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1. INTRODUCTION

Many experimental strategies have been adopted in experiments to protect
cats from FIV infection by vaccination, and some have been successful. The
interest in developing a vaccine arose both because FIV is a common cause
of morbidity and mortality in pet cats and because the feline virus provides
a model for its counterpart in man, human immunodeficiency virus (HIV),
for which an effective vaccine is urgently required to halt the current tragic
pandemic of acquired immunodeficiency syndrome (AIDS). Shortly after
the discovery of FIV and its characterization as a lentivirus,54 attempts were
made to produce a vaccine and success was soon achieved with relatively
simple inactivated virus or inactivated virus-infected cell vaccines.82 Further
development of this approach led to the introduction in 2002 of the first
commercial vaccine against FIV.59 With an estimated prevalence of the
infection of up to 25% in populations of pet cats, an effective FIV vaccine
could have a significant influence on animal welfare. In addition, this
success poses the question of whether a similar strategy might produce an
effective vaccine against HIV.

Many candidate HIV vaccines have been constructed and a number
are currently undergoing clinical trials in human populations. The results
from the first phase III trial, which was designed to test the ability of a
vaccine based on the envelope surface glycoprotein (SU) to protect against
exposure to HIV in a high-risk population, were not encouraging. Much
of the slow progress in producing HIV vaccines to take to phase III trials
is because there is no ideal surrogate host in which to carry out experi-
ments that would confidently predict whether a candidate vaccine was



indeed protective or would identify the correlates of protection. Even in
the chimpanzee, the putative source of the simian immunodeficiency virus
(SIV) from which HIV was originally derived, the dynamics of experimen-
tal HIV infection are sufficiently different from those in man to render the
model problematic. SIV itself is a plausible model system in which to test
vaccine strategies and has been used extensively for this purpose as
described in Chapters 5 and 6. Although these simian viruses do not appear
to cause disease in their natural hosts—various primate species in Africa—
they do cause a fatal immunodeficiency upon inoculation of Asian
macaques that is very similar to human AIDS. This outcome may very well
mimic the situation that has developed in man, who has yet to coevolve suf-
ficiently with HIV to render that virus less pathogenic. Many SIV vaccines
have been tested in macaques, but still there is no consensus about what
constitutes a vaccine that could serve as an example for HIV. The appar-
ent effectiveness of the recently introduced commercial FIV vaccine raises
the questions of how good FIV is as a comparative model system for HIV
in vaccination studies, and what weight should be put on the results from
FIV vaccine trials in making decisions about the type of HIV vaccine to be
tested in clinical trials in man.

In this review we examine the similarities between FIV and HIV that
make the feline virus an excellent model with which to pursue vaccine
strategies for human AIDS. We then discuss the crucial issues that must be
considered and the choices that have to be made in producing FIV vac-
cines. Finally, we discuss the results of experimental trials of a selection of
FIV vaccines that might influence the development of vaccines for HIV.

2. RELEVANCE OF FIV TO HIV VACCINATION

How similar are FIV and HIV? Certainly there are differences between
the two viruses in biology and natural history. Thus, FIV has a different
genome content and organization from HIV, as illustrated in Figure 1. In
nature FIV is transmitted mainly by biting, rather than through a mucosal
surface like HIV. Following infection, a proportion of infected cats develop
AIDS, although many individuals do not develop terminal disease.1 To
enter cells, primary isolates of FIV use CD134 as a receptor66 and CXCR4
as a coreceptor.78 In contrast HIV-1 uses CD4 as a primary receptor and
CCR5 and other chemokine receptors, including CXCR4, as a coreceptor.
However, despite these differences, both viruses critically target CD4+ T
lymphocytes and the outcome of infection is remarkably similar in cats and
man. In the present context, the dynamics of infection and the resulting
immune response are so much alike following infection with either virus
that FIV should be able to provide valuable information to aid the devel-
opment of  HIV vaccines. It is the common features of FIV and HIV rather
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than their differences that should guide us to the essential requirements
for successful protection by vaccination against each infection.

The FIV Genome

FIV, like HIV, is a complex retrovirus, with a genome approximately
10kb in size, containing accessory genes in addition to gag, pol, and env
(Figure 1). A comparison of the nucleotide sequences of representative FIV
and HIV sequences (FIV Petaluma M25381 and HIV NC_001802) reveals
an overall homology of approximately 63% in gag-pol and 76% in env. The
corresponding proteins exhibit lower homology of 43% and 35% respec-
tively (comparisons made using GCG Bestfit, University of Wisconsin). The
feline pol gene, like HIV, encodes protease, integrase, and reverse tran-
scriptase proteins, which have analogous functions in each of the viruses.
FIV pol also encodes an additional enzyme, deoxyuridine pyrophosphatase
(DU), not found in primate lentiviruses, which reduces cellular concen-
trations of dUTP, preventing viral mutations due to its misincorporation
into viral cDNA. The activity of viral DU is particularly important in non-
dividing cells such as macrophages, which have low endogenous levels of
the host enzyme. FIV mutants lacking DU are consequently unable to repli-
cate productively in macrophages.40 Although DU is absent in HIV, its role
is assumed by HIV Vpr, which directs incorporation of uracil DNA glyco-
sylase (UNG2) into HIV virions, thereby reducing misincorporation of
uracil and facilitating replication in macrophages.9
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FIGURE 1. Comparison of FIV and HIV-1 genomes.



The export of unspliced and singly spliced viral RNAs from the nucleus
requires the presence of Rev, which is encoded by both HIV and FIV
genomes. Rev mediates nuclear export by binding to the Rev response
element (RRE). For FIV the RRE is located 3¢ to the transmembrane 
(TM) protein of Env, whereas in HIV the RRE is 5¢ to TM. The vif (viral
infectivity factor) gene is also common to both FIV and HIV and functions
in a similar way for both viruses. Vif expression is critical for viral dissemi-
nation in vivo and infection of nonpermissive cells including lymphocytes
and macrophages. Recent evidence has shown that HIV Vif acts by abro-
gating the effect of the cellular antiretroviral factor APOBEC3G,65 and it is
likely that FIV Vif acts in an analogous manner. FIV lacks a tat gene and its
corresponding transactivation response (TAR) element. Additionally, the
FIV genome does not encode Nef, Vpr, or Vpu. It does, however, encode
an additional accessory protein designated ORF-A or ORF-2. ORF-A was
initially considered as a tat-like gene because of its ability to transactivate
viral transcription at low levels. However, it shares several properties with
HIV Vpr, including nuclear localization and induction of G2 cell cycle
arrest.22

