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Attempts at vaccine development for feline immunodeficiency virus (FIV) have been extensive, both because
this is a significant health problem for cats and because FIV may be a useful vaccine model for human
immunodeficiency virus. To date, only modest success, producing only short-term protection, has been achieved
for vaccine trials in controlled laboratory settings. It is unclear how relevant such experiments are to
prevention of natural infection. The current study used a vaccine that employs cell-associated FIV-M2 strain
fixed with paraformaldehyde. Subject cats were in a private shelter where FIV was endemic, a prevalence of 29
to 58% over an 8-year observation period. Cats roamed freely from the shelter through the surrounding
countryside but returned for food and shelter. After ensuring that cats were FIV negative, they were immunized
using six doses of vaccine over a 16-month period and observed for 28 months after the initiation of immu-
nization. Twenty-six cats (12 immunized and 14 nonimmunized controls) were monitored for a minimum of 22
months. Immunized cats did not experience significant adverse effects from immunization and developed both
antibodies and cellular immunity to FIV, although individual responses varied greatly. At the conclusion of the
study, 0 of 12 immunized cats had evidence of FIV infection, while 5 of 14 control cats were infected. Thus, the
vaccine was safe and immunogenic and did not transmit infection. Furthermore, vaccinated cats did not
develop FIV infection in a limited clinical trial over an extended time period. Thus, the data suggest that a
fixed, FIV-infected cell vaccine has potential for preventing natural FIV infection in free-roaming cats.

Feline immunodeficiency virus (FIV) is a serious and wide-
spread pathogen of domestic cats and a useful model system
for understanding the pathogenesis of AIDS and the develop-
ment of human immunodeficiency virus (HIV) vaccines (4, 8,
24, 25, 28). A most interesting advantage of FIV is that vac-
cines can be tested under field conditions. Similar to HIV-1,
FIV isolates have been grouped into different clades or sub-
types (designated A to D) with different geographic distribu-
tions (2). For example, clade A FIV is prevalent in northern
Europe and the United States, while clade B FIV is highly
predominant in Italy (26).

Attempts to protect laboratory cats against FIV challenge by
prior immunization with a variety of conventional, subunit, and
DNA immunogens have generally given poor results (9, 27,
28). This was especially true when the postimmunization virus
challenge was conducted with fully virulent FIV, freshly de-
rived from infected animals, rather than with tissue culture-
adapted strains that demonstrate diminished virulence (28).
Possibly for this reason, although FIV represents an ideal an-
imal model for testing antilentiviral vaccines in the field, there
are no reports in the literature dealing with the use of exper-
imental FIV vaccines in field cats.

Among the experimental anti-FIV vaccines that have proven
most efficacious at protecting laboratory cats are those consist-
ing of paraformaldehyde-fixed, FIV-infected cells (5, 15, 21, 31,

32). A vaccine of this type was first developed by Yamamoto
and her group using the prototype clade A isolate Petaluma
(FIV-Pet), which was found to be effective against homologous
and slightly heterologous (different strains of clade A) FIV (31,
32). In previous reports, we demonstrated that immunization
with a vaccine consisting of feline lymphoid MBM cells that
were paraformaldehyde fixed during the acute phase of infec-
tion with a fresh clade B isolate of FIV (FIV-M2) was safe, well
tolerated, and strongly immunogenic for specific-pathogen-
free (SPF) cats (20, 21). The vaccine also conferred a robust,
albeit transient, protection against intravenous challenge, ad-
ministered as either cell-free or cell-associated virus, with the
homologous FIV isolate derived ex vivo and never propagated
in tissue culture. While challenge with cell-associated FIV was
easier to protect against than cell-free virus, protective immu-
nity was absent when challenge occurred with cell-associated
virus 3 years after vaccination (20, 21).

In the present study, we report the results of a limited trial
of the same anti-clade B FIV-infected, fixed-cell vaccine in
field cats at high risk of contracting the infection because they
were living in a setting of highly endemic clade B FIV infec-
tion. The aim of the experiment was to assess vaccine safety
and ability to trigger an anti-FIV immune response when used
in field cats; the results also suggest that the vaccine conferred
protection against the natural acquisition of FIV infection.

