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PREFACE

Viruses may occur in foods and sometimes cause illness among consumers. The record of
foodborne disease is limited because much foodborne disease is not recorded and because the
diagnosis of viral diseases is even more complicated than that of many other foodborne
infectious illnesses. Nevertheless, the following viral illnesses have been reported to
have been transmitted through foods: hepatitis A, gastroenteritis of viral etiology, polio~-
myelitis, tick-borne encephalitis, echovirus 4 encephalitis, and perhaps Bolivian haemor-
rhagic fever.

Hepatitis A is the most frequently reported foodborne disease to date. Although the
evidence provided in many of the outbreak reports is not complete (and in some cases not
even conclusive), the record makes it clear that many foods are subject to contamination
with the virus of hepatitis A, and presumably other viruses from humans, and that such con-
tamination may lead to significant human illness. A noteworthy incidence of viral gastro-
enteritis transmitted through foods, including water, has begun to emerge. There is also a
sparse record of transmission of viruses of animal origin through foods.

It appears that any virus capable of infecting humans perorally may be transmitted
through foods on occasion. The majority of viruses causing foodborne disease emanate from
the human intestines and are introduced into food either through mishandling by an infected
individual or by way of water or sewage contaminated with human faeces. However, a few
viral zoonoses are known to be transmitted through foods on occasion, and several viral
agents of animal disease may be disseminated by way of the human food supply.

In 1967 the WHO Expert Committee on Microbiological Aspects of Food Hygiene recommended
the extension of collaborative research into the field of food virology, since there had
been little investigation into the role of food in the transmission of wviral diseases. 1In
particular, it recommended that attention be given to the simplification of laboratory
procedures for the detection of viruses and to the resistance of viruses to heating and
other food processing procedures.

In subsequent years the virological aspect of food hygiene was considerably
strengthened in some WHO programmes. An Informal Consultation was held in Geneva in 1969 to
review the field of food virology and outline needs for future research. At that time, no
collection of relevant data existed, the material on this subject being widely dispersed
throughout literature. Some work with model viruses had been done on contamination of food
by human agents. In particular, WHO had supported studies on animal viruses in milk and .
milk products. In recognition of the need for further activity, the Veterinary Public
Health Unit of the Division of Communicable Diseases, WHO, organized the Food Virology
Programme.

Continuing efforts have been spurred by the general lack of information about the
présence and the significance to human health of viruses in foods. Where figures are avail-
able, viruses may be held responsible for only about 1 per cent of reported foodborne out-
breaks; however, the causes of one quarter to one half of the outbreaks remain unclarified
and are usually reported as "foodborne diseases of unknown etiology". Some of these out-
breaks are now being shown to have been caused by viruses; it is surely possible that a good
many of the others are also. Moreover, foods may often serve as a vehicle for human patho-
gens in epidemics in which other modes of transmission predominate, so that the significance
of viruses in food is greater than generally assumed. In this connection, it is obvious
that knowledge of viral contamination of foods, the inactivation of foodborne viruses, and
methods for detecting viral contaminants in foods is important.
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This manual attempts to summarize the successful activity of the TFood Virology
Programme and give information in a form coherent enough to make a significant contribution
to the protection of human health. All food vehicles, including drinking water, and all
viruses known to be transmitted through foods are considered here, and other viruses which
appear to show a significant potential for contaminating food are also discussed. There is
no doubt that clarification of the role of food as a source or vehicle of viral diseases,
laboratory methods for identification of foodborne viruses, ecology of viruses in foods, and
decontamination measures will serve as bases for elaboration and implementation of the
programme on prevention and control of foodborne diseases caused by viruses and should be
considered an important part of primary health care.

In the elaboration of the various guidelines, due attention has been paid to developing
this important tool for the attainment of the goal of "Health for All by the Year 2000". In
addition, comprehensive information presented in the manual, including measures on preven-
tion of foodborne diseases caused by viruses, will contribute to other components of - primary
health care, including promoﬁiBﬂ of a safe food supply and proper nutrition, safe water
supply (prevention of pollution' from animal and human sources), ba51c sanltatlon, etc. (see
Article VII-3 of the Alma-Ata Declaration).



1. VIRUSES AND TRANSMISSION THROUGH FCODS

1.1 The nature of viruses

Viruses lie either at, or just bevond, the limit of what may be properly =t ra
living entities. They have a distinct heredity that puts them in a close relationship with
iext

iiving organisms, but they lacl. all metabolic apparatus and ars thus entirely dependex
living cells to afford them a means of reproduction. Whereas tb¢s discussion will neces-

sarily examine some of the general properties that are shared by ail of the viruses
emphasis will be placed on the properties of the viruses that are known to be transmit.
most frequently through foods.

1.1.1 Intracellular parasitism

Viruses are incapable of reproducing themselves and must trick living cells
virus if reproduction is to take place at all. In fact, the sole functicn of virus
beget more virus by inducing cells to undertake this activity. The produc
progeny virus invariably takes place within the cell, so all viruses may be
intracellular parasites. However, not all intracellular parasites are viruses {See sections
3.4.3 and 3.4.4): some bacteria have become utterly dependent upon the ca2lls of warm—blooded
animals to afford them an environment in which they can carry out their life processes, but
these agents differ from viruses in a number of ways that will be described in the following
section. It is most important to note here that no obligate intraceilular parasize is
indiscriminate in its activities; both at the original interaction of the parasite with the
surface of a potential host cell and subsequently {(if the parasite succeeds in penetrating),
there are important constraints that make this form of parasitism a very selective process.

Da("!'

The effects of a viral infection withia a cell may be shown in many ways. The produc-
tion of viral nucleic acid and protein, from which progeny virus will be formed, is an
abnormality in itself. These synthetic activities are specified by the virus but are per-
formed by the infected cell. Depending upon the virus involved, the syntheses may take
place in the nucleus or the cytoplasm, or some in each place. In general, viral constitu-
ents are capable of self-assembly, sc that the nucleic acid and viral protein form progeny
viral particles within the cell spontaneously as the constituents accumulate. The assembled
progeny virus, to the degree that it remains within the cell in significant quantity, may
also be perceptible as an abnormality of the infected cell. Some viruses alsc acquire a
lipid-containing envelope by "budding™ their way through the plasma membrane of the host
cell, which leads to attendant abnormality of the host cell. Other viruses are released in
a number of ways, but seldom is the release of progeny animal virus dependent upon complate
lysis of the host cell, as is often true in the case of bacterial viruses. Nevertheless,
replication of virus by a host cell often results in a significant perturbation of the
normal activities of the cell, frequently attended by visible changes called cytopathic
effects (CPE) that may culminate in cell death and lysis independent c¢f the release of the

progeny virus. The types of hestr cells that are infected and the types of CPE that resuit
are important features of viral characterization and are often used in the diasgnosis of
viral diseases; however, classification of viruses is based primarily on the propertiss of

the extracellular, particulate form of the virus.

1.1.2 The particulate phase of the viral cycle

Progeny virus within the host cell {and virtually ail infectious virus that has been
released from the host cell) has a distinctive form and compositicn upon which the taxonomy
of viruses is largely based {55). Bases for classification inciude the shape of the par-
ticle, its size, the type of nucleic acid it comtains (viruses virtually never contain both
RNA and DNA), whether it has a lipid-conualn‘ng envelcpe, and perhaps other structural
features. Animal virus particles range in their largest dimension from perhaps 20 nm to 300
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nm, meaning that the largest are visible with a light microscope, but most can be seen only
with an electron microscope; most viruses that are known to be transmissible through foods
are at the smaller end of the size distribution (25 to 30 nm). Some viral particles are
complex in shape, but most of the viruses known to be transmitted through foods are approxi-
mately spherical. Few known foodborne viruses have lipid envelopes or other distinguishing
structural features.

The particle is the wviral form in which the agent is transmitted from cell to cell and
irom one host organism to another, so this is necessarily the form that occurs in foods.
Viral particles are totally inert; they do not, and indeed cannot, carry out any metabolic
or other life process. They are significant for their potential to cause infections upon
contact with susceptible cells. As such, the coat of protein (or the lipid-containing
envelope, when present)'serves with varying degrees of success to protect the potential
infectivity of the nucleic acid from adverse environmental influences and acts as the first
determinant of whether the viral particle will attach to a given cell following accidental
contact. If the outermost layer of the viral particle does not encounter a homologous
receptor on the cell's plasma membrane, the virus will not attach, and infection will not
ensue.

1.1.3 The replicative phase of the viral cycle

If the surface of the virus particle does encounter a homologous receptor on the
surface of a cell, the viral particle may attach and then be engulfed by the cell. It
appears that normally all of the particle is engulfed in the case of animal viruses and that
the role of the virus in this process is entirely passive (i.e., the cell does the work).
By no means all viral particles succeed in inducing their engulfment; after encountering
homologous receptors on cells in the case of some types of viruses, a large portion of the
particles are rejected, frequently after having been modified so as to deprive them of fur-
ther infectivity. Sometime during the engulfment stage, the viral particle is acted upon by
the cell so that uncoating (freeing of the nucleic acid and of any intrinsic viral enzymes
from the viral coat and, if present, envelope) can take place inside the cell. Subsequent
events take place in the nucleus, the cytoplasm, or both, depending upon the kind of virus
that is involved and, primarily, on the kind of nucleic acid that it contains. It is suffi-
cient to say that the viral nucleic acid, transcribed if necessary, and translated by the
cell, induces both the production of viral nucleic acid and of the proteins and perhaps
other constituents that will eventually comprise the progeny. The nucleic acid and the
protein are synthesized independently and begin to self-assemble as quantities of each accu-
mulate within the cell. Fnveloping normally takes place as the virus "buds" its way through
the plasma membrane of the host cell, in the case of those viruses that are enveloped at
all.

