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I. Introduction 

Pigs are efficient converters of feed grains into valuable animal pro- 
tein. As a result the swine industry provides about 25% of the energy 
and 9% of the protein that human beings obtain from animal sources 
(Pond, 1983). The industry annually provides about 30-35 kg of high- 
quality protein for each person in the United States. To increase pro- 
duction efficiency, innovative management practices have been insti- 
tuted and biologicals are used to reduce disease-related losses. More- 
over, swine production has changed from a large number of small 
farms to a relatively small number of large operations. Because of the 
intensive nature of these production units, losses due to contagious 
disease have been magnified, especially those manifested in the respi- 
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ratory, reproductive, and enteric systems. To prevent diseases, swine 
are routinely vaccinated against common pathogens that  are responsi- 
ble for significant mortality, morbidity, and reduced weight gain. Some 
of the live vaccines, used, for example, against the viral diseases, are 
rotavirus, transmissible gastroenteritis virus, pseudorabies virus, and 
parvovirus. In spite of the availability of effective vaccines for some 
diseases, novel pathogens (e.g., the porcine respiratory and reproduc- 
tive syndrome virus) continue to emerge and some of the at tenuated 
virus (e.g., pseudorabies virus) vaccines can become latent. 

Although the economic impact of swine diseases varies, significant 
losses due to infectious agents still occur. While current information on 
disease-related losses is not available, according to a 1986 report of the 
Committee on CSRS Animal Health Research Programs, major dis- 
ease-related losses attributed to respiratory infections were $400 mil- 
lion, to reproductive disorders were $200 million, and to enteric infec- 
tions were $214 million annually in 1976. In this regard, three distinct 
swine diseases that  are viral in origin are briefly described next. 

Aujeszky's disease is caused by the herpesvirus (pseudorabies virus) 
and is responsible for significant economic losses to the swine industry. 
This disease is contagious and is characterized by encephalomyelitis 
and inflammation of the upper respiratory tract. Mortality can reach 
100% in piglets under 2 weeks of age. The respiratory form of the 
disease is common in growing and adult pigs. In pregnant sows, abor- 
tion, mummification of fetuses, or stillbirths can occur depending on 
the stage of pregnancy. Recovered or subclinically infected pigs contin- 
ue to shed virus leading to persistent herd infection. The annual cost of 
pseudorabies for swine producers was more than $21 million in the 
mid-1980s (Miller et al., 1996). Most vaccines do provide clinical pro- 
tection against disease but do not prevent shedding or multiplication of 
the virus. Thus, some animals remain carriers for variable periods and 
become a source of infection for susceptible animals. Therefore, it is 
important for vaccination to prevent or reduce virus shedding to the 
extent that  transmission to other susceptible animals is reduced. To 
at tenuate the virus further, several genetically engineered deletion 
mutants  have been developed and evaluated for their ability to reduce 
virus shedding. The impact of such vaccines is not yet fully known. 
Several countries are at tempting to eradicate pseudorabies virus infec- 
tion in their swine populations with or without the use of vaccines. 
However, in certain regions feral swine harboring latent virus can still 
be a potential source of infection for the domestic swine. Eradication of 
pseudorabies virus from such a population is practically impossible. 

Diarrheal disease is a common and significant problem among neo- 
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natal pigs. Economic losses in the United States due to neonatal diar- 
rhea are estimated in excess of $200 million annually. Similar prob- 
lems are encountered in other countries, such as Australia. Here, Mul- 
lan et al. (1994) estimated a loss of $260 to $330 per breeding sow in 
the ensuing 12 months after infection with transmissible gastroen- 
teritis virus (TGEV). According to the National Animal Monitoring 
System ofUSDA, TGE cost the pork industry located in Iowa alone $10 
million annually in 1987 and 1988 (Hill, 1989). TGEV causes a highly 
contagious enteric disease affecting pigs of all ages. In case of neonatal 
pigs, TGE is characterized by severe diarrhea, vomiting, and mortality 
approaching 100%. This disease is caused by a coronavirus that  is shed 
in feces and nasal secretions. Current vaccines consisting of attenu- 
ated or inactivated TGEV are inadequate (Saif and Jackwood, 1989; 
Saif and Wesley, 1992). 

