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Abstract

Although the era of vaccination has seen major advances
in controlling many important diseases of man and animals,
only one viral disease, small pox, has been eliminated
globally. Other infectious diseases have proven more
resilient to control and therefore, a need exists for the
development of better, more effective vaccines. The advent
of various genetic and biochemical techniques, combined
with the understanding of microbial pathogenesis and host
responses of these infections during the last decade has
led to the emergence of a variety of new approaches to
development of better vaccines, as well as potential methods
of delivery of these vaccines. Based on these developments,
an attempt will be made at summarizing some of the unique
strategies that are being used to combat viral infections.
Approaches used to develop synthetic peptide vaccines,
recombinant hybrid vaccines, deletion mutants and subunit
viral vaccines will be discussed. Furthermore, the
advantages and limitations of these approaches will be
addressed, as will some of the potential ways of overcoming
these limitations.

Introduction

At present there are a number of methods available for
controlling infectious diseases of humans and animals.
These include passive immunity which can be obtained
either in utero, via antibody secreted in milk or passively
administered either as monoclonal antibodies or polyclonal
antibodies. The disadvantages of passive immunity lie
mainly in the short duration of prbtection, thus, active
immunization has become the more accepted method of
immunizing animals to protect them from infections. The
third method of control is by chemotherapy using either
antibacterials, antivirals or immunomodulators. The major
emphasis in this summary will be devoted to viral vaccines
presently being used and those that we anticipate will
become common place within the next decade.

Conventional Viruses

The majority of licensed vaccines for humans and animals
presently in use are produced by conventional methods.
These include live attenuated or inactivated vaccines. At
present, a large number of viral vaccines are of the killed
variety. One of the major advantages of such vaccines is
that they are relatively stable under environmental
conditions, therefore, it is not as crucial to maintain a cold
chain to ensure efficacy of the vaccines. Some other
advantages are that in specific disease situations such as
rabies virus, clinicians are often reluctant to use live viral
vaccines, because of the fear that they may inject themselves
with the vaccine and there may be some adverse side effects.
Although this possibility is extremely remote, the
psychological trauma of injection with a virus such as rabies
is sufficiently great to discourage some clinicians from using
live virus vaccines. The disadvantages of killed vaccines
is that they do not replicate within the host and therefore,
large amounts of antigen are required for injection before
immunity will be induced. Since these vaccines are often
produced in foreign tissue there is also the possibility of
reactions developing against foreign proteins. The
possibility of developing reactions to foreign proteins is
further exacerbated by the fact that immunity is usually
short-lived with killed virus vaccines, therefore, multiple
doses are required. Since the vaccines are killed, they
generally are injected intramuscularly. If the specific disease
being vaccinated against is one that causes a local infection
in the respiratory tract or in the gastrointestinal tract killed
vaccines will not be very effective since they do not induce
immunity at these sites. Therefore, a killed vaccine will
be more effective against systemic viruses than against
viruses which replicate in local mucosal sites. These latter
disadvantages have lead to the development of a large
number of attenuated vaccines.

The main advantage of attenuated vaccines results
primarily from their ability to replicate in the host. Since
their mode of action is similar to natural infections,

