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Pathogenic mechanisms of foodborne
viral disease

B. B. Goswami and M. Kulka, Office of Applied Research and
Safety Assessment (OARSA), FDA, USA

15.1 Introduction

Infection of a host with a virus unleashes various defense mechanisms based on
the induction and secretion of cytokines, necessary to activate both innate
(interferons, other cytokines) and adaptive immune responses to control and
eliminate the virus. Our understanding of the dynamics of host—virus interaction
has been greatly augmented by the ability to culture animal cells outside the
organism,””?® and the ability to infect such cultured cells with viruses, first
demonstrated with poliovirus.>*® The outcome of a virus infection is predicated
upon the nature of these defense mechanisms and the ability of the infecting
virus to block or evade such antiviral mechanisms. Depending on these factors,
predicted outcomes of a virus infection can be the death of the cell or organism
due to unrestricted viral replication; effective inhibition of virus replication
resulting in the survival of the cell or organism; or the establishment of a
persistent or latent infection with a limited amount of viral replication or viral
gene expression, until some event disturbs the balance in favor of the virus.

Pathogenicity of a virus is frequently not the result of the toxic effect of a
particular viral function on host cell. Programmed cell death (also know as
apoptosis) is often induced by the host to eliminate the infected cells, whereas
the virus may trigger apoptosis to facilitate virus spread and to circumvent the
host immune response.'’*°® Certain cells of the immune system, such as
cytotoxic T cells and natural killer (NK) cells, also mobilize to recognize and
bind virus infected cells, and induce apoptosis. These virus and cell mediated
mechanisms result in damage to infected organs, although the host organism
may survive.
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15.2 Factors contributing to the pathogenicity of viral
foodborne diseases

The pathogenicity of foodborne viruses depend on both the stability of the virus
in the environment, as well as virus—host interactions at several different levels.
The route of entry into the organism, mechanism of virus spread, site of
replication, effects of virus infection on cells, and the adaptive and innate
antiviral responses all play roles in determining the pathogenicity of the virus.
Recent studies show that the nutritional status of the host also contributes to the
ultimate pathogenesis of the virus.>**® The presence of virus receptors at the
cell surface determines virus susceptibility, and is genetically control-
led.'®1234323 A genetic component for susceptibility to human norovirus
(NoV) infection is also suggested by the recent finding of cell surface receptors
for this virus."*”'® The role of the JAK-STAT pathway of interferon signaling
during the replication of rotavirus, hepatitis A virus (HAV) and mouse norovirus
(MNV) also point to the critical role played by the genetic background of the
host in foodborne virus infections,'2¢-187-263-337

15.2.1 Nature of the pathogens
Most foodborne viruses belong to the picornavirus, calicivirus, and reovirus
families (Table 15.1). The total number of illnesses caused by these viruses has
been estimated to be upwards of 30 million cases per year in the United States.
However, most estimates indicate foods as a primary source of infection in only
5-6% of the incidences.”>'8%?2! For reasons to be discussed in Section 15.6,
direct demonstration of the presence of viruses in foods implicated in foodborne
outbreaks have been achieved only in a few instances.'?>"'®%!'%% In terms of sheer
numbers, Norwalk virus (NV) within the genus norovirus (NoV) is responsible
for the vast majority of foodborne illnesses in the United States, followed by
astro- and rotaviruses.>?! Hepatitis A virus comes in at a distant fourth, and the
numbers have dropped somewhat following the development of an effective
vaccine.'” However, like many enteric viruses, the number of asymptomatic
infections is high, and the reported cases may not reflect the actual number of
infections. Asymptomatic individuals excrete the virus in the feces and are
capable of spreading the virus via person-to-person contact, as well as through
contaminated foods.'®® Poliovirus (PV) infections have been eradicated in most
industrialized countries but remain endemic in some developing countries.®®
Circulating vaccine-derived poliovirus (cVDPV), however, may be of concern to
non-immunized populations.**'** Hepatitis E virus (HEV), was once thought to
be mainly a waterborne disease in the third world; however, many industrialized
countries including the United States, Japan, and countries in the European Union
have recently reported sporadic HEV infections from farm and game animals.'%
Particularly intriguing are reports from Japan that people who consumed
undercooked meat from wild boars and deer have contracted the disease.*”
These reports raise the question whether other viruses, such as avian
influenza or hantaviruses not normally associated with foodborne outbreaks,
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Table 15.1 Viruses transmitted by food or water

Virus species Classification Disease
Norovirus Calicivirus Gastoenteritis
Poliovirus Picornavirus Paralytic poliomyelitis
Coxsackievirus Picornavirus Gastroenteritis
(Human enterovirus A—C) Respiratory infections
Juvenile diabetes
Meningitis
Myocarditis, pericarditis
Echovirus Picornavirus Gastroenteritis
(Human enterovirus B) Respiratory and skin infections
Hepatitis A virus Picornavirus Hepatitis
Hepatitis E virus Unclassified Hepatitis
Astrovirus Astrovirus Gastroenteritis
Rotavirus Reovirus Gastroenteritis
Adenovirus 40,41 Adenovirus Gastroenteritis

Additional details regarding taxonomic classification can be obtained at www.ncbi.nlm.nih.gov/
ICTVdb/Ictv/index.htm.

also could spread by contaminated foods. Mortality due to foodborne illnesses
remains low in the healthy immunocompetent population, but increased
mortality due to HAV infection is observed in immunocompromised people, '™
and for unknown reasons, among pregnant women infected with HEV.?'®
Rotavirus remains a leading cause of infantile gastroenteritis and infant
mortality in the third world.”” At present, there are no effective vaccines for
HEV, rotavirus, and norovirus. Foodborne infections due to coxsackievirus (CV)
or echovirus (EV) are less frequent.

15.2.2 Viral genomes

The genomes of representative members of all categories of foodborne viruses
have been cloned and sequenced.'?78:164:169.184.189.232.302.311 ity the exception
of rotavirus (family Reoviridae), which is a double-stranded RNA (dsRNA) virus
with a segmented genome, the genomes of major foodborne viruses are single-
stranded RNAs of positive polarity (i.e. viral genome is mRNA). The replication
of RNA viral genomes are error-prone owing to the lack of the proof-reading
ability of RNA viral replicases; thus RNA viral genomes are present in infected
cells as quasispecies.”*'?° A quasispecies is defined as a collection of multiple
sequences of a single strain, each sequence differing from the other by a few
nucleotides. As shown in Fig. 15.1, the structural organization, gene expression,
and replication strategies of the two major groups of foodborne viruses, namely
picorna- and caliciviruses are similar but not identical.>*>>-19321
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Fig. 15.1 Diagrammatic comparison of selected genomes of major foodborne viruses.

Comparison of representative picornavirus species (panel I), poliovirus (PV) and hepatitis

A virus (HAV); norovirus species, Norwalk virus (NV) (panel II); hepatitis E virus (HEV)
(panel III) and rotavirus (RV), group A (panel IV) are illustrated.

Information derived from published materials was used to generate Fig. 15.1
and the references cited herein may be referred to as a guide for obtaining
further details regarding genome organization and expression of the various
encoded proteins,>-86-104-131.150.164.184.238 rpe hen boxed regions represent the
coding regions for the respective genomes. Vertical demarcations within the
boxed regions indicate the amino- and carboxy-terminal boundaries of fully
processed viral proteins. The relative locations of the proline-rich hinge region
(H), X and Y domains (X and Y in parentheses) encoded by HEV ORF]1 are also
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indicated. The significance of stippled versus solid demarcations is discussed
further below. The 5’ and 3’ untranslated regions (UTRs) are shown as solid
lines and the relative differences in nucleotide length of the UTRs among the
various genomes is schematically illustrated by the differences in length of the
line. Beneath each genome, horizontal lines define the genomic and subgenomic
RNAs and delineate the respectively encoded open reading frames (ORFs), in
order to highlight the differences that exist among the virus groups regarding the
number, size, and genomic location of the viral genome/transcripts utilized by
these viruses to produce their respective viral proteins. Panel I-III viruses have
polyadenylated genomes. Their genome is the primary viral transcript used for
initial viral protein translation upon host cell infection. Group I viruses encode a
single polyprotein identified by one ORF, whereby capsid (i.e. structural)
proteins are derived from the P1 region and nonstructural proteins (e.g. protease,
RNA polymerase) are derived from the P2 and P3 regions. Group II and III
viruses produced nonstructural proteins (ORF1) from their primary transcript
and also produce subgenomic RNAs during infection for translation of their
structural proteins, and putative accessory phosphoprotein for HEV (ORFs 2 and
3). ORF1 is differentiated from ORFs 2 and 3 by solid versus stippled vertical
lines, respectively, within the open boxes. Viruses in group I and II are not
capped but rather have a covalently attached VPg (viral protein g) moiety at the
5" end of the genome. For PV, this moiety is removed (*) by a cellular enzyme
following infection. Viruses in group IIT and IV have a 7mG cap moiety at the 5’
end of their genomes. Unlike the single-stranded, positive polarity of the viruses
in groups I-III, the rotaviruses (group IV) genomes are double-stranded and
segmented. Rotaviruses contain 11 dsRNA segments which encode 12 proteins,
whereby the 11th segment encodes two proteins. Shown as a representative
segment in this figure, segment 1 encodes for the viral RNA polymerase. Each
rotavirus genome segment is transcribed (from the negative strand) into an RNA
transcript which is 7mG capped prior to the translation of its ORF. It is
important to note that actual nucleotide lengths and distances are not drawn to
scale.

The common structural features include a genome linked protein VPg, a 5/
untranslated region (UTR), and a 3’ terminal poly(A) sequence. The 5’ UTR of
picornaviruses is larger than the 5 UTR in caliciviruses, and houses the internal
ribosomal entry segment or IRES (Fig. 15.2). As depicted and discussed in Fig.
15.2, viral RNA translation occurs in a cap-independent manner as opposed to
the translation of host cellular mRNAsg >*78184.194.233311 The major difference is
that picornaviral genomes are translated as a single polyprotein (Fig. 15.1),
which are then cleaved by viral coded proteases 2A and 3C (only 3C in the case
of HAV) to produce mature viral proteins. Calicivirus genomes, on the other
hand, are organized into three different ORFs, and are translated into three
different proteins, with the lone viral protease 3C performing all maturation
cleavages (Fig. 15.1). Recent studies indicate that the 5’ terminal IRES also
plays a significant role in pathogenesis of picornaviruses (see Section 15.2.5).
For a full discussion of the various aspects of viral RNA synthesis, protein
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A. 5" UTR (secondary) structure: IRES
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B. Translation (cap-independent) factor assembly on the IRES

8. 3

Fig. 15.2 Picornavirus internal ribosome entry sequence (IRES): structure and
cap-independent translation factor assembly.

translation, and processing, the reader is referred to several recent
reviews. 1133150216291 ke picorna- and calicivirus genomes, a 7-methyl
guanosine cap structure®®® is present in the genomes of HEV,'7>2%%25! and
rotaviruses.''® The double-stranded RNA genome of rotavirus is not active as
mRNA., 104116164290 1hetead, the minus strand of each segment of the genome is
first transcribed to yield the plus (coding) strand and then capped by virus coded
capping enzymes, which is then translated to produce viral proteins. Unlike
other foodborne viruses, neither the genomic nor the newly synthesized rotaviral
RNAs are polyadenylated at the 3’ end.**’
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15.2.3 Viral capsid

The basic virion structure of all viruses, including foodborne viruses, is a nucleic
acid core surrounded by a protein shell.'*32*%262! Rotavirus is unique in
having two concentric protein shells forming the capsid, each having a different
set of structural proteins. The rotavirus capsid also contains the viral RNA
polymerase and capping enzymes.**’ The purpose of the protein shell or capsid is
to protect the nucleic acid genome from damage by physical and chemical agents.
Foodborne viruses lack a lipid envelope/membrane that is a feature of many of
the larger DNA and RNA viruses which may explain their resistance to bile salts
in vivo and detergents and organic solvents in vitro.">>*®® However, the
enveloped avian influenza virus is stable at the low pH of the gut in birds and is
excreted in bird feces at very high concentrations.>®’ Thus, the absence of an
envelope is not the only determinant of resistance to bile. The proteins of the
capsid bind to specific receptors on cell surfaces in order to gain viral entry into
the cell, and are important determinants of the host range and pathogenicity of the
virus (see Section 15.3.1). The primary and higher-order structures of the capsid
proteins also play critical roles in determining heat and acid stability, as well as
resistance to stomach and intestinal proteases. Recent studies*****! showed that
even digestion with proteinase K failed to expose the HAV genome to RNase
activity as measured by reverse-transcription polymerase chain reaction (RT-
PCR) unless the virions were also treated with heat or other chemical agents. The
stability of enteric viruses to physical and chemical agents has been the subject of
much experimentation and controversy owing to the lack of a standardized set of
conditions to be followed for such studies,®*#4139-207-220.236273 Copgtityents of
food matrices (such as sucrose in strawberry mash) also affect the heat stability of
HAV *>* NoV has not been grown in cell culture; thus the heat and acid stability
is inferred from either experiments with a surrogate virus, such as the feline
calicivirus,”’**%?%® or by the resistance of the viral genome to various treatments
as detected by RT-PCR.*"*! However, feline calicivirus infects via the
respiratory route, and therefore cannot be considered truly representative of
enteric human caliciviruses. The RT-PCR approach (Fig. 15.3) suffers from the
small target size of the amplicon, which may not detect damage to the genome
over its entire length.** The RT-PCR approach also suffers from the disadvantage
that inactivated virus often produce positive RT-PCR signal, particularly when a
small region of the viral genome is targeted for amplification.***%?*! The
apparent lack of correlation between infectivity and nucleic acid detection by
molecular methods is of great concern to food virologists and regulatory agencies
concerned with food safety (see Section 15.6).

15.2.4 Routes of entry

Foodborne viruses gain entry to the host organism via the alimentary tract, and
replicate initially in the small intestine before gaining access to the body via the
lymph nodes. '0-°3-73:104.131.225.339 Thyy5 the survival of the incoming infectious
virus in the hostile environment of stomach acids, bile, and proteolytic enzymes
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Fig. 15.3 Overview of essential steps and reactions involved in the targeted
amplification of a specific RNA sequence or genomic region by the application of reverse
transcription-polymerase chain reaction (RT-PCR). Viral RNA is annealed to a primer and
copied into the complementary strand (cDNA) by the enzyme reverse transcriptase (RT).
The primer may be complementary to sequences within the genome, the polyA region (if
present) or be designed to target a broader range of sequences through the application of
degenerate primer design. Degradation of the RNA strand may be accomplished through
the use of an RT having endogenous RNaseH activity or by including the enzyme into the
procedure (an optional step). A thermostable DNA polymerase, in combination with PCR
primers which are designed as complementary sequences to the cDNA, is used to complete

the PCR amplification. The typical PCR has a number of steps/cycles which usually
include template denaturation, primer annealing, and primer extension. The final product
of PCR is double-stranded DNA, termed an amplicon. The conditions (such as time and
temperature) for each of the steps, as well as the total number of cycles, in the PCR are in
part determined by the length and primary sequence of the primers, predicted length of
amplicon, and target concentration. Since the target for PCR is single-stranded cDNA, the
first round of PCR begins from the upstream, annealed primer. Following extension and
denaturation, two complementary target DNA strands become available for both upstream
and downstream primer annealing and extension. PCR cycling yields multiple copies of a
sequence flanked by primer sequences. The length of the amplicon is determined by the
relative position of the upstream and downstream primers on the target.
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in the gastrointestinal tract all contribute to its pathogenicity. Proteases such as
trypsin, elastase, pancreatin, and chymotrypsin convert non-infectious rotavirus
to infectious subvirion particles (ISVPs) through the cleavage of the capsid
protein VP4 to two polypeptides.”**'° One of these, VP35, is responsible for the
binding to the cell membrane and internalization of the virus.**'°*??¢ Stomach
and intestinal proteases, low pH and/or a combination of these processes result
in the cleavage of capsid protein VPI and enhanced infectivity and antigenicity
of HAV *#19¢ py 114261 anq astrovirus.?® Virus-like particles (VLPs) assembled
in insect cells infected with a recombinant baculovirus expressing the NoV
capsid protein undergo proteolytic cleavage of the 58 kDa capsid protein when
treated with the intestinal protease trypsin.'*” The model of infection that
emerges from these studies is one in which stomach acids and intestinal
proteases expose receptor binding sites in the capsid proteins enhancing
infectivity and pathogenicity of the enteric viruses.

15.2.5 Viral genes and pathogenicity

Many recent insights into the pathogenic mechanisms of enteroviruses have
come from the development of transgenic mouse models expressing the human
poliovirus receptor.”** Mouse is a natural host of coxsackievirus (CV) and
mouse models for the investigation of CV pathology have been extensively
utilized.?*'>* In addition, primate models for PV and HAV have been the source
of much of the information currently available. /n vitro studies with mammalian
cells in culture, as well as in cell-free systems, have been invaluable in
elucidating many of the molecular mechanisms of virus replication, and host
defenses such as apoptosis.®*'?!* These studies indicate that the viral encoded
proteases 2A and 3C, as well as the 5 UTR encompassing the IRES, play key
roles in the pathogenicity of picornaviruses.