MATERIALS AND METHODS

Animals. Enrolled animals were of undetermined and various mixed breeds
and resident in a private facility (shelter) that housed stray and unwanted cats
near Pisa (Italy) that, for the 8 years (including 5 years prior to and 3 years
following initiation of the vaccine experiment) during which it was monitored for
retroviral infections, housed a population of between 76 and 164 cats in a total
area of 360 m2 (Table 1). The shelter was “open” in that, following a brief
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adaptation period during which newly arrived cats were kept in a section of the
building separated from the rest by a net, all animals were left to roam freely in
the surrounding countryside. The shelter was under continuous expert veterinary
control by veterinarians from the Department of Animal Pathology, University of
Pisa. In the context of this control, the cats were vaccinated against feline
leukemia virus (FeLV) (Leukocell 2; SmithKline Beecham, Rixensart, Belgium)
and against feline calicivirus, rhinotracheitis herpesvirus, and panleukemia virus
(Feligen CR/P; Virbac, Milan, Italy). A large proportion of resident cats were
tested for FIV antibody using enzyme-linked immunosorbent assay (ELISA) and
a Western blotting (WB) assay developed at the University of Pisa (21) and for
FeLV p17 antigen using a commercial kit (Cite Combo; Agritech Systems,
Portland, Maine) at least once per year.

Vaccine and immunization schedule. The fixed-cell vaccine used for immuni-
zation was prepared exactly as described (21). Briefly, it consisted of interleukin-
2-dependent MBM cells infected with FIV-M2 (clade B), inactivated with 1.25%
paraformaldehyde at day 8 postinfection, i.e., at the time that virus expression on
the cell surface reached its peak, and dialyzed extensively. A large batch of
vaccine was prepared, stored in 1-ml aliquots in liquid nitrogen until used, and
checked to ensure lack of infectivity by inoculation into MBM cell cultures (19).
Each vaccine dose consisted of 3 3 107 cells (approximately 60% FIV positive by
membrane immunofluorescence) suspended in 1 ml of phosphate-buffered saline
and mixed with an equal volume of incomplete Freund’s adjuvant. The vaccine
was administered subcutaneously using the schedule shown in Fig. 1. The choice
of administering vaccine boosters at 4, 10, and 16 months after initiation of
vaccination (three doses within 6 weeks) was based on our previous findings that
protection was difficult to restimulate once it had waned (21).

FIV-specific immunological tests. Anti-FIV immune responses were moni-
tored using ELISA, WB, and lymphoproliferation assays that used gradient-
purified, sonication-disrupted FIV, exactly as previously described (21). The
virus used for antigen production was either FIV-M2 grown in MBM cells or
FIV-Pet produced by chronically infected FL4 cells (30). The former was used
for the ELISA and lymphoproliferation tests, and the latter was used for a
second ELISA and for WB.

FACS analysis. For fluorescence-activated cell sorting (FACS), CD41 T lym-
phocytes were enumerated with monoclonal antibody FE1.7B12 (obtained from
P. F. Moore, Davis, Calif.) and analyzed on a FACScan flow cytometer (Becton
Dickinson, San Jose, Calif.). CD81 T-lymphocyte counts were also performed
but did not provide important information for this study.

FIV isolation. Virus isolation was carried out by cocultivating 106 concanavalin
A-stimulated peripheral blood mononuclear cells (PBMC) with 5 3 105 MBM
cells and assaying the supernatant fluids for reverse transcriptase activity once a

week for 5 weeks. Cultures were considered negative if they showed no evidence
of reverse transcriptase activity during this period (11).

DNA extraction. Genomic DNA was extracted from buffy coat cells and from
isolation-positive cultures by using the QIAamp blood kit (Qiagen, Hilden,
Germany).

FIV provirus detection and quantification. The presence of FIV provirus in
the study cats was investigated by amplifying 0.2 to 1 mg of extracted buffy coat
DNA using a nested PCR protocol targeted to a highly conserved p25gag region
and having a sensitivity of 10 FIV genomes/mg of genomic DNA. Samples that
tested positive by qualitative PCR were further analyzed to quantify the proviral
load by a gag-competitive PCR, which reproducibly detects $100 FIV ge-
nomes/mg of genomic DNA (7).