46

THE BOVINE PROCEEDINGS—No. 21

TWONNQLNSIP $SA008 Uado ‘S1I9UONNILIJ SUIAOY JO UONRIOSSY UedLowy YSLdo)) §



immunity is generally of a broader spectrum than it is with
killed virus vaccines. Furthermore, they induce a balanced
immune response, ranging from humoral to cellular
including local as well as systemic immunity. Furthermore,
immunity is usually broader with more cross reactivity to
related strains, and of longer duration with attenuated
vaccines than with killed virus vaccines. Finally, since the
virus replicates in the host and produces large quantities
of proteins to which the host responds to, the possibility
of injecting foreign proteins is dramatically reduced with
attenuated virus vaccines. However, these conventional
attenuated vaccines are not without certain disadvantages.
Since the vaccines are produced by passage in culture, to
induce random mutations or mutated with a specific agent
and thereby reduce virulence, it is possible that passage
in the natural host may result in reversion back to virulence.
One of the best examples of such reversion is in the case
of attenuated polio virus. In the case of polio, reversion
can occur within a few days of oral immunization."? If
the individual is unable to mount a rapid immune response
disease can occur. Since reverted virulent virus is shed into
the environment, there is a danger of contacts getting
infected with the virus. One other very important
disadvantage is that the viruses are grown in culture and
it is possible to have other contaminating viruses present.
One very common occurrence is the presence of BVD virus
in viral vaccines grown for immunizing cattle. This virus
is ubiquitous and is present in many of the cell lines and
fetal bovine sera that are used for growing bovine viruses.’
Interference is also a potential problem when animals are
immunized with a number of different vaccines at the same
time, or if animals are suffering from a subclinical virus
infection at the time of vaccination. This scenario may
result in reduced replication of the attenuated virus vaccine
and thus, reduced immunity. Live attenuated virus vaccines
are also extremely susceptible to environmental factors
which may reduce their efficacy upon storage. Finally, the
attenuated virus vaccines can induce latent infections,
congenital defects and abortions if not administered
properly or if administered at the wrong time in the
individual’s life.*”

Why New Vaccines?

Since conventional vaccines have not eliminated viral
diseases, with the exception of small pox, there continues
to be a need to produce better vaccines that may be more
efficacious and safer for use in human and animal medicine.
In addition to the above discussed limitations of present
vaccines, it should be emphasized that there are a number
of viruses for which we do not have vaccines due to the
inability to grow virus in culture or in other economically
acceptable culturing media. Some viruses may be of
suppressive nature or impossible to attenuate by in vitro
passage. In North America there are a number of exotic

diseases for which we do not want to introduce the virus,
therefore, it makes it impossible to produce virus vaccines
against agents by conventional methods. In order to develop
vaccines against these exotic viruses would require excessive
laboratory containment or would restrict the use and
application of such vaccines. Some of the newer
technologies available would greatly eliminate some of these
restrictions.

Methodologies for Producing New Vaccines

Table |1 summarizes some of the newer technologies that
are available and presently being used to produce new virus
vaccines. Although some of these technologies are based
on classical approaches (reassortants, temperature sensitive
or cold adapted, heterologous vaccines), many of them are
based on the ability to manipulate the genetic material
of the viruses in such a way as to either reduce the virulence
of an individual virus in a specific way or identify the specific
protective proteins and express them in a foreign host.
Although there is at present some controversy regarding
the reductionist approach to vaccine production versus the
conventional approach, many examples are available
whereby subunit vaccines have been very efficacious in
reducing viral induced disease at least in experimental
models. A number of these have now been licensed for
use in animals and humans.

Table 1—Technologies for Producing New Vaccines

Methodology

1) Recombinant DNA—Expression of
genes in foreign hosts
—viruses (baculovirus, herpesvirus
adenovirus, vaccinia)

Example

Influenza, AIDS, VSV

—bacteria (Salmonella) Hepatitis B
—yeast Hepatitis B
—mammalian cells Herpes

2) Reassortants Inftuenza

3) Heterologous viruses Rota

4) Genetic deletions Herpes

5) Mutations Polio

6) Antiidiotypes Rabies

7) Synthetic peptides Hepatitis B

For the production of subunit vaccines a number of
specific steps are required. 1) Identify protective proteins
or epitopes on the proteins. Once this is done an individual
can either produce a subunit vaccine by recombinant DNA
technology or by synthetic peptide technology. 2) Identify
gene coding for the protein. 3) Clone the gene coding for
the specific protein and express it in a suitable expression
system. 4) Purify the protective protein to homogeneity.
Using bovine herpesvirus-1 as an example, the application
of the subunit vaccine approach to protect cattle against
bovine respiratory disease will be demonstrated. BHV-1
has four major glycoproteins: GVP 1, GVP 11, GVP 111
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and GVP 1V." Using monoclonal antibodies, which we have
developed against the individual glycoproteins,
immunosorbent columns were prepared and used for
purification of large quantities of the BHV-1 glycoproteins.

