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Abstract

The compatibility, safety and interaction on antibody induction of a combined vaccine application were assessed. Specific pathogen:
free cats were vaccinated with either a modified live virus vaccine containing feline calici- (FCV), herpes- (FHV-1), parvovirus (FPV) and
Chlamydophila felis (C. felis), an adjuvanted recombinant feline leukaemia virus (FeLV) vaccine or both vaccines in one syringe. After
combined application, FeLV ELISA antibody titres were unaltered, However antibody production based on indirect immunofluorescence
assay was remarkably enhanced for FCV and was at selected time points also enhanced for FidVfdartmit diminished for FPV. The
use of these vaccines in combination was safe and will simplify vaccination schedules in veterinary practice.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction way of protecting cats against many of the major feline infec-
tious diseases. Vaccines should, as far as possible be free of

Vaccination has been used in feline medicine since the adverse side effects and show high antigenicity. For practical
early 1960s and often represents the safest and most effectiveeasons, it has become common to combine several feline vac-

cines within a single syringe, thereby reducing the animal’s

* Corresponding author. Tel.: +41 44 635 83 12; fax: +41 44 63589 06. INjéction-related stress as well as coffs When different

E-mail addresses: chrunner@rocketmail.com (C. Brunner), antigens present in a mixture are inoculated simultaneously,
theo.kanellos@intervet.com (T. Kanellos), mmeli@vetclinics.unizh.ch competition with respect to stimulation of the immune sys-
(M.L. Meli), david.sutton@intervet.com (D.J. Sutton), tem may occuf2]. However, combined application could

ricarda.qgisler@veterinaria.ch (R. Gisler), mgomes@vetclinics.unizh.ch
(M.A. Gomes-Keller), rhofmann@vetclinics.unizh.ch
(R. Hofmann-Lehmann), hlutz@vetclinics.unizh.ch (H. Lutz).

also augment or modulate the quality of the immune response
elicited[3]. Therefore, when different immunogens are to be

1 Tel.: +41 44 635 82 68; fax: +41 44 635 89 06. combined in one injection, the immunogenicity of the indi-
2 Tel.: +44 1908 685264; fax: +44 1908 685614. vidual antigens should be evaluated.
Tel.: +41 44 635 83 85; fax: +41 44 635 89 06. In general, vaccines containing living organisms have the

4 Tel.: +44 1908 685457; fax: +44 1908 685605.

5 Tel +41 44 455 31 75, fax: +41 44 455 31 40 potential to raise long-lasting immunity, inducing stronger
6 Tel: +41 44 635 83 86 fax: +41 44 635 89 06. cellular immune responses than their inactivated counter-
7 Tel.: +41 44 635 83 22; fax: +41 44 635 89 23. parts [4]. To improve the antigenicity of inactivated and
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recombinant vaccines, they are adjuvanted with substancesnentioned doses. Nobived=eLV is a recombinant vaccine

that stimulate early processes in immune recognition, partic- containing the p45 FeLV antigen, the non-glycosylated pro-

ularly the inflammatory respong®]. The use of adjuvants  tein fraction of the virus envelope glycoprotein gp70 con-

influences the generation of T helper (Th) lymphocyte sidered to be responsible for the induction of protective anti-

subsets and the magnitude of the immune response. bodieg6]. Each dose of NobivétFeLV contained 10Q.g of

The aim of this study was to assess the antibody induction purified p45 molecule. The antigenic material is adjuvanted

in kittens after combined administration in a single injection with an aluminium hydroxide gel and a derivative of Quil A, a

of a multivalent modified live virus (MLV) vaccine against  purified derivative of saponin. For the combined application

feline calicivirus (FCV), feline herpesvirus-1 (FHV-1), feline  of both vaccines, one dose of lyophilised Nobf9aeorcat

parvovirus (FPV) andChlamydophila felis (C. felis) and an  was reconstituted in one dose of NobifaeeLV.

