AIDS Rev 2000; 2: 127-135

Virus vectors for immunoprophylaxis

Carlo De Giuli Morghen'?, Antonia Radaelli>3, Carlo Zanotto®, Peggy Marconi* and

Roberto Manservigi

1Department of Medical Pharmacology, University of Milan, Italy

2C.N.R. Cellular and Molecular Pharmacology Center, University of Milan, Italy

3Institute of Pharmacological Sciences, University of Milan, Italy

“Department of Experimental and Diagnostic Medicine, University of Ferrara, Italy

Abstract

immunoprophylaxis.

Recombinant virus vectors carrying foreign protective genes from different
pathogenic microorganisms are now being studied for the prevention of a wide
variety of human and animal infectious diseases. Although safety issues have
recently emerged in their utilization in vivo due to adverse side effects, vector
cytotoxicity, occasional host hyperimmune response and failure to elicit complete
protection, viral vectors are still the more promising and novel vaccine carriers.
Currently, several replication-competent and replication-defective viruses including
poxviruses, adenoviruses, herpesviruses, alphatogaviruses and picornaviruses are
under deep investigation to determine their gene expression and immune efficacy.
This review will summarize the current status of the development of viral vectors for
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Introduction

The development and continued refinement of
techniques for the efficient insertion and expression
of heterologous DNA and RNA sequences of infec-
tious virus recombinants are among the most
promising current approaches to effective immuno-
prophylaxis against a vatiety of human and animal
pathogens. Because of its medical relevance, this
field is the subject of intense research interest and
has evolved rapidly during thecpast few years.

The goal of this review is to provide an updated
overview of the technologyjutilized for, assembling
recombinant viruses and to 'discuss the'advantages
and disadvantages of the approaches for vaccina-
tion purposes.
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Characteristics of viruses utilized for the
construction of recombinant vaccines

Among the several different classes of animal
viruses, only a minority has been genetically engi-
neered to obtain live recombinant vaccines. The
most important characteristics that such vectors
shauldl possess 10 constitate an efficient and safe
vaccine are:

- no residual pathogenicity

- (thermal stability

- simple and inexpensive production

~+-ability to mimic paturalinfection and provoke

strongihumoral and cellular immune responses

- restricted penetration to non-immune cells

Virdses)[are obligate intracellular parasites,
which, during the course of evolution, have devel-
oped the ability to infect cells with great specificity
foral particularicelltype, They are yety efficient at in-
fecting | tagget| cells) \wheke thei, genome) is ex-
pressed*to~produce new=viral“partiCles. THerefore,
by replacing or inactivating genes that are nones-
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sential for their replication with foreign genes of in-
terest, they can become vectors able to express the
foreign proteins in the cells they infect. As live virus-
es have evolved as parasites, they all elicit a com-
plete immune response to both the vector and the
heterologous protein they express, with a preferen-
tial antigen delivery to class | MHC pathway of en-
dogenously synthesized peptides. However, as live
vector vaccines are able to drive the synthesis of
new viral progeny and/or heterologous proteins by
the host cells, they are expected to induce both
class I and class Il restricted immune responses in-
volving both T helper and cytotoxic T cells (CTL).
Being involved in specific recognition, T helper cells
provide interleukins, such as IL-2, which stimulate
division and terminal differentiation of the corre-
sponding B cells to plasma cells that release anti-
gen-specific antibodies.

Based on these considerations, virus vectors ap-
pear to be particularly useful as immunoprophylac-
tic agents, since they are able to drive both the hu-
moral and cellular arms of the immune response.
The choice of virus vector for vaccines depends on
several factors, but the viruses most frequently en-
gineered to express foreign genes are:

- poxviruses (vaccinia virus, canarypox virus,

fowlpox virus)

- adenoviruses (Ad)

- herpesviruses [herpes simplex virus type 1

(HSV-1)]

- alphatogaviruses [Sindbis virus, Semliki Forest

virus (SFV)]

- picornaviruses (poliovirus, Mengo virus)

None of these is currently employed for human
use, but several are already being tested in phase I
or phase lll clinical trials. With few exceptions, they
share an important limitation, lack of capacity to
replicate in vaccinated hosts, which thus (i) restricts
their reutilization as vectors for a different antigen
due to immunity to the vector itself, and (i) lowers
the response to the foreign antigen, which is “cov-
ered” by the huge immune response of the virus
vector itself.

