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Rabies is a disease characterized by an invariably lethal encephalitis of viral origin that can be controlled
by preventive vaccination programs of wildlife, domestic animals and humans in areas with a high risk
of exposure. Currently available vaccines are expensive, cumbersome to produce and require intensive
immunization and booster schemes to induce and maintain protective immunity. In the present study, we
describe the development of candidate recombinant subunit rabies vaccines based on the glycoprotein G
of the prototype rabies virus (RABV-G) expressed either as a monomer (RABV-mG) or in its native trimeric
configuration (RABV-tG), with or without Matrix-M™ adjuvant. Immunogenicity and protective efficacy
of the respective candidate vaccines were tested in outbred NIH Swiss albino mice. The RABV-tG candidate
vaccine proved to be superior to the RABV-mG vaccine candidate both in terms of immunogenicity and
efficacy. The relatively poor immunogenicity of the RABV-mG vaccine candidate was greatly improved by
the addition of the adjuvant. A single, low dose of RABV-tG in combination with Matrix-M™ induced high
levels of high avidity neutralizing antibodies and protected all mice against challenge with a lethal dose
of RABV. Consequently RABV-tG used in combination with Matrix-M™ is a promising vaccine candidate
that overcomes the limitations of currently used vaccines.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Rabies encephalitis can be caused by any of the members of
the lyssavirus genus of the family Rhabdoviridae including the
prototype rabies virus (RABV). It accounts for more than 55,000
reported deaths per year, mostly among children in the devel-
oping world [1]. Productive infection of humans with any of the
lyssaviruses will lead to 100% lethal encephalitis. RABV and other
lyssaviruses are transmitted via the bite or scratch of an infected
animal. Essentially all mammals are susceptible to rabies and can
transmit the virus. Human and animal vaccines against RABV are
available, allowing effective rabies control, based on extensive
vaccination programs of wildlife species and usually mandatory
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vaccination programs for domestic carnivores. For humans, pre-
exposure immunization is recommended for travellers to endemic
areas and professionals who may be occupationally exposed to
the virus or virus-infected animals. Despite the effectiveness of
existing vaccines, they are among the most expensive vaccines
with a relatively poor immunogenicity, since protection is con-
ferred after several immunizations with high antigen doses. Most
commonly three doses are required to confer protective immunity
and booster vaccinations are necessary to ensure long term pro-
tection. Therefore, the vaccine is considered expensive and often
rather used for post exposure prophylaxis (PEP) than for preven-
tion. Although PEP can protect vaccine recipients from clinical
rabies and death, it should be given promptly (within 24 to 48 h post
exposure) [2]. However, in endemic areas PEP is often not available
when needed and preventive vaccination coverage are low. There-
fore more immunogenic and cheaper rabies vaccines are urgently
needed.
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In the recent years several approaches have been explored to
improve immunogenicity and reduce cost of existing vaccines using
novel production and presentation platforms. Of these the devel-
opment of DNA and recombinant protein vaccines are among the
most promising approaches (reviewed in [3]). The glycoprotein G of
RABV (RABV-G) assembles in the membrane envelope of the virion
in the form of homotrimers, which harbour the major antigenic
determinants of the virus [4]. Therefore, most of the recombinant
candidate vaccines described today, are based on RABV-G protein
produced with several different expression systems [5-9]. Some of
these candidates were shown to be immunogenic in mice, but none
have so far been registered for human or animal use. In the present
paper we describe the enhanced immunogenicity and protective
efficacy of a novel recombinant RABV-G vaccine candidate based
on the trimeric form of the RABV-G protein (RABV-tG) expressed
in HEK293T cells. A similar approach has been shown to be effective
in the development of candidate vaccines against other viral infec-
tions such as influenza [10]. The RABV-tG based candidate vaccine
performed superior to a predominantly monomeric form of RABV-G
recombinant protein (RABV-mG) produced in insect cells. Further-
more, we show that the addition of a potent adjuvant to these
vaccine preparations increases the immunogenicity of the candi-
date vaccine, resulting in dose sparing and fewer immunizations
required to confer complete protection from rabies in an outbred
mouse model. Collectively these data hold promise for the devel-
opment of novel generations of effective, cheap and safe vaccines
against rabies.

