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ABSTRACT. The ongoing epidemic of chronic wasting disease (CWD) within cervid populations
indicates the need for novel approaches for disease management. A vaccine that either reduces
susceptibility to infection or reduces shedding of prions by infected animals, or a combination of
both, could be of benefit for disease control. The development of such a vaccine is challenged by the
unique nature of prion diseases and the requirement for formulation and delivery in an oral format for
application in wildlife settings. To address the unique nature of prions, our group targets epitopes,
termed disease specific epitopes (DSEs), whose exposure for antibody binding depends on disease-
associated misfolding of PrPC into PrPSc. Here, a DSE corresponding to the rigid loop (RL) region,
which was immunogenic following parenteral vaccination, was translated into an oral vaccine. This
vaccine consists of a replication-incompetent human adenovirus expressing a truncated rabies
glycoprotein G recombinant fusion with the RL epitope (hAd5:tgG-RL). Oral immunization of
white-tailed deer with hAd5:tgG-RL induced PrPSc-specific systemic and mucosal antibody
responses with an encouraging safety profile in terms of no adverse health effects nor prolonged
vector shedding. By building upon proven strategies of formulation for wildlife vaccines, these
efforts generate a particular PrPSc-specific oral vaccine for CWD as well as providing a versatile
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platform, in terms of carrier protein and biological vector, for generation of other oral, peptide-based
CWD vaccines.
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INTRODUCTION

Chronic wasting disease (CWD) is a prion
disease that is currently spreading through
North American cervid populations.1 Inci-
dence of CWD has largely been limited to
North America, but reported cases in South
Korea and Norway indicate the potential for
global consequences.2,3 CWD has had a dev-
astating impact on the farmed elk industry
and its ongoing spread through wild popula-
tions threatens a natural resource that is of
considerable economic, ecological and social
importance. The circumstantial evidence that
human prion diseases can result from expo-
sure to CWD, as well as a recent demonstra-
tion of oral transmission of CWD to
cynomolgus macaques, add concern of the
zoonotic potential of CWD.4,5

At the current time, culling is the primary
tool available for management of CWD.
While there has been some success in limit-
ing the spread of CWD in wild populations
through strategic culling, this is an incom-
plete and controversial strategy for long-term
disease management.6,7 Management of
CWD, in particular within wild populations,
will likely depend on the coordinated appli-
cation of several disease management strate-
gies. One important component of this
strategy may be the use of vaccines to either
reduce PrPSc shedding or prevent infection.
In particular, the unique ability of prions to
cause long-term environmental contamina-
tion, lasting from years to decades, supports
vaccination as a strategy to both achieve pro-
phylactic prevention and reduce shedding
towards mitigating exposure and infection of
animals in contaminated environments.8,9

Emerging evidence of the uptake and presen-
tation of environmentally-shed prions by
plants further support the importance of lim-
iting shedding by infected animals.10

Development of a prion vaccine is chal-
lenged by the unique nature of the infectious
agent; the misfolding of a self-protein (PrPC)
into an infectious and pathological conforma-
tion (PrPSc).11 While an effective vaccine for
CWD remains elusive, there is proof of princi-
ple evidence that this is an achievable goal as
antibodies to PrPC neutralize prion propagation
in vitro and in vivo.12-18 Numerous studies have
shown the benefits of immunization to abrogate
infectivity, reduce PrPSc loads within relevant
tissue, increase survival time, and provide par-
tial protection following infection.19-29 Further,
the paradigms of vaccine success are shifting
such that reduced shedding, rather than outright
prevention of infection, may be a relevant and
achievable measure of vaccine efficacy.

While these results provide optimism for the
development of a prion vaccine, there are con-
cerns of potentially deleterious consequences
associated with the induction of antibodies with
reactivity towards a widely-expressed self-pro-
tein. While many passive and active immuniza-
tion trials involving antibodies against PrPC do
not cause pathological reactions, other early
experiments suggested that antibodies against
PrPC trigger neuronal apoptosis or activation of
inappropriate signalling cascades.30-32 Further
investigation suggested that antibodies to a
variety epitopes of the globular domain of PrPC

have varying degrees of neurotoxicity.33 Mech-
anistically, this neurotoxicity seems to mimic
the cellular events associated with prion infec-
tion and may involve antibody-induced confor-
mational changes in PrPC.34,35

