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1. Introduction

Immunoglobulin A (IgA) is critical in the immune response against respiratory infec-
tions like COVID-19 and influenza. IgA is one of the five main classes of immunoglobulins
or antibodies, that is primarily found in mucosal tissues, including the respiratory and
gastrointestinal tracts [1]. Here, we will explore the role of IgA in COVID-19 and influenza
infections. Both COVID-19 and flu are respiratory viral diseases, and mucosal immunity
is important in generating a protective response against them. An important question,
therefore, is whether antibody cross-reactivity between diverse viral strains is a cause of
pre-existing immunity to emergent viral variants and when individuals are vaccinated
against a new viral strain of SARS-CoV-2, does it have the potential to “back-boost” their
existing immunity against previously circulating strains?

Here, we shed light on some of these interesting propositions.
In COVID-19 infections, IgA is a key component of the adaptive immune response to

SARS-CoV-2, the virus responsible for COVID-19. IgA antibodies specific to the virus are
produced by plasma cells in the mucosal-associated lymphoid tissues (MALTs), such as
the tonsils, and are secreted into the respiratory tract, where they play several important
roles such as in mucosal defense, preventing entry of the virus, and reducing transmission.
One report tested influenza- and COVID-19-specific antibodies post vaccination and found
antigen-specific IgA antibodies in the saliva [2]. In the early response to acute COVID-
19 infection, the dominant neutralizing antibodies formed were of the IgA isotype and
were detected in saliva, nasopharyngeal swabs, and serum for at least one month [3]. In
fact, the absence of SARS-CoV-2-specific IgA antibody could be a cause of vaccine failure,
exacerbated COVID-19, and possible prolonged virus shedding in patients with primary
antibody deficiency and selective IgA deficiency [4].

IgA also plays an important role in the immune response to influenza viruses. Like
COVID-19, IgA in the respiratory tract contributes to defenses against influenza infection.
Repeated influenza vaccines enhance IgG and IgA levels and boost their previous immunity.
In the case of COVID-19 vaccine recipients, both IgG and IgA antibodies increased in
serum after infection, but the IgA level was similar, irrespective of previous infection
exposures [5–7]. COVID-19 vaccine-induced IgG and IgA antibody generation in serum
also depends on the vaccine type since mRNA vaccines (Moderna > Pfizer) generate
a higher immune response than DNA plasmid vector-based (AstraZeneca > Sputnik-V
> Johnson and Johnson) and attenuated virus (Sinopharm) vaccines [8,9]. The recent
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seasonal influenza vaccine being administered is based on an inactivated virus. All COVID-
19 vaccinations so far are based on the spike components of the virus, while influenza
vaccines utilize two surface glycoproteins, namely hemagglutinin (HA) and neuraminidase
(NA) [10]. The various strategies for vaccine development against influenza and COVID-19
have been summarized in Figure 1.
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Figure 1. Various vaccine strategies being developed against Influenza and SARS-CoV-2. Both
virues have distinct surface protein structure which have been used to detect and classify various
viral strains. The current vaccinestrategies include utilizing different approaches to elicit prolonged
neutralizing antibodytiters.