Knowledge of the genetic structure of FIV allows the use of virus
mutants as experimental vaccines. For example, the deletion of accessory
genes such as ORF-A or vif can result in the production of attenuated
viruses that can be utilized as vaccines.43 DNA vaccines have also been pro-
duced using full-length molecular clones of provirus, which are rendered
replication defective by in-frame deletion of either the reverse transcrip-
tase or integrase genes.16,29

FIV Infection in Cats

Most natural FIV infections are acquired by biting, presumably
through the inoculation of virus, or virus-infected cells, from the saliva of
persistently infected cats. Cats are readily infected by parenteral inocula-
tion of virus, for example, by the intravenous, intraperitoneal, or intra-
muscular route. Transmission from mother to her kittens may occur but
only a proportion of the offspring become persistently infected. Although
neither oronasal or venereal spread has been documented in nature, cats
can be infected by experimental inoculation of virus into the nose, mouth,
vagina, and rectum51 and the virus can be recovered from semen following
natural or experimental infection.37 In each case, inoculation results in the
infection of lymphoid and myelomonocytic cells, which become reservoirs
that maintain a persistent infection.

FIV closely resembles HIV in the dynamics of its growth in vivo. Thus,
in the first few days following experimental inoculation, the virus grows in
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dendritic cells, macrophages, and CD4+ T lymphocytes and is found in the
plasma within 2 weeks. The level of virus in the plasma and proviral DNA
in the blood mononuclear cells rises over a period, reaching a peak at
about 8 to 12 weeks. During this period, mild to moderate clinical signs, 
for example anorexia, depression, and pyrexia, may be observed that are
associated with the initial uninhibited growth of the virus. These condi-
tions generally subside rapidly, although signs such as generalized lym-
phadenopathy, due to increased numbers and size of active germinal
centers in the cortex of the lymph nodes, may continue for several weeks
or months. The fall in plasma viral load heralds the beginning of the so-
called asymptomatic phase that can last for many years, and in many cases
for life, during which the cat is quite healthy. It is assumed that virus repli-
cation is brought under control by the developing immune response to 
the virus. CD8+ FIV-specific cytotoxic T-cells (CTL) can be detected in the
blood within one week of infection.3 Rather later, at around the same time
as the peak in virus load, anti-FIV antibodies, including virus neutralizing
antibodies, appear in the plasma.17

Another hallmark of early FIV infection by certain isolates is the
appearance of a population of CD8+ T-cells termed CD8low,77 which has the
phenotype a+/blow. These cells serve as a marker of immune activation by
more virulent strains of FIV and functionally may contribute to the non-
cytolytic activity for FIV mediated by CD8+ T-cells.

The final outcome of FIV infection, following experimental or natural
challenge, is variable. During the asymptomatic phase the plasma virus load
is stable, but a progressive decline in CD4+ T lymphocyte numbers occurs.
In an as yet unknown proportion of naturally infected cats, this decline
results in a functional immunodeficiency that leads to clinical disease and
death. In one experiment, in which cats were infected as kittens with the
FIV-GL8 strain and were maintained for 10 years, approximately half of 
the cats developed serious and ultimately fatal conditions that could be
ascribed to the infection (John Callanan, personal communication). By
contrast, in a completely closed household of 26 pet cats observed over a
10-year period, natural FIV spread slowly among the cats but did not appear
to cause any significant disease.1 Clearly, in vaccine trials with FIV or HIV,
the efficacy of vaccination must be measured by the capacity of the vaccine
to prevent infection rather than disease.

As discussed below in more detail, strains of FIV differ in virulence.
Viruses of high virulence are defined here as those that establish high virus
loads, cause a reduction in CD4+ T lymphocyte numbers, and activate
CD8low T-cells. By contrast, viruses of low virulence establish infections so
that plasma viral RNA and proviral DNA or infectious virus may be diffi-
cult to detect. These viruses do not cause a decline in CD4+ T-cell numbers
or induce a rise in CD8low T-cells.
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Immune Responses to FIV Infection

Although the immune response to natural or experimental FIV infec-
tion does not eliminate the virus from its host, as in HIV infection, it is suf-
ficiently powerful to contain the infection for many years. Consequently, it
is not unreasonable to believe that the quality of this response might be
one to emulate by vaccination and that if the immune system is appropri-
ately primed before exposure, that more effective control of the virus may
be possible. As noted above, the responses that accompany FIV infection
and are presumed to play a major role in inhibiting viral infection are the
induction of CTL and virus neutralizing antibodies. Although our ability
to define precisely the details of feline immune responses is fairly rudi-
mentary because of a relative lack of reagents, compared to those available
for man and macaques, there is in fact very little difference between FIV,
SIV, and HIV in our understanding of the appropriate immune responses
that block viral infection. Early studies on HIV vaccination concentrated
on raising virus neutralizing antibodies and hence on generating vaccines
that incorporated SU that contains the targets for these antibodies. It was
considered desirable to include antigens that could induce antibodies that
would neutralize viruses of as many clades of virus as possible. Later
research concluded that CTL were crucial in protective immunity and
several vaccine approaches have been developed, which include peptide
epitopes recognized by appropriate haplotypes of populations in which the
vaccine might be applied. This same cycle of opinion has occurred in FIV
vaccine research.

3. CRUCIAL FACTORS IN FIV VACCINE 
DEVELOPMENT STRATEGIES

Viral Immunogens

An unresolved issue for both FIV and HIV is which virus strain or
isolate should be used as a source of immunogen in a vaccine. There are
a number of FIV strains that have been used as antigens or challenge
viruses, including viruses with differences in antigenicity, clade, and 
virulence.

Antigenic Variation

A major consideration in the development of any vaccine is whether
there is antigenic variation between virus isolates to which the target pop-
ulation might be exposed. With their high rates of mutation and recom-
bination, together with the selection pressure applied by the antiviral
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immune responses of the host, lentiviruses might be expected to be highly
antigenically variable; and so it has proved.

The classical method of antigenic typing of viruses is by virus neutral-
ization. Unfortunately, as for HIV, the measurement of virus neutralizing
antibodies against FIV has been, and remains, difficult. In early studies,
neutralization by sera, from infected or vaccinated cats of FIV adapted for
growth in the feline fibroblast cell line CRFK, was reported.17 However, this
type of CRFK-tropic, and probably CD134-independent, FIV does not rep-
resent the majority of viruses that are isolated from naturally infected cats
and are probably transmitted in the field (Hayley Haining and Margaret
Hosie, personal communication). It is likely that neutralization of these
viruses in this assay is mediated through blocking of the interaction
between the V3 region of SU and CXCR4 by anti-V3 antibodies, as virus
neutralizing antibodies can be completely absorbed by a peptide that 
represents the V3 loop (Robert Osborne, personal communication). Cats
vaccinated with an inactivated virus vaccine that had high levels of virus
neutralizing antibodies measured in this way were protected from chal-
lenge with the CRFK-tropic FIV-Pet but were only partially protected against
FIV-GL8.32 These antibodies may have contributed to protection from FIV-
Pet, although this is not known for certain. However, it is unlikely that anti-
V3 antibodies alone were responsible, because in other experiments cats
vaccinated with V3 peptides that include an immunodominant B-cell
epitope were not protected against FIV-Pet.44 These findings suggest that
other immune mechanisms are required for protection against most 
naturally occurring viruses.