Progeny virus that has matured fully within the cell may accumulate there for periods
of time and be visible as crystals or inclusions, depending upon whether they are observed
by electron microscopy or by light microscopy. Release from the host cell tends to be
gradual, rather than in a single "burst" as in the case of bacteriophages. Progeny animal
viruses may leak out of the host cell without major disruption of the plasma membrane, or
somer particles may stay associated with the cell until the cell eventually lyses (if lysis
occurs); but even after "release," animal viruses are often associated with some debris or
derivatives of the host cell, which are not essential to the infectivity of the viral par-
ticle. Depending on the virus, the duration of the replication cycle in a single cell may
be from 8 hours to more than a day.

1.1.4 Viral specificity

As was stated previously, the specificity of animal viruses is determined first by
their outermost layer (coat protein or lipid-containing envelope). Unless the outermost
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in one kind of cell may be more—or-less rejected, from an information standpecint, by another
type of cell, The mechanisms of this intracellular class of specificity seem not to be well
known, but they are certainly important.

1.1.5 Viral infection in the mammalian host organism

The area or oroan of the body that a giver virus first infects is often called its
rimary tropism." The primary tropism is determined by the route of entry of the virus and
bv the availability of homclogous receptors along the route that the virus takes. To be

foodborne, a virus must be capable of infecting upon ingestion: "peroral infectivity" con-
sists of being ingested and then establishing an infection in some class of cell that is
accessible in the lining of the digestive tract. Most viruses that infect perorally seem to
have a primary tropism in the small intestine (ileum, or perhaps jejunum), though infection
of the oropharynx sometimes occurs. The oesophagus, stomach, duodenum, and colon are seldom
or never invelved. Early events in the peroral infection process are poorly characterized,
but the process seems to be relatively inefficient, in that a cell culture may be more
likely than an entire organism to be infected by a given quantity of virus (31,147,166).
The first cells infected may be either epithelial or lymphoid in nature; a longstanding
controversy concerning this question seems not to have been rasoived as yet. In any case,
the progeny of the early cycles of viral replication appear to pass both into the lumen of
the digestive tract and into the lymph drainage from the site of infection. Viral particles
in the lymphoid system are likely to be processed as foreign antigen and evoke the early
stages of an antibody response, but some of the virus may alsoc drain eventually by way of
the thoracic duct into the bloodstream and give rise to at least a transient viremia,
exposing many other tissues of the body to the virus. If so, cells in organs remote from
the digestive tract, if they have receptors homologous for that virus, may also become
infected. These remote sites of infection, if they exist, are calied the virus's "secondary
tropisms.”

Many virus infections occur without svmptoms. Avirulent or attenuated viruses may
never cause symptoms. When illness occurs in the course of infection with a virulent virus,
it is because cells have been subverted from whatever special task they were supposed “to
perform within the body to the production of virus, and have been subverted in such numbers
that a functional abnormality occurs. Death of the infacted cells is not necessary for
illness to occur; they have only %o abdicate their function in numbers sufficient to resulr
in abnormaiity. Some infected cells may survive the viral infectious cycle and eventuall
resume their funecticn. On the other hand, if zhe cells that abdicate their function are
part of a vital organ, the entire organism may die, and the infected cells die in the after-
math of this. Death of the host organism (as opposed fo the death of individual infected
cells} is a relatively rare event, however usually immunity is evoked, and the infectiom is

thrown off with minimum lasting effects. The lengrh of time that =lapses between ingesticn
cof the virus and the onset of anv symptoms {(the incubation period or onset :time) depends on
the length of the viral replicative cycle at the cell leva2l, the number of such replicative
cycles that must have been completed in order for a significant number of cells to have been
recruited to virus procduction (to the detriment of their normal function), and whether the
site of infection at which the symptoms occur is the primary or the secondary tropism of the

9 .9

virus. That is, symptoms ars likaly to take longer %o occur at the secondary tropism than
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at the primary tropism. On the other hand, virus production at the primary tropism mav
serve as an Tenrichment” for the ingested dos so that the probability and severity of

symptoms and the time of onset are less ;1kely to depend on the size of the ingested dose

seccur at the secondary tropism than at the primary tropism. In summary, virus
? ause symptoms in the course of infection; but if it does, the time
whether the virus causes symptoms at the site of its primary
tract {in which case dose size is prcbably also important) or at

secondary tropisms in other organs.

Once a viral infection has begun, the body's defenses subsume both specific antibody
responses and nonspecific respomses based on the production of interferon and perhaps other
antiviral substances. The interferon response appears to be relati ively rapid but will not
of itself terminate an infection that has already begun. Antibody responses take place both
locally in the digestive tract  (often culminating in the production of antibody of the IgA
class) and systemically (with the occurrence of antibody, first of the IgM class and then: of
the IgG class, in the blood). Although antibody production is a slower process, it seems to
be essential to the termination of an established viral infectionm. Immunity produced as a
result of a viral infection tends to be durable; "memory cells" in the body retain the
capability for a quick anammestic antibody response and rapid, uneventful termination of
later infection with the same virus, even when circulating antibody against the virus in
question is no longer detectable.

Viruses that infect perorally are often shed in stools from their primary site of pro-
duction in the intestines for the duration of the infection. If symptoms have been seen,
their subsidence is' usually a sign that the viral infection has terminated. Chronic viral
carriage, with prolonged sheddlqg of the virus in the stool is v1rtually unknown in this
group cof Vﬂruses. “An- asymptomatlc infection, if it is even known to be occurrlng, is
unlikely to last longer than one in which illness was seen. Late in the course of the
infection, some or all of the virus that occurs in the faeces may be neutralized by copro-
antibody; such virus may be difficult to detect by conventional methods, but it appears to
have the- potentlal to ‘produce infection perorally because the antibody can be removed by
digestion. in the stomach or the duodenum (34). A viral infection generally runs its course
over a limited period of time, ending with the recovery or (seldom) death of the host.
Virus produced and’ shed during this time must reach and infect another susceptible host, or
the chain of transmission will be broken, and the virus may "die out™.

1.2 Principles’ of virus transmission

Viruses are seldom transmitted via food or water; even those that have the ability to
be transmitted in this way are more frequently passed directly from omne infected person to:
another. A brief survey of the entire field of viral transmission will be used to afford a
perspective of the role of the food vehicle.

1.2.1 Viral entry into and exit from the host

Each virus has a typical route of entry into the host. Those that usuélly infect per-
orally (of which there are many) appear seldom or never to infect by the respiratory route.
Viruses that infect by inhalation are perhaps as numerous; these seldom infect upon inges-
tion. Only a few viruses emnter the body by other routes: the conjunctiva, the genitalia, or
wounds through the skin. Virus infections are initiated only via the moist tissues of the
body; entry via the unbroken cornified epithelium is apparently unknown. A virus must be
capable of peroral infection in order to be foodborne in the usual sense of the term.

Viruses that infect upon ingestion usually have a primarv tropism in the intestine, so
the pregeny virus is shed in the stool, together with great quantities of bacteria. The
virus particles in the faeces may number from a few per gram to hundreds or thousands of
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Viruses produced in the respiratory tract ars shed during exhalation, coughs, or
sneezes, together with many bacteria. - Viruses that cause superficial lssions may be shed in
bacteria that ars secondary imnvaders. Some viruses may
infect the kidneys or the mammary gzlands and be shed by those routes; only in these
instances may there be very few bacteria in the host's body product in which the virus is
shed.

the exudates of these, together with

" A few viruses that infect humans may not really be shed at all and may leave the host
only with blood from a wound that occurs during the viremic phase of infection. An impor-
tant unknown in the spectrum of viral entry and shedding mechanisms is the pharynx. The
pharynx is anatomically part of both the digestive and respiratoryv tracts, and ‘any material

passing down either is at least momentarily in the other as a result of this crossover
structure. This means that virus that is being ingested might leak into the respiratory
tract in small quantities and that virus that is being inhaled might also be swallowed. As
was stated above, a given virus seems to have one mode of entry or the other, so the cross-
over aspect of the pharynx may not often be a significant feature. However, the pharynx
(probably lymphoid tissues therein) may itself be a primary tropism for some viruses; the
likelihood of pharyngeal infection by an enteric virus is dose-dependent in the cases of at
least some of the enteric viruses -- higher doses than are required to infect the intestine
may also involve the pharynx (164). Other enteric viruses may infect the pharynx quite fre-
quently (42). Pharyngeal infection may, or may not, lead to shedding of the virus from the
mouth or the nose. Virus that has been produced in the pharynx may be swallowed and shed
via the stool, as may virus that is ingested in large quantities from outside the bedy. One

might mention in passing that another source of faecal virus is that produced in the liver
and drained into the intestine by way of the common bile duct (18). - The only other known
e way that virus might occur in the faeces would be as a result of intestinal haemorrhaging at
a time when a viral infection was in its viremic phase.