adjuvanted recombinant feline leukaemia virus (FeLV) vac-

cine. If successful, the results of this study should also be 2.3. In vitro compatibility of the vaccines

used as part of a submission for regulatory purposes. A pre-

liminary vaccine compatibility test in vitro was performed to The influence of the FelLV vaccine on the viability of the

evaluate the effects of the aluminium hydroxide and QS-21 modified live vaccine components was evaluated in vitro.

adjuvants contained inthe FeLV vaccine on the viability ofthe Each live microbial vaccine component (FCV, FHV-1, FPV

attenuated live vaccine components. The immunogenicity of andC. felis) was individually reconstituted with either FeLV

the MLV components and. felis after combination wasthen  vaccine or solvent and titrated on Crandell feline kidney

tested in vivo by assaying antibodies to the various vaccine (CRFK) cells for the viral components, and McCoy cells for

antigens. The safety of the vaccines was assessed by obsenc. felis as describef7,8]. The titrations of all vaccine com-

ing and recording any systemic or local adverse reaction to ponents took place either immediately after reconstitution

the simultaneous injection of both vaccines. The adjuvant or after the vaccine suspensions were held at room tem-

included in the recombinant FeLV vaccine is known to stim- perature for 30 and 60 min, respectively. The titres of each

ulate both, the Thl and Th2 immune response and its pres-vaccine component were calculated by the method of Reed

ence in any vaccine might have an effect on all componentsand MuencH9].

injected together. In order to characterize the T-lymphocyte

response in the different groups, the expression of IL-2, IL- 2.4. Cats’ SPF-status verification

4 and IFNy mRNA was evaluated in lymphocytes iy

felis-antigen stimulation, by ConA stimulation and by mock- Prior to vaccination (day-1) conjunctival, oropharyngeal,

stimulation in vitro C. felis antigen was selected as model nasal and rectal swabs from all cats were collected and tested

stimulans as it was present in the MLV vaccine and could be by polymerase chain reaction (PCR) in order to confirm the

handled readily. SPF-status of the cats used in this study with respect to the
following pathogens: FCV, FHV-1, FPV, feline coronavirus
(FCoV) andC. felis. Blood samples were taken on the same

2. Materials and methods day in order to detect the possible presence of antibodies
to the vaccine antigens and to verify the lack of FeLV p27
2.1. Animals antigenaemia.

Thirty specific pathogen-free (SPF), 7- to 8-week-old kit- 2.5, Immunisation protocols and post-vaccination
tens were provided by Liberty Research Inc. (Waverly, NY, clinical monitoring
USA). The cats were assigned randomly, regardless of the
sex, into three groups of 10 animals each, avoiding familial  Cats were vaccinated at the age of 89 weeks by sub-

clustering in any of the groups. cutaneous injection between the shoulder blades of 1ml
of antigenic material according to their group assignment
2.2. Vaccines (day 0): animals of group 1nE10) received Nobivat

Forcat and Nobivdt FelV applied together in one sin-
The vaccines used were commercial batches of NoBivac gle syringe, animals of group 2 € 10) received Nobivat
Forcat and Nobivat FelLV (Intervet UK Ltd.). Nobiva® Forcat alone and animals of group 3<10) were admin-
Forcat is a modified live vaccine which contains FCV, FPV, istered Nobiva® FelV. Cats were given a second vacci-
FHV-1 and C. felis without any adjuvant. For this study, nation after a 3-week interval (day 21), according to the

the viral and chlamydial doses were adjusted t&-%RFU recommended schedule for primary immunisation of kittens
of FCV strain F9, 183PFU of FHV-1 strain G2620A,  [10].
10*8TCIDsg of FPV strain MW-1 and 198 TCIDsg of C. Cats were monitored immediately after injection of the

