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Combined (concomitant or synchronous) vaccination is crucial to increasing the com-
pliance rate during mass campaigns by reducing the time to deployment (i.e., the time to
achieve herd immunity), congestion in healthcare facilities, and the public’s fatigue towards
vaccinations (vaccine hesitancy). Eventually, the overall cost of vaccines can also be reduced.
Combined vaccination can take different forms. Different vaccines (e.g., pneumococcus
and influenza vaccines) can be simultaneously co-administered (typically on different body
sites), or a single vaccine can be co-formulated to include antigenic components from
different microbes. In the latter case, the vaccine is called polyvalent.

While antigens can come from different serotypes of a single microorganism (e.g., the
bivalent COVID-19 vaccines consisting of both the wild-type and the BA.4/5 Spike proteins,
or the 13-valent pneumococcal vaccines), the most common form of polyvalent vaccination
consists of antigens from different microbes. Examples of polyvalent vaccines of great
success include diphtheria, tetanus, and pertussis (DTP), orinactivated polio, Haemophilus
influenzae, and hepatitis B vaccines. However, the development of such polyvalent formu-
lations has encountered numerous challenges, including reduced immunogenicity (e.g.,
Hemophilus influenzae) or worsened safety (e.g., DTP).

Worldwide, influenza infection leads to 3–5 million severe cases and 290,000–650,000
influenza-related respiratory deaths annually, despite the availability of current influenza
vaccines. Although both influenza A and B cause seasonal epidemics, it is the influenza A that
lead to >95% of hospitalization in adults. In the US, influenza causes 140,000 to 710,000 hospi-
talizations, 12,000 to 52,000 deaths, and about USD 25 billion in economic losses annually [1].
In 2022, the co-administration of COVID-19 vaccines with influenza vaccines [2–5] and/or
pneumococcal vaccines [6] was deployed, with safety fully demonstrated in spite of minimal
concerns regarding immunogenicity [7]. With the decreasing compliance rates for COVID-19
boosters, co-formulations are becoming increasingly appealing.

As both the influenza virus and SARS-CoV-2 continue to circulate and evolve, the
combination of these vaccines into a single shot could offer protection against both diseases.
Unlike the influenza virus, SARS-CoV-2 is not yet subject to antigenic shifts; however, thus
far, the degree of antigenic drift has been enough to justify the upgrading of vaccines [8].
Even though COVID-19 has not shown the seasonal pattern observed for influenza, its
main target groups are largely the same (i.e., frail elderlies), and, so far, the mean duration
of COVID-19 vaccines’ efficacy against severe disease is around one year, leaving room
for synchronous administration of COVD-19 and seasonal flu boosters. Consequently,
vaccine manufacturers have been increasingly investigating co-formulated influenza and
COVID-19 vaccines.

From a commercial standpoint, co-formulation requires each manufacturer to develop
ingredients for both vaccines. Novavax completed a phase I/II trial of its trivalent NanoFlu®

candidate vaccine (wild-type recombinant influenzavirus hemagglutinin (rHA) proteins
(qNIV2) in Matrix-M1™ adjuvant) in October 2018 (NCT03293498), the phase 2 trial of
the quadrivalent candidate on 1375 participants in April 2019 (NCT03658629), and the
phase 3 randomized trial of the quadrivalent vaccine against Fluzone® on 2650 adults in
November 2020 (NCT04120194). However, none of the two main COVID-19 mRNA vaccine
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manufacturers (Moderna and Pfizer/BioNTech) had ever marketed a flu vaccine. Notably,
mRNA technology has the potential to shorten manufacturing times, thereby postponing
the forecast of the dominant influenza lineages, and hence improving prediction accuracy.

Following successful phase 1/2 studies (NCT05606965 and NCT04956575), Moderna
initiated two phase 3 trials of its mRNA flu vaccine, mRNA-1010, among a population
of 6102 adults in the Southern hemisphere on 7 June 2022 (NCT05415462) and among
23,000 adults in the Northern hemisphere on 14 September 2022 (NCT05566639). Follow-
ing successful phase 1/2 study (NCT05052697) in 1980, since September 2022 Pfizer is
investigating its quadrivalent modRNA-based influenza vaccine candidate, qIRV (which
incorporates four different influenza strains and is recommended by the WHO for use in
the Northern Hemisphere by 2022/23) in a randomized controlled trial (NCT05540522)
using a population of 25,000 US subjects [9].

