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Background: A global shortfall of vaccines for avian influenza A(H5N1) would occur, especially in
low- and-middle income countries, if a pandemic were to occur. To address this issue, development of
a pre-pandemic influenza vaccine was initiated in 2012, leveraging a recently established influenza
vaccine manufacturing capacity in Vietnam.
Methods: This was a Phase 2/3, double-blinded, randomized, placebo-controlled study to test the safety
and immunogenicity of IVACFLU-A/H5N1 vaccine in healthy adults. Phase 2 was a dose selection study, in
which 300 participants were randomized to one of the three groups (15 mcg, 30 mcg, or placebo). Safety
and immunogenicity were assessed in all participants. In Phase 3, 630 participants were randomized to
receive the IVACFLU-A/H5N1 vaccine dose selected in Phase 2 (15 mcg, n = 525) or placebo (n = 105).
Safety was assessed in all Phase 3 participants and immunogenicity was measured in a subset of partic-
ipants.
Results: The vaccine was well tolerated and most of the adverse events were mild and of short duration.
Mild pain at the injection site was the most common adverse event seen in 60 percent of participants in
the vaccine group in Phase 3. In Phase 2, both 15 mcg and 30 mcg doses were immunogenic, so the lower
dose was selected for further testing in Phase 3. In Phase 3 overall seroconversion rates were 68 percent
for hemagglutination inhibition (HI), 51 percent for microneutralization (MN) and 56 percent for single
radial hemolysis (SRH). The seroprotection rates were 44 percent for HI, 41 percent for MN and 55 per-
cent for SRH. The GMT ratio was 5.31 and 3.7 for HI and MN respectively; GMA was 4.75 for the SRH.
Conclusion: The IVACFLU A/H5N1 was safe and immunogenic. Development of this pandemic avian
influenza vaccine is a welcome addition to the limited global pool of these vaccines.
ClinicalTrials.gov register NCT02612909.

� 2019 Published by Elsevier Ltd.
1. Introduction

From the first reported case of bird-to-human transmission in
Hong Kong in 1997, to its subsequent reemergence in 2003, avian
influenza A(H5N1) has gradually spread across the world, threat-
ening lives wherever it circulates [1]. It has caused widespread
infection of poultry in parts of Asia, Africa, and the Middle East.
Avian A(H5N1) influenza infection in people is associated with
high mortality: globally, 454 deaths were reported in 860 cases
between 2003 and 2018 [2]. Vietnam alone reported 64 deaths in
127 cases during that period. In an increasingly interconnected
y adult
(IVAC-
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world, avian A(H5N1) influenza remains a potential pandemic
threat to humans worldwide. Vaccination is an effective public
health intervention strategy to contain the infection; thus, licensed
vaccine products and facilities to manufacture them quickly are
critical to prepare against a potential avian influenza pandemic
outbreak.

In 2005, when A(H5N1) spread through Asia and into Europe,
Africa and the Middle East, it became clear that the global supply
of vaccines was inadequate and large parts of the world—especially
low-resource countries—lacked equitable access to pandemic
influenza vaccines. To address this problem, the World Health
Organization (WHO) in 2006 launched a Global Action Plan on
Influenza Vaccines (GAP) with the objective of expanding the
development of influenza vaccines to counter the threat of influ-
enza pandemics [3]. Since 2009, PATH, in partnership with
Biomedical Advanced Research and Development Authority
(BARDA) of the US Department of Health and Human Services
and WHO, has contributed to GAP by providing technical assis-
tance to many vaccine manufacturers in developing countries.

The Institute of Vaccines and Medical Biologicals (IVAC) in Viet-
nam received funding and technical assistance from PATH, BARDA,
and WHO to develop and license a pandemic avian influenza A
(H5N1) inactivated vaccine. This product is a whole virion, alum
adjuvanted vaccine candidate that was previously evaluated in
Phase 1 clinical trial [4]. In that Phase 1 study 75 participants were
randomized to receive two doses of low-dose vaccine (7.5 mcg HA),
high-dose vaccine (15 mcg HA), or placebo. In this paper, we pre-
sent the results from a Phase 2/3 study to evaluate safety and
immunogenicity of IVAC’s A(H5N1) vaccine (IVACFLU-A/H5N1))
in adults.
2. Methods

2.1. Study design and implementation

This was a Phase 2/3, double-blind, randomized, placebo-
controlled study conducted from March 2016 to August 2017 by
the National Institute of Hygiene and Epidemiology (NIHE) in
Hanoi, Vietnam. The study protocol was approved by WHO’s Ethics
Review Committee (ERC) and NIHE’s Institutional Review Board
(IRB). The Vietnamese Ministry of Health (MOH) ethics committee
also approved the protocol. The trial was conducted according to
the principles of the Declaration of Helsinki, Good Clinical Practice,
and Vietnamese regulatory requirements [5]. The study is regis-
tered in the National Institutes of Health ClinicalTrials.gov register
(NCT02612909). All the participants provided written informed
consent prior to enrollment.

