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Rabies, a zoonotic disease, causes > 55,000 human deaths globally and results in at least 500
million dollars in losses every year. The currently available rabies vaccines are mainly inactivated
and attenuated vaccines, which have been linked with clinical diseases in animals. Thus, a rabies
vaccine with high safety and efficacy is urgently needed. Peptide vaccines are known for their low
cost, simple production procedures and high safety. Therefore, in this study, we examined the
efficacy of multi-epitope-based vaccine candidates against rabies virus. The ability of various
peptides to induce epitope-specific responses was examined, and the two peptides that possessed
the highest antigenicity and conservation, i.e., AR16 and hPAB, were coated with adjuvant canine-
Gp96 and used to prepare vaccines. The peptides were prepared as an emulsion of oil in water
(O/W) to create three batches of bivalent vaccine products. The vaccine candidates possessed high
safety. Virus neutralizing antibodies were detected on the day 14 after the first immunization in
mice and beagles, reaching 5–6 IU/mL in mice and 7–9 IU/mL in beagles by day 28. The protective
efficacy of the vaccine candidates was about 70%–80% in mice challenged by a virulent strain of
rabies virus. Thus, a novel multi-epitope-based rabies vaccine with Gp96 as an adjuvant was
developed and validated in mice and dogs.  Our results suggest that  synthetic peptides hold
promise for the development of novel vaccines against rabies.
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INTRODUCTION

Rabies is a zoonotic disease with an extremely high mor-
tality rate of nearly 100% (Dietzschold et al., 2008). It
presents as acute encephalomyelitis caused by rabies vir-
us (RABV) in the central nervous system. RABV is a
type species of the Lyssavirus genus of the Rhabdovirid-
ae family. These viruses are enveloped and have a negat-
ive single-stranded RNA genome. The RABV genome is
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approximately 12 kb in length and encodes five structur-
al proteins,including the nucleoprotein (N), the phos-
phorylated protein (P), the matrix protein (M), the ex-
ternal surface glycoprotein (G), and a RNA-dependent
RNA polymerase (L) (Pulmanausahakul et al., 2008) .

Stray dogs and wild animals are natural reservoirs of
RABV. Vaccination is an effective approach for prevent-
ing the spread of RABV in both humans and animals
(Kaur et al., 2015). At present,commercial vaccines
against RABV are mainly inactivated and attenuated
vaccines. However, vaccines used in animals have been
linked with clinical diseases (Takayama-Ito et al., 2006).
Thus, the development of a rabies vaccine with high
safety and efficacy is urgently needed (Rupprecht and
Gibbons, 2004).

Peptide vaccines have drawn attention owing to their
low cost, simple production procedures, and high safety
(Houimel and Dellagi, 2009). Two conserved sequences
of the mature glycoprotein of RABV are recognized by
glycoprotein-specific antibodies based on a screening
analysis of a phage-display library, and synthetic pep-
tides that simulate these epitopes induce an epitope-spe-
cific response post-immunization in rabbits and mice
(Mansfield et al., 2004). The N protein is also an import-
ant antigen of RABV. Two sequences at positions
22–168 (N-terminal) and 262–450 (C-terminal) of N
have been confirmed as mimic epitopes by enzyme-
linked immunosorbent assay (ELISA) (Yang et al.,
2013) .

Owing to their small molecular weight and low im-
munogenicity, immunization with synthetic peptides
does not effectively evoke immune responses. Therefore,
adjuvants are needed to increase antigen-specific im-
mune responses (McCluskie and Weeratna, 2001; Degen
et al., 2003). Many adjuvants are widely used in human
and animal vaccines, such as aluminum salts (Li et al.,
2007), emulsions (Guy, 2007), and chemokines (Kundi,
2007). The heat shock protein Gp96, which associates

with antigenic peptides from viruses and bacteria, effect-
ively presents antigens to both MHC class I and MHC
class II molecules to activate specific T cells (Li et al.,
2011). Thus, Gp96 has been applied as an adjuvant in
many DNA- or peptide-based vaccines to induce im-
munity against cancer and infectious diseases (Bolhas-
sani and Rafati, 2008).

In the present study, two peptides (AR16 and hPAB)
induced effective antibody production. The physical
properties and safety of the multi-epitope-based vaccine
candidates administered with the Gp96 adjuvant were
examined. The neutralizing antibody levels of immun-
ized mice and beagles were investigated, and the protect-
ive efficacy of the vaccine candidates was monitored in
mice.

