while
recovery efficiencies of 70% for poliovirus, 14% for coxsackie virus B5, 19%
for echovirus, 21% for AdV type 41 and 29% for NoV were reported by
Lambertini et al. (2008) and 0.5% for feline calicivirus by Gassilloud et al.
(2003). The benefit of this method is ease of use, there is no pre-treatment of
the water sample required, and the cost of the equipment is minimal which
allows successful recovery of enteric viruses from water samples in the field
(EPA, 2000; Wyn-Jones and Sellwood, 2001; Wyn-Jones, 2007 ).

1.4.2.2 Entrapment: Ultrafiltration
Ultrafiltration has been applied to concentrate multiple types of viruses in

large volumes (~100 £) of water by physical retention based on virus and pore
size, with the most commonly used filter being the hollow fibre ultrafilters
(Wyn-Jones, 2007). Advantages of ultrafiltration include high recovery

efficiencies and viruses are not exposed to pH extremes or other unfavourable
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conditions which may affect their viability (Wyn-Jones, 2007; Wu et al.,
2011). Although it is possible to adsorb viruses efficiently with this protocol,
factors that limits the field application include the fact that the membranes
clog rapidly which implies that the volumes of water that can be processed are
restricted and equipment set-up is still not readily portable (Wyn-Jones, 2007,
Wu et al., 2011).

1.4.2.3 Ultracentrifugation
Ultracentrifugation is also commonly referred to as a “catch-all” method

concentrating sample based on the time and applied gravitational force (Wyn-
Jones, 2007). This method however, is limited to small volumes of water.
Different centrifugal separation methods such as continuous flow systems are

also commercially available (Wyn-Jones, 2007).

1424 I mmuno-affinity column and others

Immuno-affinity methods involve incubation of magnetic beads that are
coated with specific antibodies for a target organism, in a mixture of the
sample suspension (Wyn-Jones, 2007). The efficiency of the reaction relies
on the specificity and affinity of the commercially available monoclonal
antibodies and on the turbidity of the water sample. The technique has been
used to isolate a number of different organisms from water samples. Although
the technique is simple and fast, the technique is only useful for a small
volume of water, which makes it prohibitive for routine monitoring (Wyn-
Jones, 2007).

There are several other methods that can also be used in the primary
concentration of water samples such as hydro-extraction with hydrogen scopic
solids, iron oxide flocculation, two-phase separation and freeze-drying (Wyn-
Jones, 2007).
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1.4.3 Concentration of viruses from food and water

The concentration of viruses recovered from food matrixes or secondary
concentration of viruses recovered from water samples is commonly needed
because the virus titres in water samples and on food surfaces are usually low.
The recovered enteric viruses are further concentrated and purified to reduce
the final volume of the sample to one or two millilitres for isolation or
detection (Wyn-Jones and Sellwood, 2001, Wu et al., 2011). A number of
methods have been used to further concentrate viral particles after the primary
recovery step.  These procedures include PEG precipitation, organic
flocculation and centrifugal ultrafiltration (Fong and Lipp, 2005; Mattison and
Bidawid, 2009).

