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ABSTRACT

Brochier, B.M., Languet, B., Blancou, J., Kieny, M.P., Lecocg, J.P., Costy, F., Desmettre, P. and
Pastoret, P.-P., 1988, Use of recombinant vaccinia-rabies virus for oral vaccination of fox cubs
{ Vulpes vulpes) against rabies. Vet. Microbiol., 18: 103-108.

Thirteen fox cubs were orally administered 1072 plaque-forming units of live vaccinia-rabies
glycoprotein recombinant virus. On Day 28 post-vaceination, all but 1 cub had produced rabies
virus antibodies. Twelve animals were intramuscularly inoculated with 10*? mouse intracerebral
LD., of rabies virus suspension on Days 33 (5 foxes), 180 (4 foxes) or 360 (3 foxes} after vacci-
nation. Eleven of them resisted rabies challenge. Unvaccinated foxes, either put in contact with 1
vaccinated animal or used as controls, died after challenge applied on Day 33. The absence of
horizontal transmission of this vaccine strain and its innocuity to cubs were also demonstrated.

INTRODUCTION

Several wild species have replaced the dog as reservoirs and vectors of rabies:
the red fox ( Vulpes vulpes) in Europe and the red fox, the striped skunk (Me-
phitis mephitis) and the raccoon (Procyon lotor) in North America.

In Europe, the first attempts to control sylvatic rabies consisted of reducing
the population of foxes. These measures have not proved to be fully effective
in controlling the disease, therefore, other methods such as vaccination of foxes
needed to be assessed (Baer, 1975). Oral administration is the only route ap-
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propriate for the vaccination of a large number of wild foxes (distribution of
vaccine baits ). Since 1978, several European countries have engaged, at dif-
ferent times, in large-scale field trials of fox vaccination using the Street Ala-
bama Dufferin (SAD), standard or B 19 modified, live attenuated rabies virug
(Steck et al., 1982; Schneider and Cox, 1983; Frisch et al., 1987; Artois et al.,
1987, Brochier et al., 1987).

The encouraging results obtained from these vaccination campaigns at-
tested to the feasibility and the efficacy of the method. However, the use of
attenuated rabies virus remains controversial as far as innocuity is concerned.

A recombinant vaccinia virus expressing the immunising rabies G glycopro-
tein has been developed (Kieny et al., 1984 ). The potential of this live recom-
binant vaccinia virus, harbouring the rabies surface antigen (VVTGgRARB),
to protect adult foxes against rabies has already been demonstrated (Blancou
et al., 1986). The oral administration of VVTGgRAB to adult foxes, raccoons
and skunks elicits high levels of rabies virus-neutralising antibodies and long-
term protection against rabies. Vaccine bait ingestion or direct instillation into
the mouth were shown to be similarly efficacious. Inoculation of the recombi-
nant virus was totally innocuous in those species (Blancou et al., 1986; Rup-
precht et al., 1986; Tolson et al., 1987).

In Europe, fox vaccination campaigns are performed in the field in May-
June and/or September-October. During spring campaigns, fox cubs are po-
tential targets for vaccination. The present paper deals with the use of this
recombinant virus for the vaccination of fox cubs to test its efficacy, its innoc-
uity and its absence of transmissibility in young foxes.

MATERIALS AND METHODS
Antmals

In May 1986, 17 wild foxes (Vulpes vulpes) aged between 6 and 12 weeks
were captured from 8 dens situated in a rabies-free area of Belgium. After cap-
ture, all of these young foxes were weighed, sexed and marked with auricular
buckles. They were shown to be serologically negative for rabies virus antibod-
ies before they were included in this study.

All manipulations of live cubs were carried out under anaesthesia. Each an-
imal was intramuscularly injected with Hypnorm® (Janssen Pharmaceutica,
Beerse), 0.1 m] kg~!, before weighing, bleeding or transport.

Viruses

A live-modified vaccinia (Copenhagen ts strain )-rabies glycoprotein (ERA
str_ain) recombinant virus (VVTGgRAB-26D3 strain) (Kieny et al,, 1984)
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was used as vaccine and contained 1072 plague-forming units (p.f.u.) per 1-ml
dose.

The virus challenge suspension consisted of an homogenate of salivary glands
of foxes which had died of natural rabies (Blancou et al., 1979). The titre was
determined by intracerebral (1.C.) inoculation of mice. Foxes were intramus-
cularly inoculated with 1 ml of virus suspension containing 10*? mouse I.C.
LI ,mal =%

Experimental protocol

The cubs were divided into 5 experimental groups (see Table 1). On Day 0,
each cub of Groups 1 {4 foxes), 2 (4 foxes) and 3 (4 foxes), and 1 cub of Group
4 (3 foxes) received the 26D3 strain of VVTGgRAB. Vaccine was administered
by direct application into the mouth via a needleless syringe (volume 1 ml).
Two unvaccinated cubs (Group 5) were separately housed and used as con-
trols. In Group 4, the vaccinated cub was held in contact with 2 unvaccinated
animals.

Serum was obtained by centrifugation of 5 ml of blood c¢ollected from the
jugular vein of all foxes before vaccination (Day —3), on Day 14 and before
challenge (Days 28, 180 or 360). It was stored at —20°C until testing.

Foxes of Groups 1, 4 and 5 were challenged by inoculation in the right tem-
poral muscle with 1 ml of the viral dilution on Day 33. Foxes of Groups 2 and
3 were similarly challenged on Days 180 and 360, respectively.