In recent years an economically important emerging pathogen, por- 
cine respiratory and reproductive syndrome (PRRS) virus, has been 
responsible for significant losses to the swine industry. Clinical signs of 
the disease range from inapparent infection to severe losses of more 
than 20% pig production and can occur in all types of swine production 
systems (Becker and Schwartz, 1996). PRRS virus strains of variable 
virulence cause reproductive and respiratory tract disease. Modified 
live virus vaccines against PRRS are available although a considerable 
amount of evidence suggests that  vaccines are clearly not the entire 
solution to the PRRS problem. A severe form of PRRS recently 
emerged in Iowa, despite vaccination (Halbur and Bush, 1997). 

II. Conventional Vaccines 

The greatest t r iumph in the history of disease prevention and erad- 
ication came toward the end of the eighteenth century when Edward 
Jenner  introduced inoculation against smallpox. Jenner 's  work has led 
to the development of many human and animal vaccines and the rapid 
advancement of the sciences of immunology, virology, and vaccinology. 
Vaccines represent an important tool for the prevention or eradication 
of diseases. In this regard, the greatest achievement in this century 
has been the eradication of smallpox. 

Prevention of diseases through vaccination has been shown to be 
extremely beneficial, not only in reducing mortality and morbidity but 
also in reducing the cost of animal production. In addition to providing 
protection to vaccinated animals, vaccines also reduce the spread of 
infection. Due to their relatively low cost, vaccines are popular instru- 
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ments of disease prevention that  offer an important form of investment 
for the long-range success of the animal industry. The impact of vac- 
cines for the prevention and control of diseases is becoming increas- 
ingly recognized and research on all aspects of vaccination has in- 
creased considerably in recent years. 

The traditional approach to vaccine development includes both mod- 
ified live (attenuated) and inactivated vaccines. In many instances 
attenuation has been attempted by serial passage of the virulent virus 
in an in vitro cell culture system. Live at tenuated vaccines are devel- 
oped by trying to establish the balance between maximum immu- 
nogenicity and minimum virulence for the host. Because the genetic 
makeup of such vaccine strains is not known, in many cases there is 
the risk of reversion to virulence under field conditions. Efficacy of 
vaccines is usually determined by the protective immune response in 
the host. Because immunity can be broken by an overwhelming chal- 
lenge, no vaccine can be claimed as "perfect." Recovery from a natural  
infection usually leads to a strong and long-lasting protection against 
reinfection by the same pathogen. Although a vaccine that  is com- 
pletely safe normally does not induce as strong an immunity as the 
natural  infection, to be efficacious it should induce an appreciable de- 
gree of protective immunity in the host when exposed to a reasonable 
natural  challenge. 

Attenuated modified live vaccines are generally preferred since they 
provide strong, long-lasting immunity and are more easily produced 
than inactivated vaccines. However, as mentioned earlier, they often 
pose the threat  of reversion to virulence and transmissibility to other 
species and often are required to be maintained at a correct passage 
level. Moreover, the same vaccine produced by different biological man- 
ufacturers may have a varied potential for reversion to virulence. Fur- 
thermore, it is probable that  in vivo recombination either between 
different vaccine strains and/or field strains, for example, pseu- 
dorabies virus, will result in the generation of a strain with greater 
virulence than the original vaccine strain(s). These concerns are un- 
warranted when using inactivated or subunit vaccines; however, fre- 
quent administration is required and, therefore, application of killed 
vaccines becomes more expensive than the use of live vaccines. Al- 
though in designing a vaccine the main emphasis is to protect the host 
against the disease, it is also important to consider the duration of 
immunity, lack of any adverse effects, ease of administration, and low 
cost. The increasing number of vaccines against common and emerging 
pathogens has made their individual administration impractical. In 
this regard, the biological companies have realized for a long time the 
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advantages of combined vaccines that  will protect against several dis- 
eases. Because multi-antigenic vaccines require a relatively lower 
number of injections, the cost of packaging, storage, delivery equip- 
ment, and labor are reduced. 

The problems associated with the use of current vaccines can be 
overcome by the development of a new generation of live vaccines in 
which only the protective antigen(s) of a pathogen is presented to the 
immune system of the host and chances of reversion to virulence are 
eliminated. In such a vaccine the beneficial properties of both live and 
killed vaccines can be retained. 