By targeting epitopes that are specifically
exposed upon pathological misfolding of PrPC to
PrPSc, it is possible to induce antibody responses
specific for the pathological conformation,
thereby sparing the healthy form of the protein
and prioritizing the immune response to the
problematic conformation. To date, three DSEs
have been translated into injected vaccines that
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induce PrPSc antibody responses.36,37 Of these, a
rigid loop (RL) DSE is considered particularly
attractive for a CWD vaccine based on unique
structural features of this loop in cervid PrP
including its predicted ability to convert from a
compact loop into an unstructured region that
resembles a free peptide immunogen.38,39

The majority of efforts to develop prion vac-
cines have been in the context of injected deliv-
ery which could have application for farmed
animals. For wild animals, an effective vaccine
would need to be deployed without direct con-
tact with animals, making oral vaccines the
best delivery option. The potential benefits of
oral vaccination are perhaps best exemplified
by the highly-successful example of rabies that
demonstrated it is possible to achieve protec-
tive immunity through oral, self-administered
vaccines.40,41 Different molecular and biologi-
cal vectors have been investigated as oral
CWD vaccines and these studies have demon-
strated that oral vaccine formulations can
induce both mucosal and systemic antibody
responses in deer and mice.24-27 Perhaps most
relevant, Goni et al, using a Salmonella-based
oral delivery platform in deer, were able to
induce partially protective immune responses
to CWD.25 This, however, was achieved with
an intensive immunization protocol (8 immuni-
zations, including specific manual application
of the vaccine to the tonsils) that would limit
the potential for application of this approach in
a wildlife setting. Optimistically this study pro-
vides proof-of-principle support for the devel-
opment of an oral CWD vaccine while
highlighting the need for delivery platforms
that are compatible with a real-world wildlife
vaccine from economic, regulatory and practi-
cal considerations.

In this work, we describe the construction and
immunogenic characterization of an oral prion
vaccine based on a replication-incompetent
human adenovirus expressing a truncated rabies
glycoprotein G recombinant fusion with the RL
epitope (hAd5:tgG-RL). Oral delivery of hAd5:
tgG-RL to white-tailed deer induced PrPSc-spe-
cific systemic and mucosal immune responses
after two immunizations. The vaccine showed a
satisfactory safety profile as characterized by
limited vector shedding and non-reactivity of

the induced antibodies to PrPC. Collectively,
through strategies of formulation that have
proven effective for other wildlife vaccines,
these efforts provide a potential PrPSc-specific
oral CWD vaccine as well as providing a plat-
form for the generation of other peptide-based
oral CWD vaccines.

RESULTS

Characterization of Recombinant Ad5:
tgG-RL

Recombinant virus was assayed for both
incorporation of the tgG-RL open reading
frame as well as expression of the tgG-RL
fusion antigen. Total DNA was isolated from
either mock-infected HEK293 cells or those
infected with either hAd5, hAd5:tgG-RL and
subjected to restriction digest analysis. A
restriction fragment of the appropriate size
(5897 bp) corresponding to the tgG-RL expres-
sion cassette and flanking homologous recom-
bination sequence was recovered only from
cells infected with hAd5:tgG-RL [Fig. 1A]. An
approximately 30 kB fragment is observed
within the viral infected cultures representing
the adjacent genomic sequence coding for vari-
ous structural adenovirus proteins, and is absent
from mock-infected isolates [Fig. 1A].

To confirm expression of the heterologous
fusion protein, conditioned media from
HEK293 cells infected with either hAd5 or
hAd5:tgG-RL were analyzed by Western blot.
Membranes were probed with polyclonal anti-
tgG or anti-RL sera to confirm the composition
of expressed antigen. From the media of the
hAd5:tgG-RL infected cells both the anti-tgG
and anti-RL sera recognized a 65 kDa protein
corresponding to the mature, processed form of
tgG-RL [Fig. 1B].