2. Materials and methods
2.1. Construction of candidate vaccines

2.1.1. RABV-mG

A 1518 bp DNA containing the RABV-G ectodomain with trans-
membrane domain and C-terminus (accession number: M13215)
was amplified by PCR and cloned into a baculovirus transfer vec-
tor. Spodoptera frugiperda cells were infected with the recombinant
baculovirus and harvested approximately 55 h post infection with
a cell viability of approximately 75%. The monomeric protein was
purified by extracting the cells using mild detergent conditions,
followed by ion-exchange and lentil lectin affinity chromatography.

2.1.2. RABV-tG

A human codon-optimized sequence encoding the RABV-G
ectodomain (amino acids [aa] 20 to 455) of RABV strain Pas-
teur (Accession number: M13215) was synthesized (Base Clear,
Leiden, The Netherlands) and cloned into a derivative of expres-
sion plasmid pS1-Ig [11] for expression in HEK293T cells. The G
gene was preceded by a sequence encoding an N-terminal CD5
signal peptide and followed by sequences encoding a 7-aa long
linker (LIGGGGI), an artificial GCN4-based trimerization domain
(GCN4-pll) and a Strep tag for affinity purification (IBA GmbH) as
described recently [10]. The strep-tagged RABV-tG was expressed
and purified following a protocol described before [10]. In short,
HEK293T cells were transfected with the RABV-tG expression
plasmid using polyethyleneimine. After 6 h of incubation, the trans-
fection medium was replaced by 293 SFM II expression medium
(Invitrogen) supplemented with sodium bicarbonate (3.7 g/1), glu-
cose (2.0g/l), Primatone RL-UF (3.0g/1), penicillin (100 units/ml),
streptomycin (100 pg/ml), glutaMAX (Gibco), and 1.5% dimethyl
sulfoxide (DMSO). Tissue culture supernatants were harvested 5 to
6 days post transfection, and RABV-tG protein was purified from
the culture medium using Strep-Tactin affinity chromatography
(IBA GmbH). RABV-tG protein expression and purification were
confirmed by Western blotting using a Strep-Tactin-horseradish

peroxidase conjugate (IBA GmbH) (data not shown) and SDS-
PAGE analysis. Protein concentrations were measured using the
NanoDrop ND-1000 spectrophotometer (Nanodrop technologies,
Wilmington).

2.2. SDS PAGE gel and Western blotting

Samples were separated on 10% SDS-PAGE gel in a Mini-
PROTEAN gel electrophoresis system (Bio-Rad). Gels were trans-
ferred to a 0.22 pm nitrocellulose membrane (Li-COR) at 250 mA
overnight (Mini-PROTEAN; Bio-Rad). Blots were saturated with 5%
nonfat dried milk in PBS and washed three times with PBS con-
taining 0.1% Tween-20. Blots were subsequently incubated with
monoclonal antibodies recognizing a RABV-G linear (clone 2-22-
C5) or conformational (clone 1-11-D6) epitope [12] or mouse IgG1
(isotype control) and stained with rabbit anti-mouse IRDye 800
(Li-COR).

2.3. Immunization and challenge of mice

Groups of ten 3-week old outbred NIH Swiss-albino mice (Har-
lan Laboratories, Boxmeer, The Netherlands) were immunized with
different doses of the monomeric or trimeric vaccine candidates
with or without Matrix-M™ (Table 1). The doses used in this exper-
iment were standardised based on the commercial RABV vaccine.
Four weeks later (D28) mice were boosted with the same vaccine
formulations, except for Groups no. 7 and no. 14 which received a
single adjuvanted dose. One group of mice was immunized twice
with a commercially available human RABV vaccine (Sanofi Pasteur,
Lyon, France) using 1/10th of a human dose per mouse (contain-
ing approx. 1 g of G protein; data not shown). Other control
groups received either PBS alone or Matrix-M™ alone (Table 1).
Immunizations were given intra-muscularly in 100 pl volumes. All
mice were challenged intracranially with 10 pl volumes containing
104 TCIDsg of CVS-11 three weeks after booster (D49). Challenge
dose was chosen based on preliminary experiments in our lab that
showed this dose led to 100% mortality of infected mice. Intracra-
nial inoculation was chosen based on the generally accepted NIH
potency test for rabies vaccines [13]. All mice that survived chal-
lenge were euthanized at day 28 post challenge (D77). Animals
were kept in isolator cages after challenge, in a 12 h day-night cycle
and were given water and food ad libitum. All animal experiments
were carried out in accordance with institutional guidelines for ani-
mal welfare and were approved by the animal ethics committee of
the Erasmus Medical Centre in compliance with Dutch law.