III. Recombinant  Virus Vectored Vaccines 

The availability of molecular methods and knowledge enable us to 
overcome the limitations of traditional approaches in vaccine develop- 
ment. Using modern genetic engineering techniques, it is possible to 
isolate, identify, and sequence important genes of pathogenic organ- 
isms and place them into new vectors in which they can be faithfully 
expressed. Both bacterial and viral vectors can be used for the expres- 
sion of foreign genes. Bacteria are easy to manipulate and can provide 
a high level of expression, but in bacteria glycosylation, proteolytic 
processing, and subunit assembly of eukaryotic proteins may not occur 
properly. Consequently, the use of such vectors may not result in the 
production of an authentic protein(s). Therefore, the genomes of both 
small and large viruses, for example, baculoviruses, adenoviruses, her- 
pesviruses, and poxviruses, have been manipulated for expression of 
foreign proteins. The genomes of the large-sized viruses (e.g., pox- 
viruses and herpesviruses) are difficult to alter but have the capacity 
to express a significant amount of foreign genetic material  (i.e., several 
foreign genes). When considering herpesviruses as vaccine vectors, 
however, it is important to consider their potential for delayed per- 
sistence and oncogenesis. On the other hand the small-sized viruses 
(e.g., adenoviruses) have the limitation that  their genomes can accom- 
modate only a small amount of foreign genetic material  without the 
virus becoming defective in replication. 

A. VACCINIA AND AVIANPOX VIRUSES 

Although poxviruses have been of concern for many years by virtue 
of their impact on human and animal health, the recent increasing 
interest in these viruses stems from their usefulness as viral vectors 



468  DEOKI N. TRIPATHY 

(Moss and Flexner, 1987). Extensive experience obtained with the use 
of vaccinia virus as a live vaccine, as well as its wide host range, large 
size genome capable of accommodating a substantial amount of foreign 
DNA and inability to induce oncogenic transformation have been some 
of the important features favoring its potential use as a vector for 
immunization against important pathogens. Additionally, genetically 
altered vaccinia viruses maintain their infectivity after insertion of 
foreign genes, and induce both humoral and cellular immunity. Vac- 
cinia vectored vaccines are relatively inexpensive to produce and easy 
to administer. 

Since the first demonstration in 1982 of the ability of vaccinia virus 
to express an inserted herpes simplex virus thymidine kinase (TK) 
gene (Panicali and Paoletti, 1982), a large variety of foreign genes have 
been expressed by recombinant vaccinia viruses. When those genes 
encode for antigens responsible for eliciting an immune response, the 
resultant  recombinant viruses have been shown to elicit protective 
immunity in animals against the respective pathogens. Thus, when 
foreign genes are expressed under vaccinia virus regulation, the pro- 
teins are produced in a native state. Because the genome of vaccinia 
virus has the ability to accept up to 25,000 bp of inserted foreign DNA, 
more than 10 foreign genes could conceivably be expressed by a single 
live recombinant virus (Flexner and Moss, 1997). Thus the demon- 
strated and potential success with vaccinia virus as a gene expression 
vector has kept its popularity unchallenged for so many years. How- 
ever, because of its wide host range, there has been reluctance in ac- 
cepting vaccinia-vectored vaccines due to postvaccination complica- 
tions in humans (Gurvich, 1992), which were observed during the use 
of vaccinia for the eradication of smallpox. Consequently, this technol- 
ogy has been applied to host-specific avianpox viruses (e.g., fowlpox 
and canarypox viruses). Use of such vectors with their greatly re- 
stricted replicative ability provides a safety advantage for the host as 
well as those who come in contact with them. 

In spite of limited basic information about the genome of these vi- 
ruses, remarkable progress has been made in the development of avi- 
anpox virus vectored vaccines. Some key events that  led to these early 
successes were (1) the continuous use of live fowlpox virus vaccines by 
the poultry industry for more than 50 years to prevent fowlpox in 
chicken and turkeys, (2) the effective substitution of heterologous vac- 
cinia virus promoters in lieu of homologous avianpox virus promoters 
(Tripathy and Wittek, 1990; Schnitzlein and Tripathy, 1990) in the 
development of recombinant fowlpox virus vectors, (3) the ability of 
primary as well as a permanent  cell line of avian origin to support the 
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growth of fowlpox virus, and (4) the availability of several genes encod- 
ing for specific proteins from poultry pathogens. Consequently, several 
recombinant fowlpox viruses expressing specific proteins from a vari- 
ety of avian pathogens were created. Immunization of susceptible birds 
with such recombinants resulted in the development of specific anti- 
bodies and enabled protection to subsequent challenge with the respec- 
tive virulent pathogen (Tripathy, 1996). These developments have 
resulted in the licensing of a recombinant fowlpox virus vaccine ex- 
pressing the hemagglutinin of Newcastle disease virus. Additionally, it 
has been shown that avianpox viruses (e.g., fowlpox and canarypox 
viruses) expressing foreign antigens can induce an immune response 
in mammalian hosts (Taylor et al., 1988, 1991) without causing a pro- 
ductive infection. 

