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demonstrated manufacturing platforms to
design and develop the next generation of
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When highly pathogenic avian influenza
emerged in Hong Kong in 1997, killing 6 of
18 people with confirmed infections [1], US
public health and national security experts re-
alized the vulnerability of the US and global
populations to pandemic influenza. At the
time, there was a single US manufacturer of
influenza vaccines, Sanofi Pasteur, which re-
lied on seasonal supplies of embryonated eggs
to grow the influenza viruses used to make
their split virus vaccine.

In response to the 1997 outbreak, the US
Homeland Security Council released two doc-
uments that laid out plans to improve public
health preparedness for pandemic influenza:
a national strategy in 2005 [2] and a nation-
al strategy implementation plan in 2006
A key aspect of the preparedness pillar of the
national strategy was: “Establish domestic pro-
duction capacity and stockpiles of countermea-
sures to ensure.. . sufficient vaccine to vaccinate
the entire US population within 6 months of
the emergence of a virus with pandemic poten-
tial” [2]. Starting in fiscal year 2004, Congress
began supplying funds to address this aspect
of the national strategy, with funding through
the US Department of Health and Human
Services (HHS) and the Department of De-
fense (DoD). This effort, a several billion-dol-
lar investment, resulted in part in the creation
of the Biomedical Advanced Research and De-
velopment Authority (BARDA) in 2006 [4] to
be the point organization for leading the de-
velopment of the domestic influenza vaccine
manufacturing infrastructure.

Initial efforts to build up domestic vaccine
manufacturing started in 2004. HHS funded
contracts to bolster supplies of embryonat-
ed eggs so they were available year-round
and to develop a cell-based influenza vaccine
with a provision to build a domestic facility
. BARDA followed
these contracts with additional cell-based

for vaccine production
influenza vaccine R adjuvant , recom-
binant influenza vaccine [8], and influenza
vaccine production facility contracts. In
parallel, the DoD funded the development

of alternate platforms for influenza vaccine
production

These efforts have resulted in the licensure
of new cell-based, recombinant, and adju-
vanted or dose-sparing influenza vaccines
Other improvements include an enlarged do-
mestic capacity to produce adjuvants and in-
fluenza vaccines using egg-based, cell-based,
and recombinant vaccine platforms . The
US now has the domestic capacity to produce
enough influenza vaccine to provide pandem-
ic influenza protection within six months.
But even with improved manufacturing in-
frastructure and more types of vaccines, is
the job of preparing for pandemic influenza
finished? Do we have better vaccines? I would
argue there is still work to be done to achieve
pandemic preparedness with better vaccines.

The majority of influenza vaccines use egg
adaptation for egg-based vaccine manufactur-
ing which has been shown to alter how closely
a vaccine matches circulating influenza viruses

. Recombinant and cell-based vaccines,
which do not require egg-adaptation mutations
for efficient manufacturing, are more effective
than egg-based vaccines because they
avoid egg adaptation and more closely repre-
sent viruses circulating in the population. This
has led to the committees that select strains for
influenza vaccine production recommending
two different strain formularies depending on
whether a vaccine is to be egg-based or non-
egg-based (cell-based, recombinant).

While the use of non-egg-based vaccines
is growing, the field effectiveness data in the
years since their licensure suggest that we are
still being served by mediocre vaccines. The
CDC influenza vaccine effectiveness data

from 2004 to today shows the overall
average effectiveness at 41%. Between 2004
and 2012, before any new vaccines were li-
censed, the average effectiveness over this pe-
riod was 41%. Between 2016 and 2023, after
the last of the new vaccines were licensed,
average effectiveness only increased to 42%.

Why is vaccine effectiveness not improv-
ing? The tremendous improvements to our
influenza vaccine manufacturing capacity and
expanded vaccine manufacturing platforms
have not expanded into the design and man-
ufacture of better vaccines. We are still largely
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making injectable influenza vaccines focused
on making antibodies to the virus hemag-
glutinin (HA), which appear to only provide
60% protection in the best of years. McLean
et al. report the mid-season effectiveness
at 71% for the 2022-2023 influenza season
but since it is known that vaccine effective-
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I argue that in order to design and man-
ufacture better influenza vaccines, focus is
needed on three areas that leverage our ex-
panded platforms and manufacturing capaci-
ty to improve influenza vaccines:

1. Incorporating more conserved antigens
(neuraminidase (NA), M2 protein) into
influenza vaccines would broaden immunity
and increase baseline protection, especially
in years of a vaccine mismatch;

2. Designing vaccines to stimulate mucosal
immunity to protect the initial route of
infection and;

3. Designing vaccines to stimulate T cell
immunity to limit and control infections.
Ideally, we will design improved influenza
vaccines that incorporate all three of these
improvements over current vaccines.

