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Abstract: Enterovirus A71 (EV-A71) is one of the major causative agents of hand, foot and
mouth disease (HFMD] in the world, infecting mostly infants and young children (<5years

of age) in Asia. Approximately 2 million cases of HFMD were reported in China each year,

of which approximately 45-50% were due to EV-A71. Most of the HFMD infections caused

by EV-A71 usually result in mild symptoms with rashes and ulcers in the mouth. However,
virulent strains of EV-A71 can infect the central nervous system and cause severe neurologic
diseases, leading to reduced cognitive ability, acute flaccid paralysis and death. The lack

of understanding of cellular immunity for long-term protection from the HFMD disease
represents a major obstacle for vaccine development. In particular, the role of innate and T
cell immunity during HFMD infection remains unclear and there is evidence suggesting the
importance of CD4* and CD8" T cells for protective immunity. Currently, no US FDA-approved
vaccine is available for EV-A71. Although the inactivated vaccines produced in China are highly
effective (vaccine efficacy >95%), they lack the cellular immunity required for long-term
protection. In this review, we discuss the findings that support the protective roles of innate
and T cell immunity against EV-A71 infection, which will provide the knowledge needed for the
urgent development of efficacious vaccines that will confer long-term protection.
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Introduction

The immune system is an extremely important
defence mechanism against viruses through the
recognition of viral antigens. Upon entry of viruses
into the human host, the antigen-presenting cell
is the first to encounter a pathogen through the
recognition of specific viral components by using
different types of pattern recognition receptors
such as Toll-like receptors (TLRs), nucleotide
oligomerization domain-like receptors (NODs)
and retinoic acid-inducible gene I-like receptors
(RLRs).! These receptors trigger the activation
of antigen-presenting cells by increasing the
expression of surface molecules, followed by the
production of pro-inflammatory cytokines and
chemokines that could further stimulate the
downstream intracellular signalling cascades. The
cytokines secreted by activated dendritic cells

(DCs) are important in influencing the activation
of macrophages, and could further stimulate the
T helper and cytotoxic T cells as well as stimulat-
ing the humoral response to neutralize viruses.?

Enterovirus A71 (EV-A71) is relatively efficient
in modulating innate immunity, in particular
blocking PRR signalling cascade and type I IFN
signalling has become a main EV-A71 viral
escape strategy through different proteases (e.g.
2A, 3C, 2C, and 3D).3 EV-A71-derived 2A pro-
tein counteracted the antiviral type I IFN
response by cleaving MDADS5 in infected cells and
was confirmed to suppress interferon regulatory
factor (IRF)3 signalling through the cleavage of
MAVS, resulting in IFN-o/p reduction in HelLa
cells.%> EV-A71 3C protein disrupted the asso-
ciation of adaptor MAVS and MDAS5 in 293T
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cells transfected with plasmids encoding MDA5-
N-Myc, MAVS-Flag, and HA-3C.° EV-A71 3C
protein has been found to block IFN-B produc-
tion through the TIR-domain-containing adapter-
inducing interferon-f (TRIF) in response to
endosomal TLR3 activation.” EV-A71 2A and
3C proteins were shown to interfere with inflam-
masome assembly through the cleavage of
NLRP3 in 293T cells and the 3C protein from
EV-A71 suppressed IL-1f secretion by interact-
ing with NLRP3. In contrast, the EV-A71 3D
protein bound to NLRP3 by facilitating the
assembly of inflammasome complexes, resulting
in the secretion of IL-1p in 293T cells.®8 EV-A71
2Apro blocked STAT1, STAT2, Jakl and Tyk2
phosphorylation by reducing IFNARI1 expres-
sion in 293T cells transfected with 2Apro.° In
another study, EV-A71 2Apro was shown to
attenuate IFN-y-induced serine phosphorylation
of STAT1 by blocking ERK signalling in mouse
embryonic fibroblasts (MEFs) transfected with
2Apro along with IFN-y treatment, while
EV-A71 3Dpro attenuation of IFN-y signalling
was accompanied by a STATI1 decrease.l?
Cumulative evidence described the correlation
of innate immunity with the evasion of EV-A71
and a reduction of type I IFN production, which
is an essential cytokine for controlling virus
infection.!:12 EV-A71 was also shown to hamper
the host innate defence by blocking type I IFN
production through the 3C viral protein in
mice.!? The 3C protein might directly or indi-
rectly cleave a component involved in IFN sig-
nalling and further studies are required to clarify
whether the IFN-inhibition effect exerted by the
3C protein was mediated by its proteolytic activ-
ity on one of the components of IFN signalling.