This Phase 2/3 study was designed to evaluate the safety and
immunogenicity of two doses of IVACFLU-A/H5N1 vaccine given
21 days apart. All participants were healthy (based on medical his-
tory and physical examination) male and female adults, 18–
60 years of age, literate, and willing to complete diary cards. Major
exclusion criteria included participation in another clinical trial
involving any vaccine or therapy within the previous three months,
receipt of any non-study vaccine within four weeks prior to enroll-
ment, current or recent (within two weeks of enrollment) acute ill-
ness with or without fever, chronic administration of
immunosuppressive agents, history of asthma or hypersensitivity
after previous administration of any vaccine, pregnancy, and lacta-
tion. The investigator used a standard scale to grade AEs, which
were defined as mild, moderate, or severe if resulting in no limita-
tion, some limitation, or an inability to perform normal daily
activities, respectively. An SAE was defined as an AE that met
one of the following conditions like death; was life-threatening;
required inpatient hospitalization or prolongation of existing
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hospitalization; resulted in congenital anomaly/birth defect;
resulted in a persistent or significant disability or incapacity; and
important medical events.

The study was conducted in two stages. Phase 2 was a dose
selection study and enrolled approximately 300 participants at
one site (Khanh Hoa). Phase 3 was a pivotal trial that assessed
the dose selected in Phase 2, in 630 participants according to local
and international immunogenicity criteria [5,6,7].

For the Phase 2 portion, participants were randomized to one of
three groups (15 mcg IVACFLU-A/H5N1 vaccine, 30 mcg IVACFLU-
A/H5N1 vaccine, or placebo) at a 1:1:1 ratio, and safety and
immunogenicity were assessed in all 300 participants. Full evalua-
tion of vaccine safety continued through Day 91; however, an
interim assessment of the safety and immunogenicity data col-
lected through Day 43 helped determine whether to proceed to
Phase 3 and at what dose.

The study was paused while the immunogenicity and safety
data through Day 43 were analyzed and safety data was reviewed
by the study Data Safety Monitoring Board (DSMB). Phase 3 initia-
tion was dependent on demonstrating an HI response titer
of � 1:40 in � 60 percent of vaccine recipients in at least one of
the two Phase 2 IVACFLU-A/H5N1 vaccine groups. Based on the
review by DSMB, NIHE and the MOH ERCs, 15 mcg of IVACFLU A/
H5N1 vaccine dose was selected for further evaluation in Phase 3.

In the Phase 3 study, a total of 630 participants were random-
ized at two sites (Khanh Hoa and Hai Phong) to receive 15 mcg
of IVACFLU-A/H5N1 vaccine (n = 525) or placebo (n = 105). The
sample size of the vaccine group was driven by statistical consid-
erations and local Vietnamese MOH guidance for Influenza vaccine
clinical trials [5]. The placebo group was incorporated in the study
to blind the safety assessments by participants and investigators.
Safety was assessed in all participants and immunogenicity was
measured in a subset of approximately 200 participants receiving
IVACFLU-A/H5N1 vaccine and 40 participants receiving placebo
at the Hai Phong study site. Statistical analysis was done for safety
parameters; however, no statistical analysis was performed for
immunogenicity end points with placebo as comparator because
licensure requirements are based on point estimates of immune
responses [5].

2.2. Investigational vaccine product

The investigational vaccine was an inactivated whole virion
monovalent A(H5N1) influenza vaccine produced in embryonated
eggs, inactivated with formaldehyde, and formulated with alu-
minum hydroxide. The virus seed strain NIBRG-14 was provided
by National Institute for Biological Standards and Control (United
Kingdom). In NIBRG-14 the HA and NA genes are from A/Viet-
nam/1194/2004 (H5N1) virus and other genes for internal proteins
are from A/PR/8/34 (H1N1) virus. IVACFLU-A/H5N1 was formu-
lated to contain either 15 mcg HA and 0.6 mg of aluminum hydrox-
ide adjuvant per 0.5 mL dose, or 30 mcg HA and 0.6 mg of
aluminum hydroxide adjuvant per 0.5 mL dose. It was filled in sin-
gle dose vials and stored at +2 �C to +8 �C. The Phase 2 lots were
manufactured in February 2015 and the HA content was measured
by SRID using potency reagents from the NIBSC [Influenza Antigen
(NIBRG-14), NIBSC code: 09/184, version 3.0, dated 12 Feb 2010 &;
Influenza Antiserum, NIBSC code: 04/214, version 5.0, dated 24
Aug 2011]; 19.6 mcg HA/dose for 15 mcg/dose fill and 34.05 mcg
HA/dose for 30 mcg/dose fill. The Phase 3 lots were manufactured
in June 2016 and had SRID of 18.27 mcg HA/dose for 15 mcg/dose
using the same potency reagents that were used to test Phase 2
vaccine. The placebo was phosphate buffered saline (PBS) manu-
factured by IVAC and provided in 0.5 mL single-dose vials.

