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Abstract  

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and influenza virus are dangerous 
respiratory pathogens with high pandemic potential. Since 2021, these two viruses have been co-
circulating, which implies additional risks of co-infection with both pathogens. According to clinical 
data, influenza and SARS-CoV-2 cause similar symptoms, and co-infection can increase disease 
severity and significantly enhance the risks of pneumonia and acute respiratory distress syndrome 
progressing with a poor outcome. Therefore, management of such patients requires special 
consideration. Prophylactic vaccination is widely recognized as the most effective way to prevent 
COVID-19 and influenza and to reduce the severity of these diseases. A range of influenza and 
COVID-19 vaccines built on different technological platforms is currently available on the market, 
with proven effectiveness, immunogenicity, and safety. Importantly, multiple countries have 
approved recommendations for simultaneous vaccination against both viral pathogens. This 
approach is more convenient for patients and is associated with better response to treatment, while 
also improving vaccine coverage and compliance and offering significant resource savings for 
healthcare systems. This review analyzes recent data on the simultaneous circulation of influenza 
and SARS-CoV-2 viruses worldwide. We review epidemiological data and the pathogenetic 
mechanisms of co-infection with these two viruses. Next, we focus on current approaches to 
simultaneous and combined vaccination against influenza and COVID-19. We outline the types of 
vaccines and summarize the available findings on the effectiveness and safety of co-vaccination. 

Keywords: SARS-CoV-2; influenza virus; co-circulation; co-infection; simultaneous vaccination;  
next-generation vaccines 
 

1. Introduction 

Influenza A virus (IAV) is a widespread and dangerous pathogen that causes seasonal epidemics 
and periodic global pandemics with serious medical and socio-economic consequences [1]. Seasonal 
epidemics are associated with the circulation of IAV subtypes H1N1 and H3N2. Each year, influenza 
causes between 3 to 5 million cases of severe illness and 290,000 to 650,000 deaths from respiratory 
causes [2]. Of especial WHO concern is the risk of zoonotic transmission to humans of other IAV 
subtypes, primarily the highly pathogenic H5N1 avian influenza, clade 2.3.4.4 b, due to the high 
mortality rate during human infection and the significant pandemic potential of this pathogen [3]. 

In addition to the flu, in recent years the world has faced the emergence of the SARS-CoV-2 virus 
and the unprecedented COVID-19 pandemic. According to WHO data, from 31.12.2019 to 07.12.2025, 
778,994,897 cases of COVID-19 in humans were officially confirmed worldwide, including 7,106,996 
COVID-19 deaths (0.9% of the number of cases) [4]. The European region ranks first among the 
regions of the world in terms of the total number of detected cases. In Russia, from 03.02.2020 to 
05.05.2024, 24,184,485 cases of COVID-19 were registered in 85 regions of the country [5]. The COVID-
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19 pandemic has had a dramatic negative impact on the global economy and health systems around 
the world. 

Though the COVID-19 pandemic officially ended in 2023 [6], people continue to encounter this 
virus. SARS-CoV-2 is evolving, and new contagious strains are emerging, so the healthcare system 
must be prepared for different scenarios. Apparently, COVID-19 has become a seasonal epidemic, 
and both influenza and SARS-CoV-2 viruses will continue to represent a significant threat to public 
health for the foreseeable future. In terms of epidemiology, COVID-19 seems to exhibit seasonal 
trends similar to influenza. SARS-CoV-2 and influenza viruses can co-circulate in autumn and winter, 
leading to overlapping outbreaks [7]. The dynamic circulation of influenza viruses in conjunction 
with SARS-CoV-2 is registered all over the world, including in Russia. This raises concerns about the 
potential risk of infection by each of these two pathogens or co-infection by both of them, which 
significantly increases the risk to public health. 

Despite the differences in the entry mechanisms into target cells, similar modes of transmission 
and infection sites in the respiratory tract are characteristic of both viral pathogens [8,9]. Influenza 
and COVID-19 exhibit a generally similar array of symptoms, such as fever, sore throats, chills, chest 
and abdominal pain, vomiting, diarrhea, nasal symptoms, and loss of taste [10–12]. The simultaneous 
or sequential presence of these two pathogens in lung tissue enhanced the risk of serious 
complications and aggravation of the clinical picture of the disease. Studies conducted in several 
countries around the world have documented cases of co-infection with SARS-CoV-2 and influenza 
viruses of types A or B [13]. Co-infections cause reasonable concern among specialists, as they can 
worsen the course of the disease and introduce additional difficulties into the treatment process.  Co-
infection with SARS-CoV-2 and influenza A virus leads to a worsening of respiratory ailments such 
as pneumonia, sinus infections, and bronchitis and increases the danger of acute respiratory failure 
and cardiovascular complications [14,15]. The mechanisms that cause a more severe course of the 
disease in co-infection can be multifactorial, including an imbalance in immune regulation, which, in 
turn, can lead to more significant damage to lung tissue and increased vulnerability to the 
development of acute respiratory distress syndrome [16,17]. Thus, in the case of co-infection, one of 
the viruses can enhance the pathogenic effects of the other, which makes it difficult to accurately 
interpret the clinical manifestations of the disease. 

Vaccination remains the most effective strategy to mitigate the burden of both influenza and 
COVID-19. Simultaneous administration of influenza and COVID-19 vaccines is being actively 
explored as a way to improve immunization coverage and streamline public health efforts. In October 
2021, WHO approved the combined use of vaccines against COVID-19 and seasonal influenza [18]. 
The Russian Ministry of Health has also authorized simultaneous vaccination and updated the 
instructions for use of the vaccine ʺSputnik Vʺ [19]. Simultaneous vaccination is the administration of 
several vaccines on the same clinical day in different anatomical areas, while it is possible to use 
vaccines with different routes of administration (for example, intramuscularly and intranasally). The 
simultaneous use of influenza and SARS-CoV-2 vaccines provides more benefits than either of them 
alone. Clinical trials have further confirmed the feasibility of simultaneous vaccination against 
influenza and SARS-CoV-2 as an effective approach to immunization [20]. However, it is important 
to consider such factors as vaccine compatibility, as well as differences in storage requirements and 
administration schedules. 

