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Background: Hand, foot and mouth disease (HFMD), especially that caused by enterovirus 71 (EV71) infec-
tion, is a public health concern in the Asia-Pacific region. We report a phase I clinical trial of an EV71 can-
didate vaccine (INV21) based on a binary ethylenimine inactivated B2 sub-genotype formulated with
aluminum hydroxide.
Methods: In this double-blind, placebo-controlled, randomized, dose escalation study adult volunteers
received two vaccinations 28 days apart of low or high dose formulations of the candidate vaccine and
were then monitored for safety and reactogenicity for four weeks after each dose, and for their immune
responses up to 28 weeks.
Results: Of 36 adults enrolled, 35 completed the study as planned. Either no or mild adverse events were
observed, mainly injection site pain and tiredness. Seroconversion was 100% after two vaccinations. High
geometric mean neutralizing antibody titers (GMT) were observed 14 days post first dose, peaking
14 days post second dose (at Day 42) in both high and low dose groups; GMTs on days 14, 28, 42, and
56 were 128, 81, 323, 203 and 144, 100, 451, 351 in low- and high-dose groups, respectively. Titers for
both doses declined gradually to Day 196 but remained higher than baseline and the placebo groups,
which had low GMTs throughout the duration of the study. Cross-neutralizing antibody activity against
heterologous sub-genotypes was demonstrated.
Conclusion: These data show that the EV71 candidate vaccine is safe and immunogenic in adults and sup-
ports further clinical development as a potential pediatric vaccine by initiating a dose-escalation study
for determining the dose-dependent safety and immunogenicity of the vaccine in young naive children.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

Enterovirus 71 (EV71) is one of the major causes of hand, foot
and mouth disease (HFMD). It is a major public health concern in
the Asia-Pacific region, but outbreaks have also been reported in
Europe and North America, affecting mainly infants and young
children [1,2]. The disease is usually manifested as lesions in the
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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,
myocarditis and polio-like paralysis, even leading to fatality [3,4].
There have been recent severe outbreaks in Southeast Asia [5]
which have raised a great deal of concern in the region. In 1998,
an outbreak in Taiwan claimed 78 lives [6]. The number of fatal
cases per year in China has reached above 3000 since 2008 [7].
The overall fatality rate of HFMD has been estimated to be 229.9
fatalities per 100,000 symptomatic cases [8].

There is no specific licensed therapy for EV71 infection and
treatment is currently restricted to management of the symptoms.
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Prevention is reliant upon surveillance and isolation of infected
individuals together with enhanced infection control. However,
several strategies are currently being applied to develop vaccine
candidates, some of which have resulted in commercialization [9].

EV71 is an RNA-virus, of the Picornaviridae family, with four
capsid proteins (VP1-4) and seven nonstructural proteins. Varia-
tion in the VP1 protein has led to sub-classification into gen-
ogroups A, B and C, but the different VP1 genes share > 92%
sequence homology [10], and animal studies have indicated that
there is one serotype with respect to in vivo sero-neutralization
[11]. EV71 has one single serotype as determined from hyperim-
mune animal sera. However, post-infection sera from children
showed that different genotypes have antigenic variations among
different EV71 strains [12,13]. The antigenic differences were
determined through antigenic cartography since level of cross-
reactivity varied within subgenotypes and genotypes to different
levels. Several vaccine candidates are currently in development
using different approaches [14], based on VP1 peptides [15],
recombinant VP1 delivery [16,17], VP1 capsid-containing virus-
like particles (VLP) [18], DNA vaccines [19], live attenuated EV-
71 virus [20] or whole-virus vaccines using formaldehyde-
inactivation [21]. The adjuvanted, inactivated, whole virus EV71
vaccines [14] are the most advanced in clinical development. In
phase I and phase II clinical studies, those vaccines have been
shown to induce high levels of neutralizing antibodies in adults
and children [22-24]. Phase III clinical studies conducted in China
have demonstrated that inactivated whole virus vaccines based on
the C4 EV71 genogroup are efficacious, preventing severe, EV71
associated HFMD in children [23,25,26]. Presently, three inacti-
vated EV71 vaccine products based on C4 sub-genotype have been
licensed and are currently being marketed in China [9,27,28], while
a genotype B based vaccine is under development in Taiwan [29].
Both B and C genotype viruses circulate frequently in many other
countries, including Japan, Australia, Vietnam, Singapore and the
US, highlighting the need for a vaccine which elicits cross-
reactive immunity against strains from both genotypes [37,48,49].

