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Background: As part of the U.S. Department of Health and Human Services (HHS) Pandemic Influenza
Plan preparedness and response strategy, the National Pre-Pandemic Influenza Vaccine Stockpile
(NPIVS) program was established by the Biomedical Advanced Research and Development Authority
(BARDA) in 2005 with the goal of building and maintaining a stockpile of vaccines for influenza viruses
with pandemic potential to vaccinate 20 million people in the critical workforce in the event of a
pandemic. The NPIVS program continuously monitors the integrity of influenza vaccine antigens and
adjuvants stored within the stockpile. In addition to monitoring physical and chemical properties in
stability studies, it is important to regularly assess the safety and immunogenicity of stockpiled vaccines
and adjuvants to maintain preparedness for use in the event of an influenza pandemic.
Methods: BARDA conducted a randomized, double-blinded Phase 2 clinical study with the oldest
stockpiled influenza A(H5N1) antigen, stored over the previous 10-12 years administered with or with-
out MF59® adjuvant, stored over the previous 2-7 years at the time of vaccination.
Results: Stockpiled vaccines were well-tolerated, adverse events were generally mild, and there was no
drop in immunogenicity to the oldest stockpiled A(H5N1) vaccine. Compared to unadjuvanted vaccine,
greater peak antibody responses were observed in subjects who were vaccinated with MF59-
adjuvanted vaccines, regardless of antigen dose. Vaccination with the A(H5N1) vaccine antigen also
results in cross-reactive antibody responses to contemporary circulating strains of A(H5) influenza
viruses.
Conclusions: The frequency, type, and severity of AEs observed during this study are similar to historical
clinical study data with A(H5N1) vaccines and MF59 adjuvant indicating that a stockpiled A(H5N1)
vaccine appears to remain safe and tolerable. The vaccines were immunogenic when administered as a
two-dose vaccine regimen in healthy adults, despite extended storage of HA antigen or MF59 adjuvant
within the NPIVS. Trial registration: ClinicalTrials.gov: NCT02680002.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

To prepare and respond effectively to future influenza pan-
demic threats, the Biomedical Advanced Research and Develop-
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Vaccine Stockpile (NPIVS). Because of the ever-present threat of
sustained human-to-human transmission of novel and virulent
influenza viruses, global surveillance studies continuously monitor
influenza viruses circulating in animals and humans. As they are
identified, the associated potential risk of a particular strain to
cause a pandemic is characterized and ultimately informs deci-
sions regarding development, manufacturing, use, stockpiling,
and distribution of pre-pandemic vaccines (i.e., vaccines to viruses
considered to have elevated pandemic potential) [1]. Formally ini-
tiated in 2005, the NPIVS program includes not only influenza virus
seed lots for ready-manufacturing, but significant manufacturing
and reagent development expertise and experience. The NPIVS is
currently composed of adjuvants (AS03, MF59) and pre-pandemic
influenza virus bulk antigen and final containers of vaccine manu-
factured from candidate vaccine viruses representing virus sub-
types regarded to have the greatest potential to cause a
pandemic. Vaccination remains an effective mitigation strategy
for reducing the potentially devastating effects of a pandemic. As
outlined in the HHS Pandemic Influenza Plan 2017 Update, stock-
piled pre-pandemic influenza vaccines and adjuvants could be
used for early vaccination efforts among individuals at increased
risk of exposure while a vaccine well-matched to the circulating
pandemic strain is produced for wider distribution [2]. Several
studies conducted or supported by HHS, BARDA, and the National
Institute of Allergy and Infectious Diseases (NIAID) have shown
the safety and immunogenicity of various pre-pandemic vaccines,
irrespective of the manufacturer, combined with AS03 or MF59,
supporting emergency use of these vaccine/adjuvant combinations
in the event of a pandemic [3-10].