The mechanisms of how the innate immune sys-
tem detected EV-A71 infection to elicit antiviral
immunity have been identified and several recep-
tors have been discovered to be crucial entry fac-
tors for EV-A71. For example, the human
scavenger receptor B2 (SCARB2) and P-selectin
glycoprotein ligand-1 (PSGL-1) have been shown
to serve as viral receptors for EV-A71 infec-
tion.!%15 Studies using human SCARB2 trans-
genic mice have further confirmed the importance
of human SCARB2 for EV-A71 infection
v1v0.16:17 Other cell surface molecules such as sia-
lylated glycans, nucleolin and heparan sulphate
glycosaminoglycan have also been shown to play
a role in enhancing EV-A71 infection in

mammalian cells.’820 TLR3 has recently been
identified to detect EV-A71 infection and this has
led to triggering type I IFN [ production.
Interestingly, the EV-A71 protease 2A was sug-
gested to be involved in subverting TLR3-mediated
antiviral defences by impairing the IFN-f secretion
upon infection. As there is a marginal effect of
EV-A71 2A on the cleavage of TLR3 m wvitro,
EV-A71 2A might mediate TLR3 downregulation
through direct cleavage (Figure 1).2! Another
recently discovered cellular entry factor, human
tryptophanyl-tRNA synthetase, could be induced
by IFN-y in EV-A71 infection. IFN-y was shown
to induce the expression and membrane translo-
cation of human tryptophanyl-tRNA synthetase
which subsequently sensitized cells to EV-A71
infection.??2 However, other factors might exist to
influence host and EV-A71 interactions in
EV-A71 pathogenesis.

The induction of B and T cell responses depends
on their activation by antigen-presenting cells.
DCs play a pivotal role in initiating and linking
innate to the adaptive immune response through
the recognition of vaccine antigens. The predom-
inant role of B cells in producing antibodies is
crucial for binding specifically to a virus. Cytotoxic
CD8" T cells limit the spread of the virus by Kkill-
ing infected cells, while CD4" T cells are also
essential for the induction of high-affinity anti-
bodies and the generation of immune memory
cells (Figure 1). Long-term protection requires
the persistence of antibodies above protective
thresholds and the generation of effective mem-
ory cell responses with subsequent virus infec-
tions. The roles of CD4" and CD8" T
lymphocytes have been extensively studied in a
variety of model systems and their mechanisms
elucidated. However, the contribution of these
cell types vary widely among different virus infec-
tions. In this review, we will discuss the roles of
CD4" and CD8" T cells as well as memory T
cells in EV-A71 infection.