Systemic and Mucosal Humoral
Responses

To assess the immunogenicity of hAd5:tgG-
RL white-tail deer (n D 5/group) were orally
immunized and epitope-specific antibody titers
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in serum and feces were quantified with a pep-
tide ELISA. Serum titers from 4 of 5 animals
receiving the hAd5:tgG-RL oral vaccine dis-
played seroconversion following primary
immunization [Fig. 2A]. Peptide-specific anti-
body titers in serum continued to rise following
a second immunization 2 weeks later, plateau-
ing at week 6 and the gradually decreased dur-
ing the remainder of the trial. One of the 5
vaccinated animals failed to seroconvert at any
time during the trial. The ability of oral hAd5:
tgG-RL vaccine to induce mucosal responses
was also evaluated following oral immuniza-
tion. DSE-specific antibody responses were
detected in 4 of the 5 animals receiving hAd5:
tgG-RL [Fig. 2B]. The overall kinetics of the
fecal antibody responses mirrored the serum
antibody response. Notably, the same animal
that failed to develop detectable serum also
failed to develop fecal antibody responses.
These results confirm that oral delivery of a
recombinant viral vector, expressing an appro-
priate DSE and carrier molecule, is capable of

inducing both systemic and mucosal antibody
responses in white-tailed deer.

Antigen-Specific Lymphocyte Responses

Splenocyte proliferative responses were ana-
lyzed to corroborate the induction of serum
antibody responses. Splenocytes were isolated
13 weeks after the initial oral immunization,
and were co-cultured with purified tgG protein
to assess their responsiveness to the tgG carrier
protein. Splenocytes from all animals exhibited
proliferative responses (SI > 2.0) to Concanav-
alin A, a polyclonal T cell mitogen (data not
shown). Splenocytes from 4 of 5 animals
displayed moderate to strong proliferative
responses to tgG that were significantly greater
(p < 0.05) than that observed for animals
receiving hAd5 [Fig. 3]. Splenocytes from the
animal failing to seroconvert following oral
immunization with hAd5:tgG-RL also failed
to respond to in vitro tgG stimulation. Prolifer-
ative response data corroborate that the

FIGURE 1. Vaccine Production. (A) DNA was isolated from HEK293 cells infected with hAd5 and
hAd5:tgG-RL and subjected to PacI digestion to identify the presence of tgG-RL coding sequence.
(B) Western blot of conditioned media from either mock infected or hAd5:tgG-RL infected HEK293
cells. Proteins were resolved by SDS-PAGE, blotted to nitrocellulose and probed with either anti-
tgG or anti-RL sera at 1:1000 or 1:2000, respectively. Protein-antibody complexes were probed
with alkaline phosphatase labeled secondary antibody, and visualized following development with
BCIP/NBT.
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peptide-specific antibody responses in animals
receiving hAd5:tgG-RL immunizations could
be supported by T-helper cells recognizing the
tgG carrier protein.

Immune Sera Specificity to PrPC

To determine if the antibodies induced by
oral immunization retained the same PrPSc

specificity as previously characterized for the
parenteral vaccine, serum from hAd5:tgG-RL
vaccinated animals was assayed for PrPC reac-
tivity by ELISA, using recombinant cervid PrP
90–231 for antibody capture. Serum samples
corresponding to peak antibody titers at week 6

post-vaccination was selected based on the
assumption that this provided sufficient time
for affinity maturation of antibody responses.
PrPC reactive monoclonal antibodies, 6D11 and
M2188, were used as positive controls, while a
polyclonal antibody, affinity-purified from
serum samples collected following parenteral
vaccination with the RL construct, was
included as a negative control. Antibody titers
for serum samples collected from animals
receiving hAd5 were designated 101 and were
considered to reflect background activity when
assaying serum samples in ELISA [Fig. 4A].
Serum samples from animals receiving hAd5:
tgG-RL did not display detectable reactivity
with cervid PrPC as the group titers were calcu-
lated to be less than 101, similar to the control
serum samples [Fig. 4A].

The PrPSc specificity and reactivity of the
serum antibodies induced by hAd5:tgG-RL
were also analyzed with immunoprecipitation
assays, using both healthy and prion-infected
brain tissue. A PrPC/Sc reactive monoclonal

FIGURE 2. Systemic and Mucosal Epitope-spe-
cific Antibody Responses. White-tailed deer
received an oral administration of 2.0 £ 1010

viral particles of either hAd5 (n D 5) or hAd5:
tgG-RL (n D 4). The animal who failed to mount
an antibody response to the hAd5:tgG-RL vac-
cine was excluded from this consideration. Ani-
mals were orally immunized twice with a two-
week interval. Serum antibody titers (A) and
fecal antibody titers (B) were quantified with a
capture ELISA using RL peptide to coat the
wells. Data presented are as the mean § 1 SD.