Neutralization assays employing feline blood mononuclear cells or T-
cell lines to measure residual infectivity, such as MBM or Mya-1, are gen-
erally considered to be more appropriate indicators of antibody activity
because they may be relevant to immunity in vivo. However, serum virus
neutralizing antibody titers in these systems have generally been low,
making interpretation of results difficult. Some of the problems of mea-
suring antibody in this way in cats vaccinated with inactivated virus or virus-
infected cells were resolved by preabsorbing the sera with the cells in which
the virus was prepared.50 This procedure appears to remove anticell activ-
ity in the sera and thereby enhances virus neutralizing antibodies titers.
Using this technique, virus neutralizing antibodies have been demon-
strated in vaccinated cats, but again it is not clear whether this activity oper-
ates in vivo or contributes to protection.

Clades

An unresolved and very important issue about HIV vaccination is
whether clades are relevant to vaccination. Do clades represent different
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antigenic types and if so, should vaccines be designed to include antigens
of the prevalent clade(s) in a particular geographic area? FIV appears to
be an excellent model in which to answer these questions. FIV exists in at
least 5 clades or subtypes (A–E), and in some geographical areas these
clades are distinct. Thus, in analyses of FIV isolates made in Italy and the
UK, it was found that all of the Italian isolates belonged to clade B,55 while
all of the UK isolates were of clade A (Alexandra Müller and Mauro 
Pistello, personal communication). In Austria and southern Germany there
appears to be a mixture of the two clades, including recombinants.69 This
curious distribution may be due to the patterns of migration of cats and
the evolution of FIV in these cat populations. Additional clades and recom-
binants have been identified throughout the world.62

Unfortunately it has not yet been possible to resolve the issue of
whether FIV clades represent serotypes because of the difficulties in anti-
genic typing using virus neutralization, as described above. An indication
that there may be clade-specific differences comes from a comparison of
the neutralization of viruses representing five different clades,36 although
insufficient isolates were examined to provide a comprehensive view of
antigenic relationships. A potential further complication is the finding 
of type-specific neutralization within viruses of clade A using the CRFK-
based assay.52 There have been few reports of antigenic relationships
between primary FIV isolates, predictably because of the technical difficul-
ties encountered. One study of 15 Italian isolates of clade B confirmed 
their resistance to neutralization and failed to reveal any correlation
between behavior in neutralization assays and genetic relatedness or epide-
miological distribution.13 Experience in the UK with clade A viruses 
has been similar (Alexandra Müller, personal communication). This 
resistance appears to be highly conserved in FIV, as infection of cats with
neutralization-sensitive virus results in the evolution of a neutralization-
resistant population with time.4 Clearly this is a very important field of study
that urgently requires further effort to clarify.

A pragmatic approach to the issue, which is feasible in the cat but not
in man or macaques, has been to determine whether a vaccine that con-
tains antigen(s) derived from one clade can protect against challenge with
a virus of another clade. So far this has not been done in a systematic way,
although Pu et al.59 showed that cats vaccinated with an inactivated cell
vaccine containing a mixture of clades A and D were protected more effec-
tively against challenge with viruses of clades A, B, or C than cats vaccinated
with a clade A virus alone. The commercial vaccine derived from that
experimental vaccine protected completely against a further clade B virus.58

This information is of practical significance as FIV of clade B is widely dis-
tributed in the United States and parts of Europe. The generality of these
results needs to be confirmed by the use of further challenge viruses rep-
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resenting all FIV clades. This cross-clade protection implies, however, that
there are immunogens in common among clades.

Virulence

While the virulence of a virus used for the challenge of vaccinated 
cats has to be taken into account in assessing vaccine efficacy, as discussed
below, it is not so clear if virulence is an important consideration in 
the choice of virus to be used in a vaccine. Do virulent viruses have 
other phenotypic characteristics that make them more attractive as
immunogens?

Cell tropism is one characteristic that is almost certainly an important
factor in virulence. Like HIV, FIV has a tropism for CD4+ T lymphocytes.
As described previously, the primary receptor for FIV is CD13466 and the
coreceptor is CXCR4.78 It is probable that the viruses transmitted in nature,
accordingly most relevant to vaccine development, require both of these
molecules for virus entry into cells. Viruses in a minority of primary iso-
lates of FIV, as well as certain “laboratory-adapted” strains, are able to infect
cells directly through an interaction between the V3 region of the SU
protein and CXCR4.78,79 Although only a few of these viruses have been
tested for their capacity to replicate in vivo, those that have been inocu-
lated into cats establish lower virus loads, and consequently are considered
to be less virulent, than more “primary” isolates. By contrast, it is consid-
ered that the CXCR4-tropic HIVs that appear during the terminal phases
of infection are somehow associated with the decline in immune respon-
siveness of the host, and therefore are more virulent than the primary
CCR5-tropic viruses that are initially present after infection. Experience
with FIV suggests that in fact the viruses that enter cells using only the core-
ceptor may be a product of the immunodeficiency rather than the cause. It
is relevant to this review that in the cat there appears to be pressure on
these CXCR4-tropic FIVs to evolve into viruses with a phenotype more like
that of the primary isolates, which use both receptors.33 Direct inoculation
of a CXCR4 tropic FIV that established a very low virus load was followed,
almost 3 years later, by the emergence of a virus population that appeared
to have a change in receptor usage. When inoculated into kittens, these
variant viruses established a higher virus load than the parental virus,
similar to that following infection with a “primary” isolate. Consequently,
there appeared to be selection pressure on the virus to evolve a phenotype
that was more suited for long-term survival in its host.

The association between receptor usage, cell tropism, and virulence
has yet to be fully determined. It is important that this association be un-
raveled because a great deal depends on the answer, particularly the 
choice of viruses that should be included in a vaccine for HIV or FIV and
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which should be used as challenge viruses in FIV vaccine trials to measure
efficacy.