On 3 November 2022, Pfizer and BioNTech announced a phase 1 trial of a com-
bined COVID-19 and influenza vaccine that will enroll 180 American adults aged 18–64
(NCT05596734) and is expected to be completed by June 2024 [10]. This vaccine candidate
combines Pfizer’s quadrivalent qIRV and Pfizer and BioNTech’s authorized Omicron-
adapted bivalent COVID-19 BNT162b2 (wild-type/Omicron BA.4/BA.5) vaccine.

The Novavax COVID-19–NanoFlu combination investigational vaccine uses the full-
length, stabilized, recombinant SARS-CoV-2Spike protein (NVX-CoV2373) and NanoFlu
as antigens organized into distinct nanoparticle complexes [11]. Tested in ferrets and
hamsters, the shot produced antibodies against both viruses at levels comparable to those
offered with either constituent vaccine alone and protected the animals from a SARS-CoV-2
challenge [12]. A phase I/II trial at 12 sites in Australia incorporating 642 healthy adults
aged 50–70 years (NCT04961541) was completed in April 2022. A phase 2 trial incorporating
2300 adults aged 50–80 (NCT05519839) will be launched in January 2023, which is expected
to reach completion by July 2023.

Moderna is testing its mRNA-1073 COVID-19/influenza mRNA vaccine in a phase 1/2
trial on 550 adults, which should be completed by June 2023 (NCT05375838); meanwhile, it
is also investigating another cocktail of two (mRNA-1045: influenza and RSV) and a cocktail
of three (mRNA-1230: Influenza, RSV, and SARS-CoV-2) vaccines in 675 adults aged 50
to 75 years, which is expected to completed by November 2023 (NCT05585632). This
product will likely follow the soon-to-be-available mRNA-1345 monovalent RSV vaccine.
Streptococcus pneumoniae, whose co-infection with COVID-19 leads to lethal synergy in
animal models, is another promising candidate for co-formulation [13].

More manufacturers can join this race, as many different co-formulated vaccines
are still under preclinical development [14–18], including live-attenuated influenza virus
(LAIV) vector-based vaccines [19–21]. Among the latter, the intranasal candidate developed
by Beijing Wantai Biological Pharmacy Enterprise achieved poor immunogenicity in a phase
1/2 clinical trial [22].

While the public’s compliance to COVID-19 vaccines is declining, the increased circu-
lation of both RSV and influenza virus in 2022 [23] has attracted public attention. Attitudes
towards a hypothetical co-formulated COVID-19/influenza vaccine were estimated at 50%
in a recent and large-scale (n = 12,887) United States survey [24].

Recently, a universal mRNA vaccine against all 20 known influenza virus subtypes
was validated in animal models [25], and this may represent an ideal component for a
pan-respiratory vaccine. A pan-respiratory vaccine is likely the asymptote to which each
manufacturer will tend, but competition, patents, and market litigations will likely make
this goal very difficult to achieve.

Conflicts of Interest: The author declares no conflict of interest.



Vaccines 2023, 11, 109 3 of 4

References
1. Putri, W.; Muscatello, D.J.; Stockwell, M.S.; Newall, A.T. Economic burden of seasonal influenza in the United States. Vaccine

2018, 36, 3960–3966. [CrossRef] [PubMed]
2. Shenyu, W.; Xiaoqian, D.; Bo, C.; Xuan, D.; Zeng, W.; Hangjie, Z.; Qianhui, Z.; Zhenzhen, L.; Chuanfu, Y.; Juan, Y.; et al.