This article will attempt to describe the advan-
tages and disadvantages presented by the use of
the specific virus vectors as vaccines against hu-
man infectious diseases.

A. Poxviruses

Among this group, vaccinia virus was the first ex-
tensively studied member of the poxvigus family’2,
Recombinant forms of vaccinia virus ‘that-express
heterologous genetic material have been devel-
oped for immunization against| several-other | dis-
eases.

In particular, for the protection of humans, vac-
cinia recombinants have been constructed|{o (m-
munize against:

- human immunodeficiency virus (HIV)37

- hufan‘\hepatitis, Birus,(HB\)E

- infllenza viruses9'

- denge virus®®

- cytomegalovirus (CMV)

- respiratory syncytial virus (RSV)!516

- rabies virus!1?

The intrinsic advantages presented by this virus

as a vector are the following:

- entirely cytoplasmic replication without interac-

tion with the nucleus

- stable integration of one or more foreign genes

(up to at least 25 kb) into the virus genome due
to its relatively large genome size (about 185
kb)

- unigue transcriptional elements recognized by

viral RNA polymerase

- no need for specific nuclear export sequences

in the heterologous MRNA

- relatively good thermal stability

- low-cost production in animal skin or cell cul-

tures

- easy administration by skin scarification or jet

gun

The molecular strategy to produce a recombinant
vaccinia virus for immunoprophylaxis starts with the
identification of a specific gene from a pathogen,
and cloning into an insertion plasmid. This plasmid,
with the gene of interest flanked by vaccinia DNA
sequences for site-specific insertion and preceded
by a vaccinia early-late?® or late?! promoter, is then
transfected in vaccinia-infected cells where homol-
ogous recombination takes place by double cross-
ing-over.

To maintain the vector replicative activity, the
flanking regions should be selected so that the ex-
traneous sequences are inserted into a non-essen-
tial region of the virus genome. The thymidine ki-
nase (TK) or hemagglutinin (HA) genes have been
targeted most often since their products are not
necessary for virus replication and TK- and/or HA"
recombinants are useful for selection and their path-
ogenicity is attenuated.

As vaccinia mRNAs are not spliced?, the gene to
be inserted should be without introns and, if the
TTTTTNT (TS5NT) sequence is present, mutageniza-
tion should be carried out synonymously to avoid
early transcriptional termination®23,

The emergence of recombinants is a low fre-
guency event, one recombinant emerging with a
frequency of 10-3-10*. A selection method is there-
fore highly recommended to limit the number of
virus plaques to be screened by DNA hybridization.

Different methods can be utilized: selection for
K1 phenotype inl TKM\cellstgrown in the presence of
BUDR?, resistance fo a specific antibiotic?®, host
range? or plague size?’. The final isolation of the re-
eombinant-should' be-made by at least two plaque
purification steps on 100% hybridization-positive
plaguesnfoltowedby: immunofluorescence and/or
immunoprecipitation of the gene products.

As recombinant vaccinia viruses induce a com-
pléte immtipe response and the foreign proteins un-
dergo normal post-translational modifications, they
are presented in their native configuration in associ-
ation with. beth-class lhand-class)IlMHC niolecules.

Thel lowgbut significant side £ffects and adverse
reactions; associated witfi'the TSe 0f vaccinia virus
as smallpox vaccine worldwide, have prompted the
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Fig. 1. VLPs production by coinfection with avipox recombinants. Two fowlpox viruses expressing either the gag/pol or the env
genes of SIV and HIV respectively can be used to infect simultaneously mammalian cells to obtain SHIV chimeric genomeless

development of highly attenuated poxviruses. Two
general approaches have been followed: selection
of deletion-mutant avirulent strains (NYVAC?,
MVA23:30 | C16m3%%2), and the utilization of naturally
attenuated members of the poxvirus family (fowl-
pox3® and canarypox3* viruses), which productively
infect avian species, but show an abortive replica-
tion cycle in mammals.

Although deletion mutants of vaccinia virus have
demonstrated decreased neurovirulence, absence
of ulceration, and in some cases (NYVAC and MVA)
an inability to synthesize new infectious progeny,
the numerous individuals already vaccinated
against smallpox could not benefit from such a vac-
cine due to their cross-reacting antibodies against
vaccinia virus. Conversely, the avipox viruses
fowlpox and canarypox do not show cross reactivi-
ty with vaccinia and, similarly to NYVAC and MVA,

individuals who may be at risk from live vaccines
and vaccinia-immunized subjects may be eligible
for vaccination by recombinant avipoxvirus vectors.