FIGURE 3. Lymphocyte Proliferation Assays.
tgG-specific lymphocyte proliferative responses
were determined following oral immunization of
white-tailed deer with hAd5:tgG-RL vector. Lym-
phocytes were isolated from spleens 91 days
post-immunization. Proliferative capacity of lym-
phocytes was determined by incorporation of
[3H] thymidine follow co-culture with affinity puri-
fied tgG protein. Proliferative responses are
reported as stimulation index (mean counts per
minute with tgG stimulation of triplicate cultures
/mean counts per minute of triplicate cultures
with medium alone).
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antibody, AH6B, as well as polyclonal antibod-
ies affinity-purified from serum samples col-
lected following parenteral vaccination with a
YML construct were included as controls. The
YML antibody has demonstrated reactivity

with PrPSc in immunoprecipitation assays37

Pooled serum samples collected from animals
six weeks after hAd5:tgG-RL vaccination dem-
onstrated reactivity with PrPSc brain tissue but
failed to react with PrPC in healthy brain mate-
rial [Fig. 4B]. Further, pre-immune serum from
the hAd5:tgG-RL vaccinated animals failed to
react with PrPSc.

Vector Shedding

To assess the duration of hAd5 vector shed-
ding, fecal samples were assayed for viral
DNA using an adenovirus hexon-specific PCR.
Fecal samples collected prior to immunization
were negative for adenovirus [Fig. 5]. At three
days post immunization, fecal samples from all
animals vaccinated with either hAd5:tgG-RL
or hAd5 were positive for the adenovirus hexon
sequence. This vector shedding reflects passive
transmission of the oral vector through the
animal since the hAd5 vector was not replica-
tion competent. At 14 days after primary

FIGURE 4. Specificity of Immune Responses.
(A) Antibody titers were quantified by capture
ELISA using cervid PrPC 90–231 as coating
antigen, and are reported as mean values § 1
SD. Monoclonal antibodies 6D11 and M2188
served as positive controls, while polyOv.RL
sera served as a negative control. (B) Immuno-
procipitation of PrP from healthy and prion-
infected brains. Pooled serum from deer orally
immunized with hAd5:tgG-RL was assessed for
reactivity with PrPSc and PrPC. Serum antibod-
ies were cross-linked to magnetic beads and
incubated with non-infected and infected 10%
brain homogenate. A PrPC/Sc reactive monoclo-
nal antibody, AH6B, as well as polyclonal anti-
bodies affinity-purified from serum samples
collected following parenteral vaccination with a
YML construct were included as controls. The
YML antibody has demonstrated reactivity with
PrPSc in immunoprecipitation assays.37

FIGURE 5. Vector Shedding. Ten white-tailed
deer (n D 5/group) orally received 2.0 £ 1010

viral particles of either hAd5 or hAd5:tgG-RL.
Animals were orally immunized at D0 and D14.
Total DNA was isolated from fecal samples on
individual animals, and served as template for
diagnostic PCR to identify viral sequence cod-
ing for the Ad5 hexon protein. DNA concentra-
tion was standardized for each 20 ul PCR, and
entire reactions were resolved in 1% agarose
gels.
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immunization all animals were PCR negative
for Ad5. Similarly, three days after the second-
ary vaccination, fecal samples from all animals
were again positive for adenoviral DNA
[Fig. 5]. Finally, all animals were confirmed to
not be shedding detectable levels of virus when
the trial concluded 91 days post-vaccination.
Sequencing of the PCR product generated from
day 3 fecal samples confirmed the amplified
sequence matched human group C adenovirus
hexon sequence (AC_000008.1).

DISCUSSION

Prion vaccine development by our group has
prioritized epitopes that induce antibody
responses specific to the misfolded PrPSc spe-
cies. To date, peptide-based vaccines, corre-
sponding to three different DSEs, have been
delivered parenterally and their immunogenicity
and specificity has been characterized.23,36,37

The priority of the current investigation was to
translate the DSE corresponding to the PrP rigid
loop region to an oral vaccine vector. In terms of
philosophy and molecular construction, these
efforts build upon the highly successful example
of oral vaccines for rabies.