B and T cell immunity against EV-A71

EV-A71 is one of the major causative agents of
hand, foot and mouth disease (HFMD) in infants
and children (<5years old). Most cases of
HFMD caused by EV-A71 result in mild symp-
toms with rashes on the body and ulcers in the
mouth. However, virulent strains can infect the
central nervous system and induce severe

journals.sagepub.com/home/tav


https://journals.sagepub.com/home/tav

HX Lim and CL Poh

neurologic diseases, leading to acute flaccid
paralysis, pulmonary oedema and death. It is
speculated that, following the eradication of
poliovirus (PV), EV-A71 could fill the niche
vacated by PV due to its neurotropic characteris-
tics. It has been suggested that cellular immu-
nity, rather than humoral immunity, was
associated with the clinical outcomes of EV-A71
infection as decreased cellular immunity and
lower IFN-y were correlated with the severity of
EV-A71 infection, whereas no difference in the
neutralizing Ab titres was observed between
mild, severe and even fatal cases.?3:2¢ Previous
reports showed that the number of circulating
immune cells, including T follicular helper cells,
type 1 helper, cytotoxic T cells, T helper 17 and
22 cells, were found to increase with the severity
of HFMD after EV-A71 infection.?526 The pro-
portion of human CD45*, CD3*, CD4*, CD8*
cells and activated CD8" T cells were signifi-
cantly upregulated in the humanized mice post
EV-A71 infection.?” EV-A71-infected neonatal
mice, including ICR and C57BL/6 mice, pos-
sessed higher numbers of infiltrating CD4" and
CD8* T cells and CD19" B cells in their brains
after the third day of infection when compared to
their uninfected counterparts.?8 Activation of
CD4" and CD8", followed by the secretion of
IFN-vy, was shown to mediate immune protection
against EV-A71 in mice and humans.?8 Another
study showed that EV-A71 infection increased
the number of CD4" and CD8" T lymphocyte
cells, which were accompanied by an increase in
cytokine-related mRNA expressions of IFN-y,
IL-2 and IL-10 in BALB/c mice,?® suggesting
that CD4" and CD8" T cells might contribute
equally in mediating the protection against
EV-A71 infection. However, Tan and colleagues
reported that among the four structural antigens
(Ags) (VP1, VP2, VP3 and VP4) of EV-A71,
only the VP2 Ag carried a broad distribution of
immunogenic peptides that dominated T cell
responses against EV-A71, and they were mainly
IFN-y-secreting CD4" T cells.?? The diverse dis-
tributions of T cell immunogenic regions in the
VP2 protein were distributed from the N- to the
C-terminus of the protein in the study subjects.
More CD4 " T cell epitopes were present in VP2
than in VP1, VP3 and VP4. Conservancy analy-
sis of the immunogenic peptides revealed that
moderately variant peptides were present in the
majority in coxsackievirus A16 (CV-A16), sug-
gesting that weak cross-reactivity against CV-A16

might exist, whereas influences from poliovirus
vaccination were limited due to the high variabil-
ity of the peptides between EV-A71 and poliovi-
rus vaccine strains. This study also suggested the
presence of a minor population of EV-A71-
responsive memory T cells circulating in the
peripheral blood that might assist the control of
recurrent EV-A71 infections.3?

IL-2, IL-4, IL-10 and IFN-y were the major
cytokines that were shown to play crucial roles in
immune responses to EV-A71.31:32 The secretion
of various pro-inflammatory cytokines, including
IFN-y, IL-8 and IL-17, was enhanced in
EV-A71-infected humanized mice, which might
contribute to the exacerbation of disease patho-
genesis.?” It was reported that Thl cells/IFN-y
levels were significantly higher in mild and severe
HFMD patients, while Th17 cells/IL-17 levels
were the highest in severe HFMD patients, sug-
gesting that the imbalance of Th1/Th2 and Th17/
Treg were involved in the pathogenesis of EV-A71
infections.?3

In addition to T lymphocytes, it was demon-
strated that antibody responses were equally
important in the protection of mice from EV-A71
infection as treatment with virus-specific antibod-
ies before and after infection significantly reduced
the disease severity, mortality and tissue viral
loads of mice deficient in B cells.2® Neutralizing
antibodies could be sufficient for immune protec-
tion, but poorer cellular immunity might lead to
severe neurological complications and death. In
clinical trials of EV-A71 inactivated vaccines,
more than 95% efficacy was observed and the
neutralizing antibodies induced a robust protec-
tive neutralization response.3%35> High levels of
neutralizing antibody (NtADb) titres, together with
IFN-y secretion following vaccination, were able
to confer 100% protection against hind limb
paralysis from EV-A71 challenge, suggesting that
humoral immune response might be able to pro-
tect mice from being killed by high viral load.3¢