In 2003, avian A(H5N1) influenza viruses of the A/goose/Guang-
dong/1/1996 lineage were detected in multiple countries and have
subsequently been detected in Asia, Europe, Africa, and North
America [11,12]. In response, vaccine derived from A/Viet-
nam/1203/2004 (H5N1; hereafter VN1203) was manufactured
and stockpiled as both bulk antigen and multi-dose final container
vaccine. This vaccine was clinically evaluated and found to be both
safe and immunogenic at 90 ug HA per 1.0 mL dose [3,13,14]. This
A(H5N1) vaccine was licensed by the US Food and Drug Adminis-
tration (FDA) in 2007 for use in adults aged 18 to 64 years at an
increased risk of A(H5N1) influenza virus exposure. Avian A
(H5N1) influenza viruses are now endemic in poultry in some
countries in Asia and Africa [12], and sporadic reports of transmis-
sion of avian influenza viruses from birds to humans continue [15].
The BARDA-sponsored study described here was performed as part
of an overarching strategy designed to assess whether pre-
pandemic influenza antigen and adjuvant that have been stock-
piled for an extended period of time not only remain stable in
terms of physicochemical properties, but also retain its safety pro-
file and capacity to generate immune responses that are consid-
ered protective in the event of an A(H5) influenza pandemic.

Table 1
Study group definitions.

2. Methods
2.1. Study design

This randomized, double-blinded, Phase 2 clinical study
(Clinicaltrials.gov number: NCT02680002) assessed safety and
immunogenicity after each of two doses of Influenza A/Vietnam/
1203/2004 (H5N1) monovalent vaccine (Sanofi Pasteur, Swiftwater,
PA) administered 21 days apart with or without stored MF59 adju-
vant (Seqirus, Holly Springs, NC) (Table 1, Supplemental Table 1).
It was conducted in healthy adults, 18-49 years of age, at 6 clinical
sites within the US between March 2016 and April 2017 in accor-
dance with Good Clinical Practice guidelines, Declaration of Helsinki,
and all applicable regulations. All study-related documents were
approved by BARDA, FDA, and an institutional review board. Written
informed consent was obtained from all enrolled participants.

2.2. Study vaccine

Influenza A/Vietnam/1203/2004 (H5N1) subvirion inactivated
monovalent HA antigen (Sanofi Pasteur) and MF59 adjuvant
(Seqirus) were provided by the BARDA-managed NPIVS. All inves-
tigational products used in this study passed all release tests and
met all specifications for both drug substance and final formulated
drug product, and data were submitted, reviewed, and are on file as
part of the Investigational New Drug (IND) application to FDA for
this study. Vaccinations were administered on day (D) 0 and D21
at dosages of 7.5 ug or 15 pg HA with MF59 adjuvant (Groups A,
B, C, D) or 90 ug HA unadjuvanted (Groups E, F).

Specifically, the vaccine administered to Groups A-E was pro-
duced in 2005, stored as bulk antigen, then formulated and filled
in 2015 as 30, 60, and 90 ug HA/mL. The vaccine administered to
Group F was bulk antigen produced in 2004, formulated and filled
in 2006 at 90 pg HA/mL then stored within the NPIVS. MF59 adju-
vant was either from bulk material manufactured in 2009 (Groups
A and B), or recently manufactured in 2013 (Groups C and D).
These two bulk lots of adjuvant were then filled in 2014.

The clinical study site mixed equal volumes of antigen and
MF59 to yield 0.5 mL doses containing either 7.5 ug or 15 ug HA
(Groups A, B, C, and D) with MF59 or administered as a 1.0 mL dose
of 90 pg HA without MF59 (Groups E and F). See Table 1 for group
descriptions. Vaccines were administered by intramuscular
injection.

2.3. Safety

Safety assessments included vital sign measurements, physical
examination, clinical safety laboratory tests, solicited local and sys-
temic reactogenicity symptoms, and occurrence of adverse events
(AEs), AEs of special interest (AESIs), and serious AEs (SAEs). All

Study group  Target No. of subjects Influenza A(H5N1) vaccine (manufacture year/fill year) MF59 adjuvant (manufacture year/fill year) Injection volume

A 70 7.5 ug HA 2009/2014 0.5 mL
(2005/2015)

B 70 15 ug HA 2009/2014 0.5 mL
(2005/2015)

C 70 7.5 ng HA 2013/2014 0.5mL
(2005/2015)

D 70 15 ug HA 2013/2014 0.5 mL
(2005/2015)

E 70 90 ug HA Unadjuvanted 1.0 mL
(2005/2015)

F 70 90 ug HA Unadjuvanted 1.0 mL
(2004/2006)

TOTAL 420
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unsolicited AEs were assessed from the time the subject received
the first vaccination through 21 days following the second vaccina-
tion (i.e., D42). AESIs and SAEs were assessed from DO until exit
from the study.