Immune Responses to Vaccination and Correlates of Protection

It is often asserted that to be effective a vaccine should induce 
an immune response that is equivalent to that which occurs in individuals
who have been challenged with the cognate infectious agent and have 
subsequently recovered. The problem with defining the type of response
to HIV or FIV that should be induced is that these viruses establish persis-
tent infections from which the infected individual never recovers, even
though they possess strong antiviral immune responses. Accordingly, it can
also be argued that since the responses that are observed in the course 
of the infection do not eliminate the virus, they may not necessarily be 
indicators of the type of immunity that would be desirable in a protective
vaccine.

The protection that is afforded by inactivated virus vaccines against
FIV has been exploited to determine the immune correlates of vaccine-
induced protection. An experiment with an inactivated virus vaccine that
was manipulated to protect only a proportion of vaccinated cats allowed a
comparison of the immune responses following vaccination, which resulted
in either protection or the establishment of a persistent infection.21,28 While
virus neutralizing antibodies appeared to be correlated with protection in
the period immediately following virus challenge, CTL induced early after
vaccination correlated with protection from further challenge 8 months
later. These results suggested that perhaps a more universal response, in
which both virus neutralizing antibodies and CTL were induced, is bene-
ficial in vaccination. That each component is important in protection 
is suggested by the results of experiments in which protection could be
transferred from successfully vaccinated cats by either serum25 or blood
mononuclear cells.61 Whether the conclusions from these experiments with
inactivated virus vaccines are valid also for other types of vaccines is not
known. Since vaccines other than inactivated vaccines have not been
entirely successful, it is not yet possible to determine directly the correlates
of whatever protection they have provided.

Challenge Systems

Although the measurement of immune responses elicited by vaccina-
tion may give a valuable indication of the immunogenicity of a vaccine, it
is still not entirely clear what immune responses may be protective. A broad
range of cellular and humoral responses may be required or specific anti-
body responses to defined epitopes may be essential. Furthermore, the 
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contribution to protection made by nonspecific innate immune responses
(e.g., NK cells) is uncertain. In the absence of such correlates of protec-
tion, the assessment of vaccine efficacy is only possible using a challenge
model. Further, the choice of an appropriate challenge is clearly impor-
tant. There are four factors that should be considered: choice of virus
strain, source of virus, challenge route, and dose of inoculum.

Choice of Challenge Virus Strains

There are a number of viral strains that have been used in efficacy
studies, as illustrated in Tables I, II, and III. These strains vary significantly
in their virulence, as assessed by viral loads attained and by reduction in
CD4+ T-lymphocyte numbers following challenge. A further consideration
is whether a homologous or heterologous challenge should be used.
Choice of challenge strain may be influenced by geography; for example,
in northern Europe clade A viruses predominate, while in central and
southern Europe, clade B viruses are more common. Studies on field cases
of FIV have shown that the majority of infected cats have relatively high
viral loads and have depressed CD4+ T-lymphocyte counts. This supports
the use of more pathogenic virus as a challenge strain for vaccine studies.
In addition, this provides a realistic model for HIV, where high viral loads
and suppression of CD4 counts are typically seen in infected patients. The
feline model offers good opportunities to study the effect of viral variation
on the ability of vaccines to protect against challenge by viruses of differ-
ent clades and of different pathogenicity.

Source and Type of Virus Inoculum

It is believed that FIV is transmitted mainly by biting and, therefore,
through the traumatic transfer of virus or virus-infected cells in the saliva.
The dilemma in choosing the most appropriate source of virus is to balance
simulation of natural infection with the practicalities of obtaining a suit-
able and reproducible inoculum. Infected saliva has not been used because
of the difficulties in obtaining sufficient quantities of acceptable quality.
The materials that have been most widely employed are free virus or
infected cells grown in cultures of feline T-cells, either primary blood
mononuclear cells or cell lines. The use of virus derived from molecular
clones may be preferable, as it ensures consistency between experiments
and avoids viral attenuation that can occur with long-term culture in vitro.
Increasingly, virus-containing plasma from cats infected with an appropri-
ate FIV strain is used. Although virus grown in vitro is more readily con-
trolled, virus obtained ex vivo may represent more closely the state of the
virus that is transmitted naturally; for example, in terms of its resistance or
susceptibility to neutralizing antibodies.
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Route of Challenge

In assessing the efficacy of FIV vaccines in the development of prod-
ucts for use in the target species, the challenge should be delivered in a
manner that is relevant to the route of infection by which natural trans-
mission occurs. This being the case, establishing the outcome of housing
vaccinated and nonvaccinated cats together with healthy persistently
infected cats should provide the most natural and realistic measure of
vaccine efficacy. However, for practical use, direct parenteral inoculation
of virus has to be employed. In attempts to provide a model of sexual trans-
mission of HIV, mucosal challenge by FIV has also been used.

Natural Challenge. A clear advantage of the FIV model over the SIV
model is that ultimately the testing of a vaccine in its natural host under
field conditions is possible. This provides the most realistic assessment of
how well the vaccine performs in its intended environment. The prevalence
of FIV is quite high in many populations of cats, with estimates ranging
from 1–12% in the healthy pet cat population and up to 100% in small
populations. This high prevalence might suggest that it would be easy to
test FIV vaccines in a natural setting with relatively small numbers of cats,
either under experimental conditions or in the field. Unfortunately, this is
not the case. In situations of natural transmission among pet cats in the
field it would be difficult, if not impossible, to obtain permission from reg-
ulatory authorities to carry out the experiment; keeping pet or shelter cats
in a situation in which unvaccinated individuals might be infected is not
appealing.

In the experimental situation, which simulates natural transmission, the
problem is achieving a sufficiently high incidence of transmission of the
infection, particularly among cats that are well socialized and nonaggressive
toward each other. Group sizes need to be large, to ensure statistically mean-
ingful results, because a portion of vaccinates is likely to remain uninfected
following challenge. The experience of many is that cats housed with FIV-
infected animals may remain uninfected over periods of years. However, in
some cases regular, if slow, spread of infection has been recorded.1

These potential problems ensure that testing of the majority of can-
didate vaccines must still be performed in experimental animals, with 
challenge virus being administered artificially. How can we make these
experiments more realistic? Should we consider using a dose of virus that
represents a more natural challenge or use multiple lower doses of virus?
The hope is that vaccines that are able to prevent infection in an experi-
mental setting with a “robust” challenge may be more likely to provide 
significant protection in pet cats in the field.

Inoculation of Challenge Virus. As discussed above, there is a difference
in the route of natural transmission of FIV and HIV: HIV is transmitted
across mucosal surfaces, while FIV is spread mainly by biting. Consequently,



FIV can serve as a model for HIV vaccination in two ways. In the first, more
obvious model, which we have been describing until now, the principles
established in eliciting protection from a natural challenge may be able to
be applied to HIV. The second model involves manipulation of the FIV
system by attempting to protect cats against virus administered by the
vaginal or rectal routes, which are not the natural means of transmission
of FIV but may be more relevant to HIV.