In preclinical studies in mice and rabbits, we have demon-
strated the safety and immunogenicity of a B2 genogroup EV71
virus particle candidate vaccine, inactivated with binary ethylen-
imine (BEI) and purified by ion-exchange and size-exclusion chro-
matography [30]. The rationale of selecting B2 subgenogroup is the
severity of disease and neurovirulence caused by the virus and the
capability of the virus to grow to high titers in cell culture. More-
over, there are not many EV71 vaccine candidates representing
the B subgenotypes. BEI was used as the inactivating agent due
to its superiority over beta-propiolactone (BPL) and formalin in
preserving the antigenicity of the vaccine and faster inactivation
kinetics [39,40]. This report describes the first phase I study of
the safety and immunogenicity of two dose levels of the alum-
adjuvanted EV71 vaccine candidate, termed INV21.

2. Methods
2.1. Study design

This was a single center, double blind, placebo controlled, ran-
domized, dose escalation study to investigate the safety, tolerabil-
ity and immunogenicity of two different doses of an investigational
EV71 candidate vaccine, INV21, in healthy adults. The trial was
performed from July 2011 to April 2012 at the Investigational Med-
icine Unit, National University Hospital, Singapore. The study pro-
tocol was approved by the site Domain Specific Review Board of
the National Healthcare Group, which governs research in the
institution (Reference number 2011/00249), and was registered
as ClinicalTrials.gov NCT01376479. All subjects provided written,

informed consent at enrolment, and the study was carried out
according to current GCP and the Declaration of Helsinki.

2.2. Subjects

Eligible subjects were males or females aged 21-45 years, inclu-
sive, in good health as determined by medical history and physical
examination at the time of screening. At the screening visit poten-
tial subjects had a physical examination, ECG, laboratory testing for
Na, K, Cl, Glucose, BUN, creatinine, phosphate, calcium, protein,
albumin, alanine transaminase (ALT), aspartate transaminase
(AST), bilirubin, white blood cell (WBC), hemoglobin, platelets
and urinalysis. Normal ranges for laboratory tests were those used
in the clinical laboratory; subjects with significant values outside
of these ranges being excluded. All subjects had negative serology
for HIV, Hepatitis C and Hepatitis B surface antigen. Other exclu-
sion criteria included any chronic health condition, e.g. diabetes
mellitus, history of hypersensitivity to any vaccine, prior vaccina-
tion within four weeks of the study, or any congenital condition
or therapeutic treatment likely to lead to immunodeficiency.
Female participants had to have a negative urine pregnancy test
and were required to practice contraception by an approved
method throughout the study period.

In each cohort 45 volunteers who met the above criteria were
screened for their levels of EV71 antibodies, and the 18 subjects
from each cohort with the lowest neutralizing antibody titers were
included in the study.

2.3. Vaccine

The investigational product (INV21) consists of inactivated
EV71 whole viral particles from a B2 sub genogroup EV71 strain
closely related to the EV71/7423/MS/87 strain [28], formulated
with 1 mg/mL aluminum hydroxide (Alhydrogel® 85, Brenntag)
in phosphate buffered saline, pH 7.5 containing 0.002% (v/v) Tween
80. Two vaccine formulations with either 1.2 pg/mL (low dose) or
6.0 ug/mL (high dose) INV21 were supplied in sealed 3 mL vials.
Placebo vials contained 1 mL phosphate buffered saline. The high
and low dose were selected based on the literature for other
EV71 vaccine candidates as well as a Japanese Encephalitis (JE) vac-
cine study. Preclinical studies in mice were also conducted to select
the high and low dose for immunization of humans [30].

On Day 0, enrolled subjects received an intramuscular injection
in the deltoid of 0.5 mL of the appropriate vaccine dose (n=12) or
placebo (n = 6) according to a sponsor-supplied randomization list.
All injection syringes were prepared by independent unblinded
study personnel and provided to the investigator for administra-
tion such that the investigator remained blind to the product
administered. A second injection was similarly administered on
Day 28. All laboratory and serology analyses were performed blind.

2.4. Safety and tolerability

Adverse events were assessed throughout the duration of the
study, up to Day 196. In each cohort, there was a sentinel subject,
who received the prime dose of INV21 vaccine before the rest of
the cohort. The sentinel subject was observed for two days to
assess safety prior to dosing the remaining volunteers in the
cohort. Escalation to the higher dose was done based on review
of the safety data through 14 days following the prime dose in
the low dose cohort from a minimum of 12 subjects, including
the sentinel. Similarly, there was review of 14 days of safety data
following the prime dose in the high dose group from a minimum
of 12 subjects including the sentinel to determine whether this
cohort was to receive their booster dose. Subjects were given dia-
ries to be completed for 14 days following each vaccination to
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record solicited local reactions and systemic adverse events, and
any other adverse events occurring before the subsequent clinical
visit, up to Day 56. At the clinical visits, the investigators assessed
the likely relationship of any adverse events to the immunizations.