2.4. Immunogenicity assessments

Serum was collected before vaccination at baseline (D0), and on
D21 (prior to second vaccination), D28, D42, and D201. Hemagglu-
tination inhibition (HAI) and microneutralization (MN) assays
using homologous antigen were performed by Southern Research
(Birmingham, AL) against A/Vietnam/1203/2004xPR8 (CDC,
Atlanta, GA). Cross-reactive immune responses were evaluated
using 6 +2 A/Puerto Rico/8/1934 (H1N1) reassortant containing
the HA and NA of viruses representing divergent influenza clades:
rg-A/Vietnam/1203/2004 (H5N1, clade 1), rg-A/Indonesia/05/2005
(H5N1, clade 2.1.3.2), rg-A/bar-headed goose/Qinghai
Lake/1A/2005 (H5N1, clade 2.2), rg-A/Egypt/NO3072/2010 (H5N1,
clade 2.2.1), rg-A/duck/Bangladesh/19097/2013 (H5N1, clade
2.3.2.1a), rg-A/duck/Vietnam/NCVD-1584/2012 (H5N1, clade
2.3.2.1c), and rg-A/gyrfalcon/Washington/41088-6/2014 (H5NS,
clade 2.3.4.4).

2.5. Statistical analysis

Subjects were randomized to 1 of 6 study groups (Table 1).
Medidata Rave® electronic data capture system (Medidata, New
York City, NY) was used for data collection.

For each group, geometric mean titers (GMTs) of HAI and MN
antibodies against VN1203 at baseline (DO), D21, D28, D42, and
D201 were calculated, and asymptotic 95% confidence intervals
(CIs) and associated p-values using t-distribution were determined
for each individual or pooled group. If HAI or MN titer was unde-

tectable, it was assigned a value of half the lower limit of detection,
and titers >1280 were assigned a titer of 1280. Seroprotection
rates (SPRs) were defined as the proportion of subjects achieving
a serum HAI antibody titer >1:40 against the VN1203 antigen,
and seroconversion rates (SCRs) were defined as the proportion
of subjects achieving either a pre-vaccination HAI or MN titer
<1:10 and a post-vaccination titer of >1:40 or a pre-vaccination
HAI or MN titer of >1:10 and a 4-fold or greater increase of HAI
or MN post-vaccination antibody titers against the VN1203 antigen
at days 21, 28, 42, and 201.
Further details are provided as supplement.

3. Results

The objective of this study was to examine the safety, tolerabil-
ity, and immunogenicity of two doses of VN1203 vaccine, stored
over the previous 10-12 years in the NPIVS, when administered
with or without MF59 adjuvant, stored over the previous 2-7 years
in the NPIVS.

3.1. Study population

A total of 422 subjects were enrolled and randomly assigned to
each treatment group (Fig. 1, Table 1). The mean subject age was
36.4 years (range: 18-49 years), with majority female (59.4%),
white (69.0%), and not Hispanic or Latino (95.2%) subjects (Table 2).
No notable differences were observed in the demographic charac-
teristics across groups. The safety population included 419 subjects
(99.3%) who received at least one dose, and 393 subjects (93.1%)
who received both doses. There were 371 subjects (87.9%) who
completed the study through the last immunogenicity time point
(D201).

Total Subjects Enrolled N=422
e
7.5ug HA 15ug HA 7.5ug HA 15ug HA 90ug HA 90ug HA
Randomized to study +MF59 + MF59 +MF59 + MF59 filled in filled in
treatment mfd 2009 || mfd 2009 || mfd 2013 || mfd 2013 2015 2006
n=71 n=70 n=70 n=71 n=70 n=70
Safety population/subjects 70 70 70 71 70 68
received first dose (98.6) (100) (100) (100) (100) (97.1)
] ] ] ] ] ]
Immunogenicity Per-Protocol 61 67 62 69 65 61
Population (IPPP) (85.9) (95.7) (88.6) (97.2) (92.9) (87.1)
Subjects who completed 58 66 60 67 59 61
day 201 visit (81.7) (94.3) (85.7) (94.4) (84.3) (87.1)
Reasons for Discontinuation
* Lost to follow-up (n=14) . .
« Physician decision (n=10) 11 3 7 3 6 9
* Protocol deviations (n=5)
- Withdrawal by subject (n=5) 155 a3 (19) a2 Ll {123
» Adverse event (n=3)