felis Baker strain. The adjustment was done in order to com- vaccines and daily for local or systemic reactions after
ply with the regulatory requirements, which state that the vaccination. Rectal temperature was recorded2t, 0 and
vaccines at the end of their shelf life must contain the above- 4 h after each inoculation and the injection site was examined
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for adverse reactions at 0, 4 and 8 h post-vaccination and(Microsynth AG, Balgach, Switzerland); prob€:&FAM-
daily thereafter. The degree of swelling was categorized TCGGTGTTTGATTTGGCCTG-TAMRA-3 (Eurogentec,
into one of the four classes: 0=no swelling observed, Seraing, Belgium). The detection of FH}12], FPV[13],
1 =discrete swelling up to 5 mm, significant diffuse thicken- FCoV[13,14]andC. felis [15] was performed using PCR as
ing, 2 =swelling approximately 610 and 3 =swelling over described elsewhere.
10 mm. Kittens’ weights were recorded weekly throughout
the study. 2.8. Detection of FeLV virus protein p27 by
enzyme-linked immunosorbent assay (ELISA)
2.6. Blood collection and processing
FeLV p27 antigen in the serum was assayed by sandwich

Blood specimens were obtained at eight different time ELISA based on monoclonal antibodies as described by Lutz
points (days 1, 6, 13, 20, 27, 34, 41, 48) by jugular venepunc- et al.[16].
ture using a 2ml disposable syringe (Omnifix, B. Braun,
Germany). An aliquot of the blood (5Q0) was immedi- 2.9. Antibody assays
ately transferred into 1.3 mI4EDTA micro tubegSarstedt,

Numbrecht, Germany) and used for haematological test- The serum samples were analysed for the presence of
ing. The remaining blood was transferred into evacuated antibodies to FCV, FHV-1 and FPV by IFA, as described
tubes (25ml BD SST glass VacutaifierBecton Dick-  previously[17]. Semiconfluent CRFK cell monolayers were
inson AG, Switzerland) and used for serum preparation. infected with FCV (F9 strain), FHV-1 (G2620a strain) and
The clotted blood samples were centrifuged and an aliquot FPV (MW-1 strain), respectively. These virus strains were
of serum was taken for clinical biochemical analysis. The identical to those contained in the combined modified live
remaining serum was stored a20°C until required for  vaccine. The antigen preparations were tested for absence
testing. On day 48, a further 2ml of blood was collected of contaminating viruses by RT-PCR and PCR for FCV,
into evacuated tubes containing heparin (lithium heparin FHV-1, FPV, FCoV, as described above, FelN3] and FIV
VacutaineP, Becton Dickinson) in order to characterise the [19] and were found to be positive only for the antigen
response of T lymphocytes to non-specific afidfelis- intended to be present in the culture. The serum samples
antigen stimulation in vitro by measuring their transcrip- were tested at dilutions of 1:10, 1:20, 1:40, 1:80, 1:160, 1:320
tion of selected Th1 and Th2 cytokines. The serum samplesand 1:640 for FCV and FHV-1 and of 1:10, 1:20, 1:40, up
were tested for the presence of antibodies to FCV, FHV-1, to 1:10,240 for FPV. The detection of antibodies(tofelis

FPV andC. felis by immunofluorescence assay (IFA) and to was carried out in 96-well microtitre plates by titration of
FeLV p45 by enzyme-linked immunosorbent assay (ELISA), the serum samples on a substrate consisting of methanol-

respectively. fixed McCoy cells (2 10° cells/ml) infected withC. felis
(10* TCIDsg/ml). After washing unbound antibodies with
2.7. Total nucleic acid extraction and PCR PBS, antibodies bound ta felis were detected by incubation

of the wells with a goat anti-cat immunoglobulin fluorescein

Total nucleic acids were extracted from swabs (con- isothiocyanat conjugate (Kirkegaard & Perry Laboratories,
junctival, oropharyngeal, nasal and rectal swabs) and bloodGaithersburg, USA). Subsequently, 50% glycerol in PBS was
using MagNA Pure LC Total Nucleic Acid Isolation Kit  added to each well and plates were examined under a UV-light

and MagNA Pure LC Instrument (Roche Diagnostics AG, microscope for positive fluorescence of chlamydial inclu-
Rotkreuz, Switzerland) according to the manufacturer’s rec- sions. Antibody titres were expressed as the reciprocal of the

ommendations. Two hundred microliters of PBS (Sigma, St. |ast serum dilution showing positive fluorescence in the IFA.