There was a slight difference in the physical appearance
between vaccine and placebo because IVACFLU-A/H5N1 vaccine
/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-
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used aluminum hydroxide as an adjuvant and the placebo was PBS.
To blind the vaccinator and study participants, a nurse was respon-
sible for withdrawing study product from vials according the ran-
domization schedule in a separate room/closed private space, then
masking the syringe before handing it over to the vaccinator. This
nurse did not participate in any safety evaluation of study partici-
pants. All vaccine and the placebo were administered in the deltoid
muscle of the non-dominant arm using a 23–25 gauge hypodermic
needle. The vial labeling was done at IVAC before study vaccine
and placebo were shipped to the study site. IVACFLU-A/H5N1 vac-
cine and placebo vials were packaged and labeled in such a way
that they had similar external appearance.

2.3. Immunogenicity assessment

Serum samples were collected at baseline (Day 1, before vacci-
nation), on day of second vaccination (Day 22, before vaccination)
and 21 days after second vaccination (Day 43) in the Phase 2 study.
In the Phase 3 study, serum samples were collected at baseline
(Day 1) and 21 days after second vaccination (Day 43). The sera
samples were stored at �20 �C before they were analyzed at NIHE
in Vietnam for hemagglutination inhibition (HI) and VisMederi, srl
in Italy (for microneutralization [MN] and single radial hemolysis
[SRH]). In the Phase 2 study, HI and MN assays and in the Phase
3 study HI, MN, and SRH were used to evaluate immunogenicity.
A previously described method was used for HI (utilizing horse-
derived RBCs), MN, and SRH assays [8,9,10,11,12].

Seroprotection in HI and MN assay was defined as an HI and MN
titer � 1:40 after the second vaccination on Day 43; and in the SRH
assay as area of � 25 mm2 after the second vaccination on Day 43.
Note that use of the term seroprotection for pandemic influenza
vaccines is debatable, as the antibody titers that correspond to cor-
relate of protection have not been defined. Seroconversion in HI
and MN assay was defined as percentage of participants achieving
an increase in HI and MN titer from <1:10 pre-vaccination to �1:40
post-vaccination (Day 43), or at least a four-fold post-vaccination
increase in titer from a pre-vaccination titer �1:10; and in the
SRH assay as area of �25 mm2 after immunization in case of neg-
ative baseline sample (�4 mm2), or 50 percent increase in SRH area
if baseline sample was >4 mm2.

2.4. Safety assessment

Participants were kept under close observation for 30 min after
vaccination to evaluate for any immediate reactogenicity events.
Participants were provided with a diary card to record any solicited
injection-site and systemic reactions occurring during a seven-day
post injection period. Solicited injection-site reactions evaluated
were redness, swelling, induration, pain, and tenderness. Solicited
systemic reactions assessed were fever, fatigue/malaise, general-
ized muscle aches, joint aches/pains, chills, nausea, vomiting, and
headache. Unsolicited adverse events were recorded for 21 days
post each vaccination. All serious adverse events (SAEs) were
recorded over the entire study period (Days 1–91). Additional
safety assessments included clinical laboratory evaluations (hema-
tology, serum chemistry, hepatitis B & C, for Phase 2 only), physical
examinations, and evaluation of vital signs.

Safety was monitored routinely throughout the study (generally
weekly) by the Protocol Safety Review Team (PSRT), which
included the investigator, PATH medical officers, the IVAC medical
officer, and the contract research organization (CRO) medical mon-
itor. Blinded safety reports produced by the CRO were reviewed by
the PSRT. The Phase 2 study had an additional Data Safety Monitor-
ing Board (DSMB) that was composed of independent vaccine and
infectious disease experts and a biostatistician. The DSMB was
responsible for reviewing Phase 2 data and providing a
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recommendation on moving the vaccine to Phase 3 study. For
Phase 3, no formal DSMB review was planned. However, the PSRT
continued to conduct blinded safety reviews.

