Vet. Res. (2008) 39:16 WWW.vetres.org
DOI: 10.1051/vetres:2007054

© INRA, EDP Sciences, 2008 Original article

Intradermal DNA vaccination in ear pinnae is an efficient
route to protect cats against rabies virus
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Abstract — A DNA vaccine against rabies (pGQH) was administrated to cats in order to examine different
administration routes. Four groups of three cats each were inoculated with pGQH as follows: group A,
intramuscularly (IM), 100 ug; group B, intranasally (IN), 100 pg; group C, intradermally into ear pinnae
(ID-EP), 100 ug, and group D, IM, 200 uL of phosphate buffer solution (PBS) alone (control group). Blood
was drawn on days 0, 30, 60, 90, 120, 150, and 180. Groups A, B, and C received a booster on day 30.
At day 200 all animals were challenged. A passive transfer of cat sera, as well as a viral challenge, was
performed in mice. The results displayed that neutralizing antibody titers were higher in cats of group C
(ID-EP) showing high early titers (> 2 IU) and the highest titer was on day 120 (> 14 IU). In group B
(IN), two out of three cats seroconverted on day 30 (> 0.5 IU), the third cat seroconverted until day 60
(> 0.5 IU). In contrast, the lowest levels of neutralizing antibodies were detected in group A (IM). The
control group showed no anti-rabies antibodies. Groups A (IM) and D (control) succumbed after lethal
challenge. All animals from the ID-EP group (C) survived, only one individual from the IN (B) group died.
Mice that received cat sera from ID-EP, IM, and IN groups survived and were protected (30/30 survivors).
Mice groups that received pre-immunization sera from cats were not protected (0/30 survivors). This study
demonstrates that pGQH immunization was successful when it was administrated ID-EP, and acceptable
through the IN route. The IM route, however, was not effective in cats. For vaccination, the IN route seems
attractive due to its accessibility for application, but it seems to activate seroconversion slowly. The best
route to promote anti-rabies antibody titers was the ID-EP route. This practical and efficient route should
be further studied.
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1. INTRODUCTION demonstrates that the number of human rabies
deaths worldwide is estimated from 40 000 to
as high as 70 000 per year [26]. Ninety-eight
percent of the cases occur in developing coun-
tries (Asia, Africa, and Latin America) and,
although the disease has been controlled in do-
mestic animals in many developed countries,
rabies still causes significant animal losses
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Rabies is an infection which may affect hu-
mans and wild and domestic homeothermic
animals, causing lethal encephalitis [1]. The
infection usually occurs through broken skin
or mucosa exposed to saliva or neural tis-
sue from a rabid animal [1]. Epidemic data
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estimated that at least 50 million dogs are
vaccinated each year against rabies in pri-
vate practices or during national campaigns
organized by ministries of health or agricul-
ture. Unfortunately, in developing countries
where dogs are the most important viral reser-
voir, the 30-50% vaccination coverage of the
canine population that is annually done is not
enough to break the disease’ transmission cy-
cle [26].

Cats are considered companion animals and
they may transmit rabies to humans. In fact, in
Quintana Roo, Mexico, in 2006, a case of a hu-
man death was reported [18] when a stray cat
bit a child. The diagnosis was confirmed post-
mortem by the Reference Laboratory of the
Ministry of Health of Mexico (INDRE, SSA),
and the autopsy confirmed encephalitis caused
by the rabies virus belonging to the antigenic
variant V-3, which corresponds to a bat spe-
cific variant. This means that the stray cat may
have acquired rabies from the bite of a bat [18].

Domestic animal rabies (especially in dogs
and cats) has been controlled by traditional
parenteral vaccination, but wild animal ra-
bies has been more difficult to control due to
host inaccessibility. It, thus, remains an im-
portant problem for public health [8,35]. Poor
vaccination coverage, sometimes with inferior
quality vaccines that fail to maintain persistent
levels of neutralizing antibodies, in addition
to the difficulty in re-locating stray dogs for
booster vaccinations, suggests that an inex-
pensive rabies vaccine eliciting a long-term
protection after a one-time vaccination might
facilitate the control of rabies in developing
countries [23].