The haptenic nature of peptides requires the
use of an immunogenic carrier protein to gener-
ate the T-cell help required for the induction of
an antibody response. Our previous CWD vac-
cines utilized the Leuktoxin (Lkt) protein of
Mannheimia haemolytica to support the induc-
tion of T-cell dependent antibody responses.36

However, this large prokaryotic protein is
poorly suited for expression in eukaryotic sys-
tems and viral vectors. In contrast, rabies gly-
coprotein G (gG) is an extremely potent
immunogen capable inducing robust and pro-
longed immune responses.42 As a carrier, gG is
capable of inducing immune responses to heter-
ologous antigens and peptide epitopes.43 In a
direct comparison with Lkt, a truncated version
of gG (tgG) induced significantly higher titre,
and longer duration, DSE-specific antibody
responses.44 For these reasons, the tgG-RL
fusion antigen was selected for translation into
an oral delivery vector.

Human adenovirus serotype 5 (hAd5) was
selected as a mucosal vaccine vector for its
broad species and tissue tropism, as well as pro-
pensity to induce both systemic and mucosal
humoral immunity to heterologous anti-
gens.45,46 Many mammals share habitats with
cervids, making a replication-incompetent
hAd5 a priority to ensure limited environmental
contamination by the vaccine. Shedding of the
hAd5 vector was limited to three days immedi-
ately following vaccination. In contrast, shed-
ding could be detected for weeks following
oral delivery of a replication-competent vec-
tor.47 That the replication-defective vector was
able to infect cells in the gastro-intestinal tract
of white-tailed deer and express the transgene
was evident in the induction of RL-specific sys-
temic and mucosal antibody responses.
Although larger antigen expression, and there-
fore greater immune responses would likely be
possible with the use of a replication-competent
virus, safety issues surrounding environmental
contamination or secondary immunization of
non-target species influenced our choice of a
replication-defective virus.

Within these efforts, only four of the five ani-
mals receiving the hAd-tgG-RL vaccine demon-
strated detectable epitope-specific antibody
responses. Based on virus shedding, we can be
confident that the non-responding animal (An3)
received the vaccine but (based on the splenocyte
proliferation assays and antibody titres) did not
mount an immunological response to the vaccine.
There are a number of potential explanations for
this vaccine non-responder. Firstly, it is important
to appreciate that the purpose of this investigation
was to provide proof-of-principle for the develop-
ment of an oral vaccine for cervids utilizing vec-
tors that are consistent with a real-world vaccine
from financial and regulatory perspectives. This
did not include efforts to optimize either the dose
or timing of the vaccinations which could cer-
tainly impact the magnitude and consistency of
the induced responses. As such, it may be possi-
ble to achieve a more prominent and uniform
response through optimizing the dose and/or tim-
ing of vaccination. Secondly, within outbred pop-
ulations, even for commercialized vaccines, it is
not unusual to observe variability in vaccine
responsiveness, including non-responders.
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Further to that, the antibody titres induced fol-
lowing oral vaccination with the hAd5:tgG-RL
vector were approximately two orders of magni-
tude lower than those achieved when using an
adjuvanted parenteral vaccine with the same
DSE.36,37 This may be due to the delivery of an
unadjuvanted oral vaccine which was not dose
optimized as well as the use of a replication-
incompetent vector that generated a limited
amount of antigen. Further, with the oral vaccine,
there wasn’t a significant anamnestic response
following the secondary immunization. This
may be due to the induction of hAd5-specifc
immunity, which prevented virus infection or
uptake by mucosa-associated lymphoid tissue.
The parenteral DSE-specific vaccine induced
antibody responses that were also detectable in
nasal secretions and cerebrospinal fluid.36 The
failure of the oral vaccine to induce detectable
humoral responses within either nasal secretions
or CSF [data not shown] may be attributable to
the induction of a much lower systemic antibody
response. There are several options to increase
the immunogenicity, and potentially protective
capacity, of the hAd5 vector. These include opti-
mizing the dose and timing of vaccination as
well as incorporating accessory immunostimula-
tory proteins in the transgene, chemical modifi-
cation or encapsulation of the recombinant virus
to decrease degradation in gastrointestinal tract,
and possibly reducing interference by vector
immunity by increasing the interval between
multiple immunizations.48-50

