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Abstract: Foot and mouth disease (FMD) is an extremely contagious viral disease of
livestock caused by foot and mouse disease virus genus: Aphthovirus, which causes
a serious economic impact on both individual farmers and the national economy. Many
attempts to advance a vaccine for FMD have failed to induce sterile immunity. The classical
methods of vaccine production were due to selective accumulation of mutations around
antigenic and binding sites. Reversion of the agent by positive selection and quasi-species
swarm, use of this method is inapplicable for use in non-endemic areas. Chemical attenuation
using binary ethyleneimine (BEI) protected the capsid integrity and produced a pronounced
immunity against the challenge strain. Viral antigens which have been chemically synthe-
sized or expressed in viruses, plasmid, or plants were tried in the vaccination of animals.
DNA vaccines expressing either structural or nonstructural protein antigens have been tried
to immunize animals. Using interleukins as a genetic adjuvant for DNA vaccines have
a promising effect. While the challenges of inducing sterile immunity lies on non-
structural (NS) proteins of FMDV which are responsible for apoptosis of dendritic cells
and have negative effects on lympho-proliferative responses which lead to transient immu-
nosuppression. Furthermore, destruction of host protein trafficking by nonstructural proteins
suppressed CDg" T-cell proliferation. In this review, it tried to address multiple approaches
for vaccine development trials and bottle necks of producing sterile immunity.
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Background

Foot and mouth disease (FMD) is an extremely contagious viral infection of live-
stock caused by Foot and Mouse disease virus, genus: Aphthovirus and family
Picornaviridae; that inflicts severe economic losses.'** Domestic and wild ungulates
are highly affected by FMD.* The 5S protomers are spontancously produced by
individual mature proteins; VP1, VP3, and VPO, five of which assemble into a 12S
pentamer. While the 75S viral capsid is formed by the assembly of the 12
pentamers,®’ the complete foot and mouth disease virus (FMDV) 146S antigen
has been reported to have very similar antigen specificity to the viral capsid.®’
Foot-and-mouth disease virus has a wide host range, a high rate of genetic varia-
tion, and great antigenic differences, and it has seven serotypes (A, O, C, Asial,
SAT1, SAT2, and SAT3) and more than 100 serosubtypes.'® Due to quasi species
swarm, many new variants also appear every year. There is no cross-immunity
induced by the seven serotypes. There is also only a partial cross-immunity between
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the various subtypes of the same serotype.'' The variabil-
ity in and polymorphism of FMDV have made the preven-
tion and control of FMD very difficult.'® Adenovirus
recombinant FMDYV expressing P12A and 3C proteins of
different serotypes have shown a protective effect.' '

Classical inactivated vaccines have many shortcom-
ings, including thermal instability, short lived immunity,
high cost, risk of recombination with the wild strains, and
reversion of the pathogensity.'''>-'®

Despite 90 years of research, there is no effective
vaccine that produces sterile and solid immunity for
FMD, but the disease remains enzootic in large areas of
the globe. Many attempts to develop a vaccine against
FMD have failed to induce sterile immunity, with little
cross-serotype protection, and inadequate duration of
immunity.'” The classical methods of vaccine production,
like serial passage of the virus on cell culture,'® in non-
permissive animals and in its own natural host were able to
attenuate the virus. This is due to the selective accumula-
tion of mutations around antigenic and binding sites.'” '
However, use of the reversion of the agent by positive
selection and quasi-species swarm method is inapplicable
for use in non-endemic areas.”> DNA and protein technol-
ogies have improved the research by modifying integrin
receptors,” utilizing synthetic peptides that can be able to
induce an explicit immune response in the animal.**
T-helper cell epitopes intrinsic to the G-H loop region
B-cell that

immunity.”> The use of recombinant interferon a (IFNa)

are potent epitopes induce humoral

and bovine interleukin 18 (IL-18) as an adjuvant have
enhanced long-term immunity in laboratory animals.®*’

Recently, recombinant live vectored DNA vaccines
have been found to be potent cytotoxic T lymphocytes
(CTL) inducers,”®*° in order to pronounce this effect in
FMD an appropriate adjuvant is necessary.*® To overcome
this effect, recombining the host Ig super family and FMD
epitope have improved the humoral and cellular immune
response of the animal.