2.5. Statistical considerations

This was an operationally seamless Phase 2/3 trial with a pri-
mary objective to evaluate the immunogenicity and safety of two
dose levels of IVACFLU-A/H5N1 (15 mcg vs. 30 mcg in the Phase
2 study), and to select the optimal of the two dose levels to evalu-
ate further for potential licensure (Phase 3 study). The sample size
for this study was selected for the primary immunogenicity analy-
sis and the safety analysis to satisfy Vietnamese MOH guidance for
influenza vaccine clinical trial [5]. The Vietnamese MOH guidance
on serological immune response requirements for influenza vac-
cine is a modification of the EMEA/CHMP serological criteria for
assessing seasonal influenza for licensure. The sample size for
Phase 2 of the study was approximately 300 participants (100
per group); for Phase 3, it was 630 participants (525 for the
IVACFLU-A/H5N1 group and 105 for the placebo group). Overall,
approximately 600 participants received the selected dose of study
vaccine.

Categorical variables were summarized by frequencies and per-
centages and continuous variables were summarized by means,
standard deviations, medians, interquartile ranges, minima, and
maxima. Immunogenicity data was presented as point estimates
and exact 95 percent confidence intervals for the proportions
meeting immunogenicity endpoints. Immunogenicity analysis
was done in per protocol population for all participants and by
age group (18–40 and 41–60 years of age). Per protocol (PP) popu-
lation was defined as participants who received all doses of vaccine
as scheduled and had a valid baseline and a post-vaccination
immunogenicity measure with no major protocol violations that
could potentially interfere with the immunogenicity assessment
of the study vaccine. Safety analysis was done in full analysis
(FA) population that included all participants who were random-
ized and received a study vaccination. For the solicited injection-
site and systemic adverse events, the Cochran-Mantel-Haenszel
(CMH) test at two-sided 0.05 alpha was used to compare the treat-
ment groups. The CMH analysis was conducted using STATXACT
(Cytel Studio 9.0). No statistical testing was performed for unso-
licited AEs including SAEs.
3. Results

3.1. Phase 2 clinical study

3.1.1. Disposition of participants
A total of 300 participants were randomized (placebo group,

n = 100; 15 mcg vaccine group, n = 100; 30 mcg vaccine group,
n = 100) in the study (Fig. 1a). All randomized participants received
a first dose of study products and all but eight participants (pla-
cebo, n = 2; 15 mcg vaccine group, n = 5; 30 mcg vaccine group,
n = 1) received a second dose of study products. Seven participants
voluntarily withdrew and one participant (30 mcg vaccine group)
had a positive pregnancy test prior to the second dose. The preg-
nant participant was followed throughout pregnancy and delivered
a healthy baby.

3.1.2. Demographic and other baseline characteristics
Of the 300 participants, 66 percent were female and 34 percent

were male (Supplementary Table 1). Age ranged from 18 to
59 years; the mean age was 39.7 years. All participants reported
their ethnicity as Kinh. None of the reported medical histories were
considered exclusionary. No noteworthy differences were
/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-
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Fig. 1a. Overall Study Status by Treatment Group (phase 2).

Fig. 1b. Overall Study Status by Treatment Group (phase 3).
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observed between groups with regards to baseline vital signs or
physical examination results.

3.1.3. Immunogenicity assessment
In the Phase 2 study, immunogenicity was assessed by HI and

MN assays. The proportion of participants achieving an HI and
MN titer �1:40 (seroprotection levels) after each dose is summa-
rized in Fig. 2 (Panel A). Seroprotection levels in the HI assay were
attained for both IVACFLU-A/H5N1 vaccine dose groups on Day 43
with 83.2 percent of participants in the 15 mcg vaccine group and
81.8 percent of participants in the 30 mcg vaccine group achieving
a HI titer �1:40. On Day 43, a MN (neutralizing) antibody titer
�1:40 was achieved for 44.2 percent of participants in the
15 mcg vaccine group and 31.3 percent of participants in the
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30 mcg vaccine group. No participant had an HI titer or MN titer
�1:40 on Day 1.

The proportions of participants with at least a four-fold increase
in HI titers (seroconversion) on Day 43 were comparable in the
IVACFLU-A/H5N1 vaccine groups. The seroconversion rates were
high with 92.6 percent of participants in the 15 mcg vaccine group
and 93.9 percent of participants in the 30 mcg vaccine group sero-
converting. In the MN assay, proportion of participants with at
least a four-fold increase in neutralizing antibody titers at Day 43
were comparable in the IVACFLU-A/H5N1 vaccine groups (60 per-
cent of participants in the 15 mcg vaccine group and 63.6 percent
of participants in the 30 mcg vaccine group) (Fig. 2; Panel A).

