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KEYWORDS Abstract Background: Development of an efficacious egg-free mock-up H5N1 vaccine is key
Influenza A; to our preparedness against pandemic avian flu.

Avian influenza; Methods: This is a single-center, randomized, observer-blinded phase | clinical trial evaluating
H5N1; the safety and immunogenicity of an alum-adjuvanted Madin—Darby canine kidney (MDCK)-
Vaccination; derived inactivated whole-virion H5N1 influenza vaccine in healthy adults. Hemagglutination
Immune response inhibition (HAI) and neutralizing antibody titers were measured using horse and turkey red

blood cells (RBCs).

Results: Thirty-six adult subjects were randomized to receive two doses of 0.5 mL of the
MDCK-derived H5N1 alum-adjuvanted vaccine containing 7.5, 15, or 30 ug of hemagglutinin
(HA) 21 days apart. The candidate vaccine was well tolerated and safe across the three dosing
groups. The most frequent adverse event was injection site pain (46.5%). Both HAl and neutral-
izing antibody titers increased after each vaccination in all three dosing groups. The best HAI
responses, namely a seroconversion rate of 91.7% and a geometric mean ratio of 9.51 were
achieved with the HA dose of 30 pg assayed using horse RBCs at day 42. HAI titers against
H5N1 avian influenza virus was significantly higher when measured using horse RBCs compared
with turkey RBCs.

Conclusions: This Phase | trial showed the MDCK-derived H5N1 candidate vaccine is safe and
immunogenic. The source of RBCs has a significant impact on the measurement of HAI titers
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Introduction Materials and methods

At the forefront of influenza prevention strategies is
effective vaccination." Of the avian influenza viruses that
have caused infections in man, H5N1 is notable for several
reasons.”> H5N1 mutates rapidly and has a documented
propensity to acquire genes from influenza viruses
infecting other animal species.*® Birds and humans
infected with H5N1 are able to excrete virus via oral and
fecal routes for at least 10 days and thus contribute to
further spread of the virus to other birds in the wild or in
live poultry farms and markets.? Since the first docu-
mented H5N1 bird-to-human transmission in 1997, the
World Health Organization has confirmed 860 human in-
fections and 454 deaths due to H5N1 in 16 countries across
Asia, Europe, Africa and North America between 2003 and
2017.% Unlike avian H7N9 influenza, which affects pre-
dominantly the elderly and pre-morbid, H5N1 infects
younger children and healthy adults and is associated with
high mortality.”°

Although no widespread human-to-human transmission
has occurred,® ongoing evolution by drift and shift
mechanisms that could potentially alter the protein-
binding specificity of H5N1 from avian «2,3-linked sialic
acid receptors to human a2,6-linked sialic acid receptors.
It means that H5N1 continues to possess pandemic po-
tential.’® To address this pandemic threat, several H5N1
mock-up vaccine candidates have been prepared and
evaluated in animal models and clinical trials."""® In a
previous phase | clinical study evaluating the safety and
immunogenicity of a Madin—Darby canine kidney (MDCK)-
derived H5N1 candidate containing 3 pg hemagglutinin
(HA) or 6 nug HA, with or without 300 pg aluminum
phosphate (AlPO4) adjuvant, the primary endpoint of
safety was demonstrated in sixty healthy adult Taiwanese
volunteers.' However, in that study, the immune re-
sponses generated were disappointing with only a sig-
nificant neutralizing antibody response being observed
for the group receiving the adjuvanted 6 ug HA vaccine.'
Hence in this clinical study, we will evaluate the safety
and immunogenicity of the AIPO4-adjuvanted MDCK-
derived H5N1 candidate vaccine containing higher HA
antigenic doses (7.5 pg, 15 pg, 30 pg) with the aim of
improving the immunogenicity profile. When this trial was
conducted, unlike for the H7N9 vaccine, standardized
assays for determining serum antibody responses to
vaccination against avian influenza were lacking and
were adopted from vaccination studies against seasonal
influenza.’® Hence, we measured the hemagglutination-
inhibition (HAI) titers using both horse and turkey
erythrocytes.