2.4. Serology

Blood was collected from mice by oblique superficial cut of the
tail on day 0, 28, 49 and 77. Serum was separated after centrifuga-
tion at 3000 rpm for 10 min, heat-inactivated at 56 °C for 30 min and
stored at —20 °C until use. High-binding ELISA plates (Costar, Zwi-
jndrecht, The Netherlands) were coated with RABV antigen (whole
virus-BPL inactivated) overnight at 4 °C, washed thoroughly with
PBS containing 0.05% Tween-20 (PBS-T) to remove unbound anti-
gen and blocked with ELISA buffer (0. 5% skimmed milk, 3% NaCl in
PBS) for 1 hat 37 °C. Mouse serum was diluted 1:100 in ELISA buffer
and applied to the plates for 1h at 37°C. After thorough wash-
ing with PBS-T the secondary antibody (protein-A HRPO; Zymed,
Bleiswijk, The Netherlands) was applied for 1h at 37°C. Plates
were developed with tetramethylbenzidine and absorption was
measured at 450 nm using a 620 nm reference filter. Avidity ELISA
was performed identical to the antibody ELISA with the exception
that antibodies were eluted with 6 M urea for 5 min before addi-
tion of secondary antibody. Virus neutralizing antibodies (VNA)
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Table 1
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Immunization scheme of NIH Swiss albino mice with monomeric and trimeric G protein vaccines with or without adjuvant and challenge with CVS-11. Geometric mean
titers of VNA antibodies in mice immunized with mono- or RABV-tG protein vaccine with or without adjuvant. VNA measured on the day of challenge with FAVN test as

described in Section 2.

Group (n=10) Antigen Adjuvant Vaccination Challenge VNA GMT (IU/ml) Survivors (%)
1 10 pg of RABV-mG None D=0 D=28 D=49 6.35 80
2 3 pg of RABV-mG None D=0 D=28 D=49 0.79 60
3 1 pg of RABV-mG None D=0 D=28 D=49 0.18 10
4 10 pg of RABV-mG Matrix-M™ D=0 D=28 D=49 13.77 90
5 3 pg of RABV-mG Matrix-M™ D=0 D=28 D=49 13.77 80
6 1 pg of RABV-mG Matrix-M™ D=0 D=28 D=49 11.67 80
7 3 pg of RABV-mG Matrix-M™ D=0 D=49 7.92 80
8 10 pg of RABV-tG None D=0 D=28 D=49 11.35 100
9 3 g of RABV-tG None D=0 D=28 D=49 9.61 100
10 1 pg of RABV-tG None D=0 D=28 D=49 1.99 100
11 10 pg of RABV-tG Matrix-M™ D=0 D=28 D=49 13.03 100
12 3 g of RABV-tG Matrix-M™ D=0 D=28 D=49 13.40 100
13 1 pg of RABV-tG Matrix-M™ D=0 D=28 D=49 12.56 100
14 3 pg of RABV-tG Matrix-M™ D=0 D=49 10.16 100
15 Commercial vaccine None D=0 D=28 D=49 6.59 100
16 PBS None D=0 D=28 D=49 0.06 0
17 PBS Matrix-M™ D=0 D=28 D=49 0.06 0
were determined with the fluorescent antibody virus neutraliza- RABV-mG
tion assay as previously described [14]. 4.0
3.5 l = 10ug
2.5. Virus detection ’ -+ 3ug
3.0 ~ 1ug
Brains were collected from all animals after challenge, homog- g 257 -8 10ug+MM
enized in 1ml of medium containing 10% antibiotics and stored S 201 A 3ug+MM
at —80°C until use. Real-time PCR for the detection of viral RNA O 1.5 ¥ 1ug+MM
was performed with the TagMan® Fast-virus one-step master mix 1.04 -4 3ug+MM*
(Applied Biosystems, Nieuwerkerk aan den IJssel, The Netherlands) 0.54 -~ control vaccine
and primers/probe combinations previously described [15]. RNA 0.0 ——S———— >~ PBS
copy-numbers were quantified using a standard curve of in-vitro 0 10 20 30 40 50 60 70 80 90
transcribed RNA of known quantities. Infectious virus titers were Days post vaccination
determined in the brains of challenged mice on BHK-21-C13 cells
as previously described [16].
2.6. Statistical analysis RABV-tG
Survival curves were made with the Kaplan-Meier method and - 10ug
analysed with a two-tailed logrank test (Graph Pad version 4). -+ 3pg
Virus titres were calculated with the Kiarber-Kaplan method [17]. -+ g
Viral and antibody titers were compared with a two-tailed, non- 2 & 10pg+MM
parametric Mann-Whitney test (Graph Pad version 4). 8 &= 3ug+MM
- 1ug+MM
3. Results & 3pg+MM”
—-e- control vaccine
-~ PBS