1.2.2 Modes of direct transmissicn

1.2.2.1 Physical contact

Direct person~to-person transmission of an infection is often called "contact™ trans-
mission, yet little virus is transmitted simply by touching because viruses do not infect
through the skin. Furthermore, kissing has been shown to have been overrated as a mode of
transmission .of the common cold. Either a respiratory virus or an enteric virus might be
passed from the soiled hand of an infected person to the hand of another, but infection of
the recipient would ensue only if the soiled fingers were than inserted into the nostrils or
the mouth (e.g., in nail-biting), whichever was effzctive for the virus ian question. The
other available modes of direct transmission of a virus infection by physical contact
between two individuals of the same species are venereal and anal-oral, both mentioned pre-
viously, and the suckling of milk from an infected mammary gland.

1.2.2.2 Airborne transmission over short distances

Another form of direct transmission, which does nct require physical c¢ontact between
the donor and recipient, is by the aeroscl route. This is limited to viruses that infect
and are shed via the respiratory tract, presumably including the common c0ld, although this

has been hard to demonstrate experimentally.
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Under some conditions, viruses thar- axr in fipelvy divided fliuids
s

so as to form a contaminated aerosol may

distances. Human wviral

iseases have not been shown to spread ia chis way. but it appears that foot-and-mouth
disease has been transmitted this way upon occasion ¢

1.2.3.2 Vectors

Live animals that transport a virus from place to place or from host to host are called
vectors'". If the animal becomes infected, so that the virus propagates within its body,
the animal is a "biological"™ vector. These are principaily arthropods such as insects. Not
only do they produce and transport virus from place to place in the course of their normal
feeding activities, they may play a critical role in injecting the virus bemneath the other-
wise impermeable skin and,‘perhaps, in harvesting the virus from a host that cannot shed it.
The relationship between the virus and the biological vector is guite specific; only a rela-
tively few viruses are capable of being transmitted in this way.

1"

Animals that carry a virus from place to place without becoming infected are called
"mechanical” vectors; many of these are also arthropods. In this instance the relationship
between the virus and the vector is quite nonspecific, and all the vector provides is motive
power; a housefly, for example, might contaminate its feet with any virus that was present
in faeces on which it had walked (189,210).

kL

1.2.3.3 TFomites

Any inanimate object or material other than food contaminated with an infectious agent
may be called a fomes. Apparel and toweis used by infected persons are often mentioned in
this connection.

1.2.3.4 Vehicles

Foods, including water, by which infectious agents are transmitted are said to be
vehicles. A vehicle may be contaminated directly by one person and ingested by another;
but, as will be discussed presently, there are several more complex ways in which the
vehicular role may be performed.

A potentially important feature of disease outbreaks in which transmission has occurred.
via a vehicle is an "explosive" time course. "Explosive" is a subjective term in this
application, but it can be taken generally to mean that the main cycle of onsets of illness
occurs within a time span roughly equivalent to the length of the incubation period of the
disease in question. That is, an outbreak would be described as explosive and suspected of
having had a common, vehicular source if the onsets of illness in most of those affected
took place in a fortnight's time and the disease was known to have approximately a 14-day
incubation period (presumably * 7 days). A few later cases that occurred-sporadically might
be attributed to secondary, contact transmission, though for some unknown reason secondary
cases are absent, or nearly so, in many food-associated outbreaks. This is not to say that
outbreaks having a common, vehicular source never run a protracted course, for one can cer-
tainly envisage a supply of water (and perhaps other foods) having a prolonged incidence of
contamination that would lead to many consumer illnesses over a long period of time. How-
ever, outbreaks that have been reported and attributed to vehicular transmission have most
usually been explosive.
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1.3 Virus transmission through foods

As will be shown below, most of the viruses that are transmitted through focds origi-
nate in the human intestines and are present in foods as a result of faecal contamination.
Even these human enteric viruses probably are transmitted directly, much more fraquently

than through foods.

1.3.1 Modes of contamination

Contamination of foods is often categorized as "primary" or "secondary”, Primary con-
tamination is that which takes place before the event of harvest or slaughter, so that the
virus is present in the raw material from which finished foods eventually derive. A focd-
source domestic animal might be infected with a virus and might therefore be the source of
contaminated meat, milk, or eggs. Vegetables might be irrigated with sewage or otherwise
polluted water and thus be contaminated in the field before harvest (30). Shellfish might
collect viruses from their environmental water in the course of their normal filter-feeding
activity (48,141). Fish ponds enriched with sewage might yield contaminated fish (75).
: Also, water that contained virus as it entered a water-treatment plant (raw water), as a
\[ result of sewage pollution of the river, lake, or aquifer from which it derived might be
Y said to have undergone primary contamination.

Secondary contamination, then, is what takes place at any subsequent stage. This might
include direct contamination of food by an infected individual at any point in processing,
storage, or distribution. Alternately, virus might be introduced indirectly by vectors such
as flies or cockroaches, by fomites such as soiled serving dishes or other food-contact sur-
faces, or even by aerosols. All those who handle and prepare food are a potential source of
contamination until the very minute that the food is placed before or handed to the person
that ultimately eats it.

1.3.2 Peroral infectivity of viruses

As stated previously, all viruses that may be foodbornme must be capable of infecting
perorally, but this does not mean that they do so efficiently. Few studies have been done
to determine the peroral infectious dose of virus in a manner that is relevant to transmis—
sion through foods. Quantities of virus administered perorally in research are usually
measured in terms of the number of cell culture infectious doses that were present, so one
never knows how- much virus was given in terms of an absolute number of particles. A few
studies, essentially all from a single research institute, have indicated that humans (most
often infants) would regularly become infected after ingesting a very small number of cell
culture infectious doses of poliovirus (100,114,121,158); this was somewhat at odds with
findings of other studies concerning the dose of poliomyelitis oral vaccine necessary' to
afford a high likelihood of infection and immunization (64,124,211). A recent study, using
swine and their homologous enteroviruses as a model system for viral transmission via
drinking-water, showed that cell cultures were approximately 1000 times as sensitive as the
whole host organism to these viruses (31). Another recently published report describes
studies with human infants fed live poliovirus 1 vaccine (147). In these instances, inges-
tion of fewer than 100 cell culture infectious doses of virus produced infections in a sub-
‘stantial proportion of the subjects. Because there may often be 100 or more viral particles
per cell culture infectious dose (not because many are required, but because the probability
of any one particle initiating an infection is low), it is entirely possible to envisage
infection of the host organism following ingestion of less than one cell culture dose.
However, this has not been known to happen with viruses that infect perorally as it does
with some respiratory viruses. It should also be noted that not all cell culture systems
are equally sensitive to a given virus. One might achieve near parity between the peroral
infectious dose and cell culture infectious dose by using a cell system for the viral assay
that was less sensitive to the subject virus than had been used by others who found the
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peroral infection process to be less efficient. This apparent dilemma will probably be re-
solved only when peroral infectivity studies are done with known numbers of virus particles.

Meanwhile, any detectable quantity of virus in a food must be regarded as undesirabie.

1.3.3 Persistence of viruses in contaminated foods

Once viral contamination of a food has occurred, the question becomes whether the virus
will retain its infectivity until the food is ingested —— no replication of the virus in the
food will occur under any circumstances. The many ways in which foodborne viruses may be
inactivated will be discussed later (see section 5.2). It is sufficient to say that many of
the viruses that are transmitted through foods are more stable outside their hosts than are
viruses in general, but this seldom seems to be a critical factor. Many incidents of virus
transmission through foods result from introduction of the virus just before the food is
consumed, with no intervening heat treatment or other event that would be likely to chal-
lenge the stability of the virus. It may be that the predominance of enteric viruses among
foodborne viruses and the relative stability of enteric viruses outside their hosts are
fortuitously associated, and that the reason for the predominance of enteric viruses among
foodborne agents is not. their stability but the frequency with which faecal contamination of
foods occurs in comparison to contamination by other body products that would contain other
classes of viruses. ’

2. PUBLIC BEALTH SIGNIFICANCE OF VIRUSES IN FOODS

Although available information is limited, it affords some useful insights into the
impact of virus.diseases.on public health and the importance of foods in virus transmission.

2.1 Sources of infofﬁation1m

In our efforts to document the transmission of viruses through foods, we have learned a
great deal about how the needed information is generated and compiled.