Reports on the simultaneous administration of the COVID-19 mRNA booster and
the flu vaccine showed that systemic reaction increased by 8–11% compared to only the
COVID-19 mRNA booster alone. Thus, overall reactogenicity and SARS-CoV-2-binding
titers either remained similar or enhanced, with no adverse side effects [11,12]. There is
another report showing that the administration of a flu vaccine decreases the COVID-19
disease severity [13]. However, a study on transgenic mice revealed that prior influenza
infection increases the vulnerability to COVID-19 disease severity, morbidity, and mortality.
These data also reflect the necessity of influenza vaccination to prevent severe disease
outcomes for COVID-19 and/or influenza [14]. Nasopharyngeal-associated lymphoid
tissue (NALT) is a major location of immune modulation by pathogens that enter the host
via the nasal mucosa and for nasal vaccines [15]. Nasally administered vaccines show
improved mucosal as well as systemic immunity that makes them a promising bet for
the design of novel vaccines and immunotherapeutic interventions against pulmonary
pathogens. In addition to the generation of a systemic neutralizing antibody response
and T cell-based immunity against a majority of Omicron subvariants, one nasal vaccine
generated spike-specific IgA in the respiratory mucosa and T cell immune responses focused
in the NALT [16]. When the COVID-19 pandemic began, the vaccine’s notion had been
extensively investigated with regard to the Ebola and H5N1 influenza viruses [17]. Utilizing
the design formulated in vaccination studies against Ebola and H5N1 influenza viruses, a
nasal vaccine study utilized live vaccination based on an attenuated avian paramyxovirus
type 3 (APMV3). In another nasal vaccine-based study, the SARS-CoV-2 spike protein was
introduced into the lungs through a weaker variant of a bovine/human parainfluenza virus
(B/HPIV3) [18].
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For the flu virus, FluMist Quadrivalent is the only nasal spray vaccine available in
the U.S. [19]. In an important study, an intranasal NS1-deleted influenza virus vectored
COVID-19 vaccine candidate called dNS1-RBD was administered to a hamster model
and successfully activated protective immunity [20]. Compared to the wild-type H1N1
influenza strain (A/PR8/NSfull), the NS1-truncated virus (A/PR8/NS124) induced a stronger
effector T cell response through intranasal vaccination. The resulting response provided
protection against the lethal heterologous A/Aichi/2/68 (H3N2) influenza virus through
substantially lowering inflammation and pathology without reducing viral load [21].

Investigators in Beijing used a weakened influenza virus as a vector for the SARS-CoV-
2 RBD (receptor-binding domain) and labeled it as CA4-dNS-nCoV-RBD or dNS1-RBD.
In studies using BALB/c mice, a vaccine regimen involving both a prime and a boost
demonstrated the ability to stimulate RBD-specific T cell responses localized within alveolar
tissues. Additionally, it induces ample amounts of RBD-specific IgA and IgG antibodies in
the lung bronchoalveolar lavage (BAL) fluid. Furthermore, when these mice were exposed
to SARS-CoV-2 Omicron in a controlled experiment, the dNS1-RBD vaccine provided
protection by avoiding chronic disease and lowering the lung’s pathogen load [22].

In a phase 2 clinical trial that followed a randomized, double-blind, placebo-controlled
design, approximately 40% of dNS1-RBD vaccine recipients developed systemic T cell
responses, while fewer than 22% developed RBD-specific IgG responses. However, the
vaccine’s localized MALT responses were generated in only 13% of individuals, which was
a weak sIgA response, even though the response was well-tolerated [23].

A nasal vaccine for COVID-19 was approved in 2021 by Iran (Razi Vaccine and Serum
Research Institute in Karaj). In 2022, CanSino Biologics in Tianjin, China, and Bharat
Biotech in Hyderabad, India, launched their respective nasal vaccines administered as
mist and nasal drops, respectively. Russia also approved the use of an intranasal form
of Sputnik V in 2022 [24]. The MV-014-212 vaccine is a weakened human respiratory
syncytial virus intranasal vaccine designed by Meissa Vaccines to express SARS-CoV-2
spike protein. It generated a boost in the immune response during the non-human primate
trials. Specifically, it led to approximately 8 times higher levels of nasal IgA and 2 times
higher levels of serum IgG antibodies targeting the spike protein [25]. The viral titers in
nasal swabs and BAL (bronchoalveolar lavage) samples from the vaccinated animals were
significantly decreased (1000 fold) after the virus challenge, even though a direct analysis
of the relationship between mucosal IgA and protection in vaccinated animals was not
observed. Then, in the subsequent phase I clinical trials, even a single dose of the vaccine
triggered a significant amount of nasal IgA response in comparison to individuals who
encounter actual SARS-CoV-2 infections.

2. Challenges to the Development of Mucosal Vaccines

The effectiveness of mucosal vaccines for COVID-19 faces several challenges. Firstly, a
significant portion of the global population has already been exposed to the virus through
natural infection, potentially possessing some degree of mucosal immunity. This raises
questions about the need for mucosal vaccines when much of the population may already
have some level of protection. Additionally, the durability of mucosal immune responses is
a concern, as studies have shown that airway IgA, a key component of mucosal immunity,
may decrease rapidly between 3 and 9 months after recovering from COVID-19, especially
in mild to moderate cases [26].