1.43.1 PEG precipitation

The PEG precipitation technique is a simple and well validated method that
has been used successfully by a number of investigators for the concentration
of multiple types of viruses from a variety of environmental sample types
(Lewis and Metcalf, 1988; Vilagineés et al., 1997; Kim et al., 2008; Mattison
and Bidawid, 2009). Viral precipitation with PEG is an attractive concept as it
is a chemically inert, non-toxic, water-soluble synthetic polymer known to
precipitate a number of proteins (Lewis and Metcalf, 1988). There are two
possible mechanisms of PEG precipitation methods that have been described:
1) PEG acts as an "inert solvent sponge” that sterically excludes proteins from
a solvent, effectively increasing their concentration until solubility is exceeded
and precipitation occurs, and ii) while the second mechanism is dependent on
protein charge (Lewis and Metcalf, 1988). Concentration of viral particles
with PEG can be performed at neutral pH and at high ionic concentrations
without other organic material (Kim et al., 2008). The primary benefits of the
PEG precipitation method are: i) the low cost, ii) it is non-destructive to the
viruses, and iii) many different viruses from many different samples can be
concentrated (Lewis and Metcalf, 1988; Mattison and Bidawid, 2009). In the
PEG precipitation method, viral particles are precipitated by addition of 0.5 M
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sodium chloride (NaCl) and 7% PEG 6000 to the primary eluate with constant
stirring which is followed by centrifugation and subsequent resuspension of
the virus pellet in a buffer (Fong and Lipp, 2005; Wyn-Jones, 2007).
Combined with NaCl, this type of concentration method has been widely
practiced for monitoring the presence of enteric viruses in food and water
(Goyal, 2006; Dubois et al., 2007; Papafragkou et al., 2008; Cheong et al.,
2009a). The limitation of this method is it requires extended sample

processing time (Mattison and Bidawid, 2009)

1.4.3.2 Other methods

Organic flocculation: This method involves acidifying a protein-containing

eluate and recovering the precipitate by centrifugation and suspending the
pellet in a smaller volume (Fong and Lipp, 2005; Atmar, 2006; Goyal., 2006;
Wyn-Jones, 2007).

Inorganic precipitation: The technique involves both electrostatic interactions

between the negatively charged virus surface and the positively charged
aluminium hydroxide. The complexes aggregate, flocculate and then settle out
of solution (Bosch et al., 2006).

Centrifugal devices: Commercial devices such as Centricon® cencentrators

which concentrate viruses by ultrafiltration through an anistropic membrane
are available, but are expensive for virus concentration from a large number of

samples.

1.5 DETECTION AND CHARACTERISATION OF VIRUSESIN
FOOD AND WATER

Given the highly infectious nature of NoV and HAV rapid, sensitive and
specific methods required for the early detection of low titres of viruses. This
will facilitate effective management of water and food supplies and the
implementation of appropriate preventive control measures. There are a wide
range of methods available for the detection of viruses in food and water

samples, again each with their own advantages and disadvantages.
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15.1 Viral isolation

Viral isolation in cell culture is the “gold standard” for the detection and
quantification, by plaque assay or most probable number method, of infectious
enteric viruses from food and environmental samples (Mattison and Bidawid,
2009; Bosch et al., 2011). After viral inoculation of the chosen cell cultures,
the cells are evaluated for the presence of morphological changes or CPE.
However, it has been long recognized that cell culture for detection of enteric
viruses in water and food has numerous shortcomings (Fong and Lipp, 2005).
Appropriate and susceptible cell culture systems are not available for all
enteric viruses (Fong and Lipp, 2005) and in the case of NoV, efforts to isolate
the virus in cell culture have been unsuccessful (Duizer et al., 2004; Goyal,
2006), while HAV does not cause a CPE (Dotzauer, 2008). Concentrates and
extracts from food and water samples may also be cytotoxic to the cell
cultures (Goyal, 2006). Viral culture is also costly, labour intensive and time
consuming, taking several days or weeks to be conclusive which makes it
unsuitable for routine analysis of enteric viruses from environmental samples
(Fong and Lipp, 2005; Rutjes et al., 2005; Goyal, 2006; Meleg et al., 2006).
Cell cultures are however used to in conjunction with molecular methods, e.g.
integrated cell culture-PCR/RT-PCR assays, for the selective detection of
infectious viruses. In these assays the target nucleic acid is increased with a
consequent increase in sensitivity of the immunological or molecular detection
method (Goyal, 2006; Bosch et al., 2011).

1.5.2 Direct detection

Viruses recovered from water and food samples can be detected by EM,

immunological- or molecular-based assays.
1521 Electron microscopy and immunological-based detection assays

Viruses are usually present in low numbers in food and water. The direct

detection of viruses in recovered virus concentrates by EM, IEM or EIA is
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limited by the sensitivity of these assays as the lower detection limit of these
assays is 10° particles or more per me (Widdowson and Vinjé, 2008; Mattison
and Bidawid, 2009).