Blood chemistry was monitored for toxicity grade change
according to standard vaccine trial procedures (US Food and Drug
Administration, FDA) and reported according to the Common Ter-
minology Criteria for Adverse Events (CTCAE) Version 4, 2009
[31,32].

2.5. Immunogenicity

Sera prepared on Days O (pre-dose 1), 14, 28 (pre-dose 2), 42,
56, 84 and 196 were used to assess the immune responses to the
vaccine antigen, EV71 (sub-genotype B2). Neutralizing antibody
titers were measured by standard methods as previously described
[30] at a starting dilution of 1:8.

2.6. Cross-neutralization test

A standard ELISA-based microneutralization test (ELISA-MNT)
was used with modification [33,34]. Sera were tested at a starting
dilution of 1:32 and any reciprocal titer less than 32 was given a
value of 8 for calculation of GMTs. Details of the procedure is
described in the supplementary section.

2.7. Statistics

As this was an exploratory trial there was no specific hypothesis
to test, and the number of subjects was chosen to provide data
from a minimal dataset for safety and tolerability. The study was
not powered to test for differences between the two doses of vac-
cine. Results are summarized with point estimates and 95% confi-
dence intervals (CIs). Safety data were analyzed in terms of all
subjects who received at least one study injection, and who pro-
vided safety data, according to their assigned treatment group.
Chi square test was used to compare AE in groups when relevant.
The neutralizing antibody titers (NT) were transformed into
log10 titers for calculation of geometric mean titers (GMT) and
95% CI and back transformed to NT. Percentages of each group dis-
playing seroconversion (defined as a four-fold or greater increase
in titer compared with the baseline [Day 0] titer), were calculated
for each group at each time point. ANOVA was used to compare
immunogenicity between the dose groups and day. All statistical
data analyses were done using SAS JMP (version 13.1.0).

3. Results
3.1. Demographics

A total of 90 eligible 21-45 year-old subjects were screened for
possible inclusion, from which the 36 eventual participants with
the lowest pre-existing EV71 titers, 23 men and 13 women, were
selected (Fig. 1). All enrolled subjects were Asian, with similar
demographic characteristics in each group (Table 1), however
there was a greater proportion of males allocated to the two pla-
cebo groups by random chance. All subjects completed the study,
except for one subject in the high-dose INV21 group who withdrew
consent before receiving the second dose.

3.2. Safety and tolerability

Injections of investigational vaccine or placebo were generally
well tolerated; there were no serious adverse events (SAE) or with-
drawals due to adverse events during the study. A total of 42 unso-

licited AEs were reported by 22 of the 36 subjects across all study
groups up to Day 56; 11 subjects in the low-dose group reported
22 AEs, and 11 subjects in the high-dose group reported 20 AEs.
All AEs were considered to be mild in severity, except for a case
of hemorrhoids (of moderate severity) in a high-dose subject
(starting on Day 8 after dose 1, and lasting two days). Only two
unsolicited AEs were considered to be associated with study proce-
dures, both in placebo recipients in the low-dose group: one case of
musculoskeletal stiffness (stiff neck) lasting one day and one of
headache lasting two days.

The most frequently reported solicited local reaction was pain
at the injection site (Table 2), which was statistically significantly
[p <0.05] more frequent with either dose of INV21; 10 of 12 sub-
jects (83.3%, 95% CI: 55.2-95.3) and 9 of 12 (75.0%, 95% CI: 46.8-
91.1) for low- and high-dose recipients, respectively, than placebo
3 of 12 (25.0%, 95% CI: 8.9-53.2). The only apparent difference in
local reactogenicity profiles between low- and high-doses of
INV21 was the rate of swelling at the injection site (p < 0.05); no
case was reported in the low-dose group compared with 4 out of
12 subjects (33.3%, 95% Cl: 13.8-60.9)) in the high-dose group.
However, compared with the placebo group, there was no signifi-
cant differences (p=0.11) in injection site swelling. One subject
in each of the low- and high-dose groups reported erythema or
pruritis. These local reactions were mild and transient, occurring
within 1 to 2 days of vaccination, and all resolved spontaneously
and promptly without sequelae.