Louis, MO, USA) were added to the 1.5 ml microcentrifuge Antibodies to FelV p45, the non-glycosylated form of gp70

tubes containing the swabs and samples were vortexed foiwere measured by ELISA as described elsewf20e21]
15s. Samples were incubated at@Xor 10 min. After incu-

bation, microcentrifuge tubes were spun down at 80Q0 2.10. Haematology and clinical biochemistry

for 1 min, swabs were inverted and recentrifuged at 80Q0

for 1 min. Swabs were then discarded and the whole eluate Complete haematological analyses were performed by

was used for extraction of total nucleic acids. The extracted routine procedures using an automatic electronic cell counter

total nucleic acids were analysed by one-tube real-time (Cell-Dyn 3500; Abbott, Baar, Switzerland).

TagMarP PCR and reverse transcriptase (RT)-PCR using  Bilirubin, glucose, urea, creatinine, protein, albumin,

a sequence detection system (ABI 7700, Applied Biosys- cholesterine, alkaline phosphatase, aspartate aminotrans-
tems, Rotkreuz, Switzerland). The swabs were tested for theferase, alanine aminotransferase, lipase, sodium, potassium,
presence of FCV using a modified protocol with the follow- chloride, calcium and phosphorus were assayed by automated
ing primers and probe as described by HdlpE]: forward analysis (Cobas-Integra 700; Roche Diagnostics AG) accord-