The bottle neck problem in inducing sterile and long-
lasting immunity is hampered by destruction of the host
protein trafficking by nonstructural (NS) proteins, spe-
cially 3A, so does not elicit a cluster differentiation §
positive (CDg") T-cell response due to weak CTL and

the virus persists in the animal.’'

Integrin receptors
which mediated bone marrow-derived dendritic cell (DC)
apoptosis hindered the innate immunity of the host.>
Guzman et al*> and Joshi et al** analyzed surrogate

responses for CTL killing such as proliferation or

production of IFNy by CDg expressing cells, but many
CDg" expressing lymphocytes that are not CTLs produce
IFNy, including natural killer (NK) cells and subsets of
gamma delta (y8) T-cells.* >’

According to Oh et al,*® TFN-y response can be re-
stimulated in vaccinated cattle who have shown a high
level of virus neutralizing antibody titer in the circulation
on the day of challenge, which has a direct relation to
vaccine-induced protection with IFN-y and neutralizing
antibody. Furthermore, the CD,  T-cells are the main
flourishing phenotype and IFN-y producing cells.
However, in natural infection there lymphopenia, which
overlapped with peak viremia and serum IFN-a response
while in vivo plasmocyte DC (pDC) numbers and in vitro
pDC IFN-a secretion briefly declined within 2 days of
infection.*® Production of IFN-o from monocyte-derived
DCs (MoDCs) and skin-derived DCs (skin DCs) is inhib-
ited in the acute phase of infection of swine.** There was
also induction of apoptosis in immature dendritic cells by
FMDV.* To overcome the immune pathogenesis of the
virus by boosting antibody production and T-cell prolifera-
tion, higher levels of CTL activity and IFN-y expression in
CDg T-cells were achieved by synthetic oligonucleotides
as mucosal vaccine adjuvants.*' The main aim of this
paper is to review trends in FMD vaccine development

and challenges to induce sterile and long-term immunity.

Attenuated and Inactivated Vaccine

There were many attempts to improve live attenuated
FMD vaccines by the conventional methods like serial
passage in non-permissive animals or in cell culture.
Attenuation was achieved by passaging in non-
susceptible species, such as mice, rabbits, and embryo-
nated eggs, until it lost virulence in cattle. Serial passages
of FMDV C-S8c1 at high multiplicity of infection in cell
culture resulted in a defective genome (C-S8p260), which
was completely protective for mice against lethal chal-
lenge with FMDV C-S8cl and safe for swine after vacci-
nation with a single dose of C-S8p260.%* It also induced
high titers of neutralizing antibodies and activated T-cells
in swine.*?

Serial contact transmission of the highly pathogenic,
pig-adapted O Taiwan 97 isolate in swine significantly
reduces the virulence after the 14th pig passage and abol-
ished it after the 16th passage.”” Amino acid changes
during in vivo passages were highly silent substitution
and changes in VP1 (1D) were transitory. Developing
FMD vaccine in non-permissive hosts may trigger the
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agent to use other cellular receptors other than Arg-Gly-
Asp (RGD), a plaque test in BHK 21 test might show as
negative while the virus is intact.*> Replacement of the
amino acid side chains located near the capsid inter-
subunit by another amino acid could establish new disul-
fide bonds or electrostatic interactions between subunit
interfaces and is either projected or initiated to be expend-
able for infection by increasing heat tolerance of the vacc-
inal strains,** using current procedures, of FMD vaccines
that are less reliant on an ideal cold chain. FMDV
C-S8p260 strains are segmented as well as replication-
competent which can provide the basis of attenuation of
vaccines with two safety barriers.*’

Most research shown that animal model FMDV inacti-
vation using an amino acid substitution in 2C was not
detectable in C-S8cl but was present in a low proportion
of the guinea pig-adapted FMDV.*® This amino acid sub-
stitution became rapidly overriding in the viral population
after the reintroduction of the guinea pig-adapted virus into
pigs. These findings show how the introduction of minority
variant viruses in an artificial host might rise to their dom-
inance when the original host species is reinfected.’ In
addition to this positive selection and quasi-species
swarm, vaccinal strain may reverse to pathogenic strain.”