The more common systemic reactions were muscle pain and
tiredness. There were numerically more reports of muscle pain in
the vaccinated groups; 6 of 12 subjects (50.0%, 95% CI: 25.4-
74.6) and 5 of 12 (41.7%, 95% CI: 19.3-68.0), respectively, than in
placebo; 2 of 12 (16.7%, 95% CI: 4.7-44.8). A similar trend was
observed for tiredness; 5 of 12 (41.7%, 95% CI: 19.3-68.0) in both
vaccinated groups vs. 3 of 12 (25%, 95% CI: 8.9-53.2) in placebo
recipients. The only two reports of nausea were reported in high-
dose recipients. However, all these systemic reactions did not show
any statistical significance between vaccinated and placebo groups.

Observed vital signs (pulse rate, respiratory rate and blood pres-
sure) remained constant during the post-vaccination period and did
not show any differences between treatment groups. Temperature
did slightly increase over 30 min post-vaccination in both vacci-
nated groups (by 0.24 °C and 0.55 °C in low and high dose groups,
respectively) and in the placebo group (by 0.42 °C). All increases
in temperature were transient and did not require treatment.

Blood chemistry tests did not indicate any clinically significant
changes after either vaccine or placebo administration, with small
transient changes in some parameters that did not show any par-
ticular pattern or dose dependency association (Tables 3A and
3B). One grade 4 event was noted, in a low-dose INV21 subject
with low blood glucose (3.5 mmol/L) at baseline. Glucose returned
to the normal range (4-7.8 mmol/L) between Days 7 and 35, but
then dropped to 3.4 mmol/L before reaching 8.8 mmol/L at Day
56. This was graded as 4 due to the difference between baseline
and Day 56 levels according to the protocol. However, this event
was not reported as an adverse event as the patient remained well
and asymptomatic, and it was not considered clinically significant.

3.3. Immunogenicity

At screening, most subjects in the two vaccine groups had some
evidence of pre-existing EV71 antibodies (Table S1). Only 2 of the
36 subjects (5.6%, 95% Cl: 1.5-18.1) had a titer < 8. However, anti-
body levels were generally low with 29 of 36 (80.6%, 95% CI:
65.0-90.2)) subjects having a titer < 64, and a maximum titer in
one subject was 256. GMTs on Day 0 were similar in all four groups,
with a range from 20 to 32. GMTs in the placebo group showed no
significant differences over the next 28 weeks (Fig. 2, Table S2).
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N=90
Subjects Screened
N= 5{1
Screen Failures
~ N=36
Subjects Randomised
N=18 N=18
Low Dose Group High Dose Group
=12 N=6 =12 N=
INV21 Placebo INV21 Placebo
N=12 N=6 N=11 N=6
Completed Completed Completed Completed
to Day 196 to Day 196 to Day 196 to Day 196
N=1
Did not complete study as planned:
Reason: Withdrew consent
Fig. 1. Subject disposition.
Table 1
Summary of Demographics of the study population.
Low dose High dose
INV21 Placebo INV21 Placebo
N 12 6 12 6
Gender, Male (%) 5 (42%) 5 (83%) 7 (58%) 6 (100%)
Age (years) Mean + SD 33779 31.2+£55 309+5.8 302+72
Height (m) Mean + SD 1.63+£0.11 1.70£0.08 1.66 £0.09 1.71+£0.6
Weight (kg) Mean + SD 61.1+13.6 68.3+109 62.1+9.2 70.0£10.1
BMI (kg/mz) Mean * SD 22.62+252 23.62+2.21 22.53+2.83 23.83+2.10

However, there were marked increases in GMTs in both vaccine
groups by Day 14, increasing to 128 (95% CI: 32-509) and 144
(95% CI: 30-690) in low- and high-dose groups, respectively. GMTs
had declined slightly in both groups by Day 28, immediately prior
to the second dose, low-dose to 81 (95% CI: 23-290) and high-
dose to 100 (95% CI: 21-481), but this was not statistically
significant. The second dose boosted the GMTs to 323 (95% Cl: 144-
721) and 451 (95% CI: 163-1247) at Day 42. Although levels contin-
ued to decline over the following weeks, GMTs remained higher than
baseline at 28 weeks: 81 (95% CI: 32-204) and 145 (95% CI: 54-393)
for low- and high-dose, respectively. Both low- and high-dose showed
no significant differences to their respective day.

When expressed as seroconversion, i.e. the percentage of sub-
jects that achieved a four-fold or greater increase in titer over base-
line, there was an evident benefit from the second dose (Fig. 3,

Table S3). Two weeks after the first dose 58.3% (95% CI: 32.0-
80.7) of subjects in both vaccine groups had seroconverted, these
proportions declining slightly over the next two weeks before the
second dose was administered on Day 28. At Day 42, two weeks
after the second dose the seroconversion rate was 100% (95% CI;
75.8-100) in both groups. Over the following 22 weeks, there
was an overall decrease in the level of GMT titer, but it remained
>4 times higher than the pre-vaccination level. One subject in
the placebo group seroconverted at Day 84.