Genetic analysis of FIV isolates. Nested PCR p25gag region products obtained
from isolation-positive cultures were sequenced using an automated DNA se-
quencer (ALF DNA Sequencer; Amersham-Pharmacia Biotech, Uppsala, Swe-
den) using a cycle sequencing method. Sequences of 308 bp were aligned with
those of selected strains representative of the A, B, and D subtypes (at the time
of writing, no clade C gag sequences are available in the genomic data banks) and
of the Italian isolates described in a previous report (26). Pairwise nucleotide and
amino acid genetic distances were estimated using Kimura’s two-parameter and
p distance methods, respectively. Phylogenetic relationships were computed from
nucleotide distances by using the Fitch-Margoliash algorithm included in the
DAMBE software package (version 3.7.48) (29). Trees were built using the
TREEVIEW program (version 1.5.2) (23).

RESULTS
Prevalence of FIV infection in the cat shelter. FIV infection

was highly widespread among the cats of the study shelter. As
determined by testing a large proportion of animals for 8
consecutive years, FIV seroprevalence rates ranged from 29 to
58% and annual seroconversion rates from 9 to 17% in differ-
ent years (Table 1). In a previous study, we had reported that
all 32 FIV isolates obtained in Italy belonged to clade B. Nine
such isolates were from cats present in this shelter in 1995 and,
in the gag region considered, were found to have amino acid
distances of up to 7% (26). Thus, clade B FIV circulated widely
within the shelter. In contrast, FeLV prevalence was consis-

TABLE 1. FIV diffusion in the shelter where the vaccination experiment was conducted

Parameter
Yr

1991 1992 1993 1994 1995 1996a 1997 1998

No. of cats in shelter 76 123 164 146 108 91 82 78
No. FIV seropositive/no. examined 22/76 35/83 45/85 36/62 29/75 24/74 27/65 32/61

Preexisting 21 34 33 23 16 19 26
New arrivals 9 4 0 1 2 1 0
Seroconversions 5 7 3 5 6 7 6

FIV prevalence (%) 29 43 53 58 39 32 41 52
FIV incidence (%) 9 15 10 10 11 15 17
No. of FeLV p17 positive cats/no. examined 1/76 7/83 7/85 2/62 9/75 9/74 7/65 1/60

a Immunizations started in January 1996.

FIG. 1. Experimental plan. Enrollment into the study began at 23 months, and time 0 marks the initiation of immunization. The experiment was terminated 28
months after the initial immunization.
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tently relatively low (Table 1), most likely because the majority
of cats were vaccinated against this pathogen.

Enrollment of prospective vaccinees and control cats. When
the experiment was initiated, we enrolled at random 15 pro-
spective vaccinees and 23 unvaccinated controls among 51
animals in good clinical health that had repeatedly tested
FeLV and FIV seronegative, were in approximately the same
age range, and had been vaccinated against FeLV. Prior to
initiation of the experiment, all enrolled animals were con-
firmed to be FIV free by virus isolation and a sensitive PCR
test as well as by retesting with WB. As a result, immunization
of the vaccinees started 3 months after enrollment and moni-
toring for signs of FIV infection (Fig. 1).

The experiment was terminated 28 months after initiation of
immunizations. Due to the open nature of the shelter, some
enrolled cats were lost earlier. Only the cats that could be
monitored for at least 22 months or that had become FIV
infected before they were lost were considered sufficiently in-
formative and are discussed below. These were 12 vaccinees (7
females and 5 males; mean age, 5.9 years; range, 4 to 13 years)
and 14 unvaccinated controls (9 females and 5 males; mean
age, 5.3 years; range, 4 to 13 years).