Another approach is to use combination vaccines, which consist of two or more components that 
are physically combined and injected simultaneously into the same anatomical site. Combined 
vaccines targeting both SARS-CoV-2 and influenza are an important area in the new vaccines’ 
development. With that, it should be considered that the combination of several vaccines can affect 
the immunogenic properties of individual antigens. Simultaneous vaccination or the use of combined 
vaccines is more economical, as well as more convenient for patients. A number of vaccines under 
development have confirmed their immunogenicity in preclinical trials, and several are undergoing 
clinical trials.   
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Our review analyzes recent data on the co-circulation of influenza and SARS-CoV-2 viruses 
worldwide. We highlight the pathogenetic mechanisms of co-infection with these two viruses. Next, 
we explore the rationale, current evidence, and future potential of simultaneous and combination 
vaccination strategies targeting influenza and SARS-CoV-2 as an effective approach to immunization. 
We outline the types of vaccines on various platforms and summarize the available findings on the 
effectiveness and safety of co-vaccination. 

2. SARS-CoV-2 and Influenza Virus Co-Circulation and Co-Infection 

The emergence of SARS-CoV-2 in 2019 had a significant impact on the global epidemiology of 
respiratory viruses, including influenza (Figure 1). After a period of practical disappearance from 
circulation in 2020 and the first half of 2021, influenza viruses resumed circulation at the end of 2021 
and, according to epidemiological data, continue to show pronounced genetic variability. As per 
surveillance data, during the COVID-19 pandemic, the circulation of influenza viruses is reported 
worldwide (Figure 1.A) [21], including in Russia (Figure 1.B) [22]. To investigate the impact of SARS-
CoV-2 on influenza activity worldwide, WHO global surveillance data [23,24] were analyzed to 
compare the number of cases of COVID-19 and influenza in 22 different countries. In that work, 
Takashita et al. claimed that though both viruses co-circulate, there is rather an alternating pattern in 
the prevalence of SARS-CoV-2 and influenza virus during the reported period [25]. 

 
Figure 1. Epidemiological situation of COVID-19 and influenza from 2020. (A) Epidemiological situation of 
COVID-19 and influenza in the world, adapted from World Health Organization (WHO) 2025, Influenza and 
SARS-CoV-2 virus detections reported to FluNet [21]; (B) Circulation of influenza and SARS-CoV-2 viruses in 
Russia based on data from the A.A. Smorodintsev Influenza Research Institute. Modified from [22]. 

The dynamic circulation raises concerns about the risk of infection with either of these two 
pathogens as well as the risk of co-infection with two viruses. In the context of co-circulation, it is 
important to understand the mechanisms of interaction between SARS-CoV-2 and influenza viruses 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2026 doi:10.20944/preprints202601.1059.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1059.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 25 

 

as well as the consequences of such concomitant infections. In general, competitive interference has 
been described in the case of co-circulation between respiratory viruses, notably influenza [26]. 
Possible mechanisms underlying these processes can be associated with competition of viruses for 
host cell resources and the activation of the immune response [27–29]. Studies have indicated a 
significant contribution of the innate immune response to inter-viral interactions, especially when co-
infections occur simultaneously or consistently close in time [29,30]. 

An in vitro approach using the human epithelial airway cells has shown that in the case of 
sequential infection with SARS-CoV-2 and influenza, respiratory syncytial virus (RSV), or rhinovirus, 
the type of virus and the order of infections are crucial factors in virus-virus interactions. In this 
regard, primary infection plays a significant role in shaping the immune response and influencing 
the outcome of subsequent infections [30]. Pinky et al. created a mathematical model of co-infection 
with two viruses and showed that SARS-CoV-2 has a lower rate of spread than influenza and can be 
suppressed if infections start simultaneously. However, if influenza infection occurs later than SARS-
CoV-2 infection starts, co-infection may appear [31]. 

The results of a recent study have shown that the influenza A virus can promote SARS-CoV-2 
virus infectivity due to an increase in the expression of angiotensin-converting enzyme 2 (ACE2), 
allowing the SARS-CoV-2 virus to enter the cells [32]. In addition to the similarities in symptoms 
between the two infections, SARS-CoV-2 specifically infects type II alveolar cells (AT2 pneumocytes), 
which are also the site of IAV replication [33,34]. The study by Ziegler et al. analyzed single-cell RNA 
sequencing data from human lung explants infected with the influenza A virus ex vivo for 24 hours. 
The data obtained established that ACE2 is expressed within type II pneumocytes. Furthermore, after 
IAV infection, ACE2 expression was elevated [35]. Such elevation of ACE2 expression and of SARS-
CoV-2 infectivity is characteristic only of IAV, but not of other respiratory viruses [32]. 

In animal models, co-infection with influenza A/H1N1 and SARS-CoV-2 viruses clearly prolongs 
COVID-19 symptoms, causes more severe and prolonged pneumonia, and increases lung damage 
and weight loss, leading to high mortality [36–38]. 

Clinically, co-infection of the SARS-CoV-2 and influenza A viruses was first reported in a 
Chinese patient suffering from pneumonia in 2020 [39]. Later, numerous case reports on the co-
infection from medical centers around the world were published. These results were summarized in 
several informative meta-analytical reviews [13,40,41]. According to the results of a recent 
comprehensive meta-analysis by Golpour et al. [13], the average prevalence of influenza A/B co-
infection in COVID-19-positive patients was 14 percent, which is certainly a significant value that 
requires the careful attention of medical personnel. 

Numerous clinical observations clearly indicate that SARS-CoV-2 and influenza co-infection has 
been associated with significantly worse outcomes, posing a serious public health challenge [24,42]. 
Given the concurrent circulation, in terms of diagnostics, it is important to consider the COVID-19 
co-infection possibility, even if other respiratory viral pathogens have been identified. Particularly, 
Ma et al. found that a significant number of critically ill COVID-19 patients were co-infected with 
influenza, potentially leading to earlier cytokine storms and organ damage [43]. Studies have shown 
that influenza and SARS-CoV-2 co-infection distinctly contribute to the severe form of the disease 
and, as a result, increase mortality rates [44,45]. 

Thus, clinical investigations indicate that co-circulation of influenza and SARS-CoV-2 
significantly increases public health risk, whether infections occur individually or concurrently. 
Simultaneous or combined vaccinations are important strategies for preventing influenza and 
COVID-19, reducing the risk of infection and co-infection, and minimizing the burden on medical 
care. 

3. Concepts of Simultaneous and Combined Vaccination Against COVID-19 and 
Influenza 

Simultaneous vaccination is the administration of multiple vaccines on the same clinic day at 
different anatomic sites, aiming to induce immune responses to each vaccine while reducing the 
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burden of multiple visits [46,47]. Simultaneous vaccination offers several benefits, including 
convenience, improved coverage, enhanced compliance, and cost-effectiveness. It reduces a number 
of required visits, diminishes missed doses, and improves adherence to recommended immunization 
schedules [48,49]. Additionally, simultaneous vaccination may increase vaccine uptake without 
compromising the effectiveness of either vaccine [50].  