Vaccine

The MDCK-derived H5N1 candidate vaccine used in this study
was an inactivated, purified, whole virus adjuvanted vaccine
that was developed by Medigen Vaccine Biologics Corpora-
tion (Nangang District, Taipei, Taiwan). The vaccine was
produced via mammalian cell techniques using MDCK cells.
The seed virus NIBRG-14 was a reassortant H5N1 strain
derived from clade 1 (A/Vietnam/1194/2004) virus, and this
seed virus was obtained from the UK National Institute for
Biological Standards and Control (NIBSC; Hertfordshire, U.K.)
which has been approved by the WHO as the reference H5N1
vaccine strain for use in the production of commercial H5N1
vaccines. In production, the viruses are propagated in a
serum-free medium and then harvested, filtrated, and
concentrated via ultracentrifugation. The concentrated
suspension is purified to achieve high purity and then inac-
tivated using formaldehyde. The concentration of the inac-
tivated antigens was determined by single radial
immunodiffusion (SRID). The investigational vaccines were
formulated at three HA dose levels: 7.5, 15, and 30 ug using
aluminum hydroxide (Al(OH)s) in a phosphate buffer. Each
dose of the 0.5 mL vaccine contained 300 ug of Al(OH)s.

Study design

This prospective, randomized, open label, observer-
blinded, single-center study with three parallel arms was
conducted between August 2012 and March 2013 at one
medical center (the National Taiwan University Hospital in
Taipei, Taiwan; ClinicalTrials.gov identifier: NCT01675284).
Thirty-six healthy subjects aged between 20 and 60 years
were enrolled in this study. The detailed eligibility and
exclusion criteria are provided (in the Supplement). The
subjects were randomized into three arms corresponding to
the HA antigen dose: group 1 (7.5 ng), group 2 (15 pg), and
group 3 (30 pg). All of the subjects were administered two
intramuscular 0.5-mL doses of the MDCK-derived H5N1
candidate vaccine on day 0 and 21 via the deltoid muscle.
Blood samples for serological assays were collected prior to
two vaccinations (day 0 and day 21), as well as 21 days after
the second vaccination (day 42). All of the subjects were
monitored for up to 180 days. The study was conducted
according to the principles of the Declaration of Helsinki,
Good Clinical Practice (as defined by the International
Conference on Harmonisation) and approved by both the
Taiwan Food and Drug Administration and the hospital
research ethics committee. Written informed consent was
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obtained from all subjects. The primary endpoint for this
phase | study was to demonstrate safety and immunoge-
nicity by seroconversion rate using hemagglutination inhi-
bition (HAI) assay.

Safety

Solicited local and systemic signs and symptoms were
recorded in the participants’ diary card for 7 days after the
first and second vaccine doses (namely, on each day of
vaccination and the subsequent 6 days). Unsolicited
adverse events (AEs) were recorded during a 21-day follow-
up period after the first and second vaccine doses (namely,
on each day of vaccination and the subsequent 20 days).
The proportion of participants who had AEs, the intensity of
these events, and the relationship of these events to the
vaccine were determined. The occurrence of overall AEs
and serious AEs (SAEs) during the study period were also
recorded.

Immunogenicity

Antibody responses were evaluated on days 0, 21, and 42
using the HAI and neutralization assays on sera collected
before vaccination and at 21 days after each vaccination.
For both assays, the serum samples were tested separately
and in duplicate under blinded conditions and the seed
virus NIBRG-14 was used. HAI were conducted according to
established procedures with turkey erythrocytes.’ A modi-
fied HAI was performed using horse erythrocytes because of
their increased sensitivity in detecting human antibodies
against H5."® The turkey and horse erythrocytes were ob-
tained from the Agriculture Technology Research Institute
(Hsinchu County, Taiwan) and the National Pingtung Uni-
versity of Science and Technology (Pingtung County,
Taiwan), respectively. The reference antiserum to A/Cali-
fornia/7/2009 was obtained from the NIBSC. According to
the guidelines on reporting of immunogenicity results of
influenza vaccines by the European Committee for Medici-
nal Products for Human Use (CHMP) (1) the seroconversion
rates (SCR, the proportion of subjects with a pre-
vaccination HAI antibody titer <1:10 and a post-
vaccination titer >1:40, or a pre-vaccination titer >1:10
and a post-vaccination titer that has increased fourfold or
more) and (2) the geometric mean ratios (GMRs, the fold
increase of serum anti-HA antibody titers from post-to pre-
vaccination) were calculated. The neutralization assay was
performed using MDCK cells and 100 TCIDsy of influenza
virus as previously described.'”