Serological analysis

On Days —3, 14, 28 (all groups), 180 (Group 2) and 360 (Group 3), rabies
virus-neutralising antibodies were determined by a fluorescence inhibition
technique (RFFIT). Antibody titres are expressed in LU. {International Units)
per millilitre as determined by comparison with a standard serum (titre; 4.4
LU. ml=") (Smith et al., 1973)}. The arbitrary defined level of 0.5 L.U. m1~! in
humans is considered indicative of successful rabies immunization,

On Days —3, 28 (Groups 1, 4 and 5), 180 (Group 2) and 360 (Group 3),
vaccinia virus-neutralising antibodies were determined by a technique of sero-
neutralisation on Vero cells, Titres are expressed as the logarithm of the dilu-
tion neutralising 30 TCID,, of vaccinia virus.

Rabies diagnosis

The rabies virus was sought in the dead foxes’ brains by the analytical tech-
nigues recommended by the World Health Organisation: immunofluorescence
and 1.C, inoculation of mice (Kaplan and Koprowski, 1973).



TABLE 1

Vaccinia and rabies virus-neutralising antibodies and protection from rabies challenge in fox cubs vaccinated with 1072 p.fu, of VVTGgRAB by

the oral route

Animal Sex Treatment® Rabies antibody titres (I.U. ml~!) on Vaceinia antibody titres® onday  Resistance to
T day challenge applied on
Group No. -3 28 180 360 day®
-3 14 28 180 360
33 180 360
1 152 M Vaccinated < (.46 4,45 995 — - 0.47 .82 — - S - -
153 F <(0.46 3.07 492 ~ - 0.70 082 — - S - -
154 M <0.46 7.85 2090 -~ - <0.35 128 - - S - -
155 M <0.46 1.57 995 — - <0.35 082 - - 8 - -
2 156 M Vaccinated <0.46 1.37 3.06 073 - <0.35 - <035 -— - S -
157 F <{).46 3.06 5.25 3.17 - <0.35 - <0.35 = - 5 -
138 F «<{.46 5.25 4.45 5.33 - <(.35 - <035 -— - S -
159 M < (.46 3.08 5.25 6.07 - <(.35 - <0356 - - 5 —
3 160 M Vaccinated <{3.46 1.52 445 - 7.62 <0.35 - — <035 - - ND
161 F <0.46 1.82 281 - 3.81 <0.35 - — <035 -— - S
175 F <046 <0.46 281 — 509 <035 = = <035 ~ - 5
176 M <(0.46 <0.46 <046 — <046 <035 - - <035 - — Di(11)
4 172 F Vaccinated <046 <0.46 0.89 — - 058 <035 -— - 5 - —
173 M Unvaccinated <046 <046 <046 - - <035 047 - - D(26) — —
174 F Unvaccinated <046 <046 <048 — - 0.58 058 — - D(25) — -
5 150 F Unvaccinated <046 <0.46 <046 - — <035 <035 -~ - D{23) - -
131 F Unvaccinated <0.46 <0.46 <046 — — 0.58 047 - — D{25) - -

*Day of vaccination=Day 0. *Results are expressed in logarithms of the dilution neutralising 30 TCID,, of vaccinia virus.

ND =accidentally died on Day 361; day of death after challenge is in parentheses.

S =survived, D =died,
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RESULTS

The evolution of rabies and vaccinia virus-neutralising antibody titres and
the length of post-challenge survival are given in Table 1.

On Day 28 post-vaccination, rabies virus antibody titres exceeding 0.5
I.U. ml~! appeared in all but 1 cub vaccinated with VVTGgRAB (Groups 1, 2
and 3, fox No. 172 in Group 4). One cub in Group 3 (No. 176) failed to elicit
any demonstrable antibody. A rabies seroconversion was recorded from the
14th day post-vaccination in 11 out of 13 vaccinated cubs. On Days 180 and
360 post-vaccination, cubs in Groups 2 and 3 (except No. 176) still possessed
antibodies.

A vaccinia seroconversion was detected on Day 28 only in one cub (No. 154).
This animal had developed the highest titre of rabies virus antibodies.

Eleven out of 12 animals receiving VVTGgRAB resisted challenge applied
on Days 33 (Group 1 and fox No. 172), 180 (Group 2) and 360 (foxes Nos. 161
and 175 in Group 3). Fox No. 160 accidentally died on Day 361.

The unvaccinated cubs, held in contact with a vaccinated animal (foxes Nos.
173 and 174) did not elicit rabies or vaccinia virus-neutralising antibodies nor
did the control animals (Group 5). All these unvaccinated animals and only
the vaccinated cub No. 176 succumbed to rabies challenge. Rabies virus was
confirmed by immunofluorescence in brain smears and I.C. inoculation of mice.

No clinical signs or lesions were recorded in any of the vaccinated foxes
during 1, 6 or 12 months after vaccination.

DISCUSSION

Strain 26D3 of VVTGgRAB (107 p.fau.), administered by the oral route to
fox cubs, induces significant levels of rabies virus antibody and protects 92%
of them (11/12) from rabies. Only 1 fox did not produce any rabies antibody
nor resisted challenge. The duration of immunity conferred by this recombi-
nant virus {(a minimum of 12 months) corresponds to the length of protection
required for fox vaccination in the field {Schneider and Cox, 1983). As shown
by the absence of seroconversion in unvaccinated cubs maintained in close
contact with a vaccinated animal, the excretion and transmission of immunis-
ing titres of VVTGgRAB vaccine could not be observed. This absence of direct
or indirect horizontal transmission together with the absence of residual path-
ogenicity for a long-term period (a maximum of 12 months of observation) are
2 important factors indicative of vaccine safety. Despite the limited number of
test animals, the efficacy and the innocuity of this VVTGgRAB vaccine can
be established in young foxes as it has been in adults (Blancou et al., 1986}.

The effect of maternal antibodies (cubs born from vaccinated vixen) on
active immunisation of the young animal with the VVTGgRAB virus is now
under study.
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