The viral IRES

As shown in Fig. 15.1, the 5" end of all picornavirus and calicivirus genomes
contain an untranslated region or UTR. The relatively long UTR of picornaviruses
houses the IRES (Fig. 15.2), and is responsible for the internal initiation of protein
synthesis from viral mRNA in a cap-independent manner.>*3%193:271.291 pape] A
of Fig. 15.2 shows the IRESs identified for picornaviruses are located in their 5’
UTR. Based on their conserved RNA sequences and secondary structures, most
picornavirus IRESs can be divided into two groups, Type I and Type II. Type I
IRESs are present in enteroviruses and human rhinovirus while Type I IRESs are
present in other picornaviruses such as cardioviruses and aphthoviruses. A
possible third Type III IRES has been identified in hepatitis A virus. A
representative IRES structure is shown in panel A to illustrate the highly ordered
secondary structures present in IRESs.?**!%?"! Panel B shows the mechanism of
cap-independent translation of picornaviral genomic RNA (via the IRES
structure). It is believed that 40S ribosomal subunit recognition of an IRES and
subsequent translation factor assembly is facilitated in part by RNA—protein
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interactions; translation efficiency is further augmented though interaction with
other cellular factors termed IRES-trans-acting factors (ITAFs). The illustration
depicts a general representation of translation factor assembly at an IRES (refer to
Fig. 15.4 for a description of the various translation factors depicted in this figure).
elF4G (4G) has been reported to participate in cap-independent translation either
as an intact protein (e.g. HAV IRES)* or in the truncated form (illustrated in Fig.
15.2) generated following enterovirus protease cleavage (see Fig. 15.4). ITAFs
that are reported to be involved in interaction with picornavirus (e.g. enterovirus
and hepatitis A virus) IRESs include pyrimidine tract binding protein, poly(rC)
binding proteins and La autoantigen,?*!20-149-21¢

There is general agreement that the IRES of different picornaviruses differ in
their ability to initiate protein synthesis in cultured cells and cell-free systems that
correlates with their ability to induce a cytopathic effect (cpe) in tissue culture
cells, #4:49-52:128.241.260.276.341 o TRES may even be responsible for determining
the tissue or species specificity,*’ pathogenesis and attenuation pheno-
type, 81299297298 and efficiency of translation of the viral genome.’>?%%?** In
particular, nucleotides at positions 472, 480, and 481 of the PV IRES have been
reported as critical determinants of neurovirulence, although nucleotide changes
elsewhere in the genome also contribute to the virulence phenotype.'”’
Replacement of the PV IRES with the IRES from rhinovirus abolished the
virulence phenotype.'**'** In contrast, the IRES of cell-culture adapted HAV are
more efficient in initiating protein synthesis in vitro and in vivo.?’%-330-331:340

The IRES of cytopathic strains of HAV (e.g. HM 175/18f) have a higher
efficiency of translation initiation than the non-cytopathic strains, apparently
because of decreased binding of the IRES to GAPDH,>’>?76-340-341 3 hrotein
known to bind and destabilize RNA secondary structure. The significance of the
low efficiency of translation initiation in vitro of HAV IRES to virulence is
questionable, since chimeric HAV viruses with an EMCV IRES, although more
efficient in translation, nevertheless showed no effect on the replication
phenotype,'® and the culture adapted rapidly replicating P16 strain is attenuated
for virulence in animal models.!”>?23-287395 Attenuated strains of PV, on the
other hand, are less efficient than their virulent parent strains in protein synthesis
and host shut-off,”*’=°® although such differences may be cell-line specific.'”®
Clearly, IRES efficiency in vitro is not the sole determinant of pathogenicity in
susceptible animals. The importance of other mechanisms is emphasized by the
isolation of a recombinant vaccine derived poliovirus (VDPV) from a child with
paralytic poliomyelitis that had the Sabin type-3 capsid antigenic site replaced
by a Type II site due to recombination.?'> Remarkably, a six amino acid change
in the antigenic site 1 of PV-1 (Mahoney) by the sequence of PV-2 (Lansing)
rendered the non-pathogenic Mahoney strain to neurovirulence in mice.?"*

The 24 protease

The pathogenicity of foodborne viruses is dependent on their ability to kill the
infected cells by either necrosis or apoptosis. Enteroviruses such as PV and CV
that are highly cytolytic to cultured cells use a virally coded protease 2A-
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mediated cleavage of elF4G and other cellular proteins such as PABP (polyA
binding protein) involved in translation to inhibit cellular protein synthesis (host
shut-off).#>:107.170.178.191.255 A g shown in Fig. 15.4, the host shut-off occurs
because cellular mRNAs having a 5’ 7-methyl guanosine cap require functional
interaction between elF4G and eIF4E (cap binding protein) for translation,
whereas the viral RNA translation initiated by an IRES remains unaffected by
such cleavage events (Fig. 15.2).2435:247.278
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Fig. 15.4 Illustration of dsRNA and virus mediated inhibition of cellular protein
synthesis.
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The cap-dependent translation of cellular mRNAs shown in Fig. 15.4 is a
cyclical process involving recruitment, dissociation, and recycling of various
components and can be essentially divided into three phases: initiation,
elongation, and termination. The study of cellular factors and mechanisms
involved in this highly coordinated, regulated and complex process is the subject
of numerous reviews.>*>>"#120-14% The following discussion is limited to the
events regarding translation initiation and the modes by which enteric viruses
may affect this process. As shown in panel A, the recruitment of the cap binding
protein complex (eIF4F) to the mRNA 5’ cap moiety m7G may be considered
the beginning of translation initiation. The elF4F complex contains the cap
binding protein [eIF4E (4E)], and RNA helicase [e[F4A (4A)] and a scaffold
protein [elF4G (4G)]. The factors e[F4B (4B) and elF4H (4H) promote RNA
helicase activity through association with eIF4F. The 40S ribosome-elF3-elF1A
complex is converted to the 43S pre-initiation complex following interaction
with a ternary complex consisting of elF2, methionyl-initiator tRNA and (eIF2-
bound) GTP and the addition of elF1.

In panel B of Fig. 15.4, the 43S pre-initiation complex subsequently
associates with elF4F through a bridging interaction between elF3 and the
elF4G subunit to form the core of the 48S initiation complex. The tethering of
elF4F to the 43S complex is important for cap-dependent recognition and
translation initiation. The scaffolding function of elF4G is provided by its
binding domains for elF4E, elF3, elF4A, an elF4A associated kinase (Mnkl),
and a translation enhancing factor, poly(A) binding protein (PABP).

Not shown in Fig. 15.4 is the 5’ to 3’ mRNA scanning of the initiation
complex to the start codon AUG (methionine), thus beginning the elongation
phase of translation, where elF5 facilitates the release of elFs from the complex
(factors are recycled). Following the hydrolysis of elF2-bound GTP to GDP
(panel A) which is facilitated by elF2B, the cycle of factor assembly and
translation initiation begins again. The enterovirus 2A and 3C proteases can
inhibit cap-dependent translation via cleavage of factors such as elF4G and
PABP which disrupt the critical scaffolding function of these factors. The
rotavirus nonstructural protein 3 (NSP3) interacts with the 3’ end of its viral
mRNAs and can substitute for PABP, thereby displacing PABP from interaction
with the initiation complex and negatively affecting translation. Translation
initiation can be further regulated not only by the level and availability of the
various factors described above, but also ‘globally’ by the modification state
(e.g. phosphorylation) of particular subunits. As illustrated in panel A of Fig.
15.4, phosphorylation of the alpha subunit of elF2 prevents elF2B-mediated
exchange of GDP for GTP and can occur (e.g. via dSRNA mediated activation of
PKR, also see Fig. 17.5) following induction of an antiviral response, thus
leading to a reduction in protein synthesis. It is of interest to note that at least
three other kinases can also mediate this phosphorylation event, HRI (heme-
regulated inhibitor), GCN2 (general control non-depressable 2) and PERK
(PKR-like endiplasmic reticulum kinase). The latter is notable because of its
connection to ER-stress induced apoptosis.®'***
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HAV infection of permissive cells does not induce host shut-off. HAV lacks
detectable 2A protease activity,'®2°"2’* and HAV IRES driven translation
requires a functional eIF4G moiety.*> However, there may be other as yet
unidentified functions of HAV 2A, since in vitro translation of capped mRNA
was inhibited by HAV 2A,°"*'° and the 2A gene was required for maximum
virulence.”"'°""1* Rotavirus uses a different mechanism. The viral NSP3
protein binds specifically to the conserved viral 3’ end sequences, and
effectively out-competes PABP for interaction with elF4G, thereby disrupting
the interaction between PABP and eIF4G on cellular mRNAs.>*”*** The two
consequences of NSP3 expression, therefore, are reduced efficiency of host
mRNA translation and circularization-mediated translational enhancement of
rotavirus mRNAs (Fig. 15.4).

The 3C protease

All picornaviruses, including HAV, as well as caliciviruses encode a second
protease called 3C. The 3C protease of picorna- and caliciviruses is responsible
for almost all the maturation cleavages of the viral polyprotein,>**->47-274.278
There is, however, some evidence to suggest that protein processing inter-
mediates from entero-, hepato-, and calicivirus, such as the 3CD (protease-
polymerase) are multifunctional in their precursor form and may interact with
other viral proteins and viral RNA, thus affecting viral RNA replica-
tion,?”137-13833% Iy addition, the enterovirus 3C protease cleaves a variety of
cellular proteins involved in transcriptional and translational regulation,
including PABP, TATA binding protein, TFIIIC, CREB, and OCT-1,2*"3%
and is directly involved in virus induced cell-killing by apoptosis.'® No infor-
mation is currently available on the effect of HAV or NoV 3C proteases on
cellular proteins.

15.3 Mechanisms of host cell invasion

The primary mode for natural infection by enteric viruses is by ingestion,
although a respiratory route of transmission may also be important for some
enteroviruses”> and norovirus.>'* In general, the age, gender, and socio-
economic status of an infected individual or population can be factors that
influence the probability of infection, severity of illness and sequellae, and
prognosis for recovery from enteric virus infection.

Enteric virus infection may result in clinically defined illness or in asymtop-
matic infection.>** Norovirus and rotavirus infections typically give rise to
localized disease due to primary replication that is generally limited to the small
intestinal epithelium, although the rare development of systemic sequellae have
been attributed to rotavirus infection possibly a consequence of viremia.”''>72%*
Enteroviruses initially produce a localized infection in intestinal cells or in
mucosal tissue (Peyer’s patches, tonsils), followed by replication in cervical and
mesenteric lymphoid tissue. A systemic (viremia) phase may follow, leading to
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infection/replication of other tissues/organs resulting in non-enteric illnesses
such as aseptic meningitis, mild paralytic disease, acute hemorrhagic
conjunctivitis or poliomyelitis (poliovirus).?*® This is in contrast to the primarily
systemic infection and illness (e.g. hepatitis) observed following hepatic
infection with hepatitis A virus.'° As with non-enteric viral diseases, illnesses
caused by an enteric viral infection may be due to a direct and/or immunolo-
pathologic consequence of virus replication in the infected tissue/organ.

15.3.1 Virus binding and cell surface receptors

Once within the host, viruses gain entry into the target cell population by the
interaction between the viral capsid and receptors and co-receptors on the cell
surface.”®>'® Receptors and co-receptors involved in virus binding are listed for
selected enteric viruses in Table 15.2. Many of these cell receptors participate in
cell-specific functions such as signal transduction (e.g. DAF/CDS55, integrins),
cell-to-cell interactions (e.g. HBGAs, JAM), receptor-mediated uptake of
nutrients/metabolic factors, cell matrix attachment (e.g. integrins) and immuno-
logic recognition (e.g. ICAM-1, HBGAs). The cellular functions of some
receptors such as the poliovirus receptor (PVR) (CD155) and HAV cellular
receptor (haver-1) remain unknown.'"!!!222:267-285 Some viruses interact with
secondary receptors (or co-receptors) after the initial binding to and interaction
with its primary receptor.

Table 15.2 Examples of cell receptors known or implicated in virus binding

Virus/species/serotype Receptor/co-receptor® Reference

Poliovirus PVR(CD155) 222

Coxsackievirus B3 CAR/CD55* 31, 32, 282, 309

Coxsackievirus B1, 3,5  CD55/av/36 1, 30, 282

Coxsackie A9 Integrin av(33, avB6/GRP78, 262, 312-314, 335
MHC-1

Coxsackievirus A21 CDS55/ICAM-1 281

Echovirus 22 Integrin av@3, avpgl 250

Echovirus 11 CD55/a2081, avpBl 211, 312

Echovirus 1, 8 Integrin o231 29, 235, 314

Echovirus 3, 6, 7, 12, CD55 30, 185, 238, 249

13, 20, 21, 24, 29, 33

Rotavirus SA (oligosaccharides), 19, 113, 146, 203, 264, 296

Gangliosides, Integrin o251/

Integrin o231, c481, JAM
Norovirus HBGAs, Lewis antigen 156, 199
Hepatitis A virus haver-1 111

# PVR means poliovirus receptor. CAR means coxsackievirus-adenovirus receptor. CD means cluster
of differentiation. GRP means glucose response protein. MHC-1 means major histocompatibility
complex-1. ICAM means intercellular adhesion molecule. SA means sialic acid containing receptors.
JAM is junction adhesion molecule. HBGAs mean histo-blood group antigens. Haver-1 means
hepatitis A virus receptor.

* CD55 is also reported as DAF (decay accelerating factor).
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Picornaviruses

Picornavirus capsids are composed of four proteins (VP1-4) arranged in an
icosahedral symmetry. Their surface architecture and receptor binding specificity
differ due primarily to amino acid differences, and the tissue distribution/
expression of receptors contributes to viral tropism and pathogenesis.?! 234238232
Some virus serotypes within the same species (e.g. coxsackieviruses) have been
reported to use different cell receptors depending upon the target cell (Table 15.2).

Norovirus

In the absence of a suitable cell-culture model for NoV, recombinant virus-like
particles (rVLP)'*"'%® produced in insect cells have been used for the study of
virus-cell interactions.'*®!'3233? These studies have identified the human histo-
blood group antigens (HBGAs), present on red blood and mucosal epithelial cells,
saliva and intestinal fluid as the putative NoV receptor.'>’'%332 HBGAs were
subsequently implicated in resistance or susceptibility to NoV infection, as well as
the binding of the major capsid protein VP1 of NoV genogroups.'>!:136:199:303.304

Rotavirus

Human infections by rotavirus are attributed to serogroups A, B, and C. They
primarily infect mature enterocytes of the small intestinal villi. However, some
evidence indicates a possibly broader host tissue range based on reports of extra-
intestinal spread following initial infection.’’2°®?2>-%% Both sialic-acid
containing receptors®>!7#2%* and members of the integrin family of receptors
o231 and a451%%1%6 can serve as the primary receptors for capsid proteins VP4,
VP7, or VPS5, the protease cleavage product of VP4,

15.3.2 Different (multiple) virus species may use the same cell receptor
As identified in Table 15.2, different virus species appear to use similar receptor
types, or the same receptor, for cell binding. For example, the CAR receptor is
used by both coxsackie B virus and adenoviruses.*** PVR(CDI155) is the
primary receptor for poliovirus and has been reported to function as a secondary
receptor for alphaherpesviruses.''® ICAM-1 (intracellular cell adhesion
molecule-1) has been identified as a primary or secondary receptor for
coxsackievirus A, and also functions as the primary receptor for major group
members of genus Rhinoviruses.>**5%28!

15.3.3 Role of circulating Ab-Ag virus complexes in cell attachment

A host has many defense mechanisms which can be utilized to respond to a virus
infection. These molecular and cellular defenses may be considered as part of two
broad categories: innate and adaptive immunity. A detailed discussion of innate
versus adaptive immunity is beyond the scope of this review and the reader is
referred to examples of articles in this subject area.>62>36:50:64.310.333.343 10
immunity includes those responses such as phagocytosis (e.g. macrophages),
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cytokine release (e.g. interferon, interleukins), cell/tissue surface defenses, and
cell-mediated killing of virus infected cells (e.g. NK cells) that do not require
specific viral antigen recognition in order to initiate and mediate the response.
The development of antiviral antibodies and cell-mediated immunity are part of
the more slowly developing and longer-lived antiviral response categorized as
adaptive immunity. Cellular components of an adaptive immune response (e.g. B
cells, T cells) can recognize viral proteins as foreign (antigens) and develop
specifically targeted responses (e.g. antiviral antibodies, antigen-dependent cell-
mediated killing) against domains (epitopes) of the viral antigen. Antibodies
produced (humoral immunity) in response to virus infection can include members
of the immunoglobulin (Ig) classes IgM, IgG, and IgA. An initial humoral
response typically involves IgM production followed by a switch to IgG
production later in the infection/antibody response. The highest levels of IgG are
typically observed in the serum while those of IgA are typically observed at the
mucosal tissue or fluids (e.g. intestine, saliva), and in these locations is
sometimes referred to as secretory IgA.

Interestingly, antiviral antibodies can provide an alternative mechanism by
which a virus may gain entry into cells such as through receptor-mediated
binding and entry of virus particles into a cell as antibody—virus complexes.
These complexes are formed when sub- or non-neutralizing quantities of anti-
virus antibodies are bound to the virus particle,***°*** allowing the exposed Fc-
region (‘tail”) of the antibody to attach to cells via Fc receptors expressed on the
cell surface, thus facilitating entry into that cell. This facilitated uptake of
antibody bound virus complexes has been reported for a variety of both RNA
and DNA viruses in cell culture and in vivo.?*® The existence and utilization of
this alternative pathway suggest that a mechanism exists for expanding viral
tropism in vivo under conditions whereby a host immune response generates
sub-neutralizing titers of anti-viral antibodies.>'”**"*?? Similar antibody-
dependent enhancement or ADE has been reported for CV'#*:!¥2 and
HAV .29 In coxsackievirus B4 infection, ADE has been implicated in
increased infectivity of the virus, implicating this mechanism in the develop-
ment of myocarditis, at least in a mouse model."**'® Dotzauer er al**
demonstrated infection of both mouse and human hepatocytes using antibody—
HAYV complexes, and suggested that the formation of these complexes may play
a role in relapsing HAV infections through its function as a possible liver-
directed carrier mechanism. It is also important to note that the expression of
Fcry receptor on phagocytic cells (viz. macrophages, neutrophils) is part of the
viral clearance mechanism used by the immune system to remove virus—
antibody complexes from circulation, but ironically may contribute to the risk
factors associated with disease®®* as suggested by Rekand er al.*” regarding
allelic polymorphisms in the FcIIIA receptor and risk factor development for
acute illness (poliomyelitis).



Pathogenic mechanisms of foodborne viral disease 359

15.4 Host cell defenses

15.4.1 Protective immunity

There are numerous physiologic hurdles that a virus must overcome to establish
an infection within the host (Section 15.2), but enteric viruses are capable of
surviving many of these assaults primarily because of the structure and com-
position of their capsids. The host, however, has mechanisms such as antiviral
and immunological responses to combat a potential enteric virus infection.>*?
For example, both serum and secretory antibodies play major roles in protective
immunity against enterovirus infections. For HAV infection, circulating anti-
HAYV IgG is protective against viral disease, but it is unclear what role immunity
at the intestinal surface (such as secretory Ig) may play in protection from
infection.