3.1. Production of recombinant RABV-G proteins

Monomeric and trimeric RABV-G proteins were characterized
by Western blot using monoclonal antibodies recognizing a linear
or a conformational epitope on the RABV-G [12,18]. The correct size
of the proteins (approx. 60 kDa) was confirmed by SDS-PAGE analy-
sis (Supplementary Fig. 1). Furthermore, recognition of the RABV-G
in a native PAGE gel with an antibody against a conformational
epitope indicated correct folding of the protein.

3.2. Immunogenicity of candidate vaccines

The RABV-mG protein was immunogenic in NIH Swiss-albino
mice when given in 10 pg/mouse doses after two vaccinations. The
lower doses of the RABV-mG protein (1 g and 3 g doses) were
poorly immunogenic with borderline detectable ELISA and VNA
antibody titers on the day of challenge (Fig. 1 and Table 1). How-
ever, addition of the Matrix-M™ adjuvant significantly increased
immunogenicity (as measured with VNA titers) of the RABV-mG

"0 10 20 30 40 50 60 70 80 90
Days post vaccination

Fig. 1. Antibody responses measured by ELISA in mice (n=10/group) immunized
with the RABV-mG (upper panel) or the RABV-tG (lower panel) candidate vaccines.
Arrows indicate the day of challenge (day 49 post immunization). Positive (control
vaccine) and negative (PBS) control groups are depicted in both panels for compar-
ative purposes. Mean and standard error of the mean are depicted for each group.
MM: Matrix-M™. 3 g +MM*: group received one immunization on day 0.

protein especially for the 3 wg and 1 wg doses (p=0.0007, p < 0.0001
and p=0.0001 for the 10 ug, 3 g and 1 g doses, respectively).
Mice that had received only a single dose of 3 jLg of RABV-mG with
Matrix-M™ developed VNA GMT’s of 7.921U/ml (Table 1).
Immunogenicity of the RABV-tG protein was superior in NIH
Swiss-albino mice compared to the RABV-mG protein given at
the same concentrations. All animals developed antibodies after
a single immunization with the respective doses of the RABV-tG
protein (Fig. 1). These antibody titers were (significantly) boosted
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after second vaccination (p=0.0288, p=0.1431 and p=0.0232 for
the 10 pg, 3 g and 1 g doses, respectively). All animals had high
VNA titers on the day of challenge with GMT’s of 11.35, 9.61 and
1.991U/ml for the 10 pg, 3 g and 1 pg dose, respectively (Table 1).
The addition of Matrix-M™ to the vaccine preparation further
increased the immunogenicity of the RABV-tG protein as shown
by the increased VNA GMT’s in the respective groups (13.03, 13.40
and 12.56IU/ml; Table 1). Also here, a single dose of 3 .g of RABV-
tG protein with Matrix-M™ induced relatively high VNA titers in
mice (GMT 10.16 IU/ml).

VNA titers induced by both recombinant G proteins were supe-
rior to those induced by the commercial vaccine used as a control
(GMT 6.591U/ml; Table 1). The only exceptions were groups immu-
nized with 3 g or 1 g of RABV-mG protein without adjuvant,
which developed significantly lower VNA titers (p=0.0312 and
p=0.0002, respectively; Mann-Whitney test).

3.3. Maturation of immune response

We also investigated the quality of the antibody response
that the respective recombinant proteins induced using antibody-
avidity maturation as a marker (Fig. 2). Both RABV-mG and RABV-tG
induced antibodies of relatively high avidity. The addition of
Matrix-M™ to the vaccine preparation further increased antibody
avidity. Interestingly, there was a significant increase in the avidity
index of the antibodies induced by RABV-mG and RABV-tG (Groups
3 ng+MM*in Fig. 2A and B, respectively) after a single dose of the
recombinant proteins adjuvanted with Matrix-M™ (p=0.007 and
p=0.04, respectively). Taken into consideration that high avidity
antibodies correlate with increased longevity [19,20], these results
indicate that the adjuvant used has the potential to induce longer-
lasting antibody responses in immunized mice.