Development of monovalent vaccines
against EV-A71

Inactivated vaccine

By referring to existing technologies of inactivated
polio and hepatitis A vaccines, the development
of the inactivated EV-A71 vaccine has progressed
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Figure 1. The role of innate and adaptive immune responses to EV-A71. The insert illustrates the involvement
of TLR3 in the detection of dsRNA EV-A71 during infection, which further triggers type | IFN signalling
pathways. EV-A71 proteases such as 2A and 3C are known to modulate innate immunity by counteracting the

type | IFN-mediated antiviral responses.

rapidly in recent years due to the safety and stabil-
ity of inactivated vaccines. But inactivated vac-
cines usually have weak immunogenicity compared
to the live attenuated vaccines, because the viruses
were killed and would not be able to replicate.
Hence, inactivated vaccines might require peri-
odic supplementary doses to increase the antigens
to boost protection against viral diseases. To date,
three inactivated EV-A71 vaccines have been

evaluated by clinical trials and are now licensed in
China.3” However, all of these inactivated alum-
adjuvant EV-A71 vaccines were based on the C4
subgenotype and all have achieved vaccine effi-
cacy of more than 95% against EV-A71-caused
HFMD.?#3° The induction of cross-reactive
broadly neutralizing antibodies is critical in pro-
tection against other EV-A71 subgenotypes. A
neutralization titre of >1:16 is suggestive of
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cross-protection against other subgenotypes, and
a titre of >1:42 was proposed to confer long-term
protection.?”#0 Chou and colleagues demon-
strated that cross-neutralizing antibody responses
could be elicited against several EV-A71 subgeno-
types B1, B4, B5, C2, C4a and C4b in individuals
vaccinated with an inactivated B4 subgenotype
EV-A71.41 Moreover, antibodies of individuals
receiving two C4 genotype EV-A71 vaccines in

clinical trials [ClinicalTrials.gov identifiers:
NCTO01313715 and NCTO01273246] elicited
broad cross-neutralizing antibodies against

EV-A71 subgenotypes of C2, C4, C5, B4 and
B5.42 Clinical phase III studies of children
(<5years) vaccinated with the inactivated EV-A71
C4a[ClinicalTrials.govidentifier: NCT01636245]
showed consistent protection against different
subgenotypes C2, C4, C5, B4 and B5.43 However,
the three inactivated EV-A71 vaccines could not
provide cross-protection against other common
enteroviruses associated with HFMD. The major
challenge remained that the inactivated EV-A71
vaccine did not protect against CV-A16, CV-A6
and CV-A10, which are also major aetiological
agents of recent HFMD outbreaks.

Live attenuated vaccine

Live attenuated vaccine (LAV) is created by
reducing the virulence of a virus so that it becomes
harmless but maintains its antigenicity. Among
different platforms, the LAV might serve as a
more effective vaccine as it is similar to the natural
infection and elicits both humoral and cellular
immune responses that can provide lifelong pro-
tection. No multiple boosters or adjuvant are
required for LAV vaccination. However, LAV can
be challenging due to the potential of the vaccine
strain to revert to the more virulent strain. LAV
cannot be administered to immunocompromised
individuals. Proper storage of LAV might be dif-
ficult, especially in remote communities, as the
activity of LAV depends on stability and viability.
An LAV of EV-A71 was developed by Arita and
colleagues but it retained neurovirulence in
macaques.** Although their study indicated that
the immunization of macaques with the attenu-
ated EV-A71 vaccine had the potential to produce
significant titres of neutralizing antibodies against
different EV-A71 subgenotypes such as A, Bl,
B4, C2 and C4, the neurovirulence observed in
macaques indicated that safety issues concerning
possible reversion of the live attenuated vaccine