Human volunteer feeding studies using either infectious inoculums or NoV
rVLPs, and epidemiologic and serologic studies have indicated the absence of
any long-term immunity to NoV infection.'® The relatively rapid rate of
recovery from NoV infection and illness suggests both an antiviral and immuno-
logical response play a role in the overall host response to infection.**!*°

Rotavirus nonstructural protein NSP4 has been found to have a toxin-like
activity that effects diarrheagenic changes without direct destruction of villus
enterocytes.”>* The major outer capsid proteins VP4 and VP7 are involved in
virus attachment and cell entry and induction of neutralizing and protective
antibodies.”'****3%° VP6, an intermediate layer virus structural protein, has also
been implicated as part of an IgA-specific non-neutralizing, but protective
immune response.'” Primate and mouse model studies also indicate that
transcytosis of serum IgG to the intestinal lumen may be important in blocking
virus attachment or endocytosis.?’”3%°

15.4.2 The interferon (IFN) response
To survive a virus infection the host relies on both innate and adaptive defense
mechanisms which the invading virus must overcome to replicate and assure its
own survival.”>!!%143138 Qince there is usually a time lag of several days before
the adaptive immune response becomes functional, the cytokine response (IFN)
is crucial for the survival of the organism.*>!'7>*?” There are two major IFN-
controlled cellular defense mechanisms that are important in the context of
foodborne viruses: the 2-5A dependent RNase L pathway and the PKR (protein
kinase RNA activated) pathway (Fig. 15.5).!7:158:280.286.292

Apoptosis is referred to as programmed cell death.'”>'¢ This process is
often argued as the means by which a cell may limit virus replication and spread
through initiation of this cellular ‘self-destruct’ mechanism. Some viruses have
evolved mechanisms to either induce or suppress apoptosis. The former may
function as a means to facilitate release of progeny virus from the infected host
while the latter may aid in delaying cell destruction in order to provide
additional time for virus replication and progeny production. The induction of
apoptosis in virus infected cells may occur as a consequence of protein synthesis
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Fig. 15.5 Diagrammatic representation of the relationship between activation of the
dsRNA pathways and induction of apoptosis.

inhibition resulting from, for example, modification of protein kinase signaling
factors or cellular metabolic pathways leading to endoplasmic reticulum (ER)
stress induction (e.g. amino acid depletion, unfolded protein response); cleavage
of critical translation factors (see Fig. 15.4); and/or antiviral (dsSRNA and
interferon) pathway activation. As shown in Fig. 15.5, one of the cellular
responses to interaction with interferon can be the induction (increased
expression) (*) of 2-5 OAS (oligoadenylate synthetase) and/or PKR, whose
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latent enzymatic activites are activated by viral dsSRNA. dsRNA alone may
function to induce expression of 2-5 OAS. Activated 2-5 OAS produces 2'-5’
adenylate oligomers which in turn activate latent, endogenous RNase L to
ultimately affect protein synthesis by degrading RNA. Activated PKR phos-
phorylates serine 51 of elF2 subunit « resulting in inhibition of protein synthesis
(see Fig. 15.4), The link between protein synthesis inhibition and activation of
initiator caspases (----») is not fully understood and appears to be in part virus
and cell/tissue dependent. Central to apoptosis is the activation of members of a
family of intracellular cysteine aspartyl-specific proteases known as
caspases.” 319> Fourteen caspases have been identified with some reported
to have a tissue-restricted specificity for activation. With few reported
exceptions, capases require cleavage through an auto- or trans-catalytic process
for their activation. The activation of initiator caspases (e.g. caspase 2, 8, 9, 10,
12) can occur through receptor (extrinsic) or intracellular initiated (intrinsic)
mechanisms. This triggers activation of an enzymatic (caspase) cascade leading
to downstream activation of effector caspases (e.g. caspase 3, 6, 7), resulting in
targeted cleavage of various cellular proteins that ultimately mediate the
observed physical and biochemical changes ascribed to apoptosis.

Ironically, the viral genome itself (or its replication strategy) is the Achilles
heel of the foodborne viruses. This is because one or both of these two major IFN
stimulated antiviral systems are triggered when the cell encounters a virus. With
few exceptions, the trigger is dSRNA either in the form of viral transcript (e.g.
reovirus sl) secondary structure, or in the dsRNA replicative intermediates of
ssRNA viruses, although a direct role of dsSRNA viral genomes has not been
completely ruled out.'77-144161270 Gynthesis of dsSRNA is unavoidable even in
dsDNA virus infected cells owing to convergent transcription from both DNA
strands.®"'?” Moreover, both dsRNA triggered antiviral mechanisms are
apoptotic.'”%%289 Ppicornaviral 2A and 3C proteases (Section 15.2) can also
induce apoptosis in infected cells by mechanisms that share some features of the
apoptosis triggered by dsRNA, namely the caspase pathway.'®%¢123 The
difference is in the timing of the onset of apoptosis. Viral proteases induce
apoptosis late in infection when the viral replication cycle is com-
plete *#!1-47:00-61.80.121.124.255.265 "\with few exceptions, the dsRNA activated
apoptotic pathways require prior exposure to IFN either as pre-treatment of
tissue culture cells prior to virus infection, or virus-induced synthesis of IFN,
which sensitizes surrounding uninfected cells to an incoming virus, and therefore
induces apoptosis in these cells before virus replication can take place.'”-*%%-2%2

15.4.3 Inhibition of virus replication by protein kinase RNA activated
pathway

Activation of PKR requires dsRNA mediated autophosphorylation and dimeriza-
tion (Fig. 15.5). Activated PKR phosphorylates a number of cellular proteins
such as elF2q, and Ikk(3. Phosphorylation of eIF2« renders it inactive in protein
synthesis (Fig. 15.4), both cellular and viral, resulting in the inhibition of virus
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replication, and in apoptotic death of virus-infected cells,”*'*® contributing to
viral pathogenicity.>’*> Phosphorylation of Ixk0, on the other hand, induces the
synthesis of the transcription factor NF-x(, resulting in the induction of several
cellular genes (including IFN) with both pro- and anti-apoptotic functions.'®'

15.4.4 Inhibition of PKR by viruses

PKR activation must be suppressed for virus specific protein synthesis and virus
replication to occur.'>>77%2%* The reovirus outer capsid protein o3 binds to and
inhibits PKR activity.''>'%22 However, the 3 protein is also responsible for
inhibition of host cell protein synthesis.”®* A second reovirus protein x1 may
bind to ¢3 and prevent its dsSRNA binding function.?’*** The NSP3 protein of
reovirus, specifically an 8 kDa cleavage product, has been shown to bind and
antagonize the antiviral effects of dsSRNA.'*? In some cell lines of tumor origin,
PKR expression is down-regulated, resulting in high-level replication of these
viruses and efficient cell killing.”®'***** The virus induced cell-killing of
certain tumor cell lines may be an interesting therapeutic application of these
viruses.

Regarding other important foodborne pathogens, PV causes reduction in PKR
levels by an unknown mechanism possibly involving a cellular protease and
poliovirus dsRNA.*® Evidence suggests that a reduction in cellular RNA
synthesis via the degradation of a variety of RNA polymerase transcription
factors**’ coupled with an inhibition of cellular protein synthesis, results in a
significant reduction in PKR levels. Other enteroviruses probably employ
similar mechanisms. It is not known how HAV, NoV, or HEV evade the
consequences of PKR activation. Infection with apoptotic as well as non-
apoptotic strains of HAV did not result in PKR activation (Fig. 15.6). Figure
15.6 shows the results of dsSRNA treatment and HAV infection on 2-5 OAS
levels and PKR phosphorylation in FrhK4 cells. FrhK4 cells were either mock or
HAV 18f infected [48 hpi (hours post-infection)], or mock or polyl:C (i.e.
dsRNA) transfected (48h) prior to protein extraction and denaturing gel
electrophoresis/immunoblot analysis (see Goswami et al.'*® and Kulka et al.'®’
for experimental details) for detection of 2-5 OAS (panel A), phosphorylated
PKR (panel B), or nonphosphorylated PKR (panel C). Persistently HAV clone 1
infected (>300 days pi) FrhK4 cells were mock or dsRNA treated (48 h) prior to
protein extraction and immunoblot analysis. The positions of the 100kDa and
69/71kDa isoforms of 2-5 OAS are identified with arrows. 2-5 OAS was
detected only in dsRNA-treated FrhK4 cells. Nonphosphorylated PKR (67 kDa)
was present at equivalent levels in all samples, while phosphorylated PKR was
not detected in any of the samples. Thus PKR phosphorylation may be defective
in these cells, allowing HAV to establish a latent infection as suggested by Gale
and Katze.''” dsRNA induced synthesis of OAS, while neither the apoptotic
HAV strain (18f), nor the tissue culture adapted parent strain (clone 1) caused
induction of OAS. Moreover, the clone 1 virus inhibited dsSRNA induction of
OAS. HAV is thus equipped with an as-yet unidentified function that can
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Fig. 15.6 Induction of 2-50AS expression in response to dsRNA treatment of FrhK4
(fetal rhesus monkey kidney) cells.

interfere with dsRNA activated antiviral mechanisms. The role of cellular
protein modulators of PKR activation, which work by either binding to PKR or
to dsRNA,'® are currently unknown. It has been suggested that lack of PKR
activation may be the reason why some viruses are able to establish persistent or
latent infection.'"’

15.4.5 Inhibition of virus replication by RNase L

A second IFN-induced antiviral pathway involved in apoptosis of virus infected
cells is activation of a latent endoribonuclease RNase L (Fig. 15.5).6%163 This
ribonuclease is present in inactive form in many cell lines and is apparently
involved in many physiological processes.”*° The enzyme is activated when 5’
phosphorylated trimers or higher oligomers of 2’~5'linked oligoadenylic acids
(collectively referred to as 2—5A) bind to the inactive form of RNase L.'”
Synthesis of 2-5A is a function of the enzyme 2'-5" OAS, which is induced by
IFN and activated by dsRNA. Several isoforms of OAS have been described,
while only a single molecular form of RNase L in a given cell type is known.
The activated RNase L degrades cellular as well as viral RNAs after UpNp
dinucleotides. In interferon-treated cells, degradation of both viral and ribosomal
RNA (rRNA) molecules are observed following infection with several RNA and
DNA viruses, or treatment with dsRNA 62286
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15.4.6 Viral evasion of the RNase L pathway

Little is known about how ssRNA or dsRNA viruses escape the RNase L
pathway. Since cells that have not been treated with IFN contain little or no
OAS, viral infection of such cells does not trigger the RNase L-mediated RNA
degradation owing to the lack of the activator 2—5A. The only exceptions known
to date for the requirement of IFN for RNA degradation in virus infected cells
are the apoptotic strains of HAV,'*>'®” and mouse coronavirus.'® Degradation
of rRNA occurred following HAV infection in the absence of prior IFN
treatment of the cells, and in the absence of detectable OAS mRNA or protein
(Figs 15.6 and 15.7). In contrast, treatment of the same cell line with dSRNA
resulted in rRNA degradation and also induction of the 69/71 kDa form of 2—-5
OAS mRNA and protein (Figs 15.6 and 15.7); degradation of viral genomic
RNA in virus infected cells did not occur,'®” and virus replication was not
inhibited. Along with the previous reports that HAV inhibits dsRNA-induced

{a) (b)
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Fig. 15.7 Activation of apoptotic pathways (RNase L and caspase) following HAV
infection or dsRNA treatment of FrhK4 cells. Replicate samples of FrhK4 cells either
mock (Mck) treated, HAV 18f infected (18f), HAV clone 1 infected (Cln 1) or polyl:C
transfected (DSR) for 48 h were subjected to either total RNA extraction/isolation for
RNA analysis and RT-PCR (A, upper and lower panels, respectively), or protein
extraction followed by denaturing gel electrophoresis/immunoblot analysis for caspase-3
activation (panel B) (see Goswami et al.'*® and Kulka et al.'8” for experimental details).
The positions of the 28S and 18S rRNAs are indicated with arrows. Degraded rRNA
appears as stained bands located both between the 28S and 18S, and below the 18S
positions (A, top panel). While RT-PCR generated a 2-50AS amplicon from dsRNA-
treated FrhK4 cells, the remaining samples were negative, indicating the lack of induction
of 2-50AS gene expression in these samples. RNase L was activated in 18f infected as
well as dsRNA-treated cells, suggesting 2-5A-independent activation in 18f infected
cells. Activation of caspase-3 in dsRNA-treated and 18f infected cells is indicated by
detection of the (cleaved) large fragment of caspase-3 (panel B).
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synthesis of IFN3*® and the absence of activation of the JAK-STAT pathway in
HAV infected cells,'?>'®7 it is likely that activation of RNase L in the FrhK4
cells following HAV infection is an example of the usurping of this activity by
the virus to its advantage, analogous to the usurping of the PKR pathway by
reovirus.”®*%*

15.4.7 Interferon, apoptosis and pathogenesis

In the context of virus infection, apoptosis is a two-edged sword. As a host
defense mechanism, induction of apoptosis early in infection inhibits viral
replication and formation of progeny virus. A late induction after the completion
of the viral replication cycle favors the virus by circumventing the immune and
inflammatory responses.'"*%® For enteroviruses, the usual outcome of a produc-
tive infection is cell lysis and release of progeny virus.*'*%2%° However, even
with these highly cytolytic viruses, recent results indicate a significant role of
apoptosis in viral-induced pathogenesis.*#¢-36:60:61.67.68.80.141.197.198.255 1,
general, signals for apoptotic induction converge on the enzyme cascade called
caspases (Fig. 15.5), which include initiator caspases (8, 9, 10, and 12) and
effector caspases (3, 6, and 7). Caspases are present in cells in inactive forms
and require activation by proteolytic cleavage.””'%**°7 In this scheme, caspase 3
plays a central role, in being both activated by initiator caspases, and activating
the other two effector caspases. Caspase 3 activation and caspase-mediated
cleavage of cellular proteins involved in apoptosis have been observed in enteric
virus infected cells,'®:26:60:67:123.126.187.265 Ajthoueh it is generally thought that
changes in mitochondrial membrane permeability resulting in cytochrome ¢
release and activation of caspase 9 leads to activation of caspase 3 in some
enterovirus infected cells, activation of upstream caspases has not been observed
in HAV-induced apoptosis (Goswami and Kulka, unpublished). Similarly, the
role of RNase L-mediated rRNA degradation in caspase activation remains to be
established.

JAK-STAT

Central to the antiviral and proapoptotic effects of the IFN induced systems,
PKR and RNase L, is the JAK-STAT pathway which controls IFN stimulated
gene expression. Phosphorylation of the transcription factor STATI is critical
for stimulation of genes containing either interferon stimulated response
elements (ISRE) that are regulated by type I IFN or gamma-activated sequence
(GAS) elements stimulated by type II IFN. STATI responsive genes include
both PKR and OAS, and differential effects of the two types of IFN on the two
antiviral mechanisms have been observed.''> STAT 1—/— cells are unrespon-
sive to IFN and sensitive to virus infection,””*’ although the severity of the
disease and vaccine derived protection may not be altered for all enteric
pathogens.**' In HAV-infected FrhK4 cells, STAT1 is not phosphorylated and
IFNo/f3 is not induced.*®'2%137 The activation of RNase L and apoptosis in such
cells is 2-5A or PKR independent (Figs 15.6 and 15.7). Clearly, the role of
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STAT in the replication of enteric viruses needs to be investigated. The
enhanced replication of mouse norovirus in dentritic cells and macrophages
from STATI knockout mice also suggests a larger role of the JAK-STAT
pathway in virus replication.'’®-%’

15.5 Mechanisms of virus-induced damage to host cell

15.5.1 Apoptosis as a pathogenic mechanism

Considerable evidence has accumulated over the past years indicating that
apoptosis plays a key role in viral pathogenicity,>#!:61:112:204.255.265.272 pyep
highly cytolytic viruses such as PV and CV have been shown to induce
apoptosis both in tissue culture and in animal models.*>80:81:121235265 Bocayge
many enteric viruses are highly cytolytic in tissue culture cells, induction of
apoptosis is only observed under conditions that are restrictive to virus
replication.?®® In cultured cells in vitro, such restrictive conditions are achieved
by the use of certain inhibitors of virus replication or mutant viruses. Restrictive
conditions for virus replication occur in vivo owing to an IFN«/8 response to
virus infection. Moreover, poliovirus-induced apoptosis has recently been
observed even under permissive conditions in a human promonocytic and
enterocytic-like cell lines®® and in the mouse central nervous system.'?!'%?
Apoptosis resulting from activation of the caspase pathway by the perforin/
granzyme route was reported following vaccination with oral polio vaccine.
IFN+ secretion by both CD4+ and CD8+ T cells was involved, again pointing to
apoptosis as a mechanism of tissue damage, probably as a result of replication of
the vaccine derived virus.*** In contrast, wild-type and most cell culture-adapted
HAV strains produce a noncytolytic persistent infection in vitro. A few
cytopathic strains of HAV are capable of cell killing in vitro as a result of a
slowly developing apoptosis.*’-'?*12¢187 However, unlike the enteroviruses, the
relationship between apoptosis and pathogenicity in animal models has not been
clearly established for HAV.

Rotavirus infection has been shown to induce apoptosis both in vitro and in
vivo *0:07:239-316.317 while induction of apoptosis in vivo in mice infected with a
human rotavirus was correlated with the onset of diarrheal disease, the
underlying mechanisms connecting these processes have not been fully
elucidated.

15.5.2 Cytopathic effect (CPE)

The development of morphologic changes related to CPE in an infected cell is
the subject of numerous reviews.'®2%2% The secondary effects of viral gene
expression/replication on host cell macromolecular structures and/or metabolism
can ultimately lead to CPE by effecting changes in cell morphology such as cell
rounding, cell lysis, syncytium formation, and inclusion body formation. The
induction of CPE in cultured cells may or may not have a direct mechanistic
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relationship to the pathogenesis of viral disease. The molecular events
responsible for the cytopathogenesis ascribed to a particular virus infection
may be delineated through investigations of the effects of viral gene expression
and replication on host cell metabolism in culture. For an increasing number of
viruses, the CPE observed following virus infection has subsequently been
determined to be the consequence of an apoptotic response.

For example, the productive infection of non-neuronal cells (e.g. HeLa) with
poliovirus gives rise to CPE but does not lead to DNA laddering that is
characteristic of apoptosis. Infection of neuronal or promonocytic cells, or non-
neuronal cells under conditions of restricted poliovirus replication, induces
molecular events and morphologic changes consistent with cell death by
apoptosis.®®'212%* Enterovirus 71 and coxsackievirus B5 were also reported to
induce apoptotic and non-apoptotic cell death depending, in part, on the cell type
and multiplicity of infection.****>*327 A number of investigators have argued
for the contribution of viral CPE and possibly apoptosis in the pathology of viral
myocarditis and progression to cardiomyopathy.'*'33-*3%-32% The immunological
contribution to the pathology could not be discounted. Clearly, the interplay
between viral and cellular factors/mechanisms during enterovirus infections
which results in either non-apoptotic CPE or apoptosis induction, is complex,
and has yet to be fully elucidated with respect to natural EV infection and
potential sequellae such as poliomyelitis, meningitis, and cardiac damage.

Wild-type hepatitis A virus infection in culture does not produce CPE despite
replication, assembly, and spread of infectious virus. While the clinical symp-
toms and pathology of infectious hepatitis are attributed to a T cell mediated
destruction of infected cells,***'*2% the contribution of virus replication per se
to hepatic cell destruction remains unclear. There is currently no information
regarding the development of either CPE or necrosis in cell culture by human
NoV owing to the lack of a cell culture system for this virus. Human volunteer
studies reveal upper small intestinal histopathologic lesions and mononuclear
cell infiltration of the lamina propria, suggesting virus particle binding to
epithelia cells (stomach) and enterocytes (small intestine).'”> While animal
rotaviruses can be grown in cell culture quite easily, the culture of human
rotaviruses often requires additional methods such as pretreatment and/or
incorporation of trypsin in the culture medium possibly aiding in the exposure of
viral antigenic epitopes for more efficient binding of the virus to its cell
receptor.' +20?

Although most culturable human (primarily group A) and non-human strains
of rotavirus have been reported to develop CPE; human group B and C members
have proven more difficult to culture. Histopathologic changes,'** altered
cytoskeletal organization and perturbation of calcium homeostasis,'***°* are
among the reported effects of rotavirus infection. The induction of apoptosis has
been described for rotavirus infection in culture.®”-**> DNA fragmentation (not
consistently reported during rotavirus infection in culture) has been correlated
with the loss of mitochondrial membrane potential and release of cytochrome c,
as well as shut-off of host macromolecule synthesis. The viral and cellular
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mechanism(s) responsible for induction of apoptosis in rotavirus infected cells
are not well understood and remain the subject of continuing investigation.