Inactivation of the virus by using formalin and endonu-
clease fails to inactivate the virus and degrade the antigenic
sites, respectively.** Binary ethyleneimine (BEI) has also
been used for attenuation of the virus while keeping the
integrity of the capsid.'>** BEI-inactivated FMD cellular
receptors, integrins, are used for attachment and internali-
zation into cultured cells, interaction is mediated by an
amino acid residue located within the G-H loop of VP1
capsid protein.*” FMDV-specific monoclonal antibody or
a synthetic peptide showed binding of BEI-inactivated
FMD were internalized by their co-localization with the
marker protein into BHK-21, mediated by the integrin-
binding motif RGD.” In addition, BEI-inactivation has no
effect on the antigenicity of the G-H loop.?%>' BEI inacti-
vation, preserved virion architecture and receptors favored
the internalization of the virus into cultured cells, as well as
in vivo, is mediated by integrin recognition,*’**>* however,
whole virus quantification shows a minimum result com-
pared to that of formalin inactivation (65-71.6%), while
BEI inactivation is 44.2%.*

Sequential passaging of type C FMDV from swine
and guinea pigs, and maintained in swine and suckling
mice, results in amino acid replacements (12483T in 2C,
Q443R in 3A, and L1473P in VP1). The replaced amino

acid (L1473P), next to the integrin-binding RGD motif,
abolished growth of the virus in different cell lines and
altered its antigenicity.*’ Another study conducted by
Burman et al?® revealed that a single amino acid change
in the RGD+1 and RGD+4 sites inhibits virus attachment
and infection facilitated by avf6 or avp8, but the virus
utilizes oavp3 for cell attachment. Replacements with
methionine or arginine at the binding site are effective
inhibitors for avf6. Two leucine residues at spots RGD
+1 and RGD+4 stabilized the binding reliant on the
structure immediately C terminal to the RGD.?%>*
EDTA-resistant binding to avf6 is a hallmark, and the
stable complex with its cellular receptor was anticipated
to produce considerable FMDV high infectiousness.”'

Alanine substitution with leucines at the first and fourth
positions at the RGD+1 and RGD+4 sites results in inhibi-
tion of virus binding and virus attachment to avp6 or avf8.
However, the virus utilizes avp3 for cell entry.”* Whereas
cell culture adapted strains use the heparan sulphate proteo-
glycans (HSPG) as an alternative receptor. The conforma-
tion of their ectodomains and the ligand-binding state of
integrins is an important factor for tropism for viruses.>*

Heparan sulphate binding viruses internalized DC
effectively but did not present antigen to lymphocytes,
inducing an FMDV-specific IgG response.’” These results
demonstrate that DC internalization of FMDV is most
efficient for vaccine viruses with HS-binding capacity,
but HS binding is not an exclusive requirement.

Selective pressure exerted by the host humoral immune
response has an important role in both selection and sta-
bilizing of the antigenic FMDYV variants, which results in
alteration in cell tropism. In vitro tests revealed that par-
allel passage of FMDV in the presence of sub-neutralizing
homologous sera resulted in the maintenance of mutants.>®
However, propagation of FMD type A24 which contained
an SGD sequence in the cell receptor-binding site were
inoculated in cattle, the virus grew poorly in BHK-21 cells
and the sequence were stably maintained during propaga-
tion in BHK-21 cells expressing the bovine aVP6 integrin
(BHK3 aVB6), as well as in experimentally inoculated and
contact cattle.’

From two independent transmission chains in cattle,
there are genomic changes due to sequential passage on
BHK-21-cell-adapted (heparan sulphate binding) strain of
FMDV. A wild-type variant with an amino acid mutation at
VP1 356 was rapidly picked for in vivo viral replication.’’

The deletion genes encode the NS protein that is not
crucial for virus replication in vitro is an alternative
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technique to generate live attenuated vaccines. However, to
be useful as a vaccine, this deletion virus must still be able to
replicate in susceptible animals. The advantage of this
approach, compared to the classical method of attenuation,
which generally introduces mutations at a limited number of
sites, is that the risk of reversion to virulence is significantly
reduced®® and NS proteins are potent T-cell epitopes.’

