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Department of Virology II, National Institute of Infectious Diseases

Research summary

Human enterovirus 71 (EV71) is a significant cause of morbidity, neurological complications and
mortality from Hand, Foot and Mouth Disease (HFMD), particularly in young children in the
Asia-Pacific region. There are no vaccines or antiviral therapies currently available for prevention or
treatment of HFMD caused by EV71. Therefore, the development of preventive strategies against
EV71 and HFMD is of growing importance. Takeda is developing a vaccine for prophylactic
immunization for prevention of Hand, Foot and Mouth Disease (HFMD) caused by EV71. We have
conducted a series of non-clinical evaluations including characterization of immune response and a
repeat-dose toxicology study, as well as a Phase [ clinical study in healthy adults. Data show that
Takeda’s EV71 vaccine candidate was generally well tolerated in rabbits and in humans and induced

good immune responses after administration of two doses in healthy adult subjects.

A. Research objectives There have been recent fatal outbreaks in

Enterovirus 71 (EV71) is one of the major
causes of severe hand, foot and mouth disease
(HFMD), which is a significant public health
concern in the Asia-Pacific region, affecting
mainly infants and young children [1,2]. In a
majority of cases, infection is silent or
sub-clinical  and  self-limiting,  usually
manifesting as ulceration of the hands, feet and
oral cavity. However, during outbreaks,
increasing numbers of severe cases have been
recognized, with a range of neurologic
symptoms including meningitis, encephalitis
and polio-like paralysis, leading to serious
complications of the CNS, pulmonary, and

cardiac systems, and occasionally fatality [3,4].

Southeast Asia [5], raising a great deal of

concern in the region.

There is no specific therapy for EV71 infection
and treatment is restricted to management of
the symptoms. Prevention is reliant upon
surveillance and isolation of infected
individuals together with enhanced infection
control, but several strategies are currently

being applied to develop vaccine candidates.

Takeda is developing a vaccine for prophylactic
immunization for prevention of HFMD caused
by EV71. We have conducted a series of
evaluations

non-clinical including

characterization of immune response and a
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repeated-dose toxicology study, as well as a
randomized, placebo-controlled dose escalation

Phase 1 clinical study in healthy adults.

B. Research methods

Immunogenicity of Takeda’s EV71 vaccine

candidate in mice [6]

Immunogenicity of EV71 antigen formulated
with or without aluminum hydroxide: Groups
of mice (N=8) were injected on Days 0 and 28
with the following doses of purified inactivated
EV71 antigen (0.12 pg, 0.6 pg, or 3.0 pg) in
PBST only or with aluminum hydroxide
(Alhydrogel; 0.5 mg/dose). Two groups of
control animals (N=8) were injected with PBST
or Alhydrogel using the same immunization
protocol as Blood
collected on day 0, 28, 42, 56, 91, and 120; sera
=20°C until

above. samples were

were stored at testing for

neutralizing activity.

Determination  of  neutralizing  antibody
responses [6]

Vero cells were seeded into 96-well microtiter
plates at 10* cells per well in 100 pL growth
medium (MEM+10% FBS). Individual serum
samples were heat-inactivated at 56°C for 30
min. Two-fold serial dilutions of serum samples
in assay medium (MEM+2% FBS) were mixed
with equal volumes of an EV71 (vaccine strain)
suspension at 2000 units of 50% tissue culture
infectious dose (TCID50) per mL and
incubated at 37°C for 1.5 hours. 100 pL of each
serum-virus mixture was added to three wells
(final virus titre 100 TCID50 per well). Each
CPE at

post-infection. The end-point neutralizing titer

well was scored for 5 days

was defined as the highest serum dilution in

which at least two of the three replicates were

negative for CPE.