15.5.3 Effects on cellular metabolism: virus inhibition of protein and RNA
synthesis

Owing to the limited genome capacity of most enteric viruses (Fig. 15.1),
essential viral functions are co-opted to modify or inhibit cellular macro-
molecule synthesis and function to favor virus replication (see Section 15.2).
The study of cellular factors and mechanisms involved in this highly coordi-
nated, regulated, and complex process is the subject of numerous reviews.'2*'4?

15.6 Implications for foodborne disease treatment and
prevention

15.6.1 Vaccines

Norovirus

Generally, gastroenteritis caused by foodborne viruses of norovirus genus is a
rather mild self-limiting disease. Thus, a nationwide program of mass vaccination
is probably unwarranted, although specific segments of the population, such as
military personnel destined for war zones, or food handlers and agricultural
workers, might benefit from an effective vaccine. From volunteer studies it is
unclear whether long-term immunity is achievable following immunization with
recombinant VLP against NV,'% or whether immunization with one genogroup
confers cross-protection against a different strain of NoV.?*° Besides the lack of a
cell culture or small animal host for NoV, the genetic and antigenic diversity within
the genera is a great impediment towards the development of effective vaccines.

Poliovirus

The availability of both inactivated (Salk type) and live attenuated virus (Sabin
type) vaccines has almost eradicated this disease in developed as well as most
developing countries. The disadvantage of a live attenuated vaccine is ensuring
the safety of the vaccine strain. Growth of attenuated strains of PV sometimes
results in revertant strains that have regained their virulence, requiring rigorous
safety testing of each new batch of virus to be used for immunization,**
especially since VDPV with mutated phenotypes can persist in immunized
populations for years.”%'*

Rotavirus

The picture of success of vaccination programs with live attenuated poliovirus
got murkier with reports of serious adverse effects during clinical trial with a
live rotavirus vaccine.>**® Considerable resources are currently being used to
develop new vaccines against rotavirus based on reassortments between human
and animal rotaviruses of the capsid proteins VP4 and VP7.'%
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HAV
Two inactivated HAV vaccines are currently licensed for use.>> They are both
highly effective and serious adverse effects are not currently known.

15.6.2 DNA vaccines

DNA vaccines are based on the expression in ‘vaccinated’ hosts of cDNA
encoding protein antigens (viz. viral coat proteins) that have been cloned into
plasmid vectors carrying transcription and translation signal sequences utilized
by the host’s cellular/molecular machinery. Specific genetic elements can be
engineered into the vector to permit replication in target cells.'****® Expression
of the protein antigens generates both humoral (antibodies) and cell-mediated
(cytotoxic T lymphocyte or CTL) responses to the antigen, conferring protection
against subsequent infection by the same or related pathogen. The advantage of
DNA vaccines over inactivated or live attenuated pathogens is that large
quantities of highly purified pathogens are not needed, and that both CTL and
antibody responses are induced, which are crucial for establishing protective
(i.e. relevant) immunity. The advantage of DNA vaccines over immunization
with live attenuated pathogens, which also elicit a CTL response, is the reduced
risk owing to the absence of virulent pathogen production through unforeseen
mutations or recombinations. The disadvantage is that the magnitude of the
immune response may be low, requiring boosting of the response with purified
antigen, or cytokines (see below).

Technology for the oral administration of DNA vaccines has been developed,
resulting in an IgA response at the mucosal surface similar to that achieved
following oral administration of live attenuated vaccines. Intramuscular or
intradermal administration of DNA vaccines, or inactivated viral vaccines do not
generate an IgA response,'*® although, interestingly, immunization of human
volunteers with an inactivated HAV vaccine resulted in expression of IFN~ as
well as interleukin (IL)-10, and a CTL response, in addition to the normal
antibody response.'* DNA vaccines against several enteric viral pathogens have
been developed and tested in animal models. However, none is currently
licensed for human use.'*> DNA vaccines so far have not lived up to the initial
excitement, particularly when tested in large animals or humans.'® It remains to
be seen whether mucosal adjuvants such as CpG containing DNAs or cytokines
will result in improved protection without the toxicity problem of older
adjuvants such as cholera toxin. Targeting vaccines to mucosal cells to elicit
secretory IgA response by using receptor binding proteins such as reovirus ol
protein is a promising approach, particularly with regard to the recent
development of a model for intestinal Peyer’s patch M cells.*®

15.6.3 Vaccines and cytokines
Cytokines have a profound effect on the pathogenesis of foodborne viral dis-
eases and on innate and adaptive immunity against virus infection. The effects of
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interferons, the most studied cytokines in the context of virus infections, have
been described in previous sections. The effects of various cytokines may be
complementary or antagonistic. The cytokine tumor necrosis factor o (TNFa)
was found to down-regulate the inhibitory effect of IFNa on human rhinovirus
(a picornavirus) growth, and disease potential.*® In rotavirus infected children,
the severity of the disease correlated with lower levels of IFN~, IL-6, and IL-10,
and higher levels of TNF-a..'®® However, experiments with STAT-1 knockout
(Stat-1 —/—) mice, which are defective in IFN response showed a potent
antibody and T-cell response to rotavirus challenge and were protected against
rotavirus infection following immunization with capsid protein VP6.%*!

15.6.4 Inhibitors of replication

Therapeutic control of virus infections have been the subject of intense
investigation ever since viruses have been recognized as disease agents, and a
full discussion is beyond the scope of this review. Several therapeutic strategies
are currently under investigation and include the application of interferons,
capsid function inhibitors, replication inhibitors, inhibitors of receptor binding,
and protease inhibitors including nitric oxide releasing compounds.'®®3** A
promising new field of research is aimed at investigating the effects of virus
infection on host cell gene expression with a view to identifying metabolic
pathways affected by the virus.''> Although several picornaviruses have been
studied regarding their effects on host gene expression, tangible results using
this approach in the form of new antivirals are lacking. The genomic approach
probably is more appropriate for viruses that produce latent or chronic infections
in the host. Effects on cellular gene expression following infection of FrhK4
cells with the non-apoptotic HAV strain HM175 (clone 1) was compared with
the effect of infection with the apoptotic strain HM175/18f.'%” Both
transcription factors c-jun (AP-1) and c-myc were significantly up-regulated
in 18f infected cells compared with clone 1. However, no transcriptional
induction of IFNS3, IFN«2 or IFN+~ was observed with either virus. These results
are similar to the results reported for echovirus and poliovirus infection.'”'*** In
contrast, in a mouse model of coxsackievirus induced myocarditis, more than
150 cellular genes were shown to be affected (> two-fold increase or decrease)
as a result of virus infection.’®® Surprisingly, neither IFN nor IFN-stimulated
genes (ISGs) such as 2-5 OAS or PKR expression were affected. Rotavirus
infection, however, caused marked increase in 2-5 OAS and PKR levels.® In
the absence of corroborating data on protein expression or activity, the
significance of the observed effects remains to be determined.

15.6.5 Other cytokines

It is recognized that cytokines other than interferons play important roles in
determining the outcome of viral infections. For example PV inhibits the
secretion of IL-6, IL-8 as well as IFN.%? Tumor necrosis factor TNFa was shown
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to transform a trace rhinovirus infection into full blown disease by down-
regulation of the IFN response.”® Henke er al.'* reported protection of mice
from a lethal injection of a CVB 3H3 strain when a recombinant CVB3 strain
expressing IFN~ was administered prior to or simultaneously. In mouse models,
IL-12 was protective against lethal infection by coxsackievirus.'®**®
Undoubtedly IFN response modifiers such as TNF, and interleukins will be
targets for future antivirals.

15.6.6 Virus detection in foods

The ability to detect viruses in foods is a significant component of foodborne
viral disease control and prevention. This has proved to be difficult for several
reasons. Traditional methods for virus detection based on cytopathic effect on
infected cells in culture cannot be applied to viruses of the norovirus group
because a cell culture host is not available. Similarly, wild-type HAV grows
very poorly in the available cell culture hosts and usually without cytopathic
effect. Molecular methods based on the detection of virus genomes by RT-PCR
(see Fig. 15.3) have been the basic tools for food virologists. However, attempts
to detect viruses in foods by RT-PCR have met with limited success because of
complicated multi-step processes required to concentrate viruses from foods.
Seeding experiments have revealed severe losses of virus during such
purification procedures. Most protocols also result in unacceptable levels of
contaminants that severely inhibit the enzymatic reactions employed in RT-
PCR. Moreover, the level of virus in foods contaminated during production or
handling is expected to be low. In most cases, the distribution of virus in foods is
not uniform, creating a sampling problem. Also the time lag between food
consumption and onset of disease can be days to weeks, so that contaminated
food is either totally consumed or discarded.

To date, only a few instances of successful detection of a suspected viral
pathogen in foods are known.*>'?>!8%195 The significance of these successes
has been questioned since viral genomic RNA isolated from inactivated virus
often produce positive signals in RT-PCR reactions.***3*2?!

15.7 Current research frontiers

There is increasing concern that foodborne viruses, because of their resistance to
inactivation by environmental factors, could be deliberately added to the food or
water supply to spread diseases. It has been known for a number of years that
genomes of picornaviruses can be manipulated to express foreign genes.'**' It
is also possible to completely synthesize infectious picornaviral genomes in the
absence of a viral template.® Thus, global control of infectious virus stocks may
prove limited in effectively preventing such a malicious act, because a viral
genome can be synthesized that contains mutations in critical antigenic deter-
minants or incorporates a critical modulator of innate immunity, and therefore
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will not be easily amenable to control by currently available vaccines. Major
efforts will be needed to develop virus isolation and detection protocols capable
of detecting such mutated or recombinant viruses in a short period of time.**
As discussed in Section 15.6, vaccine research, specifically DNA vaccines and
vaccine cytokine combinations to augment the effectiveness of vaccinations, will
remain an important area of investigation. Modulation of cytokine levels (IFN
and interleukins) to control viral infections and also nonviral diseases is still in its
infancy, and will undoubtedly be an active area of research.>'%%:162:248.315

15.8 Sources of further information

15.8.1 Recommended reading

The authors suggest the following publications for further reading as sources of

additional information relevant to the topics discussed in this chapter.

KNIPE DM and HOWLEY PM (eds), Fields Virology, 4th edition, volumes 1 and 2,
Philadelphia, Lippincott Williams and Wilkins, 2001.

SPECTOR S, HODINKA RL, and YOUNG SA (eds), Clinical Virology Manual, 3rd edition,
Washington, ASM Press, 2000.

LARRICK JW (ed), The PCR Techniques: Quantitative PCR, Natick, Eaton Publishing/
BioTechniques Books, 1997.

DIEDERICH M (ed), Apoptosis: From Signaling Pathways to Therapeutic Tools (Annals of
the New York Academy of Science, volume 1010), New York, New York
Academy of Sciences, 2003.

15.9 Acknowledgements

We gratefully acknowledge and thank Dr Thomas A. Cebula, Director, Office of
Applied Research and Safety Assessment, FDA, for his constant encouragement
and suggestions during the preparation of this chapter. We thank Dr Gene
Leclerc, Director, Division of Molecular Biology, for critical reading of this
manuscript.

15.10 References

1. AGREZM V, SHAFREN D R, GU X, COX K, SHEPPARD D, and BARRY R D, ‘Integrin « V 3 6
envances coxsackievirus B1 lytic infection of human colon cancer cells’, Virology,
1997 239(1) 71-7.

2. AHLERS J D, BELYAKOV I M, MATSUI S, and BERZOFSKY J A, ‘Mechanisms of cytokine
synergy essential for vaccine protection against viral challenge’, Int Immunol, 2001
13(7) 897-908.

3. AHMED R and BIRON C A, (eds), Immunity to Viruses, Philadelphia, Lippincott-
Raven, 1998.

4. AHN J, JOO, C-H, SEO I, KIM D, HONG H N, KIM Y K, and LEE H, ‘Characteristics of



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pathogenic mechanisms of foodborne viral disease 373

apoptotic cell death induced by coxsackievirus B in permissive Vero cells’,
Intervirol, 2003 46(4) 245-51.

AHN J, CHOI J, JOO C-H, SEO I, KIM D, YOON S Y, KIM Y K, and LEE H, ‘Susceptibility of
mouse primary cortical neuronal cells to coxsackievirus B’, J Gen Virol 2004 85(6)
1555-64.

ANDERSON D A, ‘Waterborne hepatitis’, in Spector S, Hodinka, RL, and Young SA
(eds), Clinical Virology Manual, 3rd edition, Washington, ASM Press, 295-305,
2000.

ARIAS C F, ROMERO P, ALVAREZ V, and LOPEZ S, ‘Trypsin activation pathway of
rotavirus infectivity’, J Virol 1996, 70(9) 5832-9.

ARITA M, HORIE H, and NOMOTO A, ‘Interaction of poliovirus with its receptor affords
a high level of infectivity to the virion in poliovirus infections mediated by the Fc
receptor’, J Virol, 1999 73(2) 1006-74.

ASANAKA M, ATMAR RL, RUVOLO V, CRAWFORD SE, NEILL FH, and ESTES MK,
‘Replication and packaging of Norwalk virus RNA in cultures mammalian cells’,
Proc Natl Acad Sci USA, 2005 102(29) 10327-32.

ASHER L V, BINN L N, MENSING T L, MARCHWICKI R H, VASSELL R A, and YOUNG G D,
‘Pathogenesis of hepatitis A in orally inoculated owl monkeys (dotus trivigatus)’, J
Med Virol, 1995 47(3) 260-8.

ASHIDA M and HAMADA C, ‘Molecular cloning of the hepatitis A virus receptor from
a simian cell line’, J Gen Virol, 1997 78(Pt 7) 1565-9.

ATREYA C D, ‘Major foodborne illness causing viruses and current status of vaccines
against the diseases’, Foodborne Path Dis, 2004 1(2) 89-96.

AUVINEN P and HYYPIA T, ‘Echoviruses include genetically distinct serotypes’, J Gen
Virol, 1990 71(Pt 9) 2133-9.

BADORFF C, LEE G-L, LAMPHEAR B J, MARTONE M, CAMPBELL K P, RHOADS R E, and
KNOWLTON K U, ‘Enteroviral protease 2A cleaves dystrophin: evidence of
cytoskeletal disruption in an acquired cardiomyopathy’, Nature Med, 1999 5(3)
320-6.

BALACHANDRAN S and BARBER G N, ‘Vesicular stomatitis virus (VSV) therapy of
tumors’, [UBMB Life, 2000 50(2) 135-8.

BANERJEE S, AN S, ZHOU A, SILVERMAN R H, and MAKINO S, ‘RNase-L-independent
specific 28S rRNA cleavage in murine coronavirus-infected cells’, J Virol, 2000
74(19) 8793-8802.

BARBER G N, ‘Host defense, viruses and apoptosis’, Cell Death Diff, 2001 8(2) 113—
26.

BARCO A, FEDUCHI E, and CARRASCO L, ‘Poliovirus protease 3Cpro kills cells by
apoptosis’, Virology, 2000 266(4) 352—60.

BARTON E S, FORREST J C, CONNOLLY J L, CHAPPELL J D, LIU Y, SCHNELL F J, NUSRAT A,
PARKOS C A, and DERMODY T S, ‘Junction adhesion molecule is a receptor for
reovirus’, Cell, 2001 104(3) 441-51.

BASS DM and QIU S, ‘Proteolytic processing of the astrovirus capsid’, J Virol, 2000
74(4) 1810-14.

BEARD M R, COHEN L, LEMON S M, and MARTIN A, ‘Characterization of recombinant
hepatitis A virus genomes containing exogenous sequences at the 2A/2B junction’,
J Virol, 2001 75(3) 1414-26.

BECK M A, SHI Q, MORRIS V C, and LEVANDER O A, ‘Rapid genomic evolution of a non-
virulent coxsackievirus B3 in selenium-deficient mice results in selection of
identical virulent isolates’, Nature Medicine, 1995, 1(5) 433-6.



374

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Food consumption and disease risk

BECK M A, SHI Q, MORRIS V C, and LEVANDER O A, ‘Benign coxsackievirus damages
heart muscle in iron-loaded vitamin E-deficient mice’, Free Radic Biol Med, 2005
38(1) 112-16.

BEDARD K M and SEMLER B L, ‘Regulation of picornavirus gene expression’,
Microbes Infect, 2004 6(7) 702—13.

BELL B, ‘Hepatitis A vaccine’, Sem Ped Infect Disease, 2002 13(3) 165-72.
BELOV G A, ROMANOVA L I, TOLSKAYA E A, KOLESNIKOVA M S, LAZEBNIK Y A, and
AGOL V I, ‘The major apoptotic pathway activated and suppressed by poliovirus’, J
Virol, 2003 77(1) 45-56.

BENEDUCE F, CIERVO A, KUSOV Y, GAUSS-MULLER V, and MORACE G, ‘Mapping of
protein domains of hepatitis A virus 3AB essential for interaction with 3CD and
viral RNA’, Virology, 1999 264(2) 410-21.

BERG K, ANDERSEN H, and OWEN T C, ‘The regulation of rhinovirus infection in vitro
by IL-8, HulFN-alpha, and TNF-alpha’, APMIS, 2004 112(3) 172-82.
BERGELSON J M, SHEPLEY M P, CHAN B M, HEMLER M E, and FINBERG R W, ‘Identifica-
tion of the integrin VLA-2 as a receptor for echovirus 1°, Science, 1992 255(5052)
1718-20.

BERGELSON J M, CHAN M, SOLOMON K R, ST JOHN N F, LIN H, and FINBERG R W, ‘Decay-
accelerating factor (CDS5S5), a glycosylphosphatidylinositol-anchored complement
regulatory protein, is a receptor for several echoviruses’, Proc Natl Acad Sci USA,
1994 91(13) 6245-8.

BERGELSON J M, CUNNINGHAM J A, DROGUETT G, KURT-JONES E A, KRITHIVAS A, HONG J
S, HORWITZ M S, CROWELL R L, and FINBERG R W, ‘Isolation of a common receptor for
Coxsackie B viruses and adenoviruses 2 and 5°, Science, 1997 275(5304) 1320-3.
BERGELSON J M, MOHANTY J G, CROWELL R L, ST JOHN N F, LUBLIN D M, and FINBERG
RW, Coxsackievirus B3 adapted to growth in RD cells binds to decay-accelerating
factor (CD55)’, J Virol, 1995 69(3) 1903-6.

BERNSTEIN D I, SMITH V E, SHERWOOD J R, SCHIFF G M, SANDER D S, DEFEUDIS D, SPRIGGS
DR and WARD R L, ‘Safety and immunogenicity of live, attenuated human rotavirus
vaccine’, Vaccine, 1998 16(4): 381-7.