Fig. 2 (Panel B) summarizes the Geometric Mean Titer Ratio
(GMTR), which is defined as the ratio between GMTs on Day
/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-
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43 and Day 1. No statistical difference was observed in
the HI GMTRs for the 15 mcg and 30 mcg vaccine groups
on Day 43 (11.15 and 10.41, respectively). Similarly, the neu-
tralizing antibody GMTRs were comparable for the 15 mcg
and 30 mcg vaccine groups at Day 43 (4.19 and 3.96,
respectively).

The serum antibody titer responses were lower in the MN assay
as compared to HI assay. Based on the pre-decided immunogenicity
Please cite this article as: T. N. Duong, V. D. Thiem, D. D. Anh et al., A Phase 2
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criteria, a dose of 15mcgwas selected for further evaluation inPhase
3 study.

3.1.4. Safety assessment
Frequency of solicited events (immediate and at Day 7) after

each dose are summarized in Table 1. Within 30 min following
the second injection, solicited injection-site reactions were
reported for approximately 2 percent of participants across groups.
/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-

https://doi.org/10.1016/j.vaccine.2019.11.059


6 T.N. Duong et al. / Vaccine xxx (xxxx) xxx
The immediate reactogenicity events reported were pain or ten-
derness (injection-site) and joint pain and fever (systemic). All
the events were mild in severity. Over the seven-day period follow-
ing the first injection and second injection, higher proportions of
participants receiving vaccine experienced solicited injection-site
and systemic reactions as compared to placebo (Table 1). Mild pain
and tenderness were the most commonly observed injection-site
solicited events; mild fatigue and headache were the most com-
monly observed systemic solicited events (Supplementary Tables
2 and 3). Within 21 days following the first injection and second
injection, the proportion of participants reporting unsolicited AEs
were comparable in the 15 mcg and 30 mcg vaccine and placebo
group. Common AEs reported across groups were conjunctivitis,
upper abdominal pain, nasopharyngitis, varicella, cough, oropha-
ryngeal pain, and pruritus. Most of the AEs were mild in severity.
One participant in the 15 mcg vaccine group had an SAE (tonsilli-
tis). There were no significant abnormalities noted in the clinical
laboratory tests and vital signs.

3.2. Phase 3

3.2.1. Disposition of participants
Based on the results of the Phase 2 study, 15 mcg of

IVACFLU-A/H5N1 was selected for further evaluation in the Phase
3 study. A total of 630 participants were randomized (placebo
group, n = 105; 15 mcg vaccine group, n = 525) in the Phase 3 study
(Fig. 1b). The Phase 3 study was conducted at two sites and blood
samples for immunogenicity analysis were collected at one of the
sites (n = 270). A total of 267 participants were included in the
PP population for evaluation of immunogenicity. All randomized
participants received first dose of study products and all but seven
participants (placebo, n = 2; 15 mcg vaccine group, n = 5) received
the second dose of study products. The reasons for study product
discontinuation included pregnancy (n = 4), AE (n = 2), and volun-
tary withdrawal (n = 1). All but one participant completed the final
visit for Phase 3 (Day 91). There were two additional pregnancies
detected after the second vaccination. Six participants in total
had positive pregnancy tests after enrollment in the study: five
participants were in the vaccine group and one participant was
in the placebo group. Of the six participants, three decided to
undergo elective abortion and three participants delivered a
healthy term baby.

3.2.2. Demographic and other baseline characteristics
Of the 630 participants randomized in the study, 55.9 percent

were female and 44.1 percent were male (Supplementary Table 4).
The mean age was 40.1 years and ranged from 19 to 60 years. All
Table 1
Immediate reactogenicity and 7-day solicited adverse events – Phase 2.

Immediate reactogenicity (within 30 min)

Local or Systemic Reactogenicity Placebo 15
n (%) (95% CI) n (

1st injection, n 100 10
Any local reaction 0 (0.0) 0.00–3.62) 1 (
Any systemic reaction 1 (1.0) (0.03 - 0.45) 1 (
2nd injection, n 98 95
Any local reaction 2 (2.0) (0.25 - 0.18) 2 (
Any systemic reaction 0 (0.0) (0.00 - 0.69) 1 (

7-Day Reactogenicity (over a 7-Day Period Post-injection)
1st injection, n 100 10
Any local reaction 22 (22.0)(14.33–1.39) 83
Any systemic reaction 52 (52.0) (41.78–2.10) 66
2nd injection, n 98 95
Any local reaction 12 (12.2) (6.49–41) 44
Any systemic reaction 29 (29.6) (20.79–9.66) 31
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but one participant (15 mcg vaccine group) reported their ethnicity
as Kinh. No significant difference was observed between the
groups. None of the reported medical histories was considered
exclusionary. No clinically significant differences were observed
between groups with regard to baseline vital signs or physical
examination results.