2.1.1 Detection and recording of foodborne disease

An outbreak. of foodborne disease begins when someone becomes aware of being i1l. It
the circumstancesfand the degree of illness decree that the person sees a physician or other
clinician, a record .of the illness may be made. Transmission through food may be suspected
if the predominant symptoms involve the digestive tract, but seldom when the symptoms occur
principally in other parts of the body. Furthermore, viral illnesses may have such long
incubation periods as to occur long after the contaminated food was eaten, or, only fortui-
tously, shortly after eating another meal that did not contain virus. In either case, the
clinician is unlikely to order diagnostic tests that are capable of detecting virus in
specimens. from the person that is ill, let alone from the food that has been eaten. Some of
the viruses in question are difficult or impossible to isolate under these circumstances,
especially from foods. Finally, even if viral etiology of the illness and transmission
through food were suspected and eventually proven, an outbreak would be noted only if
several people consulted the same clinician (or others in close communication) with quite
similar illnesses over a short period of time. Under the circumstances, it is remarkable
that so many outbreaks of foodbornme illness have even been noticed. One might also point
out that even this tenuous series of events in the detection of foodborne disease is
unlikely to take place in the many -developing areas where gastroenteritis is endemic and
clinicians are few and usually too busy to try to trace sources of the illnesses they treat.

2.1.2 Systems of reporting foodborne disease

Although the detection of foodborne disease necessarily begins at the local level,
recording systems for diseases are usually organized at the national level, if at all.




Reporting procedures may not be standardized at each of the levels of government intervening
between the local clinician and the national health statisticians, se that a zrzat deal of
information is liable tec be lost in transmission through governmental channels. 31
officials at each of the intervening levels of government may accord different Iave
priority to the reporting of foodborne disease. In areas where resources for the del
of health services are extremely limited, there may be no funds or time for healith st
tics, or a disease that is fcodborne may be reported on the basis of svmptoms or 2ticlogy.
without regard for mode of transmissiom.

o

Clearly, a great deal of potentially useful informaticn concerming foodborne wiral
disease does not reach mnational health statisticians. If the information is wanted, means
must be devised for getting it, but this is not easy. Epidemiological reporting sysiams
tend to engender great numbers of forms, for which clinicians have little patience. It is
important that the clinicians, and others in the chain of information transmission, be mada
aware of the importance of the reporting activity. That is, it must be made clear that
information can make a significant contribution to preventive medicine and the protact
the public health. Saying such things is not enough, however: if health statis
simply compiled and filed, without being used as a basis for remedial measures,
expected that those who generate the original observations will soon come
reporting is a waste of their time. To counteract these feelings, it is important rthat the
information that reaches the national level be given prompt and wide distribution to these
who can use it, and that those who participated in gathering and transmitting the informa
tion be given credit, by name, for having done so. It is certainly necessary tc respect th
privacy of those who have been ill, but those whe are responsible for making observatiocns
usually would rather be publicly credited than not, despite occasional feelings that the
occurrence of a reported outbreak of disease in a community or region reflects unfavorably
upon the area affected.

g

2.1.3 Epidemiological reporting in scientific and medical journals and books

Journals, books., and monographs may be used as means of communicating epidemiological
information. These forms of printed communication have the advantage of gaining relatively
wide exposure and of being included in indexing and data retrieval systems, so that the
information can be used in a great variety of ways. Where several outbreaks are described
together and compared, it may be possible to draw important conclusions that were not
evident after the study of a single outbreak. On the other hand, such communications are
seldom timely. Descriptions of outbreaks may appear in journals 2 years afrer their occur-
rence, and in books after 4 or 5 years. To the degree that epidemiological information is
supposed to stimulate remedial action at or near the site of an outbreak, these elapsed
times are far too long; however, some public health problems have been shown to have existed
for years or even generations without attracting enough attentior tc evoke remedial action,
so the added exposure gained by publication in a journal or book may sometimes be more
important than quick reporting.

2.1.4 Unpublished materials

Many reports of outbreaks and incidents of foodborme disease that reach national heaith
statisticians are never compiled in orderly form, are compiled but not issued so as to be
accessible to those outside of the office itself, or are issued in a form that circulates
widely but 1s not to be guoted. These possibilities are listed in order of increasing
desirability. When outbreak reports appear in periodical {(perhaps weekly) bulietins, they
must often be edited to delete details that mav be important to some teaders; im such
instances, provision should be made so that those who are interested may contact somecne who
can provide a more complete description of the investigation and findings. Above alli, it is
imperative that provision be made in advance for permitting gquotatiom of the essential
features of the information, for the same reasons given in 2.1.2: information that canmot



oe used as a basis for preventive action on the widest possible basis is hardly worth the
2ffprt to obtain in the first place.
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The significance of viral diseases

Viruses are, of course, not the sole cause of infectious diseases, and infectious
diseases are by far not the only kind of ailments that afflict humans. Nevertheless, it is
zlear that viruses are important causes of illmess. First, they cause discomfort, incon-
venience, and sometimes death. Secondly, they are seldom capable of beiﬁg counteracted by
specific drugs. Thirdly, the costs of attempts to prevent viral diseases through immuniza-~
tions, quarantines, embargoes, and sanitation, are enormous. Finally, the cost of research

needed to ensure that the preventive measures just listed are appropriate and effective will
he substantial. '

There is no doubt that the.pievention of viral disease is a worthy goal. Monumental
achiesvements, such as the eradication of smallpox, show what can be done and how much
benefit to the human condition can result from such efforts. On the other hand, eradicatiom
of all viruses that infect humans and animals is probably not a realistic goal, for the
variety of known viruses is great, and many that have yet to be discovered may exist in such
close association with their hosts that they are not susceptible to the kinds of eradicatiomn
tactics that prevailed against smallpox. It should also be recognized that an entirely
virus-free environment is unlikely to be attained.

2.3 The significance of foods in the transmission of viruses

No virus that is known to be transmissible through foods is known to be transmitted
sxclusively, or even.predominantly, in this manner. The viruses that are most frequently
foodborne are those that emanate from the human intestines and are spread by the faecal-oral
or anal-oral route..  These human enteric viruses are, in virtually every instance, well
known to be transmitted predominantly by direct person-to-person contact. It must be
remarked that contact transmission, if it really is the most common, is probably the least
understood mode- of . transmission.

The most extensive statistics regarding the prevalence of various diseases, and par-
ricularly of diseases transmitted through foods, seem to be those prepared by the United
States Centers for Disease Control. As was stated previously, the most frequently reported
foodborne viral disease is hepatitis A. ~ During the 5-year period 1975-1979, reported
yehicular transmission of hepatitis A accounted for only ca. 0.4% of the reported national
+otal incidence of. the disease (Table 1) (195,197,198,201-204,206). One might offer several
bases for "adjusting" this 0.4% figure upward, including a 3-year prospective study done in
Boston, United States, in which a good deal of hepatitis not associated with recognized
outbreaks was found probably to be attributable to eating shellfish (105). Furthermore, the
situation may be different for diseases that are not reportable, and for food-associated
disease in other countries. However, the figure quoted is the best available, and it seems
to show that foods are a relatively minor means for the transmission of viral disease.

2.4 The significance of viruses among foodborne disease agents

Data from the United States Centers for Disease Control can also be used in assessing
the relative importance of viruses as causes of foodborne disease. For the period 1975-
1979, a total of 2482 outbreaks of foodborne (including waterborne) disease was reported
{Table 2), comprising 105 548 cases (Table 3). Only a small portion of these was proven to
e of viral eticlogy. Most of the common-source, vehicular outbreaks of disease of undeter-
mined etiology are of gastroenteritis, for reasoms discussed previously. With the advent of
irsct diagnostic methods for viral gastroenteritis (see section 5.3) outbreaks of this
isease transmitted through water began to be reported in 1978 (202). This is the sole
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TABLE 1. HEPATITIS A IN THE UNITED STATES: TOTAL INCIDENCE VERSUS VEHICULAR TRANSMISSION,
1975-1979 (190,192,193,196~199,201)

Year Total Vehicle
incidence Water - Other foods All foods.
(No.) No. % No. A No. %
1975 i 35855 17 0.05 173 0.48 190 0.53
1976 33288 0 0 37 0.11 37 0.11
1977 31153 47 0.15 72 0.23 119 0.38
1978 29500 0 0 300 1.00 300 1.00
1979 30407 0 0 74 0.24 74 0.24
Totals 160203 64 0.4 656 0.41 720 0.45

TABLE 2. RECORDED UNITED STATES OUTBREAKS OF VEHICLE-ASSOCIATED VIRAL DISEASE,
1975-1979 (190,192,193,197-199,201)

Year Vehicle Outbreak Viral
Confirmed % of
All Etiology No. % of  confirmed
(No.) No. % of all all etiology

1975 Water 24 7 29 1 4.2 14.3
Other food 497 191 38 3 0.6 1.6
Total 521 198 38 4 0.8 2.0

1976 Water ' 35 9 26 0 0 0
L Other food 438 132 30 3 0.6 2.3
. Total 473 141 30 3 0.6 2.1
1977 Water 34 14 41 1 2.9 7.1
Other food 436 157 36 4 0.9 2.5
Total 470 171 36 5 1.1 2.9
1978 Water 32 16 50 3 9.4 18.8
Other food 481 154 32 5 1.0 3.2
Total 513 170 33 8 1.6 4.7
1979 Water 45 20 44 3 6.7 15.0
Other food 460 172 37 6 1.3 3.5
Total 505 192 38 9 1.8 4.7
All five  Water 170 66 39 8 4,7 12.1
Other food 2312 806 35 21 0.9 2.6
Total 2842 822 35 29 1.2 3.3
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TABLE 3. RECORDED UNITED STATES CASES OF VEHICLE-ASSOCIATED VIRAL DISEASE,
1975-1979 (190,192,193,197-199,201)