These glycoproteins were then mixed with the adjuvant
avridine and used to immunize animals against BHV-1
virus. Following immunization, animals responded by
producing serum neutralizing antibody titers far in excess
of that produced by a commercial killed conventionally
produced vaccine.” In addition to producing higher levels
of serum neutralizing antibodies, the animals also exhibited
much lower clinical involvement tollowing challenge with
avirulent BHV-1/P. haemolytica challenge.’ The mortality
rates for the placebo vaccinated animals was 3/5, animals
immunized with the conventional commercial vaccine 2/
5, whereas 0/35 animals immunized with the subunit
vaccine died. These studies clearly indicate the potential
for application of subunit vaccines to infections of man
and animals.

An advantage of using the subunit vaccine approach,
especially for viruses such as herpesviruses which can induce
latency is the possibility of developing tests to differentiate
animals which are latent carriers of the virus from those
which are immunized with a subunit vaccine and are
protected from subsequent challenge, but are not latent
carriers of the virus. This type of approach has a tremendous
amount of appeal to breeders of pedigree stock who may
want to export or sell carrier free animals. Therefore, it
is possible to maintain and develop specific pathogen free
herds but still provide protection to accidental introduction
of virus into the herd. This approach is also compatible
with an eradiation program for diseases such as
pseudorabies and bovine herpesvirus.

Expression Systems

Once the specific protective proteins are identified, it
1s important to develop expression systems to produce large
quantities of the specific protein in an economical fashion.
At present, there are four different expression systems: 1)
prokaryotic, 2) viruses, 3) eukaryotic and 4) mammalian.
Although prokaryotic expression systems were among the
first to be used and very efficient production of viral
proteins occurs in Escherichia coli'®'" it does not appear
to be very useful for production of vaccines and therefore,
will not be discussed in detail in the present report. The
main reason for the lack of efficacy of vaccines produced
by bacterial expression systems is the viral protein produced
in bacteria are often not folded properly for induction of
the desired immune response. Thus gene products which
do not require post-translational modification,
phosphorylation, cleavage, etc. are the only ones that could
be expressed in proteolytic systems. A considerable amount
of activity is being directed towards using other viruses
such as vaccinia, herpesviruses or adenoviruses to express

) T . . ‘ . 12-18
specific viral proteins in mammalian systems. Another

very popular expression system is the application of an
insect virus, baculovirus, to produce high quantities of
animal virus proteins in insect cells."

Viral Expression Systems

Vaccinia virus will be used as an example wherein a
number of different viral proteins have been introduced
into the vaccinia virus and are being used by a variety

of different delivery systems to induce both local as well
as systemic immunity. The advantages of vaccinia

expression are that both a humoral, as well as a cellular
immune response is ellicited. Even more attractive is that
the vaccinia genome is very large and it is possible to delete
large quantities of its genome and still maintain a viable
virus. The non-essential vaccinia genes can be replaced with
a number of genes coding for other proteins from other
viruses. Therefore, it would be possible to introduce a
cassette of up to 5 or 6 different genes into vaccinia virus
and immunity could be induced simultaneously towards
all these proteins. These genes could either be under the
control of vaccinia promotors or more efficient promotors
such as the T7 RNA polymerase promotors™ which can
increase the level of expression 10-fold over that produced
by vaccinia promotors. Expression of a number of genes
in one virus would be much more economical to do than
to culture each individual vaccine independently. An even
more attractive possibility of using vaccinia virus expression
systems is the thermal stability of the virus and the
international experience with immunization of large
numbers of individuals with vaccinia. Finally, vaccinia can
replicate in a wide variety of hosts, making it attractive
for controlling infectious diseases in veterinary medicine
and in human medicine. Furthermore, the thermal stability
and its ability to replicate in a wide variety of hosts provide
the opportunity to immunize wildlife against infectious
diseases that can be transmitted to domestic livestock. One
example of such an approach is that recently being used
is the case of wildlife rabies, where vaccinia virus containing
the rabies virus glycoproteins might be incorporated in bait
and seeded in rural areas by dropping the bait from planes.
Foxes and raccoons, which can be carriers of rabies virus,
would eat the bait and be immunized against rabies virus.
Using this approach, the number of animals that can be
immunized is greatly increased, thereby reducing the
epidemiological spread of virus in the environment. One
further way of reducing the chance of transmission is to
clone the genes into Avianpox virus. This virus does not
replicate in mammalian species thereby preventing spread
of the virus. This approach also limits the possibility of
generalized infections which may occur occasionally as a
result of vaccinia virus infection of immunocompromised
hosts. Recently, considerable progress has been made in
ensuring that generalized spread of vaccinia is prevented
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by identifying potential virulent genes and deleting them
from vaccinia.”’ In addition, insertion of a gene for
interleukin-2 (IL-2) greatly reduces the virulence of vaccinia
in immunocompromised hosts.” Thus, it appears highly
likely that vaccinia virus will be engineered to be an effective
vector for a large number of different viral antigen to
prevent acute, chronic or leukemia virus infections.