Cats may be infected vaginally, rectally, or orally,51 although these
mucosal routes require higher doses of virus than intramuscular, intraperi-
toneal, or intravenous inoculation to produce persistent infection. Infec-
tion may be more readily established by rectal or vaginal routes with
cell-associated virus than cell-free virus.5 This is in agreement with the infec-
tious doses required to infect macaques with SIV by these routes.2,68 Vaginal
inoculation is more efficient than rectal inoculation, while oronasal admin-
istration is the least effective method of infection.7

Clearly the route of viral challenge may influence the ability of 
vaccines to protect against infection or disease. While infection by the 
intramuscular and intraperitoneal routes requires relatively low amounts
of virus for infection, mucosal infection by either the vaginal, rectal, or
intranasal/oral routes requires large amounts: up to four logs higher than
that required to establish infection by the intravenous or intraperitoneal
routes. The implication of this difference is that HIV may similarly be more
readily transmitted by intravenous drug use than by sexual transmission.
What remains to be determined, although seems very likely, is whether vac-
cination may more readily prevent infection by mucosal compared to par-
enteral inoculation. The desired immune responses required to prevent
infection are almost certainly different depending on the route of expo-
sure to virus. Examples of the results of vaccination trials using mucosal
challenge are discussed below.

Dose of Challenge Virus. The dose of viral inoculum used for challenge
is typically chosen to be sufficiently high to ensure that all nonvaccinated
controls become infected; usually 10–50 median cat infectious doses of
virus are used. However, this dose is likely to be far greater than would be
encountered in a natural challenge. It is possible, therefore, that vaccina-
tion trials carried out using these challenge doses may underestimate the
potential efficacy of vaccines in a field setting. This contention is supported
by the vaccine trial by Matteucci et al.,49 which was performed in a popu-
lation of feral cats in a private shelter where FIV was endemic, with a preva-
lence of 29 to 58%. Animals were vaccinated with six doses of a FIV clade
B paraformaldehyde-inactivated infected cell vaccine and observed for a
28-month period after the first immunisation. Although 5 of 14 control
animals became infected, all 12 vaccinates remained free of infection. This
result contrasts with the relatively modest success obtained in laboratory
cats using similar vaccines.
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Measurement of the Outcomes of Vaccination

In assessing the success of vaccine experiments, four potential out-
comes may be envisaged. The vaccine may provide robust protection,
inducing sterilizing immunity, where it is not possible to isolate infectious
virus or detect viral RNA or proviral DNA by the polymerase chain reac-
tion (PCR) following challenge. Although they may not provide sterilizing
immunity, vaccines may provide significant protection, leading to a
decrease in viral loads in the blood or lymphoid tissues following challenge.
Alternatively, vaccines may fail to provide any degree of protection, or
worse, may actually enhance infection following challenge. Examples of
each of these outcomes may be seen in Tables I–III. Many vaccines have
failed to induce significant protection. This has been the outcome even
when vaccination has induced significant anti-viral immune responses. By
contrast, some degree of protection has been achieved with vaccines that
failed to activate one or another arm of a specific immune response. These
findings further emphasize the need for viral challenge when assessing
vaccine efficacy.

With experience of lentiviral vaccine development, the realization that
the quality of the immune response induced by vaccination might be 
insufficient to provide sterilizing immunity against infection has given rise
to the hope that it might control subsequent infection sufficiently to 
reduce the transmissibility of the virus from the infected individual and to
prevent the progressive decline to disease and death. Confirmation that
the risk of transmission can be reduced by vaccination should be possible
with FIV, as it is should be perfectly feasible to quantify virus or proviral
DNA in saliva.46 Surprisingly, very little work appears to have been done on
this important subject.

The most worrying result for a candidate vaccine is the finding that
infection is enhanced following challenge. This outcome has been
observed with a number of different types of FIV vaccine, including inac-
tivated whole cell vaccines, some envelope subunit vaccines, and DNA vac-
cines encoding viral envelope. A number of potential mechanisms for such
enhancement have been proposed and are discussed below.

4. EXAMPLES OF FIV VACCINES

Inactivated Virus and Virus-Infected Cell Vaccines

In spite of the number of variables associated with the challenge
system, if a vaccine can be shown to be effective in cats against a virulent
challenge with FIV, given the biological similarities between the two
lentiviruses, it must be considered to be a serious candidate for develop-
ment as an HIV vaccine. With this in mind, what lessons have we learned
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from the cat? The results of recent FIV vaccine trials shown in Tables I–III
illustrate the number of candidate vaccines that are in development. While
the earliest FIV vaccines to be studied were those based on virus or infected
cells inactivated with paraformaldehyde, since then many approaches have
been tried. These include peptide and recombinant proteins, DNA vac-
cines, and viral vectors. However, despite the application of new technolo-
gies to FIV vaccine development, and while DNA vaccines have shown early
promise, inactivated virus and infected cell vaccines remain the most 
successful.

Inactivated Virus Vaccines

The whole inactivated virus vaccine pioneered by Yamamoto and 
her colleagues provided complete protection against challenge with
homologous virus (FIV-Pet)82 and another strain of clade A.81 Hosie et al.32

confirmed these results and showed subsequently that this vaccine,
although not providing full protection against challenge with a heterolo-
gous virus (FIV-GL8), significantly reduced the virus load.26 The reasons
for the difference in the degree of protection achieved against challenge
by the two viruses were not entirely clear but, as discussed above, a strong
possibility is that the greater virulence of the FIV-GL8 strain was responsi-
ble. A virus that establishes a high virus load might be more difficult to
protect against by vaccination, either because it grows more rapidly fol-
lowing infection or establishes infection in cells that are not accessible to
the immune response induced by the vaccine. Another possible explana-
tion is that the two viruses differ in antigenicity. In the CRFK-based neu-
tralization assay, it was shown that although FIV-Pet and FIV-GL8, both of
which are of clade A, were cross-neutralized by sera derived from cats
infected with either virus, there was a degree of antigenic strain specificity.52

A third possibility, mentioned previously, is that the FIV-Pet virus was more
readily neutralized than FIV-GL8 by the particular antibody induced by 
vaccination, such that the effective dose of virus was rapidly reduced 
immediately following challenge.