B. SWINEPOX VIRUS AS VACCINE VECTOR 

Before considering swinepox virus as an expression vector for genes 
from swine pathogens, it is necessary to mention that several other 
viruses have been engineered to express genes encoding for protective 
antigens of swine pathogens. For example, Tuboly et al. (1994) showed 
that baculovirus-expressed spike protein of the transmissible gastro- 
enteritis virus was capable of inducing TGEV-specific antibodies of the 
IgG class in pigs. A recombinant pseudorabies virus expressing the 
enveloped glycoprotein E1 of hog cholera virus provided protection 
against both pseudorabies and hog cholera (classical swine fever) vi- 
ruses (van Zijl et al., 1991). A highly attenuated strain ofvaccinia virus 
was developed by Tartaglia et al. (1992) and used as a vector for the 
expression of pseudorabies virus proteins, which were evaluated for 
protection (Brockmeier et al., 1993, 1997; Mengeling et al., 1994). 

Successes with vaccinia and avianpox viruses as expression vectors 
provided further impetus to consider using swinepox virus for the ex- 
pression of antigens from swine pathogens. Like vaccinia virus, swine- 
pox virus is brick-shaped and its genome consists of a double-stranded 
DNA of approximately 175 kb (Massung and Moyer, 1991a). It is the 
only distinct member of the genus Suipoxv i rus  that has worldwide 
distribution. As with vaccinia and fowlpox virus, modification of 
swinepox virus into an expression vector is practical due to certain 
biological attributes. These include its host specificity, mild patho- 
genicity, thermo stability, and low transmissibility (Tripathy et al., 
1981; House and House, 1992; Tripathy, 1993). The restricted replica- 
tive ability of swinepox virus with its attenuated nature provides a 
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safety advantage not only to the recipient but also to nonvaccinated 
contacts. 

In the case of modified viral vectors, the main safety concern has 
been whether the vector is virulent and capable of producing clinical 
disease in the host. The development, production, and application of a 
conventional vaccine is based on several factors: its safety, efficacy, 
and cost as well as the seriousness of the disease. Because swinepox 
virus infection is so mild and occurs so rarely, a need to develop a 
vaccine against it was never realized. Only isolated cases of swinepox 
have been reported in recent years (Olffumi et al., 1981; Borst et al., 
1990) and genetic and antigenic differences of those viruses are not 
known. Unlike vaccinia virus, very limited basic or applied research 
had been done on this virus in recent years. However, due to the recent 
interest in poxviruses as vaccine vectors, some studies on the molecu- 
lar biology of this virus have been conducted (Massung and Moyer, 
1991a,b). 

Because of the large size of its genome, like vaccinia virus, swinepox 
virus can accommodate a significant amount of foreign genetic mate- 
rial with the possibility of developing polyvalent vaccines. A cell line of 
porcine origin that  will support the growth of the swinepox virus has 
been available for many years. As with other poxvirus vectored vac- 
cines, the antigens expressed by swinepox virus should be properly 
processed and glycosylated. Finally, the recombinant swinepox virus 
vectored vaccines would be safer than conventional live vaccines since 
they will only contain a minor portion of the genome of the foreign 
pathogen. 

So far the only nonessential locus that  has been identified in the 
swinepox virus genome is the TK gene (Schnitzlein and Tripathy, 
1991). Since studies with other poxviruses including fowlpox virus (Tri- 
pathy and Schnitzlein, 1991; Beard et al., 1991) have shown that  fol- 
lowing insertional inactivation of TK gene, the recombinant viruses 
become less pathogenic than the parent virus, the resulting recombi- 
nant  swinepox virus should become less virulent than the parent virus. 
Thus, the swine industry would benefit from a new generation of re- 
combinant swinepox virus vectored vaccines because of some desirable 
features of this virus. 