B. Adenoviruses

Human adenoviruses have been employed as
vectors in the construction of both recombinant vac-
cines against several different infectious microor-
ganisms®4!, and for human gene therapy* be-
cause of their efficient infection and transgene ex-
pression in dividing and quiscent cells. In general,
recombinant adenoviruses defective in their replica-
tion strategy were used for gene therapy, but dele-
tions in the early region 1 (E1) and early regions 2
and 4 (E3 and E4) of the genome to avoid replica-
tion and abolish inflammatory response were not
sufficient to avoid the unexpected death of a young
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derived from HBV, HSV, human CMV, RSV, rabies
virus and HIV.

Adequate animal models immunized with Ad4,
Ad5 or Ad7 based recombinants demonstrated the
induction of specific humoral and cellular immune
responses conferring an antibody-mediated protec-
tion. In particular, Ad-HIV recombinants (Ad-env
and Ad-gag) constructed by homologous recombi-
nation into the E3 region***> elicited a strong anti-
HIV response in chimpanzees after oral or in-
tranasal instillation followed by one or two boosters.
This response was cell-mediated and humoral, elic-
iting secretory IgA in both the vagina and rectum,
the major routes of natural HIV infection in primates
and exhibited a long lasting protection against ho-
mologous challenge in chimpanzees®.

A possible limitation in the use of Ad vectors is
the nuclear localization of the virus replicative cycle
and the consequent need for a nucleus-cytoplas-
mic transport element(s), which, in the case of HIV,
is represented by the Rev regulatory gene“®.

Theoretical issues concerning the safety of Ad-
based recombinant vaccines can be avoided by
the use of attenuated vaccine strains adapted to
grow in human diploid WI38 cells and showing no
evidence of human pathogenicity.

In conclusion, although not fully developed and
still experimental, recombinant adenovirus vectors
have considerable potential for immunoprophylaxis
against human viral pathogens.

C. Herpesviruses

Herpes simplex viruses (HSV) are potential vec-
tors for several applications in human healthcare.
These include delivery and expression of human
genes to cells of the central nervous system (CNS),
selective destruction of cancer cells, and prophy-
laxis against infections with HSV and other infec-
tious diseases. The virus multiplies at the portal of
entry, infects sensory nerve endings innervating the
site of multiplication, and is transported retrogradly
to the nucleus of sensory neurons. The virus multi-
plies in some neurons, but establishes a latent state
in others. The virus periodically reactivates from la-
tency in a fraction of infected neurons. In these neu-
rons, the newly replicated virus is transported an-
terogradly, usually to a site at, or near, the portal of
entry into the body, where it may cause a localized
lesion.

To serve as vectors, the viral genotype must be
extensively altered to fit the objective of the nec¢tor,
In particular, the HSV vectors ' for~ prophylaxis
against viral infections requires mutants that are ge-
netically stable, incapablélofreplicating in the[CNS,
incapable of spreading in immunocompromised in-
dividuals, unable to reactivate, not transmissible
from an immunized individual to contacts, but fim-
munogenic and protective against diseases.

The presentation to the immune system of vital
antigen' by* HSV._vectors|israble toveligitrtong-lived
and potent cellulaiand humafal immune respans-
es; however, each application requites a different
kind of vector and, in principle, different kinds of ge-

netic engineering. Therefore, a profound knowledge
of the molecular biology of HSV is necessary in the
experimental design of viral vectors.

Genome structure

The HSV genome is a linear double-stranded
DNA molecule 152 kb in length, composed of two
segments, unique long (U,) and unique short (Uy),
each flanked by inverted repeats. There are ap-
proximately 84 gene products that can be classified
as immediate early (IE), early (E) and late (L) de-
pending on their kinetics of expression during repli-
cation.

The viral genes can also be categorized as es-
sential if required to produce new infectious viral
particles and non-essential if their products are not
required, but are important for lytic replication, con-
tributing to host range, pathogenesis, or latency.
The U, region of the genome contains only one es-
sential gene (glycoprotein D), which affords the op-
portunity of replacing large segments of viral se-
guences with 40-50 kb of foreign DNA.

Engineering techniques

Alterations of the HSV genome can be achieved
in a number of ways. These usually require a two-
step process in which portions of the herpes
genome, which have been cloned into plasmid vec-
tors, are first altered in vitro. The plasmid DNA is
then cotransfected into cultured cells with infectious
viral DNA and recombinant viruses are selected.