Manufacturing lessons from vaccines

against SARS-CoV-2 may have paved the

way for influenza vaccines with improved

effectiveness. The capacity for the manufac-
ture of mMRNA-based vaccines has been clear-
ly demonstrated by the hundreds of millions
of doses of SARS-CoV-2 mRNA vaccines
produced. These mRNA-based vaccines were
shown to stimulate T cell responses
Influenza vaccines based on this technology,
designed to incorporate both HA and NA tar-
gets into a single vaccine, could offer broader
protection with improved T cell responses to
control infections when they occur.

Although not as widely used as mRNA
vaccines, vectored adenovirus vaccines could
demonstrate even greater promise as a fu-
ture platform for more effective influenza
vaccines. Vectored adenovirus vaccines can
be delivered by mucosal immunization
Adenovirus-vectored influenza vaccines in-
corporating both HA and NA targets could
stimulate mucosal immunity to protect the
initial route of infection along with immu-
nity to a more broadly protective set of an-
tigens, and stimulation of T cell responses to
influenza virus.

The time is right to leverage our newly
demonstrated manufacturing platforms to
design and develop the next generation of in-
fluenza vaccines. The improved designs will
not only be rapid to manufacture but more
effective in combating seasonal and pan-
demic influenza infections. These steps are
needed to ensure we have established and
built the rapid development capabilities and
manufacturing infrastructure to respond to
future pandemics.

(Supplement 2), S58-64.

Homeland Security Council. National
Strategy for Pandemic Influenza. (Nov

2005).

4. The Pandemic and All-Hazards Prepared-
ness Act (PAHPA; PL 109-417). (Dec

Homeland Security Council. National
Strategy for Pandemic Influenza Imple-
mentation Plan. (May 20006).

Adequate Vaccine Supply. /. of the Penns.
Acad. of Sci. 2007; 80(2/3), 54-56.

6. Perdue ML, Arnold F, Li S, ez al. 'The

2000).

5. Matthews JT. Industry-Related Pandemic 7.
Planning: Working Toward Producing an

2011; 10(8), 1183-1194.

future of cell culture-based influenza vac-

cine production. Expert Rev. of Vaccines

Lister SA, Redhead CS. The 2009 Influ-

enza Pandemic: An Overview. Congress.

Res. Serv. (Nov 2009).

Vaccine Insights - ISSN: 2752-5422

/79


https://www.cdc.gov/flu/pandemic-resources/pdf/pandemic-influenza-strategy-2005.pdf
https://www.cdc.gov/flu/pandemic-resources/pdf/pandemic-influenza-strategy-2005.pdf
https://www.cdc.gov/flu/pandemic-resources/pdf/pandemic-influenza-strategy-2005.pdf
https://www.cdc.gov/flu/pandemic-resources/pdf/pandemic-influenza-implementation.pdf?web=1&wdLOR=cF34C658D-BEA1-0E43-BC89-2E5EF58706DA
https://www.cdc.gov/flu/pandemic-resources/pdf/pandemic-influenza-implementation.pdf?web=1&wdLOR=cF34C658D-BEA1-0E43-BC89-2E5EF58706DA
https://www.cdc.gov/flu/pandemic-resources/pdf/pandemic-influenza-implementation.pdf?web=1&wdLOR=cF34C658D-BEA1-0E43-BC89-2E5EF58706DA
https://aspr.hhs.gov/legal/pahpa/Pages/default.aspx 

https://aspr.hhs.gov/legal/pahpa/Pages/default.aspx 

https://aspr.hhs.gov/legal/pahpa/Pages/default.aspx 

https://crsreports.congress.gov/product/pdf/R/R40554/21
https://crsreports.congress.gov/product/pdf/R/R40554/21
https://crsreports.congress.gov/product/pdf/R/R40554/21

10.

