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Abstract 

Crandell feline kidney cells and feline thymocytes, either feline immunodeficiency virus ( FIV ) 

infected or uninfected, were fixed with paraformaldehyde and used to vaccinate cats. The cells were 
mixed with a 30:70 water/mineral oil emulsion containing 250 pg ml ’ N-aCetyl-D-glUCOSaminyl- 

/3-C l-4)-N-acetyl-muramyl-L-alanyl-II-isoglutamine. Eighteen specific pathogen-free cats were vac- 
cinated three times with 3-week intervals and challenged 21 days after the final boost with a low dose 
of the homologous FIV-UT113 strain. Eight out of ten cats that had receivedFIV-infectedcell vaccines 
developed significant anti-FIV antibody titres to the envelope and core antigens. Neutra!izing anti- 
bodies were detectable at the moment of challenge in the sera of these animals. Within 5 weeks after 
challenge 15 out of 18 cats became viraemic. Three animals, two that had been vaccinated with FIV- 

infected thymocytes and did not develop antibody, and one that had received an uninfected thymocyte 
preparation, remained uninfected for 6 months. Upon rechallenge of the three animals, two again 
resisted infection; these cats had been immunized with the infected and the uninfected thymocyte 

preparations. respectively. 

Abbreviations 

AIDS, acquired immune deficiency syndrome; lD-IEF, one-dimensional isoelectric focusing; FCS. 
foetal calf serum; FIV, feline immunodeficiency virus; G-MDP, N-acetyl-D-glucosaminyl- /3- ( l-4) - 
N-acetyl-muramyl-L-alanyl-D-isoglutamine; IFA, immunofluorescence assay; MHC, major histocom- 

patibility complex; PBLs, peripheral blood lymphocytes; PBS, phosphate-buffered saline; PCR. 
polymerase chain reaction; RT, room temperature; SIV, simian immunodeficiency virus; SPF. specific 
pathogen-free; VN antibodies, virus-neutralizing antibodies. 
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1. Introduction 

Feline immunodeficiency virus (FIV) is a lentivirus that causes acquired immune defi- 
ciency syndrome (AIDS) in cats. The virus occurs worldwide in the cat population with 

infection rates varying from 1 to 15% in healthy animals; FIV can thus be considered as an 
important pathogen in cats (Egberink and Horzinek, 1992). Development of an effective 
vaccine against FIV infection is therefore of veterinary importance. In addition, like simian 
immunodeficiency virus (SIV) in macaques, FIV infection in cats is an animal model for 
human AIDS; FIV vaccine trials could contribute to the development of a successful and 

safe vaccine against HIV. 
Protection of macaques against SIV infection has been reported using inactivated whole 

virus or fixed-infected cell vaccines, but also virion subunits and attenuated SIV have been 

found effective (Daniel et al., 1992; Hu et al., 1992; Johnson et al., 1992). Also for FIV, 

successful vaccine trials have been reported. Inactivated whole virus and paraformaldehyde- 
fixed FIV-infected cells have been used to protect cats against challenge with a homologous 
(Yamamoto et al., 1991) and a heterologous virus strain (Yamamoto et al., 1993). 

The aim of this study was to investigate the efficacy of vaccines prepared from the Dutch 

isolate FIV-UT1 13 grown in two cell types. 

2. Materials and methods 

2.1. Preparation and titration of challenge virus 

The strain FIV-UT113 had been isolated from peripheral blood lymphocytes (PBLs) of 
a seropositive, naturally infected cat. The virus challenge stock was prepared in thymocytes 
from a specific pathogen-free (SPF) cat. Cells were stimulated with 5 pg ml- ’ Concana- 
valin A and cultured in RPMI- 1640 medium containing 10% foetal calf serum (FCS) and 
200 units recombinant human interleukin-2 ml- ’ (rIL-2; Proleukin, Eurocetus). Thymo- 

cytes were then infected and incubated for 5 days. Cell-free culture supematant was col- 
lected, and dilutions of the challenge stock were aliquoted and stored at - 80°C. 