The effect has been shown in genetically modified
FMDV vaccine strain with some amino acid replacement
on the antigenic sites, with similar growth properties to the
wild virus proven to fully protect the animal from chal-
lenge but with the ability replicate in vitro.*

Emergency double oil adjuvanted FMD vaccine
showed a reduction in viraemia and virus shading, and
showed no clinical signs. There was a consistent detection
of IL-6, IL-8, and IL-12 in vaccinated animals.®’ While
other cytokines IL-1, IL-2, TNF, TGF, and interferons
were not detected; this exhibits that the vaccine did not
induce a systemic inflammatory response as well as sys-
temic elevation of T lymphocyte activity, which is related
to short lived protection against FMD.®!

Recombinant human IL-2 is a potent humoral immune
inducer in murine model FMD vaccine.®® Vaccinated ani-
mals remain seroconvert positive for 7-8 months and
systemic levels of the cytokines (IL-6, IL-8, and IL-12)
increased after vaccination.®?

Empty Viral Capsids

Empty viral capsids, also known as virus like particles (VLP),
comprise the entire repertoire of immunogenic sites found on
intact viruses but lack infectious nucleic acids and involve the

cloning of the viral genome essential for the synthesis, pro-
cessing, and assembly of viral structural proteins into empty
viral capsids (P1-2A and 3CP™ coding genes; Figure 1).**
Empty capsids are naturally produced in vitro in cell culture,
are antigenically similar, and are immunogenic.®®

The use of empty capsids vaccine are a promising can-
didate since it circumvents the use of virus in vaccine
production and conserves the conformation of epitopes.*’
Furthermore, there is no risk of reversion of the virus and
recombination with the wild strains. Serum-free suspension-
growing mammalian cells have been used for transient gene
expression (TGE) of FMDV recombinant empty capsids.®®
Identification of vaccinated from infected or convalescent

animals is easy using currently available technology.®” ¢’

Subunit Vaccine
Subunit vaccine contains viral antigens harvested by che-
mical extraction or bio-expression of a minimal amount of
non-viral antigens in a culture medium.”® Investigators
have revealed that VPI1 is one of the FMDV capsid pro-
teins, which had a significant surface exposure in the
1970s, and recent advances in structural virology.’'

Genetic engineering has been used to mutate parts of
the genome or abolish a protein-coding region of VP1 in
recent attempts to create attenuated vaccines. Using
recombinant DNA, a virus with the RGD receptor binding
site on VP1 removed FMDV was constructed.”” In 7- to
10-day-old mice or pigs, this virus was unable to adhere to
cells and did not induce infection.”

The VP1 capsid protein of FMDV and the carboxy
terminal region of VP1 has a G—H loop which is highly
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Figure | Schematic illustration of empty capsid vaccine production. The FMDV RNA gene (top) encodes a large polyprotein that is translated to a collection of precursors
(P1-2A, P2, and P3) (middle). The bottom shows a candidate for empty viral capsid protein vaccine.
Note: Adapted from Belsham, GJ. Towards improvement in foot-and-mouth disease vaccine performance. Acta Vet Scand. 2020;62(1):20. http://doi.org/10.1186/s13028-020-

00519-1.'%
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immunogenic, corresponding to the B-cell epitopes.
A chemically synthesized peptide consisting of regions
(residues 141 to 158) of a virus coating protein (VPI)
from the FMDV serotype O have provoked high levels
of neutralizing antibody and protected cattle against intra-
dermolingual inoculation of infectious virus,** suggesting
the importance of the G—H loop in inducing an humoral
immune response. The VPI1 also contains the hypervari-
able region and the immunogenic site; exploiting the site
would be the base for broad immunogenicity.”*

Incorporation of IFN as a genetic adjuvant resulted in
a delayed onset of clinical signs and viremia onset.””
A recombinant silkworm baculovirus, which encodes the
P1-2A and 3C protease of FMDV Asia 1, was able to
produce specific antibodies in vaccinated animals and pro-
tected after challenge with virulent homologous virus, and
clinical signs were alleviated and delayed.®*

A single dose of defective adenovirus 5 (AdS) containing
the P1 and the 3C coding region of serotype A FMDV
(Ad5A24) was induced, neutralizing antibodies and protect-
ing swine against homologous challenge.”® However, the
effect on the cellular immune arm was not investigated.