3.4. Cross-neutralizing activity of antibodies elicited against EV71
vaccine with EV71 sub-genotypes B4, B5 and C4a

To examine if antibodies induced by the EV71 candidate vaccine
(MS/87) based on the B2 sub-genotype could cross-neutralize
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Table 2
Solicited local and systemic reactions after first and second doses combined.

% (95% CI) of participants reporting adverse reaction

Reaction Low Dose p-value High Dose p-value
INV21 (n=12) Placebo (n = 6) INV21 (n=12%) Placebo (n = 6)

Injection Site Reaction

Pain 83.3 (55.2-95.3) 33.3(9.7-70.0) 0.03 75.0 (46.8-91.1) 16.7 (3.0-56.4) 0.02

Edema 0.0 (0.0-24.3) 0.0 (0.0-24.3) 33.3 (13.8-60.9) 0.0 (0.0-24.3) 0.11

Erythema 8.3 (1.5-35.4) 0.0 (0.0-24.3) 0.47 8.3 (1.5-35.4) 0.0 (0.0-24.3) 0.47

Pruritis 8.3 (1.5-35.4) 0.0 (0.0-24.3) 0.47 8.3 (1.5-35.4) 0.0 (0.0-24.3) 0.47

Systemic Reaction

Muscle Pain 50.0 (25.4-74.6) 33.3(9.7-70.0) 0.50 41.7 (19.3-68.0) 0.0 (0.0-24.3) 0.06

Tiredness 41.7 (19.3-68.0) 33.3 (9.7-70.0) 0.73 41.7 (19.3-68.0) 16.7 (3.0-56.4) 0.29

Headache 8.3 (1.5-35.4) 16.7 (3.0-56.4) 0.60 33.3 (13.8-60.9) 16.7 (3.0-56.4) 0.46

Nausea 0.0 (0.0-24.3) 0.0 (0.0-24.3) 16.7 (4.7-44.8) 0.0 (0.0-24.3) 0.29

Rash on Body 25.0 (8.9-53.2) 0.0 (0.0-24.3) 0.18 8.3 (1.5-35.4) 0.0 (0.0-24.3) 0.47

2 N =11 for second dose, one subject withdrew 14 days after first dose.

Table 3A
Summary of frequently reported toxicity grade shifts from baseline in low dose.
Low Dose
INV21 (n=12) Placebo (n =6)

No. of Grades
% (95% CI) of participants

No. of Grades
% (95% CI) of participants

1 2 4 1 2 4
Serum chemistry
Glucose (inc) 58.3 (32.0-80.7) 16.7 (4.7-44.8) 8.3 (1.5-35.4) 50.0 (18.8-81.2) 16.7 (3.0-56.4)
Glucose (dec) 8.3 (1.5-35.4) 16.7 (4.7-44.8) 16.7 (3.0-56.4) 16.7 (3.0-56.4)
Potassium (dec) 33.3(13.8-60.9) 16.7 (3.0-56.4)
Sodium (inc) 25.0 (8.9-53.2) 50.0 (18.8-81.2)
Hematology*
Haemoglobin (dec) 83.3 (55.2-95.3) 8.3 (1.5-35.4) 100.0 (61.0-100.0)
Urinalysis*
Urine Red Blood Cells 25.0 (8.9-53.2) 16.7 (3.0-56.4)
Table 3B
Summary of frequently reported toxicity grade shifts from baseline in high dose.
High dose
INV21 (n=12) Placebo (n = 6)
No. of Grades No. of Grades
% (95% CI) of participants % (95% CI) of participants
1 2 3 4 1 2 3 4

Serum chemistry

Glucose (inc) 25.0 (8.9-53.2) 8.3 (1.5-35.4)
Glucose (dec) 16.7 (4.7-44.8) 25.0 (8.9-53.2)
Potassium (dec) 8.3 (1.5-35.4)
Sodium (inc) 8.3 (1.5-35.4)

Hematology

Haemoglobin (dec) 75.0 (46.8-91.1) 8.3 (1.5-35.4)

Urinalysis

Urine Red Blood Cells 33.3 (13.8-60.9)

8.3 (1.5-35.4)

16.7 (3.0-56.4)
16.7 (3.0-56.4)

16.7 (3.0-56.4)
16.7 (3.0-56.4)

100.0 (61.0-100.0)

66.7 (30.0-90.3)

66.7 (30.0-90.3)

" Laboratory results where toxicity was noted for greater than 20% of subjects in any dose group N = 11 for second dose.