If the virulence of a virus indicates a phenotype that should be incor-
porated into a vaccine in order to provide effective protection, then viruses
such as FIV-GL8 should be prime candidates. However, early attempts to
produce an effective inactivated virus vaccine based on FIV-GL8 were
unsuccessful.31 This lack of efficacy was ascribed to the poor preservation
of SU on the vaccine virus, compared to the FIV-Pet from FL4 cells. In an
attempt to produce a vaccine containing FIV-GL8 particles with high levels
of SU, a molecular clone was modified to produce a virus in which the
endocytosis signal in the cytoplasmic tail of Env was mutated, thereby pro-
moting an accumulation of virus at the infected cell surface and incorpo-
ration of SU into viral particles.30 A vaccine derived from these particles
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inactivated with paraformaldehyde provided partial protection from viru-
lent FIV-GL8 challenge. Although the formulation of the two FIV-GL8 vac-
cines was quite different, it may be that the significant improvement of
efficacy of the second vaccine was due to better preservation of SU on the
vaccine virus particles. However, the degree of protection achieved by the
second vaccine against FIV-GL8 challenge was not markedly greater than
that afforded by a previous vaccine based on FIV-Pet.26 This outcome sug-
gests that factors other than the quality of SU are necessary for protection
against challenge by viruses of high virulence.

Inactivated Virus-Infected Cell Vaccines

Vaccines based on inactivated FIV-infected cells have also provided
good protection. This material is attractive as a commercial proposition
because it does not require expensive concentration or purification, and 
it contains the full range of viral proteins. In their initial experiments,
Yamamoto et al.82 obtained essentially equivalent protection with vaccines
containing either paraformaldehyde-inactivated whole virus or inactivated
infected cell vaccines. In these experiments the vaccines were derived from
the interleukin-2-independent FL4 cell line that is chronically infected 
with FIV-Pet, and the challenge was the homologous virus administered by
the intraperitoneal route. In further developments of this approach, the
vaccine was found to protect also against another virus of the same clade.81

The inclusion of cells infected with a second strain of FIV, FIV-Shi, belong-
ing to clade D, extended the efficacy of the vaccine, which now protected
against challenge by three different FIV strains: FIV-Pet (clade A), FIV-Ban
(clade B), and FIV-Shi (clade D). The commercial derivative of this vaccine
was shown subsequently to protect against FIV-FC1, a “primary” isolate of
clade B, a common clade in the United States.60 This virus was considered
to be of high virulence as it caused a reduction in CD4+ T-cell numbers in
unvaccinated cats.

In an attempt to set a benchmark against which other vaccines could
be judged, we tested the ability of this commercial vaccine to protect
against challenge with the virulent UK isolate, FIV-GL8. The vaccine failed
to provide sterile protection in any cats regardless of whether they were
challenged by the intramuscular, intraperitoneal, or oronasal route. This
raises the question of whether FIV-GL8 represents an excessive challenge.
Studies of UK field isolates have shown that they typically produce high
viral loads and depress CD4+ T-cell numbers, such that FIV-GL8 appears to
be representative. However, it is not clear if there are other factors that may
compromise the ability of vaccines to protect against this isolate. Ideally,
vaccines would be tested against a panel of well-characterized field isolates,
but unfortunately this is impractical at present.
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Confirmation of the efficacy of vaccines containing FIV-infected cells
was provided by Matteucci et al.47 A vaccine based on paraformaldehyde-
inactivated cells of the MBM feline lymphoblast line infected with FIV-M2
protected cats when challenged with ex vivo, cell-free virus 4 months after
vaccination. No significant protection was recorded when the cats were
challenged 12 or 28 months after vaccination, indicating that the duration
of immunity was short. Nevertheless, this vaccine protected cats in a natural
setting over a period of 24 months, as described above.49

In contrast to these successes, other types of inactivated cell vaccines
have not proven to be as protective. The substrate in which the vaccine
virus is grown may have an effect on efficacy. Thus, a vaccine based 
on paraformaldehyde-inactivated CRFK cells or feline thymocytes 
infected with FIV-UT113 failed to protect cats on challenge with homolo-
gous virus.75 An even more alarming outcome was found in later trials of
vaccines containing inactivated FIV-infected autologous T-cells.38 The ratio-
nale for these experiments was that FIV antigens would be presented 
in a MHC-matched manner. However, the challenge with homologous 
virus was found to enhance the challenge, indicated by a shorter period
between challenge and the appearance of viraemia in the vaccinated cats
versus the controls. Similar results were obtained by Giannecchini 
et al.23 in testing four vaccines based on inactivated infected autologous 
lymphoblasts.

Inactivated HIV Vaccines

There has been comparatively little interest in developing inactivated
virus vaccines for HIV, despite the efficacy of some FIV vaccines and the
extremely successful use of many killed vaccines for other human diseases.
The main reason for the lack of interest is the danger arising from incom-
plete inactivation of infectious virus and the high cost of production for a
virus that is required for large-scale use in poor countries.

Recently, inactivated HIV has been used as the boost in a prime-boost
vaccination regime in an attempt to protect macaques from infection with
a SIV-HIV recombinant virus (SHIV).80 The rationale for using inactivated
virus particles was that they might induce high levels of virus neutralizing
antibodies to complement the cell-mediated immunity likely to be elicited
by the priming component, a vaccinia virus recombinant expressing HIV
and SIV structural proteins. The vaccine failed to prevent infection with
the challenge, although virus loads were very much reduced compared 
to those in unvaccinated control animals, and the vaccinated macaques
remained healthy over a period of 21 months while the controls developed
AIDS within this period.
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Attenuated Virus and DNA Vaccines

Attenuated virus vaccines offer several advantages over inactivated vac-
cines. They can be relatively inexpensive to produce, often do not require
an adjuvant for efficacy, and produce a robust immune response. Of 
relevance to the development of lentivirus vaccines is the capacity of 
attenuated vaccines to induce both antibody and cell-mediated immune
responses. Viruses have traditionally been attenuated by prolonged passage
in cell culture. However, the introduction of defined changes using mole-
cular techniques offers a more refined and perhaps safer approach. The
deletion of accessory lentiviral genes provides a method to reduce viru-
lence without completely disabling virus replication and dissemination in
vivo and has been extensively pursued in the SIV model. Attempts to
produce a nef deleted SIV vaccine were based on the discovery that a
number of individuals infected with an HIV variant deleted in nef showed
slow disease progression. Although this approach showed initial promise,
the eventual development of disease, both in vaccinated macaques and
HIV-infected individuals, led to an obvious reluctance to pursue such vac-
cines for HIV.76

A further opportunity provided by the FIV model is the availability of
viruses of low virulence that can be tested for their ability to protect against
subsequent challenge with a more virulent virus. The possibility that FIV-
Pet, attenuated by prolonged growth in vitro, could protect against a sub-
sequent virulent challenge has been studied. Modest protection was seen
against FIV-M2 administered intravenously.57 Excellent protection was
achieved against intraperitoneal challenge with cell-free FIV-GL8 but not
cell-associated vaginal challenge.56 Although such vaccines are unlikely to
be considered safe enough for clinical development, they may be able to
provide a useful insight into both viral determinants of pathogenesis and
immune correlates of protection.