The recent discovery that other viruses such as herpesl4
and adenovirus' also have regions within the genome which

are non-essential for either in vitro or in vivo replication
has prompted investigations into their use as potential viral

vectors for a number of antigens. Since both of these viruses
are considerably smaller than vaccinia there is probably
less potential for inserting as many genes into these two
viruses but they may offer other advantages regarding
delivery into the oral or respiratory tract. For example,
adenoviruses may persist in the respiratory tract and
thereby continue to stimulate local immunity. Experience
with adenovirus® and its use as an oral vaccine is well
established with over 1 x 10° military recruits being
immunized with no adverse effect.

Eukaryotic Expression Systems

Expression of viral genes in eukaroytic cells is often toted
as the most natural method of producing non-infectious
viral vaccines. The reason for the attractiveness of
eukaroytic cells is that the proper level and degree of
glycosylation and folding is more natural than in
prokaryotic systems. At present a number of viral genes
have been successfully expressed in ycast,25 mammalian
cells,”® and more recently in filamentous water fungi and
green algae.”””* These latter two systems should provide
large quantities of cheap proteins with the correct post-
translational modification required for proper recognition
of the host’s immune system. The advantages of yeast as
an expression system are that extensive experience is
already available with the yeast S. cerevisiae, and since
animals already have antibodies to yeast, there would not
be the needed expense to ensure that all yeast proteins
are removed from the vaccine thereby reducing costs of
the final product. Finally, yeasts do not have any oncogenes.
This makes vaccines expressed in yeast potentially safer
than vaccines produced in mammalian cells. Unfortunately,
in some cases yeast may over-glycosylate proteins, which
may influence immune response to that specific protein.
Thus, the degree of glycosylation of highly glycosylated
proteins may preclude its use in vaccine development.

The ultimate eukaroytic expression system is the use of
mammalian cells for the continuous production of and
secretion of viral proteins and glycoproteins. An advantage
of mammalian cells is that cloned eukaroytic genes are
often expressed as fully functional and processed proteins.
However, the level of expression is relatively low and the

high cost of cell cultures are serious disadvantages in the
use of mammalian cells for production of vaccines for
veterinary use. For mammalian cells to be an economically
viable vehicle the development of micro-carriers to produce
large quantities of mammalian cells in a very concentrated
environment as well as strong promotors is needed.

Extensive progress is being made in developing
microcarriers to culture mammalian cells in a continuous
fashion. In parallel with the development of microcarrier
systems 1s the requirement for new media and profusion
of the bioreactors so that cells can grow continuously with
minimal manipulations.”