MATERIALS AND METHODS

Viruses, animals, and strains
RABV, challenge virus standard 24 (CVS 24), and chal-
lenge virus standard 11 (CVS 11) were kindly provided
by Prof. Rongliang Hu (Veterinary Research Institute,
Academy of Military Medical Sciences, Changchun,
China). Six-month-old female beagles were purchased
from the Beijing Laboratory Animal Research Center.
Five-week-old female BALB/c mice and four-month-old
female rabbits were purchased from Vital River Laborat-
ory Animal Technology Co. Ltd. (Beijing, China). All
animals were negative for anti-RABV antibodies. Pichia
pastoris yeast X33 and Escherichia coli DH5α were
maintained in our laboratory.

Peptide synthesis
According to the amino acid sequences of the RABV G
protein, five peptide sequences (linear neutralizing epi-
topes) and one random sequence (Table 1) were synthes-
ized by LifeTein, LLC (Somerset, NJ, USA). All syn-
thesized peptides were conjugated to keyhole limpet

Table 1. Comparison of mice immunized with various epitopes and the random peptide 

Groups Immunized
mice (n)

Positive
number (n)

Positive
rate (%) Sequence Reference(s)

CR57 20 7 35 CLKLCGVLG Marissen et al., 2005

AR16 20 19 95 LVNLHDFR
Dietzschold et al., 1990
Niederhauser et al., 2008
Cai et al., 2010

hPAB 20 19 95 CKRDSTWC Houimel and Dellagi,
2009

MFn 20 17 85 LGPWSPIDIHHLSC Mansfield et al., 2004

RG719 20 15 75 CTKWCPPDQLVNLH
DFRSDEIEHLVVEE Ni et al., 1995

Peptides 20 0 0 SDEISTPIDG –
PBS 20 0 0 – –
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hemocyanin (KLH) via a C-terminal cysteine residue.
The purity of the peptides was > 95%, as determined by
high-performance liquid chromatography.

Immunization of mice and serum isolation
The mice were randomly separated into seven groups (n
= 20 mice/group). Six groups of BALB/c mice were im-
munized with 50 μg of synthesized peptides each. One
group was immunized with phosphate-buffered saline
(PBS) as a negative control. Mice in each group were in-
jected three times at 0, 2, and 4 weeks. The mice were
sacrificed 2 weeks after the last immunization. Whole
blood was isolated and incubated for 30 min at 37 °C,
then transferred to 4 °C for 2 h. Serum was obtained after
centrifugation at 2500 × g for 10 min.

ELISA
The 96-well ELISA plates were coated with 0.1 μg of
synthesized peptides for 1 h at 37 °C. The plates were
washed three times with PBST and blocked with block-
ing buffer (3% BSA in PBS) for 1 h at 37 °C. After they
were washed three times with PBST, the mouse serum
samples were diluted in blocking buffer and added to the
wells at different dilutions, followed by incubation for 1
h at 37 °C. After three washes, 100 μL of horseradish
peroxidase-conjugated goat anti-mouse IgG was added to
each well and incubated for 1 h at 37 °C. After washing
with PBST, 100 μL of the substrate solution TMB was
added, and the plates were incubated for 15 min in the
dark. The addition of 50 μL of 1 mol/L H2SO4 was used
to stop the reactions. The absorbance was read at 450 nm
using an ELISA reader. Samples with a ratio of OD450
for the immunized sample to that of the negative sample
of greater than 2.1 (statistic of known positive samples
and negative samples) were considered positive.

Construction of the canine-Gp96 recombinant
expression vector
Total canine RNA was extracted using TRIzol reagent.
cDNA was obtained with AMV reverse transcriptase.
The amino acids at positions 22–355 (N-terminal) of
Gp96 were amplified via RT-PCR. The primers were de-
signed according to the Hsp90B1 mRNA sequence (Gen-
Bank No. U01153.1). The amplified genes were cloned
into the Xho I and Xba I sites of the pPICZαA vector,
resulting in pPICZαA/Gp96N. The recombinant plasmid
was transformed into E. coli DH5α and identified by se-
quencing.