Statistical analysis

All analyses were performed using Statistical Analysis Sys-
tem (SAS) version 9.3. (SAS Institute, Cary, NC, USA).
Descriptive statistics were summarized as point estimates
with 2-sided 95% Cls. The analysis of immunogenicity was
based on a per-protocol cohort, who met all eligibility
criteria, complied with the procedures defined in the pro-
tocol, and did not fulfill any elimination criteria during the
study and for whom the data concerning immunogenicity
endpoint measures were available. Analysis of safety

included all participants who received at least one dose of
the study vaccine according to their random assignment
and had sufficient data to perform an analysis of safety (at
least one safety follow-up).

Results
Study subjects

Between August 29, 2012 and March 28, 2013, a total of 53
subjects were screened (Fig. 1). Fourteen of these subjects
were excluded after screening, and 3 subjects withdrew
their consent prior to randomization. Thirty-six subjects
were randomized and immunogenicity data on days 21 and
42 were available for all 35 subjects who received two
doses of vaccine (11 subjects in group 1 and 12 subjects in
each of groups 2 and 3). Post-vaccination immunogenicity
data was not available for the single subject who withdrew
his/her consent after receiving only the first dose of vac-
cine. Data from all of the vaccinated subjects were
included in the safety analysis, but two subjects were
subsequently lost to follow-up, leaving 33 subjects in total
who were followed to the end of the 180-day study period.
No subject terminated the study prematurely because of
AEs or protocol deviation/violations. The demographic
characteristics of all of the vaccinated subjects are sum-
marized in Table 1. The median age of participants in
groups 1, 2, and 3 were 34, 38 and 36 years, respectively.
More female subjects were randomly assigned to group 1
(75%) than in the other two groups (58% in group 2 and 50%
in group 3). All subjects were of Chinese ethnicity.

Safety

Solicited

The solicited local and systemic AEs that occurred during
the 7 days after each vaccination are summarized in Table
2. A total of 52 solicited local symptoms and 52 solicited
systemic symptoms were reported during the 7-day follow-
up period after each vaccination during the study; these
symptoms occurred equally across the three treatment
groups. Symptoms were slightly more frequently reported
after the first dose of vaccination in all of the three groups.
Injection site pain was the most common solicited local AE
(63.9% after the first injection decreasing to 29% after the
second injection). The majority of the reactions were mild
(grade 1) to moderate (grade 2), resolving within 48 h, and
did not affect the subjects’ daily activities nor require
medical attention. One grade 3 pain was recorded by a
group 1 subject after the first dose, and was probably
related to the vaccine. All other local symptoms were mild
(Table 2).

Fatigue was the most common solicited systemic adverse
effects (36.1% after the first injection, 37.1% after the
second injection) followed by headache and myalgia. Only
one subject in group 1 reported grade 3 fatigue and head-
ache after the first dose, with both events probably related
to study vaccine and resolved within 7-day period (Table 2).
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Subjects screened
Subjects failed screening
N=17
Subjects randomized
\ \
Group 1 Group 2 Group 3
7.5ug 30ug
N=12 N=12
4’ Withdrew consent N=1 ‘
Group 1 Group 2 Group 3
Immunogenicity analysis Immunogenicity analysis Immunogenicity analysis
N=11 N=12
}—{ Lost to follow-up N=1 ‘ 4{ Lost to follow-up N=1
Group 1 Group 2 Group 3
Completed 180-day study Completed 180-day study Completed 180-day study
N=10 N=12
Figure 1. Enrollment and follow-up of the study subjects.
Unsolicited all of the subjects had low titers (<1:40) against A/H5N1

A total of 18 unsolicited AEs occurred during the 21-day
period after the vaccinations (11 after the first dose and 7
after the second dose) (Supplementary Table). The number
of these unsolicited AEs was similar across the three
treatment groups. Each individual AE occurred in fewer
than 10% subjects (<1 subject for each AE) for each dosing
group after each vaccination. The most frequently reported
unsolicited AEs included atypical injection—site reactions
such as pruritis (3 subjects), coughing, dermatitis and
dysmenorrhea (2 subjects each). All of the unsolicited AEs
were grade 1 (16) or grade 2 (2) and not related (12) or
probably related (6) to the study vaccine. No subject
withdrew from the study due to AEs, and no SAE was re-
ported over the course of the entire study period.

Immunogenicity

The per-protocol analysis of immunogenicity included 35
subjects (11 subjects in group 1 (7.5 pg HA), 12 subjects in
group 2 (15 ng HA), and 12 subjects in group 3 (30 pug HA)
(Table 3). With the turkey RBCs and horse RBCs HAI assays,

Table 1 Demographic characteristics of all of the vacci-
nated subjects.