For both vaccinia virus and baculovirus driven expres-
sion of empty A-serotype capsids; containing rationally
designed mutations, stability was enhanced in eukaryotic
cells.”” This method to produce vaccinal antigen has
a number of prospective benefits over current technologies
in terms of production costs, risk of infection, and thermo-
tolerant vaccine.*’

Human adenovirus type 5 vector expressing capsid
protein (P1-2A and mutated viral 3C protease) confer
a significant humoral, cellular, and mucosal immunity
was elicited in BALB/c mice. Vaccination of guinea pigs
elicited substantial neutralizing antibodies and anti-FMDV
immunoglobulin A (IgA) antibodies with 100% protection
of guinea pigs against challenge.”®

A recombinant canine adenovirus type 2 (CAV2)
expressing capsid proteins (P1/3C) (Figure 1) was able to
trigger a strong humoral immune response in guinea pigs.
However, canine adenovirus type 2 (CAV2)-expressing
VP1 protein did not elicit a sustaining antibody response
in guinea pigs or mice.”®

Swine vaccinated with Adenovirus 5 with cytomegalo-
virus enhancer coding A24-2B (Ad5-CI- A24-2BC) estab-
lished a peak neutralizing antibody response by 7—14 dpv
and elicited higher IgM production at 7 dpv.'* A modified
cytomegalovirus promoter enhanced the efficacy of the
vector and advancement to increase cell infection in the

cell culture, the group receiving the vaccine was comple-
tely protected after challenge.'

Intramuscular inoculation of mice with recombinants,
recombinant capsid protein of FMDV baculovirus cloned
with cytomegalovirus immediate early enhancer as
a promoter (CMV-IE) and T-cell immunogen coding
region with T-cell epitopes, were effectively induced neu-
tralizing antibodies and gamma interferon (IFN-y).** P1-
2A and 3C coding regions FMD serotype A expressed in
silkworm pupae (Bombyx mori) were able to induce high
titers of specific antibodies and completely protected
against virulent homologous virus challenge.®'

The multiple antigenic peptide system is highly immu-
nogenic as compared to the single linear peptide of FMD
vaccinal antigens.®® Synthetic dendrimer peptides, which
harbors two copies of the major FMDV antigenic B-cell
antigenic site [VP1 (140-158)], covalently linked to
a heterotypic T-cell antigenic site from the non-structural
protein 3A [3A (21-35)], has been shown to protect pigs
against viral challenge.®® Dendrimer peptide reproducing
the heterotypic and highly conserved FMDV 3A (21-35)
T-cell epitope has also improved neutralizing antibody and
IFN-y responses.®* In 70% of B2T-vaccinated pigs, full
protection — no clinical signs of disease — was observed
upon virus challenge at day 25 post-immunization.®*

DNA Vaccines

Encephalomyocarditis virus (EMCV) internal ribosome
entry site (IRES) has been deleted and L gene, which is
involved in cell shutoff by proteolysis of e[F46,% has been
removed and the EMCV IRES, which has been shown to
increase expression efficiency, has been inserted upstream
of the P1 sequences.*® DNA vaccine coding P1-2A and
GM-CSF as an adjuvant induced robust FMDV specific
and neutralizing antibody, as well as indorsing cytokines
IL-8 and IFNy production in swine.®’

DNA vaccines based on viral mini genes corresponding
to three major B- and T-cell FMDV epitopes of VPI
(amino acid sequence 133-156)-3A (amino acid sequence
11-40) and VP4 (20-34) protect mice, in the absence of
specific antibodies at the time of challenge.®®