other EV71 sub-genotypes, we assessed the neutralizing activity in
the ELISA-MNT assay of sera collected on day 42 post-vaccination
against EV71 viruses belonging to sub-genotypes B4, B5 and C4a.
Most individuals in the placebo groups did not show any detect-
able neutralizing titer (data not shown). Serum samples from both
the low- and high-dose groups against homologous sub-genotype
showed similar neutralizing activity (low-dose, 226 (95% CI:
94-544); high-dose, 362 (95% CI: 120-1090) with no statistical
differences. In the vaccinated groups neutralizing titers against
sub-genotype B4 were comparable to the homologous titers,
although some individuals showed lower titers than other:

low-dose, 99 (95% Cl: 22-442); high dose, 97 (95% Cl: 20-475)
(Fig. 4, Table 4 and Table S4). The neutralizing activities against a
B5 sub-genotype (7599) and two C4a sub-genotypes (4104 and
41) were all similar to the homologous titers. Similarly, the neu-
tralizing titers against a third C4a sub-genotype (VNO080) isolated
from a different geographic location were slightly lower but within
two-fold difference (low dose, 136 (95% Cl: 50-374); high dose,
208 (95% CI: 62-701). Overall, these data indicate that antibodies
induced by EV71 vaccine cross-neutralize EV71 viruses belonging
to sub-genotypes B4, B5 and C4a. Both high and low dose showed
no statistical differences respectively to each sub-genotype.
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Fig. 2. Geometric mean titers (with 95% Confidence intervals bars) of neutralizing antibodies over the course of the study after two doses indicated by arrows of placebo
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Fig. 3. Mean seroconversion rates (>4-fold increase over baseline) as percentages
of the two vaccine groups over the study period, following two doses of vaccine on
Days 0 and 28 as (indicated by arrows) in low and high dose groups.

The higher dose vaccine did not result in higher titers than the
lower dose for B4 and B5 subgenotypes, and although there was
increase in titer against the homologous B2 subgenotype with
the higher dose the difference did not achieve statistical signifi-
cance. Since some individuals had lower titers than others due to
preexisting antibodies, a clear-cut increase in titer was not
observed. Additionally, the assay used for the cross-reactivity
study and small number of samples could have played a role in this
result. A titer of 8 was assigned to all titers those were <32 which
resulted in low titers for B4 and B5. When those individuals are
taken out of calculation, the titers slightly increased for B4 [(low
dose, 256; high dose, 282.6) and B5 (low dose, 256; high dose,
322.5) (compare with Table 4)]. Although there was slight increase
in titers, there was no significant statistical difference. Further
investigation in a larger population of naive children is required
to see the clear effect of high dose.

We also tested the longevity and persistence of cross-
neutralizing antibodies by comparing the titers of selected serum
samples collected on day 196 post-vaccination with those from
the same individual collected on day 42 post-vaccination against
sub-genotypes B4, B5 and C4a. Although there was a small overall
drop in titer against all genotypes by day 196 post-vaccination, this
was not statistically significant and titers remained above the
baseline indicating the persistence of neutralizing activity (Fig. 5).

4. Discussion

The EV71 enterovirus poses significant public health problem
especially in Asia that warrants development of a safe and effective
vaccine. Infection typically manifests as hand, foot and mouth dis-
ease similar to other enteroviruses, usually in young children, but
more severe cases with serious complications in the central ner-
vous system and fatalities have been reported in outbreak situa-
tions [1]. The present study explored the safety and
immunogenicity of two doses of an inactivated EV71 whole viral
candidate vaccine (INV21) in a single center, double blind, placebo
controlled, randomized, dose escalation study in adult volunteers;
the first use of this investigational vaccine in humans. EV71 has
several genotypes, characterized by VP1 sequences, but has only
one serotype in neutralization tests [10,11]. The INV21 candidate
vaccine includes viral particles of a B2 sub genogroup EV71 strain
closely related to the EV71/7423/MS/87 strain [30]. Previous ani-
mal studies have demonstrated the immunogenicity of INV21 in
mice and rabbits, with no toxicology or safety signals [30]. In this
Phase I clinical study in humans, the vaccine was well tolerated
at both dose levels. The most frequent adverse event observed
was transient pain at the injection site reported by 83% and 75%
of low- and high-dose groups respectively, compared with 25% of
the placebo recipients, which is typical of aluminum-adjuvanted
vaccines. No subjects withdrew because of adverse events. No
other safety signals were noted in terms of adverse events or the
monitored clinical parameters.