However, when considering simultaneous vaccination, healthcare professionals should account 
for various factors, such as vaccine compatibility, the individual’s health status, and differences in 
storage requirements and administration schedules. 

Another strategy is to use combination vaccines, which consist of two or more vaccines 
physically combined and administered simultaneously at the same anatomic site. Combination 
vaccines offer additional advantages such as reduced storage and handling requirements, increased 
vaccine efficacy, and convenience for patients [51,52]. Administration of combination vaccines may 
be more effective in reducing the overall number of injections required, which can be particularly 
important for patients with needle phobia or anxiety [48,53,54]. 

To prevent both COVID-19 and seasonal influenza with a single vaccine, the development of 
combination vaccines targeting these two respiratory diseases has become increasingly relevant. In 
summary, combination vaccines against COVID-19 and seasonal influenza employ various 
biotechnological platforms (Figure 2). Inactivated vaccines use killed viruses to stimulate immunity; 
vectored vaccines deliver genetic material via harmless viruses; virus-like particle vaccines mimic 
viral structures to provoke an immune response; recombinant nanoparticle vaccines present antigens 
using engineered nanoparticles; recombinant protein vaccines introduce recombinant viral proteins; 
and mRNA vaccines instruct cells to produce viral antigens. Each platform offers distinct approaches 
to generating protective immunity against both diseases. 
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Figure 2. Main biotechnological platforms used in combination vaccines against COVID-19 and seasonal 
influenza. 

However, combining multiple vaccines may interfere with the immunogenic properties of 
individual antigens and complicate vaccination schedules [55–58]. 

Therefore, extensive research is needed on the safety and efficacy of simultaneous and 
combination vaccination, as well as on the characteristics of the post-vaccination immune response 
in experimental and clinical studies. 

4. Animal Studies of Co-Vaccination Against COVID-19 and Influenza 

Co-vaccination against influenza and COVID-19 with vaccines developed on different 
technological platforms has been repeatedly researched in relevant animal models, such as K18-
hACE2 mice and hamsters. 

The effectiveness of the co-vaccination against influenza A (H1N1) and SARS-CoV-2 was 
investigated using the transgenic K18-hACE2 mouse model. This study assessed the efficacy of the 
PiCoVacc SARS-CoV-2 vaccine, the flu vaccine, and a co-vaccination in K18-hACE2 mice, using 
various infection and vaccination groups. The results indicated that mice infected with H1N1 
experienced significant weight loss and viral loads, while those infected with SARS-CoV-2 did not 
survive the observation period. Mice with sequential infection with H1N1 followed by SARS-CoV-2 
also showed accelerated mortality due to compromised immune responses. In terms of vaccination, 
mice that received only the PiCoVacc SARS-CoV-2 vaccine exhibited a strong neutralizing antibody 
response to SARS-CoV-2, while mice immunized with the H1N1 flu vaccine alone showed a positive 
response to the flu vaccine. The combined vaccination group demonstrated neutralizing antibodies 
for both viruses, with levels comparable to single vaccines. It can be concluded that simultaneous 
vaccination against H1N1 and SARS-CoV-2 provides effective protection against both infections [38]. 

An inactivated virus - based vaccine targeting both COVID-19 and influenza was studied by 
Singh et al. [59]. This combination vaccine encapsulated inactivated whole viruses of SARS-CoV-2 
(Delta and Omicron variants) and Influenza A (H1N1 and H3N2 strains) within biodegradable PLGA 
polymer microparticles, formulated with the AddaVax™ adjuvant. Administered to mice via the 
intranasal route, this microparticulate system aims to provide sustained antigen release and target 
the mucosal immune system at the primary site of infection. The vaccine successfully induced a 
robust dual immune response, generating significant levels of virus-specific IgG and mucosal IgA 
antibodies, alongside strong activation of CD4+ and CD8+ T-cells. The immune response elicited was 
comparable to that achieved by traditional intramuscular vaccination, supporting the potential of this 
intranasal combination vaccine as a convenient and effective strategy for simultaneous protection 
against both respiratory pathogens [59]. 

Chaparian et al. developed a chimeric influenza virus which simultaneously displays influenza 
HA and the SARS-CoV-2 RBD domain. In prime-boost mode, this vaccine was successfully used in 
mice in live attenuated (prime vaccination) and inactivated (boost vaccination) form. Vaccination 
with this combination vaccine elicited neutralizing antibodies and provided protection from lethal 
challenge with both influenza and SARS-CoV-2 [60]. 

Wang et al. developed a virus-like particle (VLP) vaccine by conjugating the recombinant RBD 
of the SARS-CoV-2 spike protein onto an inactivated influenza A virus. The resulting vaccine, Flu-
RBD, induced protective immunity against SARS-CoV-2 while retaining functionality as an influenza 
vaccine. In a hamster model, the vaccine conferred protection against live SARS-CoV-2 infection. It 
exhibited strong neutralization activity against both the SARS-CoV-2 Delta pseudovirus and the 
wild-type influenza A (H1N1) inactivated virus in mice [61]. 

Recently, another VLP-based combination vaccine candidate was created by Sanchez-Martinez 
et al. [62] VLPs produced in CHO cells contained full-length SARS-CoV-2 S-protein, influenza H1N1 
hemagglutinin, and neuraminidase (S+H1+N1) incorporated into the VLPs’ envelope. The authors 
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demonstrated that two doses of trivalent VLPs elicit specific antibodies and cellular immunity in a 
mouse model.  

Shi et al. developed a combination liposome-enclosed vaccine candidate by mixing recombinant 
RBD-trimer and HA1-trimer, which conferred protection against SARS-CoV-2 and a lethal 
homologous H1N1 influenza challenge. Indeed, the RBD-trimer elicited significantly higher 
neutralizing antibody titers compared to the RBD-monomer, RBD-dimer, and spike ectodomain 
trimer. Additionally, the vaccine induced a balanced T helper cells (Th1/Th2) cellular immune 
response in mice [63].  

Huang et al. designed a Flu-COVID combo vaccination using the AddaVax adjuvant, including 
the influenza virus hemagglutinin and SARS-CoV-2 spike proteins. This vaccine effectively protected 
mice from both influenza and SARS-CoV-2 challenges by preventing weight loss and disease 
progression, eliciting protective immune responses comparable to monovalent influenza or COVID-
19 recombinant protein vaccines [64].  