 Other (n=2)

Fig. 1. Subject enrollment and randomization by treatment group. The Safety Population consisted of all subjects who were randomly assigned and received at least one dose
of vaccine. The immunogenicity per protocol population (IPPP) included subjects who received two doses of randomized vaccine, had valid HAI results at the D42 visit, and
had no major protocol deviations that might impact the assessment of immunogenicity.
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Table 2
Safety population demographics.
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Study Group®

A B C D E F Total
n=70 n=70 n=70 n=71 n=70 n=68 N =419
Age (years)
n 70 70 70 71 70 68 419
Mean (SD) 36.7 (8.02) 36.8 (8.47) 38.1(8.37) 35.7 (8.25) 34.9 (8.62) 36.0 (7.60) 36.4 (8.24)
Median 38.0 37.5 38.5 37.0 37.0 35.0 37.0
Min, Max 21,49 20, 48 18, 49 18, 48 18, 49 18, 49 18, 49
Age Categories (years), n (%)
18 to <30 16 (22.9) 18 (25.7) 11 (15.7) 17 (23.9) 21 (30.0) 15 (22.1) 98 (23.4)
30 to <40 22 (31.4) 21 (30.0) 26 (37.1) 28 (39.4) 22 (31.4) 31 (45.6) 150 (35.8)
40 to 49 32 (45.7) 31 (44.3) 33 (47.1) 26 (36.6) 27 (38.6) 22 (32.4) 171 (40.8)
Sex, n (%)
Male 27 (38.6) 20 (28.6) 37 (52.9) 28 (39.4) 29 (41.4) 29 (42.6) 170 (40.6)
Female 43 (61.4) 50 (71.4) 33 (47.1) 43 (60.6) 41 (58.6 39 (57.4) 249 (59.4)
Race®, n (%)
White 43.(61.4) 52 (74.3) 50 (71.4) 47 (66.2) 51(72.9) 46 (67.6) 289 (69.0)
Black or African American 27 (38.6) 14 (20.0) 18 (25.7) 22 (31.0) 17 (24.3) 18 (26.5) 116 (27.7)
Asian 0 1(14) 1(1.4) 0 0 1(1.5) 3(0.7)
American Indian or Alaska Native 0 0 0 1(1.4) 2(2.9) 0 3(0.7)
Multiracial 0 2(2.9) 1(1.4) 0 1(1.5) 4(1.0)
Other 0 1(14) 0 1(1.4) 0 2(2.9) 4(1.0)
Ethnicity, n (%)
Hispanic or Latino 4 (5.7) 5(7.1) 3 (4.3) 4 (5.6) 2(2.9) 2(2.9) 20 (4.8)
Not Hispanic or Latino 66 (94.3) 65 (92.9) 67 (95.7) 67 (94.4) 68 (97.1) 66 (97.1) 399 (95.2)
Body mass index (kg/m?)°
Mean (SD) 32.79(9.29) 30.76 (8.59) 31.75(8.35) 3050 (8.15) 31.76 (8.13) 31.57(9.27) 31.52(8.62)
Median 30.93 28.95 29.79 28.08 30.21 30.84 29.70
Min, Max 20.23,63.66 17.76,61.42 17.50,56.96 18.89,53.45 20.33,54.13 17.89,71.43 17.50, 71.43
Substance Type?, n (%)
Alcohol 38 (54.3) 40 (57.1) 45 (64.3) 42 (59.2) 40 (57.1) 42 (61.8) 247 (58.9)
Tobacco
Cigarettes 16 (22.9) 15 (21.4) 22 (31.4) 16 (22.5) 12 (17.1) 12 (17.6) 93 (22.2)
Cigars 1(1.4) 1(14) 1(1.4) 3(4.2) 0 0 6(1.4)
Pipes 0 0 0 0 0 0 0
Chewing tobacco 2(2.9) 0 0 1(1.4) 0 0 3(0.7)
Subjects with at least one concomitant medication®, n (%) 56 (80.0) 51 (72.9) 61 (87.1) 53 (74.6) 59 (84.3) 53 (77.9) 333 (79.5)

Abbreviations: min, minimum; max, maximum; SD, standard deviation.