BHATTACHARYA S S, KULKA M, LAMPEL K A, CEBULA T A, and GOSWAMI B B, ‘Use of
reverse transcription and PCR to discriminate between infectious and non-
infectious hepatitis A virus’, J Virol Methods, 2004 116(2) 181-7.

BIDAWID S, FARBER J M, SATTAR S A, and HAYWARD S, ‘Heat inactivation of hepatitis
A virus in dairy foods’, J Food Prot, 2000 63(4) 522-8.

BIRON C A, NGUYEN K B, PIEN G C, COUSENS L P, and SALAZAR-MATHER T P, ‘Natural
killer cells in antiviral defense: function and regulation by innate cytokines’, Annu.
Rev. Immunol. 1999 17 189-220.

BISCHOFF J R and SAMUEL C E, ‘Mechanism of interferon action. Activation of the
human P1/elF-2 alpha protein kinase by individual reovirus s-class mRNAs: sl
mRNA is a potent activator relative to s4 mRNA, Virology, 1989 172(1) 106-15.
BISHOP N E, ‘Effect of low pH on the hepatitis A virus maturation cleavage’, Acta
Virol, 1999 43(5) 291-6.

BLACK R E, GREENBERG H B, KAPIKIAN A Z, BROWN K H, and BECKER S, ‘Acquisition of
serum antibody to Norwalk virus and rotavirus and relation to diarrhea in a
longitudinal study of young children in rural Bangladesh’, J Infect Dis, 1982 145(4)
483-9.

BLACK T L, BARBER G N, and KATZE M G, ‘Degradation of the interferon-induced 68,000-
M(r) protein kinase by poliovirus requires RNA’, J Virol, 1993 67(2) 791-800.



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Pathogenic mechanisms of foodborne viral disease 375

BLONDEL B, COLBERE-GARAPIN F, COUDERC T, WIROTIUS A, and GUIVEL-BENHASSINE F,
‘Poliovirus, pathogenesis of poliomyelitis, and apoptosis’, Curr Top Micro
Immunol, 2005 289 25-56.

BODKIN D K, NIBERT N L, and FIELDS B N, ‘Proteolytic digestion of reovirus in the
intestinal lumens of neonatal mice’, J Virol, 1989 63(11) 4676-81.

BOOT H J, SCHEPP R M, VAN NUNEN F J, and KIMMAN T G, ‘Rapid RT-PCR amplification
of full-length poliovirus genomes allows rapid discrimination between wild-type
and recombinant vaccine-derived polioviruses’, J Virol Methods, 2004 116(1) 35—
43.

BORMAN A M, BAILLY J L, GIRARD M, and KEAN K M, ‘Picornavirus internal ribosome
entry segments: comparison of translation efficiency and the requirements for
optimal internal initiation of translation in vitro’, Nucl Acids Res, 1995 23(18)
3656-63.

BORMAN A M and KEAN K M, ‘Intact eukaryotic initiation factor 4G is required for
hepatitis A virus internal initiation of translation’, Virology, 1997 237(1) 129-36.
BOSHUIZEN J A, REIMERINK J H, KORTELAND-VAN MALE A M, VAN HAM V J, KOOPMANS M
P, BULLER H A, DEKKER J, and EINERHAND A W, ‘Changes in small intestinal
homeostasis, morphology, and gene expression during rotavirus infection of infant
mice’, J Virol, 2003 77(24) 13005-16.

BRACK K, FRINGS W, DOTZAUER A, and VALLBRACHT A, ‘A cytopathogenic, apoptosis-
inducing variant of hepatitis A virus’, J Virol, 1998 72(4) 3370-6.

BRACK K, BERK I, MAGULSKI T, LEDERER J, DOTZAUER A, and VALLBRACHT A,
‘Hepatitis A virus inhibits cellular antiviral defense mechanisms induced by
double-stranded RNA’, J Virol, 2002 76(23) 11920-30.

BRADRICK S S, LIEBEN E A, CARDEN B M, and ROMERO J R, ‘A predicted secondary
structural domain within the internal ribosome entry site of echovirus 12 mediates a
cell-type-specific block to viral replication’, J Virol, 2001 75(14) 6472-81.
BRAYDEN D J, JEPSON M A, and BAIRD A W, ‘Keynote review: intestinal Peyer’s patch
M cells and oral vaccine targeting’, Drug Discov Today, 2005 10(17) 1145-57.
BRECKENRIDGE D G, GERMAIN M, MATHAI J P, NGUYE M, and SHORE G C, ‘Regulation of
apoptosis by endoplasmic reticulum pathways’, Oncogene, 2003 22(53) 8608-18.
BROWN E A, ZAJAC A J, and LEMON S M, ‘In vitro characterization of an internal
ribosomal entry site (IRES) present within the 5’ nontranslated region of hepatitis A
virus RNA: comparison with the IRES of encephalomyocarditis virus’, J Virol,
1994 68(2) 1066-74.

BRUNET J P, COTTE-LAFFITTE J, LINXE C, QUERO A M, GENITEAU-LEGENDRE M, and
SERVIN A, ‘Rotavirus infection induces an increase in intracellular calcium concen-
tration in human intestinal epithelia cells: role in microvillar actin alteration’, J
Virol, 2000 74(5) 2323-32.

BURROUGHS JN and BROWNF, ‘Presence of a covalently linked protein on calicivirus
RNA’, J Gen Virol, 1978 41(2) 443-6.

BUSHELL M and SARNOW P, ‘Hijacking the translation apparatus by RNA viruses’, J
Cell Biol, 2002 158(3) 395-9.

CALANDRIA C, IRUZUN A, BARCO A, and CARRASCO L, ‘Individual expression of
poliovirus 2Apro and 3Cpro induces activation of caspase-3 and PARP cleavage in
HelLa cells’, Virus Res, 2004 104(1) 39-49.

CARLSON J A, MIDDLETON P J, SZYMANSKI M T, HUBER J, and PETRIC M, ‘Fatal rotavirus
gastroenteritis: an analysis of 21 cases’, Am J Dis Child, 1978 132(2) 477-9.
CARRASCO L, ‘Modification of membrane permeability by animal viruses’, Adv



376

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Food consumption and disease risk

Virus Res, 1995 45 61-112.

CARREL A, ‘On the permanent life of tissues outside of the organism’, J Exp Med,
1912 15 516-28.

CARTHY C M, GRANVILLE D J, WATSON K A, ANDERSON D R, WILSON J E, YANG D, HUNT
DWC, and McMANUS B M, ‘Caspase activation and specific cleavage of substrates
after coxsackie B3-induced cytopathic effect in HeLa cells’, J Virol, 1998 72(9)
7699-75.

CARTHY C M, YANAGAWA B, LUO H, GRANVILLE D J, YANG D, CHEUNG P, CHEUNG C,
ESFANDIAREI M, RUDIN C M, THOMPSON C B, HUNT D W, and McMANUS B M, ‘Bcl-2 and
Bcel-xL overexpression inhibits cytochrome c release, activation of multiple
caspases, and virus release following coxsackievirus B3 infection’, Virology, 2003
313(1) 147-57.

CASTELLI J, WOOD K A, and YOULE R J, ‘The 2-5A system in viral infection and
apoptosis’, Biomed Pharmacother, 1998 52(9) 386-90.

CEBULA T A, JACKSON S A, BROWN E W, GOSWAMI B, and LECLERC J E, ‘Chips and
SNPs, bugs and thugs: a molecular sleuthing perspective’, J Food Prot, 2005 68(6)
1271-84.

CEDERNA JB, KLINZMAN D, and STAPLETON JT, ‘Hepatitis A virus-specific humoral
and cellular immune responses following immunization with a formalin-inactivated
hepatitis A vaccine’, Vaccine, 2000 18(9-10) 892-8.

CELLO J, PAUL A V, and WIMMER E, ‘Chemical synthesis of poliovirus cDNA:
generation of infectious virus in the absence of natural template’, Science, 2002
297(5583) 1016-18.

CENTERS FOR DISEASE CONTROL AND PREVENTION (CDC), ‘Wild poliovirus
importations — West and Central Africa, January 2003—-March 2004’, MMWR
Morb Mortal Wkly Rep, 2004 53(20) 433-5.

CHAIBI C, COTTE-LAFFITTE J, SANDRE C, ESCLANTINE A, SERVIN A L, QUERO A M, and
GENITEAU-LEGENDRE M, ‘Rotavirus induces apoptosis in fully differentiated human
intestinal Caco-2 cells’, Virology, 2005 332(2) 480-90.

CHANG S-C, LIN, J-Y, LO L Y-C, LI M-L, and SHIH S-R, ‘Diverse apoptotic pathways in
enterovirus 71-infected cells’, J Neurovirol, 2004 10(6) 338—49.
CHAWLA-SARKAR, M, LINDNER D J, LIU Y F, WILLIAMS B R, SEN G C, SILVERMAN R H, and
BORDEN E C, ‘Apoptosis and interferons: role of interferon-stimulated genes as
mediators of apoptosis’, Apoptosis, 2003 8(3) 237—49.

CHERKASOVA E, LAASSRI M, CHIZHIKOV V, KOROTKOVA E, DRAGUNSKY E, AGOL V 1, and
CHUMAKOV K, ‘Microarray analysis of evolution of RNA viruses: evidence of
circulation of virulent highly divergent vaccine-derived polioviruses’, Proc Natl
Acad Sci USA, 2003 100(16) 9398-403.

CHIAPPINI E, AZZARI C, MORIOND M, GALLI L, and DE MARTINO, M, ‘Viremia is a
common finding in immunocompetent children with rotavirus infection’, J Med
Virol, 2005 76(2) 265-7.

CHUMAKOV K M, ‘PCR engineering of viral quasispecies: a new method to preserve
and manipulate genetic diversity of RNA virus populations’, J Virol, 1996 70(10)
7331-4.

croccA M, ‘Clinical course and consequences of hepatitis A infection’, Vaccine,
2000 18(Suppl 1) S71-4.

CLEMENS M J, BUSHELL M, JEFFERY 1 W, PAIN V M, and MORLEY S J, ‘Translation
initiation factor modifications and the regulation of protein synthesis in apoptotic
cells’, Cell Death Diff, 2000 7(7) 603-15.



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

Pathogenic mechanisms of foodborne viral disease 377

CLIVER D O, ‘Virus transmission via food’, World Health Stat Q, 1997 50(1-2) 90—
101.

COFFEY M C, STRONG J E, FORSYTHE P A, and LEE P W, ‘Reovirus therapy of tumors
with activated Ras pathway’, Science, 1998 282(5392) 1332-4.

COHEN G M, ‘Caspases: the executioners of apoptosis’, Biochem J, 1997 326(Pt 1)
1-16.

COHEN J I, TICEHURST J R, PURCELL R H, BUCKLER-WHITE A, and BAROUDY B M, ‘Com-
plete nucleotide sequence of wild-type hepatitis A virus: comparison with different
strains of hepatitis A virus and other picornaviruses’, J Virol, 1987 61(1) 50-9.
COSTA-PEREIRA A P, WILLIAMS T M, STROBL B, WATLING D, BRISCOE J, and KERR I M,
“The antiviral response to gamma interferon’, J Virol, 2002 76(18) 9060-8.
COUDERC T, GUIVEL-BENHASSINE F, CALAORA V, GOSSELIN A, and BLONDEL B, ‘An ex
vivo murine model to study poliovirus-induced apoptosis in nerve cells’, J Gen
Virol, 2002 83(Pt 8) 1925-30.

COUDERC T, CHRISTODOULOU C, KOPECKA H, MARSDEN S, TAFFS LF, CRAINIC R, and
HORAUD F, ‘Molecular pathogenesis of neural lesions induced by poliovirus type 1°,
J Gen Virol, 1989 70(Pt 11) 2907-18.

COULSON B S, LONDRIGAN S L, and LEE D J, ‘Rotavirus contains integrin ligand
sequences and a disintegrin-like domain that are implicated in virus entry into
cells’, Proc Natl Acad Sci USA, 1997 94(10) 5389-94.

CROCI L, CICCOZZI M, DE MEDICI D, DI PASQUALE S, FIORE A, MELE A, and TOTI L,
‘Inactivation of hepatitis A virus in heat-treated mussels’, Appl Microbiol, 1999
87(6) 884-8.

CROCI L, DE MEDICI D, SCALFARO C, FIORE A, and TOTI L, ‘The survival of hepatitis A
virus in fresh produce’, Int J Food Microbiol, 2002 73(1) 29-34.

CUADRAS M A, FEIGELSTOCK D A, AN S, and GREENBERG H B, ‘Gene expression pattern
in Caco-2 cells following rotavirus infection’, J Virol, 2002 76(9) 4467-82.
DAUGHENBAUGH K F, FRASER C S, HERSHEY J W B, and HARDY M E, ‘The genome-
linked protein VPg of the Norwalk virus binds elF3, suggesting its role in
translation initiation complex recruitment’, EMBO J, 2003 22(11) 2852-9.
DEBOOSERE N, LEGEAY O, CAUDRELIER Y, and LANGE M, ‘Modelling effect of physical
and chemical parameters on heat inactivation kinetics of hepatitis A virus in a fruit
model system’, Int J Food Microbiol, 2004 93(1) 73-85.

DEGTEREV A, BOYCE M, and YUAN J, ‘A decade of caspases’, Oncogene, 2003 22(53)
8543-67.

DIAZ-GUERRA M, RIVAS C, and ESTEBAN M, ‘Activation of the IFN-inducible enzyme
RNase L causes apoptosis of animal cells’, Virology, 1997 236(2) 354-63.
DIMITROV D S, ‘Virus entry: molecular mechanisms and biomedical applications’,
Nat Rev Microbiol, 2004 2(2) 109-22.

. DI NAPOLI A, MALTESE E, BUCCI M, PAGNOTTI P, SEIPELT J, DUQUERROY S, and PEREZ

BERCOFF R, ‘Molecular cloning, expression and purification of protein 2A of
hepatitis A virus’, New Microbiol, 2004 27(2) 105-12.

DODD D A, GIDDINGS T H JR, and KIRKEGAARD K, ‘Poliovirus 3A protein limits
interleukin-6 (IL-6), IL-8, and beta interferon secretion during viral infection’, J
Virol, 2001 75(17) 8158-65.

DORMITZER P R, SUN Z-YJ, BLIXT O, PAULSON J C, WAGNER G, and HARRISON S C,
“‘Specificity and affinity of sialic acid binding by the rhesus rotavirus VP8* core’, J
Virol, 2002 76(20) 10512-17.

DOTZAUER A, GEBHARDT U, BIEBECK K, GOTTKE U, KRACKE A, MAGES J, LEMON S M, and



378

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Food consumption and disease risk

VALLBRACHT A, ‘Hepatitis A virus-specific immunoglobulin A mediates infection of
hepatocytes with hepatitis A virus via the asialoglycoprotein receptor’, J Virol,
2000 74(23) 10950-7.

DOTZAUER A, FEINSTONE S M, and KAPLAN G, ‘Susceptibility of nonprimate cell lines
to hepatitis A virus infection’, J Virol, 1994 68(9) 6064-8.

DUESBERG P, KOEHNLEIN C, and RASNICK D, ‘The chemical bases of the various AIDS
epidemics: recreational drugs, anti-viral chemotherapy and malnutrition’, J Biosci,
2003 28(4) 383-412.

DUIZER E, BIUKERK P, ROCKX B, DE GROOT A, TWISK F, and KOOPMANS M, ‘Inactivation
of caliciviruses’, Appl Environ Microbiol, 2004 70(8) 4538—43.

DUNCAN M R, STANISH S M, and COX D C, ‘Differential sensitivity of normal and
transformed human cells to reovirus infection’, J Virol, 1978 28(2) 444-9.
DURBIN J E, HACKENMILLER R, SIMON M C, and LEVY D E, ‘Targeted disruption of the
mouse Stat! gene results in compromised innate immunity to viral disease’, Cell,
1996 84(3) 443-50.

EMERSON S U and PURCELL R H, ‘Running like water — the omnipresence of hepatitis
E’, N Engl J Med, 2004 351(23) 2367-8.

EMERSON S U, HUANG Y K, NGUYEN H, BROCKINGTON A, GOVINDARAJAN S, ST CLAIRE M,
SHAPIRO M, and PURCELL R H, ‘Identification of VP1/2A and 2C as virulence genes
of hepatitis A virus and demonstration of genetic instability of 2C’, J Virol, 2002
76(17) 8551-9.

ERIKSSON K and HOLMGREN J, ‘Recent advances in mucosal vaccines and adjuvants’,
Curr Opin Immunol, 2002 14(5) 666-72.

ERNSHAW W V, MARTINS L M, and KAUFMANN S H, ‘Mammalian caspases: structure,
activation, substrates, and functions during apoptosis’, Annu Rev Biochem, 1999 68
383-424.

ESTES MK, ‘Rotaviruses and their replication’, in Knipe D M and Howley P M (eds),
Fields Virology, 4th edition, Philadelphia, Lippincott Williams and Wilkins, 1747—
85, 2001.

ESTES M K, BALL J M, GUERRERO R A, OPEKUM A R, GILGER M A, PACHECO S S, and
GRAHAM DY, ‘Norwalk virus vaccines: challenges and progress’, J Infect Dis, 2000
181(Suppl 2) S367-73.

ESTES M K, GRAHAM D Y, and MASON B B, ‘Proteolytic enhancement of rotavirus
infectivity: molecular mechanisms’, J Virol, 1981 39(3) 879-88.

ETCHISON D, MILBURN S C, EDERY I, SONENBERG N, and HERSHEY J W B, ‘Inhibition of
HeLa cell protein synthesis following poliovirus infection correlates with the
proteolysis of a 220,000 dalton polypeptide associated with eucaryotic initiation
factor 3 and a cap binding protein complex’, J Biol Chem, 1982 257(24) 14806-10.
FAIRWEATHER D, FRISANCHO-KISS S, YUSUNG S A, BARRETT M A, DAVIS S E, STEELE R A,
GATEWOOD S J, and ROSE N R, ‘IL-12 protects against coxsackievirus B3-induced
myocarditis by increasing IFN-gamma and macrophage and neutrophil populations
in the heart’, J Immunol, 2005 174(1) 261-9.

FENG N, LAWTON J A, GILBERT J, KUKLIN N, VO P, PRASAD B V V, and GREENBERG H B,
‘Inhibition of rotavirus replication by non-neutralizing, rotavirus VP6-specific IgA
mAb’, J Clin Invest, 2002 109(9) 1203-13.

FIEGELSTOCK D A, THOMPSON P, and KAPLAN G G, ‘Growth of hepatitis A virus in a
mouse liver cell line’, J Virol, 2005 79(5) 2950-5.

FIEGELSTOCK D, THOMPSON P, MATTOO P, ZHANG Y, and KAPLAN G G, ‘The human
homolog of HAVer-1 codes for a hepatitis A virus cellular receptor’, J Virol, 1998



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Pathogenic mechanisms of foodborne viral disease 379

72(8) 6621-8.