Several methods for inserting foreign DNA se-
guences into the viral DNA have been described?’.
Efficient recombination into specific sites within the
viral genome has been successfully performed in
vitro using either a recombination system derived
from phage P1 or the insertion of a reporter gene
(lacZ) cassette flanked by restriction enzyme sites
not otherwise found in the viral genome. A different
procedure involves transfection of cells with over-
lapping cosmids containing appropriate insertions
or deletions. Recombinant plaques can then be se-
lected by a number of means: loss or restoration of
TK activity, loss or gain of a marker gene such as
lacZ or-green-fluorescent protein-or-in-situ-hybri-
dization using a probe for the inserted transgene.

The conditions required for efficient expression of
thel transgenic sequences‘encoded by HSV based
vectors depend on the choice of promoter. Because
vaecineapplications may require enhanced trans-
gene’expression, efficient viral homologous (HSV-1)
and heterologous (CMV or SV40) promoters have
been @sed|viorépvet, Sthe [utility of introducing a
highly potent recombinant transcriptional activator
(RTA), the GAL4-VP16 fusion protein, into a replica-
tion-defective vector has been demonstrated.

Types of veatars

Three types|of HSV:1 vettors'are curtently in use:
amplicons, replication-defective and replication-
competent vectors (Fig. 2).




Amplicons are plasmid-derived vectors engi-
neered to contain both an Escherichia coli and HSV
origin of replication and HSV cleavage/packaging
recognition sequences. The plasmids are propagat-
ed in bacteria and then co-transfected with a repli-
cation-defective virus in a complementing cell line
to produce a mixed population of particles contain-
ing either concatamers of the plasmid packaged in
HSV capsid or the defective “helper” genome. The
presence of helper virus particles (80-90% of the to-
tal) is associated with a significant cytotoxicity in
transduced cells. This problem has recently been
circumvented by using a cosmid- or an HSV-1 bac-
terial artificial chromosome-based transfection sys-
tem to provide the helper functions*4°. The main
advantages of these vectors are that they are easy
to produce and multiple copies of the transgene (up
to 15) can be delivered; however, the size of the
transgene is limited to 10 kb.

Replication-defective vectors are constructed
from mutant viruses with deletions in one or more
genes essential for the lytic cycle. Therefore, these
mutants cannot grow except in transformed cell
lines, where they are complemented in trans. To
date, several replication-defective vectors have
been produced in which the IE genes, expressing
ICPO, ICP4, ICP27 and ICP22, have been deleted in
various combinations®®51, Deletion of all IE genes
prevents virus toxicity for cells at high multiplicity of
infection, allowing the vector gene to persist in cells
for long periods. The advantages of these vectors
are low cytotoxicity and the possibility of introducing
multiple transgenes into the viral genome. Their
principal limitation is their inability to sustain long-
term expression of the transgene.

Replication-competent vectors are derived from
attenuated viruses whose genes, that are non-es-
sential for replication in cultured cells in vitro, are ei-
ther mutated or deleted®?. The removal of one or
more non-essential genes may reduce neuropatho-
genicity without requiring a cell line to complement
growth. For example, viruses defective or deleted in
the genes coding for TK, ribonucleotide reductase
(RR), uracyl-DNA glycosylase (UDG), glycoprotein
C, E, I and G, neurovirulence factor ICP34.5, and
the US3 protein kinase replicate inefficiently in the
nervous system and are unable to reactivate.

Vectors for vaccinatioh

Many HSV based vectors have been used in
gene therapy studies and some of them have been
employed as experimental vaegine ‘agamnst tumors
and HSV infections. However, studies related to the
evaluation of these veotors) fan deliveringyforeign
genes in immunological studies are very'limited.
Recent major breakthroughs in the field of HSV-1
technology authorize and support the use |of|defec{
tive HSV-1 as efficient vaccine vectors for the deliv-
ery of foreign antigens.