Immunogenicity and safety of a SARS-CoV-2 inactivated vaccine (CoronaVac) co-administered with an inactivated quadrivalent
influenza vaccine: A randomized, open-label, controlled study in healthy adults aged 18 to 59 years in China. Vaccine 2022, 40,
5356–5365. [CrossRef] [PubMed]

3. Izikson, R.; Brune, D.; Bolduc, J.S.; Bourron, P.; Fournier, M.; Moore, T.M.; Pandey, A.; Perez, L.; Sater, N.; Shrestha, A.; et al.
Safety and immunogenicity of a high-dose quadrivalent influenza vaccine administered concomitantly with a third dose of the
mRNA-1273 SARS-CoV-2 vaccine in adults aged ≥ 65 years: A phase 2, randomised, open-label study. Lancet Respir. Med. 2022,
10, 392–402. [CrossRef] [PubMed]

4. Toback, S.; Galiza, E.; Cosgrove, C.; Galloway, J.; Goodman, A.L.; Swift, P.A.; Rajaram, S.; Graves-Jones, A.; Edelman, J.; Burns,
F.; et al. Safety, immunogenicity, and efficacy of a COVID-19 vaccine (NVX-CoV2373) co-administered with seasonal influenza
vaccines: An exploratory substudy of a randomised, observer-blinded, placebo-controlled, phase 3 trial. Lancet Respir. Med. 2022,
10, 167–179. [CrossRef] [PubMed]

5. Baj, A.; Gasperina, D.D.; Focosi, D.; Forlani, G.; Ferrante, F.D.; Novazzi, F.; Azzi, L.; Maggi, F. Safety and immunogenicity of
synchronous COVID19 and influenza vaccination. J. Clin. Virol. Plus 2022, 2, 100082. [CrossRef]

6. Chen, H.; Huang, Z.; Chang, S.; Hu, M.; Lu, Q.; Zhang, Y.; Wang, H.; Xiao, Y.; Wang, H.; Ge, Y.; et al. Immunogenicity and safety of
an inactivated SARS-CoV-2 vaccine (Sinopharm BBIBP-CorV) coadministered with quadrivalent split-virion inactivated influenza
vaccine and 23-valent pneumococcal polysaccharide vaccine in China: A multicentre, non-inferiority, open-label, randomised,
controlled, phase 4 trial. Vaccine 2022, 40, 5322–5332. [CrossRef]

7. Radner, H.; Sieghart, D.; Jorda, A.; Fedrizzi, C.; Hasenöhrl, T.; Zdravkovic, A.; Redlberger-Fritz, M.; Puchammer-Stoeckl, E.;
Anderle, K.; Bergmann, F.; et al. Reduced immunogenicity of BNT162b2 booster vaccination in combination with a tetravalent
influenza vaccination: Results of a prospective cohort study in 838 health workers. Clin. Microbiol. Infect. Off. Publ. Eur. Soc. Clin.
Microbiol. Infect. Dis. 2022. [CrossRef]

8. Focosi, D.; Maggi, F. Do We Really Need Omicron Spike-Based Updated COVID-19 Vaccines? Evidence and Pipeline. Viruses
2022, 14, 2488. [CrossRef]

9. Racing Moderna, Pfizer Starts Phase 3 Trial of mRNA Flu Vaccine. Available online: https://www.fiercebiotech.com/biotech/
racing-moderna-pfizer-starts-phase-3-trial-mrna-flu-vaccine (accessed on 28 December 2022).

10. Pfizer and BioNTech Initiate Phase 1 Study of Single Dose mRNA-Based Combination Vaccine Candidate for Influenza and
COVID-19. Available online: https://www.pfizer.com/news/announcements/pfizer-and-biontech-initiate-phase-1-study-
single-dose-mrna-based-combination (accessed on 28 December 2022).

11. COVID-19 + NanoFlu Combination Investigational Vaccine. Available online: https://www.novavax.com/science-technology/
vaccine-pipeline/covid-19-nanoflu-program-combination-vaccine-candidate (accessed on 28 December 2022).