While developing a CWD vaccine for use in
wild cervids was the primary objective of this
study, these results may also be applicable in
captive cervids and domestic livestock. A prop-
erly formulated and sufficiently immunogenic
vaccine could be delivered in the feed of animals,
thereby providing a method to eliminate the han-
dling of individual animals during vaccination.
While oral immunization is the only option for
implementing a cervid-specific wildlife vaccina-
tion program, a commensurate benefit tomucosal
vaccination is the induction of a broad anti-PrP
humoral response. Recent studies indicate the
importance of inducing both systemic and muco-
sal immunity, where high levels of IgG and IgA
correlated to increased survival.25-27 While the
current efforts prioritized a particular DSE, the

platform could easily be adapted for other pep-
tide epitopes, including those associated with
antibody responses against PrPC.

MATERIALS AND METHODS

Construction of Oral CWD Vaccine

Total RNA was isolated from rabies-positive
fox brain tissue using RNeasy Mini Kit (Qia-
gen) and a cDNA library was synthesized using
Superscript III cDNA Library Construction Kit
(Life Technologies). A truncated version of the
Rabies Glycoprotein G (gG) was amplified
using primers that truncated the 30 region to
eliminate the transmembrane and cytosolic
domains, as well as to facilitate the introduction
the codon-optimized sequence corresponding
to the rigid-loop epitope. The resulting gene
product encodes a product in which the RL epi-
tope is presented as a C-terminal fusion of the
truncated tgG protein. DNA sequence was syn-
thesized (Genscript) and further amplified to
contain a stop codon and flanking restriction
sites to facilitate further cloning. Both tgG and
RL were restricted and co-cloned into pH5L
vector containing signal transcription and regu-
latory elements to facilitate antigen expres-
sion.51 PacI-digested pH5L:tgG-RL and pH5R
were co-transfected into HEK293 cells using
Calcium-phosphate HEK293 transfection kit
(Promega) to facilitate homologous recombina-
tion and the production of recombinant hAd5:
tgG-RL virus. An E1/partial E3-deleted hAd5
lacking any heterologous protein expression
was included as a negative control. Both hAd5
and hAd5:tgG-RL viruses was amplified fol-
lowing several passages in HEK293 cells, puri-
fied by CsCl gradient centrifugation and
concentration was determined from the for-
mula: viral particles/mL D (optical density at
260 nm) £ (dilution factor) £ 1012).52

Isolation of Recombinant Adenoviral
DNA from Infected Tissue Culture

HEK293 cells in T75 format were infected
(1 £ 105 vp) with hAd5:tgG-RL, hAd5 control
virus, or mock infected. Cells exhibiting full
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CPE 48 h post infection were harvested, pel-
leted and incubated in extraction buffer
(400 mM NaCl, 0.5% Triton X-100, 50 mM
Tris-HCl pH 7.5) for 30 min at 4�C. Following
centrifugation, supernatant was incubated with
1% SDS and 0.8 mg/mL Proteinase K at 37�C
for 1 h. DNA isolated by Phenol:Chloroform:
Isoamyl alcohol extraction and ethanol precipi-
tation. Isolated DNA was restricted with PacI
to identify the tgG-RL open reading frame.
Restriction digest products were subjected to
electrophoresis in 1% agarose gels.

Western Blotting

HEK293 cells were infected with either 1 £
105 vp hAd5:tgG-RL, hAd5 control or mock
infected. Conditioned media containing 20 ug
total protein was isolated from all cultures 72 h
post infection and subject to electrophoresis in
10% SDS-polyacrylamide gels, and transferred
to a nitrocellulose membrane (Bio-Rad). Mem-
branes were probed with either anti-tgG or
anti-RL polyclonal serum at 1:1000 or 1:2000,
respectively. Immune complexes were further
probed with alkaline phosphatase-conjugated
goat anti-mouse IgG (HCL) (KPL) at 1:4000.
Specific proteins were visualized following the
addition of SigmaFAST BCIP/NBT substrate
(Sigma-Aldrich).