3.4. Protective efficacy of candidate vaccines

All challenge control animals (mock immunized with PBS or
Matrix-M™ only) succumbed to rabies infection after 6 to 7
days post intracranial CVS-11 challenge. Mice succumbing to
rabies showed typical signs of rabies including raffled haired,
hunched-back posture, lethargy and hind-leg paralysis. Protection
of immunized mice after this lethal challenge correlated well with
the induced antibody titers. Only 10% of mice that received the low-
est dose of RABV-mG survived lethal challenge whereas addition of
Matrix-M™ to the vaccine preparation increased survival within
the respective groups considerably, up to 90% (Fig. 3 and Table 1).
RABV-tG protein with or without adjuvant conferred 100% protec-
tion against the lethal challenge irrespective of the dose, even after
asingleimmunization with 3 pg of protein adjuvanted with Matrix-
M™ (Table 1). As expected, the commercial vaccine that was used
as a control in this study also protected 100% of the immunized
mice.

Infectious virus was recovered from the brains of all animals
that died of rabies encephalitis (Fig. 4A). Mice that had been immu-
nized with non-protective doses of RABV-mG protein had lower
titers in their brains compared to PBS or Matrix-M™ only controls
(p=0.001). Interestingly, at 28 days post challenge, viral RNA was
still detectable in the majority of the animals that had survived
challenge, including animals that had received the control vaccine.
Viral RNA titers in surviving animals were lower than in animals
that died of rabies encephalitis, the lowest being detected in the ani-
mals that had received either of the adjuvanted candidate vaccines
(Fig. 4B). Attempts to recover infectious virus from surviving ani-
mals that were positive for viral RNA were not successful. Neither
was detection of viral antigen by means of immunohistochem-
istry in the brains of animals that had a positive RNA result (data
not shown). The significance and mechanism underlying these
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Fig. 2. Avidity index of antibodies measured by ELISA on days 28 and 49 post
immunization in mice that received RABV-mG (panel A) or RABV-tG (panel B). MM:
Matrix-M™. 3 ug + MM*: group received one immunization on day 0.

findings should be further analysed but the vaccine induced
immunity is apparently sufficient to protect against lethal dis-
ease although apparently not sufficient to completely abolish RABV
replication.

4. Discussion

In the present study we have used a novel approach to produce
recombinant vaccine candidates against rabies and compared this
with the more traditional approach. We have selected the G pro-
tein of RABV that is known to induce VNAs and expressed it either
in a baculovirus system as RABV-mG or in its more native trimeric
form (RABV-tG) to increase immunogenicity. We have found that
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Fig. 3. Survival curves of mice immunized i.m. with the respective doses of
baculovirus expressed RABV-mG without (upper panel) and with (lower panel) adju-
vant and challenged i.c. with a lethal dose of CVS-11 49 days post immunization.
Positive (control vaccine) and negative (PBS and Matrix-M™) control groups are
depicted in both panels for comparative purposes. MM: Matrix-M™. 3 pg + MM*:
group received one immunization on day 0.

low doses of the RABV-tG are sufficient to induce potent and pro-
tective antibody response in outbred mice. Immunogenicity and
efficacy of RABV-tG were superior to the RABV-mG produced with
the baculovirus system. In addition, a potent adjuvant improved
the level and quality of the RABV specific antibody response.

Despite rabies being a vaccine-preventable disease, it continues
to be a public health problem for many RABV endemic countries
as well as a serious threat to travellers to these countries. Vacci-
nation of wild, feral and domesticated carnivores is currently the
best option to control and prevent human rabies, as vaccination
of humans is largely limited to groups at high-risk of exposure for
financial reasons. Pre-exposure immunization schemes to prevent
rabies are based on multi-dose regimens of killed whole virus vac-
cines. This approach, although highly effective for pre-exposure,
has several disadvantages. For example, growing live virus to high
titers requires high biosafety level laboratories. Inactivation is
required before release of the vaccine batch and safety testing
of every batch before release requires large numbers of labora-
tory animals. In addition, these vaccines require high and multiple
doses in order to reach sufficiently high neutralizing antibody levels
and protection. The need for new generation vaccines that confer
long lasting protection at low cost using lower and fewer doses
of viral antigen is evident and consequently advantages of using
recombinant proteins for this purpose would be obvious for several
reasons [6].