Five-month-old SPF cats were used for in vivo titration of the challenge stock. One 

millilitre of virus dilution was inoculated subcutaneously (s.c.) using two cats for each 
dilution. Infection was monitored using virus isolation from PBLs and seroconversion. The 
undiluted challenge stock was estimated to contain 3 X 104cat infectious doses 50% (CID,,) 

per ml. 

2.2. Preparation of vaccines 

Crandell feline kidney cells (CRFK cells), either uninfected or persistently infected with 
FIV-UT113 (80% infected cells) (Egberink et al., 1990) were resuspended in phosphate- 
buffered saline (PBS) containing 0.02% EDTA. The cells were collected by low-speed 
centrifugation, washed once with PBS and fixed with paraformaldehyde as described by 
Yamamoto et al. ( 199 1) . To prepare a batch of FIV-infected thymocytes, aliquots of lo6 
cells were infected with FIV-UT113. After 4 days, the primary cultures were used to infect 
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a larger batch of cells that was incubated for several days till a maximum (25%) of infected 

cells was obtained. Expansion of the infected thymocyte culture was repeated till enough 

cells had been obtained to prepare the vaccine. Fixation of the cells was performed as 
described for the CRFK vaccines. The preparations were mixed with an adjuvant consisting 

of a 30:70 water/mineral oil emulsion containing 250 pg ml-’ N-acetyl-o-glucosaminyl- 
p- ( l-4) -N-acetyl-muramyl-L-alanyl-o-isoglutamine (G-MDP) . Each dose of vaccine con- 
sisted of 2.5 X 10’ cells in 1 ml of adjuvant. 

2.3. Vaccination protocol 

Nineteen 4-month-old SPF cats received three intramuscular vaccinations with 2 1 -day 

intervals. Five cats were immunized with three vaccine doses of the FIV-infected CRFK 
cells and three cats received three doses of the uninfected CRFK vaccine. Cats immunized 
with the thymocyte vaccines were given a first vaccination with one complete dose, followed 
by two booster vaccinations with 1.25 X 10’ fixed cells. Five cats received the thymocyte- 
UT1 13 vaccine and three cats were immunized with uninfected thymocytes. Three cats 

served as PBS controls. Three weeks after the last booster immunization all cats were 
subcutaneously challenged with 10 CID,, of FIV-UT113. 

2.1. Virus isolation 

PBLs were isolated from samples of EDTA blood by Ficoll-Hypaque gradient centrifu- 
gation, stimulated with 5 pg ml-’ Concanavalin A for 24 h and cultured in RPMI-1640 
medium supplemented with 10% FCS and 200 units ml-’ rIL-2. Virus replication was 

measured using a p24 ELISA. 

2.5. Serological assays 

Titres of FIV-specific antibodies were determined by ELISA using recombinant gag and 
en\’ expression products (Verschoor et al., 1993). Anti-cell antibodies responses were 
measured in an immunofluorescence assay (IFA) using uninfected CRFK cells or thymo- 
cytes as antigen. Briefly, 96-well microtitre plates were coated with poly-L-lysine (Sigma) 
and 105 cells cm-’ were seeded in the wells. For the quantitation of antibody levels against 

intracellular antigens cells were allowed to attach and fixed with 100 ~1 per well of 96% 
ethanol at - 70°C followed by incubation for 2 h at room temperature (RT) . Antibodies to 
surface antigens were quantified on cells that had been fixed with 100 ~1 per well of 0.1% 
paraformaldehyde in PBS for 30 min at 4°C. After fixation the cells the wells were blocked 
with 5% skimmed milk powder in PBS for 30 min at RT. Subsequently, the plates were 
emptied and incubated with 60 ~1 of serum dilution per well at 37°C. The plates were then 
incubated with 60 ~1 of appropriately diluted FITC-conjugated rabbit-anti-cat-immuno- 
globulin (Nordic) per well for 1 h at 37°C. Between each step in the IFA procedure the 
plates were washed twice with PBS. Presence of anti-cell antibodies was determined by 
immunofluorescence microscopy. Virus-neutralizing antibodies were determined using a 
neutralization assay on CRFK cells developed in our laboratory (De Ronde et al., 1994). 
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2.6. Determination of virus load 

Ten-fold dilutions of PBLs from vaccinated cats were co-cultivated in triplicate with 
thymocytes and virus replication was determined after 12 days by using a p24 ELISA. The 
virus load was expressed as TCIDSo per IO4 PBLs. 