2 Study Groups were defined by the first vaccinations received by subjects.
b

c
d

Body mass index = (body weight in pounds x 703)/(height in inches)?.

Substance usage at the time of enrollment.
e

vitamins (44 subjects [10.5%]).

3.2. Safety and tolerability

The frequency and severity of symptoms reported are shown
in Table 3 and Fig. 2. Overall, the vaccines were well-tolerated,
regardless of manufacturing date, antigen dose, or inclusion of
MF59. Most subjects (67.5%) reported generally mild symptoms
in the first seven days following vaccination, with 3.3% of sub-
jects reporting symptoms 8 to 21 days after vaccination. The
most commonly reported symptoms considered related to vacci-
nation were injection site pain (42.7%), headache (20.5%), fatigue
(17.2%), and myalgia (12.4%) (Fig. 2b). There were no AEs leading
to death or AESIs during the study, and there were no severe
reactions at the injection site or allergic reactions reported. The
total number of mild and moderate symptoms was similar
across groups, and no significant differences in the number of
subjects with at least one mild, moderate, or severe AE were
observed across groups (data not shown). Finally, there were
no significant differences observed in changes from baseline in
clinical laboratory results or vital sign measurements in any
group (data not shown).

Subjects with more than one race category recorded on the case report form appear in the multiracial category.

The most common concomitant medications taken by subjects were propionic acid derivatives (124 subjects [29.6%]), anilides (61 subjects [14.6%]), and plain multi-

3.3. Immunogenicity

Peak HAI and MN antibody titers were observed by D42 and
decreased by D201 (Fig. 3a, b and Supplemental Table 2). Overall
HAI antibody GMTs at DO, D21, D28, D42, and D201 were 5.2,
11.2, 19.2, 30.6, and 5.8, respectively, and overall MN antibody
GMTs at DO, D21, D28, D42, and D201 were 5.7, 11.6, 23.8, 43.5,
and 10.0, respectively.

To determine the effect of antigen dose, i.e., 7.5 ug HA versus
15 pg HA, and adjuvant on the antibody response, pooled study
group comparisons (Groups A+ C [7.5 ug HA + MF59], Groups B
+D [15 pg HA + MF59], and Groups E +F [90 pg HA]) of HAI and
MN antibody GMTs were conducted. HAI antibody GMT responses
were similar (i.e., overlapping 95% Cls) between pooled groups at
DO, D21, D28, and D201; however, on D42, subjects vaccinated
with 7.5 g HA+ MF59 (Groups A+C) and 15 pgHA+MF59
(Groups B+D) showed greater HAI antibody GMTs (37.7 and
38.4, respectively) and MN antibody GMTs (55.5 and 53.6, respec-
tively) compared to subjects vaccinated with 90 pg HA alone
(Groups E + F) (HAI GMT = 19.6; MN GMT = 27.4) (Fig. 3a, b and
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Table 3
Summary of all adverse events (safety population).
Group A Group B Group C Group D Group E Group F
No. of Subjects with Dose 1 Dose 2 Dose 1 Dose 2 Dose 1 Dose 2 Dose 1 Dose 2 Dose 1 Dose 2 Dose 1 Dose 2
N=70 N=63 N=70 N =68 N=70 N=65 N=71 N =69 N=70 N=65 N =68 N=63
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Any AE* 39 28 46 31 41 31 50 32 42 26 39 31
(55.7) (44.4) (65.7) (45.6) (58.6) (47.7) (70.4) (46.4) (60.0) (40.0) (57.4) (49.2)
Any solicited local AE 25 20 31 20 27 17 27 21 22 17 25 21
(35.7) (31.7) (44.3) (29.4) (38.6) (26.2) (38.0) (30.4) (31.4) (26.2) (36.8) (33.3)
Any solicited systemic AE 20 11 17 10 23 11 24 17 17 9(13.8) 18 9 (14.3)
(28.6) (17.5) (24.3) (14.7) (32.9) (16.9) (33.8) (24.6) (24.3) (26.5)
Any unsolicited AE 22 14 25 18 27 18 29 17 25 9(13.8) 18 13
(31.4) (22.2) (35.7) (26.5) (38.6) (27.7) (40.8) (24.6) (35.7) (26.5) (20.6)
Any severe AE 1(14) 0 1(14) 0 3(43) 0 3(42) 0 1(1.4) 1(1.5) 2(29) o0
Any SAE 0 0 0 0 2(2.9) 1(15) O 0 0 0 1(15) 0
Any AE related to investigational 35 24 38 26 36 23 42 26 37 22 35 27
product (50.0) (38.1) (54.3) (38.2) (51.4) (35.4) (59.2) (37.7) (52.9) (33.8) (51.5) (42.9)
Any AE leading to study withdrawal 0 0 0 0 0 0 0 0 1(1.4) 0 2(2.9) 0