Amplicons. Altheugh yamplieons, have, pot |yet
been tested’ as|vaccine|vecters for infectious dis-
eases, theéy show unique advantages Jover other vi-
ral vectors®. Firstly, amplicon particles are ab-
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solutely apathogenic for infected cells as their
genome is devoid of HSV-1 genes. Secondly, the
repetitive character of the genome carried by the
amplicon particle ensures the introduction of multi-
ple copies of the transgene transcription unit per in-
fected cell, which is likely to result in strong expres-
sion. Lastly, the pantropic properties of HSV-1 parti-
cles, which are conserved in amplicons, should al-
low these vectors to infect a large range of cells, in-
cluding dendritic cells. Moreover, amplicons could
also allow antigens to be presented by both MHC
pathways during the same immunization protocol. It
has also been shown that HSV-1 amplicons encod-
ing Moloney murine leukemia virus gag, pol, env
genes, can induce the synthesis of retrovirus-like
particles in cultured cells54.

Replication defective vectors. Until recently, it
was believed that, to be effective, viral vaccines
must consist of a live, replication-competent virus or
a large dose of inactivated virus. Replication of live
virus was considered to be essential to provide suf
ficient immunogen to induce a strong immune re-
sponse. However, several non-replicating vaccines,
including replication incompetent HSV, have been
reported to induce an immune response.

HSV replication-defective viruses with mutations in
essential genes that fail to form progeny virions® and
disabled infectious single cycle (DISC) viruses with
mutations in structural protein genes that form unin-
fectious, progeny virions® have been used as vac-
cines against HSV infections and as vaccine vectors.
One of these vectors have been shown to express ef-
ficiently HIV gag gene and part of the pol gene®.
Moreover, it has been reported that an HSV double
mutant (dI5-29) does not cause any disease in im-
munodeficient mice, indicating that the virus would
be safe even in immunocompromised individuals®®.

Replication competent vectors. Attenuated live
viruses are the most effective vectors for vaccina-
tion. However, a major concern exhists about at-
tenuated HSV as a vector. In fact, in addition to
the problem of genotypic stability, there are other
safety issues including the potential to establish
latency, reactivate, or recombine with virulent wild
type strain. To overcome some of these problems,
a first generation of vectors was constructed, con-
taining a deletion in the junction of the UL and US
regions of the viral genome, in order to excise
some of the gene responsible for neurovirulence®®
and{_mare_recently;lon [deéfetion of the 34.5 gene,
which is also believed to be an important neu-
royjrulence - determinant®. When evaluated in
mice; the\two-groups of recombinant viruses ap-
peared considerably attenuated in their patho-
gericityrand ability to establish latency and to re-
activate®. The 34.5 deleted virus has provided
the, basis for the construction of the last genera-
tion |of replication-competent vectors®C.

Immunogenic efficiency could be further im-
proved by deleting the genes_that codify for the
virioh jhest-shiit,off\(vhs)-and the ICP47/ proteins.
The |formerrepresses |host celll macromalecular
synthesiS, “the” lafter inhibitsantigen presenta-
tion>3,

AIDSREVIEWS

e 131 e



AIDSREVIEWS

° 132 o

AIDS Rev 2000; 2

AMPLICONS

RO VIS W ELS MELS

TR |
@ L
20 TN
T~ ._//
@ o

HEFLIC —.II'_.J

P
AT

1&

lFretasd

prreth viakd vins groxth

short segment.

Fig. 2. HSV-1 vector strategies. The replication and packaging of amplicons, which use a defective helper virus, require a cell line
providing complementing functions. The progeny will be a mixture of defective and amplicon-containing particles. Alternatively, the
helper functions can be provided by a library of overlapping cosmids or by a bacterial artificial chromosome in a standard cell
culture. In these cases, the progeny will be formed exclusively of amplicon vectors. Replication-defective HSV-1 vectors that contain
deletions of essential functions cannot replicate in standard cell cultures, and require complementing cell lines, which provide the
respective missing function. Replication-competent vectors with deletions of non-essential genes do not require specialized cell
lines, and can be propagated in standard cell cultures. Abbreviations: ‘a’, HSV packaging recognition sequences; E. coli F, E.coli F-
plasmid backbone; E.coli ori, E.coli origin of replication; HSV ori, HSV origin of replication; UL, unique long segment; US, unique

D. Alphatogaviruses

Among the members of the Togaviridae family, al-
phaviruses have been recognized as potentially
useful viruses for the construction of recombinant
immunogens. In particular, Sindbis virus and SFV
vectors have been developed, making possible the
expression of a variety of heterologous genes both
in mammalian culture systems and in animals.