Year Vehicle Outbreak v Viral
Confirmed %Z of
All Etiology No. Z of  confirmed
(No.) No. 7% of all all etiology
1975 Water 10879 1119 10.3 17 0.2 1.5
Other food 18260 7379 40.4 173 0.9 2.3
Total 29139 8498 29.2 190 0.7 2.2
1976 Water 5068 3599 71.0 0 0 0
Other food 12463 3580 28.7 117 0.9 3.3
Total 17531 7179 41.0 117 0.7 1.6
1977 Water 3860 1922 49.8 47 1.2 2.4
Other food 9896 4072 41.1 72 0.7 1.8
Total 13756 5994 43.6 119 0.9 2.0
1978 Water 11435 9411 82.3 937 8.2 10.0
Other food 10639 4964 46.7 300 2.8 6.0
Total " - 22074 14375 65.1 1237 5.6 8.6
1979 - Water' . 9841 6338 64.4 326 3.3 5.1
‘Otﬁer“fbod 13207 7378 55.9 229 1.7 3.1
:qual 23048 13716 59.6 555 2.4 4.0
All five Water - 41083 22389 54.5 1327 3.2 5.9
Other food 64465 27373 42.5 891 1.4 3.3
Total 105548 49762 47.1 2218 2.1 4.5
reason for the surge in waterborne disease reported in 1978 (202) and 1979 (206) -- mno

hepatitis A is included. The data for 1979 include four outbreaks of waterborne disease in
which the water that was consumed was not intended for drinking (206). Where transmission by
other foods is concerned, the tabulated data include an outbreak of illness caused by echo-
virus 4 in 1976 (see section 3.4.2) (197) and an outbreak of "other viral" disease in 1979
(204); no viral gastroenteritis was reported to have been transmitted via this set of
vehicles through 1979, but reports of outbreaks have appeared in more recent years (see
section 3.3.3) and will undoubtedly appear in the annual summaries when these are issued.
If enough foodbornme gastroenteritis of previously undetermined etiology is eventually
attributed to viruses, viral gastroenteritis could eventually rank as one of the top three
foodborne diseases. One might well wish that other nations' statistics were compiled and
available for comparison with those from the United States, for it is possible that these
data are not typical of those for other developed countries.

2.5 The problem in developing countries

Only speculation is possible regarding the situation with foodborne viral disease in
developing countries because no studies seem yet to have been done on this subject. It is
known, however, that enteric virus infections are almost continually present in children
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during their first 5 years of 1life in some of the least developed areas; and it appears that
these viral infections leave specific after effects such as the poliomyeliric paralysis
discussed in section 3.1.1 and contribute to child mortality through synergism with under-
nutrition and infestations with intestinal parasites. In many developing areas viruses are
apparently important causes of sickness and death among children, and probably older
persons.

Where no adequate provision for faeces disposal has been made, or where nightsoil fer-
tilization practices are not well conceived from the standpoint of public health, human
enteric viruses are likely to occur quite commonly in foods, including drinking water. 1In
some areas, the quantity of water available may barely suffice to meet the populaticn's
physiological needs, so that what must be drunk leaves none for washing or other hygienic
purposes. In any case, it is likely that food, especially including water, will have to be
consumed even if it is likely to contain viruses because sufficient quantities of virus-free
foods are unavailable.

The problem can also be addressed in another way. If one supposes that, through expen-
diture of the necessary effort and resources, viruses could be specifically eliminated from
the food supply in a developing country, it is quite likely that this action alone would
have little effect upon the rate at which viral diseases occurred in .the community. This is
because, if faeces disposal is not adequately provided for, so many alternate means of virus
transmission will exist that food and water may not play critical roles. Efforts to improve
sanitation for foods, including water, in developing areas must be integrated with general
sanitation, often including provision of adequate quantities (almost without regard for
quality) of water, if the incidence of viral disease is to be reduced. This is, then, the
quite reasonable approach taken in the 1981-1990 International Drinking-Water Supply and
Sanitation Decade, in conjunction with the Global Strategy for Health for All by the Year
2000. It might also be noted that few of the measures that are likely to be taken are
entirely virus-specific. That is, any significant measures instituted in waste disposal and
general sanitation are likely to affect the. transmission of viruses along with many other
causes of human illness. Only when the basic sanitation strategies are well established
. will specific measures for the control of viruses in drinking-water and foods to be
remunerative.

3. HISTORY OF RECORDED FOODBORNE VIRAL DISEASE

As with foodborne disease caused by other agents, only a small proportion of the food-
borne viral illness that occurs is reported and recorded in such a way as to become part of
a history.

3.1 Poliomyelitis

Poliomyelitis appears to be the first human viral disease in which transmission by a
food vehicle was reported (92). Although paralytic polio has become a rarity in developed
countries, it is still extremely prevalent in developing areas, perhaps even at levels equal
to those seen in developed countries during their epidemic peaks.

3.1.1 The disease and causative agents

The name of this disease refers to inflammation of the gray matter of the spinal cord.
Either the medulla oblongata or the spinal cord proper may be involved (7). Symptoms
typically include headache, fever, malaise, stiffness of the neck and back, sometimes
gastrointestinal disturbance, and sometimes transient or permanent paralysis. Paralysis
associated with medullar involvement often entails impaired ability to swallow or to
breathe, whereas spinal involvement usually produces a flaccid paralysis of the extremities.
Infections usually begin in the digestive tract (most frequently in the ileum of the small
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intestine, but the oropharynx may also be involved) and may spread later to the central
nervous system. Where illness occurs, the incubation period is typically 9 to 11 days, with
a range of 3 to 35 days; however, inapparent infections outnumber those producing illness by
a factor of perhaps 100. Intestinal infection may last for 3 to 6 weeks or more and is
generally followed by a durable immunity to the single virus type that produced it. The
development of first the inactivated (IPV) and then the oral (OPV) poliomyelitis vaccines
has led to the virtual eradication of the disease in developed countries, although occa-
sional, circumscribed outbreaks occur among persons who have somehow escaped immunization.
The situation has been shown to be different in many developing nationms, where the WHO
Expanded Programme on Immunization (EPI) has often included lameness surveys of children of
pre-school and school age, rather than depending upon official notifications to estimate the
prevalence of the disease. Depending upon the area surveyed, incidence of lameness attrib-
utable to poliomyelitis has ranged upward from 1.5 per 1000 (213) to levels approaching 10
per 1000 (215); these are to be regarded as lower limits of the true incidence because fatal
illnesses are not included. Control of the disease in developing countries appears to have
been handicapped principally by a lack of the needed resources to distribute the vaccines to
all. It is to be hoped that the EPI will eventually lead to reduction in the incidence of
poliomyelitis in developing countries to essentially that in developed nations; although
poor ‘seroconversions have 'sometimes been experienced in developing countries when the OFPV
was used, it appears that the preventive effect of the OPV is unimpaired by conditions of
high endemicity (165).. .

The viruses that cause poliomyelitis are members of the enterovirus group —-— the acid
(pH 3) stable, small (28 nm), round viruses containing single-stranded RNA and lacking a
lipid-containing: .envelope. ' The types most frequently implicated are those called polio-
viruses 1, 2, and 3. (with type 1 predominating); however, several members of the coxsackie-
viruses, echoviruses, .and’ ungrouped enteroviruses: of  humans have- also- caused illness
resembling pataiyficfpolidmyelitis on occasion. The IPV and :OFV include only the three
polioviruses; but..it :is noteworthy that use of the vaccines, while virtually eradicating the
illnesses caused by the polioviruses, has not paved the way for an increase in the incidence
and pathogenesis of. the other types of enteroviruses. On the other hand, it must be recog-
nized that there are more than 70 types of human enteroviruses, SO the probability is that
vaccine will not be produced against all of them and that the only means to control of the
non-polio types is sanitation. In addition to causing paralytic poliomyelitis on relatively
rare occasions, the non-polio enteroviruses are associated with aseptic meningitis and a
spectrum of other illnesses, some potentially fatal, involving organs and tissues away from
the digestive-tract. As with other viruses that infect the intestimes, the polioviruses and
other enteroviruses are transmitted principally ir the faecal-oral manner that was discussed
previously.