strain need to be overcome.** In fact, there are a
few successful LLAVs that are used today, such as
the attenuated yellow fever vaccine, influenza vac-
cine, chickenpox vaccine and the measles, mumps,
and rubella vaccines. Recently, two LLAVs against
EV-A71 were constructed by Yee and colleagues;3°
one is a multiply mutated strain (MMS) and the
other, the pIY strain, carried two additional micro-
RNAs (Let 7a and MicroRNA 124) in the EV-A71
genome, which carried a deletion in the 5’NTR
and a G64R mutation. This study demonstrated
that both MMS and plY strains were genetically
stable after 20 serial passes i vitro. Both MMS
and pIY vaccine strains showed high immuno-
genicity with broad protective neutralizing anti-
bodies against several EV-A71 subgenotypes (B3,
B4, C1 and C4) and both vaccine strains could
confer protection against challenge with a mouse-
adapted EV-A71 (MAV) strain,3¢ thus suggesting
that both MMS and pIY are promising LAV can-
didates against EV-A71 infection. Besides eliciting
neutralizing titres ranging from 1:16 to 1:32
against several subgenotypes of EV-A71, signifi-
cant IFN-y levels indicating good cellular
responses were observed. Both the MMS and pIY
vaccine strains induced higher IFN-y response in
mice splenocytes, ranging from 640 SFU/10°® T
cells to 765 SFU/10° T cells when compared to
the inactivated vaccine, which produced only 400
SFU/106 T cells.?¢

Recombinant vaccine

Considering that the EV-A71 VP1 is highly con-
served and carries significant immunogenic B cell
epitopes, previous studies have focused on devel-
oping recombinant VP1 vaccines. Compared to
LLAVs and inactivated vaccines, these are safer
and more cost-effective. The recombinant VP1
vaccine as a good vaccine candidate was well
established in previous studies.#5-47 Immunization
with recombinant VP1 proteins of EV-A71
expressed from host systems such as Escherichia
coli, yeast or baculovirus could induce high levels
of VP1-specific IgG antibodies that are able to
confer protection against EV-A71 infection.48
Compared with the inactivated virus, recombi-
nant VP1 elicited 32-fold lower titre of EV-A71-
specific total IgG and protected against EV-A71
only at a low challenge dose of 230 LD50 per
mouse. Survival of challenged mice was at 80%
even though similar levels of neutralizing antibod-
ies were elicited as the inactivated virus in serum.%’
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Immunization with the SP70 synthetic peptide
that contains a neutralizing linear epitope from
the EV-A71 VP1 capsid protein was able to elicit
a neutralizing antibody titre comparable to that
obtained with an inactivated vaccine. The passive
immunization with the SP70 peptide was also
capable of protecting 80% of newborn mice against
lethal challenge and elicited cross-protective neu-
tralizing antibodies (1:32) against EV-A71 subgen-
otypes B2, B5, C2, and C4.5° A novel recombinant
tandem multi-linear neutralizing epitope vaccine of
EV-A71 was designed and designated as mTLNE.
The mTLNE vaccine comprised two well-identified
EV-A71 linear neutralizing epitopes from the capsid
protein VP1 and one from VP2. The two epitopes
VP1-SP55, VP1-SP70 and the VP2-SP28 were
sequentially linked by a Gly-Ser linker [(G4S)3]
and expressed in E. coli with the thioredoxin (Trx)
and His tag at either terminus. Immunization of
mice with the recombinant mTLNE protein elicited
higher titres of IgG antibodies against the three
epitopes, namely VP1-SP55, VP1-SP70 and
VP2-SP28, at neutralizing titres of 1:246, 1:1488
and 1:1710, respectively.’! In terms of EV-A71-
specific cellular immune response, recombinant
mTLNE induced low IFN-y production but sig-
nificantly increased the levels of IL-4 and IL-6 in
the splenocytes of mTLNE immunized mice. The
neutralizing antibodies elicited by the recombinant
mTLNE were able to confer 100% protection
against the lethal EV-A71 challenge in mice by the
passive transfer of the anti-mTLNE sera.’!
However, studies with the recombinant vaccines
were conducted in mice with the administration of
complete and incomplete Freund’s adjuvants.49:51
There are no clinical trials in humans involving the
recombinant VP1 protein-based vaccine platform
and there is a need to further assess the use of alum
as an adjuvant.