Reactions to the vaccine. As judged from general behavior,
frequent physical examination, and routine hematochemical
analysis, none of the immunized cats showed significant ad-
verse reactions to the vaccine. A slight swelling at the site of
inoculation was observed in some animals, but as a rule this
appeared to be well tolerated by the animals and waned within
a few days. This was true both for the primary immunization
series and for the boosters given at months 4, 10, and 16. Most
importantly, none of the vaccinees developed markers of FIV
infection (see below), confirming the total inactivation of viral
infectivity in the vaccine batch used for immunization.

Anti-FIV immune responses and markers of FIV infection in
the vaccinees. The vaccinees were monitored for anti-FIV im-
mune responses and for markers of FIV infection at selected
time points throughout the postimmunization observation pe-
riod. As shown in Fig. 2, all vaccinees produced some ELISA
anti-FIV antibodies, although the kinetics and titers observed
varied widely between individual animals. All cats were found
to be antibody positive at all times tested with at least one of
the FIV antigens used, and antibody titers usually peaked at
the samplings performed 2 months after vaccine boosters.
Three cats (Bizza, Irene, and Mercury) mounted weak hu-
moral responses, although mostly they exhibited a similar
trend. Finally, one cat (Silvio) responded well to the 4-month
booster but failed to respond to the following boosters. ELISA
titers varied considerably also, depending on the viral source of
test antigen, in that FIV-Pet antigen generally yielded higher
antibody titers than FIV-M2. This was attributed to an espe-
cially high representation of viral capsid antigens relative to
envelope antigens in the specific FIV-Pet preparation used in
the ELISA (data not shown). Following the response to the
last booster given at 16 months, ELISA antibodies had a gen-
eral tendency to decline; however, low titers were still detected
in all cats at one or more time points thereafter up to 28
months.

WB analysis was carried out using FIV-Pet antigen due to
ready availability and, in general, gave results that correlated
well with the ELISA results. Sequential sera showed that the
bands produced by the capsid proteins p25 and p15 were highly
dominant over the ones produced by the envelope glycopro-
teins gp95 and gp40 (Fig. 3). WB analysis also provided evi-
dence that the antibody response mounted by individual cats
varied not only in strength but also in the pattern and kinetics
of viral antigens recognized: some vaccinees showed multiple

bands that changed slightly throughout the observation period,
others initially exhibited multiple bands but subsequently re-
acted to a few antigens only, and one proved reactive only after
the booster at 10 months. For the 11 cats that could be mon-
itored for 28 months, 8 showed at least one or two faint WB
bands, confirming that vaccine-induced antibody responses re-
mained but usually declined 1 year after the last booster.

Figure 4 reports the results of testing the PBMC from vac-
cinated cats for their ability to proliferate in vitro in response
to FIV-M2 antigen stimulation. This parameter also varied
extensively among individual animals: in some cats, the re-
sponse was clearly evident and durable, while in others there
was no indication that the vaccine had elicited a detectable
cell-mediated anti-FIV response, as measurable by this assay.
In responding cats, the highest stimulation indices were often
observed 2 months after the boosters, similar to antibody re-
sponses.

Vaccinees were monitored for direct markers of FIV infec-
tion at 6, 12, 18, and 28 months after initiation of immunization
(Table 2). None of the 12 cats was found to carry infectious
virus or provirus in their PBMC at any of the times tested, as
determined using sensitive tissue culture (11) and PCR (7)
methods. Because reports have shown that CD81 T lympho-
cytes can inhibit FIV isolation in vitro (10, 16), the PBMC
harvested at month 28 were also cultured following depletion
of such cells using a previously published method (16); all
cultures remained FIV negative (data not shown). Also, al-
though serology was of limited value as a marker of infection
in these cats due to the presence of vaccine-induced antibod-
ies, serological findings remained consistent with vaccine
booster administration and did not indicate ongoing infection
at any time during the study.