12. Massare, M.J.; Patel, N.; Zhou, B.; Maciejewski, S.; Flores, R.; Guebre-Xabier, M.; Tian, J.-H.; Portnoff, A.D.; Fries, L.; Shinde,
V.; et al. Combination Respiratory Vaccine Containing Recombinant SARS-CoV-2 Spike and Quadrivalent Seasonal Influenza
Hemagglutinin Nanoparticles with Matrix-M Adjuvant. bioRxiv 2021. [CrossRef]

13. Barman, T.K.; Singh, A.K.; Bonin, J.L.; Nafiz, T.N.; Salmon, S.L.; Metzger, D.W. Lethal synergy between SARS-CoV-2 and
Streptococcus pneumoniae in hACE2 mice and protective efficacy of vaccination. JCI Insight 2022, 7. [CrossRef]

14. Shi, R.; Zeng, J.; Xu, L.; Wang, F.; Duan, X.; Wang, Y.; Wu, Z.; Yu, D.; Huang, Q.; Yao, Y.G.; et al. A combination vaccine against
SARS-CoV-2 and H1N1 influenza based on receptor binding domain trimerized by six-helix bundle fusion core. EBioMedicine
2022, 85, 104297. [CrossRef] [PubMed]

15. Ye, Q.; Wu, M.; Zhou, C.; Lu, X.; Huang, B.; Zhang, N.; Zhao, H.; Chi, H.; Zhang, X.; Ling, D.; et al. Rational development of a
combined mRNA vaccine against COVID-19 and influenza. NPJ Vaccines 2022, 7, 84. [CrossRef] [PubMed]

16. Bommireddy, R.; Stone, S.; Bhatnagar, N.; Kumari, P.; Munoz, L.E.; Oh, J.; Kim, K.H.; Berry, J.T.L.; Jacobsen, K.M.; Jaafar, L.;
et al. Influenza Virus-like Particle-Based Hybrid Vaccine Containing RBD Induces Immunity against Influenza and SARS-CoV-2
Viruses. Vaccines 2022, 10, 944. [CrossRef] [PubMed]

17. Cao, K.; Wang, X.; Peng, H.; Ding, L.; Wang, X.; Hu, Y.; Dong, L.; Yang, T.; Hong, X.; Xing, M.; et al. A Single Vaccine Protects
against SARS-CoV-2 and Influenza Virus in Mice. J. Virol. 2022, 96, e0157821. [CrossRef] [PubMed]

18. Ao, Z.; Ouyang, M.J.; Olukitibi, T.A.; Warner, B.; Vendramelli, R.; Truong, T.; Zhang, M.; Kung, S.; Fowke, K.R.; Kobasa, D.; et al.
Development and Characterization of Recombinant Vesicular Stomatitis Virus (rVSV)-based Bivalent Vaccine Against COVID-19
Delta Variant and Influenza Virus. bioRxiv 2021. [CrossRef]

19. Koonpaew, S.; Kaewborisuth, C.; Srisutthisamphan, K.; Wanitchang, A.; Thaweerattanasinp, T.; Saenboonrueng, J.; Poonsuk,
S.; Jengarn, J.; Viriyakitkosol, R.; Kramyu, J.; et al. A Single-Cycle Influenza A Virus-Based SARS-CoV-2 Vaccine Elicits Potent
Immune Responses in a Mouse Model. Vaccines 2021, 9, 850. [CrossRef]

20. Loes, A.N.; Gentles, L.E.; Greaney, A.J.; Crawford, K.H.D.; Bloom, J.D. Attenuated Influenza Virions Expressing the SARS-CoV-2
Receptor-Binding Domain Induce Neutralizing Antibodies in Mice. Viruses 2020, 12, 987. [CrossRef]