Oral Immunization of White-Tailed Deer

Ten six-week old female white-tailed deer
(n D 5/group) orally received 2 £ 1010 viral
particles of Ad5:tgG-RL or Ad5 virus in 4 mL
unsupplemented Eagles Minimum Essential
Medium at days 0 and 14. Animals were
housed under biosafety level 3 containment for
the duration of the trial. Individual serum, nasal
swabs, feces, and cerebrospinal fluid were iso-
lated, and stored at ¡20�C. An independent
research team performed all animal work and
experiments were done according to the Guide
to the Care and Use of Experimental Animals,
provided by the Canadian Council on Animal
Care. The Saskatchewan Animal Care Commit-
tee approved all experimental protocols.

Extraction of Antibody from Feces

Fecal samples were thawed and suspended to
0.1 g/mL in chilled extraction buffer (PBS,
0.05% Tween 20, 1x complete protease inhibi-
tor cocktail (Roche)). Suspensions were vor-
texed, nutated for 30 min at 4�C, cleared of
cellular debris by centrifugation at 16,000 £ g
for 10 min at 4�C, and stored at ¡20�C.

Vector Shedding from Vaccinated
Animals

DNA was isolated from approximately
200 mg of fecal material of individual animals
using QIAamp DNA Stool Mini Kit (Qiagen)
to manufacturers specifications. Eluted DNA
was supplemented with 0.1 ug/ul BSA and
served as template for PCR to identify viral
DNA. Template DNA was standardized to 50
ng/20 ul reaction, and PCRs were conducted
using Phusion High-Fidelity Polymerase, to
manufacturers specifications (NEB). hAd5 pri-
mers were constructed based on the published
sequence of the human adenovirus serotype 5
hexon (AC_000008.1): hAd5-hexF3: GGACA
TGGCTTCCACGTACT hAd5-hexR3: GCCT
GTTGGGCAATAGATTGT. Genomic human
adenovirus serotype 5 DNA purified from
spiked white-tailed deer fecal samples served
as positive control template, and DNA purifica-
tions from non-spiked samples served as nega-
tive control.

ELISAs

Serum and mucosal epitope-specific anti-
body responses were quantified by ELISA
through previously described protocols.37

Serum PrPC-specific antibody responses were
quantified by ELISA using samples from peak
titer at week 6, performed similarly as previ-
ously described, using affinity purified trun-
cated cervid PrP 90–231 as coating antigen.43

Control antibodies 6D11, M2188, and ovine
polyclonal anti-RL serum were used at 1:40 ini-
tial dilution. ELISA titres are expressed as the
reciprocal of the highest serum dilution result-
ing in an OD reading exceeding two standard
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deviations above the value for the pre-immune
serum.

Antibody Purification and
Immunoprecipitation of PrPSc

Serum from immunized deer were evaluated
for interaction with PrPSc and PrPC. Immuno-
globulin isolated using Protein-A column-affin-
ity purification was conjugated to magnetic
beads for brain homogenate immunoprecipita-
tion assays as described.37 A PrPC/Sc reactive
monoclonal antibody, AH6B, as well as poly-
clonal antibodies affinity-purified from serum
samples collected following parenteral vaccina-
tion with a YML construct were included as
controls. The YML antibody has demonstrated
reactivity with PrPSc in immunoprecipitation
assays.37

Spenocyte Stimulation with Carrier

Spleens were harvested from immunized
animals at day 91 post oral immunization. Spe-
nocyte isolation and culture were described
previously.53 Splenocytes were cultured for
72 h in triplicate with affinity-purified tgG (1.0
and 3.0 mg/mL), concanavalin A (1.0 mg/mL).
Cells were cultured in a final volume 200 ul
and pulsed with 0.4 uCi / mL [3H] thymidine.
Following 72 h incubation, incorporation of
[3H]-thymidine was determined using standard
scintillation counting methods. Proliferative
responses were calculated as a stimulation
index (counts per minute with stimulating anti-
gen/counts per minute with media alone) and
expressed as the mean of triplicate cultures.

Statistical Analysis

The data represent repeated measures of
ELISA antibody titres in animals over time and
did not adhere to a normal distribution. To
account for the repeated measures study design,
data for each animal were first summed over
time. Summed data were then ranked to
account for their non-normal distribution and a
one-way ANOVA analysis performed on the

ranked sums. Where appropriate, Tukey’s test
was used to examine differences among treat-
ment groups. P values less than 0.05 were con-
sidered significant.
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