Future enterovirus vaccines: bivalent and
multivalent vaccines

EV-A71 and CV-A16 bivalent vaccines

As EV-A71 and CV-A16 are the two major patho-
gens commonly isolated from HFMD patients pre-
senting with clinical manifestations, efforts have
been made to develop bivalent vaccines against
EV-A71 and CV-A16. A previous study has shown
that inactivated EV-A71/CV-A16 bivalent vaccine-
induced antibodies capable of neutralizing both
viruses and immunization with the bivalent vaccine

were able to protect mice against either EV-A71 or
CV-A16 lethal infections.>? In contrast, the mono-
valent vaccine could only protect against one virus.
The bivalent inactivated vaccines were shown to
elicit high levels of neutralizing antibodies which
confer protection upon mice against lethal chal-
lenges with both viruses.53

Similar to the inactivated bivalent vaccines, biva-
lent EV-A71/CV-A16 virus-like particle (VLP)
vaccines were able to protect against both viruses
as sera from mice immunized with aluminium or
CpG-adjuvanted VLP bivalent vaccines were able
to neutralize EV-A71 and CV-A16 in vitro.>* The
EV-A71/CV-A16-VLP vaccine was able to induce
high levels of antibodies and protected mice from
lethal challenges from EV-A71 and CV-A16.5%55
Neutralizing antibodies also showed cross-protec-
tion against other subgenotypes of EV-A71 and
CV-A16.53 Another VLP that has been recently
developed against CV-A10 showed that VLPs
could efficiently induce antibodies capable of
neutralizing CV-A10 infection in vitro.5 However,
a monovalent or bivalent vaccine is limited in pro-
viding protection only against a single or at most
two pathogens capable of causing HFMD. One of
the difficulties in developing a broadly protective
HFMD vaccine is that the antibodies produced
by enteroviruses are efficient when it comes to
cross-neutralizing subgenotypes within a single
serotype, but generally do not cross-protect across
different enterovirus serotypes.

EV-A71/CV-A16/CV-Aé trivalent vaccine

Besides CV-A16, CV-A6 has been increasingly
isolated as a major HFMD pathogen in some
major outbreaks.’” Recently, a trivalent inacti-
vated EV-A71/CV-A16/CV-A6 vaccine was
shown to broadly protect mice against EV-A71,
CV-A16 and CV-A6 challenges. Although lower
neutralizing antibody levels were detected with
the trivalent vaccine when compared to the mon-
ovalent vaccine, the levels of neutralizing anti-
bodies were sufficient to provide complete
protection against lethal challenge.>8