FLODSTROM-TULLBERG M, HULTCRANTZ M, STOTLAND A, MADAY A, TSAI D, FINE C,
WILLIAMS B, SILVERMAN R, and SARVETNICK N, ‘RNase L and the double-stranded
RNA dependent protein kinase exert complementary roles in islet cell defense
during coxsackievirus infection’, J Immunol, 2005 174(3) 1171-7.

FORREST J G and DERMODY T 8, ‘Reovirus receptors and pathogenesis’, J Virol, 2003
77(17) 9109-15.

FRICKS C E, ICENOGLE J P, and HOGLE J M, ‘Trypsin sensitivity of the Sabin strain of
type 1 poliovirus: cleavage sites in virions and related particles’, J Virol, 1985
54(3) 856-9.

FRUH K, SIMMEN K, LUUKKONEN B G, BELL Y C, and GHAZAL P, ‘Virogenomics: a novel
approach to antiviral drug discovery’, Drug Discov Today, 2001 6(12) 621-7.
FURUICHI Y, MORGAN M, MUTHUKRISHNAN S, and SHATKIN A J, ‘Reovirus messenger
RNA contains a methylated, blocked 5’ terminal structure: m-7G(5")ppp(5')G_Mp-
Cp-’, Proc Natl Acad Sci USA, 1975 72(1) 362-6.

GALE M and KATZE M G, ‘Molecular mechanisms of interferon resistance mediated
by viral-directed inhibition of PKR, the interferon-induced protein kinase’,
Pharmacol Ther, 1998 78(1) 29-46.

GERAGHTY R J, KRUMMENACHER C, COHEM G H, EISENBERG R J, and SPEAR P G, ‘Entry
of alphaherpesviruses mediated by poliovirus receptor-related protein 1 and
poliovirus receptor’, Science, 1998 280(5369) 1618-20.

GIANTINI M and SHATKIN A J, ‘Stimulation of chloramphenicol acetyltransferase
mRNA translation by reovirus capsid polypeptide sigma 3 in cotransfected COS
cells’, J Virol, 1989 63(6) 2415-21.

GINGRAS A C, RAUGHT B, and SONENBERG N, ‘elF4 intiation factors: effectors of
mRNA recruitment to ribosomes and regulators of translation’, Annu Rev Biochem,
1999 68 913-63.

GIRARD S, COUDERC T, DESTOMBES J, THIESSON D, DELPEYROUX F, and BLONDEL B,
‘Poliovirus induces apoptosis in the mouse central nervous system’, J Virol, 1999
73(7) 6066-72.

GIRARD S, GOSSELIN A S, PELLETIER I, COLBERE-GARAPIN F, COUDERC T, and BLONDEL
B, ‘Restriction of poliovirus RNA replication in persistently infected nerve cells’, J
Gen Virol, 2002 83(Pt 5) 1087-93.

GOLDSTAUB D, GRADI A, BERCOVITCH Z, GROSSMANN Z, NOPHAR Y, LURIA S,
SONENBERG N, and KAHANA C, ‘Poliovirus 2A protease induces apoptotic cell
death’, Mol Cell Biol, 2000 20(4) 1271-7.

GOSERT R, EGGER D, and BIENZK, ‘A cytopathic and a cell culture adapted hepatitis A
virus strain differ in killing but not in intracellular membrane rearrangements’,
Virology, 2000 266(1) 157—69.

GOSWAMI B B, KULKA M, NGO D, ISTAFANOS P, and CEBULA T A, ‘A polymerase chain
reaction-based method for the detection of hepatitis A virus in produce and
shellfish’, J Food Prot, 2002 65(2) 393-402.

GOSWAMI B B, KULKA M, NGO D, and CEBULA T A, ‘Apoptosis induced by a cytopathic
hepatitis A virus is dependent on caspase activation following ribosomal RNA
degradation but occurs in the absence of 2’-5" oligoadenylate synthetase’, Antiviral
Res, 2004 63(3) 153-66.

GOSWAMI B B and SHARMA O K, ‘Degradation of rRNA in interferon-treated vaccinia
virus-infected cells’, J Biol Chem, 1984 259(3) 1371-4.

GRAFF J and EHERENFELD E, ‘Coding sequences enhance internal initiation of



380

129.

130.

131.

132.

133.

134.

135.
136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Food consumption and disease risk

translation by hepatitis A virus RNA in vitro’, J Virol, 1998 72(5) 3571-17.
GRANDADAM M, TEBBAL S, CARON M, SIRIWARDANA M, LAROUZE B, KOECK J L, BUISSON
Y, ENOUF Vv, and NICAND E, ‘Evidence for hepatitis E virus quasispecies’, J Gen
Virol, 2004 85(Pt 11) 3189-94.

GRAY J J, CUNLIFF C, BALL J, GRAHAM D Y, DESSELBERGER U, and ESTES M K, ‘Detection
of immunoglobulin M (IgM), IgA, and IgG Norwalk virus-specific antibodies by
indirect enzyme-linked immunosorbent assay with baculovirus-expressed Norwalk
virus capsid antigen in adult volunteers challenged with Norwalk virus’, J Clin
Micro, 1994 32(12) 3059-63.

GREEN K Y, CHANOCK R M, and KAPIKIAN A Z, ‘Human calicivuses’, in Knipe DM and
Howley PM (eds), Fields Virology, 4th edition, Philadelphia, Lippincott Williams
and Wilkins, 841-74, 2001.

GREENBERG H B, CLARK H F, and OFFIT P A, ‘Rotavirus pathology and patho-
physiology’, Curr Top Microbiol Immunol, 1994 185 255-283.

GROMEIER M, ALEXANDER L, and WIMMER E, ‘Internal ribosomal entry site substitu-
tion eliminates neurovirulence in intergeneric poliovirus recombinants’, Proc Natl
Acad Sci USA, 1996 93(6) 2370-5.

GROMEIER M, BOSSERT B, ARITA M, NOMOTO A, and WIMMER E, ‘Dual stem loops
within the poliovirus internal ribosomal entry site control neurovirulence’, J Virol,
1999 73(2) 958-64.

GUST 1 D and FEINSTONE S M, ‘Hepatitis A’, Prog Liver Dis, 1990 9 371-8.

HARDY M E, TANAKA T, KITAMOTO N, WHITE L J, BALL J M, JIANG X, and ESTES M K,
‘Antigenic mapping of the recombinant Norwalk virus capsid using monoclonal
antibodies’, Virology, 1996 217(1) 252-61.

HARDY M E, WHITE L J, BALL J M, and ESTES M K, ‘Specific proteolytic cleavage of
recombinant Norwalk virus capsid protein’, J Virol, 1995 69(3) 1693-8.

HARDY M E, CRONE T J, BROWER J E, and ETTAYEBI K, ‘Substrate specificity of the
Norwalk virus 3C-like proteinase’, Virus Res, 2002 89(1) 29-39.

HARMON S A, EMERSON S U, HUANG Y K, SUMMERS D F, and EHRENFELD E, ‘Hepatitis A
viruses with deletions in the 24 gene are infectious in cultured cells and
marmosets’, J Virol, 1995 69(9) 5576-81.

HASHIRO G, LOH P C, and YAU J T, ‘The preferential cytotoxicity of reovirus for
certain transformed cell lines’, Arch Virol, 1977 54(4) 307-15.

HAY S and KANNOURAKIS G, ‘A time to kill: viral manipulation of the cell death
program’, J Gen Virol, 2002 83(Pt 7) 1547-64.

HAYNEY M S, BUCK J M, and MULLER D, ‘Production of interferon-gamma and
interleukin-10 after inactivated hepatitis A immunization’, Pharmacotherapy, 2003
23(4) 431-5.

HENKE A, ZELL R, MARTIN U, and STELZNER A, ‘Direct interferon-gamma-mediated
protection caused by a recombinant coxsackievirus B3’, Virology, 2003 315(2)
335-44.

HENRY G L, McCORMACK S J, THOMIS D C, and SAMUEL C E, ‘Mechanism of interferon
action. Translational control and the RNA-dependent protein kinase (PKR):
antagonists of PKR enhance the translational activity of mRNAs that include a 161
nucleotide region from reovirus S1 mRNA’, J Biol Regul Homeost Agents, 1994
8(1) 15-24.

HERRMANN J E, ‘DNA vaccines against enteric infections’, Vaccine, 2006 24(18)
3705-8.

HEWISH M J, TAKADA Y, and COULSON B S, ‘Integrins o231 and a4(31 can mediate



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Pathogenic mechanisms of foodborne viral disease 381

SA11 rotavirus attachment and entry into cells’, J Virol, 2000 74(1) 228-36.
HEYMAN D L, SUTTER R W, AND AYLWARD R B, ‘A global call for new polio vaccines’,
Nature, 2005 434(7034) 699-700.

HOBER D, CHEHADEH W, BOUZIDI A, and WATTRE P, ‘Antibody-dependent enhance-
ment of coxsackievirus B4 infectivity of human peripheral blood mononuclear cells
results in increased interferon-alpha synthesis’, J Infect Dis, 2001 184(9) 1098-108.
HOLCIK M and SONENBERG N, ‘Translational control in stress and apoptosis’, Nature,
2005 318(6) 318-27.

HOLLINGER F B and EMERSON S U, ‘Hepatitis A virus’, in Knipe DM and Howley PM
(eds), Fields Virology, 4th edition, Philadelphia, Lippincott Williams and Wilkins,
799-840, 2001.

HUANG P, FARKAS T, ZHONG W, TAN M, THORNTON S, MORROW A L, and JIANG X,
‘Norovirus and histo-blood group antigens: demonstration of a wide spectrum of
strain specificities and classification of two major binding groups among multiple
binding patterns’, J Virol, 2005 79(11) 6714-22.

HUANG P, FARKAS T, MARIONNEAU W, RUVOEN-CLOUTE N, MORROW A L, ALTAYA M,
PICKERING L K, NEWBURG, D S, LEPENDU J, and JIANG X, ‘Noroviruses bind to human
ABO, lewis, and secretor histo-blood group antigens: identification of 4 distinct
strain-specific patterns’, J Infect Dis, 2003 188(1) 19-31.

HUBER S A, BORN W, and O’BRIEN R, ‘Dual functions of murine 6 cells in
inflammation and autoimmunity in coxsackievirus B3-induced myocarditis: role of
V~1+ and V~4+ cells’, Microbes Infect, 2005 7(3) 537-43.

HUBER S A and SARTINI D, Roles of tumor necrosis factor alpha (TNF-alpha) and the
p55 TNF receptor in CD1d induction and coxsackievirus B3-induced myocarditis’,
J Virol, 2005 79(5) 2659-65.

HUTCHINGS A B, HELANDER A, SILVEY K J, CHANDRAN K, LUCAS W T, NIBERT M L, and
NEUTRA M R, ‘Secretory immunoglobulin A antibodies against the sigmal outer
capsid protein of reovirus type 1 Lang prevent infection of mouse Peyer’s patches’,
J Virol, 2004 78(2) 947-57.

HUTSON A M, ATMAR R L, MARCUS D M, and ESTES M K, ‘Norwalk virus-like particle
hemagglutination by binding to h histo-blood group antigens’, J Virol, 2003 77(1)
405-15.

HUTSON A M, ATMAR R L, and ESTES M K, ‘Norovirus disease: changing epidemiology
and host susceptibility factors’, Trends Microbiol, 2004 12(6) 279-87.
IDA-HOSONUMA M, IWASAKI T, YOSHIKAWA T, NAGATA N, SATO Y, SATA T, YONEYAMA M,
FUJITA T, TAYA C, YONEKAWA H, and KOIKE S, ‘The alpha/beta interferon response
controls tissue tropism and pathogenicity of poliovirus’, J Virol, 2005 79(7) 4460-9.
IJAZMK, SATTAR S A, JOHNSON-LUSSENBURG C M, and SPRINGTHORPE V S, ‘Comparison
of the airborne survival of calf rotavirus and poliovirus type 1 (Sabin) aerosolized
as a mixture’, Appl Environ Microbiol, 1985 49(2) 289-93.

IMANI F and JACOBS B L, ‘Inhibitory activity for the interferon-induced protein
kinase is associated with the reovirus serotype 1 sigma 3 protein’, Proc Natl Acad
Sci USA, 1988 85(21) 7887-91.

IORDANOV M S, WONG J, BELL J C, and MAGUN B E, ‘Activation of NF-kappaB by
double-stranded RNA (dsRNA) in the absence of protein kinase R and RNase L
demonstrates the existence of two separate dsSRNA-triggered antiviral programs’,
Mol Cell Biol, 2001 21(1) 61-72.

JACKSON C A, MESSINGER J, PEDUZZI J D, ANSARDI D C, and MORROW C D, ‘Enhanced
functional recovery from spinal cord injury following intrathecal or intramuscular



382

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

Food consumption and disease risk

administration of poliovirus replicons encoding IL-10°, Virology, 2005 336(2) 173—
83.

JACOBS B L and LANGLAND J O, “When two strands are better than one: the mediators
and modulators of the cellular responses to double-stranded RNA’, Virology, 1996
219(2) 339-49.

JAYARAM H, ESTES M K, and PRASAD B V V, ‘Emerging themes in rotavirus cell entry,
genome organization, transcription and replication’, Virus Res, 2004 101(1) 67-81.
JIA X-Y, TESAR M, SUMMERS D F, and EHRENFELD E, ‘Replication of hepatitis A viruses
with chimeric 5" nontranslated regions’, J Virol, 1996 70(5) 2861-8.

JIANG B, SNIPES-MAGALDI L, DENNEHY P, KEYSERLING H, HOLMAN R C, BRESEE 1,
GENTSCH J, and GLASS R 1, ‘Cytokines as mediators for or effectors against rotavirus
disease in children’, Clin Diagn Lab Immunol, 2003 10(6) 995-1001.

JIANG X, MATSON D O, RUIZ-PALACIOS G M, HU J, TREANOR J, and PICKERING L K,
‘Expression, self-assembly, and antigenicity of a Snow Mountain agent-like
calicivirus capsid protein’, J Clin Microbiol, 1995 33(6) 1452-5.

JIANG X, WANG M, GRAHAM D Y, and ESTES M K, ‘Expression, self-assembly, and
antigenicity of the Norwalk virus capsid protein,” J Virol, 1992 66(11) 6527-32.
JIANG X, WANG M, WANG K, and ESTES M K. ‘Sequence and genomic organization of
Norwalk virus’. Virology, 1993 195(1) 51-61.

JOACHINS M, VAN BREUGEL P C, and LLOYD R E, ‘Cleavage of polio(A)-binding
protein by enterovirus proteases concurrent with inhibition of translation in vitro’, J
Virol, 1999 73(1) 718-27.

JOHANNES G, CARTER M S, EISEN M B, BROWN P O, and SARNOW P, ‘Identification of
eukaryotic mRNAs that are translated at reduced cap binding complex elF4F
concentrations using a cDNA microarray’, Proc Natl Acad Sci USA, 1999 96(23)
13118-23.

KABRANE-LAZIZI Y, MENG X J, PURCELL R H, and EMERSON S U, ‘Evidence that the
genomic RNA of hepatitis E virus is capped’, J Virol, 1999 73(10) 8848-50.
KADOWAKI N, ANTONENKO S, LAU J Y, and LIU Y J, ‘Natural interferon alpha/beta-
producing cells link innate and adaptive immunity’, J Exp Med, 2000 192(2) 219—
26.

KAPIKIAN A Z, HOSHINO Y, and CHANOCK R M, ‘Rotaviruses’, in Knipe DM and
Howley PM (eds), Fields Virology, 4th edition, Philadelphia, Lippincott Williams
and Wilkins, 1787-1833, 2001.

KARRON R A, DAEMER R, TICEHURST J, D’HONDT E, POPPER H, MIHALIK K, PHILLIPS J,
FEINSTONE S, and PURCELL R H, ‘Studies of prototype live hepatitis A virus vaccines
in primate models’, J Infect Dis, 1988 157(2) 338-45.

KARST S M, WOBUS C E, LAY M, DAVIDSON J, and VIRGIN H W, ‘Statl-dependent innate
immunity to a Norwalk-like virus’, Science, 2003 299(5612) 1575-8.

KAWAMURA N, KOHARA M, ABE S, KOMATSU T, TAGO K, ARITA M, and NOMOTO A,
‘Determinants in the 5’ noncoding region of poliovirus Sabin 1 RNA that influence
the attenuation phenotype’, J Virol, 1989 63(3) 1302-9.

KEREKATTE V, KEIPER B D, BADORFF C, CAI A, KNOWLTON K U, and RHOADS R E,
‘Cleavage of poly(A)-binding protein by coxsackievirus 2A protease in vitro and in
vivo: another mechanism for host protein synthesis shutoft?’, J Virol, 1999 73(1)
709-17.

KERR I M and BROWN R E, ‘pppA2'p5’A2'p5’A: an inhibitor of protein synthesis
synthesized with an enzyme fraction from interferon-treated cells’, Proc Natl Acad
Sci US4, 1978 75(1) 256-60.



180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Pathogenic mechanisms of foodborne viral disease 383

KEW O M, WRIGHT P F, AGOL V I, DELPEYROUX F, SHIMIZU H, NATHANSON N, and
PALLANSCH M A, ‘Circulating vaccine-derived polioviruses: current state of
knowledge’, Bull World Health Organ, 2004 82(1) 16-23.

KIM K S, HUFNAGEL G, CHAPMAN N M, and TRACY S, ‘The group B coxsackieviruses
and myocarditis’, Rev Med Virol, 2001 11 (6) 355-68.

KINGSLEY D H, MEADE G K, and RICHARDS G P, ‘Detection of both hepatitis A virus
and Norwalk-like virus in imported clams associated with food-borne illness’, App!
Environ Microbiol, 2002 68(8) 3914-18.

KISHIMOTO C, KUROKAWA M, and OCHIAI H, ‘Antibody-mediated immune enhance-
ment in coxsackievirus B3 myocarditis’, J Mol Cardiol, 2002 34(9) 1227-38.
KITAMURA N, SEMLER B L, ROTHBERG P G, LARSEN G R, ADLER C J, DORNER A J, EMINI
E A, HANECAK R, LEE J J, VAN DER WERF S, ANDERSON C W, and WIMMER E, ‘Primary
structure, gene organization and polypeptide expression of poliovirus RNA’,
Nature, 1981 291(5816) 547-53.

KNIPE D M, SAMUEL C E, and PALESE P, ‘Virus-host cell interactions’, in Knipe DM
and Howley PM (eds), Fields Virology, 4th edition, Philadelphia, Lippincott
Williams and Wilkins, 133-70, 2001.

KOOPMANS M, VON BONSDORFF C H, VINJE J, DE MEDICI D, and MONROE S, ‘Foodborne
viruses’, FEMS Microbiol Rev, 2002 26(2) 187-205.

KULKA M, CHEN A, NGO D, BHATTACHARYA S S, CEBULA T A, and GOSWAMI B B, ‘The
cytopathic 18f strain of Hepatitis A virus induces RNA degradation in FrhK4 cells’,
Arch Virol, 2003 148(7) 1275-300.