A new methodology for fox immuniza-
tion against rabies was developed after the
1970s. The vaccines studied (attenuated) were
SAD Bern, SAG2, SAD B19, and more re-
cently the recombinant VRG vaccinia rabies.
These were orally administrated first using
chicken-head baits and later more evolved
baits, leading to the virtual elimination of wild
fox rabies in Western Europe [31]. Several
inactivated rabies vaccines are commercially
available for domestic animals and it has been
demonstrated that these vaccines induce pro-
tective immune responses after a single vacci-

Page 2 of 11 (page number not for citation purpose)

E. Tesoro-Cruz et al.

nation. However, such vaccines carry certain
risks due to the possibility of an incomplete
inactivation of the virus or the inadvertent
spread of residual rabies virus pathogenic par-
ticles [36]. Furthermore, some rabies vaccines
have been associated with injection-site fi-
brosarcomas in cats [34]. These problems have
led to continued efforts to develop safer ra-
bies vaccines using recombinant subunit pro-
teins [39], recombinant viral vectors [30,41],
and deoxyribonucleic acid (DNA) based vac-
cines [10, 13,33,40].

DNA immunizations have some advantages
over traditional vaccines: they are safer for
at no time the rabies virus is handled, and
they induce cell-mediated and humoral im-
mune responses. Different inoculation routes
for DNA vaccines have been explored, but ef-
ficacy varies depending on the animal model
and the inoculation route [33]. Recently, in-
tradermal DNA vaccination into the ear pinna
route has been reported to produce high levels
of neutralizing antibodies in dogs [22]. The in-
tranasal (IN) route has been drawing attention
in the use of genetic vaccines and in other ge-
netic therapy fields [28].

The epithelial surface of the nasal lym-
phoid tissue (NALT) contains specialized anti-
gen sampling cells that transport antigens
from the mucosal surfaces into the underly-
ing lymphoid tissues [16]. After entering into
the NALT, antigens are rapidly internalized
and processed by subepithelial dendritic cells
and macrophages, and are presented to the B
and T cells located in the NALT [16]. In a pre-
vious report, we demonstrated the possibility
of vaccinating vampire bats by aerosol, using
a recombinant vaccinia-rabies virus [2]. An-
other study was performed in dogs by the IN
route using a DNA vaccine [38]. Furthermore,
Oh et al. demonstrated that DNA vaccines are
efficient by the intranasal route [28]. Osorio
et al. [29] reported the use of intradermal in-
fection into ear pinnae (ID-EP) as a very good
route to administrate a DNA vaccine against
rabies in dogs. The aim of this study was to
evaluate the antibody response and protection
induced by a DNA vaccine against the rabies
virus administered to cats by intramuscular, in-
tranasal, and intradermal into ear pinna routes.
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2. MATERIALS AND METHODS
2.1. Viruses and cells

BHK-21 cells were grown in Eagle minimal
essential medium (MEM) containing 10% fetal
bovine serum (FBS) during growth phase, and
2% during stationary phase, as previously de-
scribed [17]. Challenge virus standard (CVS) strain
was maintained by inoculation in Balb/c suckling
mice.

The HQO1-IMSS Mexican rabies isolate was
used to design the vaccine plasmid. It was obtained
from a child who died of rabies transmitted from
a vampire bat. This case occurred during an out-
break that took place in Tejupilco (200 km from
Mexico City) in 2000, when livestock breeding was
substituted by sugar cane growth and vampire bats
tried to feed on humans. This isolate was main-
tained in Balb/c suckling mice and it corresponds to
the rabies aerial cycle when analyzed by restriction
fragment length polymorphism (RFLP) [24].

When it was analyzed under the classification
of the monoclonal antibody panel from the Center
for Disease Control (CDC, Atlanta, USA), the re-
sults showed that it corresponded to variant 8. This
isolate has not been the object of any particular pub-
lication.