3.1.2 Recorded foodborne outbreaks

The first recorded outbreak of poliomyelitis transmitted via a food appears to have
occurred in 1914, when four cases of paralytic illness were seen among children in an
English community who drank raw milk from a common source; the mode of contamination of the
milk was not established (92). Nine further outbreaks were reported in England and the
United States through 1949, but none since then. Raw milk was implicated as the vehicle in
five of these additional outbreaks (5,50,65,76,103), and pasteurized milk that was evidently
recontaminated after heating was implicated in two others (125,136). The only other foods
suspected of having served as vehicles in these outbreaks were lemonade in one instance
(157) and cream-filled pastries in another (76). Nothing that is known of the natural
history of the polioviruses or of the human enteroviruses in general would suggest that
there is a particular association between these agents and cows' milk, so the predominance
of milk among the vehicles in recorded outbreaks can probably be attributed to two factors:
(a) the conditions under which milk was handled, all the way from the cow to the consumer,
were such during the period in which these outbreaks occurred that a great many illnesses
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were being transmitted via milk, especially when pasteurization was not emploved; (b
experience with disease transmission via milk was foremost in the minds of epidemiologica
investigators of the time, so their investigations tended to fail (and thus not be pub-
lished) if milk could not be implicated successfully. During the period of rhese outbreaks,
epidemiological reporting seems to have been left largely to the medical and scientific

journals, as were all of the reports cited here.

fa ol

Eight outbreaks of poliomyelitis in which the vehicle of transmission was said o have
been water have been reviewed by Mosiey (149). Six of these were reported from Sweden
during the 1930's and 1940's, largely through the efforts of a laboratory director who was
convinced that all transmission of poliomyelitis was waterborne and that contact transmis-
sion did not occur. Each of the six outbreaks ran a relatively protracted course, and evi-
dence to prove that water had served as the vehicle was not reported. An outbreak that
comprised 45 cases in "Huskerville," United States, over a 5 week period was shown to be
distributed principally in association with a particular water main in the community. The
eighth outbreak was reported from Edmonton, Canada, and was not strongly supported by evi-
dence that transmission via water had taken place. Mosley surveys other evidenco, such as
the unsuccessful quests of some prominent investigators, and concludes that transmission of
poliomyelitis by the water route must be extremely rare relative to the incidence of person-
to-person transmission. Inasmuch as transmission of the polioviruses had not yet been
affected by the vaccines during the period when these outbreaks were occurring, it might
well be that this conclusion also applies to the transmission of other human enteroviruses.

3.2 Hepatitis A

By far the most frequently reported foodborme viral disease has been hepatitis A (for-
merly called infectious hepatitis). This is probably due rather tc the clinically distine-
tive nature of the disease than to any unique property of the causative agent; and, as will
be described, some features of the disease and the causative agent greatly complicate the
investigation of foodborne outbreaks, so many that occur are undoubtedly not reported.

3.2.1 The disease and causative agent

Obviously, "hepatitis" means an inflammation of the liver. At least three viruses are
known to be capable of causing hepatitis (139), but only the agent of hepatitis A is known
to be transmissible through foods (200). Hepatitis A is characterized by a long incubation
period, ranging from 10 or 15 days to 45 or 50 days, with a median of approximately 28 days
(9). This is longer than those of most known viral diseases, although it is shorter than
the incubation period of hepatitis B (9). The virus infects perorally and probably involves
the digestive tract before the infection spreads to the liver, although there seems to be
some difference of opinion about this point (43). Virus is shed in the stools of thdse
infected, either as a result of local production in the intestines or of production in the
liver with drainage into the intestine via the common bile duct (18). Virus may be present
in the stools a week or more before onset of symptoms but is present at reduced levels after
o jaundice begins and is usually absent by the time that serum enzymes measured in liver func-
: tion tests have returned to normal levels. As is true with poliomyelitis, the majority of
infections are evidently asvmptomatic. Illness that occurs may be as minor as a transient
malaise or nausea and vomiting, but at its worst includes jaundice and prolonged debility.
Immunity resulting from an infection is durable. Now that serological surveys have become
possible, it has been found that infection occurs earlier in 1life in areas where general
sanitation is deficient, but that the vast majority of people living under conditions of
very good sanitation eventually acquire immunity to the disease, presumably as a result of
infection (81,186). Like other enteric viruses, the agent is transmitted by the faecal-oral
route, with the majority of transmission occurring by person-to—person contact. A few non-
human primates are capable of being infected, but no natural hosts or reservoirs outside the
human species are kaown.
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There seems to be only one serological type of virus causing hepatitis A. It was shown
to infect chimpanzees (151), marmosets (137), and other nonhuman primates (130) and more
recently has been found to replicate in some cultured primate cells, albeit often very
slowly and without visible cytopathic effects (the presence of viral antigen is shown sero-
logically) (41,59,60,107,159). Replication in cell cultures is slow, insensitive, and
uncertain (not all field strains appear to replicate in cell cultures under the conditions
used to date), so diagnosis of viral infection is based upon liver function tests dome by
measuring the levels of certain enzymes in the blood (together with a negative test for
hepatitis B surface antigen), or upon serological tests using enzyme-linked or radioactively
labeled reagents (see section 5.3). A positive serological test might depend on a four-fold
rise in the level of serum antibody against the virus or on the presence of antibody of the
IgM class against the virus. (145). Serologic tests are also used to detect the virus in
stool specimens. The serum enzyme tests are simple, quick, and have been used for a long
time; but they are obviously not as specific for hepatitis A as the serological methods.
Virus extracted from patients' stools, from livers of experimentally infected nonhuman
primates, and perhaps more recently from cell cultures has served as antigen in the sero-
logical procedures. If sufficient quantities of the virus could be produced, the prospects
for eradication of the disease should be good, inasmuch as only a single antigenic type
appears to exist and there are no known nonhuman reservoirs of the virus. Meanwhile, the
available supply of virus has made possible a characterization of the agent (38,175,190).
It now appears thaththé;virus of hepatitis A meets all of the criteria for membership in the
enterovirus group thétvwas described in section 3.1 (39,139). This information may not be
of great help in diaghOSing or treating the disease, but it does-appear that the body of
knowledge that has .aceumulated regarding the stability of the enteroviruses in the environ-
ment, including food and water, and the antiviral effects of disinfectants should be
applicable to the virus of hepatitis A.

3.2.2 Transmission through foods

The history of transmission of hepatitis A through foods is limited to some extent by
the fact that the disease did not become a well defined clinical entity until approximately
the beginning of World War II. Even then, it remained to be shown that "infective jaundice"
was caused by a virus and that there was more than one virus and more than one disease. The
terms that evolved were "infectious hepatitis" (now hepatitis A) and "serum hepatitis” (now
hepatitis B), with the eventual recognition that there is at least one other form of viral
hepatitis (non-A, non-B) which is transmitted in a manner similar to hepatitis B, but dif-
fers in causal agent and some clinical features. Among these, hepatitis A is known to be
transmitted via foods, and at least one waterborne outbreak of non-A, non-B hepatitis has
been reported. (99). Heroic measures have been necessary to produce infections with the
hepatitis B agent perorally (196).

An outbreak of jaundice associated with the water supply of an English village in 1895
has been mentioned in a review by Mosley (149), as well as outbreaks in Sweden in 1916,
Canada in 1930, and Sweden again in 1937 and 1939, in what might be regarded as the "pre-
modern" period. In all, at least 117 outbreaks of what may have been viral hepatitis trans-—
mitted through water have been recorded (see Annex II); the largest involved a contaminated
municipal water supply in India in 1955-1956, in which nearly 28 000 cases were recorded —-—
a recent serological follow-up of this outbreak revealed that the cause may not have been
hepatitis A virus (43). Serological detection of the hepatitis A virus in well water from
an outbreak has been reported recently (81). Other foods began to be implicated as vehicles
in 1943, when an outbreak of 14 cases in Scotland was traced to a supply of raw milk (24).
Another very important event in the history of foodborme viral disease was the reporting
from Sweden of an outbreak in 1955-1956 including more than 600 cases of viral hepatitis
among persons who ate raw oysters (62,162). 1In all, at least 153 outbreaks of viral hepati-
tis have been recorded in which food vehicles other than water were suspected (see Annex I).
The information from many of these is fragmentary, as might be expected given the long incu-
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bation period sf the disease and the delay in investigating the events that led to the out-
break that results from this. Line listings of ail the focdborne hepatitis cuthrzaks known
to the WHO Food Virology Programme are presented in Annex I. The implications of this w7ast
body of information are discussed further in section 4.

3.3 VYiral gastroenteritis

Where substantial numbers of outbreaks of foocdborne disease are being recorded, as is
true in the United States, one finds that the majority are listed as "gastroenteritis of
undetermined etiology”. Gastroenteritis is, as was discussed previcusly, the one syndrome
that suggests transmission through foods 'when seen by the climician. Cleariy, some gastro-
enteritis is unrelated to foods; but if several cases occur over a short period of time,

ransmission via a vehicle is certainly suggested. ‘'Undetermined etiology” may mean that
the causative agent was not sought or that it was sought without success. Frequently, tests
for bacteria causing gastroenteritis are performed, and if the tests are negative, viral
causation is "suspected". However, such suspicion may well not lead to any laboratory
testing. The detection of viruses in clinical specimens such as diarrhoeal stools can be
difficult, and the detection of any virus in foods, including water, is quite' a demanding
task. As it happens, few of the viruses that can be detected in foods by the methods that
are available to date are authentic causes of gastroenteritis, so proof of etiology in
common-source outbreaks of gastroenteritis must usually be based upon demonstration of the
viruses in the stools of those who are ill. It should be noted further that some known
bacterial causes of gastroenteritis are nearly as difficult to detect as the gastroenteritis
viruses, so negative tests for bacteria in these instances are far from proof of viral
causation. Nevertheless, a number of foodborne outbreaks of gastroenteritis are now being
shown to have been caused by viruses, based upon epidemiological findings and on the
presence of causative viruses in the stools of a significant number of the affected persons
(see section 2.4).