Expression of the recombinant protein
The plasmid was linearized by Dra I and transformed in-
to P. pastoris X33 by electroporation. The positive trans-
formants were selected in YPD medium at 30 °C. Pro-
tein expression was then induced by 1% methanol. A 1-

mL aliquot of culture fluid was taken from the medium
on days 0, 1, 2, 3, 4, and 5. Proteins were purified
through a His-tagged affinity column and then dialyzed
in 50 mmol/L Tris-HCl buffer to remove unwanted small
molecules. Protein expression levels were tested by west-
ern blotting.

Western blotting analysis
Protein samples were separated by 12% SDS-PAGE (so-
dium dodecyl sulfate polyacrylamide gel electrophoresis).
Gels were transferred to a polyvinylidene difluoride
membrane. Blots were saturated with 5% nonfat dried
milk in TBST for 2 h and washed three times with TBST.
Mouse anti-His monoclonal antibody (Beyotime,
Beijing, China) and horseradish peroxidase-conjugated
goat anti-mouse IgG (Abgent, San Diego, California,
USA) were used, respectively, as the primary and sec-
ondary antibodies at the dilutions recommended by the
manufacturers. Proteins were detected using a gel ima-
ging system (ChemiScope 3400, Clinx Science Instru-
ments Co., Ltd., Shanghai, China).

Antigenicity and conservation analysis of AR16
To assess the antigenicity and conservation of AR16, G
protein sequences of 105 RABV isolates were analyzed
using DNAStar and WebLogo (Crooks et al., 2004). All
settings used for these analyses were default.

Vaccine candidate preparation
The synthesized peptides AR16 and hPAB, conjugated to
KLH, were dissolved in PBS (pH 7.4) to a concentration
of 1.0 mg/mL. The concentration of the recombinant pro-
tein Gp96 was determined using the BCA Protein Assay
Kit (TIANGEN Biotech (Beijing) Co., Ltd., Beijing,
China). The dissolved peptides were mixed with ad-
juvant Gp96 and emulsified with mineral oil to prepare
the vaccine candidates. The concentrations of the pep-
tides and Gp96 in the candidate vaccines were as fol-
lows, AR16 250 μg/mL, hPAB 250 μg/mL, and Gp96
500 μg/mL. The vaccine candidates were qualified and
packaged into three batches, LW2014001, LW2014002,
and LW2014003.

Physical properties of the peptide vaccine
candidates
The physical properties of the three vaccine batches were
assessed in our laboratory. Appearance, viscosity, dosage
form (type), sterility, formaldehyde residue, thimerosal
content, and stability were analyzed.

Safety analysis of the peptide vaccine
candidates
The safety of vaccines was evaluated according to the
guidelines established in the Veterinary Pharmacopoeia
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of the People's Republic of China (Commission of Chinese
Veterinary Pharmacopoeia, 2010). Ten BALB/c mice (5
weeks old, female), six rabbits (4 months old, female),
and six beagles (5 months old, female) were injected
with 0.4, 0.4, and 1.0 mL of peptide vaccine candidate,
respectively, at multiple subcutaneous sites in the abdo-
men, back, and muscles. Animals were observed for 14
days, and local reactions and clinical symptoms were re-
corded.

Vaccination of mice and beagles
In the mouse model experiment, 70 BALB/c mice were r
and omly divided into seven groups (10 mice per group).
Six groups were intradermally injected with either 0.4
mL of three batches of peptide vaccine candidates
(LW2014001, LW2014002, and LW2014003), a negat-
ive control (random peptides), the selected peptides
(AR16 + hPAB), or a commercial vaccine (RabvacTM 3).
Another group was intradermally injected with an equal
volume of PBS. After 14 days, booster immunization
was performed via the same immunization procedures.
Serum samples from the mice were collected for a neut-
ralizing antibody analysis at days 14 and 28 after the first
immunization.

In the beagle model experiment, seven groups of
beagles (10 beagles per group) were intradermally injec-
ted two times at 14-day intervals with 1.0 mL of three
batches of peptide vaccine candidates (LW2014001,
LW2014002, and LW2014003), a negative control (ran-
dom peptides), the selected peptides (AR16 + hPAB), a
commercial vaccine (Vaccine-M, RabvacTM 3), or PBS.
Serum samples from the beagles were collected at days
14 and 28 after the first immunization to analyze the
neutralizing antibody titers.