2.2. Plasmid construction

The DNA vaccine against rabies was con-
structed following technical procedures previously
described by Bahloul et al. [6] and Perrin et al. [33].
It consists of a mammalian expression vector pCl-
neo (Promega Corporation, Madison, WI., USA)
into which the glycoprotein-encoding gene of the
HQOI1-IMSS virus [3] was inserted (pGQH). This
vaccine has a potent eukaryotic promoter from the
Cytomegalovirus and by parenteral route, led to a
high antibody titer and protection against rabies in
mice and dogs [38].

Comparing two sequences using the Pasteur
virus strain as reference, we found 12 amino acid
substitutions in the HQOI-IMSS Mexican rabies
virus isolate, but they were not located in any im-
portant antigenic site: 71, 139, 175, 177, 274, 297,
358, 407, 427, 444, 473, and 480 amino acids.
Therefore, these substitutions should not have im-
portant antigenic differences.

2.3. Plasmid production

The pGQH was grown in Escherichia coli
(DH10B). Bacteria were cultivated in Luria
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medium (Triptona 1%, extract of yeast 0.5%, and
NaCl 1%) and 100 pg/mL of ampicilin were added
to 2.5 L of LB medium. After 24 h growth, pGQH
was purified using the commercial system Endofree
Plasmid Giga Kit (Qiagen, Hilden, Germany).

2.4. Cats

Twelve cats (Creole, females and males between
one and two years old, 2-3 kg) free of anti-rabies
antibodies were used.

The cats were randomly assigned to four ex-
perimental groups A, B, C, and D (three cats per
group). They were exercised daily, fed commercial
cat food (Whiskas®) and received water ad libi-
tum. The cats had previously received calicivirus,
rhinotracheitis, and panleucopenia feline vaccina-
tions (Feligen, Laboratoire Virbac, Carros, France),
but they had not been vaccinated against rabies. All
cats were healthy and were housed indoors, with ar-
tificial light. The animals were kept in two common
cages (2.5 x 3 x 2.20 m), one for females and the
other one for males. After challenge, 200 days af-
ter vaccination, each common cage was divided into
two spaces, and the cats were separated into groups
of three, one group in each space. When the cats
showed the first unmistakable signs of rabies, they
were taken out of the cage and put into individual
cages. This took place in an animal facility at the
Instituto Nacional de Ciencias Médicas y Nutricion
“Salvador Zubiran” (INCMNSZ). The Animal Re-
sources Laboratory, the animal care, and programs
used at the INCMNSZ were fully accredited by the
Office of Laboratory Animal Welfare (OLAW) of
the USA Public Health Services, under the animal
welfare assurance # A5600-1.

2.5. Mice

To study the passive transfer of cat sera to mice,
we used 66 Balb/c female eight week old mice,
from the animal facility at the INCMNSZ. Six
of them were used to study the average life of
passively-transferred cat rabies virus neutralizing
antibodies to mice. The other 60 were used to study
the passive transfer of cat sera to mice.

2.6. Immunization and bleeding of cats

The cats were assigned to four experimental
groups (A, B, C, and D) (Tab. I).

Before inoculation, all animals were bled for
control serum samples (previous to immunization).
The cats were bled 15, 30, 60, 90, 120, 150, and
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Table 1. Cat inoculation protocol.
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1

Group Cat Sex Age Route of Product Number Booster
number (months) inoculation inoculated of (quantity/day)
(quantity) sites

A 1 F 12 M? Plasmid (100 ug) 2 100 png /30
2 M 12 ™M Plasmid (100 pg) 2 100 pg / 30
3 F 16 M Plasmid (100 ug) 2 100 png /30

B 4 M 12 N3 Plasmid (100 ug) 2 100 png /30
5 F 15 IN Plasmid (100 ug) 2 100 ug /30
6 F 16 IN Plasmid (100 ug) 2 100 png /30

C 7 F 16 ID-EP* Plasmid (100 pg) 2 100 pg / 30
8 F 18 ID-EP Plasmid (100 ug) 2 100 pg /30
9 M 24 ID-EP Plasmid (100 pg) 2 100 pug / 30

D 10 M 24 M PBS (200 pL) 1 -
11 M 18 M PBS (200 uL) 1 -
12 F 14 M PBS (200 pL) 1 -

! M: male, F: female.