Flu-COVID pentavalent recombinant protein-based vaccine was developed by Krasilnikov and 
co-authors [65]. This vaccine contained SARS-CoV-2 RBD fused with the Fc fragment of the human 
IgG and HAs of four influenza viruses: A/H1N1- pdm09, A/H3H2, B/Yamagata, and B/Victoria. 
Betulin was used as an adjuvant to enhance the vaccine’s immunogenicity. In a mouse model, 
vaccination provided high titers of specific antibodies to all antigens administered in the vaccine, as 
well as SARS-CoV-2 and influenza virus neutralization. 

Several combined mRNA-based candidate vaccines for COVID-19 and influenza were 
developed. A combined mRNA vaccine (AR-CoV/IAV) for COVID-19 and influenza was developed 
using a lipid nanoparticle-encapsulated mRNA platform (LNP-mRNA) [66]. This vaccine encodes 
IAV-HA and SARS-CoV-2-RBD and elicits robust hemagglutination inhibition (HAI) antibodies 
against IAV, as well as neutralizing antibodies against SARS-CoV-2. It also protects mice from co-
infection with IAV and the SARS-CoV-2 Alpha and Delta variants. Moreover, this vaccine t induced 
Th1 cytokine-secreting CD4+ T cells and interferon gamma (IFN-γ+) or tumor necrosis factor-alpha 
(TNF-α+) CD8+ T cells, demonstrating enhanced antiviral activity without causing severe disease 
[66]. 

FLUCOV-10 is a LNP-mRNA vaccine that encodes full-length hemagglutinin proteins from four 
seasonal influenza viruses (A/Wisconsin/588/2019 (H1N1) pdm09, A/Darwin/6/2021 (H3N2), 
B/Austria/1359417/2021, and B/Phuket/3073/2013), two avian influenza viruses posing potential 
pandemic risks (A/Thailand/NBL1/2006 (H5N1) and A/Anhui/DEWH72-03/2013 (H7N9)), and spike 
proteins from four SARS-CoV-2 variants (ancestral SARS-CoV-2, BQ.1.1, BA.2.75.2, and XBB.1.5 
omicron variants). It has been shown to elicit robust immune responses in mice, including the 
production of immunoglobulin G (IgG), neutralizing antibodies, and antigen-specific cellular 
responses against all vaccine-matched influenza and SARS-CoV-2 viruses, as well as complete 
protection in mouse models against both homologous and heterologous strains of influenza and 
SARS-CoV-2 [67].  

Recently, a study in mice evaluated the co-administration of the seasonal quadrivalent influenza 
vaccine (QIV) and the Pfizer-BioNTech COVID-19 mRNA vaccine (BNT162b2). The research 
specifically tested three methods of simultaneous administration: injection into opposite limbs, the 
same limb, or mixing both vaccines in one syringe. The key finding was that co-administration, 
particularly when vaccines were given in the same limb or mixed, led to a significantly enhanced 
antibody response against influenza viruses. Co-administration resulted in a slight reduction in 
antibody levels against SARS-CoV-2 compared to giving the COVID-19 vaccine alone. Despite this 
modest reduction, all co-administered regimens provided complete protection, with vaccinated mice 
showing 100% survival, minimal weight loss, and low viral loads in the lungs after lethal challenge 
with either virus. This suggests that simultaneous vaccination induces robust protective immunity, 
though it may differentially modulate the strength of the immune response to each pathogen [68]. 

A 2025 study developed a novel mRNA-LNP combination vaccine for both influenza and 
COVID-19. To address the known challenge of low immunogenicity for influenza B strains in mRNA 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2026 doi:10.20944/preprints202601.1059.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1059.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 25 

 

platforms, the researchers used an innovative antigen design. They engineered fusion proteins where 
hemagglutinin (HA) antigens are linked by a stabilizing bacteriophage T4 foldon domain, creating 
ʺdumbbellʺ or trimeric structures expressed from a single mRNA species. In mice, this combination 
vaccine elicited hemagglutination inhibition (HAI) antibody titers against seasonal influenza strains 
that were significantly higher than those induced by a commercial high-dose inactivated vaccine 
(Fluzone HD). Simultaneously, it generated superior neutralizing antibody responses against the 
SARS-CoV-2 XBB.1.5 variant compared to a commercial COVID-19 mRNA vaccine (Spikevax). The 
study demonstrates a promising antigen design strategy to enhance immunogenicity in multivalent 
mRNA vaccines [69]. 

Viral vectors to deliver genetic material encoding target antigens demonstrated good potential 
for creating new vaccines for respiratory infection prevention [70]. Immunization with vector 
vaccines elicits strong immune responses against both the vector and the embedded vaccine antigen. 
Moreover, viral vector vaccines can be easily administered non-invasively, via nasal sprays or 
nebulization, and are associated with fewer adverse reactions and improved acceptance of vaccines. 
The administration of intranasal vaccines augments protection against respiratory viruses through 
the stimulation of the immune system at the primary site of viral infections, thereby fostering a 
balanced and efficacious immune response. Importantly, immunization with vector vaccines also 
promotes the production of cytokines and chemokines as part of a defensive inflammatory reaction 
[71]. 

Implementation of adenoviral vector vaccines during the COVID-19 pandemic underscored 
their evident efficacy, favorable safety characteristics, and immunogenicity. Cao et al. described a 
strategy for developing a chimpanzee adenovirus 68 (AdC68)-based vaccine targeting both SARS-
CoV-2 and IAV using a fusion immunogen [72]. It focused on an immunogen created by combining 
the SARS-CoV-2 receptor-binding domain (RBD) with the conserved stalk of H7N9 hemagglutinin 
(HA). Ferritin was used as a platform to improve the vaccine’s immunogenicity. The AdC68-CoV/Flu 
vaccine elicited antibody response against both viruses. The spike protein elicited strong neutralizing 
antibody responses against wild-type SARS-CoV-2 strains but lower responses against variants such 
as Beta (B.1.351, B.1.627) and Gamma (P.1). Extensive RBD-specific T cell responses of splenocytes 
were revealed. In addition, AdC68-CoV/Flu vaccine provided effective protection against lethal 
SARS-CoV-2 challenge in hACE2-C57BL/6 mice [72].  

More recently, another new AdC68-HATRBD vaccine was developed using the same AdC68 
vector [73]. This vaccine encoded two RBD dimers from various SARS-CoV-2 variants, namely Beta-
Alpha chimeric dimer and Omicron-Delta chimeric dimer, as well as numerous T cell epitopes of 
SARS-CoV-2 and full-length HA of A/California/07/2009 (pH1N1). When administered intranasally, 
the AdC68-HATRBD vaccine provided comprehensive immune responses, including IgG, mucosal 
IgA, and memory T cell responses, which protected the mice from BA.5.2 and pandemic H1N1 
infections. 