However, there is some optimism based on pre-clinical models and the concept of
“hybrid immunity”, where mucosal vaccination in individuals with existing immunity
from other forms of immunization can enhance mucosal protection. This approach may
extend systemic immunity to the mucosa without the risk of severe clinical outcomes, even
in cases of breakthrough infections like those seen with the Omicron variant [27]. Another
consideration is the experience with live-attenuated influenza vaccines (LAIVs), which
can induce both systemic and mucosal immunity but have not consistently outperformed
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traditional injectable vaccines in terms of effectiveness. Challenges with LAIVs include
issues related to viral production and host immunity against the viral vector [28–30].

To address these challenges, alternative mucosal vaccine platforms are being explored,
such as synthetic mRNA, recombinant proteins, and various delivery systems [31]. These
approaches aim to improve the immunogenicity of mucosal vaccines while maintaining
safety. Additionally, multi-dose regimens are being considered to enhance the immune
response, particularly through intranasal delivery, which is a practical route for mucosal
vaccination. However, these strategies are still in the experimental stage and have mostly
been tested through traditional injection methods. While there are challenges associated
with mucosal vaccines for COVID-19, there is ongoing research and development aimed at
optimizing their effectiveness and safety.

3. Conclusions

In conclusion, by taking into consideration the above studies, we can infer that in-
tranasal vaccines have a good potential to be used as booster doses to counter seasonal
reoccurrence of both SARS-CoV-2 and influenza viruses. Mucosal IgA provides a more
localized intervention to retard virus attachment and transcription in the host cells, making
them an appropriate candidate for localized restriction of pathogens. Also, intranasal
vaccines are user-friendly and can be safely applied which can lower the high cost of vacci-
nation programs globally. IgA plays a crucial role in the defense against both COVID-19
and influenza infections by providing mucosal immunity, neutralizing the viruses, and
reducing their transmission. Understanding the role of IgA in these infections is vital for
developing effective vaccines and therapeutic strategies.
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IgA, IgG, and Neutralizing Antibody Responses Following Immunization with Moderna, BioNTech, AstraZeneca, Sputnik-V,
Johnson and Johnson, and Sinopharm’s COVID-19 Vaccines. Front. Immunol. 2022, 13, 917905. [CrossRef]

9. Gupta, S.L.; Jaiswal, R.K. An Assessment of the Bivalent Vaccine as a Second Booster for COVID-19. Vaccines 2023, 11, 79. [CrossRef]
10. Krammer, F.; Smith, G.J.D.; Fouchier, R.A.M.; Peiris, M.; Kedzierska, K.; Doherty, P.C.; Palese, P.; Shaw, M.L.; Treanor, J.;

Webster, R.G.; et al. Influenza. Nat. Rev. Dis. Primers 2018, 4, 3. [CrossRef]
11. Hause, A.M.; Zhang, B.; Yue, X.; Marquez, P.; Myers, T.R.; Parker, C.; Gee, J.; Su, J.; Shimabukuro, T.T.; Shay, D.K. Reactogenicity of

Simultaneous COVID-19 mRNA Booster and Influenza Vaccination in the US. JAMA Netw. Open 2022, 5, e2222241. [CrossRef] [PubMed]
12. 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

https://doi.org/10.1007/s11033-022-07493-z
https://www.ncbi.nlm.nih.gov/pubmed/35596816
https://doi.org/10.1016/j.clinsp.2022.100105
https://www.ncbi.nlm.nih.gov/pubmed/36116267
https://doi.org/10.1126/scitranslmed.abd2223
https://www.ncbi.nlm.nih.gov/pubmed/33288662
https://doi.org/10.3389/fcimb.2021.655896
https://doi.org/10.1038/s41598-022-19095-7
https://doi.org/10.3389/fimmu.2020.00902
https://www.ncbi.nlm.nih.gov/pubmed/32508822
https://doi.org/10.3390/vaccines11020418
https://doi.org/10.3389/fimmu.2022.917905
https://doi.org/10.3390/vaccines11010079
https://doi.org/10.1038/s41572-018-0002-y
https://doi.org/10.1001/jamanetworkopen.2022.22241
https://www.ncbi.nlm.nih.gov/pubmed/35838667