Markers of FIV infection in control unvaccinated cats. Un-
vaccinated control cats were subjected to the same follow-up
protocol as the vaccinees to assess the presence of infection. As
stated above, at the start of the experiment none of these
animals showed serological or virological markers of FIV in-
fection. However, over time, several control cats became iso-
lation, PCR, and/or antibody positive for FIV (Tables 2 and 3).
Based on the fact that, when dealing with free-living cats, some
FIV serological data can be difficult to interpret (14) and virus
isolation is successful in only a proportion of cases (18), we
scored as FIV infected only those animals that both developed
a WB-confirmed FIV-positive serology and were positive for
infectious virus and/or provirus. On the basis of these criteria,
five control unvaccinated cats had become FIV infected when
the experiment was terminated. Infected cats had provirus
loads that ranged from 230 to 850 viral genomes/mg of PBMC
DNA (Table 3). These values were lower than observed in
experimentally infected cats examined with the same quanti-
tative PCR protocol used here, possibly reflecting the fact that,
in nature, cats are most likely exposed to small FIV inocula or
that conservation of the region targeted by the PCR assay is
not absolute among FIV isolates (26).

T-cell subset counts in vaccinated and control cats. FACS
analysis showed that CD41 lymphocyte counts were within the
normal range at all times, and no significant differences were
noted between the vaccinated and unvaccinated cats, with one
exception (data not shown). One of the unvaccinated control
cats that became infected (Umberto) showed a significant fall
in CD41 T-cells from 39 to 19%, which occurred at month 18
and was followed by a return to preinfection values by month
28. This was consistent with our unpublished studies showing
that CD41 T-cell counts decline very slowly in field cats nat-
urally infected with FIV.
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Genotype and phylogenetic analysis of FIV strains isolated
from unvaccinated cats. The two FIV strains that were cul-
tured in vitro from the unvaccinated controls that became
infected during the course of the experiment were sequenced
in an informative segment of the p25gag region. The nucleotide
sequences thus obtained were then compared to those of Ital-
ian FIV isolates that had been characterized in a previous
study (26), including nine isolates obtained from the shelter
where the vaccination experiment was conducted, as well as
some reference strains deposited in gene banks. Similar to all
other Italian isolates included in the study, the two isolates
were found to belong to clade B. Also, they segregated sepa-
rately from each other and from the FIV-M2 isolate used for
vaccine preparation (Fig. 5). In particular, amino acid diver-

gences were 6.9% between the isolates from Gassata and Um-
berto and 8 and 1% between these isolates and FIV-M2, re-
spectively. Because FIV-M2 is the only clade B isolate that is
routinely propagated in our laboratory, this ruled out labora-
tory contamination and suggested that the cats from which the
two isolates were obtained had acquired the infection natu-
rally. The genetic disparity of the two isolates also suggests that
they were acquired from different sources.

DISCUSSION

This report provides the results of a limited trial of an
experimental FIV vaccine that was conducted in field cats
primarily to determine safety and immunogenicity in a natural

FIG. 2. Titers of anti-FIV ELISA antibody in vaccinated cats at different time points postimmunization. Sera were tested against FIV-M2 antigen (F) and FIV-Pet
antigen (■). The results are expressed as the reciprocal of the highest serum dilution that produced optical density readings higher than the average value obtained
with 20 control FIV-negative sera plus three times the standard deviation. Sera that proved unreactive at a 1:100 dilution, the lowest dilution tested, are indicated as
having titers of ,100. Arrows indicate the times that vaccine boosters were administered to all cats.
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setting. All previously reported experiments had been carried
out in laboratory cats living under controlled conditions that
are very different from those of free-living cats, especially those
whose environment and habits make them more likely to be-
come exposed to and infected with FIV (24). The vaccine used
consisted of lymphoid cells infected with an FIV strain of clade
B (the predominant FIV subtype in Italy) and then parafor-
maldehyde fixed. The vaccine had previously been proven to be

completely safe and devoid of adverse effects and to exert a
powerful but limited protective action in laboratory SPF cats.
The vaccine could protect against cell-free virus challenge for
less than 1 year, and protection against cell-associated virus
was lost by 3 years postvaccination (20, 21).

The trial was carried out in cats living in a shelter that
provided a suitable environment for several reasons: (i) it was
a crowded cat community where most animals were not neu-

FIG. 4. Anti-FIV lymphoproliferative responses of vaccinated cats at different time points. The stimulation index was calculated as the ratio of [3H]thymidine
incorporated by PBMC in the presence of FIV antigen to that in the presence of mock antigen. Arrows indicate the times that vaccine boosters were administered to
all cats. Only a value of $2 was considered indicative of FIV-specific lymphoproliferation (broken lines). The mean stimulation index 6 standard error for 23 assays
carried out in the unvaccinated control cats that did not become infected was 1.6 6 0.3.