primer: B-GTTGGATGAACTACCCGCCAATC-3 reverse ing to standard procedures recommended by the International
primer: 3-CATATGCGGCTCTGATGGCTTGAAACTG-3 Federation of Clinical Chemistf2].
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2.11. Culture and stimulation of peripheral blood was quantitated by RT-PCR as descrilp2]. IL-2 mRNA
mononuclear cells (PBMC) transcription was detected by RT-PCR using the sense primer
5-CTCTCCAGGATGCTCACATTTAAA-3, the antisense
T-lymphocyte responses to different in vitro stimulations primer 8-TCTTCTACTAGACACTGAAGATGTGTCAAT-
were characterized by quantifying various cytokine mRNA 3 (Microsynth AG) and probe '56-FAM-TTTACGT-
transcripts by real-time RT-PCR. A pre-experiment with dif- GCCCAAGAAGGCCACAGA-TAMRA-3  (Eurogentec).
ferent stimulation protocols was performed in order to deter- Thermal and assay conditions used for measuring IL-2
mine the best conditions suitable for the stimulation of feline mMRNA transcripts were the same as for the other cytokines
PBMC. PBMC were incubated with either u@/ml Con A tested[25]. The primers and probe concentrations were
(Type IV-S, Sigma), g/ml phytohemagglutinin (PHA, M 300nM and 200 nM, respectively. Transcription of different
Form, Gibco BRL, Life Technologies, Paisley, Scotland) or cytokines and GAPDH were assayed in the same run for
2.5 ng/mlphorbol 12-myristate 13-acetate (PMA, Sigma) and each cat to minimise inter-assay variations. Quantitative
250 ng/ml lonomycin (Sigma) under the same conditions as analysis of cytokine mRNA concentrations was normalised
described subsequently. in relation to feline GAPDH, which was set to a theoretical
PBMC were isolated from 2 ml heparinised blood col- value of 1,000,000 gene copies.
lected at week 4 after the second vaccination by density gra-
dient centrifugation through Ficoll-Hypaque (density 1.077; 2.14. Statistical analysis
Sigma)[23]. The mononuclear cell fraction was resuspended
in 1.2ml RPMI 1640 medium (Gibco-BRL) supplemented Statistical analyses of antibody-titres were carried out
with 10% fetal calf serum (Gibco), 100 U/ml penicillin, using Mann-WhitneyU-test which was performed using
100p.g/ml streptomycin (Gibco) and 100 U/ml recombinant GraphPad Prism version 3.00 for Windows (GraphPad Soft-
human IL-2 (Sigma). From each cell suspension, three cell ware, San Diego, CA, USA). R-value <0.05 was considered
cultures per cat were initiated on 24-well plates at a cell den- to be significant. Haematological and biochemical parame-
sity of 5x 10° cells/well. Cells were stimulated either with  ters were analysed for significant differences between the
5wl of cell culture medium (control), 1@g of Con A (Sigma, groups £<0.05) by the Kruskal-Wallis test (StatView 5.0,
non-specific stimulation) or pl of Chlamydophila-antigen SAS institute Inc., Cary, NC, USA). Comparison of the dif-
(specific stimulation). The felin€hlamydophila-antigenwas  ferent stimulations in the cytokine assay was performed using
a semi-purified preparation and produced as follows: feline the Kruskal-Wallis test followed by Dunn’s multiple compar-
Chlamydophila Baker strain material was overlaid on top ison post-test (GraphPad Prism version 3.00).
of a 30% Urograffin 370 gradient (Schering, Burgess Hill,
Great Britain). The resulting pellet was resuspended in PBS
and subsequently run on a 30-60% Urograffin 370 gradi- 3. Results
ent. Fractions were collected and screened by ELISA for
maximum antigen content using standard metfjads The 3.1. In vitro compatibility of the vaccines
antigen used for T-cell stimulation consisted of the fraction
that showed the highest activity by ELISA. Cells were then  The titres of the modified live vaccine components recon-
incubated for 16 h at 37TC in 5% CGQ. After incubation, stituted with either the FeLV vaccine or solvent did not signif-
cells were pelleted by centrifugation and lysed directly in icantly differ (Table ). Even after incubation for 1 h at room
the plate by addition of 33@l of lysis buffer (MagNA Pure  temperature, no significant titre decreases were observed.
LC, mRNA Isolation Kit I, Roche Diagnostics AG). Samples
were transferred to 1.5 ml microcentrifuge tubes and stored 3.2. SPF-status of the cats
at—80°C until use.
No evidence of infection with any of the pathogens
2.12. Messenger RNA extraction assayed (FCV, FHV-1, FPV, FeLV, FCo¥, felis) was found
in any of the samples collected prior to vaccination.
mMRNA was isolated from the cultured cells by MagNA
Pure LC using the mRNA Isolation Kit | (MRNA | Cells  3.3. Clinical aspects
protocol) according to the manufacturer's recommendations

(Roche Diagnostics AG). Following vaccination, no systemic reactions or clinical
signs were observed in any of the cats in any of the vaccine

2.13. Quantification of cytokine transcripts by real-time groups. Rectal temperatures measured-at, 0 and 4h

PCR after each inoculation and daily thereafter until the end of

the study never exceeded the physiological range in any cat
Transcription of interleukin (IL)-4 and interferon gamma (37.8-39.6C, data not shown). There were no significant
(IFNvy) as well as the housekeeping gene coding for differences in the temperature curves of the three groups
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH)(data not shown). The injection site was examined for
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Table 1
Viral titres of the modified live vaccine components reconstituted with either the FeLV vaccine or solvent
Vaccine components Time (min) post-reconstitution NobkBorcat + Nobiva® Nobiva® Forcat + Nobiva®
solvent (titres in logo TCIDs5g) FeLV (titres in logo TCIDsg)
FCV 0 49 4.8
30 4.7 5.1
60 4.2 4.6
FHV-1 0 6.8 7.4
30 6.9 7.2
60 7.1 7.3
FPV 0 5.4 5.3
30 5.2 52
60 55 5.5
C. felis 0 2.9 3.1
30 29 3.6
60 3.2 35