Although infection of cultured cells with these
vectors typically results in apoptotic cell death, as
observed by DNA laddering and fluorescence mi-
croscopy, both have been harnessed into gene ex-
pression systems because of their self- amplifying,
positive-strand RNA genomes which r re, only
the host translation ma

The basic strategy for usin haV|ruses asve
tors for the expression of heterolo o%i enes has
been to construct cDNAs of the pﬁg Lng@
in which the foreign gene is placed downstream
from the promoter us
RNA. The cDNA is th
SP6 or T7 DNA-dependent RNA polymerase, and
the capped RNA transcript is employed(gi\gi
tissue culture cells, where it replicates producin
the new recomblnant viral progeny with yields ex-

and if its size is smaller than 3 kb.
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An alphavirus vector containing a single subge-
nomic RNA promoter can be packaged by comple-
mentation with a defective helper-virus RNA. Ampli-
fication of replication-competent alphavirus RNAs
(replicons) can be initiated by substitution of the
structural genes to produce self-replicating RNAs
that can be packaged into infectious particles using
(i) defective “helper” RNAs lacking the RNA incap-
sidation signal or (i) packaging cell lines’’. As the
helper RNA lacks the packaging signal, only the
vector RNA is packaged, whereas the helper RNA
is not packaged in SFV or is packaged less effi-
ciently in Sindbis virus. Infectious particles contain-
ﬁ elther double subgenomlc RNAs or packaged

e fused
lgge to t e|r e C|e t production of heterologous
al t|gens as a consequence of alphavirus-induced
{_off_of (G&Nlal frotein synthesis, engineered
Sindbis virus and SFV'RNAs have high potential for

A REAE W R TSI S cresced oy mese

vectors include:

ogenomic RNA®?
- epatms C (HCV) glycoproteins83.64
- influenza HA8
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- HIV glycoproteins®




- murine leukemia virus (MLV) envelope pro-

tein®®

For immunological utilization, the cytopathicity of
alphaviruses is undesirable as it inhibits the long
term expression of the foreign gene. In an effort to
reduce or abolish this negative characteristic, Sind-
bis variants with reduced cytotoxicity have been de-
veloped™ and the genetic determinants of neuroin-
vasiveness defined’?.

Generally, Sindbis virus strains are non-patho-
genic, but in the case of SFV there is one report of a
fatal infection’?, so caution in using these viruses
must be maintained.

E. Picornaviruses

Poliovirus and Mengo virus, two members of the
picornavirus family, belonging to the enterovirus
and cardiovirus genera respectively, have been
used as vectors for foreign gene expression and
have proven safe and immunogenic in both mice
and primates, being able to induce both humoral
and cellular immune responses.

Previous research, using the Sabin poliovirus
type 1 as live vector, showed that foreign antigens,
expressed on the surface of the virion, generate an-
tibody and CTLs responses’7,

More recently, Crotty et al.” reported the con-
struction of polio recombinants based on the genet-
ic background of two different serotypes, which
showed the expression of SIV core (pl7gag) and
envelope (gp4lenv) antigens after parenteral inoc-
ulation of macaques. All animals elicited mucosal
(IgA) and circulating (IgG) antibodies, as well as T-
cell lymphoproliferative and CTLs responses for
more than one year.

A conserved neutralizing epitope from gp41 or a
sequence of V3 loop from different HIV clades were
also substituted for a poliovirus neutralization epi-
tope in VP1 capsid protein. The expression of these
exogenous antigens in the context of poliovirus
structural proteins generated a broad and complete
immune response. HIV regulatory (Nef) or SIV struc-
tural (gag/pol) genes were also expressed in mice
and macaques, either as fusion proteins with leader
protein, or in cleaved form by genetically engi-
neered Mengo virus vectors’.

In contrast to other virus vectors, however, Picor-
naviruses failed to develop suffigiently [strongcim-
mune response to protect animals from challenge.
These findings suggest that Picornaviruses,; al-
though potentially useful deliveryl systems forlim?
munoprophylaxis, suffer from several limitations re-
lated to the small size of; déeterminants, that.can be
inserted and the loss of the ability of some recombi-
nants to infect normally-susceptible animals.

Besides the above mentioned virus vectors,par+
vo’’, Sendai’®, parainfluenza’, yellow fever®, ra-
bies® and vesicular stomatitis®28® viruses have
been developed as new potential vectars.for.antivi-
ral prophylaxis [ahealthoughstill under-develop-
ment, they-also represent fascinating prospects' for
biomedical applications in the field of'vaccinology.
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