2 Intramuscularly in the quadriceps.

3 Intranasally by instillation.

# Intradermally in the ear pinnae.

Table II. Cat challenge.

Cat number Group/Route Product inoculated (quantity) Challenge results

1 A-IM Plasmid (100 ng) Death

2 A-IM Plasmid (100 pg) Death

3 A-IM Plasmid (100 ng) Death

4 B-IN Plasmid (100 ng) Survive

5 B-IN Plasmid (100 pg) Death

6 B-IN Plasmid (100 ng) Survive

7 C-ID-EP Plasmid (100 pg) Survive

8 C-ID-EP Plasmid (100 ug) Survive

9 C-ID-EP Plasmid (100 ug) Survive

10 D-IM/PBS PBS (200 uL) Death

11 D-IM/PBS PBS (200 pL) Death

12 D-IM/PBS PBS (200 uL) Death

180 days after the initial vaccination. Animals from
groups A, B, and C received a booster one month
after the first vaccination (same doses and routes).
On day 200 all cats were challenged (Tab. II).

To take blood samples from the cats, they
were anesthetized (Ketamine-Xylacine, 22 mg/kg—
1.1 mg/kg, respectively, IM). All serum samples
were stored at —20 °C.

2.7. Rabies virus neutralizing antibodies

Virus neutralizing antibody titers (VNADb) were
determined using the rapid fluorescent focus inhi-
bition test (RFFIT) and the results were expressed
in international units (IU)/mL of rabies virus neu-

tralizing antibodies (protective titer = 0.5 IU/mL)
as described by Smith et al. [37]. A rabies hyper-
immune dog serum and a standard human rabies
immunoglobulin with known IU were included as
positive controls in all assays. Three folded se-
rial dilutions of both the serum samples and the
controls (positive and negative), were prepared in
microplates; each serum dilution was added to four
adjacent wells. A dilution of 50 uL of CVS strain
containing from 15 to 30 fluorescent foci was also
added to each well. After 60 min of incubation at
37 °C in a humidified incubator with 5% CO,, a
50 uL volume of the cell suspension, containing
4 x 10° cells/mL, was added to each well, and
the plates were incubated for 48 h at 37 °C. After
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fixation for 30 min at room temperature in 80% ace-
tone, the microplates were stained by adding 100 uL.
of FITC anti-rabies antibody (1:50 dilution) (Cat.
No. 5100, Chemicon International, Temecula, CA,
USA) to each well. Staining was carried out in an
incubator at 37 °C for 30 min.

2.8. Western blot

Western blot tests were applied to all serum
samples. These were made using partially purified
rabies glycoprotein [5].

The glycoprotein does not correspond to the
Mexican isolate. It corresponds to the Pasteur
virus (PV). We selected PV for its good replica-
tion in cell cultures and because of the fact that
there is almost no difference in the glycoprotein se-
quences between PV and the Mexican virus isolate.
The purification method used for producing the gly-
coprotein was performed as recommended by the
World Health Organization [25].

Western blots were performed on all serum
samples on nitrocellulose stripes to which the
semi-purified rabies virus was transferred [19].
After SDS-PAGE electrophoresis, rabies polypep-
tides were transferred onto a nitrocellulose mem-
brane. The membrane was incubated for 2 h,
with 2% newborn bovine serum diluted in block-
ing reagent (Boehrringer Mannheim®), then in-
cubated overnight at 48 °C with the cat sera
(diluted 1/25). After washing, peroxidase conju-
gated anti-cat (Jackson ImmunoResearch Labora-
tories, Inc.) antibodies were added and incubated
at room temperature for 1 h. Finally, the nitro-
cellulose stripes were revealed with 0.05% Di-
aminobenzidine (DAB) (SIGMA d-5637) with PBS
plus 0.05% H>O2.

2.9. Passive transfer of cat sera to mice and viral
challenge of mice

There is evidence that the immune system
from different species reacts differently to rabies
vaccines. After vaccination, cats apparently de-
velop higher titers of neutralizing antibodies than
dogs [9].