C. PROCEDURE FOR CREATION OF RECOMBINANT SWINEPOX VIRUS 

The basic recombinant DNA techniques used to construct vaccinia 
virus and fowlpox virus recombinants which have been modified and 
extended to swinepox virus are briefly described below. 
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The first step in the production of recombinant viruses is to create 
plasmids that can direct the insertion of the foreign transcriptional 
unit(s) into the virus genome. Insertion occurs by homologous recom- 
bination and thus requires that  the foreign DNA be flanked by a con- 
tiguous virus genomic region. In the case of vaccinia and fowlpox virus 
recombinants, the most commonly used insertion site for foreign genes 
is the TK gene of these viruses. In this regard, the TK gene of swinepox 
virus has been identified and sequenced (Schnitzlein and Tripathy, 
1991; Feller et al., 1991). This gene (TK) is nonessential for virus 
replication. The development of swinepox virus as a recombinant vec- 
tor capable of inducing immunity against various swine pathogens 
requires that the inserted foreign gene(s) be expressed. Because the 
transcriptional machinery of the virus will not recognize host~cel l  
promoters, foreign genes much be linked to poxvirus promoters. 

Because of the unique and conserved nature of poxvirus transcrip- 
tional regulatory elements, two defined vaccinia virus promoters (P l l  
and P7.5) have been predominantly used in the creation of recombi- 
nant vaccinia and avianpox viruses. As with the distantly related 
fowlpox virus (Tripathy and Wittek, 1990; Schnitzlein and Tripathy, 
1990), both promoters are also recognized by swinepox virus. Gener- 
ally the vaccinia virus late P l l  promoter is used to regulate transcrip- 
tion of the marker gene, whereas expression of the other gene (encod- 
ing the protective antigen) is controlled by the early-late promoter 
P7.5. These transcriptional units are positioned immediately adjacent 
to each other and are flanked by virus DNA sequences to ensure inser- 
tion into the virus genome. 

Once the plasmid has been generated, it is transfected into pig kid- 
ney (PK-15) cells that have been previously infected with swinepox 
virus. Recombinants are generated by homologous recombination be- 
tween the replicating swinepox virus genomes and the transfected 
plasmid as shown schematically in Fig. 1. Because more than 99% of 
the progeny from such an infection retain the parental genome, a pro- 
cedure for the screening/selection of the recombinant progeny is re- 
quired. One method of identification utilizes the Escherichia coli lacZ 
gene as a marker. In this case, a chromogenic substrate, 5-bromo-- 
4chloro-3 indolyl~-D-galactosidase (X-gal), which is converted to a blue 
compound by the action of the expressed enzyme (~-galactosidase) is 
then used to identify ..the virus plaques produced by the recombinant 
virus in the progeny against a background of colorless plaques gener- 
ated by nonrecombinant viruses. Alternatively, recombinants carrying 
the E. coli xanthine-guanine phosphoribosyl transferase gene (gpt) as a 
marker can be selected due to their resistance to mycophenolic acid 



FIG. 1. Schematic representation of generation of recombinant swinepox virus. 
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(Boyle and Coupar, 1988). In addition, recombinant viruses can be 
identified by plaque hybridization using a DNA probe specific for the 
inserted foreign gene. Thymidine kinase-deficient (TK-) cells have 
been used effectively in the selection of recombinant viruses in which 
foreign genes were introduced within the TK gene. Since a TK-  cell 
line of swine origin which will allow selective growth of the recombi- 
nant  TK-  swinepox virus is not available, inclusion of the marker  gene 
becomes important  to facilitate selection/screening of the recombinant 
virus. 

Regardless, of the identification procedure, virus stocks are prepared 
from plaques after no wild-type virus can be detected in two consecu- 
tive rounds of infection. The production of authentic antigen by the 
recombinant swinepox virus is verified by using specific antibodies 
against  the respective protein(s) in an immunoprecipitation assay or 
by detecting immunofluorescence on the surface of cells infected with 
the recombinant viruses (Fig. 2). 