The influenza vector platform is based on integrating foreign proteins into attenuated or 
replication-deficient influenza viruses for developing vaccines targeting various human respiratory 
pathogens [74–76].  

Delta-19 is a nasal spray vaccine designed to protect against both COVID-19 and influenza. It is 
built on Delta NS1 vaccine vector technology, which expresses key immunogenic proteins of both 
viruses. According to the developerʹs (Vivaldi Biosciences) information, the vaccine is currently 
undergoing challenge-protection studies in animal models and is being prepared for an 
Investigational New Drug (IND) application and clinical trials [77]. 

A study by Sergeeva et al. investigated the effectiveness of an intranasal vaccine using a 
modified influenza vector that encodes the nucleoprotein (N protein) of SARS-CoV-2 and has a 
truncated NS1 gene, designed to stimulate a robust local immune response, particularly targeting 
essential CD8+ T-cells. The study revealed that intranasal immunization with the influenza vector 
significantly reduced weight loss and viral load in the lungs of naïve mice after exposure to the SARS-
CoV-2 beta variant, indicating the vaccineʹs effectiveness in providing protection in previously 
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unexposed individuals. Additionally, in seropositive Th2-prone mice that had been primed with 
alum-adjuvanted inactivated SARS-CoV-2, a single intranasal boost with the vaccine was able to 
prevent disease enhancement, such as early weight loss and eosinophilia in the lungs during 
infection. The vaccine successfully modulated the immune response to mitigate these symptoms. 
Overall, the findings highlight that intranasal immunization with influenza vector-based SARS-CoV-
2 vaccine holds significant potential for preventing COVID-19 and associated immunopathology, 
though the direct anti-influenza protective effect of the vaccine has not been assessed in this work 
[78].  

During development of the Pneucolin dNS1-RBD vector vaccine, the nonstructural-1 (NS1) gene 
of influenza was replaced with the SARS-CoV-2 RBD region. Studies in hamsters have shown that 
this nasal vaccine stimulated both systemic and local immune responses and preserved body weight 
after challenge. Moreover, the vaccine provided cross-protection against H1N1 and H5N1 influenza, 
as well as protection against various variants of SARS-CoV-2. Attenuating pro-inflammatory 
cytokine levels post SARS-CoV-2 challenge was registered, thereby reducing excess immune-induced 
lung tissue injury [79,80]. 

Loes and co-authors developed an influenza virus vector where the SARS-CoV-2 RBD region 
was inserted in place of the neuraminidase coding sequence. The authors demonstrated that this 
candidate vector vaccine elicits high titers of serum neutralizing antibodies against both SARS-CoV-
2 and influenza viruses [81]. 

Licensed seasonal trivalent live attenuated influenza vaccine was used as the basis for the 
development of a modified 3×LAIV/CoV-2 vaccine, where H1N1 and H3N2 LAIV strains encoded an 
immunogenic cassette enriched with conserved T-cell epitopes of SARS-CoV-2, whereas a B/Victoria 
lineage LAIV strain was unmodified. This modified trivalent live attenuated influenza vaccine 
encoding the T-cell epitopes of SARS-CoV-2 revealed effective protection against challenges from 
either influenza strain as well as against SARS-CoV-2. It can be considered a promising tool for 
combined protection against seasonal influenza and COVID-19 [82].  

Thus, the results of animal studies demonstrate that simultaneous vaccination and combination 
vaccines developed using different platforms are effective and immunogenic against SARS-CoV-2 
and influenza. These vaccination strategies provide effective protection against both infections. 

Animal studies of co-vaccination against SARS-CoV-2 and influenza virus are summarized in 
Table 1.  

Table 1. Animal studies of co-vaccination against SARS-CoV-2 and influenza virus. 

Vaccine Platform Composition 
Administ

ration 
route 

Key results Ref. 

PiCoVacc/Flu 
vaccine 

Inactivated 
SARS-CoV-2 
Split-virion 
influenza 
Vaccine 

Inactivated SARS-CoV-
2 virus 

Split-virion influenza 
virus 

IP 

Neutralizing antibodies  
Protection  

against SARS-CoV-2 and 
H1N1 infection 

[38] 

Quadruple 
microparticula

te vaccine 

Inactivated 
viruses 

encapsulated 
into PLGA 
polymer 

microparticles 

Inactivated SARS-CoV-
2 Delta & Omicron 

variants. 
Inactivated Influenza 

A H1N1 & H3N2 
variants. 

AddaVax adjuvant 

IN 

Antigen-specific IgG 
(serum) and mucosal IgA 

(lung). 
Activation of cytotoxic 

(CD8+) and helper (CD4+) 
T-cells in lymph nodes and 

spleen. 

[59] 

Chimeric 
Influenza 

virus 

Live 
attenuated or 

Chimeric virus in live 
attenuated or 

inactivated form 
IN, IM Neutralizing antibodies  [60] 
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inactivated 
virus 

displaying influenza 
HA and SARS-CoV-2 
RBD on its envelope  

Protection from lethal 
challenge with both 
pathogens in mice. 

Double-hit 
Flu-RBD 
vaccine 

 

VLP Vaccine 

SARS-CoV-2 RBD 
conjugated onto 

inactivated influenza A 
virus  

IM 

RBD-specific IgG2a and 
IgG1 

Th1/Th2 balanced cellular 
immune response 

High protection efficacy 
against SARS-CoV-2 

challenge in hamsters 
Strong neutralization 

activity against wild-type 
influenza A H1N1 

inactivated virus in mice 

[61] 

Trivalent 
S/H1/N1 

enveloped 
VLP 

VLP vaccine  

Full length SARS-CoV-
2 S-protein, H1N1 

hemagglutinin (H1) 
and neur aminidase 
(N1) co-incorporated 
into enveloped VLP 
SLA Archaeosome 

adjuvant 

IM 
Specific IgG to S, H1, N1, 

and cellular immune 
responses stimulation 

[62] 

Self-
assembling 

SARS-CoV-2 
RBD-trimer 

and Influenza 
H1N1 HA1-

trimer  

Recombinant 
protein 
vaccine   

SARS-CoV-2-RBD-
trimer and HA1-trimer 

Liposomal saponin-
based MA103 adjuvant 

IM 

HAI for Influenza 
RBD-specific IgG 

Neutralizing antibody for 
SARS-CoV-2 

Th1/Th2 balanced cellular 
immune response 

High protection efficacy 
against lethal SARS-CoV-2 

and homogenous H1N1 
influenza co-infection 

[63] 

Flu-COVID 
combo vaccine 

Recombinant 
protein 
vaccine   

Truncated H1 and H3 
hemagglutinin (aa 1–
528) and SARS-CoV-2 
S protein (aa 1–1213) 
AddaVax adjuvant 

IM 

Neutralizing antibodies 
against both influenza and 

SARS-CoV-2 
Specific IgGs 

against HA and S protein 
Protection from lethal 
challenge with both 

viruses in mice. 