Some comparative reports of the serological im-
mune responses in cats refer that, after challenge,
some animals do not survive despite having anti-
bodies'. Therefore, our first trials were done in mice

!Jakel V., Institute of Virology, Justus-Liebig-
Universitdt Giessen, Giessen, Germany, Personal
communication.
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and, after evaluating the results, we proceeded to
challenge cats. Both results are shown.

To study the average life of passively-transferred
cat rabies virus neutralizing antibodies, six mice
were intraperitoneally (IP) inoculated once with
0.5 mL of a rabies hyper-immune cat serum con-
taining 10 IU of neutralizing antibody. This serum
was obtained from a cat previously immunized es-
pecially for this purpose (not part of the studied
group). First, at day 0, 0.5 mL of serum containing
10 IU were inoculated to the six mice. These mice
were bled on days 5, 10, 15, 20, 25, and 30. The
sera obtained were assayed for neutralizing anti-
bodies. We followed the technique used by Lodmell
etal. [22].

After concluding the study of the average life of
passively-transferred anti-rabies cat sera, we inocu-
lated 60 mice with the experimental cat sera. They
were divided into six groups of ten each. Group 1
received sera from ID-EP vaccinated cats; group 2
from IM vaccinated cats; group 3 from IN vacci-
nated cats; pre-immunization cat sera were applied
to groups 4, 5, and 6 (negative controls) by the same
routes as groups 1, 2, and 3 respectively. The titers
obtained in the groups of mice that were inoculated
with the pre-vaccination cat sera (negative controls)
were similar to the ones obtained in mice inoculated
only with virus (virus titration, not shown).

Ten days later, mice were intraplantarly chal-
lenged with 200 LD50 rabies CVS. After the vi-
ral challenge and 10, 20, and 30 days later, the
mice again received sera from the vaccinated cats
from their respective groups. At identical intervals,
groups 4, 5, and 6 received similar volumes of sera
collected from cats prior to their rabies vaccination
(pre-immunization sera).

The mice were observed daily and, when the first
unmistakable signs of rabies were detected, they
were sacrificed. Rabies virus was confirmed by di-
rect immunofluorescent test in brain smears (FAT).
This test is able to detect rabies virus with a fluores-
cent monoclonal antibody as described by the WHO
as a standard technique [25]. The experiment ended
60 days after the viral challenge.

2.10. Classical neutralization test
in mice (CNTM)

In order to determine if the DNA vaccine is able
to protect against the homologous virus (HQO1-
IMSS Mexican rabies strain), a classical neutraliza-
tion test in mice against the parental strain HQO1-
IMSS was performed.
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Cat sera from animals vaccinated by different
routes were taken at day 180. The sera obtained
from cats before DNA vaccination were used as
negative controls. We used female balb/c mice,
21 days old and 20 g average weight. Serum sam-
ples (IM, IN, ID-EP, and IM as well as negative con-
trols) were diluted in five fold dilutions from 1/2.5
to 1/1 560, so that after adding an equal volume of
virus suspension HQO1-IMSS (50-100 LD50), the
final dilutions of the serum were 1/5, 1/25, 1/125,
1/625, and 1/3 125. The sera and virus mixture was
incubated for 1.5 h at 37 °C.

After incubation, groups of five mice were
inoculated by the intracerebral route (0.03 mL)
with each sera/virus mixture. Inoculated mice were
checked every day and mortality was recorder from
the Sth to 21st post-inoculation day. For each serum
the dilution giving 50% survival was obtained using
the method of Reed and Muench [7].

Titers were expressed in IU/mL by comparison
with a reference serum.

2.11. Challenge on cats

Since the rabies virus strain used for the plas-
mid construction has not been previously tested for
virulence, we used the CVS to challenge cats since
we are sure of its lethality in this species. CVS was
applied in the right masseter muscle on day 200
by inoculating 0.5 mL of a 1/30 dilution of the
CVS corresponding to 100 DL; this dilution was
previously tested (data not shown). Cats were sub-
sequently monitored and scored daily during two
weeks for rabies clinical signs such as the fol-
lowing: changes in behavior, sensitivity disorders,
swallowing difficulties, salivation, loss of appetite,
paralysis, and death [29]. We tested the presence
of rabies virus antigens in brain impressions from
dead cats (death after challenge) by assay with
an anti-nucleocapsid antibody fluorescein-labeled
conjugate [32]. All cats that did not die from the
challenge were euthanized at day 30.