Synthetic Peptide Vaccines

Rather than introducing the specific protein into various
expression systems, it is possible to identify the specific
epitopes involved in inducing protective immunity and
synthesize the peptide. As an example of these approaches,
the identification and characterization of the major
neutralizing antigen of bovine rotavirus will be described.
Using monoclonal antibodies against different proteins of
bovine rotavirus, we have identified a immunodominant
neutralizing epitope on the outer coat glycoprotein of
bovine rotavirus. This epitope was identified by the ability
of monoclonal antibody directed against it to neutralize
virus in vitro® as well as prevent diarrhea in animals in
vivo. Using this epitope we further found that a common
conserved sequences were present between different
serotypes of rotavirus of animals and humans. Using an
animal model, developed to study bovine rotavirus, we
clearly demonstrated that immunization with a synthetic
peptide could be used to protect animals against virulent
challenge with field strains of virus.’' Although this has
been demonstrated to be efficacious against bovine
rotavirus, it must be emphasized that it is imperative to
find a stable conserved region within the virus before such
approaches can be used. In the case of foot and mouth
disease virus, where antigenic drift is a common feature,
such approaches have been less than satisfactory. However,
the recent finding that many serotypes of rhinovirus share
conserved regions responsible for interacting with the host
cell receptor renew hope that even for antigenically labile
viruses, it may be possible to identify biologically important
conserved epitopes.’’

The advantage of peptide vaccines is that it is possible
to identify crucial epitopes on all viruses. Once these are
identified, a chemically defined vaccine which is stable can
be developed. Furthermore, the requirements for large
production plants and downstream processing are minimal.
In addition, peptides can be designed in such a way as
to develop the appropriate immune responses (both T and
B cell responses if epitopes responsible for stimulating T
and B cell responses are incorporated into the peptide).
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Finally, these vaccines can be formulated into delayed
release and delivery systems which can continue to stimulate
the immune system over an extended period of time, thereby
removing the requirement for multiple injections.

Synthetic peptides generally are not very immunogenic
unless they are linked to specific carriers and incorporated
in strong adjuvants. The present identification of synthetic
adjuvants is greatly improving the potential for using
synthetic peptides as vaccines.”” In addition to
incorporating adjuvants into peptide vaccines, the peptides
can be engineered in such a way that they are linked to
specific carriers which can act as ideal delivery systems
for presenting the important epitopes on the peptide.* The
recent incorporation of peptides into self-assembling viruses
such as hepatitis B and Tobacco mosaic virus (TMV) which
can be produced by recombinant DNA technology provides
aconvenient one-step method of both producing the peptide
as well as the carrier.”*?’ Experience with virus carriers
for synthetic peptides clearly indicates that the
immunogenicity of these peptides linked to virus carriers
approaches that of whole virus.

Deletion Mutants

Using recombinant DNA technology it has been possible
to construct deletion mutants against a number of animal
herpesviruses, including pseudorabies and bovine
herpesvirus-1, whose virulence and ability to induce latency
is dramatically reduced following deletion of some genes.**
Thus, some of the advantages of attenuated virus vaccines
are preserved, but some of the disadvantages are deleted.
Although a number of genes have been associated with
virulence, the thymidine kinase gene has received the most
attention.’® Deletion of these gene not only reduces
neurovirulence dramatically but it also reduces the viruses’
ability to induce latency.”” Based on these observations

~ a number of pseudorabies virus vaccines are either licensed
already or are in the process of being licensed. The next
logical step is to insert genes from other viruses into the
region of the deleted TK genes or other non-essential herpes
glycoprotein genes.™

Epilogue

Regardless of the specific approach used to develop new
viral vaccines it must be emphasized that no single approach
will be ideal for all pathogens since the pattern of
pathogenesis between different agents is extremely variable.
Therefore, a tremendous amount of basic knowledge is
required regarding whether infection provides protective
immunity for subsequent infections, what type of immunity
is required whether it be cellular or humoral, local or
systemic, etc. before effective vaccines can be engineered.
However, with the tremendous amount of activity both
in the area of understanding the viruses and their proteins,

the host immune responses, pathogenesis of different
viruses as well as methods to regulate the immune response
using lymphokines,” the future for developing effective
vaccines against the major economically important
infections of domestic animals is imminent.
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