Vaccines 2023, 11, 1647 5 of 5

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]

13. Taghioff, S.M.; Slavin, B.R.; Holton, T.; Singh, D. Examining the potential benefits of the influenza vaccine against SARS-CoV-2: A
retrospective cohort analysis of 74,754 patients. PLoS ONE 2021, 16, e0255541. [CrossRef] [PubMed]

14. Achdout, H.; Vitner, E.B.; Politi, B.; Melamed, S.; Yahalom-Ronen, Y.; Tamir, H.; Erez, N.; Avraham, R.; Weiss, S.; Cherry, L.; et al.
Increased lethality in influenza and SARS-CoV-2 coinfection is prevented by influenza immunity but not SARS-CoV-2 immunity.
Nat. Commun. 2021, 12, 5819. [CrossRef] [PubMed]

15. Pabst, R. Mucosal vaccination by the intranasal route. Nose-associated lymphoid tissue (NALT)—Structure, function and species
differences. Vaccine 2015, 33, 4406–4413. [CrossRef] [PubMed]

16. Wang, Q.; Yang, C.; Yin, L.; Sun, J.; Wang, W.; Li, H.; Zhang, Z.; Chen, S.; Liu, B.; Liu, Z.; et al. Intranasal booster using an
Omicron vaccine confers broad mucosal and systemic immunity against SARS-CoV-2 variants. Signal Transduct. Target.
Ther. 2023, 8, 167. [CrossRef]

17. Park, H.-S.; Matsuoka, Y.; Luongo, C.; Yang, L.; Santos, C.; Liu, X.; Ahlers, L.R.H.; Moore, I.N.; Afroz, S.; Johnson, R.F.; et al.
Intranasal immunization with avian paramyxovirus type 3 expressing SARS-CoV-2 spike protein protects hamsters against
SARS-CoV-2. NPJ Vaccines 2022, 7, 72. [CrossRef]

18. Le Nouën, C.; Nelson, C.E.; Liu, X.; Park, H.S.; Matsuoka, Y.; Luongo, C.; Santos, C.; Yang, L.; Herbert, R.; Castens, A.; et al. Intranasal
pediatric parainfluenza virus-vectored SARS-CoV-2 vaccine is protective in monkeys. Cell 2022, 185, 4811–4825.e4817. [CrossRef]

19. Influenza vaccine for 2019–2020. Med. Lett. Drugs Ther. 2019, 61, 161–166.
20. Zhang, L.; Jiang, Y.; He, J.; Chen, J.; Qi, R.; Yuan, L.; Shao, T.; Zhao, H.; Chen, C.; Chen, Y.; et al. Intranasal influenza-vectored

COVID-19 vaccine restrains the SARS-CoV-2 inflammatory response in hamsters. Nat. Commun. 2023, 14, 4117. [CrossRef]
21. Vasilyev, K.; Shurygina, A.P.; Sergeeva, M.; Stukova, M.; Egorov, A. Intranasal Immunization with the Influenza A Virus Encoding

Truncated NS1 Protein Protects Mice from Heterologous Challenge by Restraining the Inflammatory Response in the Lungs.
Microorganisms 2021, 9, 690. [CrossRef] [PubMed]

22. Chen, J.; Wang, P.; Yuan, L.; Zhang, L.; Zhang, L.; Zhao, H.; Chen, C.; Wang, X.; Han, J.; Chen, Y.; et al. A live attenuated
virus-based intranasal COVID-19 vaccine provides rapid, prolonged, and broad protection against SARS-CoV-2. Sci. Bull. 2022,
67, 1372–1387. [CrossRef] [PubMed]

23. 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] [PubMed]

24. Waltz, E. China and India approve nasal COVID vaccines—Are they a game changer? Nature 2022, 609, 450. [CrossRef]
25. Tioni, M.F.; Jordan, R.; Pena, A.S.; Garg, A.; Wu, D.; Phan, S.I.; Weiss, C.M.; Cheng, X.; Greenhouse, J.; Orekov, T.; et al. Mucosal

administration of a live attenuated recombinant COVID-19 vaccine protects nonhuman primates from SARS-CoV-2. NPJ Vaccines
2022, 7, 85. [CrossRef]