3. RESULTS

3.1. Neutralizing antibody titers
from vaccinated cats

Cats were vaccinated with pGQH by differ-
ent inoculation routes. Fifteen days after vac-
cination, neutralizing antibody titers (> 2 IU)
were observed in three cats vaccinated ID-EP
(group C). After 30 days, the neutralizing an-
tibody levels increased to > 3 IU. On day 30,
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two out of three cats IN vaccinated (group B)
showed > 0.5 IU, except for cat No. 5 (this
cat showed > 0.5 IU after booster). On day 30,
all cats, except the PBS control (group D),
received a rabies DNA booster vaccination,
same doses and routes (Fig. 1). Minimal lev-
els (> 0.5 IU) of neutralizing antibodies were
found in the IM vaccinated cats (group A). Af-
ter the booster, the neutralizing antibody titers
from the ID-EP vaccinated group increased
substantially, remaining elevated for 180 days.
Antibody titers from IN vaccinated cats were
between 0.5 and 2.5 TU. The highest titer picks
were from ID-EP vaccinated cats on day 120:
incat 8, > 14 IU and in cats 7 and 9, > 12 1U;
from IN vaccinated cats on day 120: in cat 4,
> 21U, incat6, > 11U, and in cat 5, > 0.6 IU
(Fig. 1).

The cats from the IM vaccinated group
(group A), in spite of the booster, never
reached neutralizing antibody titers higher
than 0.5 IU, required and recommended as
protective by the World Health Organization
(WHO). Finally, cats from the PBS control
group (group D), also IM vaccinated, lacked
anti-rabies antibodies (Fig. 1).

3.2. Passive transfer of cat sera to mice and viral
challenge of the mice

The in vivo protective capacity of the neu-
tralizing antibodies elicited in cats after IM,
IN, and ID-EP DNA vaccinations was evalu-
ated by passively transferring cat sera in mice
and, subsequently, challenging the mice with
rabies CVS. The average life of passively-
transferred cat neutralizing antibodies was ten
days. Six groups of ten mice each received cat
immune sera and then the lethal challenge. Af-
ter the challenge, all mice from groups 1, 2,
and 3 received every ten days for two months
ID-EP, IM, and IN cat sera respectively.

These mice survived and were protected
(30/30 survivors).

In the same way, groups 4 (ID-EP), 5 (IM),
and 6 (IN) that received sera collected from
cats prior to their DNA rabies vaccination
(pre-immunization sera) were not protected
(0/30 survivors).
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Figure 1. Individual serum neutralizing antibody titers by IN (e), ID-EP (a) and IM (O, *) routes of DNA
vaccination. The most effective route of inoculation for eliciting neutralizing antibodies in cats was the
intradermal into ear pinnae (group 3). The intranasal by instillation (group 2) was acceptable. In contrast, in
groups intramuscularly vaccinated (group 1) minimal anti-rabies antibodies were obtained (< 0.5 IU) while
the (group 4) control group lacked anti-rabies antibodies.

3.3. Western blot

Western blot tests were performed in or-
der to recognize specific seroconversion. Only
sera from IN and ID-EP vaccinated cats re-
vealed an intense glycoprotein band (67 kDa).
In the ID-EP group, all cats were tested posi-
tive to Western blot on the 15th day, and gp 67
was evidenced. In the IN group, all cats were
positive on the 60th day after booster. The fol-
lowing tests, taken every 30 days up to the
180th day, presented the same band (gp 67).
The IM group and the control group did not
present this band at any time. Representative
western blots from sera from cats taken on
day 180 are shown in Figure 2 showing an in-
tense glycoprotein band, gp 67 (67 KDa).