adverse reactions at 0, 4 and 8 h post-vaccination and dailynot shown), except in the white blood cells (WBC) counts.
thereafter. The cats from groups 1 and 3, which had receivedCats of group 1 and 2, which were vaccinated with the
the FeLV vaccine, over the first 8 h after vaccination, showed multivalent MLV vaccine, showed a significantly decreased
a total mean score of 2.6 and 1, respectively, which was number of WBC 1 week after the first vaccination (day 6,
significantly higher £<0.0001) than the mean score of P=0.0007).Differential blood countsrevealedthatthe reduc-
0.2 observed in cats of group 2 which were vaccinated by tion of WBC in groups 1 and 2 was mostly due to a transient
the modified live vaccine alone. The local reaction scores lymphopenia (mean lymphocyte countsin group 1 =100/
combined for the first 8 h after vaccination did not exceed in group 2=123Qil and in group 3=483l, P between

the score 2 with the exceptions of 2 cats in group 1 which groups 1 and 3, 2 and 3 <0.01) and to a lesser degree to
had a cumulated score of 4 and 10, respectively. However,decreased neutrophil counts (mean neutrophil countsin group
the swelling readily disappeared spontaneously within a few 1 =3780{ul, in group 2=356Q41 and in group 3=712@/,
days. The kittens gained weight constantly throughout the P between groups 1 and 3, 2 and 3 <0.01), monocytes and
study irrespective of the vaccine group. eosinophils (data not shown).

3.4. Antibody induction 3.6. Cytokine mRNA transcription after in vitro
stimulation with Chlamydophila-antigen

The antibody responses to the different vaccine antigens
were measured in all groups at 1-week intervals startingfrom  PBMC were isolated from all cats and were tested for
the day before the first vaccination (day 1) until 4 weeks after mRNA levels to the Thi cytokines IFNand IL-2 and the
completion of the primary immunisation (day 48&)ig. 1). Th2 cytokine IL-4 in response t@hlamydophila-antigen.
Antibody titres to FCV were significantly higher on days The purpose of these experiments was to characterise the type
20-48 in the cats that had received the combined vaccineof immune response induced by thefelis vaccine antigen
(group 1) compared to cats vaccinated with only the multi- (Fig. 2). PBMC collected from cats of group 1 (combined
valent live vaccine (group 2)g. 1a,” P<0.05). Antibody  vaccine) produced higher levels of IL-2 specific MRNA after
titres to FHV-1 were significantly higher in the cats of group Con A andC. felis-antigen stimulation compared to cats of
1 on days 34 and 41Fg. 1b). No significant differences  groups 2 and 3% < 0.05). However, a significant difference in
were found in antibody titres to FPV between cats of groups |L-2 expression was also observed in unstimulated lympho-
1 and 2, with the exception of days 27£0.035) and 48  cytes <0.01). Itis interesting to note that expression levels
(P=0.001) where the animals receiving the combined vacci- of mean IL-2 values in lymphocytes from cats of groups 1
nation had lower median titre§ig. 1c). The cats of group1  and 2 stimulated by". felis antigen and in non-stimulated
and 2 produced comparable median antibody titres folis lymphocytes did not differiig. 2a, middle and right graph,
except on day 41/ <0.05) Fig. 1d). Vaccinations induced  p>0.05). However, the levels of IL-2 mRNA expression in
comparable antibody levels against FeLV in groups 1 and 3 lymphocytes from group 3 were higher aftér felis anti-