2.7. Mujor historompatibility complex (MHC) typing 

Immunoprecipitates of Class I and II feline lymphocyte antigens were analysed by one- 
dimensional isoelectric focusing ( ID-IEF) as described by Joosten et al. (1988, 1989). 
Briefly, membrane proteins of [“S] methionine labelled cells were extracted using Triton 

X-l 14 (Class I antigens) or NP40 (Class II antigens). After preclearing, the Class I 
molecules were precipitated using monoclonal antibodies W6/32 (Parham et al., 1979) 

and HCIO (Stam et al., 1986) directed to native and denatured human Class I antigens, 
respectively. Class II molecules were precipitated using a polyclonal antiserum against 

human DR and DQ that also reacts with feline Class II antigens (Neefjes et al., 1986), and 
monoclonal antibody TH14B that recognizes Class II molecules from several species (Davis 

et al., 1987). 

2.8. Polymeruse chain reaction (PCR) 

Genomic DNA was isolated from PBLs according to Boom et al. ( 1990). A 168 bp 
region of the FIV p24 coding region was amplified in a nested PCR. The amplification was 

carried out with DNA equivalent to 10’ PBLs in a 100 ~1 reaction containing 50 mM KCl, 

10 mM Tris-HCI (pH 9.0) 0.1% Triton X- 100, 1.9 mM MgCf2, 100 ng of each primer, 
200 FM of each dNTP, and 2.5 units Taq polymerase. The first PCR was carried out for 3.5 
cycles (1 min 95”C, 1 min 55°C 1 min 72”(Z), upon which 10 ~1 were transferred to the 
second PCR running at a MgCl* concentration of 3.5 mM. The outer primers used were 5’- 
GGATTAACTCAAGAACAGCAAGCAG-3’ (FIV-Petaluma gag gene position 1338- 
1362; GenBank data base accession number M25729) and 5’-GTMTAAATATAGCT- 
TAACTICAGCTG-3’ (pas. 1566-1540). The inner primer set consisted of 5’-CAAGA- 
‘MTGCACCAGCTAGGATGC-3’ (pos. 1365-l 389) and 5’-TG’ITCITGATCTA- 
TITGGGC-3’ (pos. 1534-1515). 

3. Results 

3. I. Antibody response to vaccination 

The antibody responses in the vaccinated cats to the gag and enu gene products are shown 
in Table 1. At challenge all CRFK-UT113 vaccinated cats had high anti-gag protein antibody 
titres equalling to or exceeding those detectable in naturally FIV-infected cats. The levels 
of antibodies directed against the envelope precursor were 8 to 16-fold lower than those in 
the positive control serum. The responses in the thymocyte-UT113 vaccinated cats were 
weak, two animals (Cats 7 and 10) showing hardly detectable amounts of antibodies against 
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Table I 
Antibody response in vaccinated cats at time point of challenge (t = 0 weeks) 

Vaccine Cat gag env VN 

CRFK-UT1 I3 I 32768 256 128 

2 8192 256 2% 

3 4096 512 128 

4 8192 256 128 

s 8192 512 512 

Thymocyte-UTI 13 6’ 1024 .12 64 
7 64 8 < 16 
8 512 64 16 
9 2048 256 16 

10 64 8 16 

CRFK 11 18 <8 < 16 

12 <8 <8 < 16 

13 <8 <8 < 16 

Thymocyte 14 <8 <8 < 16 

15 <8 <8 < 16 

16 18 <8 < 16 

PBS 17” ND ND ND 

18 <8 <8 < 16 

19 18 <8 < 16 

pos. control 4096 4096 256 

gag. anti-gag antibody titre. 

env, anti-env antibody titre. 