11.

12.

13.

8

INSIGHTS

Rhodes RT. Choosing Influenza Vac-

cines. Biosup. Trends Quart. 2013, 32-38.

Latham PW. Manufacturing a rapid
biologic response. Drug Dev. Res. 2009;
70(4), 288-295.

Weir JB, Gruber ME An overview of
the regulation of influenza vaccines in
the United States. Influ. Other Resp. Vir.
2016; 10(5), 354-360.

Skowronski DM, Janjua NZ, De Serres
G et al. Low 2012-13 Influenza Vaccine
Effectiveness Associated with Mutation
in the Egg-adapted H3N2 Strain Not
Antigenic Drift in Circulating Viruses.
PLOS ONE 2014; 9(3), €92153.

Wu NC, Zost SJ, Thompson AJ et al. A
structural explanation for the low effec-
tiveness of the seasonal influenza H3N2
vaccine. PLOS Path. 2017; 13(10),
e1006682.

Zost SJ, Parkhouse K, Gumina ME et al.
Contemporary H3N2 influenza viruses
have a glycosylation site that alters bind-

ing of antibodies elicited by egg-adapted

14.

15.

16.

17.

18.

vaccine strains. PNAS 2017; 114(47),
12578-12583.

Dunkle LM, Izikson R, Patriarca P ez a/.
Efficacy of Recombinant Influenza Vac-
cine in Adults 50 Years of Age or Older.
N. Engl. ]. Med. 2017; 376, 2427-2436.

Rockman S, Laurie K, Ong C ez 4.

Cell-Based Manufacturing Technology
Increases Antigenic Match of Influenza
Vaccine and Results in Improved Effec-

tiveness. Vaccines 2023; 11(1), 52.

CDC. Past Seasons” Vaccine Effectiveness

Estimates. (Accessed March 2023).

McLean HQ), Petrie JG, Hanson KE

et al. Interim Estimates of 2022-23
Seasonal Influenza Vaccine Effectiveness
— Wisconsin, October 2022-February
2023. MMWR 2023; 72, 201-205.

Ferdinands JM, Fry AM, Reynolds S ez
al. Intraseason Waning of Influenza Vac-
cine Protection: Evidence from the US
Influenza Vaccine Effectiveness Network,
2011-2012 Through 2014-2015. Clin.
Infect. Dis. 2017; 64(5), 544-550.

AUTHORSHIP & CONFLICT OF INTEREST

19. Sahin U, Muik A, Derhovanessian E ez
al. COVID-19 vaccine BNT162b1
elicits human antibody and T;1 T cell
responses. Nature 2020; 586, 594-599.

20. Geers D, Shamier MC, Bogers S ez
al. SARS-CoV-2 variants of concern
partially escape humoral but not T cell
responses in COVID-19 convalescent
donors and vaccine recipients. Sci. Immu-
nol. 2021; 6, eabj1750.

21. Wu S, Huang J, Zhang Z et al. Safe-
ty, tolerability, and immunogenicity
of an acrosolised adenovirus type-5
vector-based COVID-19 vaccine (Ad5-
nCoV) in adults: preliminary report of
an open-label and randomised phase 1
clinical trial. Lancet Infect. Dis. 2021; 21,
1654-1664.

AFFILIATION

Robert C Huebner, PhD,
Principal Consultant,
Latham Biopharm Group,
a part of Sia Partners

Contributions: The named author takes responsibility for the integrity of the work as a whole, and has given his approval for

this version to be published.

Acknowledgements: None.

Disclosure and potential conflicts of interest: The author has no conflicts of interest to disclose.

Funding declaration: The author received no financial support for the research, authorship and/or publication of this article.

ARTICLE & COPYRIGHT INFORMATION

Copyright: Published by Vaccine Insights under Creative Commons License Deed CC BY NC ND 4.0 which allows anyone to

copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial use

without permission.

Attribution: Copyright © 2023 Huebner RC. Published by Vaccine Insights under Creative Commons License Deed CC BY NC

ND 4.0.

Article source: Invited.

Revised manuscript received: Mar 9 2023; Publication date: Apr 5 2023

0

DOI: 10.18609/vac.2023.014


https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html
https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html