3.2.3. Immunogenicity assessment
In the Phase 3 study, immunogenicity was assessed by HI, MN,

and SRH assays. Fig. 3 (Panel A) summarizes the seroprotection
data across three assays. The proportion of participants with HI
titer � 1:40 (seroprotection levels) on Day 43 (21 days after second
dose) was 44.1 percent in the IVACFLU-A/H5N1 vaccine group. In
the MN assay; the proportion of participants with neutralizing
antibodies �1:40 on Day 43 was 41 percent; and in the SRH assay
the proportion of participants with SRH area �25 mm2 was 54.9
percent in the IVACFLU-A/H5N1 vaccine group. In all the three
assays, a higher proportion of participants in the 18–40 year age
group reached seroprotection levels as compared to the 41–60 year
age group (Fig. 3; Panel A).

Fig. 3 (Panel A) also summarizes the seroconversion data across
three assays. The proportion of participants in the vaccine group
with at least a four-fold increase in post-injection HI titers (sero-
conversion) and MN titers on Day 43 was 67.6 percent and 51.4
percent respectively. In the SRH assay, the proportion of partici-
pants seroconverting [area of �25 mm2 after immunization in case
of negative baseline sample (�4mm2) or 50 percent increase in
SRH area if baseline sample is >4 mm2] was 55.9 percent. In all
the assays, seroconversion rates were higher in the younger 18–
40 year age group as compared to the 41–60 year age group.

Fig. 3 (Panel B) summarizes the GMT ratio across three assays.
The HI and MN GMTR for the vaccine group on Day 43 with respect
to Day 1 were 5.3 and 3.7 respectively. The SRH geometric mean
area (GMA) ratio for the vaccine group on Day 43 was 4.8. Like
other immunological parameters, the ratios were better in the
younger age group.

3.2.4. Safety assessment
The frequency of solicited events (immediate and at Day 7) after

each dose is summarized in Table 2. Within 30 min following vac-
cination, solicited injection-site and systemic reactions were
reported for approximately <2 percent of participants across
groups. Reported immediate reactogenicity events included pain
and swelling (injection-site) and joint pain and tiredness (sys-
temic). All events were mild in severity. Over the seven-day period
following the first and second injections, a higher proportion of
participants in the vaccine group displayed solicited injection-
mcg vaccine 30 mcg vaccine p- values
%) (95% CI) n (%) (95% CI)

0 100
1.0) (0.03–5.45) 1 (1.0) (0.03–5.45) 0.66
1.0) (0.03–5.45) 0 (0.0) (0.00–3.62) 0.66

99
2.1) (0.26–7.40) 2 (2.0) (0.25–7.11) 0.97
1.1) (0.03–5.73) 0 (0.0) (0.00–3.66) 1.00

0 100
(83.0) (74.18–9.77) 87 (87.0) (78.80–92.89) <0.0001
(66.0) (55.85–5.18) 83 (83.0) (74.18–89.77) <0.0001

99
(46.3) (36.02–6.85) 50 (50.5) (40.27–60.71) <0.0001
(32.6) (23.36–3.02) 37 (37.4) (27.85–47.67) 0.24

/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-
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site and systemic reactions as compared to those in the placebo
group (Table 2). Mild pain and tenderness were the most common
injection-site solicited events after first dose of vaccine. Mild
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fatigue, headache, and generalized muscle aches were the most
common systemic solicited events observed after vaccination
(Supplementary Tables 5 and 6).
/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-
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Table 2
Immediate reactogenicity and 7-day solicited adverse events – Phase 3.

Immediate reactogenicity (within 30 min)

Local or Systemic
Reactogenicity

Placebo 15 mcg vaccine p-
valuesn (%) (95% CI) n (%) (95% CI)

1st injection, n 105 525
Any local reaction 0 (0.0) (0.00–

3.45)
1 (0.2) (0.00–1.06) 1.00

Any systemic reaction 0 (0.0) (0.00–
3.45)

0 (0.0) (0.00–0.70) 1.00

2nd injection, n 103 520
Any local reaction 2 (1.9) (0.24–

6.84)
3 (0.6) (0.12–1.68) 0.19

Any systemic reaction 2 (1.9) (0.24–
6.84)

2 (0.4) (0.05–1.38) 0.13

7-Day Reactogenicity (over a 7-Day Period Post-injection)
1st injection, n 105 525
Any local reaction 19 (18.1) (11.26–

26.81)
409 (77.9) (74.11–
81.38)

<0.0001

Any systemic reaction 36 (34.3) (25.30–
44.19)

286 (54.5) (50.11–
58.80)