26. Liew, F.; Talwar, S.; Cross, A.; Willett, B.J.; Scott, S.; Logan, N.; Siggins, M.K.; Swieboda, D.; Sidhu, J.K.; Efstathiou, C.; et al. SARS-
CoV-2-specific nasal IgA wanes 9 months after hospitalisation with COVID-19 and is not induced by subsequent vaccination.
EBioMedicine 2023, 87, 104402. [CrossRef]

27. Stamatatos, L.; Czartoski, J.; Wan, Y.H.; Homad, L.J.; Rubin, V.; Glantz, H.; Neradilek, M.; Seydoux, E.; Jennewein, M.F.;
MacCamy, A.J.; et al. mRNA vaccination boosts cross-variant neutralizing antibodies elicited by SARS-CoV-2 infection. Science
2021, 372, 1413–1418. [CrossRef]

28. Zimmerman, R.K.; Nowalk, M.P.; Chung, J.; Jackson, M.L.; Jackson, L.A.; Petrie, J.G.; Monto, A.S.; McLean, H.Q.; Belongia, E.A.;
Gaglani, M.; et al. 2014-2015 Influenza Vaccine Effectiveness in the United States by Vaccine Type. Clin. Infect. Dis. 2016, 63,
1564–1573. [CrossRef]

29. King, J.P.; McLean, H.Q.; Meece, J.K.; Levine, M.Z.; Spencer, S.M.; Flannery, B.; Belongia, E.A. Vaccine failure and serologic response
to live attenuated and inactivated influenza vaccines in children during the 2013–2014 season. Vaccine 2018, 36, 1214–1219. [CrossRef]

30. Huang, J.; Ding, Y.; Yao, J.; Zhang, M.; Zhang, Y.; Xie, Z.; Zuo, J. Nasal Nanovaccines for SARS-CoV-2 to Address COVID-19.
Vaccines 2022, 10, 405. [CrossRef]

31. Dhar, A.; Gupta, S.L.; Saini, P.; Sinha, K.; Khandelwal, A.; Tyagi, R.; Singh, A.; Sharma, P.; Jaiswal, R.K. Nanotechnology-based
theranostic and prophylactic approaches against SARS-CoV-2. Immunol. Res. 2023. [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.

https://doi.org/10.1016/S2213-2600(21)00557-9
https://www.ncbi.nlm.nih.gov/pubmed/35114141
https://doi.org/10.1371/journal.pone.0255541
https://www.ncbi.nlm.nih.gov/pubmed/34343191
https://doi.org/10.1038/s41467-021-26113-1
https://www.ncbi.nlm.nih.gov/pubmed/34611155
https://doi.org/10.1016/j.vaccine.2015.07.022
https://www.ncbi.nlm.nih.gov/pubmed/26196324
https://doi.org/10.1038/s41392-023-01423-6
https://doi.org/10.1038/s41541-022-00493-x
https://doi.org/10.1016/j.cell.2022.11.006
https://doi.org/10.1038/s41467-023-39560-9
https://doi.org/10.3390/microorganisms9040690
https://www.ncbi.nlm.nih.gov/pubmed/33810549
https://doi.org/10.1016/j.scib.2022.05.018
https://www.ncbi.nlm.nih.gov/pubmed/35637645
https://doi.org/10.1016/S2213-2600(22)00131-X
https://www.ncbi.nlm.nih.gov/pubmed/35644168
https://doi.org/10.1038/d41586-022-02851-0
https://doi.org/10.1038/s41541-022-00509-6
https://doi.org/10.1016/j.ebiom.2022.104402
https://doi.org/10.1126/science.abg9175
https://doi.org/10.1093/cid/ciw635
https://doi.org/10.1016/j.vaccine.2018.01.016
https://doi.org/10.3390/vaccines10030405
https://doi.org/10.1007/s12026-023-09416-x
https://www.ncbi.nlm.nih.gov/pubmed/37682455

	Introduction 
	Challenges to the Development of Mucosal Vaccines 
	Conclusions 
	References