Cross-neutralization of EV71 antiserum against

other EV71 subenotypes

Human rhabdomyosarcoma (RD) cells seeded
in a 96-well format were inoculated with a
virus-serum mixture and incubated for 2-3 days.
EV71 subgenotypes tested included B2, B4, B5
and C4. Serum samples (low and high titer)
were obtained from terminal bleeds from
immunizations in rats and rabbits
Takeda’s EV71

Subsequently, the presence of viral antigens

using
vaccine candidate.
was detected by indirect ELISA using a mouse
monoclonal antibody and goat anti-mouse HRP

conjugated antibody.

Repeated-dose toxicology study in rabbits [6]

The toxicology study was conducted according
to Good Laboratory Practice (GLP). New
Zealand White rabbits were used as the test
species with equal number of females and
males included in each group. Low and high
dose vaccines were formulated as planned for a
Phase 1 clinical trial, containing 0.6 pg and 3.0
png EV71 antigen respectively, formulated with
Alhydrogel (0.5 mg/dose). Twenty rabbits
received each vaccine formulation. Control
groups received normal saline (PBS, N=12) or
0.5 mg Alhydrogel alone (vaccine placebo,
N=16). Test articles were administered by IM
injection. All animals received a booster
injection of the same dose and route on day 28;
the animals in the high dose group received a
second booster on day 42. Animals were
observed for morbidity and mortality at least
treatment  and

twice daily during the
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observation periods, in addition to weekly

clinical examinations.

Safety and immunogenicity of Takeda’s EV71

C. Research results

Immunogenicity of Takeda’s EV71 vaccine

candidate in animals

vaccine candidate in healthy adults [7]
double

controlled, randomized, dose escalation study

A single center, blind, placebo
Phase 1 study was performed to investigate the
safety, tolerability and immunogenicity of two
different doses of Takeda’s candidate EV71
vaccine candidate in healthy adults. The trial
was performed at the Investigational Medicine
Unit, National University Hospital, Singapore
following approval of the study protocol by the
site Domain Specific Review Board, and
carried out according to the current principles
of GCP and the Declaration of Helsinki.
Eligible subjects were aged 21 to 45 years,
inclusive, in good health at the time of
screening and provided written, informed
consent at enrolment. After screening for their
baseline EV71 antibody levels subjects were
included based on their antibody levels at
screening, those eligible being enrolled into
two groups. Within each group subjects were
randomized to receive either Low Dose vaccine
(0.6 ng EV71/dose [N=12]) or placebo [N=6],
or High Dose vaccine (3.0 ug EV71/dose
[N=12]) or placebo [N=6]. Subjects received
two intramuscular (IM) injections (Day 0, Day
28) and were followed for safety and
immunogenicity assessments through Day 196
(6 months post second dose). Adverse events
study for

were collected throughout the

assessment of safety. Immunogenicity was
assessed by measuring EV71 neutralizing
antibodies in sera from all subjects throughout

the study.

All animals seroconverted at day 56 after 2
doses in all groups that received vaccine.
Higher GMT neutralizing titers were observed
in the groups of animals that received the
vaccine candidate formulated with alum, with
GMTs ranging from 11- to 23-fold higher than
groups without alum at Day 28 (after 1 dose),
4- to 6-fold higher at Day 42 (after 2 doses) and
2.4- to 9-fold higher at Day 56 (after 2 doses).

10000

1000

77 PBS Control
I —@— Alum Controt (0.5 mg)
77 L EVT1 (012 4g)
// ——f— EV71(0 12 jg) + Alum(0.5 mg)
A/ — 7= EVT1(06ug)
e e EV71 (0.6 1ig) + Alum (0.5 mg)
{ —~ O EVI1(3.04g)
K — B EV71(30 pig) + Alum (0.5 mg)

Geometric Mean Titre

o o Y
S B &

>
0 20 40 60 80 100 120

4

Days Post-Immunisation

Cross-neutralization of EV71 antiserum against

other EV71 sub-genogroups

Sub-genogroup
Antiserum
B2 B4 B5 C4
Rat 724 181 128 2048
Rabbit 32768 | 32768 | 32768 | 46341