A difficulty encountered with the use of attenuated virus vaccines is
that of growing viral stocks to sufficient titers in vitro to produce the quan-
tities required for vaccination. DNA vaccines offer an alternative method
for exploring the immunogenicity of proviruses that can be rendered
defective by selective deletions. The first successful example of this
approach used a deletion in the reverse transcriptase gene to produce a
DNA vaccine (DRT) that provided significant protection against challenge
with the homologous virus, FIV-Pet.29 This encouraged the hope that
vaccine protection might extend to more virulent isolates. However, sub-
sequent studies have failed to demonstrate such significant levels of pro-
tection against FIV-GL8, using proviral DNA vaccines with either the DRT
vaccine or a similar vaccine with a deletion in integrase.16,26 Attempts to
improve levels of protection by using a variety of cytokine adjuvants and a
prime-boost approach have also been unsuccessful. One of the most
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promising results shown by DNA vaccination, against FIV-PPR, used a provi-
ral DNA vaccine attenuated by a deletion in vif.43 Unfortunately, the safety
of such a vaccine is uncertain, with the possibility that the attenuated virus
may revert to a virulent phenotype.

If DNA vaccines were to be developed for widespread use, then one
concern that would need to be addressed is the use of vectors that do not
contain antibiotic resistance genes. A system to accomplish this has been
tested in the FIV model. Minimalistic, immunogenic defined gene expres-
sion (MIDGE) constructs encoding FIV Env and feline IL-12 and lacking
unnecessary vector sequences have shown significant protection against
challenge with FIV-Z2.6,41

The experience with DNA vaccines for FIV mirrors that of DNA vac-
cines for SIV and other viral pathogens. Although they have shown early
promise, they have yet to produce levels of protection, when used alone,
that suggest they may be applied to HIV. This has led to several approaches
to try to improve their efficacy, including the use of cytokine adjuvants, inoc-
ulation of DNA vaccines in combination with viral vectors or proteins in a
prime-boost approach, use of improved delivery systems, and alteration of
codon usage to improve expression levels. Some of these approaches are
currently also being tried for FIV. Should improved efficacy be attained then
this would be of great value to the development of other lentiviral vaccines.

Protein and Peptide Vaccines

Early efforts to develop both HIV and FIV vaccines attempted to
induce protective neutralizing antibodies. Although the majority of suc-
cessful experiments in the FIV model have used whole inactivated or
infected cell preparations, as outlined above, experiments have also been
performed using subunit and peptide vaccines (Table III). These have
largely been unsuccessful and indeed this result reflects the great challenge
that is faced in developing antigens that will induce potent, broadly reac-
tive antibodies that can mediate protection from HIV. It is likely that to be
successful such vaccines will have to comprise protective epitopes that are
very similar to those in the virus. Since the majority of these are confor-
mationally dependent, it is expected that peptide immunogens are less
likely to achieve this. The use of envelope gp120 as a vaccine has met with
poor success, most likely due to the lack of authentic conformation of the
monomer. This outcome has been seen in the FIV system where the rela-
tively poor efficacy of a purified gp120 vaccine was in contrast to the robust
protection provided by the whole inactivated virus from which the purified
preparation was derived.27 The lack of efficacy of gp120 in animal models,
however, does not appear to be a lesson that was heeded in the clinical
development of an HIV vaccine, where gp120 was pursued at great cost as
a prototypic HIV vaccine, as discussed above.
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Viral Vectored Vaccines

Like DNA vaccines, vaccination with viral vectors is effective at gener-
ating cell-mediated immune responses. Although relatively few studies have
been performed with viral vectors for vaccination against FIV, one of the
most effective vaccines for the other pathogenic feline retrovirus, FeLV, is
a canarypox vector, which expresses FeLV Env and Gag proteins. Cats
immunized with a “prime” of canarypox virus encoding FIV env and gag-
pol followed by a “boost” of inactivated FIV-infected cell vaccine were solidly
protected against homologous challenge with clade A FIV-Pet. When 
subsequently challenged with clade B FIV-Bang, cats showed full to partial
protection.71 The idea of combining a vaccine that can generate potent
cell-mediated immunity with one that can generate potent antibody
responses is one which has being adopted in an effort to develop an effec-
tive human AIDS vaccine.45 However, early data from a phase I and II clin-
ical trial in humans of the prime-boost combination of canarypox and
gp120 or gp160 are not encouraging. In this trial, individuals who became
infected subsequent to vaccination showed no delay in the progression of
infection compared to those receiving placebo.39

Enhancement of Challenge by Vaccination

The disturbing phenomenon of enhancement of the FIV challenge
following vaccination, evidenced by an acceleration of the appearance of
viraemia, a higher virus load, or an increase in the proportion of cats
becoming infected compared to control cats, has been observed with
several different types of vaccines. This effect has not been recognized in
macaques vaccinated with SIV.* Therefore, it is not known whether
enhancement is a danger to be avoided in HIV vaccination, although it is
a concern, as sera from infected individuals may amplify HIV infection in
vitro and the enhancing activity in serum has been suggested as a compo-
nent in the progression to AIDS.

Two plausible mechanisms have been advanced to account for
enhancement of FIV infection by vaccination. The first implicates antibody-
mediated infection of target cells, for example, by Fc or complement recep-
tors. In experiments to evaluate several Env products as immunogens,
enhancement produced in cats vaccinated with Env expressed by a vaccinia
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recombinant was transferable to naïve cats by plasma from the vaccinated
animals.67 Definition of the regions of Env that might be responsible for
this effect proved to be elusive.35 Pancino and Sonigo53 showed that the
highly conserved structure of the principal immunogenic determinant of
TM, maintained through two delineating cysteines, was essential for viral
infectivity and suggested that the induction of antibodies to this region,
which represent a large proportion of serum anti-FIV antibodies in infected
cats, might be a mechanism that has evolved to enhance viral entry and
growth.