Intranasal administration of the FMDV DNA vaccine;
using chitosan as a delivery vehicle and IL-15 as the
molecular adjuvant, have induced mucosal and systemic
immune response with enhanced cell-mediated immunity
(CMI), as shown by the higher level of T-cell proliferation,
CTL response, and expression of IFN-y in both CD4+ and
CDg+ T-cells.”
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Mice vaccinated with plasmid expressing VP1 and IL-
9 as a genetic adjuvant and with the anti-apoptosis
mechanism triggered, have developed a strong humoral
response, high level of IFN-y and perforin in CDg+
T-cells, but not with IL-17 in these T-cells. IL-9 up-
regulated the expressions of Beclin gene and prevented
apoptosis of T-cells.®

Another study revealed that VP1 DNA vaccine expres-
sing interleukin-6 and IFN-a used as molecular adjuvants
have improved antigen-specific cell-mediated responses. It
also induced a high titer of 1gG2a/IgG1, IFN-a, IL-4, and
dendritic cells maturation.”

Using IL-2 as a genetic adjuvant in DNA vaccine encod-
ing, two FMDV VP1 epitopes (amino acid residues 141—
160 and 200-213) comprising multiple epitopes have to
elicit both T-cell proliferation and neutralizing antibody
against FMD in swine using IL-2 as a genetic adjuvant.”'”*

Pigs immunized with the anti-FMDV DNA vaccine
plasmid encoding P1-2A3C3D and a plasmid expressing
porcine 'B-cell activating factor belonging to the TNF
family’ (BAFF) promoted B-cell maturation activation
and immunoglobulin class switching.”?

A replicase-based DNA vaccine with regular boosting
offered an efficient vaccine strategy against FMDV.”
Incorporation of different antigenic targets in DNA vac-
cines are a perfect way to make an antigen cocktail in
a single vaccine formulation. Mice immunized with three
plasmids encoding the antigen of foot-and-mouth disease
virus (FMDV), pseudorabies virus (PRV), and classic
swine fever virus (CSFV) have shown promising results.”

Intramuscular inoculation of guinea pigs with DNA plas-
mids expressing FMDV containing a signal sequence of the
swine IgG gene inoculated showed a neutralizing antibody
response and spleen cell proliferation increased after boost-
ing, but animals were not protected from viral challenge.”®

DNA vaccine encoding T-cell epitope and B-cell epi-
topes from sites 135-167 of VPI and site 1 includes the
141-160 regions (G-H loop) and the carboxyl terminus of
VP1 of FMDV type O have elicited strong cellular immune
response as observed using T-cell proliferation assay.”’

Intranasal delivery of FMDV DNA vaccine encoding
capsid protein, Cationic PLGA (poly(lactide-co-glycolide)
as a vehicle and bovine IL-6 as a genetic adjuvant have
shown enhanced mucosal and systemic immune responses
in vaccinated animals.”®

DNA vaccine expressing capsid protein (P1-2A, 3C,
and 3D) primed with pGM-CSF and boosted with inacti-
vated FMDYV antigen showed a substantial level of cross-

serotype reactivity in vaccinated pigs. A significant level
of cross-serotype reactivity were reported against A, C,
and Asial in the virus neutralization and ELISA tests.””
However, DNA vaccine expressing VP1 protein and pro-
ducing antisense RNA targeted to the 5'UTR of FMDV
induced a specific immune response in vaccinated mice.”*

A DNA vaccine expressing VP1 along with IL-15
(molecular adjuvant) boosted mucosal secreted IgA and
serum IgG and cell-mediated immunity (CMI), as proven
by higher levels of antigen-specific T-cell proliferation,
cytotoxic T lymphocyte (CTL) response, and higher
expression of IFN-y in both CD4+ and CDgt+ T-cells
informing the spleen and mucosal sites.”

Recombinant vaccines are made by recombining the
host Ig super family and the viral epitopes have improved
the humoral and cellular immune response of vaccinated
animals. RNA vaccines are potent IgG class switches, in
addition to this a high titer of IgM has also been observed
in vaccinated mice.'” Plasmid DNA containing epitopes

of FMDV have ideal tissue distribution in mice.'®!