Abbreviations: AE, adverse event; SAE, serious adverse event.

2 All AEs included all solicited AEs, unsolicited AEs, SAEs within 21 days of vaccination.

Supplemental Table 2). In addition, D42 GMT ratio estimates for
HAI antibody responses were 192 (p<0.001) and 1.96
(p<0.001) for the 7.5 ug HA+ MF59 (A+C) or 15 ug HA + MF59
(B+D) versus 90 ug HA alone (E +F) comparisons, respectively.
Similar results were observed for pooled group comparisons at
D42 for MN antibody responses as GMT ratio estimates were
2.03 (p<0.001) and 1.96 (p<0.001) for the 7.5 pugHA + MF59
(A+C) or 15 ug HA + MF59 (B + D) versus 90 ug HA alone (E +F)
comparisons, respectively. Overall, groups receiving adjuvanted
vaccine (Groups A to D) had greater HAI antibody titers compared
to groups receiving unadjuvanted vaccine at a higher dose (Groups
E and F).

The peak proportion of subjects achieving seroprotection
against VN1203 was observed at D42, with an overall SPR of
54.8%. There was a trend of higher SPR on D42 in groups receiving
adjuvanted vaccine (Groups A to D; range 56.7-71.0%) compared to
the groups receiving unadjuvanted vaccine at a higher dose
(Groups E and F; range 32.3-36.1%) (Supplemental Table 2). While
no individual or pooled group met the FDA Center for Biologics
Evaluation and Research (CBER) accelerated approval license crite-
rion [16] for post-immunization titer >40 (i.e., lower bound of the
two-sided 95% CI for the percent of subjects achieving an HAI anti-
body titer >40 should be >70%), pooled group comparisons indi-
cated that subjects receiving 7.5 ug HA + MF59 (Groups A+ ()
and 15 pg HA + MF59 (Groups B + D) showed significantly greater
SPRs of HAI antibodies on D42 (65.9% and 64.0%, respectively)
compared to subjects vaccinated with 90 ug HA alone (Groups E
+F) (34.1%) (Fig. 3¢, Supplemental Table 2). The difference in SPR
for HAI antibodies was 31.7% greater (p < 0.001) and 29.8% greater
(p <0.001) for the 7.5 ng HA + MF59 (A + C) versus 90 ug HA alone
(E+F) and 15 pg HA + MF59 (B + D) versus 90 ug HA alone (E +F)
comparisons, respectively. Therefore, MF59-adjuvanted VN1203
vaccine elicits greater peak antibody titers and SPRs, even if six-
to-twelve fold less vaccine is administered as compared to unadju-
vanted groups receiving 90 ug HA.