0.0002

2nd injection, n 103 520
Any local reaction 15 (14.6) (8.39–

22.88)
227 (43.7) (39.34–
48.04)

<0.0001

Any systemic reaction 19 (18.4) (11.49–
27.30)

129 (24.8) (21.15–
28.75)

0.20
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Within 21 days following vaccination, the proportion of partic-
ipants who reported unsolicited AEs were comparable between the
vaccine and placebo groups. Common unsolicited AEs reported
were oropharyngeal pain, upper respiratory tract infection, and
pharyngitis. The majority of events reported were mild in severity
and none of them was considered to be related to study products.
Twelve SAE were reported: eight in the vaccine group and four in
the placebo group. None of the SAEs was considered related to
the study product. There were no laboratory tests in the Phase 3
study.
4. Discussion

Sustainable and equitable supply of vaccines is an integral part
of any strategy to avert the spread of infection in case of a pan-
demic. Vaccine manufacturers in low- and middle-income coun-
tries have been receiving technical support from WHO and
BARDA to develop capabilities to produce local stockpiles of vacci-
nes against pandemic influenza. Vietnamese MOH-affiliated vac-
cine manufacturer IVAC has been one of the recipients of this
assistance. This study evaluated safety and immunogenicity of an
IVAC avian influenza vaccine (IVACFLU-A/H5N1) under a single
Phase 2/3 protocol. The Phase 2 trial was a dose selection study
to select the optimal dose between 15 and 30 mcg of vaccine.

The 15 mcg was immunogenic and safe in the Phase 3 study.
The vaccine was well tolerated and most of the adverse events
were mild and of short duration. Pain and tenderness at the site
of injection was the most common adverse event. The immune
responses in the Phase 3 study were lower compared to the
immunogenicity elicited in the Phase 2 study. The vaccine met
the criteria for seroconversion and GMT-fold rise, per Vietnamese
MOH guidance on influenza vaccine clinical trial, for both age
groups in all the assays [5]. The consistently high seroconversion
rates reflected in all three assays were especially reassuring. The
criteria stated in the MOH guidance for clinical evaluation of influ-
enza vaccines is based on performance of the vaccine in HI and SRH
assay. However, the seroprotection criteria was not met in any of
the assays. Thus, two of the three criteria were met. These results
were similar to a previous study of a non-adjuvanted split A/H5N1
Please cite this article as: T. N. Duong, V. D. Thiem, D. D. Anh et al., A Phase 2
participants in Vietnam to examine the safety and immunogenicity of an inac
FLU-A/H5N1), Vaccine, https://doi.org/10.1016/j.vaccine.2019.11.059
vaccine, in which licensure criteria were met for seroconversion
and GMT-fold rise but not for seroprotection [13].

The reduced antibody titers measured by HI in the Phase 3 trial
compared to the equivalent 15 mcg vaccine dose in the Phase 2
group was an unexpected finding. While we lack the data to pin-
point the determining factor with certainty, a few reasons might
account for the difference. Variation in vaccine potency was
excluded based on review of the study product potency (SRID)
methodology, execution, and results of vials maintained in the sta-
bility studies (data not shown). Serological testing was relatively
consistent for MN while a significant drop was observed in HI. Pos-
sible explanations may be variability in HI testing and population
differences.

HI, particularly for hemagglutinin of avian origin, can be partic-
ularly variable based on methodology, operator and type or batch
of red blood cells used and, in this case, seemed to be particularly
sensitive in identifying immunogenicity anti-H5 in the Phase 2
study [14,15]. Ideally, the phase 2 and 3 samples should have been
re-tested simultaneously in the laboratory to understand the accu-
racy of differences; however inadequate sera samples at the end of
the study prevented this re-testing. While neutralization has no
official seroprotection cut-off and criteria for vaccine licensure
are linked to HI and SRH only, MN adds significant value to the
analyses because of its ability to detect low-titer functional anti-
bodies. Importantly the elicitation of a strong neutralizing antibod-
ies response was confirmed by the results of MN assay.
Nevertheless, MN also showed some decrease from Phase 2 to
Phase 3, albeit less pronounced as compared to HI.,

Another possibility for a variation in results could be that the
populations studied in Phase 2 and Phase 3 were not similar. The
immunogenicity of Phase 3 was carried out only on a subset of par-
ticipants, all coming from a single recruitment site at Hai Phong,
while for Phase 2 the only recruitment site was Khanh Hoa. North
and central Vietnam have different climate conditions, and evi-
dence exists of differential influenza circulation in tropical and
subtropical regions in south-east Asia [16]. Prior exposure to other
influenza A viruses, such as H1N1, could potentially affect response
to H5N1 via common epitopes on group 1 hemagglutinin and N1
neuraminidase, although this cannot be further investigated with
the data generated by this study. Different socio-economic condi-
tions and other factors could further contribute to the list of poten-
tial variables in response to influenza vaccination, particularly in
seronegative participants studied in independent trials [17,18].