However, that the induction of antibodies specific for Env is not the
only possible mechanism involved is evident from experiments in which
enhancement was produced in cats immunized with vaccines that did not
include Env and consequently could not elicit anti-Env antibodies; for
example, a recombinant p24 (Gag) vaccine adjuvanted with immune stim-
ulating complexes.31 In addition, enhancement might be due to the gen-
eration of effectors other than antibodies. Thus, Richardson et al.63 showed
that a likely mechanism for increased viral growth in cats after challenge
was an expansion of activated T lymphocytes, induced by vaccination with
a DNA Env vaccine that did not induce anti-FIV antibodies. In a previous
trial of a similar vaccine, which had resulted in enhancement, the vacci-
nated cats had been challenged shortly after vaccination at a time when
lymphocyte activation might have been at a peak. In the second trial, in an
attempt to minimize this effect, the vaccinated cats were not challenged
until 10 weeks after the final vaccination. The cats immunized by the intra-
dermal/intramuscular route did not exhibit enhanced infection after chal-
lenge. However, the appearance of virus in the blood of some cats, in which
vaccine was targeted to mesenteric lymph nodes, was very much acceler-
ated. These cats had FIV-specific helper T-cell proliferative responses and
their cells were more susceptible than normal cells to infection with FIV
ex vivo. Although the number of subjects in these experiments was small,
the results suggest that activated FIV-specific T-cells might be more sus-
ceptible to infection than nonspecific cells, as has been demonstrated for
HIV.14 It is also possible that vaccination results in a change in the popu-
lation of cells that are susceptible to infection. For example, the quantity
and distribution of cells expressing receptors for FIV may be increased.

Of great concern for the welfare of cats is the finding that enhance-
ment has been seen in trials of vaccines based on inactivated infected FL4
cells, which resulted in the production of the commercial FIV vaccine,15

and with other inactivated cell vaccines.23,38 In cats challenged 4 weeks after
receiving their third dose of commercial vaccine, plasma viral loads were
elevated at 2 weeks postchallenge compared to unvaccinated controls. Viral
loads fell below those of controls by 8 weeks postchallenge, but the early
rise suggests that wider viral dissemination and establishment of viral reser-
voirs may have occurred.15
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Clearly, the potential for enhancement is of great importance, not just
for the use of the FIV vaccine, but also for the development of HIV vac-
cines. It has been suggested that increasing the length of time following
vaccination prior to challenge may reduce the risk of enhancement.
However, prevention of exposure to the virus while the immune response
“matures” and the possibly increased susceptibility to infection declines
seems an unlikely proposition for a commercial vaccine.

Vaccination Against Mucosal Challenge

The development of mucosal vaccines against HIV is undoubtedly a
rapidly growing area, given increased impetus with the finding that the 
gastrointestinal mucosa represents a major viral reservoir.74 As discussed
above, much effort has been applied to developing the FIV model to
accommodate challenge by a mucosal route that is relevant to HIV. Some
degree of protection from vaginal challenge has been achieved by vacci-
nation. Although parenteral vaccination with an inactivated virus vaccine
did not protect against challenge with homologous virus, the vaccinated
cats had significantly lower virus loads than control cats.48 In another
approach, a recombinant vaccine consisting of an alphavirus replicon that
delivered FIV gag and env given subcutaneously induced serum and
mucosal anti-FIV antibodies but did not protect from vaginal challenge
with FIV-NCSU-1, a virulent strain.8

The use of bacteria as vectors for mucosal vaccine delivery is also an
area of growing interest for lentivirus vaccination. Early attempts to develop
Salmonella as a vector for FIV vaccines met with only modest success.72,73 In
contrast, in a more recent trial of a recombinant Listeria monocytogenes
vector expressing FIV Gag and Env, a single oral dose of vaccine provided
significant protection.70 Both vaccinated and control cats became infected
following challenge with the virulent NCSU-1 strain of FIV, but the vacci-
nated cats had extremely low virus loads compared to the controls and did
not suffer from the depletion of lymphocytes in the intestine or mesenteric
lymph nodes as was found in the control cats.

Vaccine trials using rectal challenge have also been carried out.
Mucosal immunization, with either a SU V3 peptide or inactivated infected
cells, adjuvanted with quil A and cholera B toxin, although inducing 
FIV-specific antibody and T-cell proliferation, did not protect cats from
rectal challenge with the homologous virus, FIV-GL8.19 More successful
results were obtained with an inactivated FL4 cell vaccine when immu-
nization was targeted to the iliac lymph nodes and rectal challenge was 
with homologous cell-free FIV-Pet.18 It is not known whether this difference
in outcome in the second trial was due to a better preserved immunogen,
more effective immunization, or because of the lower virulence of the 
FIV-Pet challenge. Challenge with cell-associated virus proved to be un-
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expectedly inefficient, even in control cats vaccinated with inactivated
uninfected cells, which suggested that an anticell immune response had
been induced that might have protected from challenge in a non-FIV-
specific fashion.

As for parenteral challenge systems, the success or failure of vaccina-
tion against mucosal challenge could be due to a variety of factors, includ-
ing choice of antigen delivery system and strain of challenge virus.

5. CONCLUSIONS

In this short review we have discussed some of the ways in which the
development of FIV vaccines has been approached. The driving force
behind many of these attempts has been to produce a vaccine that could
be used in the field to prevent the spread of FIV among domestic cats. In
addition it is recognized that if this end were to be achieved, the method-
ology might very well be applicable to the development of a vaccine against
HIV in humans. So far, success has been tantalizingly close: a commercial
vaccine has become available and an experimental vaccine has been shown
to protect against challenge in a natural setting. Other vaccines have pro-
vided partial protection. Paradoxically, a valuable outcome of some of the
trials of FIV vaccines that have failed to provide complete protection is that
several confounding factors have been identified, which, by their resolu-
tion, may provide the basis for more effective vaccines in the future. For
example, the commercial vaccine has been found to protect against some
virus strains but not others. This result may be due to differences in viru-
lence between the viruses used for challenge. Sufficient well-characterized
FIV strains are now available to test if this is the reason. Another possibility
is that there are antigenic differences between the viruses. Again, the avail-
ability of a very large number of primary FIV isolates of different clades from
around the world means that the antigenic relationships between individ-
ual viruses and clades might be defined, and the practical significance of
any difference might be tested directly by experimental challenge. The
question of whether partial protection reduces the transmissibility of FIV
can be determined by the quantification of virus in the saliva of vaccinated
and challenged cats. Enhancement of infection following vaccination is a
concern for the application of HIV vaccines in the field. Further definition
of the factors responsible for enhancement and those that are necessary to
overcome enhancement by certain FIV vaccines should be made.

Despite the opportunities provided by FIV to resolve these issues, which
undoubtedly also apply to HIV vaccine development, the feline model has
been relatively neglected by the AIDS research community. The crucial
problems that have arisen in the course of FIV vaccine development will
only be resolved by careful, systematic analysis of the viral and host factors
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responsible. We have no doubt that given more generous resources, many
of these problems could be overcome, and the central tenets for the pro-
duction of effective vaccines against both FIV and HIV could be established.
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