FIG. 2. PK-15 cells infected with recombinant swinepox virus expressing gIII glycopro- 
tein of pseudorabies virus. Specific immunofluorescence is observed following reaction 
with antibody against gIII glycoprotein of pseudorabies virus. 
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D. RECOMBINANT SWINEPOX VIRUS VACCINES 

Using the above-mentioned protocols, recombinant swinepox viruses 
expressing the gp50 or gIII glycoprotein of pseudorabies virus have 
been generated (Tripathy et al., 1994). These enveloped glycoproteins 
were chosen due to their importance in the induction of protective 
immunity. Of the several pseudorabies virus glycoproteins that have 
been identified, gIII and gp50 have been shown to induce antibodies 
that neutralize the virus (Marchioli et al., 1987; Zuckermann et al., 
1990) and also provide protection from subsequent lethal challenge 
(Marchioli et al., 1987). Genes encoding these glycoproteins were sepa- 
rately inserted into the swinepox virus genome. 

To evaluate the protective ability of recombinant swinepox viruses 
expressing pseudorabies virus genes, susceptible pigs were vaccinated 
with either of the two recombinants or a mixture of both. All animals 
vaccinated with the recombinant viruses were protected when chal- 
lenged with virulent pseudorbies virus. In contrast, either mortality 
occurred or severe clinical disease developed in those swine mock vac- 
cinated or inoculated with unaltered swinepox virus (Tripathy et al., 
1994). All animals injected with either the unaltered swinepox virus or 
recombinant swinepox virus developed local lesions at the site of inoc- 
ulation which regressed within 7-10 days. No secondary lesions were 
observed in any of the animals. Moreover, the primary lesions result- 
ing from recombinant swinepox virus infection regressed faster than 
those produced by the parental unmodified swinepox virus. This phe- 
nomenon has been observed with other poxviruses in which their TK 
gene has been insertionally inactivated. Further evidence of protection 
by recombinant swinepox virus expressing glycoproteins gp50 and 
gp63 of pseudorabies virus has been reported by van der Leek et al. 
(1994). 

These studies indicate that the swinepox virus vectored recombinant 
vaccines are capable of expressing the foreign genes to a level that will 
induce protective immunity. The host specificity of such recombinants 
should favor their use as ideal immunizing agents for swine. 

E. FUTURE OF SWINEPOX VIRUS VECTORED VACCINES 

Vaccination against diseases is carried out to limit the economic 
losses caused by mortality and morbidity and growth retardation in 
infected animals. The ultimate aim, however, if possible, is to eradicate 
the disease by regular use of attenuated or inactivated vaccines. In 
spite of the regular use of conventional vaccines, significant losses do 
still occur. Therefore, new or improved vaccines are needed for many 
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current and emerging infectious swine diseases which contribute to 
unnecessary mortality and morbidity and significant economic loss. 

A new approach to vaccine development is the expression of genes of 
foreign pathogens using live attenuated viral vaccines as vectors. In 
this regard, large size viruses such as pox and herpesviruses have been 
very promising. However, as mentioned earlier, herpesviruses have the 
potential of reactivation from latency resulting in recurrent infections 
and possible shedding of the virus. It is possible that  in certain in- 
stances in vivo recombination of different vaccine strains may result in 
the generation of recombinants with virulence greater than that  of 
involved vaccine strains. Vaccinia virus vectored vaccines, on the other 
hand, have proved to be highly successful immunizing agents, but 
regular application of such live recombinant vaccinia viruses has been 
controversial because of minor complications associated with the vac- 
cination program against smallpox. Therefore, the development of live 
vaccines that  are self-restricted, which cannot be transmitted from 
vaccinated animals to contact animals, and which are not released into 
the environment would be ideal. Limited experimental studies with 
TK-inactivated swinepox virus indicate that such live swinepox virus 
monovalent or polyvalent vaccine vectors can be created. 

Lack of adequate local immunity by parenterally administered vac- 
cines against those pathogens whose portal of entry is respiratory or 
gastrointestinal tract has been realized for a long time. Indeed vaccinia 
vectored vaccines administered parenterally stimulate protective lev- 
els of serum IgG antibody and cellular immunity but do not induce 
mucosal immunity associated with IgA antibody. Because oral immu- 
nization with recombinant vaccinia virus containing the rabies gly- 
coprotein gene provided protection against rabies (Rupprecht et al., 
1986), field trials are being conducted with an oral bait for vaccinating 
wild animals for the control of rabies. In this case, immunization prob- 
ably occurs due to viral replication in the tonsils. Safety and efficacy of 
oral vaccination of raccoons by feeding raccoonpox virus containing 
rabies virus glycoprotein in sponge-baits has been described by Es- 
posito et al. (1988). Enteric immunization of mice with recombinant 
vaccinia virus containing the influenza virus hemagglutinin gene in- 
duced mucosal IgA antibody, serum IgG antibody, and cell-mediated 
immunity (Meitin et al., 1994). Similarly, mice immunized intra- 
gastrically with recombinant vaccinia virus containing the hemagglu- 
tinin and nucleoprotein genes of influenza virus were protected against 
influenza (Bender et al., 1996). 