[64] 

Flu-COVID 
pentavalent 

vaccine 

Recombinant 
protein 
vaccine   

SARS-CoV-2 
RBD fused with the Fc 
fragment of the human 

IgG 
hemagglutinin surface 
antigens of the viruses 

A/H1N1- pdm09, 
A/H3H2, B/Yamagata, 

B/Victoria 
Betulin-based adjuvant 

IM 

RBD-specific and HA- 
specific IgG 

HAI for A/H1N1- pdm09, 
A/H3H2, B/Yamagata, 

B/Victoria viruses 
SARS-CoV-2 

neutralization  

[65] 

AR-CoV/IAV mRNA-LNP  
 LNP-encapsulated 

mRNA encoding HA 
fromH1N1 and RBD 

IM 
Robust protective 

antibodies [66] 
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from SARS-CoV-2 S 
protein 

Antigen-specific cellular 
immune responses against 

SARS-CoV-2 and IAV 
Mice protection from 

coinfection with IAV and 
the SARS-CoV-2 Alpha 

and Delta variants 

FLUCOV-10 mRNA- LNP 

LNP-encapsulated 
mRNA encoding 
HA from H1N1 
pdm09, H3N2, 

B/Victoria, 
B/Yamagata, H5N1, 

H7N9,  
S protein from four 

SARS-CoV-2 variants 

IM 

IgG antibodies, 
neutralizing antibodies, 

and antigen-specific 
cellular immune responses 

against all the vaccine-
matched viruses of 

influenza and SARS-CoV-2 
Complete protection in 
mouse models against 
both homologous and 
heterologous strains of 

influenza and SARS-CoV-2 

[67] 

QIV & 
BNT162b2 

QIV: split-
virion vaccine 

BNT162b2: 
mRNA-LNP 

QIV: split-virion 
from 4 strains 

(A/H1N1, A/H3N2, 
B/Victoria, 

B/Yamagata) 
BNT162b2: LNP-

encapsulated mRNA 
encoding SARS-CoV-2 

S protein 

IM 

HAI & Binding Antibody 
Titers (HA, NA) 

Binding & Neutralizing 
Antibody Titers 

Complete protection in 
mouse models against 

lethal challenge with either 
virus 

[68] 

Influenza/CO
VID-19 

Combination 
mRNA 
Vaccine 

mRNA-LNP 

LNP-encapsulated 
mRNA encoding: 

Influenza HA fusion 
proteins 

(dumbbell/trimer 
design with 

bacteriophage T4 
foldon) from 4 strains 
(A/H1N1, A/H3N2, 

B/Victoria, 
B/Yamagata) 

SARS-CoV-2 RBD 
fusion protein 

(bivalent dumbbell). 

IM 

Hemagglutination 
Inhibition (HAI) titers 

against A/H1N1, A/H3N2, 
B/Victoria, B/Yamagata. 
- SARS-CoV-2-specific: 
Neutralizing antibody 
titers against XBB.1.5 

variant. 

[69] 

AdC68-
CoV/Flu 

Vectored 
vaccine 

Chimpanzee 
adenovirus 68 (AdC68) 
vector encoding SARS-
CoV-2 RBD and H7N9 

hemagglutinin  

IM 

Anti-H7 IgG 
Neutralizing antibody for 

SARS-CoV-2 
Extensive RBD-specific T 

cell responses of 
splenocytes 

Protection against lethal 
SARS-CoV-2 challenge 

[72] 

AdC68-
HATRBD 

Vectored 
Vaccine 

Chimpanzee 
adenovirus 68 (AdC68) 
vector encoding SARS-

IN 
IgG, mucosal IgA, 

neutralizing antibodies, 
and memory T cells, 

[73] 
 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2026 doi:10.20944/preprints202601.1059.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1059.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 25 

 

CoV-2 RBD Beta-Alpha 
chimeric dimer and 

Omicron-Delta 
chimeric dimer, 

numerous SARS-CoV-
2 T cell epitopes, and 

full-length HA of 
H1N1 pdm09 

protecting the mice from 
SARS-CoV-2 BA.5.2 and 

pandemic H1N1 
infections. 

Delta-19 Vectored 
Vaccine 

Influenza Delta NS1 
vector expressesing 
key immunogenic 

proteins of SARS-CoV-
2 and influenza viruses 

IN 
Neutralizing antibodies 
against SARS CoV-2 and 

Influenza viruses 
[77] 

FluVec-N 
Vectored 
Vaccine 

Influenza A/PR/8/34 
(H1N1) vector carrying 

the SARS-CoV-2 N 
protein C terminal 

fragment (aa211–369) 
fused to the truncated 

NS1 gene  

IN 

Neutralizing antibody for 
SARS-CoV-2 

N-Protein Specific 
antibodies in BAL 

Virus-specific effector and 
resident CD8+ 

lymphocytes in lungs 
Reduced weight loss and 

viral load in the lungs 
following infection with 

the SARS-CoV-2 beta 
variant. 

[78] 

dNS1-RBD 
Pneucolin 

Vectored 
Vaccine 

Live attenuated H1N1 
pdm09 virus with NS1 

gene replaced by 
SARS-CoV-2 RBD 

IN 

Local RBD-specific T cell 
response in the lung  

RBD-specific IgA and IgG 
response 

Attenuating pro-
inflammatory cytokine 
levels post SARS-CoV-2 

challenge, thereby 
reducing excess immune-

induced tissue injury 
Cross-protection against 
H1N1 and H5N1 viruses 

[79,80] 

∆NA(RBD)-
Flu 

Vectored 
Vaccine 

Influenza A/WSN/33 
(H1N1)  

with H3 from 
A/Aichi/2/1968 and 

NA gene replaced by 
SARS-CoV-2 RBD  

IN 
Neutralizing antibodies 

against SARS-CoV-2 and 
Influenza virus 

[81] 

3×LAIV/CoV-2 Vectored 
Vaccine 

Licensed trivalent 
LAIV with 

H1N1/H3N2 strains 
encoding conserved 
SARS-CoV-2 T-cell 
epitopes. B/Victoria 
strain is unmodified 

IN 

Serum antibodies specific 
to all three influenza 

strains 
Protection against 

challenge from either 
influenza strain and SARS-

CoV-2 challenge. 
T-cell response to SARS-

CoV-2 epitopes 

[82] 
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Abbreviations: IM - intramuscular, IN- intranasal, IP – intraperitoneal, HA – hemagglutinin, HAI - 
hemagglutination inhibition, NA – neuraminidase, RBD - receptor-binding domain, Ig – Immunoglobulin, BAL 
- Bronchoalveolar lavage, LNP - Lipid Nanoparticles, PLGA - Co-polymer of lactic and glycolic acids. 