We have used recombinant technology to produce the RABV
glycoprotein G, against which virus neutralizing antibodies are
directed. We used both insect and mammalian expression systems
to produce the monomeric and trimeric forms of the rabies gly-
coprotein G, respectively. Both expression systems are known to
preserve the protein’s antigenic structure. Slightly different protein
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Fig. 4. RABV recovered from mice challenged with a lethal dose of CVS-11 49 days
post immunization. (A) Infectious virus was only recovered from challenge control
mice (PBS and Matrix-M™) and mice that were immunized with RABV-mG and died
within one week after challenge. (B) Viral RNA was detected in the brain of mice that
either died of rabies within one week post challenge (Day 56) or were euthanized
28 days post challenge (Day 77) without developing rabies. Black lines indicate the
geometric mean within the group. Asterisks indicate significant differences between
the groups (p<0.05; Mann-Whitney test). MM: Matrix-M™. 3 pg+MM*: group
received one immunization on day 0.

sizes were observed for the two expression systems (Supplemen-
tary Fig. 1) most likely reflecting the differences in glycosylation
of proteins between insect and mammalian host cells. Baculovirus
expressed recombinant proteins have been used for several candi-
date vaccines including RABV with promising results [7,21,22]. In
the present study we have shown that baculovirus expressed RABV-
mG is relatively easy and inexpensive to produce although it still
induces relatively limited protective antibody responses. To solve
this problem, we have chosen to explore two approaches. First, we
expressed the G protein in its native trimeric form (RABV-tG) and
showed that this protein complex is more immunogenic conferring
complete protection at relatively low doses. It has been shown for
HIV-1 and influenza that recombinant proteins expressed as native,
multimeric proteins significantly increase the potency of candidate
vaccines [10,23,24]. It is possible that multimers retain the native
protein conformation and therefore present multiple relevant
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epitopes to B cells inducing a broader and more potent immune
response [25]. Second, we explored the potential of adding a novel
adjuvant formulation. Adjuvants are commonly used to increase
quantity and quality of the immune response. Here we have chosen
to use Matrix-M™ a saponin-based adjuvant shown to stimu-
late both humoral and cellular immune responses [26]. The same
adjuvant is currently in use for veterinary vaccines and has been
tested in Phase I studies in humans for candidate influenza vaccines
[27,28]. The addition of Matrix-M™ resulted in dose sparing and
reduction of the number of doses needed for both preparations. The
increase in the immunogenicity of RABV-mG was more apparent
than the effect on the immunogenicity of the RABV-tG candidate
vaccine (Table 1 and Fig. 3), which already performed better in
a quantitative sense. However, Matrix-M™ was also shown to
improve the quality of the immune response as demonstrated by
the increased antibody avidity index in all mice receiving a vaccine
formulation with Matrix-M™., This quantitative and qualitative
effects leading to increased antibody and protective responses, may
also lead to increased memory B and T cell responses which may
in turn lead to better longevity of the protective efficacy elicited
by the candidate vaccines tested. For rabies vaccines not only anti-
gen sparing is a major issue, but also the longevity of the induced
protective response. The effect of the addition of Matrix-M™ on
longevity of antibody and protective responses as well as on the
induction of specific T cell responses remains to be studied in more
detail.

Despite the high efficacy of the candidate vaccines tested here,
viral RNA was still detectable in the majority of the mice surviving
lethal challenge with CVS-11 (Fig. 4B). Animals from all vaccinated
groups (including the control-vaccine group) had detectable viral
RNA even 28 days post challenge. It is known that RABV can per-
sist in infected mice for long periods of time [29], although the
mechanisms underlining this observation are not well understood.
It was proposed that the nucleocapsid has a stabilizing effect on the
viral genome, which allows persistence of the genome in the brain
[29,30]. It could also mean that virus particles are taken up by sup-
porting cells of the nervous system (e.g. microglia), which do not
support viral replication but allow for persistence of viral genome
for longer periods of time.

Taken together, the data presented here provide evidence that
in mice both the trimeric presentation of the RABV G protein and
the addition of Matrix-M™ not only lead to dose sparing but also
to a qualitatively better immune response of vaccine candidates
based on recombinant RABV-G proteins. This may pave the way
toward the development of cheaper and qualitatively better rabies
vaccine that provides longer protection with fewer vaccine doses
in humans and animals.
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