Viral gastroenteritis has a more rapid omset than most viral diseases, with incubation
periods ranging from 24 to 48 hours (extremes 10 to 51 hours) (8). This is presumably
because pathogenesis takes place at the site of primary tropism of the virus. One might
further suppose that the time to onset and the severity of symptoms would be somewhat a
function of the quantity of virus ingested, but this has not yet been shown to be the case.
The two groups of viruses most firmiy and frequently associated with human gastroenteritis
are the small, round viruses resembling the Norwalk agent and the rotaviruses (8). Viruses
of several other groups have been seen in diarrhoeal stools and are likely to cause.gastro-
enteritis, at least occasionally (163). The authenticity of a virus as a cause of gastro-
enteritis is a question entirely separate from that of transmissibility through foods.
Therefore, it seems reasonable to state at the outset that the only group of viruses that
has been regularly or frequently isolated from patients in common-source outbreaks of gas—
troenteritis where foods were implicated as vehicles has been the small, round viruses
resembling the Norwalk agent (4).

3.3.1 The disease and causative agents

Viral gastroenteritis most frequently affects very young children, but outbreaks have
been recorded in which all of the wvictims were elderly, or members of a single family, or
consumers of a specific food (150). The clinical picture often does not differ markedly
from that of other forms of gastroenteritis, and multiple etiology (e.g., bacterial and
viral) is certainly possible in some instances. The viruses that are capable of causing
gastroenteritis in humans belong to several different groups; but they tend to share the
property of not replicating, or replicating poorly and without frank cytopathic effects, in
the kinds of cell cultures most frequently used in diagnostic virology laboratories. ' Diag-
nosis of viral gastroenteritis has been accomplished in recent times by the demonstration of
a statistical association between the illness and the presence of virus of one of the types
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about to be discussed in the stools of those affected or the acquisiticn of antibody to a
virus that was suspected of causing gastroenteritis {(see section 5.3). Inasmuch as the
causal viruses can seldom be cultivated in laboratory cell cultures, their presence in
stools is demonstrated by electron microscopy or by serological procedures such as immune
electron microscopy (11), radioimmuncassay, or enzyme-linked immunoassay (95). Obviously,
e2ach of the serological procedures can be adapted to detect antibody against a given virus,
as well as the virus itself, assuming that a sufficient quantity of the virus is available
to serve as a test antigen. Not all of the procedures are equally adaptable to the quanti-
tative measurement required to demonstrate that a patient's antibody level had increased
significantly as a result of the infection. Clearly, one would rather see Koch's postulates
fulfilled before declaring that a given virus was a cause of human gastroenteritis, but
evidence of the kinds just described is ordinarily the best available, except in the few

instances where bacteria-free filtrates of stool extracts have produced gastroenteritis when
administered to human volunteers.:

Viruses belonging to seven or eight groups have been implicated as causes of human
gastroenteritis by the methods described above. These will be mentioned very briefly, in
order of probable 1mportance to the present discussion. A group of small (27 nm), round
viruses of undetermined nucleic acid type has often been identifjed in diarrhoeal stools
(216). The viral pantlclesﬂhave a buoyant density of 1.39 g/em™ in CsCl and appear to
have cup-shaped depressions-on their surfaces that resembles those for which the calicivirus
group was named (68);: however, viruses of the calicivirus group are said to have a minimum
diameter of 32 nm:(216).. One of the earliest types of these small, round viruses that was
identified was the- "Norwalk" agent; but several other serotypes have since been reported.
Although these viruses were described as parvovirus-like for some time, this no longer seems
appropriate. ' L

'

The rotaviruses are now classified in the family Reoviridae. The particlés are approx-
imately 65 to 75 nm in diameter and consist of a double coat of protein surrounding seg-
mented, double—stranded ribonucleic acid (140). Several serotypes are known to exist, and
antibody to the. rotav1rus group antigen is generally acquired earlier in life than is anti-
body against the small, round viruses just described.

Particles of the.adenoviruses are obviously icosahedral, with knobbed fibres projecting
from the vertices '‘and a "diameter" of 70 to 80 nm. Each contains a single, large molecule
of double-stranded deoxyribonucleic acid. Viruses of this group have long been known to be
associated with respiratory and conjuctival infections, on the basis of isolation in labora-
tory cell cultures; many of these same agents were isolated from stools, but not necessarily
in association:with ‘gastroenteritis. More recently, particles having the distinctive shape
and properties of adenoviruses, but no demonstrable infectivity for cell cultures, have been

seen with: some. frequency in diarrhoeal stools (150). '

Particles of "true" caliciviruses are spherical, have a diameter of 32 to 40 nm, and
are characterized by cup-shaped depressions on their surfaces, (216) They contain single-
stranded RNA and have a buoyant density of 1.36 to 1.39 g/cm” in CsCl. Several of these
agents have been associated with diseases of animals, and some members. of the group are
reported to have been observed in human diarrhoeal stools.

The particles of the parvoviruses are the smallest known to infect man. They are
spherical and have a diameter of 20 to, 22 nm (211). They contain single-stranded DNA and
have a buoyant density of 1.40 g/em” in CsCl. Because single-stranded DNA does mnot
ordinarily serve as template in cells, the parvoviruses have special requirements for
replication: some replicate only in cells that are simultaneously infected with adeno-
viruses, and others can replicate automomously, but only in cells that are undergoing rapid
division. Agents that appear to be parvoviruses, based upon si ize and buoyant density, are
being reported to be present in human diarrhoeal stools.



rures in association with gastroenteritis. On at least one occasion, a strain of
virus that had been isolated in cell culture was reported to cause
administered to human volunteers (21).
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Astrovirus particles are small (28 nm diameter) and spherical; but figures resemblin
five-pointed or six-pointad stars are seen on their surfaces in electron micrograpt
negatively stained particles (216). The nucleic acid type in human astroviruses
has not been determined, but an astrovirus from lambs has been shown to contad
stranded RNA. Astroviruses are being reported with some frequency in human
stools (109).

The best known of the coronaviruses associated with gastroenteritis is that which
causes transmissible gastroenteritis in swine. Others have been =eported in diarrhoeal
stools from humans and several other species. The particles are pleomorphic and studded
with projections of high molecular weight glycopolypeptide that form the distinective
"corona" (63). This is the only group, among those discussed here, in which the particles
have a lipid-containing envelope. In addition to the pleomorphism mentioned above, a con-
sequence of the lipid content of the particle is the very low buoyant density reported (1.18
to 1.19 g/cm” in CsCl). The inside of the particles is made up of a helical complex of
protein and single-stranded RNA.

3.3.2 Gastroenteritis viruses known to be foodborne

All the agents discussed in the previous section are known to be shed in stoocls, and
they are probably all infectious when ingested. Therefore, they must all have some poten-—
tial to contaminate food as a result of mishandling by an infected person and to infect
another who ingests the contaminated food. However, only the small, round agents resembling
the Norwalk virus have until recently been identified positively in the stools of persons
involved in outbreaks where transmission through food seemed likely to have occurred (99).
This seems somewhat surprising, in that the methods used would probably have been at least
as likely to have detected rotaviruses, for example, as those that were seen. In fact, at
least one waterborne outbreak of rotaviral gastroenteritis has mnow been reported, but
vehicular transmission of rotaviruses still appears to be comparatively rare.

3.3.3 Foodborne gastroenteritis of proven viral etiology

Now that diagnostic methods have become available, increasing numbers of outbreaks that
would otherwise have been reported as gastroenteritis of undetermined etiology are being
reported as viral gastroenteritis (3). This is not to suggest that the real number of out-
breaks of viral gastroenteritis is increasing, but rather that observations are becoming
more accurate. In this context, it seems noteworthy that the number of food-associated
outbreaks of hepatitis A reported annually in the United States appears to be declining
slightly, so it may well be that viral gastroenteritis is the fcodborne wviral disease of the
future.

As was stated above, the foodborne gastroenteritis viruses that have been shown
repeatedly to be transmitted through foods are the small, round viruses resembling the
Norwalk agent (99). Methods for detecting these viruses are generally not semsitive enough
to permit finding them in foods. Thus, the spectrum of vehicles that have been implicated
depends upon the observations of clinicians and epidemicliogists who, having detected a
common-source outbreak of gastroenteritis, order the diagnostic tests that ars needed to
verify viral causation. There are inevitable biases in the investigation of common-source
outbreaks, in that investigators are more likely to suspect scme vehicles than others and
that some vehicles may present distinctive epidemiological pattermns. For example, raw milk
was frequently suspected as a vehicle during the era of paralytic poliomyelitis because it
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Outbreaks of disease transmitted by raw shelifish have been shown to include a

ionate share of adult males, in contrast =o the ZFact that gastroenteritis and
epatitis A tramsmittad by cont st often affect young childrem. Shellfish are, to all
appearances, the vehicle most easily incriminate pidemiociogical investigations under
raw more often by adult males, but
because thers are only a faw communities where shellfish 2ating is a routine, year-round
practice. In other communities, shellfish are eaten on more-or—less special occasions and

often with sufficient ceremony that the event is remembered not only for 2 days if gastro-

present-day conditions, not only because they are

enteritis should ensue, but for 2 months if the consequence iIs hepatitis A. The same can
hardly be said of any other food that is consumed by a substantial portion of the population
of many countries, especially drinking water. Other factors that predispose shellfish to
serve as vehicles for enteric viruses are discussed in section 4.2.2.