In natural cases of swinepox in neonatal piglets, lesions in the 
mouth and respiratory tract have been observed indicating that  the 
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virus can replicate in sites other than skin. Additionally, antibodies in 
the sera and antibodies of IgA class in the intestinal contents of swine 
infected orally with swinepox virus have been observed providing fur- 
ther evidence of virus multiplication after oral administration (Tuboly 
et al., 1993). This study suggests that  swinepox virus can be a potential 
vector for the expression of antigens from enteric and respiratory viral 
agents of swine. Use of an oral vaccine for enteric pathogens would not 
only be convenient for mass administration through the drinking wa- 
ter but less expensive than conventional vaccines. Additionally, 
swinepox virus could be used in the construction of a multivalent re- 
combinant vaccine because of its ability to accommodate a large 
amount of foreign genetic material. Alternatively, combined recombi- 
nant  vaccines expressing different antigens could be used to protect 
against multiple pathogens. Whether oral or intranasal administra- 
tion of recombinant swinepox virus vaccine expressing antigens of en- 
teric/respiratory pathogens would induce a desirable protective im- 
mune response needs to be determined. If such an effective 
recombinant vaccine is ever developed, the swine industry would bene- 
fit tremendously. 

Like avianpox viruses, swinepox virus has never been isolated from 
any other host than the pig. Interestingly, host-restricted recombinant 
avianpox viruses have been shown to express foreign antigens in mam- 
malian hosts without producing a productive infection. In a similar 
manner, if recombinant swinepox viruses containing foreign antigens 
were able to express them optimally in hosts other than swine without 
a productive infection, this virus could become a potential candidate 
for vectored vaccines for a wide range of species including man. 

IV. Summary  

Several small and large viruses (e.g., adenovirus, poxvirus, and her- 
pesviruses) have been investigated as vaccine vectors. Each viral sys- 
tem has its advantages and disadvantages. One major advantage for 
viral vector vaccines is their ability to elicit a protective cell-mediated 
immunity as well as a humoral response to the antigen delivered by 
the vector. One major problem to using recombinant viruses as vac- 
cines is the pathogenic potential of the parent virus. Therefore, it is 
important  that  along with the optimal expression of the foreign genes 
and ability to provide protection, the pathogenicity of the vector virus 
must  be reduced during genetic manipulation without affecting its 
multiplication. 
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The r equ i r emen t s  to develop a viral  vector, for example,  swinepox 
virus,  are a cell cul ture  sys tem t h a t  will suppor t  the  g rowth  of the  
virus,  a sui table  nonessent ia l  region(s) in the virus  genome for inser- 
t ion of foreign DNA so t h a t  vi rus  repl icat ion is not  affected, a foreign 
gene(s) t h a t  encodes for an immunogenic  prote in  of a swine pathogen,  
s t rong t ransc r ip t iona l  regu la to ry  e lements  (promoters)  necessary  for 
opt imal  express ion of the  foreign genes, a procedure  for del ivering 
the foreign gene(s) into the nonessent ia l  locus, and  a convenient  meth-  
od of d i s t inguish ing  the  r ecombinan t  viruses  from the  p a r e n t  wild-type 
virus.  

Using  this  methodology,  r ecombinan t  swinepox virus  vaccines ex- 
press ing  pseudorabies  virus  an t igens  have been developed and  shown 
to provide protect ion aga ins t  challenge. These s tudies  and  evidence of 
local infection of the  oral t rac t  by swinepox virus  indicate  its potent ia l  
as a r ecombinan t  vector for providing i m m u n i t y  aga ins t  var ious  swine 
pa thogens  including those t h a t  infect the r e sp i ra to ry  and  gastroin-  
tes t ina l  t racts .  
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