TABLE 2. Markers of FIV infection in vaccinated and unvaccinated cats

Cat group

No. of cats positive/no. examineda
Total no. of

infected
cats at end

of expt

6 mo 12 mo 18 mo 28 mo

VI PCR Serology VI PCR Serology VI PCR Serology VI PCR Serology

Vaccinated 0/12 0/12 NA 0/12 0/12 NA 0/11 0/12 NA 0/11 0/11 NA 0/12
Unvaccinated 0/12 1/12 1/12 0/13 2/13 3/13 1/13 4/13 4/13 2/11 3/11 4/11 5/14

a At time zero, all cats were negative for all tests after 3 months of assessment. VI, virus isolation. Serology, confirmed positives using ELISA followed by WB. At
some time points, not all cats were examined due to inability to bleed some animals. NA, not applicable.
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tered and were left free to roam around and that accepted new
arrivals regardless of their health status, ideal conditions for
the frequent transmission of FIV; (ii) for many years, it had
been under continuous surveillance by well-trained veterinar-
ians who understood the risks associated with retroviral infec-
tions; (iii) FIV serological monitoring for the 5 years that
preceded the experiment had shown that FIV was endemic to
the shelter, with high prevalence and annual incidence rates in
resident cats, ranging from 29 to 58% and 9 to 15%, respec-
tively; (iv) characterization of FIV isolates obtained from the
shelter had shown that they belonged to clade B and exhibited
considerable genetic diversity within this clade; (v) most cats
had been vaccinated against several important cat pathogens,
reducing the possibility that outbreaks of these infections
might interfere with the success of the experiment; and, last
but not least, (vi) the owner of the shelter had a clear appre-
ciation of the hazards of FIV for the health of her cats and was
very eager to collaborate.

The vaccination schedule consisted of an initial series of
three immunizations within 6 weeks, followed by boosters
given at 4, 10, and 16 months after the first immunization. A
major deviation from the schedule used previously in SPF cats
is that it included two additional boosters (10 and 16 months)
aimed at prolonging the duration of vaccine-induced protec-
tion. Experiments in laboratory cats had in fact shown that
protection against cell-free virus, although not against cell-
associated virus, had waned 1 year after the only booster ad-
ministered at 4 months after initiation of immunization and
that protection was not recalled by a booster given 22 months
later (22). On the other hand, frequent boosting is a common
practice in routine veterinary vaccinations, e.g., FeLV and Fe-
ligen CR/P boosters are given annually.

Enrolled animals were in good health and FIV infection free
by all available parameters over 3 months of testing prior to the
start of immunization. Since vaccinees and controls were left
free to roam similar to the other cats cared for at the shelter,
some were lost during the 28 months of follow-up. Since only
the ones that could be monitored for at least 22 months were
deemed sufficiently informative, by the end of the experiment,
the study groups comprised 12 vaccinees and 14 matched con-
trols. Similar to what has been observed in SPF cats (20, 21), in
field cats the vaccine produced no major local or general re-
actions in spite of repeated inoculation and was well tolerated,
and absolutely free of residual infectivity. As determined by
ELISA and WB analysis of sequential sera, all vaccinated field
cats exhibited an FIV-specific antibody response that was
mainly directed to viral capsid antigens but was clearly evident
also against the viral envelope glycoproteins gp40 and gp95.
Overall, antibody response was more variable and generally
weaker than previously observed for SPF cats (20); however,
relatively good antibody levels were maintained in several cats

TABLE 3. Detailed analysis of unvaccinated control cats that showed positive markers of FIV infection during follow-up