In view of this, it should come as no surprise thar the preeminent vehicle in outbreaks
of foodborne wviral gastroenteritis to date has been shellfish. The most visible of these
shellfish-associated outbreaks involved over 2000 people in Australia (74), but smaller out-
breaks have been recorded there and in the United Kingdom (3) and United States (208).
Water and a few other foods have also been implicated as vehicles for the gastroenteritis
viruses (3,126, 18/,207) none of these is remarkable in view of what was already known about
the transmission of enteric viruses (particularly the virus of hepatitis A) through foods.
One recent outbreak seems worthy of a brief description. An employee of a bakery near
Minneapolis, USA, was ill with gastroenteritis on his way to work on 21 August, 1982. He
prepared a batch of approximately 64 kg of butter—cream icing, with several interruptions
due to diarrhoea; he claimed to have been careful in washing his hands before returning to
work on each of these occasions. He immersed at least one arm fully into the batch and
rubbed the. product intimately with his fingers tc eliminate all lumps of confectioner's
sugar that it might contain. The icing was subsequently spread onto a great quantity and
variety of baked goods and sold over an extended area. Outbreaks of gastroenteritis were
reported over the next few days from a variety of groups who consumed the baked goods,
including several wedding parties, the staff of a local hospital, and a large teachers’
meeting, tc an aggregate that may well have exceeded 4000 persons (M. Osterholm, Minnesota
Department of Public Health, USA, personal communication). Because the record of foodborne

iral gastroenteritis is just begimning to become substantial, it would be premature to
conclude that there are absolutely no unique features to the transmission of these viruses
through foods.

3.4 Other viruses (and intracellular bacteria) transmitted through foods

Entries in this section will be restricted to those agents for which there is reason—
ably clear proof that transmission via foods has occurred. Other viruses, the transmission

~

of which has vet to be proved, will be discussed in sectionm 2.5.

3.4.1 Tick-borne encephalitis viruses

These viruses are among the vervy few not of human enteric origin that-are known to have
caused substantial human health problems as a result of being transmitted through foods.
The particles of these viruses are approximately spherical, 35 to 45 nm in diameter, and
have a lipid-containing envelope studded with small projections; they contain single-
stranded RNA {(55). Ticks serve as biological vectors for these agents. as one might suppose
from their name. Infections transmitted by ticks occur in humans and several other species.
If the tick bites a lactating dairy animal, the infection may invoive the mammary gland,

the result that the virus is shed in the milk {(59). The viruses are susceptible to
ull pasteurization but will persist in milk that has minimal or no heat treatment (70,72).

The virus in such milk withstands cold storage and some processes for producing milk
products, and is infectious perorailiv (73), Major outbreaks in Central Europe have been




caused by co raim*ng milk From infected gocats in enzootic areas (69). Sheep and cows have

heen shown experimentally to be susceprible i mammary infection and shedding of these
viruses; but ai these only milk of been proven to tramsmit the virus to

consumers {71}. The problem seems

serologically related viruszes found 2=2lzewhere 1in the world either do not iniect da
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animals or are not shed via the mammary giand {108}, as far as is known at this time. Thare
are no vaccines for these viruses; control depends upcn pastaurization of milk and, as far
as possible, zuarding against the animais grazing in tick-infested areas.

3.4.2 Echovirus 4

This virus is a member of the sentsrovirus group described in section 3.1.1. It has
been identified in a single outbreak of foodborne disease in the United States, in which 80
people were ill (many with aseptic meningitis) among 342 rhat had attended a picnic (199).
Epidemiological investigation implicated cole slaw as the vehicle, but none of the food was
available to be tested for wvirus, and the mode of contamination was never ascertained.
Although there is no reason to suppose that echovirus 4 will not be transmittad via foods
again on other occasions, it seems just as likely that another member of the human entero-

virus group might be next.

3.4.3 Chlamydia psittaci

This agent is a bacterium that is an obligate intracellular parasite. It has been
included in the WHO Food Virology Programme {(as has Coxiella burnetii, which is discussed in
the mnext section) because methods for investigating it are similar to those used with
viruses, and generally unlike those used for bacteria. The agent is foodborne only in a
special sense, in that it shows very little ability to infect perorally. It infects poultry
and psittacine (related to the parrcts) birds, in which it causes respiratory illness, and
is transmitted in aerosols to humans who handle the infected birds. Workers slaughtering
turkeys in the United States (1,146) and ducks in Europe have most frequently been affected,
but at least one instance has been recorded in which a woman who purchased dead ducks and
eviscerated them at home became i1l (2). This may be the only consumer illness known to
have been caused by the agent, but it is clear that the possibility of further incidents of
this kind exists.

3.4.4 Coxiella burnetii

This is also a bacterium that is an obligate intracellular parasite, as was stated
previously. It infects principally sheep, goats, and catile, in which it causes reproduc-
tive and other difficulties. The illness in humans, called Q-fever, is most often  the
result of exposure to aerosols from infected animals, especially during parturition (132).
In addition, however, the agent is shed Zin the milk of infected cows and is so heat-stable
that it was the cause of raising the required temperaturs for low-temperature, long-time

pasteurization some years ago (52). This heat stability seems to relate to the existence of
a spore-like phase in the agent's 1life cyecle (138). Tnfec*ions that result from drinking
raw milk containing C. burnetii are sometrimes asvmptom and s*gnaITed only by the produc-
. tion of an antibody response, but at other times are f 'lv febrile {10,20). C. burmetii
infactions have become common in numans in the United States (as indicated by serological
surveys) presumably because o7 widesspread infections of cattle, inasmuch as transmission
directly from persom to perscn is said to be rares. Still, antibody is not found in strong

B
correlation with exposure to cattle, and the practice of drinking raw milk is not so wide-
spread in the United States as would seem 1ikely to account for the number of people that
have acquired immunity against the agent (161}. TFigures on the prevalence of C. burnetii
antibody in other countries have nct beern found, but human and animal infections are cer-
tainly known to occur in manv nations,
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n addiciom to the zoonotic agenis discussed in sectiomns 3

s that are essentially non-infactiou s+ humans. but are of concern to human
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welfars because of the diseases that they cause in znimals. These animal disease agents do
nor only cause losses of food by the animal ilinesses and deaths that they produce; they
also 2voke barriers to commerce, due to necessary guarantine measures, which deny foods from
areas where they are in surplus to areas whers the foods are needed. There are ample eco-
nomic incentives to learn as much as possible about the persistence of such viruses in
foods, and a great deal of work on this subject has been done (especially with the viruses
nf foot-and-mouth disease) that may even have application in predicting the persistence of
viruses of human disease in foods (see section 5.2).

The viruses of Ffoot—and-mouth disease are members of the family Picornaviridae, which
comprises small {28 nm), round viruses containing single-stranded RNA. They differ from the
enteroviruses described in section 3.1.1 in that the enteroviruses withstand pH 3 for some
time at moderate temperatures, whereas the foot-and-mouth disease viruses (aphthoviruses)
are rapidly inactivated (55).. At least seven major serotypes of the foot-and-mouth disease
viruses are knmown to exist, and these have many variants. The viruses infect most cloven-
hoofed animals and pervade the body of the host so that the virus may be found in every
tissue at slaughter (6). Furthermore, the virus infects the mammary gland so as to be shed
in milk before symptoms are apparent in an infected, lactating animal (14). Virus in the
voluntary muscles of slaughtered animals is rapidly inactivated by the acid of rigor mortis,
if the carcass is allowed to stiffen normally; however, virus sequestered in lymph nodes,
bone marrow, and large blood clots is protected from the acid and will persist very effi-
ciently (23,37). Mild heat treatment of tissues containing these depots of virus, or of
milk produced by an infected animal, often will not suffice to inactivate all of the viral
infectivity that .may.be present, nor will some of the chemical processes. used in food
production (see' section 5.2). There are only a limited number of well documented instances
in which the virus of foot-and-mouth disease has been transmitted internationally via food,
but there is little doubt that this has happened and could happen again (13).

Another virus that has been transmitted to animals via fooed is the agent of hog cholera
(swine fever). Uncooked garbage containing pork scraps, fed to swine, has resulted in out-
reaks of the disease. Clearly, any other virus of animal disease, if the virus is moder-
ately stable after the death of the host, could be transmitted the same way to swine,
including the virus of African swine fever. Meat or slaughter derivatives that are used as
protein supplements for cattle and other ruminants are more likely to have been cooked or
heat-stabilized, but lapses ars possible. The virus of Newcastle disease of poultry has
also been suspected of being transmitted internaticnalliv by eggs and by poultry carcasses,
with the result that quarantines and smbargoes have been used in attempts to protect animal
health.

3.5 Viruses suspected of being transmitted througn foods

The agents to be discussed here have only bee occurring in foods, or have
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