VN. virus neutralization titre. 

pos. control, serum of an experimentally infected cat 

“Animal died during vaccination. 

the viral structural proteins. The weakerresponse found in the thymocyte-UT113 vaccinated 

cats may reflect the lower viral antigen dose administered. 
Although the titres of antibody directed against the envelope were much lower in CRFK- 

UT1 13 vaccinated cats than in the FIV-infected, positive control cat, the levels of virus- 
neutralizing (VN) antibodies were comparable (Table 1). Cats that had received the 
FIV-infected thymocyte vaccine had no (Cat 7) or very low VN titres. 

Antibodies to internal and surface-exposed cellular antigens were demonstrated in an 
IFA using fixed uninfected cells. The results are shown in Table 2. Antibodies to cell 
antigens were found in all cats that had received a fixed-cell vaccine. 

3.2. Detection of viraemia after challenge 

Virus isolation from PBLs was attempted at regular intervals starting at the moment of 
challenge. Virus was readily isolated from the PBL samples, except from the PBLs of Cats 
7, 10 and 15. PBLs collected at 25 weeks after infection from these apparently uninfected 
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Table 2 

Anti-cell antibody titres (log“ titre) in sera from vaccinated cats as determined in an IFA 

Vaccine cat t= -9 weeks r = 0 weeks 

CRFK cells Thymocytes CRFK cells Thymocytes 

PF EtOH PF EtOH PF EtOH PF EtOH 

CRFK-UT 113 

Thymocyte-UT113 

CRFK 

Thymocyte 

PBS 

<2 <3 4 3 

<2 <3 3 4 

<2 <3 3 4 

<2 <3 3 3 

<2 <3 4 4 

4 4 
4 5 
5 5 
4 s 
4 5 

9 4 

9 4 

8 4 

9 4 

10 3 

6 

7 

8 

9 

IO 

<? <3 4 4 

<2 <3 3 4 

<2 <3 3 4 

<2 <3 3 3 

<2 <3 3 3 

<2 3 

<2 3 

<2 3 

<2 5 

<2 3 

4 4 

3 4 

2 3 

5 3 

4 3 

II 

12 

13 

<2 <3 3 3 

<2 <3 4 4 

<2 <3 4 4 

<2 5 

<2 s 

<2 6 

7 3 
IO 3 
10 3 

14 <2 <3 3 3 <2 3 3 3 

15 <2 <3 3 3 <2 3 4 4 

16 <2 <3 4 4 <2 3 4 4 

18 

19 

<2 <3 3 3 

<2 <3 3 3 

<2 3 

<2 3 

4 4 
4 4 

PF, paraformaldehyde-fixed cells. 

EtOH, ethanol-fixed cells. 

animals and from the FIV-positive animals 9 and 14 were used for DNA isolation and PCR 
analysis. Specific DNA amplification was not detectable in the samples from the virus 

isolation-negative cats while Cats 9 and I4 tested positive in the nested PCR. Protection 
was also evidenced by the lack of antibody response after challenge in Cats 10 and 15 

(results not shown). Cat 7, however, did produce low-titred antibody to the core proteins 

of FIV (Fig. 1) ; its titre rose in the first 2 weeks after challenge and remained at a low level 

for more than 6 months. 
Although most cats were not protected against FIV infection, the immunizations had 

some effect. Titration of PBLs in uninfected thymocytes was performed to determine 

whether the virus load was reduced. They were determined (as TCID5, per lo4 PBLs) at 9 
and 25 weeks after challenge (a.c.) and are presented in Table 3. Using the Mann-Whitney 
test we found that the viral load in PBLs from cats after FIV-infected CRFK cell vaccination 
was significantly lower than in the other animals (P = 0.02 and P = 0.005 at 9 and 25 weeks 
a.c., respectively). The decreased virus load coincided with a high neutralizing antibody 

titre at the time-point of challenge. 
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Fig. I. FIV-specific antibody response of Cat 7 to core antigen: -A--: to envelope antigen: -0-. Arrows indicate 

time points of the first (t = 9 weeks) and second ( t = 3 1 weeks) challenge. 