15.2.2 Molecular-based detection assays

The detection of enteric viruses from environmental samples with molecular
techniques has been done since the early 1990s (Fong and Lipp, 2005).
Molecular detection assays, such as PCR and RT-PCR, are based on the
detection of a highly conserved part of viral genome using a virus-specific set
of primers for each virus (Rodriguez et al., 2009; Bosch et al., 2011). At
present, molecular techniques such as PCR/RT-PCR offer the best alternative
sensitive and specific methods for the detection of enteric viruses from
environmental samples (Meleg et al., 2006). Unlike cell culture-based
methods, however, the infectivity of viruses detected by molecular methods is
often unknown. Using molecular-based techniques diverse groups of enteric
viruses, including NoV and HAV which are difficult or cannot be detected
with cell culture-based assays, can be detected (Griffin et al., 2003; Fong and
Lipp, 2005). Compared to cell culture-based methods molecular-based
methods offer several advantages; i) they are rapid, less laborious, less time
consuming, and ii) are highly specific and sensitive (Fong and Lipp, 2005;
Mattison and Bidawid, 2009; Bosch et al., 2011). Although different
molecular-based methods have been described for the detection of enteric
viruses in foods, there is currently no standardized methodology for the
detection of enteric viruses in food matrices (Guevremont et al., 2006; Croci et
al., 2008; Mattison and Bidawid, 2009; Bosch et al., 2011 ).

Recent modifications to the PCR assays, called rt PCR have greatly expanded
the application of PCR analysis for the detection and quantification of viruses
in the environmental samples (Mattison and Bidawid, 2009; Spradling et al.,
2009; Bosch et al., 2011). In the rt assays amplification and detection, with a
fluorescent-labelled probe, is accomplished in a single reaction mix which

makes it less prone to contamination and reduces hands-on time (Rutjes et al.,
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2005). Different probe types are available, each with its own mode of action
(Mattison and Bidawid, 2009). As compared to conventional RT-PCR, the
procedure is less time consuming, since there is no confirmation step such as
gel electrophoresis and a nested PCR is usually omitted (Fong and Lipp, 2005;
Rutjes et al., 2005). As these rt PCR/RT-PCR assays are easily affected by
inhibitory substances in water and on food the assays have been adapted to
include Tween or BSA to overcome the inhibition (Rutjes et al., 2005; Bosch
et al., 2011). Real-time PCR/RT-PCR may provide quantitative data for the
presence of enteric viral genomes in environmental samples (Fong and Lipp,
2005) which is helpful in estimating the public health risks of low levels of

enteric virus in environmental samples (Rutjes et al., 2005).

As enteric viruses are present in low numbers in food and water samples
effective quality assurance and quality control procedures are required to
exclude false positive or false negative results (Pinté and Bosch, 2008; Lauri
and Mariani, 2009; Bosch et al., 2011). False negative results may result from
poor virus recovery, inefficient nucleic acid extraction and inhibitory
substances in the water or on the food matrix, while false positive results could
be due to cross-contamination. It is therefore important to monitor the
efficiency or accuracy of the critical steps in the recovery and detection assays
for the generation of reliable and comparable results which are acceptable to
the regulatory authorities (Sanchez et al., 2007; Bosch et al., 2011). Due to
some technical difficulties in the environmental virology, it is therefore
important to ensure consistency of the efficiency of the optimised procedure.
In order to ensure the quality of sample processing, it is therefore important to
include sample processing controls (Pinté and Bosch, 2008; Mattison and
Bidawid, 2009; Pinto et al., 2009). The processing control should have similar
features to the target virus, it must not be associated or naturally present in the
water or food sample. The control must be added to the sample prior to sample
processing, as this should be co-extracted and co-concentrated with the target
virus and detected from the same extract (Mattison and Bidawid, 2009).
Feline calicivirus (Mattison et al., 2009) and mengovirus (Costafreda et al,