LALL M S, JAIN R P, and VEDERAS J C, ‘Inhibitors of 3C cysteine proteinases from
Picornaviridae’, Curr Top Med Chem, 2004 4(12) 1239-53.

LAMBDEN P R, CAUL E O, ASHLEY C R, and CLARKE I N, ‘Sequence and genome
organization of a human small round-structured (Norwalk-like) virus’, Science,
1993 259(5094) 516-19.

LA MONICA N and RACANIELLO V R, ‘Differences in replication of attenuated and
neurovirulent polioviruses in human neuroblastoma cell line SH-SY5Y’, J Virol,
1989 63(5) 2357-60.

LAMPHEAR B J, YAN R, YANG F, WATERS D, LIEBIG H D, KLUMP H, KUECHLER E, SKERN T,
and RHOADS R E, ‘Mapping the cleavage site in protein synthesis initiation factor
elF-4 gamma of the 2A proteases from human Coxsackievirus and rhinovirus’, J
Biol Chem, 1993 268(26) 19200-3.

LANGLAND J O, PETTIFORD 8, JIANG B and JACOBS B L, ‘Products of the porcine group
C rotavirus NSP3 gene bind specifically to double-stranded RNA and inhibit
activation of the interferon-induced protein kinase PKR’, J Virol, 1994 68(6)
3821-9.

LE S Y, SIDDIQUI A, and MAIZEL J V JR, ‘A common structural core in the internal
ribosome entry sites of picornavirus, hepatitis C virus, and pestivirus’, Virus Genes,
1996 12 135-47.

LEE Y F, NOMOTO A, DETJEN B M, and WIMMER E, ‘A protein covalently linked to
poliovirus genome RNA’, Proc Natl Acad Sci USA, 1977 74(1) 59-63.

LE GUYADER F S, MITTELHOLZER C, HAUGARREAU L, HEDLUND K O, ALSTERLUND R,
POMMEPUY M, and SVENSSON L, ‘Detection of noroviruses in raspberries associated
with a gastroenteritis outbreak’, Int J Food Microbiol, 2004 97(2) 179-86.
LEMON S M, AMPHLETT E, and SANGAR D, ‘Protease digestion of hepatitis A virus:
disparate effects on capsid proteins, antigenicity, and infectivity’, J Virol, 1991
65(10) 5636-40.



384

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

Food consumption and disease risk

LI M-L, HSU T-A, CHEN T-C, CHANG S-H, LEE J-C, CHEN C-C, STOLLAR V, and SHIS S-R, ‘The
3C protease activity of enterovirus 71 induces human neural cell apoptosis’,
Virology, 2002 293(2) 386-95.

LIANG C C,SUNMJ, LEIH Y, CHEN S H, YU CK, LIU C C, WANG J R, and YEH T M, ‘Human
endothelial cell activation and apoptosis induced by enterovirus 71 infection’, J
Med Virol, 2004 74(4) 597-603.

LINDESMITH L, MOE C, MARIONNEAU S, RUVOEN N, JIANG X, LINDBLAD L, STEWART P,
LEPENDU J, and BARIC R, ‘Human susceptibility and resistance to Norwalk virus
infection’, Nat Med, 2003 9 548-53.

LINDESMITH L, MOE C, LEPENDU J, FRELINGER J A, TREANOR J, and BARIC R 8, ‘Cellular
and humoral immunity following Snow Mountain virus challenge’, J Virol, 2005
79(5) 2900-9.

LLOYD R E, GRUBMAN M J, and EHRENFELD E, ‘Relationship of p220 cleavage during
picornavirus infection to 2A proteinase sequencing’, J Virol, 1988 62(11) 4216-23.
LLOYD R M and SHATKIN A J, ‘Translational stimulation by reovirus polypeptide
sigma 3: substitution for VAI RNA and inhibition of phosphorylation of the alpha
subunit of eukaryotic initiation factor 2°, J Virol, 1992 66(12) 6878-84.

LOPEZ S and ARIAS C F, ‘Multistep entry of rotavirus into cells: a versaillesque
dance’, Trends Micro, 2004 12(6) 271-8.

LOPEZ-GUERRERO J A, ALONSO M, MARTIN-BELMONTE F, and CARRASCO L, ‘Poliovirus
induces apoptosis in the human U937 promoncytic cell line’, Virology, 2000 272(2)
250-6.

LYLES D S, ‘Cytopathegenesis and inhibition of host gene expression by RNA
viruses’, Micro Mol Biol Rev, 2000 64(4) 709-24.

LYNCH M, LEE B, AZIMI P, GENTSCH J, GLASER C, GILLIAM S, CHANG H G H, WARD R, and
GLASS R I, Rotavirus and central nervous systems: cause or contaminant? Case
reports and review’, Clin Infect Dis, 2001 33 932-8.

MA JF, STRAUB T M, PEPPER I L, and GERBA C P, ‘Cell culture and PCR determination
of poliovirus inactivation by disinfectants’, Appl Environ Microbiol, 1994 60(11)
4203-6.

MAGDEN J, TAKEDA N, LI T, AUVINEN P, AHOLA T, MIYAMURA T, MERITS A, and
KAARIAINEN L, ‘Virus-specific mRNA capping enzyme encoded by hepatitis E
virus’, J Virol, 2001 75(14) 6249-55.

MALNOU C E, POYRY T A, JACKSON R J, and KEAN K M, ‘Poliovirus internal ribosome
entry segment structure alterations that specifically affect function in neuronal
cells: molecular genetic analysis’, J Virol, 2002 76(21) 10617-26.

MALTESE E, BUCCI M, MACCHIA S, LATORRE P, PAGNOTTI P, PIERANGELI A, and BERCOFF
R P, ‘Inhibition of cap-dependent gene expression induced by protein 2A of hepatitis
A virus’, J Gen Virol, 2000 81(Pt 5) 1373-81.

MANES S, DEL REAL G, and MARTINEZ-A C, ‘Pathogens: raft hijackers’, Nat Rev
Immunol, 2003 3(7) 557-68.

MARIONNEAU S, RUVOEN N, LE MOULLAC-VAIDY B, CLEMENT M, CAILLEAU-THOMAS A,
RUIZ-PALACOIS G, HUANG P, JIANG X, and LE PENDU J, ‘Norwalk virus binds to histo-
blood group antigens present on gastroduodenal cells of secretor individuals’,
Gastroenterology, 2002 122(7) 1967-717.

MARKS P J, VIPOND I B, CARLISLE D, DEAKIN D, FEY R E, and CAUL E 0, ‘Evidence of
airborne transmission of Norwalk-like virus (NLF) in a hotel restaurant’, Epidemiol
Infect, 2000 124(3) 481-7.

MARTIN A, WYCHOWSKI C, COUDERC T, CRAINIC R, HOGLE J, and GIRARD M.



215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

Pathogenic mechanisms of foodborne viral disease 385

‘Engineering a poliovirus type 2 antigenic site on a type 1 capsid results in a
chimaeric virus which is neurovirulent for mice’, EMBO J, 1988 7(9) 2839—47.
MARTIN J, SAMOILOVICH E, DUNN G, LACKENBY A, FELDMAN E, HEATH A,
SVIRCHEVSKAYA E, COOPER G, YERMALOVICH M, and MINOR P D, ‘Isolation of an
intertypic poliovirus capsid recombinant from a child with vaccine-associated
paralytic poliomyelitis’, J Virol, 2002 76(21) 10921-8.

MARTINEZ-SALAS E and FERNANDEZ-MIRAGALL O, ‘Picornavirus IRES: structure
function relationship’, Curr Pharm Des, 2004 10(30) 3757-67.

MASON PW, BAXT B, BROWN F, HARBER J, MURDIN A, and WIMMER E, ‘Antibody-
complexed foot-and-mouth disease virus, but not poliovirus, can infect normally
insusceptible cells via the Fc receptor’, Virology, 1993 192(2) 569-77.

MAST E E and KRAWCZYNSKIK, ‘Hepatitis E: an overview’, Annu. Rev. Med, 1996 47
257-66.

MATSUI S M, MACKOW E R, and GREENBERG H B, ‘Molecular determinant of rotavirus
neutralization and protection’, Adv Virus Res, 1989 36 181-214.

MBITHI J N, SPRINGTHORPE V S, and SATTAR S A, ‘Effect of relative humidity and air
temperature on survival of hepatitis A virus on environmental surfaces’, Appl
Environ Microbiol, 1991 57(5) 1394-9.

MEAD P S, SLUTSKER L, DIETZ V, McCAIG L F, BRESEE J S, and SAPHIRO C, ‘Food-related
illness and death in the United States’, Emer Infect Dis, 1999 5(5) 607-25.
MENDELSOHN C L, WIMMER E, and RANCANIELLO V R, ‘Cellular receptor for polio-
virus: molecular cloning, nucleotide sequence, and expression of a new member of
the immunoglobulin superfamily’, Cell, 1989 56(5) 855-65.

MIDTHUN K, ELLERBECK E, GERSHMAN K, CALANDRA G, KRAH D, McCAUGHTRY M,
NALIN D, and PROVOST P, ‘Safety and immunogenicity of a live attenuated hepatitis
A virus vaccine in seronegative volunteers’, J Infect Dis, 1991 163(4) 735-9.
MOMOI T, ‘Caspases involved in ER stress-mediated cell death’, J Chem Neuro,
2004 28 101-5.

MOSSEL E C and RAMIG R F, ‘A lymphatic mechanism of rotavirus extraintestinal
spread in the neonatal mouse’, J Virol, 2003 77(22) 12352-6.

MRUKOWICZ J Z, WETZEL J D, GORAL M I, FOGO A B, WRIGHT P F, and DERMODY T S,
“Viruses and cells with mutations affecting viral entry are selected during persistent
rotavirus infections of MA104 cells’, J Virol, 1998 72(4) 3088-97.

MULLER U, STEINHOFF U, REIS L F, HEMMI S, PAVLOVIC J, ZINKERNAGEL R M, and AGUET
M, ‘Functional role of type I and type II interferons in antiviral defense’, Science,
1994 264(5167) 1918-21.

MURPHY T V, GARGIULLO P M, MASSOUDI M S, NELSON D B, JUMAAN A O, OKORO C A,
ZANARDI L R, SETIA S, FAIR E, LEBARON C W, WHARTON M, and LIVENGOOD J R,
Rotavirus Intussusception Investigation Team, ‘Intussusception among infants
given an oral rotavirus vaccine’, N Engl J Med, 2001 344(8) 564-72.

NIBERT M L and SCHIFF L A, ‘Reoviruses and their replication’, in Knipe DM and
Howley PM (eds), Fields Virology, 4th edition, Lippincott Williams and Wilkins,
1679-1728, 2001.

NUANUALSUWAN 8, and CLIVER D O, ‘Pretreatment to avoid positive RT-PCR results
with inactivated viruses’, J Virol Methods, 2002 104(2) 217-25.

NUANUALSUWAN S and CLIVER D O, ‘Capsid functions of inactivated human
picornaviruses and feline calicivirus’, App! Environ Microbiol, 2003 69(1) 350-7.
OBERSTE M S, PENARANDA S, MAHER K, and PALLANSCH M A, ‘Complete genome
sequences of all members of the species Human enterovirus A’, J Gen Virol, 2004



386

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

Food consumption and disease risk

85(Pt 6) 1597-607.

OFFIT P A and BLAVAT G, ‘Identification of the two rotavirus genes determining
neutralization specificities’, J Virol, 1986 57(1) 376-8.

OHKA S and NOMOTO A, ‘Recent insights into poliovirus pathogenesis’, Trends in
Microbiol, 2001 9(10) 501-6.

OHMAN T, KING S L, KRITHIVAS A, CUNNINGHAM J, DICKESON S K, SANTORO S A, and
BERGELSON J M, ‘Echoviruses 1 and 8 are closely related genetically, and bind to
similar determinants within the VLA-2 I domain’, Virus Res, 2001 76(1) 1-8.
O’MAHONY J, O’'DONOGHUE M, MORGAN J G, and HILL C, ‘Rotavirus survival and
stability in foods as determined by an optimised plaque assay procedure’, Int J
Food Microbiol, 2000 61(2-3) 177-85.

PADILLA-NORIEGA L, PANIAGUA O, and GUZMAN-LEON S, ‘Rotavirus protein NSP3
shuts off host cell protein synthesis’, Virology, 2002 298(1) 1-7.

PALLANSCH M A and ROOS R P, ‘Enteroviruses: polioviruses, coxsackieviruses
echoviruses, and newer enteroviruses’, in Knipe D M and Howley P M (eds), Fields
Virology, 4th edition, Philadelphia, Lippincott Williams and Wilkins, 723-75,
2001.

PALMENBERG A C, ‘Proteolytic processing of picornaviral polyprotein’, Annu Rev
Microbiol, 1990 44 603-23.

PATTON, JT, CARPIO R V-D, and SPENCER E, ‘Replication and transcription of the
rotavirus genome’, Curr Pharm Design, 2004 10(30) 3769-77.

PAULOUS S, MALNOU C E, MICHEL Y M, KEAN K M, and BORMAN A M, ‘Comparison of
the capacity of different viral internal ribosome entry segments to direct translation
initiation in poly(A)-dependent reticulocyte lysates’, Nucleic Acids Res, 2003 31(2)
722-33.

PHILIPSON L and PETTERSSON R F, ‘The coxsackie-adenovirus receptor; a new
receptor in the immunogolulin family involved in cell adhesion’, Curr Top
Microbiol Immunol, 2004 273 87-111.

PIETIAINEN V, HUTTUNEN P, and HYYPIA T, ‘Effects of echovirus 1 infection on
cellular gene expression’, Virology, 2000 276(2) 243-50.

PILIPENKO E V, BLINOV V M, ROMANOVA L I, SINYAKOV A N, MASLOVA S V, and AGOL V I,
‘Conserved structural domains in the 5'-untranslated region of picornaviral
genomes: an analysis of the segment controlling translation and neurovirulence’,
Virology, 1989 168(2) 201-9.

PIRON, M, VENDE P, COHEN J, and PONCET D, ‘Rotavirus RNA-binding protein NSP3
interacts with eIF4GI and evicts the poly(A) binding protein from elF4F’, EMBO J,
1998 17(19) 5811-21.

PLOTKIN S A, ‘Vaccines: past, present and future’, Nat Med, 2005 11(4 Suppl)
S5-11.

PORTER A G, ‘Picornavirus nonstructural proteins: emerging roles in virus replication
and inhibition of host cell functions’, J Virol, 1993 67(12) 6917-21.

POTVIN D M, METZGER D W, LEE W T, COLLINS D N, and RAMSINGH A I, ‘Exogenous
interleukin-12 protects against lethal infection with coxsackievirus B4’, J Virol,
2003 77(15) 8272-9.

POWELL R M, WARD T, EVANS D J, and ALMOND J W, ‘Interaction between echovirus 7
and its receptor, decay-accelerating factor (CD55): evidence for a secondary
cellular factor in A-particle formation’, J Virol, 1997 71(12) 9306-12.

PULLI T, KOIVUNEN E, and HYYPIA T, ‘Cell-surface interactions of echovirus 22°, J
Biol Chem, 1997 272(34) 21176-80.



251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

Pathogenic mechanisms of foodborne viral disease 387

PURCELL R H and EMERSON S U, ‘Hepatitis E virus’, in Knipe D M and Howley P M
(eds), Fields Virology, 4th edition, Philadelphia, Lippincott Williams and Wilkins,
3051-61, 2001.

RACANIELLO V R, ‘Picornaviridae: the viruses and their replication’, in Knipe D M
and Howley P M (eds), Fields Virology, 4th edition, Philadelphia, Lippincott
Williams and Wilkins, 685-722, 2001.

RACANIELLO V R and BALTIMORE D, ‘Molecular cloning of poliovirus cDNA and
determination of the complete nucleotide sequence of the viral genome’. Proc Natl
Acad Sci USA, 1981 78(8) 4887-91.

RAMIG R F, ‘Pathogenesis of intestinal and systemic rotavirus infection’, J Virol,
2004 78(19) 10213-20.

RASILAINEN S, YLIPAASTO P, ROIVAINEN M, BOUWENS L, LAPATTO R, HOVI T, and
OTONKOSKI T, ‘Mechanisms of beta cell death during restricted and unrestricted
enterovirus infection’, J Med Virol, 2004 72(3) 451-61.

REED J C, ‘Mechanisms of apoptosis’, Am J Path, 2000 157(5) 1415-30.

REKAND T, LANGELAND N, AARLI J A, and VEDELER C A, ‘Fcy receptor IIIA
polymorphism as a risk for acute poliomyelitis’, J Infect Dis, 2002 186(12) 1840-3.
RIEPENHOFF-TALTY M, GOUVEA V, EVANS M J, SVENSSON L, HOFFENBERG E, SOKOL R J,
UHNOO I, GREENBERG S J, SCHAKEL K, ZHAORI G, FITZGERALD J, CHONG S, EL-YOUSEF M,
NEMETH A, BROWN M, PICCOLI D, HYANS J, RUFFIN D, and ROSSI T, ‘Detection of group
C rotavirus in infants with extrahepatic biliary atresia’, J Infect Dis, 1996 174 8—15.
RODGERS S E, BARTON E S, OBERHAUS S M, PIKE B, GIBSON C A, TYLER K L, and
DERMODY T S, ‘Reovirus-induced apoptosis of MDCK cells is not linked to viral
yield and is blocked by Bcl-2’, J Virol, 1997 71(3) 2540-6.

ROHLL J B, PERCY N, LEY R, EVANS D J, ALMOND J W, and BARCLAY W S, ‘The 5'-
untranslated regions of picornavirus RNAs contain independent functional domains
essential for RNA replication and translation’, J Virol, 1994 68(7) 4384-91.
ROIVAINEN M, HUOVILAINEN A, and HOVI T, ‘Antigenic modification of polioviruses
by host proteolytic enzymes’, Arch Virol, 1990 111(1-2) 115-25.

ROIVAINEN M, PIIRAINEN L, HOVI T, VIRTANEN I, RIIKONEN T, HEINO J, and HYYPIA T,
‘Entry of coxsackievirus A9 into host cells: specific interactions with alpha v beta 3
integrin, the vitronectin receptor’, Virology, 1994 203(2) 357-65.

ROLLO E E, KUMAR K P, REICH N C, COHEN J, ANGEL J, GREENBERG H B, SHETH R,
ANDERSON J, OH B, HEMPSON S J, MACKOW E R, and SHAW R D, ‘The epithelial cell
response to rotavirus infection’, J Immunol, 1999 163(8) 4442-52.

ROLSMA M D, KUHLENSCHMIDT T B, GELBERG H B, and KUHLENSCHMIDT M S, ‘Structure
and function of a ganglioside receptor for porcine rotavirus’, J Virol, 1998 72(11)
9079-91.

ROMANOVA L I, BELOV G A, LIDSKY P V, TOLSKAYA E A, KOLESNIKOVA M S, EVSTAFIEVA
A G, VARTAPETIAN A B, EGGER D, BIENZ K, and AGOL V I, ‘Variability in apoptotic
response to poliovirus infection’, Virology, 2005 331 292-306.