3.3. Second challenge of protected cuts 

Cats 7, 10 and 15 were re-challenged with 10 CIDs,, of FIV-UT113 at 3 1 weeks after the 

first challenge and, 5 weeks later, FIV could be isolated from Cat 7. Infection was also 
evident from a rise in titres of FIV-specific antibodies in this animal (Fig. 1) . The other 
two animals again remained FIV-negative as was evidenced by the inability to isolate virus 
from PBLs and the lack of seroconversion (data not shown). PCR analysis of DNA from 
PBLs confirmed the protection of the animals against this low challenge dose of FIV-UT113 

Table 3 

Virus load titration in thymocytes 

Cat TCID,, per IO” PBLs 

r = 9 weeks” I = 25 weeks” 

I 22.4 

2 2.2 

3 I .8 

4 2.0 

5 3.8 

6 6.7 
7 _ 

8 20.4 

9 10.2 
10 _ 

II 10.2 

I2 35.5 

I? S.6 

14 26.6 
IS _ 

16 53.1 

18 355 

I9 7.1 

“Weeks after challenge. 

3.6 

1.8 

I .4 

I.8 

4.5 

7.1 
_ 

3.6 

14.1 
_ 

1 I.2 

5.6 

5.6 

14.1 
_ 

4.5 

8.9 
11.2 
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Table 4 

MHC typing of (partially) protected cats and of the thymocyres used for vaccine production 

MHC Class I” MHC Class II” 

Cat 7 I /3 l/2 

Cat 10 112 l/2 

Cat 1.5 3/- l/3 

Thymocytes 312 41- 

“Different MHC haplotypes are indicated by arbitrary numbers. -. indicates either homozygosity at a particular 

MHC region or possible failure to detect the second haplotype. 

as no specific amplification was detectable in the DNA samples of these cats (data not 
shown). 

3.4. Biochemical typing of MHC antigens 

To investigate the involvement of a MHC-haplotype specific response in protection we 

determined the MHC Class I and II haplotypes of the protected animals and the thymocytes 
that were used in the vaccines. Antibodies cross-reactive with MHC Class I and Class II 

antigens from different species were used for this study. Using ID-IEF, Class I and Class 
II haplotype associated banding patterns could be defined making use of the limited family 
data available. The different banding patterns were arbitrarily assigned numbers l-3 for 
Class I and 14 for Class II. So far, typing results are preliminary and the haplotype 
associated banding patterns need to be confirmed by family segregation studies. Typing 
results for the (partially) protected cats and the thymocytes used for vaccination are shown 

in Table 4. The animals do not appear to have a Class I haplotype in common but each cat 

shares one type with the thymocytes. Class II haplotype 1 was shared by all animals but 

was not detectable on the thymocytes. 

4. Discussion 

In earlier vaccination studies cats had been protected against a homologous (FIV-Peta- 
luma) and a heterologous challenge (FIV-Dixon) with a protection rate of more than 90% 
(Yamamoto et al., 199 1, 1993). We cannot confirm these data; however, we have performed 
our vaccination trial using a different virus isolate and different feline cell types. Eight out 
of ten cats that had been vaccinated with FIVinfected cells developed a significant antibody 
response to viral proteins. Although the anti-envelope responses in the CRFK-UT113 
vaccinated cats were considerably lower than in FIV-infected cats (Table 1 and E. Ver- 
schoor, 1993, unpublished observations) the VN titres were comparable. This indicates that 
the FIV-infected CRFK cells were able to efficiently induce virus-neutralizing antibodies. 
It can be excluded that antibodies directed against the cells interfered in the CRFK cell- 
based neutraIization assay since this should have resulted in VN titres also in the CRFK 
control cats. 