with the exception of days 34 and 4gig. le). gen stimulation than in unstimulated lymphocytes of group
3 cats,P =0.0355. The pattern of IL-4 expression was sim-
3.5. Haematology and clinical biochemistry ilar to that of IL-2 mRNA synthesis, but here, no difference

was found between IL-4 mRNA levels of lymphocytes stim-
No changes related to vaccination in the measured haemaulated byC. felis and non-stimulated lymphocyteR ¥ 0.05).
tological and biochemical parameters were observed (dataNo difference in IFN, transcription was observed among the
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groups. An increase in IL-4 expression was found after 4. Discussion
felis-stimulation in the cats of group P& 0.005). However,
a similar increase was also seen in the unstimulated lympho-  In this study, the question was evaluated whether a MLV
cytes P <0.005). vaccine could be injected together in one syringe with a
recombinant FeLV vaccine without loss of antigenicity com-
pared with the single immunization of cats by each of the
MLV and the FeLV vaccines. To this end, three groups of cats
100 - were vaccinated. It would have been interesting to include a
FCV * ok forth group in which the cats would have been vaccinated with
the MLV and the FelLV vaccine on separate injection sites.
As veterinarians are focussing on the use of a single injection
and we did not have the means to include this forth group, the
question on how the immune response had been in this forth
group cannot be answered. Safety-related assessments of a
vaccine and its adjuvants should include serum biochemistry,
haematology and injection site observation. The combined
administration of the multivalent MLV vaccine and FelV
vaccine caused no noticeable increase in side effects as com-
pared to the administration of the separate components and
did not induce any undesirable systemic reactions such as
fever, depression or loss of appetite. A local reaction to the

Antibody titre

—
&

500

400

Antibody titre
W
8

w00 vaccination was observed in cats of groups 1 and 3. This

100 1 local inflammatory reaction was almost certainly caused by

by o the FelV vaccine and was probably related to its aluminium
and Quil A adjuvant. However, this side effect is of little clin-

1200 ] ical relevance gnd thg swelling at the injection siFe which was

° comparable with that induced by the single application of the

= FelLV vaccine disappeared without any treatment within a
g 8001 few days. Aluminium hydroxide is a depot-forming adjuvant

2 that induces the formation of a macrophage-rich granuloma

< 4001 at the vaccine injection site, which prolongs the antigenic

stimulus[1]. The adjuvant of the FeLV vaccine component
is a non-toxic fraction of Quil A (QS 21) derived from the
* bark of the South American treRuillaja saponaria which

—
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~
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100 C. felis has significant adjuvant activif26]. No haematological nor
L 75 ' biochemical changes were observed after vaccination with
bl the exception of a transient leukopenia 1 week after the first
§ 50 vaccination (day 6) in both groups vaccinated with the mul-
E tivalent MLV vaccine. This transient leukopenia was most

25 probably caused by the FPV component of the vaccine and
@ has also been observed by othig]. It may correspond to

0

the transient leukopenia observed during infection with vir-
120 ulent FPV under field conditions. Both vaccines were thus

* . . . .
9 100 A well tolerated by the cats in the combined application as well
5 FelV as in the single application.
Z 80
5 60
§ 40 Fig. 1. Antibody induction to (a) feline calicivirus (FCV), (b) feline
Z herpesvirus-1 (FHV-1), (c) feline parvovirus (FPV), ()lamydophila felis
20 (C. felis), and (e) feline leukaemia virus (FeLV) in primary immunised kittens
0 with either the combination of multivalent MLV and FeLV vaccine (group
0 10 20 30 40 50 1), only multivalent MLV vaccine (group 2) or only FeLV vaccine (group 3).
(e) Blood sampling day Vaccinations took place on day 0 and 21. Antibodies to FCV, FHV-1, FPV