Anti-sera raised against Takeda’s EV71 vaccine
candidate in rats and rabbits were capable of
neutralizing other sub-genogroups of EV71,
namely B4, B5 and C4 genogroups.
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Repeated-dose toxicology study in rabbits

No morbidity or mortality occurred in any
animals, and no skin reactions (i.e. no erythema
or edema) at the site of injection were found in
any animals. There were no treatment related
changes in hematology and clinical chemistry
EV71

vaccine-treated groups exhibited no differences

parameters.  Animals in  the
from the control groups in group averages of
body mass, body mass change during the study
period, or food consumption. In addition, there
was no treatment related neurotoxicity, renal or
hematological adverse effects. There was no
treatment  related effects upon  gross
pathological examination or on absolute and
relative organ weights.

Muscular degeneration at the site of injection,
with or without mononuclear cell/eosinophil
infiltration, were observed in a sub-population
of animals in all groups receiving formulations
containing aluminum hydroxide including the
Alhydrogel placebo group, but not in animals
which received the saline placebo. The lesions
had healed or were markedly reduced by day 56,
i.e. 28 days after the last immunization for the
Alhydrogel placebo and low dose groups, and
14 days after the last immunization for the high
dose group. These lesions are usually observed
following an injection of an Alum containing

vaccine.

Safety and immunogenicity of Takeda’s EV71

vaccine candidate in healthy adults

Of 36 subjects, one subject discontinued due to
administrative reasons and 35 completed the
study.. Injections with either placebo or
Takeda’s EV71

generally well tolerated; there were no serious

vaccine candidate were

adverse events (SAE) or withdrawals due to
adverse events during the study.

All vaccine-related AEs were considered to be
mild in severity, and there were no
Blood

chemistry tests did not indicate any clinically

vaccine-related  unsolicited  AFEs..
significant changes after either vaccine or
placebo administration.

The candidate vaccine was immunogenic, and
all vaccinees seroconverted, i.e. displayed a
four-fold or greater increase in EV71
neutralizing titer compared with Day 0, while
titers in the placebo group did not change
significantly over the duration of the study.
Increased tiers were observed in both low dose
and high dose vaccine groups by Day 14, with a
further increase after a second dose. Although
levels declined over the following weeks,
geometric mean titers remained higher than
baseline at 28 weeks. There was a trend for
titers to be higher in the high dose group,

particularly after the second dose.

D. Discussion

Enterovirus 71, one of the major causes of
severe HFMD, is a major public health concern
in the Asia-Pacific region, affecting mainly
infants and young children. Although most
cases are asymptomatic or sub-clinical, some
patients develop serious conditions including
flaccid paralysis, aseptic meningitis and/or
encephalitis leading to complications affecting
the CNS, lungs and heart and ultimately death.
Currently, there is no treatment or vaccine
available to prevent disease. Takeda is
developing an inactivated vaccine for the
prophylaxis of HFMD caused by EV71.

Takeda’s EV71 vaccine candidate has been
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shown to induce neutralizing antibodies in

animals, which were demonstrated to
cross-neutralize other EV71 sub-genogroups in
vitro.  Data from Phase 1 clinical study
demonstrated that the vaccine candidate was
generally well tolerated at two dose levels and
after two injections in a group of healthy adults.
In the same study, the vaccine candidate was
shown to be immunogenic with all subjects
seroconverting after two doses of either the low
dose or the high dose formulation. In addition
to the induced neutralizing antibody responses,
the vaccine candidate induced antibodies with
broad cross reactivity against other EV7I

sub-genogroups.

E. Conclusion
Takeda’s EV71 vaccine candidate has been
shown to be generally well tolerated following
administration of two doses in healthy adults.
Development of a vaccine to protect children
against the severe form of HFMD caused by
EV71 is an

important progress in the

prevention of enterovirus related diseases.
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