Fluorescent antibody virus neutralization
(FAVN)
FAVN was performed to determine serum virus-neutral-
izing antibody (VNA) levels as previously described
(Cliquet et al., 1998). Briefly, 0.1 mL of serial threefold
dilutions of the positive and negative sera and of the
tested serum samples was added to 96-well plates. Then,
0.05 mL of CVS 11 with a 100 TCID50 was added to
each well containing the serum dilution. The plates were
incubated for 1 h at 37 °C in an incubator with 5% CO2.
The BHK-21 cells were diluted to a concentration of 4 ×
105 cells/mL. Next, 0.05 mL of the cell suspension was
added to each well, and the plates were incubated for 48
h at 37 °C. After incubation, the medium was discarded,
and the cells were fixed in 80% cold acetone for 30 min.
The plates were stained by adding FITC-conjugated anti-
rabies antibody for 30 min at 37 °C and examined by
fluorescence microscopy after washing with PBST. The
highest dilution showing no fluorescence was calculated

as the endpoint, and the data were converted to IU/mL
with the Spearman-Kärber formula according to the
WHO anti-RABV antibody standard (World Organisa-
tion for Animal Health, 2013). VNA titers of rabies of >
0.5 IU/mL were defined as positive. 

Challenge of mice with CVS 24
All of the mice were anesthetized with ether 14 days
after the booster immunization. Then, 0.03 mL of 100
LD50 CVS 24 was inoculated into the mouse brains.
Clinical signs of rabies and mouse survival were mon-
itored and recorded daily for 14 days. 

Statistical analysis
Statistical analyses were performed and graphical pres-
entations were obtained using GraphPad Prism software.
All data are expressed as means ± standard deviation
(SD). Comparisons between groups were evaluated by
Student’s t-tests. P-values were considered statistically
significant when they were less than 0.05 and highly sig-
nificant when they were less than 0.01. 

RESULTS
 
Screening of synthetic peptide sequences
Mice were immunized with five peptides conjugated to
KLH to investigate which peptide(s) effectively induce
epitope-specific responses. The serum IgG antibodies in
the mice were measured using ELISA. Two peptides,
AR16 and hPAB, effectively induced the production of
antibodies with a positive rate of 95% in mice (Table 1).
Therefore, vaccines were prepared with AR16 and hPAB.
The antigenicity index was analyzed using DNAstar soft-
ware, the high antigenic regions were found in AR16
(above zero-reticle). Conservations of five amino acids
in AR16 were 100% and conservations of two amino
acids in AR16 were over 98%. Thus, AR16 was highly
conserved (Figure 1), which was consistent with previ-
ous results (Cai et al., 2010). 

Expression of the recombinant protein canine-
Gp96
Highly expressed clones of canine-Gp96 were induced by
methanol, and samples were collected at days 0, 1, 2, 3, 4,
and 5. Canine-Gp96 in sample supernatants was purified
through a His-tagged affinity column and detected by
western blotting (Figure 2). The expression of canine-
Gp96 was detected at day 1 and peaked at day 4 after in-
duction. Two bands appeared at the expected position of
the target protein in the western blotting analysis because
the recombinant proteins expressed in yeast were modi-
fied by glycosylation. As shown in Figure 2, we ob-
served that canine-Gp96 reached a purity of > 85%.
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Physical properties of the peptide vaccine
candidates
A series of indices (Table 2) were assessed to character-
ize the physical properties of three batches of peptide
vaccine candidates. The vaccine candidates were uni-
form milky emulsions of O/W. The viscosity of the vac-

cine candidates was ~7.6 s/0.4 mL. Formaldehyde
residue and thimerosal content were at very low levels.
No bacteria and no de-emulsification were detected in
any batch of vaccine candidate. Thus, the vaccine can-
didates tested in our laboratory met the Chinese Require-
ments for Biologics and could be further used in animal
experiments. 

Safety evaluation of the peptide vaccine
candidates
BALB/c mice, rabbits, and beagles were injected with
0.4, 0.4, and 1.0 mL of peptide vaccine candidates, re-
spectively, to verify the safety of the four batches of vac-
cines. Local reactions and clinical symptoms were recor-
ded for 14 days. The immunized animals displayed no
redness, swelling, scleroma, or clinical symptoms of ra-
bies (data not shown). This demonstrated that the vac-
cine candidates were satisfactorily safe. 