andC. felis were determined by IFA and median titres are depicted. Antibod-
ies to the recombinant antigen FeLV p45 were determined by ELISA and are
- Group 1 (combined) 7 given as percentage of a positive control. In (a) to (d), groups 1 and 2, and
O~ Group 2 (FCV, FHV-1, FPV, C. fels) in (e) groups 1 and 3 were statistically compared for significant differences
A Group 3 (FelV) (') by the Mann—Whitney/-test (° < 0.05).
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The efficacy of antibody induction after combined vaccine PBMC cultures, the T lymphocytes were stimulated to pro-
application was compared with that following vaccination duce IL-2 and IL-4 particularly in group 1 while IFNexpres-
with either vaccine alone. Remarkably, the antibody produc- sion was equal in all groups, independent of the mode of
tion against FCV and at selected time points against FHV-1 stimulation. Interestingly, the increase of IL-4 expression in
and C. felis induced by the vaccination was significantly the lymphocytes of group 1 observed aftefelis-stimulation
higher after the combined vaccination than after the single was paralleled by an increased IL-4 expression in unstimu-
vaccination with the multivalent MLV vaccine. In group 1 lated lymphocytes. When a ratio of IL-2 and IL-4 expression
cats, the antibody titres against FCV, FHV-1 and FPV some- in lymphocytes withC. felis-stimulation and no stimulation
what declined versus the end of the observation period, espewas made in order to eliminate the influence of in vivo T
cially against FPV after the second vaccination. While nofirm cell stimulation, no difference between the groups in the
explanation for this decrease can be offered, it can be specudegree of IL-2 and IL-4 expression aftér felis-stimulation
lated that it represents a natural decline after exposure to thewas found. This observation suggests that lymphocytes of
antigen had peaked to high levels. In the cats of group 3 (vac-cats of group 1 had already been stimulated in vivo possi-
cinated solely with the FeLV vaccine), low titres against FCV bly due to the combination of the MLV components with the
were observed on days 14, 34 and 48. As these groups weredjuvant of the FeLV vaccine. This adjuvant contains QS-
completely separated from each other, these low titres most21, an immunomodulator fraction of adjuvant Quil A which
likely do not indicate that the cats became infected by FCV has been shown to enhance significantly both antibody (Th1)
inadvertently but rather a non-specific immunofluorescence and cell-mediated (Th2) immune respon@$s-31] The alu-
reaction observed at low serum dilutions. No information is minium hydroxide adjuvant promotes primarily a humoral,
available with respect to the correlation between the antibody Th2 biased immune response. Interestingly, lymphocytes of
titres found in our cats and protection againstfield virus infec- group 3 cats stimulated wit. felis expressed significantly
tion. The observation that the combined vaccines in group 1 higher IL-2 levels than unstimulated lymphocytes which also
induced antibody titres similar or even higher than those of suggests that the adjuvants of the FeLV vaccine had induced
cats in groups 2 and 3, respectively, suggests that a similaranin vivo activation of lymphocytesto readily induce IL-2 but
degree of protection under field conditions can be expected. not IL-4.

It might have been expected that the combination of live  In conclusion, our results indicate that the use of a mul-
attenuated viruses with the Quil A fraction QS 21 would result tivalent MLV vaccine with a chlamydophilal component in
in inactivation of the enveloped FHV-1 and possibly also of combination with recombinant FeLV vaccine is safe. No loss
the non-enveloped FCV and FPV because of its detergentof antigenicity was observed and the combined application
properties. However, the in vitro compatibility study showed even resulted in a higher antibody response to the FCV, FHV-
that the viability of the four live components of the multiva- 1 andC. felis components. The latter observation can be
lent vaccine was not impaired when combined with the FeLV explained by the immunostimulating effects of the adjuvants
vaccine. Interestingly, in vivo, antibody titres to FPV were contained in the FelLV vaccir82].
somewhat reduced in group 1 on two occasions (days 27 and
48). No explanation can be offered for this observation; it is
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gents and that it is difficult to imagine that the adjuvants that ) o
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