2006; Pint6 et al., 2009) have been proposed as candidate process controls for
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controlling the whole process of sample analysis. The rt PCR/RT-PCR is
affected by the presence of inhibitory compounds which are co-extracted
during the nucleic acid isolation procedure (Sanchez et al., 2007). The rt
PCR/RT-PCR should therefore also include an internal control (IC), which
will distinguish a truly negative result from false negative results due to the
presence of PCR/RT-PCR inhibitors (Rutjes et al., 2005). The following
controls should also be included in each of the individual real-time RT-PCR
runs: i) a negative RNA extraction control to monitor for cross-contamination;
il) a negative RT-PCR control, usually sterile distilled water, to control for
contamination in the real-time RT-PCR reagents, and iii) a positive real-time
RT-PCR control to control for the quality of the real-time RT-PCR reagents
(Atmar, 2006; Bosch et al., 2011).

16 MOTIVATION FOR THISINVESTIGATION

Recent epidemiological evidence indicates that foodborne viral disease is an
emerging and increasing problem worldwide (Koopmans and Duizer, 2004;
Newell et al., 2010). Minimally processed fruit and vegetables can be a source
of pathogenic viruses (Steele and Odumera, 2004; Berger et al., 2010),
particularly NoV (Girish et al., 2002; Le Guyader et al., 2004) and HAV
(Rosenblum et al., 1990; Dentinger et al., 2001; Calder et al., 2003). Faecally
contaminated irrigation water has been identified as one of the sources of
human pathogens on fresh produce (Koopmans and Duizer, 2004; Steele and
Odumera, 2004; Berger et al., 2010). In SA fresh produce has been identified
as a source of foodborne viral disease as NoV's were implicated in an outbreak
of gastroenteritis associated with the consumption of salads (Taylor et al.,
1993). Hepatitis A virus and other enteric viruses have been detected in
surface water sources used for irrigation (Taylor et al., 2001; Barnes and
Taylor, 2004; van Zyl et al., 2006) and RVs have been detected on fresh
produce (van Zyl et al., 2006). However, a link between faecally polluted
irrigation water and fresh produce has not been established. It was therefore

necessary to develop and optimise sensitive, reliable techniques for the
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recovery and accurate detection and quantification of enteric viruses in
irrigation water and on fresh produce. This methodology is required for the
systematic surveillance of food sources, specifically fresh produce, for viruses
and to investigate outbreaks of food- and waterborne disease. This is essential

to ensure the safety of fresh produce for the consumer.

1.7 HYPOTHESIS

The hypothesis for this study is that in South Africa fresh produce, irrigated
with treated and untreated water, is a potential source of enteric virus
infections for consumers.

18 AIMSOFTHE INVESTIGATION

To confirm or disprove this hypothesis, the specific objectives of this study

are:

1) To optimise methods for the recovery of enteric viruses from fresh produce;

2) To optimise rt RT-PCR methods for the qualitative detection of human
NoV and HAV;

3) To determine the presence of NoV and HAV in water sources used for the

irrigation of fresh produce;

4) To determine the presence of NoV and HAV on the surfaces of fresh

produce;

5) To characterise, by sequence analysis, the viral strains detected in the food

and water sources.

40



CHAPTER 2

OPTIMISATION OF REAL-TIME RT-PCR METHODS FOR
THE DETECTION OF HEPATITISA VIRUSAND
NOROVIRUSES

2.1 INTRODUCTION

Unlike many bacterial pathogens, the detection of human enteric viruses in
food and water samples has been hindered by a number of technical
challenges. Traditionally, the detection of viruses was performed in cell
culture but this method has a low sensitivity, is tedious and labour- and cost-
intensive (Gilgen et a., 1997; Meleg et a., 2006; Mattison and Bidawid,
2009). The study of enteric viruses in food and water sources has been a slow
evolution, primarily because most of these viruses have been difficult, if not
impossible, to propagate in cell culture (Pinté and Bosch, 2008). More
importantly, no appropriate cell culture host exists for the epidemiologically
important viruses such as HAV and NoV (Leggit and Jaykus, 2000, Bosch et
al., 2011).