Neutralizing antibody responses in mice and
beagles
We performed FAVN assays to determine VNA titers in
the serum of mice and beagles to investigate whether the
epitope vaccine candidates could induce epitope-specific
immune responses against rabies. As shown in Figure 3,
the VNA titers of the sera notably increased after the first
immunization in the vaccine candidate groups of mice
(Figure 3A) and beagles (Figure 3B). After the booster
immunization, the serum VNA titers reached ~5 and 9
IU/mL in the vaccine candidates groups of mice and
beagles, respectively. Furthermore, the VNA titers of the
sera in the selected peptide groups of mice and beagles
were lower than those of the vaccine candidate groups
after the first and booster immunizations. The difference
between them was statistically significant. In addition,
no VNA titers could be detected in the sera of the mice
immunized with PBS and peptide controls.

Figure 1.  Antigenic characteristics and sequence con-
servation analyses of the peptides. The peptide from
RABV glycoprotein was selected, and the antigenic in-
dex was analyzed using DNAStar software. Sequence
conservation was analyzed using WebLogo. The over-
all height of the stack indicates the sequence conserva-
tion at the position, while the height of symbols within
the stack indicates the relative frequency of each amino
acid at that position.

Figure 2.  Expression analysis of Canine-Gp96. Canine-
Gp96 expression was induced by methanol, and pro-
tein samples were collected for 5 days. Canine-Gp96
expression levels were assessed by western blotting.

Table 2. Physical properties of three batches of peptide vaccine candidate 

Items
Vaccine batches

LW2014001 LW2014002 LW2014003

Appearance Uniform milky emulsion Uniform milky emulsion Uniform milky emulsion

Viscosity (s/0.4 mL) 7.7 7.6 7.6

Dosage forms (type) aO/W O/W O/W

Sterility test No bacterial growth No bacterial growth No bacterial growth

Formaldehyde residue 0.160% 0.158% 0.154%

Thimerosal content 0.0049% 0.0050% 0.0048%
Stability No de-emulsification No de-emulsification No de-emulsification

Notes: a: O/W, oil in water.
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Challenge study in mice
All tested mice were challenged with CVS 24 virus at 2
weeks after the last immunization, and the survival rate
was monitored daily for 14 days (Figure 4). By day 7, we
found that mice in the PBS and peptide control groups
began to show clinical signs of rabies and were dead
within 3 days. The mice exhibited a high survival rate
(seven mice in LW2014001, eight mice in LW2014002,
and eight mice in LW2014003) in the peptide vaccine
candidate groups. Therefore, the protective efficacy of
the peptide vaccine candidates was 70%–80%. Further-
more, half of the mice in the selected peptides group
were protected after inoculation. Only one mouse died
when challenged with CVS 24 in the vaccine-M group.

DISCUSSION

When pathogenic microorganisms invade hosts, they

cause damage to the host body, and the hosts remove
pathogens by inducing immune responses. These im-
mune responses are not triggered by all exogenous sub-
stances, but rather by certain epitopes (Villarreal-Ramos,
2009; Yang et al., 2013). The RABV G protein is the
main antigenic protein, containing more than one anti-
genic epitope (Marissen et al., 2005; Houimel and Del-
lagi, 2009; Tao et al., 2013). Previous research has
shown that a recombinant pseudorabies virus expressing
RABV G elicits an effective host immune response; anti-
body titers are maintained for > 6 months, but are lower
compared with those induced by recombinant canine ad-
enovirus (Yuan et al., 2008). A recombinant RABV that
encodes two copies of G protein induces higher levels of
VNA and confers better protection against virulent
RABV in mice and dogs than the inactivated parental
virus (Liu et al., 2014; Xue et al., 2014). A candidate
vaccine expressing a trimeric G protein is superior to
candidate vaccines that express the monomeric form,
both in terms of immunogenicity and efficacy (Koraka et
al., 2014).

These reports suggest that effective immune responses
against rabies are induced by multiple epitopes. However,
no synthetic epitope-based vaccine against RABV infec-
tion is currently available. Our results using mice and
beagles revealed that multiple epitopes mixed with Gp96
can likely be used as an effective animal vaccine to pre-
vent rabies.

Peptide vaccines containing the minimal set of key
elements and more than one antigenic site induce effect-
ive immune responses (Meloen et al., 2001). Owing to
the stability, ease of preparation, and high degree of spe-
cificity, the clinical application of peptide vaccines will
significantly reduce the cost of prevention and treatment.

Figure 3.  Specific anti-RABV antibody responses in-
duced by peptide vaccine candidates. Mice (A) and
beagles (B) were immunized with three batches of the
peptide vaccine candidates (LW2014001, LW2014002,
and LW2014003), a negative control (Random pep-
tides), the selected peptides (AR16 + hPAB), and a
commercial vaccine (RabvacTM 3). Serum was collec-
ted at 2 and 4 weeks after the first vaccination, and the
VNA titers were measured by FAVN. **, P < 0.01.