Group 1 Group 2 Group 3
7.5 ng 15 ng 30 pg
n=12 n=12 n=12
Gender — no. (%)
Male 3 (25.0) 5 (41.7) 6 (50.0)
Female 9 (75.0) 7 (58.3) 6 (50.0)
Age — years
Median (range) 34 (20—60) 38 (21-59) 36 (22—60)
Race — no. (%)
Chinese 12 (100.0) 12 (100.0) 12 (100.0)

prior to the vaccination, as expected for a naive popula-
tion. After two vaccinations, the Geometric Mean Titers
(GMTs) of anti-HA antibodies measured using either turkey
or horse RBCs increased for all three groups. A higher anti-
HA antibody titer increase was noted after two doses on day
42. With the turkey RBC assay, the GMTs ranged from 5.61
to 7.94 on day 21 and 7.07—10.59 on day 42. The GMTs from
the horse RBC assay demonstrated higher values
(16.80—20.00 on day 21 and 27.40—59.90 on day 42) than
the turkey RBCs assay.

The GMRs and seroconversion rates were reported using
the HAI assay.'>'®"? With the horse RBC HAI assay, the
highest antibody responses were observed in group 3 after
two vaccinations yielding a GMR of 9.51 and a seroconver-
sion rate of 91.7%. Furthermore, all three groups elicited a
GMR of more than 2.5 after one vaccination and a
dose—response effect was also observed following the
second vaccination dose by using horse RBCs. In contrast,
using the turkey RBC HAI assay, no antigen dose—response
effect was observed.

By neutralization assay the GMTs ranged from 2.29 to
2.81 on day 21 and 2.52—3.77 on day 42. Group 3 exhibited
the highest GMT after two vaccination doses by neutrali-
zation assay (Table 4).

Discussion

This study showed that the candidate mock-up MDCK cell-
derived inactivated H5N1 influenza virus vaccine adju-
vanted with aluminum hydroxide was well tolerated and
fairly immunogenic in healthy adults. No serious AE was
recorded, nor did the frequency or severity of either local
or systemic symptoms appear to be greater after the sec-
ond dose than after the first. The humoral immune response
measured by the HAI and neutralization assays, was great-
est in the 30 ug HA group wherein a seroconversion of 91.7%
and geometric mean ratio (GMR) of 9.51 were observed
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Table 2 Proportion of subjects with a solicited local or systemic event within 7 days after each vaccination.

Group 1 Group 2 Group 3 Overall
7.5 nug 15 ng 30 ng

Solicited Local Events n (%)

First Vaccination n=12 n=12 n=12 n = 36
Pain 6 (50.0) 9 (75.0) 8 (66.7) 23 (63.9)
Swelling 1(8.3) 2 (16.7) 1(8.3) 4 (11.1)
Redness 4 (33.3) 3 (25.0) 1(8.3) 8 (22.2)
Hematoma 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Second Vaccination n=11 n=12 n=12 n =35
Pain 3 (27.3) 3 (25.0) 4 (33.3) 10 (28.6)
Swelling 0 (0.0) 1(8.3) 1(8.3) 2 (5.7)
Redness 3 (27.3) 1(8.3) 1(8.3) 5 (14.3)
Hematoma 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

SUMMARY OF LOCAL EVENTS 17 19 16 52

Solicited Systemic Events n (%)

First Vaccination n=12 n=12 n=12 n = 36
Fever 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Fatigue 4 (33.3) 3 (25.0) 6 (50.0) 13 (36.1)
Headache 3 (25.0) 0 (0.0) 2 (16.7) 5(13.9)
Myalgia 2 (16.7) 1(8.3) 0 (0.0) 3 (8.3)
Joint Pain 1(8.3) 0 (0.0) 1(8.3) 2 (5.6)
Rigors 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Second Vaccination n=11 n=12 n=12 n =35
Fever 0 (0.0) 0 (0.0) 1(8.3) 1(2.9)
Fatigue 2 (18.2) 7 (58.3) 4 (33.3) 13 (3.7)
Headache 3 (27.3) 1(8.3) 2 (16.7) 6 (17.1)
Myalgia 1(9.1) 2 (16.7) 2 (16.7) 5 (14.3)
Joint Pain 1(9.1) 1(8.3) 1(8.3) 3 (8.6)
Rigors 0 (0.0) 0 (0.0) 1(8.3) 1(2.9)

SUMMARY OF SYSTEMIC EVENTS 17 15 20 52

Table 3 Comparing the immunogenicity as determined by the hemagglutination inhibition assay (HAI) using turkey versus
horse red blood cells (RBCs).