EV-A71/CV-A16/CV-Aé/CV-A10 multivalent vaccine
A combination of formalin-inactivated EV-A71,
CV-A6, CV-A10 and CV-A16 multivalent vac-
cine was observed to elicit serotype-specific neu-
tralizing antibody responses in mice and rabbits.
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Anti-EV-A71 neutralizing antibodies had the high-
est neutralization titre of 1/708 when compared
with those obtained against the other three viruses,
which were 1/100, 1/16 and 1/22 for CV-A6,
CV-A10 and CV-Al6, respectively.’® Recently,
Zhang and colleagues® developed the first VLLP-
based tetravalent vaccine targeting EV-A71,
CV-A16, CV-A10 and CV-A6. Passive transfer of
tetravalent vaccine-immunized sera could confer
complete protection against lethal infection with
any one of the four viruses by inducing broadly
neutralizing antibodies against EV-A71, CV-A1l6,
CV-A10 and CV-A6. In parallel with the previous
finding, the neutralizing titres reported in this
study for monovalent CV-A10 VLP [geometric
mean titre (GMT)=406] and CV-A6 VLP
(GMT=256) were generally lower than the
EV-A71 VLP (GMT=2896) and CV-Al16 VLP
(GMT =5793).%0 These results indicated a feasible
approach for developing a tetravalent HFMD vac-
cine that could elicit antigen-specific and durable
antibody responses. However, the significant dif-
ference in neutralization titres against four differ-
ent EVs indicated that there is antigen interference
in both the IV and VLP formulations.>® This
required adjustment of the optimal ratios of each
specific antigen in the tetravalent vaccine. The
SP70 linear epitope from EV-A71 was replaced by
the SP70 epitope of CV-A16 in a chimeric VLP to
produce a bivalent HFMD vaccine.%! The struc-
tural vaccinology approach revealed the possibility
of inserting the SP70 epitope of the CV-A16 into
the EV-A71-based VLP. For example, Anasir and
Poh suggested that in addition to the substitution
of the SP70 epitope of EV-A71 with the corre-
sponding CV-A16 SP70 epitope in the EV-A71
VLP, the SP70 epitope from CV-A6 could also be
inserted into the BC loop insertion site and another
SP70 epitope from CV-A10 could be inserted into
the EF loop of VPO or VP2.92 Therefore, further
research is needed to determine the possibility of
inserting more epitopes into the same VLP to gen-
erate the tetravalent HFMD vaccine. Using a sin-
gle multivalent VLP might overcome the antigen
interference phenomenon observed for the multi-
valent VLP when each of the VLP components
was prepared individually and mixed in the vaccine
formulation.

Conclusion

Vaccine is the most effective tool to prevent
HFMD, which is prevalent in Asia. Among the
15 licensed vaccines approved by the US Food

and Drug Administration against viral infections
to date, most of them are live attenuated com-
pared to inactivated vaccines.®> LLAVs are good in
eliciting lifelong immunity provided by memory T
cells, but have the risk of reversion to the wild
type. The introduction of multiple mutations in
the genome will reduce the likelihood of reversion
in the designed vaccine strain. Bivalent inactivated
or VLP-based vaccines have been evaluated in the
murine model and showed their ability to prevent
death in lethal challenges. There is a likelihood
that regulatory authorities will accept EV-A71
VLP vaccine provided that it meets all the safety
criteria. Tetravalent inactivated or VLP-based
vaccines have also been constructed and evaluated
in the murine model. However, large-scale pro-
duction of both multivalent vaccines is laborious
and requires complex bioprocesses for purifica-
tion. Each of the four enteroviruses (EV-A71,
CV-A16, CV-A10 and CV-A6) will need to be
grown in individual bioreactors and inactivated by
formaldehyde before further downstream process-
ing by chromatographic separations. This would
incur substantial costs for both vaccine platforms.
Moreover, the multivalent vaccine against four
different enteroviruses will need to elicit balanced
protective immunity as antigenic interference
needs to be overcome. The need to adjust the
optimum ratio of four VLPs in the tetravalent for-
mulation to overcome antigenic interference could
perhaps be achieved by constructing a recombi-
nant VLP carrying the appropriate B cell epitopes.
Selection of optimal CD8* T cell epitopes to be
incorporated in the recombinant VLPs could
extend the long-term T cell immune responses.
The synthetic peptide vaccine has low immuno-
genicity, which has to be overcome by either
strong chemical adjuvants or the applications of
suitable self-adjuvating nanoparticles to increase
the immunogenicity.
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