After challenge eight out of the ten cats vaccinated with FIV-infected cells and five out 
of the six uninfected-cell vaccinees became infected. An effect of the immunizations was 
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observed in the cats vaccinated with the CRFK-UT113 cell vaccine. Virus load in PBLs 
from these animals was significantly reduced and correlated with high neutralization titres 

in the sera. Antibodies can protect cats against FIV infection: sera from vaccinated and 
protected animals also protected against challenge with FIV-Petaluma (Hohdatsu et al., 
1993). Inability to induce a high anti-envelope antibody titre may explain the difference in 
success between our study and the experiments performed by Yamamoto and co-workers. 
A high level of envelope protein is expressed in the FL4 cells used by Yamamoto et al. as 

compared with other cell types (Hosie, 1994). Loss of the non-covalently attached surface 
protein during purification was found to be much greater for FIV-UT113 infected cells than 
for FIV-Petaluma (H. Egberink, 1992, unpublished observations). In addition, the Syntex 

adjuvant used in the successful trials may also have induced aqualitatively and quantitatively 

different immune response than the water/oil emulsion used in our study. 
Surprisingly, the animals that hardly produced antibody to vaccination with the thymo- 

cyte-UT I 13 preparation (Cats 7 and 10) and one thymocyte-control animal (Cat I5 ) 
remained uninfected after the first challenge. Cat 7 responded by producing a low level of 
antibody to the viral core protein. No virus could be recovered from this cat and the antibody 
response remained low, suggesting a transient infection that had successfully been cleared. 
This animal was not able to withstand a second challenge 31 weeks after the first, while 

Cats 10 and 15 again remained uninfected. The mechanism by which these animals were 

(partially) protected remains unclear. Because the cats had no or only low levels of (neu- 
tralizing) antibodies to FIV at the moment of challenge these are probably not responsible 
for protection. 

Monkeys have been protected against SIV infection after vaccination with uninfected 

human C8 I66 cells (Stott, 1991). Immunodeficiency viruses can carry a variety of cellular 
antigens that became incorporated into the viral envelope during maturation (Arthur et al., 
1992 ) Protection against SIV correlated with the presence of antibodies directed to MHC 

class I antigens (Chan et al., 1992); apparently antibody responses against cellular antigens 
exposed on the viral particle can prevent infection. The human cell line used in the SIV 
monkey studies induced a strong anti-cell response in the monkey recipient. In contrast, we 

used a homologous system employing feline cells to prepare both the challenge virus and 
the vaccines. However, antibodies directed to cellular antigens were detectable in the cat 
sera. Thus, despite the lack of correlation between protection and the total anti-cell antibody 

titre. antibodies directed to specific cellular antigens may have contributed to protection of 
the three animals. 

Recently. a decreased risk of HIV infection was found to be associated with specitic 
MHC Class I alleles (Plummer et al., 1993) indicating that resistance may have been 
genetically determined. Resistance as a result of MHC Class I or II polymorphism might 
explain the protection observed in our experiments. This may also be the reason for the 
decreased FIV-specific antibody response found in Cats 7 and 10. Cats 7, 10, and 15 shared 
a Class II haplotype, but preliminary MHC typing data indicate that this haplotype is also 
found the other animals. The MHC Class I haplotypes found on the thymocytes have been 
detected only on PBLs of Cats 7, 10. and 15. This similarity accounts for either one of the 
two haplotypes detectable on the cells but, no particular type is shared by all three animals. 
Thus, a straightforward explanation for the (partial) protection of the cats based on this 
MHC typing cannot be given. 
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In conclusion, our fixed-cell vaccines did not protect most cats against FIV infection; 
however, the CRPK-UT113 vaccine did reduce the virus load in PBLs after challenge. 

Three cats vaccinated with fixed thymocytes remained uninfected via an as yet unknown 
mechanism. 
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