RBCs Group 1 Group 2 Group 3
7.5ugn = 11 15ugn =12 30pugn = 12
Turkey Horse Turkey Horse Turkey Horse
Geometric Mean Titers (95% ClI)
Day 0 5.00 6.90 5.00 6.30 5.00 6.30
NA (4.20—11.10) NA (4.22—9.94) NA (4.22—9.94)
Day 21 6.85 20.00 5.61 16.80 7.94 18.90
(4.23—11.10) (9.20—43.60) (4.35—7.24) (9.50—29.70) (4.47—14.09) (8.20—43.20)
Day 42 8.82 27.40 7.07 27.40 10.59 59.90
(4.44—17.49) (14.00—53.60) (4.75—10.53) (15.50—48.40) (4.63—24.26) (29.30—122.40)
Geometric Mean Ratios
Day 21 1.32 2.90 1.12 2.67 1.59 3.00
Day 42 1.76 3.97 1.41 4.35 2.12 9.51
Seroconversion Rate (%)
Day 0 0 0 0 0 0 0
Day 21 9.1 27.3 0 25.0 8.3 50.0
Day 42 18.2 36.4 0 41.7 16.7 91.7

Seroconversion Rate is defined who have either a pre-vaccination titer < 1:10 and a post-vaccination titer > 1:40 or a pre-vaccination
titer > 1:10 and at least a 4-fold increase in post-vaccination titer.

The Geometric Mean Ratios (GMRs) is defined as the ratio serum anti-HA antibody GMTs post-vaccination at Day 21 and 42 compared to
Day 0.
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Table 4 Summary of Geometric Mean Titers determined
by the neutralization assay.
Assay Group 1 Group 2 Group 3
Timing 75ugn =11 15pugn =12 30pugn = 12
Geometric Mean Titers (95% Cl)
Day O 2.00 2.00 2.00
NA NA NA
Day 21 2.81 (1.69 2.31 (1.68 2.29 (1.70
—4.69) —3.17) —3.08)
Day 42 2.52 (1.71 2.75 (1.71 3.77 (1.66
—3.70) —4.41) —8.57)

based on HAI assayed by using horse erythrocytes. However,
the lower antigenic doses (7.5 ug and 15 pg HA) elicited
only modest responses (seroconversion rates < 50% and
GMRs < 5) after two doses and did not offer the advantage
of decreased adverse effects either.

While a key challenge with pandemic influenza vaccine
development is that clinical efficacy and immunity corre-
lates of protection are unknowable before a pandemic has
started, the safety and immunogenicity profile of this cell-
culture derived alum-adjuvanted H5N1 whole virion vaccine
is comparable to that of the first and only US FDA approved
pandemic H5N1 vaccine by Sanofi-Pasteur.? This licensed
inactivated, non-adjuvanted, egg-cultured, split-virion
vaccine administered as two intramuscular doses contain-
ing 90 ug HA dosed 28 days apart was able to induce sero-
protection rates (HAI >1:40) of only 57% in healthy adults.?'
The frequencies of pain and local tenderness at the injec-
tion site was similar despite the lack of adjuvant in the
earlier study (58% and 57% versus 67% and 33% in our study
after the first and second doses, respectively). Systemic
adverse effects of headache (30% versus 14% after the first
dose) were more commonly reported for the 90 pg HA
lice;sed vaccine than our candidate vaccine with 30 pg
HA.

Since the global demand would far outstrip the
manufacturing capacity of the above Sanofi-Pasteur vaccine
during a pandemic (even with stockpiling), dose-sparing
and lead-time sparing strategies, including the use of ad-
juvants, egg-independent manufacturing and whole-virion
instead of subunit or split-virion vaccines were incorpo-
rated in the design of our candidate and other subsequent
vaccines.?? 2% Of the four European Union approved “mock-
up” H5N1 pandemic vaccines, our candidate vaccine is most
similar to the egg-cultured, whole-virion alum-adjuvanted
H5N1 vaccine (Daronrix™), given as two 15 ug intramus-
cular doses 21 days apart, that provided 70.6% serocon-
version rates and a GMR of 12.4 in healthy adults.?®
However, like Vero or EB55 cell derived inactivated
whole-cell vaccines which have also demonstrated good
immunogenicity and safety, our MDCK-passaged candidate
vaccine does not need to rely on the supply of hens and
eggs as Daronrix™ during a pandemic.?’~2° Other advan-
tages of cell culture technology over egg-based
manufacturing is that it allows the vaccines to be pro-
duced in an aseptic environment and as both avian and
human receptor are present on MDCK (22,6 and «2,3 sia-
loglycans), there is no need for human strains to adapt their

hemagglutinins to grow in eggs by mutating potential sur-
face antigens.