3.4. Heterologous antibody responses

To assess the magnitude and breadth of cross-clade antibody
responses, exploratory analyses were conducted by HAI assay to
various BPL-inactivated A(H5Nx) influenza viruses derived by
reverse genetics on a PR8 backbone representing circulating
viruses of diverse A(H5) HA antigenicity (Fig. 4). In general, the

highest SPRs were observed using antigen homologous to the vac-
cine strain, however, cross-reactive HAI antibody responses were
elicited to all heterologous antigens tested, including the most
divergent clade 2.3.4.4 avian influenza virus tested, A/gyrfalcon/
Washington/41088-6/2014 (H5N8). Similar to pooled SPRs to
homologous VN1203 antigen (Fig. 3c), no group met the CBER
criterion for post-immunization titer >40 against any of the other
A(H5) influenza antigens tested, and no differences were observed
between groups receiving vaccine with or without MF59. It should
be noted that the heterologous antigens tested in these unqualified
assays (Fig. 4) were BPL-inactivated as opposed to the qualified
assays using homologous reverse genetics-derived live virus
shown in Fig. 3.

4. Discussion

Because of continuous antigenic evolution of avian influenza
viruses and the serious threat for significant morbidity and mortal-
ity in humans, there is concern that pre-pandemic influenza vacci-
nes stockpiled for extended periods will not elicit sufficient
antibody responses to an emerging A(H5) influenza virus. Confirm-
ing previous studies [4-7,17-19], we show that addition of MF59
adjuvant to an A(H5N1) vaccine has a positive role in generating
enhanced immune responses, and that a pre-pandemic A(H5N1)
vaccine, which has been stockpiled within the NPIVS for over
10 years, appears to remain safe and well-tolerated, eliciting a neu-
tralizing antibody response when administered with MF59 adju-
vant stored for over 5 years. The frequency, type, and severity of
AEs observed during this study are aligned with historical clinical
study data with A(H5N1) vaccines and MF59 adjuvant [20-22].
This study underscores the current NPIVS-managed stability test-
ing plans which measure the potency of antigens over time, includ-
ing their physical and chemical properties, are clinically relevant
and support use of stockpiled pre-pandemic influenza vaccines
under Emergency Use Authorization. Moreover, vaccination with
the VN1203 vaccine results in modest cross-reactive antibody
responses to contemporary circulating strains of A(H5) influenza
viruses.

It is important to note that due to short protocol duration, our
study was not powered to draw conclusions about safety in terms
of unsolicited AEs, nor was it powered to test exploratory compar-
isons of immunogenicity endpoints between different treatment
groups. No adjustments were made to control for multiple compar-
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Fig. 2. Frequency and relatedness of adverse events. Solicited local reactions at the injection site included erythema/redness, induration/swelling, and pain. Solicited systemic
reactions included fever, myalgia, arthralgia, fatigue, headache, nausea, vomiting, diarrhea, and chills. A vaccination injection site examination was performed to assess for
pain, redness, swelling, bruising, and other local symptoms at the site of injection. (a) Subjects’ reported symptoms were determined to be mild (blue), moderate (green), or
severe (red). Symptoms were considered mild if they were transient in nature and generally not interfering with normal activities, moderate if they were sufficiently
discomforting to interfere with normal activities, and severe if they were incapacitating and/or prevented normal activities. (b) Symptoms were considered related if there
was a reasonable possibility that the symptom was related to vaccination, and all solicited local and systemic symptoms were considered as related to vaccination by the
clinical site investigators. Only those AEs occurring in >2% of vaccinated subjects are plotted.
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Fig. 3. MF59-adjuvanted VN1203 vaccination elicits higher antibody responses, regardless of vaccine dose. Hemagglutination inhibition (HAI) antibody responses (a),
microneutralization (MN) antibody responses (b), and seroprotection rates on D42 (c) to homologous VN1203 (vaccine strain) by pooled group, i.e., 7.5 pg HA + MF59 (red),
15 pg HA + MF59 (blue), 90 pg HA (green). Results are shown as geometric mean titer (GMT); 95% confidence interval (CI; vertical bars), and days of vaccination (arrows) are
shown. Seroprotection rates are shown as the proportion of subjects achieving a serum HAI antibody titer of at least 1:40 against the VN1203 antigen (seroprotection rate, SPR

and 95% CI).
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Fig. 4. VN1203 vaccination elicits cross-reactive hemagglutination inhibition (HAI) antibody responses to antigenically diverse HAs. Seroprotection rates by HAI to six
heterologous A(H5) influenza viruses by study day and pooled group, (a) 7.5 pg HA + MF59, (b) 15 ng HA + MF59, and (c) 90 ug HA. Results are shown as the proportion of
subjects achieving a serum HAI antibody titer of at least 1:40 against the designated antigen (SPR and 95% CI; vertical bars).