Challenges in Induction of Long

Lasting Immunity
There is a significant alteration of T-lymphocyte subpopu-
lations, functional competence, and abundance after infec-
tion with different serotypes of FMDV.'"? There is
a down-regulation of boCD4+ and boCDg+ T-cells until
48 hours post-infection (hpi). However, down-regulation
of boWCI1+ T-cells is observed up to 48 hpi with FMDV
serotype O. Lymphocytes from vaccinated animals demon-
strated a significant up-regulation of boCD4+, boCDg+,
and boWC1+ T-cells following exposure to FMDV.'*?
After natural infection there is a significant increase in
3A-NS protein expression in lymphocytes different at dif-
ferent course of the disease which leads to transient
immuno-suppression of CD," and CDg" T-cells.**
Destruction of the host protein trafficking by NS pro-
teins, especially 3A, disrupts completely, so does not elicit
a CDg+ T-cell response,”’ due to weak CTL the virus
persisted in the animal. Integrin receptors mediate bone
marrow derived DC apoptosis, hindering the innate immu-
nity of the host.*> Another important phenomenon that
interferes with host immunity is LbP™, a highly conserved
domain which plays an important role by inhibiting ubi-
quitination of key signaling molecules in activation of type
I IFN response like retinoic acid-inducible gene I (RIG-I),
TANK-binding kinase 1 (TBK1), TNF receptor-associated
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factor 6 (TRAF6), and TRAF3.'%* This decreases the level
of immediate and early initiation of IFN§ mRNA and IFN-
stimulated gene products.'®* Furthermore, 3CP™ blocks the
intra-Golgi transport by degrading protein required for

intra-Golgi transport.

133 134

Guzman et al’> and Joshi et al™ analyzed surrogate
responses for CTL killing, such as proliferation or produc-
tion of IFNy by CDg expressing cells which were reported
but many CD8+ expressing lymphocytes that are not CTLs
which produce IFNy, including NK cells and subsets of y6
Tocells 353739104

The activity of CTL evaluated 10 days after challenge
with AdS5-FMDV-3C indicated a significant increase in
CTL activity 10 days after challenge compared to pre-
boost levels, but reverted to baseline levels by 17 days
after challenge.!” However, an attempt to evaluate CTL
activity on day 4 failed to obtain enough cells. This was
due to lymphopenia and immunopathology induced by
FMDV. There is a positive association between IFN-y

besides
38

response and vaccine-induced protection
a decline of long-term persistence of FMD virus.

According to Oh et al,*® CD4" T-cells are the major
multiplying phenotype and IFN-y producing cells.

Regardless of FMDV serotype, serum IFN- peaked 2-3
days after infection, lymphopenia corresponded with peak
viremia and serum IFN- response, and circulating plasmocyte
dendritic cell (pDC) counts and in vitro pDC IFN- production
transiently dropped after 48 hours. Regardless of the FMDV
serotype injected or the age of the animal affected, infection of
lymphocytes or pDCs was never found.”

The generation of IFN- from monocyte-derived DCs
(MoDCs) and skin-derived DCs (skin DCs) is suppressed
during the acute phase of swine infection. This impact hap-
pens in tandem with increased viral titers in the blood, but
these cells are not infected productively. Interestingly, the
capacity of these DCs to take up particles and process anti-
gens does not alter, demonstrating that antigens do not affect

their ability to take up particles and process antigens.35

Conclusion

Based on the above literature and research gap, it forward
the following recommendations. Cellular internalization,
glycosylation pattern, antigen presentation, and mechanisms
of positive selection (pathogenic strain development) of the
traditional vaccines should be studied. Vaccine induced
CD8" T CMI strengthens the long-lived immune response
and cross-protection. There is a role of oy T-cell receptors in
the immune pathogenesis, persistence, and CTL production,

which should be studied extensively. Recombinant protein,
under the use of flow cytometer, and ELISpot ELISA for the
analysis of vaccine particle internalization, antigen presen-
tation, and assessment of antigen presenting cells cross talk.
New web-based tools should be developed that will show
the effects of side chains on the B- or T-cell epitope. The use
of animal model infection and vaccine development and
efficacy tests should be sought clearly, because there is
a remarkable integrin receptor difference in laboratory ani-
mals and swine and ruminants are there. Computational
estimation of genome-wide CTL epitopes by integrating
epitope conjecturing tools in computing a vast number of
viral sequences and subsequent in vivo evaluation have
a great advantage to produce vaccines with long-lasting
protection and cross-protection capability.
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