This safety profile stands comparison with the safety profiles of
other EV71 vaccines that have completed Phase I clinical trials. The
phase I trial of NHRI B4-based vaccine conducted in 80 adult volun-
teers reported no severe adverse events, all being mild to moderate
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Fig. 4. Cross-neutralizing antibody titers of vaccinated volunteers against various EV71 sub-genotypes. Serum samples collected on day 42 post-vaccination were assessed
for neutralization against EV71 sub-genotypes B4, B5 and C4a. Symbols indicate individual titers. Geometric mean titers (with 95% Confidence intervals bars) are presented
(High dose n =10, Low dose n=11) are compared with those to the vaccine strain MS/87. Different EV71 isolates are represented as, 2042 (B4)-E2002042-TW, 7599 (B5)-

E2007599-TW, 4104 (C4a)-E2004104-TW.

Table 4

Cross-neutralizing antibody titers against diverse sub-genotypes of EV71 at 42 days post-vaccination.
Sub-genotype Low High p-value

n GMT (95% CI) n GMT (95% CI)

MS/87 (B2) 11 226 (94-544) 10 362 (120-1090) 0.46
2042 (B4) 11 99 (22-442) 10 97 (20-475) 0.98
7599 (B5) 11 73 (16-325) 10 74 (15-351) 0.99
4104 (C4a) 11 212 (81-551) 10 362 (98-1337) 0.47
41 (C4a) 11 290 (112-751) 10 478 (196-1162) 0.40
VNO08O (C4a) 11 136 (50-374) 10 208 (62-701) 0.56

Titers < 32 were given a value of 8 for the calculation of GMT values. The lower limit of detection of this assay is 32.
Different EV71 isolates are represented as, 2042 (B4)-E2002042-TW, 7599 (B5)-E2007599-TW, 4104 (C4a)-E2004104-TW.

intensity with myalgia being the most frequent systemic reaction
and mild reaction at the local injection site [24]. In another phase
I trial conducted severe adverse effects (high fever) were reported
in 3.1% of the youngest subjects and mild fever for 22.2 of adult
subjects [35]. Another phase I clinical trial reported mild adverse
events with a third C4 vaccine candidate in [36]. In this study
37% of participants reported at least one injection-site or systemic
adverse reaction. Fever was the most common systemic reaction
(35-55%).

It was notable that the majority of subjects (>94%) already had
antibodies (GMT > 8) against EV71, indicating some exposure to
the virus, although generally low levels are felt to indicate that
such exposure was not recent. This is expected to be typical of
an adult population in a large Asian city, where exposure to
EV71 is common during childhood [37]. The immune response to
the INV21 candidate vaccine was evident even with this back-
ground (in the presence of pre-existing antibodies) with similar
increases in GMTs in both low and high dose vaccine groups two
weeks after the first dose. The second dose elicited 100% serocon-
version and boosted antibody titers in both groups, and titers
remained higher than baseline and the placebo group for a further
24 weeks. While these data in seropositive adults are promising,
the immunogenicity of the vaccine needs to be confirmed in
seronegative children. Interestingly, 75% of adults in Germany have
been reported as having antibodies to EV71 [38]. Therefore, vaccine
trials across the world and not just in Asia should be planned with
preexposure in mind.

BEI is used as inactivating agent in the manufacturing process of
INV21 candidate vaccine due to its advantage over formaldehyde

or beta-propiolactone [39,40]. BEl-inactivation is faster, with
defined kinetics, and residual BEI can be effectively neutralized
by addition of sodium thiosulfate. It could potentially preserve
the structure of viral epitopes. However, BEI inactivated materials
have never been used in human vaccines, although it has shown to
inactivate and induce immune response against foot and mouth
disease virus (FMDV) [41], Ross River virus (RRV) [42], sheep pox
[43], HIV [44], Nipah virus [45], porcine reproductive and respira-
tory syndrome virus (PRRSV) [46] and rabies virus [47]. The safety
profile of INV21 is comparable to other EV71 vaccines that com-
pleted phase I trials [22,24,35,36], some of which have been com-
mercialized. Both the low- and high dose formulations with BEI
were tested in a pivotal safety study conducted in New Zealand
White (NZW) rabbits at a GLP contract research organization
(CRO) [30]. All clinical and histological findings were compiled
by the CRO, who found no morbidity or mortality, or any skin reac-
tions at the site of injection in any animals. Hematology and clin-
ical chemistry parameters remained within the normal range and
EV71 vaccine-treated animals exhibited no differences from the
control groups in group averages of body mass, body mass change
during the study period, or food consumption.