isons. Nonsignificant findings generated from these analyses may
be explained by small sample size, and significant results could
be spurious due to the absence of multiplicity adjustment.
Nonetheless, pooled group comparisons were performed, combin-
ing groups by dose, i.e., 7.5 pg HA with MF59, 15 pug HA with MF59,
and 90 pg HA unadjuvanted. Compared to subjects receiving two
unadjuvanted 90 pg HA doses, both MF59-adjuvanted groups
(7.5 pg HA and 15 pg HA) elicited significantly higher magnitude

antibody responses and SPR, suggesting that inclusion of MF59,
regardless of when it was manufactured, with a pre-pandemic A
(H5) antigen is important for eliciting a potent immune response.
In 2005, Sanofi Pasteur sponsored a clinical study in healthy adults
to evaluate the safety and immunogenicity of an A/Viet-
nam/1203/2004 (H5N1) vaccine, and results showed that a higher
vaccine dose (HA content ranging from 7.5 to 90 pg) was associated
with a greater antibody response [3,13,14]. While none of the
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study groups met the CBER-specified success criterion of 70% SPR
for HAI antibodies [16], the Sanofi Pasteur A/Vietnam/1203/2004
(clade 1), 90 pg/mL vaccine was subsequently licensed with a
46% SPR [14]. Of note, this study (Group F) used the same 90 ug HA
vaccine as these earlier studies, and despite storage in vials for
10 years in refrigeration and no measurable drop in potency over
time, the vaccine elicited similar antibody titers and SPRs as previ-
ously reported [3,13,14].

A key challenge for the NPIVS program is management of stored
material over time, with ongoing assessments of older stockpiled
materials and prioritizing patient safety while balancing antigen
stability and immunogenicity to maintain pandemic readiness.
Influenza vaccines in particular have variable stability profiles
influenced by the virus strain and specific manufacturing process
complicating long-term storage predictions. The NPIVS program
continuously monitors its stockpiled pre-pandemic influenza vacci-
nes, and accumulated stability data indicates significant potency
retention for long-term stored pre-pandemic influenza vaccine. This
study was performed as part of an overarching strategy to assess
whether pre-pandemic influenza vaccine and adjuvant can be stock-
piled long-term and maintain its capacity to generate immune
responses that are considered safe and protective. The data obtained
from this study provide essential information regarding the safety
and immunogenicity of stockpiled vaccines and adjuvants after
extended storage. It remains to be determined whether stored vac-
cine can elicit improved antibody responses to emerging heterolo-
gous strains, but there is evidence suggesting superiority of a
heterologous prime-boost vaccination regimen including adjuvant
as compared to a homologous prime-boost vaccination regimen,
and may result in an enhanced and broadened cross-reactive HAI
antibody responses to antigenically divergent A(H5) influenza
viruses [6,23,24]. Individuals primed 6 years earlier with an
A/duck/Singapore/1997 (H5N3)-based vaccine elicits improved
recall responses against VN1203 following a VN1203-based vaccine
boost (Seqirus) [18,25]. Future NPIVS strategic goals will build on
these results and include a heterologous antigen prime and boost
vaccine trial (ClinicalTrials.gov Identifier: NCT03497845), whereby
the priming potential of clade 1, 2.1.3.2,2.3.2.1, or 2.3.4.4 stockpiled
antigens can be determined. These studies are critical to inform deci-
sions on the strategic value of the NPIVS and provide direct evidence
to inform pandemic preparedness strategies.

The results of this study show for the first time that influenza
antigen and adjuvant maintain their functional integrity and that
it is possible to generate antibody responses from material stored
for an extended period. Importantly, our data suggest that a two-
dose regimen of 7.5 pg HA + MF59 would likely be well-tolerated
in terms of safety, could be effective in preventing severe A
(H5N1) influenza disease in healthy adults, and may provide some
level of immune protection from divergent A(H5) influenza viruses.
These results add to the growing body of evidence that antigen
alone may not be sufficient in generating protective immune
responses to influenza subtypes not currently circulating in
humans and that use of adjuvant is critical to enhance the immune
response as well as to provide dose-sparing capacity.
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