One limitation of this study was the skewed randomization
ratio of 5:1 for vaccine and placebo in the Phase 3 study. The smal-
ler placebo group constrained a definite comparison of safety data,
though this did not influence the interpretation of immunogenicity
data. There has been debate about the optimal protective titers for
the pandemic vaccine, as the criteria of HI titer of 1:40 for protect-
ing 50 percent of individuals in a population is based on experience
of seasonal influenza viruses [19,20]. The EMEA and FDA guidelines
for licensure of influenza vaccines have been conventionally based
on the knowledge gained from studies on seasonal influenza vacci-
nes [6,7]. The MOH guidelines have been adapted from the EMA
guidelines and in fact provide a concession for lower (<1:40) HI
titer to be considered as seroprotective for pandemic influenza
vaccines. Some studies have also used lower titers (1:32 or 1:20)
for HI and neutralizing antibodies to characterize the immune
response to pandemic vaccines and have demonstrated a statistical
correlation between MN titer cut-off of 1:20 and SRH area of
25 mm2 [9,21,22]. In the current study, overall 55.41 percent
(95%CI; 48.61–62.06) attained a MN titer of � 1:20. The corre-
sponding age-wise numbers were 72.90 percent (95 percent CI;
63.45–81.04) for 18–40 year and 39.13 percent (95 percent CI;
30.16–48.67) 41–60 year age-group (Supplementary Table 7).
Given the pivotal role that vaccines play in pre-pandemic
/3 double blinded, randomized, placebo-controlled study in healthy adult
tivated whole virion, alum adjuvanted, A(H5N1) influenza vaccine (IVAC-
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preparedness strategy and relative global short supplies, regula-
tory authorities have been liberal with approvals for pandemic
influenza A(H5N1) vaccines. With level of antibodies required for
protection against severe infection and mortality against avian
influenza not known, vaccines with modest immunogenicity (sero-
protection rates of 44 percent and seroconversion rates of 43 per-
cent) have been licensed in the past [23,24].

Avian influenza vaccines are known to be inherently less
immunogenic as compared to vaccines derived from human strains
[25,26]. This is in part due to the naïve status of the subject, as
demonstrated by lack of HI or MN antibody titers in placebo or
pre-vaccination samples. Various strategies have been proposed
to increase the immunogenicity of avian influenza vaccines—such
as using adjuvants, increasing the antigen content, administering
multiple doses, and prime boosting. Multiple dose approach may
not work in case of a rapidly spreading and evolving pandemic.
Prime boost homologous regimens have been shown to elicit
robust immune response in previous studies [27,28]. This phe-
nomenon has also been seen in administration of heterologous
vaccines [28,29]. In the current Phase 3 study, at baseline, all but
three participants were immunologically naïve to A(H5N1)—i.e.
most of the population had not been primed with previous expo-
sure to A(H5N1) virus. Though more than half of the vaccinated
participants did not reach seroprotection levels as per definition
based on seasonal influenza, the great majority of them exhibited
at least a two-fold seroresponse level, indicative of priming (Sup-
plementary Table 8). A potential approach to counter pandemic
threats from A(H5N1) influenza may include priming the popula-
tion with an A(H5N1) vaccine and then boosting with a dose of
the pandemic vaccine at the start of a pandemic.

There has been a consistent improvement in the production
capacity of pandemic vaccines since the initiation of GAP. The esti-
mated annual global production capacity has increased from 1.5
billion doses in 2006 to 6.4 billion doses in 2016 with the added
dose-sparing afforded by oil-emulsion adjuvants [30]. However,
in the event of a pandemic, two doses of vaccine may be required
to illicit an adequate immune response, resulting in an insufficient
supply of vaccine to meet the needs of the global population. Glo-
bal production capacity will be further augmented as vaccines
from other manufacturers in low- to -middle-income countries
near their clinical development. The influenza vaccine production
facility at IVAC can be used in the event of a pandemic to produce
vaccines to be used at a national level meaning that Vietnam is not
solely reliant on imported or donated vaccines. Furthermore,
IVACFLU-A/H5N1 can be stockpiled as a part of pandemic
preparedness plan to counter the threat posed by future influenza
pandemics and can be deployed at a short notice in the event of an
outbreak. Successful development of IVACFLU-A/H5N1 will
contribute substantively to the global pool of pandemic influenza
vaccine and marks an important milestone to combat avian
influenza in Vietnam and the rest of Asia.
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