Figure 4.  Protective efficacy of the peptide vaccine can-
didates against CVS 24 in mice. All tested mice were
challenged with CVS 24 at two weeks after the last im-
munization. Survival of mice in each group was mon-
itored and recorded daily for 14 days. Survival rate is ex-
pressed as the percentage of mice surviving in each
group at different times post-challenge.
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Here, the AR16 and hPAB epitopes induced effective
immune responses with a positive rate of ~95%. Al-
though the other epitopes investigated (i.e., CR57, MFn,
and RG719) induced the production of antibodies, their
efficiencies were lower than those of AR16 and hPAB
(Table 1). These results may be explained by the fact that
CR57, MFn, and RG719 induce effective immune re-
sponses only when mixed with other epitopes or in a spe-
cific conformation (Niederhauser et al., 2008).

The mice immunized with peptide vaccine candidates
based on AR16 and hPAB produced specific anti-RABV
antibodies after the first immunization and booster im-
munization (Figure 3A). The VNA titers in serum were >
0.5 IU/mL and had a protective effect against RABV.
The immune responses of mice between the three
batches of vaccine candidates were stable and equivalent
to that of the commercial vaccine (vaccine-M). In the
beagle model experiment (Figure 3B), the VNA titers
were higher than those in the mice 4 weeks after the first
immunization. These data suggest that peptide vaccine
candidates provoked strong immune responses in both
mice and dogs. Nevertheless, the peptide vaccine candid-
ates did not protect all mice challenged with CVS 24
(Figure 4), which may be due to the relatively low avid-
ity of the antibodies. Moreover, the longevity of the in-
duced protective response is unknown and whether the
immunogenicity of vaccine candidates can be further
strengthened by increasing emulsification or by mixing
with highly specific epitopes remains to be studied.

The induction of protective immune responses in-
volves antigen uptake, processing by antigen-presenting
cells, activation of antigen-presenting cells for effective
T cell priming, and activation of B cells (Bachmann and
Jennings, 2010). Compounds that have a combination of
both immunomodulatory and delivery properties can act
as adjuvants (Dey and Srivastava, 2011). Freund's ad-
juvant, which is widely used in vaccines, is easily ab-
sorbed. However, the cost of producing it is very high.
Oil adjuvant is easy to prepare and cheap, but exhibits
low absorption. Thus, new kinds of adjuvants need to be
evaluated. Flagellin and the Toll-like receptor 3 agonist
PIKA have been investigated in rabies vaccines as ad-
juvants (Xiao et al., 2015; Zhang et al., 2016). The Gp96
protein used in our peptide vaccine candidates is nat-
ively located in the endoplasmic reticulum. It activates
CD8+ T cells by presenting antigens to MHC-I mo-
lecules and induces immune responses via the NF-κB
pathway (Wang et al., 2011). Gp96 is easily prepared
and absorbed. Previous studies have demonstrated that
Gp96 enhances the immunogenicity of subunit vaccines
against PRRSV (Chen et al., 2012). However, Gp96 has
not been used as an adjuvant in rabies vaccines. In the
present study, adjuvant Gp96 mixed with peptides dis-
played satisfactory safety and enhanced the immunogeni-
city of peptide vaccine candidates (Figure 3). However,

cellular immune responses in mice and dogs remain to be
evaluated. The adjuvant Gp96 will be compared with
other adjuvant, such as Freund's adjuvant and oil ad-
juvants in peptide vaccine candidates against rabies.

In conclusion, a novel rabies vaccine based on mul-
tiple epitopes using Gp96 as an adjuvant was developed
and validated in mice and dogs. The epitopes were
screened by immunization of mice with synthetic pep-
tides. We demonstrated that the epitope vaccine candid-
ates were safe in mice, rabbits, and beagles. Furthermore,
the peptide vaccine candidates induced qualitatively bet-
ter immune responses in mice and dogs and had strong
protective effects in mice. These data provide important
information for understanding the immune responses ini-
tiated by peptide vaccine candidates after challenges
with RABV. Moreover, Gp96 can be used as an attract-
ive adjuvant to enhance antigen-specific immune re-
sponses in mammals. These data hold promise for the de-
velopment of novel peptide vaccines against rabies.
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