Newer adjuvants to alum have substantially altered the
vaccine landscape, by demonstrating even better antigen-
sparing and immunogenicity properties. For example, an
ASO3  (oil-in-water)-adjuvanted H5N1 vaccine (Pre-
pandrix™) was licensed by the EU since the lowest antigen
dose of 3.8 ug HA elicited a neutralizing seroconversion rate
of 86% in healthy adults and protected ferrets against ho-
mologous and heterologous (cross-clade) lethal chal-
lenge.?*3" MF59, another oil-in-water adjuvant containing
squalene, was also able to lower the required antigen dose
to 3.75 pg HA and generate cross-clade protection.?
However, due to its wide use in vaccines and excellent
safety profile, alum remains an attractive, affordable and
easy-to-obtain adjuvant in most countries although para-
doxically inferior HAI antibody responses to alum-
adjuvanted vaccines compared with their non-adjuvanted
counterpart and increased local tenderness have been
described.?’+**

In addition, our results confirmed that the type of
erythrocytes used largely determines the sensitivity of the
HAI assay. As previously shown, the measurement of HAI
titers against H5N1 avian influenza virus was significantly
improved by the use of horse erythrocytes compared with
turkey erythrocytes.>? Since the efficiency of the binding of
the influenza virus is dependent on the specificity of the
sialic acid cellular receptor, the agglutination of virus and
RBC from different species will be influenced by the re-
ceptor specificity of influenza viruses. Human influenza vi-
ruses preferentially bind to oligosaccharides containing N-
acetylneuraminic acid «2,6-galactose (NeuAca2,6Gal);
avian and equine influenza virus strains bind to Neu-
Aca2,3Gal. Many animal species, including horses and cows,
have large numbers of NeuAca 2,3Gal receptors but virtu-
ally no NeuAc2,6Gal receptors in their erythrocytes.
Chicken RBCs have less NeuAca2,6Gal and more Neu-
Aca2,3Gal; turkey RBCs have more NeuAa2,6Gal than
chicken RBCs.3* Therefore, seasonal H1 and H3 influenza
viruses preferentially agglutinate chicken or turkey but not
horse or bovine RBCs; avian influenza viruses agglutinate
RBCs preferentially from horses or cows. The previous use
of turkey or chicken RBCs may possibly have led to the
relative insensitivity of HAI for detecting H5 antibodies and
the “negative” results reported in our earlier Phase | study
using the same cell-cultured vaccine at lower antigenic
doses of 6 pug."

The shortcomings of this study include the lack of a non-
adjuvanted or placebo group. However, in our previous
study with non-adjuvanted and adjuvanted vaccines, no
increase in side effects including local injection site
tenderness was reported in the adjuvanted group.' We
also did not evaluate the cross-neutralizing capacity and
long-term persistence of these antibodies, nor did we
perform functional assays of cellular immunity since anti-
body levels by themselves provide a narrow view of the
immune response to vaccination. However, we did achieve
the primary aim of this phase | trial which was to demon-
strate that the alum-adjuvanted whole-H5N1 vaccines with
different antigenic strengths are characterized by an
acceptable safety profile.
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In conclusion, this MDCK-derived whole-virion, inacti-
vated, alum-adjuvanted H5N1 influenza vaccine was safe
and the 30 pg HA dose was immunogenic in healthy Asian
adults. Similar to the recent study of the Phase | H7N9
vaccine trial, these results demonstrate our ability to pre-
pare such a ‘mock-up’ pre-pandemic vaccine locally.>’
Although newer antigen-sparing adjuvants such as ASO3 or
MF59 and strategies such as prime-boosting or use of live-
attenuated viruses to generate broader, longer-lasting
cellular immune protection have been developed to miti-
gate the estimated need during a pandemic to produce 13
billion vaccine doses against a yet uncharacterized virus in
a manner of weeks, the widespread availability of the
alum-adjuvant and the egg-free design of this vaccine as
currently formulated, enables local communities to pre-
pare and respond to a pandemic.¢%”
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