http://doi.org/10.1016/j.vaccine.2018.05.057
http://www.ncbi.nlm.nih.gov/pubmed/29801998
http://doi.org/10.1016/j.vaccine.2022.07.021
http://www.ncbi.nlm.nih.gov/pubmed/35933275
http://doi.org/10.1016/S2213-2600(21)00557-9
http://www.ncbi.nlm.nih.gov/pubmed/35114141
http://doi.org/10.1016/S2213-2600(21)00409-4
http://www.ncbi.nlm.nih.gov/pubmed/34800364
http://doi.org/10.1016/j.jcvp.2022.100082
http://doi.org/10.1016/j.vaccine.2022.07.033
http://doi.org/10.1016/j.cmi.2022.12.008
http://doi.org/10.3390/v14112488
https://www.fiercebiotech.com/biotech/racing-moderna-pfizer-starts-phase-3-trial-mrna-flu-vaccine
https://www.fiercebiotech.com/biotech/racing-moderna-pfizer-starts-phase-3-trial-mrna-flu-vaccine
https://www.pfizer.com/news/announcements/pfizer-and-biontech-initiate-phase-1-study-single-dose-mrna-based-combination
https://www.pfizer.com/news/announcements/pfizer-and-biontech-initiate-phase-1-study-single-dose-mrna-based-combination
https://www.novavax.com/science-technology/vaccine-pipeline/covid-19-nanoflu-program-combination-vaccine-candidate
https://www.novavax.com/science-technology/vaccine-pipeline/covid-19-nanoflu-program-combination-vaccine-candidate
http://doi.org/10.1101/2021.05.05.442782
http://doi.org/10.1172/jci.insight.159422
http://doi.org/10.1016/j.ebiom.2022.104297
http://www.ncbi.nlm.nih.gov/pubmed/36206623
http://doi.org/10.1038/s41541-022-00478-w
http://www.ncbi.nlm.nih.gov/pubmed/35882870
http://doi.org/10.3390/vaccines10060944
http://www.ncbi.nlm.nih.gov/pubmed/35746552
http://doi.org/10.1128/jvi.01578-21
http://www.ncbi.nlm.nih.gov/pubmed/34908443
http://doi.org/10.1101/2021.12.14.472657
http://doi.org/10.3390/vaccines9080850
http://doi.org/10.3390/v12090987


Vaccines 2023, 11, 109 4 of 4

21. Isakova-Sivak, I.; Stepanova, E.; Matyushenko, V.; Niskanen, S.; Mezhenskaya, D.; Bazhenova, E.; Krutikova, E.; Kotomina, T.;
Prokopenko, P.; Neterebskii, B.; et al. Development of a T Cell-Based COVID-19 Vaccine Using a Live Attenuated Influenza
Vaccine Viral Vector. Vaccines 2022, 10, 1142. [CrossRef]

22. Zhu, F.; Zhuang, C.; Chu, K.; Zhang, L.; Zhao, H.; Huang, S.; Su, Y.; Lin, H.; Yang, C.; Jiang, H.; et al. Safety and immunogenicity
of a live-attenuated influenza virus vector-based intranasal SARS-CoV-2 vaccine in adults: Randomised, double-blind, placebo-
controlled, phase 1 and 2 trials. Lancet Respir. Med. 2022, 10, 749–760. [CrossRef]

23. Uyeki, T.M.; Hui, D.S.; Zambon, M.; Wentworth, D.E.; Monto, A.S. Influenza. Lancet 2022, 400, 693–706. [CrossRef]
24. Lennon, R.P.; Block, R., Jr.; Schneider, E.C.; Zephrin, L.; Shah, A. Underserved population acceptance of combination influenza-

COVID-19 booster vaccines. Vaccine 2022, 40, 562–567. [CrossRef] [PubMed]
25. Arevalo, C.P.; Bolton, M.J.; Le Sage, V.; Ye, N.; Furey, C.; Muramatsu, H.; Alameh, M.-G.; Pardi, N.; Drapeau, E.M.; Parkhouse, K.;

et al. A multivalent nucleoside-modified mRNA vaccine against all known influenza virus subtypes. Science 2022, 378, 899–904.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/vaccines10071142
http://doi.org/10.1016/S2213-2600(22)00131-X
http://doi.org/10.1016/S0140-6736(22)00982-5
http://doi.org/10.1016/j.vaccine.2021.11.097
http://www.ncbi.nlm.nih.gov/pubmed/34903376
http://doi.org/10.1126/science.abm0271
http://www.ncbi.nlm.nih.gov/pubmed/36423275

	References