3.4. Classical neutralization test in mice

Using the classical neutralization test in
mice, we obtained the following titers for the
different groups: IM < 0.20, < 0.25, < 0.25IU;
IN1,1.25,1.251U;ID-EP 7,9, 12 IU. All con-
trol sera were negative.

3.5. Protection against challenge with the CVS
in cats

On day 200 after vaccination, all cats were
challenged with a lethal dose of CVS. All cats
from the ID-EP group (C), vaccinated with
one injection of plasmid plus one boost were
protected against the viral challenge (Tab. II).
Two of the three cats from the IN vaccinated
group (B) survived the lethal challenge, cats 4
and 6 survived (Tab. II). None of the cats
from the IM vaccinated group (A) survived the
challenge. The non-immunized cats (group D)
(cats 10, 11, and 12) rapidly developed ra-
bies. Cats 11 and 12 started presenting rabies
clinical signs (salivation, anorexia, changes in
tone) ten days after the challenge, and died
eight days later. In cat 10, the clinical signs
started 16 days after challenge and death oc-
curred six days later. Rabies virus nucleocap-
sids were detected on brain impressions by di-
rect immunofluorescence assay after the death
of these animals, including cats 1, 2, 3 (IM),
and cat 5 (IN). In the surviving cats, which
were sacrificed, we also tested the presence
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Figure 2. Representative Western blot test in cats: positive control (+), negative control (-). Cat sera taken
on day 180 after booster show an intense glycoprotein band, gp 67 (67 KDa), only revealed in sera from
IN (6 and 10) and ID-EP (1, 2, and 5). Cat sera taken before IN (8, 9) and ID-EP (3, 4, 7) vaccination.

Negative control sera (11, 12).

of rabies virus antigens on brain smears and
the results confirmed that all surviving animals
were negative.

4. DISCUSSION

In this work, a DNA vaccine against ra-
bies was administrated to cats and we studied
different inoculation routes to analyze which
could be better and more efficient to promote
seroconversion and protection. The results de-
scribed above demonstrate that a DNA vac-
cine encoding rabies glycoprotein G (pGQH)
elicited strong, antigen-specific immune re-
sponses in cats. On the contrary, the titers
obtained by the classical neutralization test
in mice CNTM using the homologous virus
(HQO1-IMSS) did not correspond exactly to
those obtained in the seroneutralization test in
vitro using CVS as the challenge virus. Never-
theless, antibody levels obtained by the CNTM
were similar to those obtained in vitro, with
the highest levels corresponding to the ID-EP
group and the lowest to the IM group. These
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results allowed us to suppose a good protec-
tion against the homologous virus.

The most effective route of inoculation for
eliciting neutralizing antibodies in cats was
the ID-EP. The IN route by instillation was
acceptable > 0.5 IU. In contrast, minimal an-
tibody levels were detected in IM vaccinated
cats < 0.5 IU. The control group lacked anti-
rabies antibodies (Fig. 1). The IM route was
not good to promote an immune response in
cats, as reported by Osorio et al. [29].

It seems that the IM route is less effective
in cats when compared with dogs, regardless
of the strain used [29].

The best results were obtained by intra-
dermal injection into the inner surface of the
ear pinna. All animals from group 3 (ID-EP)
developed high neutralizing antibody levels
from day 15 on (> 2 IU), and the highest titer
pick was on day 120, > 14 IU.

In previous studies with only one inocula-
tion, we did not have seroconversion by the
intranasal or by the intramuscular routes, only
by the intradermal route into ear pinna with
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titers over 2 IU on day 60. After analyzing
these results, we decided to repeat the exper-
iments with a booster on day 30.

According to Osorio et al. [29], these re-
sults clearly show that methods of delivery
and sites of vaccination influence neutraliz-
ing antibody responses in cats immunized with
different anti-rabies DNA vaccines.

Other studies made in mice demonstrated
that ear pinna is an excellent site for initiating
immune responses with a DNA vaccine [15].

Forg et al. [15] used the bacterial lacZ gene
as a model and reported that antibody and CTL
responses from mice injected in ear pinna ex-
ceeded those from mice injected in muscle or
abdomen dermis.