Cat

Test resulta

6 mo 12 mo 18 mo 28 mo

VI PCR Serology VI PCR Serology VI PCR Serology VI PCR Serology

Ciopi 2 2 2 2 1 (450) 1 2 1 (360) 1 NLA
Gassata 2 2 2 2 2 2 1 1 (850) 1 1 1 (560) 1
Giuditta 2 2 2 2 2 2 2 1 (730) 1 2 1 (230) 1
Pentolina 2 1 (650) 1 2 1 (480) 1 NLA
Umberto 2 2 2 2 2 2 2 1 (230) 1 1 1 (280) 1

a VI, virus isolation. PCR, qualitative PCR. The proviral load in 1 mg of PBMC DNA as assessed by competitive PCR is shown in parentheses. Serology,
WB-confirmed positives. NLA, no longer available: these cats stopped frequenting the shelter for undetermined reasons.

FIG. 5. Phylogenetic analysis of FIV isolates cultured from two of the un-
vaccinated control cats that became infected during the course of the experiment
(Gassata and Umberto). All other isolates have been previously described (26)
except FIV-OMA, a nondomestic Pallas’ cat FIV isolate (3) that was used as an
outgroup. M and L followed by numbers indicate isolates obtained from the
shelter prior to initiation of this experiment except for M2, which was isolated
from a cat from the Pisa area but at a site distant from the shelter and which had
no known contacts with cats at the shelter. Dots represent Italian isolates from
other locations. Unnamed isolates are reference sequences. Fitch-Margoliash
tree based on a 308-bp sequence (nucleotides 1130 to 1438) of the gag gene.
Bootstrap values above 75 out of 100 are shown at branch points. Bar indicates
the number of nucleotide substitutions per site.
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even prior to boosting. Lymphoproliferative responses of
PBMC to FIV antigen were essentially in the same range as
previously detected for SPF cats given the same vaccine and
also appeared to be somewhat recalled by the boosters. Gen-
erally, cats that had strong antibody responses, as measured by
both ELISA and WB, also had strong lymphoproliferative re-
sponses to FIV antigen. By contrast, a few cats, most notably
Lischi and Romiti, had a divergence of the humoral and cel-
lular immune responses. The significance of the similarity or
differences in immune parameters is unclear, since it is still not
known what the correlates of protective immunity are in len-
tivirus infections (12, 13). For example, extensive attempts to
identify the correlates of protection induced by the vaccine
used here have failed to show a relationship to neutralizing
antibody or any other measured immunological parameter
(22). In essence, collectively these findings showed that field
cats responded to the vaccine in a manner not very dissimilar
from SPF cats even though, probably due to their greater
genetic and environmental diversity, the immune response
mounted was less stereotyped.

The fact that the cats enrolled in this study lived in an
environment of hyperendemic clade B FIV infection allowed
us to also collect preliminary information with regard to the
protective efficacy of the fixed-cell vaccine under natural con-
ditions of contagion. During the 28 months of follow-up, 5 of
the 14 unvaccinated control cats developed unequivocal mark-
ers of FIV infection. This corresponded to an annual incidence
rate of approximately 15%, which was consistent with historical
data obtained for the shelter during the 5 years that preceded
this experiment. In contrast, none of the 12 vaccinated cats
became FIV infected during the same period, despite epide-
miological data that would predict two to four infections.
Given the small sample size, it is unclear how far these data can
be interpreted. At a minimum, they show that vaccination did
no harm and that no evidence of virus infection was noted as
a consequence of vaccination.

These results raise several interesting questions. How valid
are laboratory trials of vaccines using empirically selected
amounts of challenge virus that may be relatively high com-
pared to natural exposure? What route(s) of infection is ap-
propriate to simulate natural infection? How important were
the two additional boosters used in this trial compared to
previous laboratory studies? How much (or little) immunity is
sufficient to protect against a natural exposure to virus based
on the disparate results in immune parameters in the protected
cats?

Thus, although the present results involve too small a study
to be regarded as conclusive about the protective efficacy of the
vaccine in naturally exposed cats, they nevertheless encourage
further testing of fixed-cell anti-FIV vaccines under field con-
ditions. The formidable challenges represented by the devel-
opment of safe and effective FIV and HIV vaccines (1, 6, 17)
stress the need for additional experimentation of this kind.
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