Various genotypes of EV71 are currently circulating in the
world. For instance, currently EV71 sub-genotype C4a is reported
to be circulating in Korea, B4, B5, C1 in Singapore and Malaysia,
while B3, C2, C1 co-circulate in Australia and C2, C4a, B4 and B5
sub-genotypes were recently found to circulate in Japan
[37,48,49]. In Taiwan, different serotypes of EV71 are in circula-
tion; predominant genogroups occurred in 1998 (C2), 2000-2001
(B4), 2004-2005 (C4), 2008-2009 (B5) and 2010-2016 (B5, C4).
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Fig. 5. Persistence of cross-neutralizing antibodies in the serum of vaccinated individuals. Paired sera samples collected on day 42 and 196 following immunization were
tracked for their cross-neutralizing titers against B4, B5 and C4a EV71 sub-genotypes. Geometric mean titers (with 95% Confidence intervals bars) are presented (N-13). P

values are shown in the inset.

In China C4a and in Vietnam C4a and B5 sub-genotypes are cur-
rently in circulation. Therefore, an EV71 vaccine that could provide
protection against all sub-genotypes would be necessary.

In this Phase I clinical study, antibodies elicited by INV 21, a
candidate EV71 vaccine based on B2 sub-genotype, cross-
neutralized EV71 strains from sub-genotypes B4, B5 and C4a.
While cross-neutralization of the B4 and B5 sub-genotypes was
variable, cross-neutralizing titers against C4a sub-genotype were
uniformly high. This result was unexpected, as sub-genotype C4a
is genetically more divergent from B2 than are sub-genotypes B4
and B5. After further analysis it became clear that although the
cross-reactivity against C4 was better than B4 and B5 at higher
dose, it was within 4-fold difference. Since the VP1 protein is the
major target of cross-neutralizing antibodies and B4 and B5
subgenotypes are closer to B2 than C4, the slight increase in
cross-reactivity cannot be considered to be very significant indicat-
ing any major difference in antigenicity. Alternatively, the individ-
uals might have been exposed to C4 subgenotypes prior to
vaccination leading to higher cross-neutralizing titer which is unli-
kely. It is hard to draw definitive conclusions as this study was not
designed to address the question of the response to specific geno-
types. These exploratory results suggest that even though there are
differences in genetic elements among various sub-genotypes of
EV71, common antigenic epitopes present in the major immuno-
gen (VP1) could generate neutralizing antibodies with strong
cross-reactivity [50-52]. Serological cross-reactivity among
sub-genotypes of EV71 has previously been investigated using
hyperimmune serum raised in guinea pigs against B2 and C1

sub-genotypes and serum collected from 2-year-old children
infected with B5 or C4 sub-genotypes of EV71 [52]. Similarly, anti-
bodies raised in rabbits and collected from patients infected with
one sub-genogroup of EV71 showed strong cross-neutralization
with other sub-genogroups [53].

In addition, a challenge study conducted in new born mice vac-
cinated with synthetic peptide representing one of the VP1 epi-
topes of a B4 sub-genogroup demonstrated full protection
against lethal challenge with EV71 strains belonging to B2, B4,
B5, C2 and C4 sub-genogroups [54]. A report on an inactivated
EV71 candidate vaccine based on a B4 sub-genotype (EV71/E59)
showed that antibodies induced by the vaccine could cross-
neutralize sub-genotypes B1, B4, B5, and C4A [55]. Antibodies
induced by that vaccine however did not show good cross-
reactivity with some isolates of C4B and C2 sub-genotypes [55].
Two C4 sub-genotype based EV71 vaccine candidates also induced
cross-neutralizing antibodies in infants and children against B4, B5,
C2, and C5 sub-genotypes [56]. Thus, the cross-neutralizing poten-
tial of EV71 vaccines based on either B2 (INV21 this study), B4 or
C4 sub-genotypes could potentially confer broad protection
against most of the currently circulating EV71 sub-genotypes, but
this needs to be further confirmed [23].

A potential limitation of the study is the target population in
which the study was conducted. Since most of the individuals
had prior exposure to EV71, this study cannot predict a similar out-
come of the vaccination in naive population. Moreover, due to a
small study population, a thorough and comprehensive analysis
of safety of the vaccine with more statistical power could not be
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performed. Therefore, future studies should be conducted in a lar-
ger population of naive individuals. The selected demographic
group posed another limitation. All subjects were Asian and the
majority were males. The age selection was between 18 and 45
and no children or adults above 45 years of age were selected.
The safety and immunogenicity profile may be different with other
demographic groups.

In summary, the results of this phase I study showed that the
inactivated EV71 candidate vaccine was safe, well tolerated and
immunogenic in adults and induces cross-neutralizing antibodies
against EV71 viruses. These observations support its further clini-
cal development as a potential vaccine for use in children.
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