The superiority of the ear pinna as a vacci-
nation site is ascribed to its unique immuno-
logical features that focus the concentration of
processed antigens in a restricted area, which
is connected to a major draining lymph node. It
is thought that the concentration of processed
antigens results in an enhanced stimulation
of T lymphocytes by antigen-loaded dendritic
cells [4].

Recently, a single intramuscular or in-
tranasal immunization in mice with a recom-
binant canine adenovirus expressing the rabies
virus G protein (CAV2-RVG) induced protec-
tive immunity in a dose-dependent manner,
regardless of the administration route [21].

Another recombinant canine adenovirus
type 2 encoding the rabies virus glycoprotein
(CAV-E3delta-CGS) applied subcutaneously
to dogs, produced effective neutralizing an-
tibodies after one inoculation and a stronger
anamnestic immune response after booster in-
jection [20].

Due to the significant results obtained in
cats that were ID-EP vaccinated, we studied
the histology of a normal cat ear in order to
explore the tissue and we observed a vast vas-
cular draining site with many lymphocytes.
Some dendritic cells (DC) were evidenced in
cat ear histology cuts but, since there is not
a specific cat DC marker, we used CDI-A,
which detects human DC.

We found some DC in ear pinna cuts and
we believe that the DC participation is impli-
cated in the possible set up of the detected DC,
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which arrive to the nearest ganglions and trig-
ger the immune response. Nevertheless, more
studies will be made in order to recognize
which cells are involved and understand why
the humoral immune response is so high using
the ID-EP route.

The intranasal route was revealed as accept-
able to promote seroconversion but a delayed
immune response was observed. On day 30,
two of the three cats from the IN group showed
over 0.5 IU of neutralizing antibodies but on
day 60 all cats had already seroconverted.
Rabies DNA booster vaccination was adminis-
trated on day 30 and the highest titer pick was
on day 120 (> 2 IU). The time required to pro-
mote neutralizing antibodies by the IN route
could be lessened if the DNA vaccine was
combined with a mucosal specific adjuvant,
which could increase the immune response.

The nasal administered DNA plasmid is ab-
sorbed by the systemic circulation and it is
distributed to different body tissues, including
the brain [28].

The mechanism by which a large DNA
plasmid molecule is absorbed remains un-
known, although a DNA plasmid may interact
with the epithelial membrane and transiently
affect tight junctions. Alternatively, a trans-
portation system facilitating the absorption of
a DNA plasmid through the nasal mucosa may
be operating [14].

Some studies using enterotoxins as adju-
vants have been reported. For example, an
antigen together with a cholerae toxin or heat-
labile E. coli enterotoxin, administered in-
tranasally, leads to the localization of antigen
and toxin in the olfactory nerve and the olfac-
tory bulb for an extended period [14]. The IN
vaccination route was successful when used in
humans against the influenza virus. However,
the risk of Bell’s palsy [27] was reported when
this type of vaccine was applied in combina-
tion with E. coli toxin.

There are some advantages in the admin-
istration of a DNA rabies vaccine by the IN
route: simple administration (no need for in-
jections), small doses required, and activation
of mucosal and systemic immune responses.

The risks of a genetic vaccination have
been previously reported in the literature. The
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general risks could be the following: DNA in-
tegration into the vaccinated individual, and
production of anti DNA antibodies. In a pre-
vious study in mice, we observed that the
antigen could be produced in the central ner-
vous system (olfactory lobules) when a DNA
vaccine is applied by the intranasal route, with
no known consequences up to date. However,
further studies should be done.

IN vaccination seems attractive due to its
easy application and mucosal protection. This
form of vaccination could also be advanta-
geous in domestic animal vaccination cam-
paigns for its less stressing application than
the potential route. It could also be interesting
for Latin American countries, where bat bite
cases have been reported in wild and domestic
animals [12] and also in humans [11]. It is a
fact that rabies virus aerial cycle strains infect
terrestrial animals, as previously mentioned in
the Quintana Roo, Mexico case, in 2006 [18].

The main advantage of using DNA vaccines
over traditional live ones is that there is no
contamination with viruses that could be dis-
seminated in the environment and reproduced
in susceptible animals.
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