5. Clinical Studies of Co-Administration of Influenza and COVID-19 Vaccines  

COVID-19 now is becoming an established seasonal epidemic disease, and its severe public 
health impact has diminished from the pandemicʹs initial phase. Nevertheless, it continues to present 
a substantial health burden as the respiratory infectious disease accountable for a number of 
hospitalizations and intensive care unit admissions, especially in patients from high-risk groups. The 
possibility of future outbreaks highlights the importance of up-to-date vaccination strategies, which 
are developing all over the world. In October 2021, the World Health Organization (WHO) approved 
co-administration of vaccines against COVID-19 and seasonal influenza [18]. Subsequently, the 
Russian Ministry of Health also authorized simultaneous vaccination and updated the instructions 
for the use of the Sputnik V vaccine accordingly [19].  

During the COVID-19 pandemic, clinical trials have been conducted in several countries, and 
the results show that simultaneous administration of the vaccines is generally safe and produces 
comparable reactogenicity and immune responses to separate administration [83–94]. Additionally, 
simultaneous vaccination may increase vaccine uptake without compromising the effectiveness of 
either vaccine [50]. Figure 3 summarizes the geography of these clinical trials and lists the countries 
that recommend simultaneous vaccination against COVID-19 and seasonal influenza. 

 

Figure 3. Global participation in the simultaneous vaccination of COVID-19 and influenza. Green: countries that 
recommended simultaneous use. The table provides data from relevant clinical trials: A[83] B[84] C[85] D[86] 
E[87] F[88] G[89] H[90] I91] J[92] K[93] L[94]. 

Clinical research on the safety and effectiveness of simultaneous vaccination against COVID-19 
and influenza is a task of primary importance for public health.  

Toback et al. investigated the safety and immunogenicity profiles of NVX-CoV2373 (Novavax; 
US) vaccinations administered simultaneously with seasonal influenza vaccines. The incidence and 
severity of local and systemic reactogenicity events after co-administration were generally 
comparable to those when each vaccine was administered separately. Furthermore, post-vaccination 
geometric mean titers and seroconversion rates remained high for each strain, regardless of whether 
the influenza vaccine was administered with placebo or NVX-CoV2373, despite a generally reduced 
response to the influenza B strains among all influenza vaccine recipients. However, co-
administration of NVX-CoV2373 and an influenza vaccine resulted in a modest decrease in anti-spike 
protein IgG. The levels of anti-spike protein IgG in those who received the two vaccines remained 
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more than threefold higher than those seen in convalescent serum, implying that these levels may be 
protective [87]. 

Hause et al. showed that among individuals who received both the seasonal influenza vaccine 
and either the Pfizer-BioNTech or Moderna COVID-19 mRNA booster simultaneously, systemic 
reactions were 8%–11% more common compared to those who received the COVID-19 booster alone 
[83].  

Izikson et al. conducted a study on the safety and immunogenicity of co-administering a high-
dose quadrivalent influenza vaccine (QIV-HD) and a mRNA-1273 vaccine booster dose in older 
adults. The study found no safety concerns or immune interference in older adults who received a 
third dose of the mRNA-1273 vaccine with QIV-HD up to 21 days after vaccination. Similar 
hemagglutination inhibition and SARS-CoV-2 binding antibody responses were observed between 
the co-administration and QIV-HD groups and between the co-administration and mRNA-1273 
groups [84]. 

A study comparing the effectiveness of co-administering the BNT162b2 BA.4/5 bivalent mRNA 
COVID-19 vaccine and seasonal influenza vaccines (SIV) in a community setting (which included 
3,442,996 commercially insured US adults aged 18 years or older) found that outcomes of co-
administration of both vaccines were similar when compared to those of each vaccine against 
COVID-19 and SIV alone. It suggests that co-administration may improve the uptake of both vaccines 
[85]. 

Moro et al. compared reports of systemic reactions and injection site reactions in COVID-19 
patients who received a booster dose of a mRNA COVID-19 booster vaccine with a quadrivalent 
inactivated influenza vaccine (QIV) and those who received a booster dose alone. Systemic reactions 
were slightly more frequent in reports with the QIV vaccine, while injection site reactions and 
COVID-19 infection were slightly more frequent in reports with only the mRNA COVID-19 vaccine 
booster dose [86]. 

The combining influenza and COVID-19 vaccination (ComFluCOV) study was undertaken to 
determine the side effects, including fever and tiredness, experienced by participants when their 
second COVID-19 vaccine dose is administered simultaneously with the flu vaccine. In the 
multicenter, randomized, controlled, phase 4, trial 679 adult participants were enrolled. They receive 
a single dose of ChAdOx1 or BNT162b2 and concomitant administration of either an age-appropriate 
seasonal, inactivated vaccines or placebo alongside their second dose of COVID-19 vaccine. 3 weeks 
later the group who received placebo received the influenza vaccine, and vice versa. It was 
established that most systemic reactions to vaccination were mild or moderate, rates of adverse local 
and systemic reactions were similar between the groups, and immune responses were not adversely 
affected. Concomitant vaccination with ChAdOx1 or BNT162b2 plus an age-appropriate influenza 
vaccine raises no safety concerns and preserves antibody responses to both vaccines [88].  

In the study involving 1231 participants, individuals who had received two doses of the 
BNT162b2 mRNA vaccine followed by a third dose (either BNT162b2 or mRNA-1273) were assessed 
for co-administration with the influenza vaccine. Co-administration of the influenza vaccination was 
an option chosen by part of the participants. Although co-administration led to a modest reduction 
in anti-SARS-CoV-2 spike IgG levels—particularly for mRNA-1273 and BNT162b2—it did not result 
in increased health-related absenteeism among healthcare workers and thus does not jeopardize 
public healthcare capacity [92]. 