Advances in the development of sensitive and specific molecular-based assays
has, however, made it possible to detect low, but significant virus numbers in
clinical specimens, food and water samples without prior amplification in cell
culture (Lewis et a., 2000; Atmar, 2006; Gunson et al., 2006; Pintdé and
Bosch, 2008). The PCR and RT-PCR techniques are based on the detection of
a specific region of the target viral genome that is highly conserved with broad
homology within a specific group of viruses (Fong and Lipp, 2005), and is
therefore considered to be the “gold-standard” for the detection of viruses in
food and water (Pint6 and Bosch, 2008). Vira detection using PCR/RT-PCR
is less time consuming, highly sensitive and more specific than cell culture
(Fong and Lipp, 2005). These significant benefits have been greatly expanded
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upon by the introduction of rt PCR/RT-PCR (Gunson et al., 2006). In
comparison to traditiona gel-based PCR/RT-PCR detection, the modification
of the PCR/RT-PCR to include a fluorophore-labelled probe provides
equivaent specificity and sensitivity as conventional PCR combined with
Southern blot analysis (Espy et a., 2006). With this modified PCR/RT-PCR
or the so called rt PCR/RT-PCR, a fluorescent signal is generated as the
amplification takes place which allows the user to monitor the amplification,
detection and quantification of target nucleic acid simultaneously and
accurately, thus reducing the time required for nucleic acid detection by gel
visualisation (Niesters, 2004), or further confirmation of the identity of the
product (Mattison and Bidawid, 2009). As viruses can be detected
qualitatively or quantitatively by rt PCR/RT-PCR, it is possible to perform
hazard risk assessment for analysis critical for further public health action or
food regulation (Bosch et a., 2011). Since the amplification and detection is
performed in a single tube there is no need to open the tube which reduces the
likelihood of contamination in the laboratory with amplified nucleic acid
(Atmar, 2006; Espy et a., 2006; Mattison and Bidawid, 2009). Real-time
PCR technology has currently been the method of choice for the diagnosis of
infectious diseases due to excelent sensitivity and specificity, low
contamination risk, speed and ease of use. This provides the technology with a

broad enough base to ensure its acceptance (Espy et al., 2006 ).

Real-time PCR/RT-PCR is now widely applied for the detection of virusesin
foods (Bosch et a., 2011) but it is essential to demonstrate sensitivity and
reproducibility of the assay since there are no standardised methods for the
detection of viruses in food and water (Mattison and Bidawid, 2009). In
addition, adequate quality controls need to be applied to ensure the validity of
results (Bosch et al., 2011). The objective of this study was to optimisert RT-
PCR methods for the detection of low, but significantly important titres, of
HAV and NoV in water and fresh produce, using mengovirus as a process
control (Costafreda et al., 2006; da Silva et a., 2007; Pinté and Bosch, 2008).

In addition standard curves for the viruses were constructed to serve as
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external standard curves for subsequent experiments for the quantitative
detection of viruses recovered from fresh produce and irrigation water.

22 MATERIALSAND METHODS

2.2.1 Virusstock

Hepatitis A virus: HAV (TCIDsy 1 x 108/me): The cytopathic cell culture-
adapted HM-175 43c variant (referred to as pHM-175) of the HM-175 strain
used for this investigation was kindly provided by Prof A Bosch, Department
of Microbiology, Facultat de Biologia, University of Barcelona, Barcelona,
Spain. The virus was further propagated and titrated in the FRhK-4R foetal
rhesus monkey cell line (Flehmig, 1980, 1981).

Norovirus Gl: NoV Gl (titre unknown): A NoV Gl positive sewage water
sample was used.

Norovirus GlI: NoV Gl (1.1 x 10" copiesme): The viral stock originated
from a clinical strain detected in the stool specimen from a patient after an
outbreak of gastroenteritis on a cruise ship. Dr M Wolfaardt from the Ente