ROSS B C, ANDERSON D A, and GUST I D, ‘Hepatitis A virus and hepatitis A infection’,
Adv Virus Res, 1991 39 209-53.

ROSSMAN M G, HE Y, and KUHN R J, ‘Picornavirus-receptor interactions’, Trends
Microbiol, 2002 10(7) 324-31.

ROULSTON A, MARCELLUS R C, and BRANTON P E, ‘Viruses and apoptosis’, Annu Rev
Microbiol, 1999 53 577-628.

SANFORD K K, EARLE W R, and LIKELY G D, ‘The growth in vitro of single isolated
tissue cells’, J Natl Cancer Inst, 1948 9 229-46.



388

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.
281.

282.

283.

284.
285.

286.

287.

288.

Food consumption and disease risk

SARKAR S N, GHOSH A, WANG H W, SUNG S S, and SEN G C, ‘The nature of the catalytic
domain of 2’-5'-oligoadenylate synthetases’, J Biol Chem, 1999 274(36) 25535-42.
SARNOW P, ‘Viral internal ribosome entry site elements: novel ribosome—RNA
complexes and roles in pathogensis’, J Virol, 2003 77 2801-6.

SCHEUNER D, GROMEIER M, DAVIES M V, DORNER A J, SONG B, PATEL R V, WIMMER E J,
McLENDON R E, and KAUFMAN R J, ‘The double-stranded RNA-activated protein
kinase mediates viral-induced encephalitis’, Virology, 2003 317(2) 263-74.
SCHOLZ E, HEINRICY U, and FLEHMIG B, ‘Acid stability of hepatitis A virus’, J Gen
Virol, 1989 70(Pt 9) 2481-5.

SCHULTHEISS T, KUSOV YY, and GAUSSUMULLER V, ‘Proetinase 3C of hepatitis A
virus (HAV) cleaves the HAV P2-P3 at all sites including VP1/2A and 2A/2B’,
Virology, 1994 198(1) 275-81.

SCHULTZ D E, HARDIN C C, and LEMON S M, ‘Specific interaction of glyceraldehyde 3-
phosphate dehydrogenase with the 5'-nontranslated RNA of hepatitis A virus’, J
Biol Chem, 1996 271(24) 14134-42.

SCHULTZ D E, HONDA M, WHETTER L E, McKNIGHT K L, and LEMON S M, ‘Mutations
within the 5’ nontranslated RNA of cell culture-adapted hepatitis A virus which
enhance cap-independent translation in cultured African green monkey kidney
cells’, J Virol, 1996 70(2) 1041-9.

SCHWARTZ-CORNIL I, BENUREAU Y, GREENBERG H, HENDRICKSON B A, and COHEN J,
‘Heterologous protection induced by the inner capsid proteins of rotavirus requires
transcytosis of mucosal immunoglobulins’, J Virol, 2002 76(16) 8110-17.
SEIPELT J, GUARNE A, BERGMANN E, JAMES M, SOMMERGRUBER W, FITA I, and SKERN T,
‘The structures of picornaviral proteinases’, Virus Res, 1999 62(2) 159-68.
SELIGER L S, GIANTINI M, and SHATKIN A J, ‘Translational effects and sequence
comparisons of the three serotypes of the reovirus S4 gene’, Virology, 1992 187(1)
202-10.

SEN G C, ‘Viruses and interferons’, Annu Rev Microbiol, 2001 55 255-81.
SHAFREN D R, DORAHY D J, INGHAM R A, BURNS G F, and BARRY R D, ‘Coxsackievirus
A21 binds to decay-accelerating factor but requires intercellular adhesion molecule
1 for cell entry’, J Virol, 1997 71(6) 4736-43.

SHAFREN D R, BATES R C, AGREZ M V, HERD R L, BURNS G F, and BARRY R D,
‘Coxsackieviruses B1, B3, and B5 use decay accelerating factor as a receptor for
cell attachment’, J Virol, 1995 69(6) 3873-7.

SHARPE A H and FIELDS B N, ‘Reovirus inhibition of cellular RNA and protein
synthesis: role of the S4 gene’, Virology, 1982 122(2) 381-91.

SHATKIN A J, ‘Capping of eucaryotic mRNAs’, Cell, 1976 9(4 Pt 2) 645-53.
SILBERSTEIN E, XING L, VAN DE BEEK W, LU J, CHENG H, and KAPLAN G G, ‘Alteration of
hepatitis A virus (HAV) particles by a soluble form of HAV cellular receptor 1
containing the immunoglobulin- and mucin-like regions’, J Virol, 2003 77(8)
8765-74.

SILVERMAN R H, ‘Implications for RNase L in prostate cancer biology’,
Biochemistry, 2003 42(7) 1805-12.

SIOGREN M H, PURCELL R H, McKEE K, BINN L, MACARTHY P, TICEHURST J, FEINSTONE S,
CAUDILL J, SEE A, HOKE C, et al. ‘Clinical and laboratory observations following oral
or intramuscular administration of a live attenuated hepatitis A vaccine candidate’,
Vaccine, 1992 10 (Suppl 1) S135-7.

SLOMKA M J and APPLETON H, ‘Feline calicivirus as a model system for heat
inactivation studies of small round structured viruses in shellfish’, Epidemiol Infect,



289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

Pathogenic mechanisms of foodborne viral disease 389

1998 121(2) 401-7.

SMITH R D and YASSIN R S, ‘The cytopathology of viruses’, in Spector S, Hodinka
RL and Young S A (eds), Clinical Virology Manual, 3rd edition, Washington,
ASM, 43-53, 2000.

SOSNOVTSEV S V, GARFIELD M, and GREEN K Y, ‘Processing map and essential
cleavage sites of the nonstructural polyprotein encoded by ORF 1 of the feline
calicivirus genome’, J Virol, 2002 76(14) 7060-72.

STANWAY G, ‘Structure, function and evolution of picornaviruses’, J Gen Virol,
1990 71(Pt 11) 2483-501.

STARK G R, KERR I M, WILLIAMS B R, SILVERMAN R H, and SCHREIBER R D, ‘How cells
respond to interferons’, Annu Rev Biochem, 1998 67 227-64.

STOJDL D F, LICHTY B, KNOWLES S, MARIUS R, ATKINS H, SONENBERG N, and BELL J C,
Exploiting tumor-specific defects in the interferon pathway with a previously
unknown oncolytic virus’, Nat Med, 2000 6(7) 821-5.

STRONG J E, COFFEY M C, TANG D, SABININ P, and LEE P W, ‘The molecular basis of
viral oncolysis: usurpation of the Ras signaling pathway by reovirus’, EMBO J,
1998 17(12) 3351-62.

SUPERTI F, AMMENDOLIA M G, TINARI A, BUCCI B, GIAMMARIOLI A M, RAINALDI G,
RIVABENE R, and DONELLI, G, ‘Induction of apoptosis in HT-29 cells infected with
SA-11 rotavirus’, J Med Virol, 1996 50(4) 325-34.

SUPERTI F and DONELLI G, ‘Gangliosides as binding sites in SA-11 rotavirus
infection of LLC-MK2 cells’, J Gen Virol, 1991 72(Pt 10) 2467-74.

SVITKIN Y V, PESTOVA T V, MASLOVA S V, and AGOL V 1, ‘Point mutations modify the
response of poliovirus RNA to a translation initiation factor: a comparison of
neurovirulent and attenuated strains’, Virology, 1988 166(2) 394-404.

SVITKIN Y V, MASLOVA S V, and AGOL V I, ‘The genomes of attenuated and virulent
poliovirus strains differ in their in vitro translation efficiencies’, Virology, 1985
147(2) 243-52.

TAKADA A and KAWAOKA Y, ‘Antibody-dependent enhancement of viral infection:
molecular mechanisms and in vivo implications’, Rev Med Virol, 2003 13(6) 387—
98.

TAKAHASHI K, KITAJIMA, N, ABE N, and MISHIRO S, ‘Complete or near complete
nucleotide sequences of hepatitis E virus genome recovered from a wild boar, a
deer, and four patients who ate the deer’, Virology, 2004 330(2) 501-5.
TAKAHASHI T, SUZUKI Y, NISHINAKA D, KAWASE N, KOBAYASHI Y, HIDARI K I,
MIYAMOTO D, GUO C T, SHORTRIDGE K F, and SUZUKI T, ‘Duck and human pandemic
influenza A viruses retain sialidase activity under low pH conditions’, J Biochem
(Tokyo), 2001 130(2) 279-83.

TAM A W, SMITH M M, GUERRA M E, HUANG C C, BRADLEY D W, FRY K E, and REYES G R,
‘Hepatitis E virus (HEV): molecular cloning and sequencing of the full-length viral
genome’, Virology, 1991 185(1) 120-31.

TAN M, HEGDE R S, and JIANG X, ‘The p domain of norovirus capsid protein forms
dimers and binds to histoblood group antigen receptors’, J Virol, 2004 78(12)
6233-42.

TAN M and JIANG X, ‘Norovirus and its histo-blood group antigen receptors: an
answer to a historical puzzle’, Trends Microbiol, 2005 13(6) 285-93.

TAYLOR K L, MURPHY P C, ASHER L V, LEDUC J W, and LEMON S M, ‘Attenuation
phenotype of a cell culture-adapted variant of hepatitis A virus (HM175/p16) in
susceptible New World owl monkeys’, J Infect Dis, 1993 168(3) 592—601.



390

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

Food consumption and disease risk

TAYLOR L A, CARTHY C M, YANG D, SAAD K, WONG D, SCHREINER G, STANTON L W, and
McMANUS B M, ‘Host gene regulation during coxsackievirus B3 infection in mice:
assessment by microarrays’, Circ Res, 2000 87(4) 328-34.

THORNBERRY N A and LAZEBNIK Y, ‘Caspases: enemies within’, Science, 1998
281(5381) 1312-16.

THRAKRAL D, NAYAK B, REHMAN S, DURGAPAL H, and PANDA SK, ‘Replication of a
recombinant hepatitis E virus genome tagged with reporter genes and generation of
a short-term cell line producing viral RNA and proteins’, J Gen Virol, 2005 86(Pt 4)
1189-200.

TOMKO R P, XU R, and PHILIPSON L, ‘HCAR and MCAR: the human and mouse
cellular receptors for subgroup C adenoviruses and group B coxsackieviruses’,
Proc Natl Acad Sci US4, 1997 94(7) 3352-6.

TOSI MF, ‘Innate immune response to infection’, J Allergy Clin Immunol, 2005
116(2) 241-9.

TOYODA H, KOHORA M, KATAOKA Y, SUGANUMA T, OMATA T, IMURA N, and NOMOTO A,
‘Complete nucleotide sequences of all three poliovirus genomes. Implications for
genetic relationship, gene function and antigenic determinants’, J Mol Biol, 1984
174(4) 561-85.

TRIANTAFILOU K, TAKADA Y, and TRIANTAFILOU M, ‘Mechanisms of integrin-
mediated virus attachment and internalization process’, Crit Rev Immunol, 2001
21(4) 311-22.

TRIANTAFILOU K and TRIANTAFILOU M, ‘Lipid raft microdomains: key sites for
Coxsackievirus A9 infectious cycle’, Virology, 2003 317(1) 128-35.
TRIANTAFILOU K and TRIANTAFILOU M, ‘A biochemical approach reveals cell-surface
molecules utilised by picornaviridae: human parechovirus 1 and echovirus 1°, J
Cell Biochem, 2001 80(3) 373-81.

TUTEJA R, LI T C, TAKEDA N, and JAMEEL S, ‘Augmentation of immune responses to
hepatitis E virus ORF2 DNA vaccination by codelivery of cytokine genes’, Viral
Immunol, 2000 13(2) 169-78.

TYLER K L, SQUIER M K, RODGERS S E, SCHNEIDER B E, OBERHAUS S M, GRDINA T A,
COHEN J J, and DERMODY T S, ‘Differences in the capacity of reovirus strains to
induce apoptosis are determined by the viral attachment protein sigma 1°, J Virol,
1995 69(11) 6972-9.

TYLER K L, SQUIER M K, BROWN A L, PIKE B, WILLIS D, OBERHAUS S M, DERMODY T S, and
COHEN J J, ‘Linkage between reovirus-induced apoptosis and inhibition of cellular
DNA synthesis: role of the S1 and M2 genes’, J Virol, 1996 70(11) 7984-91.
TYLER K L and NATHANSON N, ‘Pathogenesis of viral infections’, in Knipe DM and
Howley PM (eds), Fields Virology, 4th edition, Philadelphia, Lippincott Williams
and Wilkins, 199-243, 2001.

VALLBRACHT A and FLEISCHER B, ‘Immune pathogenesis of hepatitis A’, Arch Virol,
1992 4(Suppl) 34.

VALLBRACHT A, MAIER K, STIERHOF Y D, WIEDMAN K H, FLEHMIG B, and FLEISCHER B,
‘Liver-derived cytotoxic T cells in hepatitis A virus infection’, J Infect Dis, 1989
160(2) 209-17.

VANCOTT J L, McNEAL M M, CHOI A H, and WARD R L, ‘The role of interferons in
rotavirus infections and protection’, J Interferon Cytokine Res, 2003 23(3) 163-70.
VAN DER POL W and VAN DER WINKEL J G, ‘IgG receptor polymorphisms: risk factors
for disease’, Immunogenetics, 1998 48(3) 222-32.

WAHID R, CANNON M J and CHOW M, ‘Dendritic cells and macrophages are



324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

337.

338.

339.
340.

341.

Pathogenic mechanisms of foodborne viral disease 391

productively infected by poliovirus’, J Virol, 2005 79(1) 401-9.

WAHID R, CANNON M J, and CHOW M, ‘Virus-specific CD4+ and CD8+ cytotoxic T-
cell responses and long-term T-cell memory in individuals vaccinated against
polio’, J Virol, 2005 79(10) 5988-95.

WEIDMAN M K, SHARMA R, RAYCHAUDHURI S, KUNDU P, TSAI W, and DASGUPTA A, ‘The
interaction of cytoplasmic RNA viruses with the nucleus’, Virus Res, 2003 95 75—
85.

WELLER T H, ROBBINS F C, and ENDERS J F, ‘Cultivation of poliomyelitis virus in
cultures of human foreskin and embryonic tissues’, Proc Soc Exp Biol Med, 1949
72(1) 153-5.

WEN Y Y, CHANG TY, CHEN S T, LI C, and LIU H S, ‘Comparative study of entorvirus 71
infection of human cell lines’, J Med Virol, 2003 70(1) 109-18.

WESSELY R, Coxsackieviral replication and pathogenicity: lessons from gene
modified animal models’, Med Microbiol Immunol, 2004 193 71-4.
WESTERMANN L E, McCLURE H M, JIANG B, ALMOND J W, and GLASS R I, ‘Serum IgG
mediates mucosal immunity against rotavirus infection’, Proc Natl Acad Sci USA,
2005 202(20) 7268-73.

WHETTER L E, DAY S P, BROWN E A, ELROY-STEIN O, and LEMON S M, ‘Analysis of
hepatitis A virus translation in a T7 polymerase-expressing cell line’, Arch Virol
Suppl, 1994 9 291-8.

WHETTER, L E, DAY S P, ELROY-STEIN O, BROWN E A, AND LEMON S M, et al., ‘Low
efficiency of the 5’ nontranslated region of hepatitis A virus RNA in directing cap-
independent translation in permissive monkey kidney cells’, Virology, 1994 68(8)
5253-63.

WHITE L J, BALL J M, HARDY M E, TANAKA T, KITAMOTO N, and ESTES MK, ‘Attachment
and entry of recombinant Norwalk virus capsids to cultured human and animal cell
lines’, J Virol, 1996 70 6589-97.

WHITTON J L and OLDSTONE M B A, ‘The immune response to viruses’, in Knipe D M
and Howley P M (eds), Fields Virology, 4th edition, Philadelphia, Lippincott
Williams and Wilkins, 285-320, 2001.

WORLD HEALTH ORGANIZATION, GENEVA, ‘WHO requirements for poliovirus vaccine
(oral)’, WHO Technical Reports, 1990 800 30—-65.

WILLIAMS C H, KAJANDER T, HYYPIA T, JACKSON T, SHEPPARD D, and STANWAY G,
‘Integrin av36 is an RGD-dependent receptor for coxsackie A9 virus’, J Virol,
2004 78(13) 6967-73.

WIMMER E, HELLEN C, and CAO X, ‘Genetics of poliovirus’, Annu Rev Genet, 1993 27
353-436.

WOBUS C E, KARST $ M, THACKRAY L B, CHANG K-O, SOSNOVSTEV S V, BELLIOT G, KRUG
A, MACKENZIE J M, GREEN K Y, and VIRGIN H W, ‘Replication of norovirus in cell
culture reveals a tropism for dendritic cells and macrophages’, PLOS Biol, 2004
2(12) 2076-84.

XIANG W, HARRIS K S, ALEXANDER L, and WIMMER E, ‘Interaction between the 5'-
terminal cloverleaf and 3AB/3CDpro of poliovirus is essential for RNA
replication’, J Virol, 1995 69(6) 3658—-67.

YARBOUGH P 0, ‘Hepatitis E virus’, Intervirology, 1999 42 179-84.

YIM and LEMON S M, ‘Replication of subgenomic hepatitis A virus RNAs expressing
firefly luciferase is enhanced by mutations associated with adaptation of virus to
growth in cultured cells’, J Virol, 2002 76(3) 1171-80.

YI M, SCHULTZ D E, and LEMON S M, ‘Functional significance of the interaction of



392

342.

343.

344.

345.

Food consumption and disease risk

hepatitis A virus RNA with glyceraldehydes 3-phosphate dehydrogenase (GAPDH)
and polyrimidine tract binding protein on internal ribosome entry site function’, J
Virol, 2000 74(14) 6459-68.

YUE Z and SHATKIN A J, ‘Double-stranded RNA-dependent protein kinase (PKR) is
regulated by reovirus structural proteins’, Virology, 1997 234(2) 364-71.
ZEICHHARDT H and GRUNERT H-P, ‘Enteroviruses’, in Spector S, Hodinka R L and
Young S A (eds), Clinical Virology Manual, 3rd edition, Washington, ASM, 252—
69, 2000.

ZELL R, MARKGRAF R, SCHMIDTKE M, GORLACH M, STELZNER A, HENKE A, SIGUSCH H H,
and GLUCK B, ‘Nitric oxide donors inhibit the coxsackievirus B3 proteinases 2A and
3C in vitro, virus production in cells, and signs of myocarditis in virus-infected
mice’, Med Microbiol Immunol (Berl), 2004 93(2-3) 91-100.

ZHOU Y-J, BURNS J W, MORITA Y, TANAKA T, and ESTES M K, ‘Localization of rotavirus
VP4 neutralization epitopes involved in antibody-induced conformational changes
of virus structure’, J Virol, 1994 68(6) 3955-64.