A prospective cohort study involving healthcare workers at a large tertiary medical center in 
Israel assessed the reactogenicity and immunogenicity of co-administration of the Omicron 
BA.4/BA.5-adapted bivalent COVID-19 vaccine with SIV. Results showed that those who received 
SIV alone experienced the least reactogenicity, while COVID-19 vaccination alone elicited similar 
reactogenicity to the co-administration of the vaccine with SIV. The study also revealed a 16% 
decrease in anti-spike IgG titers, which did not significantly impact vaccine effectiveness or 
protection against symptomatic disease, based on previous studies [93]. 
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A similar study found that co-administering the BNT162b2 vaccine alongside the seasonal 
inactivated influenza vaccine (SIIV) in adults aged 18–64 was safe and well-tolerated and 
demonstrated robust immune responses that were not inferior to separate administration of 
BNT162b2 and SIIV [94]. 

Moderna successfully conducted Phase 1 and 2 trials to evaluate the safety, reactogenicity, and 
immunogenicity of mRNA-1073 (SARS-CoV-2 and Influenza Vaccine) when compared to co-
administered mRNA-1010 (Influenza) and mRNA-1273 (SARS-CoV-2) vaccines and to mRNA- 1010 
and mRNA-1273 vaccines in healthy adults 18-75 years [95].  

Lee et al. performed a randomized trial that enrolled 56 adults who received the Afluria QIV 
and the Moderna monovalent SARS-CoV-2 XBB.1.5 mRNA vaccine, either in separate arms or both 
in the same arm at the same anatomical site. Influenza vaccinationʹs immunogenicity is comparable 
regardless of whether itʹs administered in the same or opposite arms as the SARS-CoV-2 vaccine. 
However, it may be advisable to administer the SARS-CoV-2 vaccine at a distinct site from influenza 
vaccines [96].  

The recent systematic review consolidates available evidence on the prevalence, safety, 
immunogenicity, and effectiveness of co-administering BNT162b2 and licensed SIVs [97]. Twenty 
studies (15 observational and 5 clinical trials) conducted in seven countries in Europe and North 
America were included. Eight observational studies reported prevalence, twelve reported 
safety/reactogenicity, six reported immunogenicity, and three evaluated effectiveness. Reported co-
administration of BNT162b2 vaccines with SIVs increased over time. The percentage of individuals 
who received BNT162b2 and also reported co-administered SIVs rose significantly, from 2.7% in 2021 
to 34.1% in 2023. Effectiveness was not observed to change when BNT162B2 was co-administered 
with SIVs. The incidence of systemic and local adverse events was comparable between individuals 
receiving the vaccines separately and those receiving them co-administered.   

Table 2 represents key parameters of clinical studies of influenza and COVID-19 vaccines co-
administration. 

Table 2. Parameters of clinical studies of influenza and COVID-19 vaccines co-administration. 

Vaccine  Target 
Manufactur

er 

Group of 
Participants 

(age) 
Type of trial 

Safety and 
reactogenicity 

profile 
Immunogenicity Ref. 

NVX-CoV2373_ 
recombinant spike 

protein with matrix-M 
adjuvant 

 
SARS-
CoV-2 

 
Novavax  

 
 

Adult ≥18 
(n = 15187) 

 
 

Clinical trial 
Phase 3 

 
Safety- Local / 

Systemic 
Reaction–
Adverse 
Events 

HAI for Seasonal 
Influenza A and B 

strains 
Anti-SARS-CoV-2-spike 

IgG 

 
 
 

[87] Flucelvax Quadrivalent  
Influenza 

 
Seqirus Fluad 

COVID-19 mRNA 
booster vaccine 

SARS-
CoV-2 

Pfizer-
BioNTech ≥12 

(n = 61390) 

 
 
 

Study on v-safe 
platform 

 

 
 
 

Safety–Local / 
Systemic 
Reaction 

 
 
 

N/A 

 
 
 

[83] 
 

SIV Influenza N/A 
COVID-19 mRNA 

booster vaccine 
SARS-
CoV-2 

Moderna ≥12 
(n = 30633) 

SIV Influenza N/A 

mRNA-1273 
SARS-
CoV-2 

Moderna 
 

Adult ≥65 
(n = 306) 

 
Clinical trial 

Phase 2 

Safety–
Adverse 
Events 

HAI for Seasonal 
Influenza A and B 

strains 
Anti-SARS-CoV-2-spike 

IgG 

 
 

[84] 
 Fluzone QIV-HD  Influenza Sanofi 

Pasteur 

BNT162b2 BA.4/5 
bivalent_mRNA 

SARS-
CoV-2 

Pfizer-
BioNTech 

 
Adult ≥18 

(n = 
3442996) 

Retrospective 
comparative 
effectiveness 

study 

Safety–
Weighted 

hazard ratio 
N/A 

 
 

[85] SIV Influenza N/A 

COVID-19 mRNA 
booster vaccine 

SARS-
CoV-2 

N/A 
 

 
Median: 48 

years 
(n = 2449) 

Vaccine 
Adverse Event 

Reporting 
System 

(VAERS) 

Safety–
Adverse 
Events 

N/A 

 
 
 

[86] QIV  Influenza 
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ChAdOx1  
 
 
 

SARS-
CoV-2 

Pfizer-
BioNTech 

 
 
 
 

Adult  
≥!8 years 
(n=679) 

 
 
 

Multicentre, 
randomised, 
controlled, 

phase 4 trial 
ConFluCov 

study 

Safety- Local / 
Systemic 
Reaction–
Adverse 
Events 

HAI for Seasonal 
Influenza A and B 

strains 
Anti-SARS-CoV-2-spike 

IgG   

 
 
 
 
 
 

[88] 

BNT162b2 
Pfizer-

BioNTech 

Adjuvanted TIV 
(FluAd (MF59) 

  
 
 
 

Influenza 

Seqirus 
 

Flucelvax QIV Seqirus  
Flublok Quadrivalent 

(QIVr) 
Sanofi 

Pasteur 

BNT162b2mRNA 
SARS-
CoV-2 

Pfizer-
BioNTech  

 
Adult 

(n = 1231) 

Preference-
based non-
randomised 

controlled study 

Safety 

 
 

Anti-SARS-CoV-2-spike 
IgG 

 
 
 

[92] 
mRNA-1273 

SARS-
CoV-2 

Moderna 

InfluvacTetra Influenza Abbott 
Omicron BA.4/BA.5–

adapted 
bivalent_mRNA 

SARS-
CoV-2 

Pfizer-
BioNTech 

 
 

Adult 
(n = 588) 

Prospective 
cohort study 

Safety- Local / 
Systemic 
Reaction–
Adverse 
Events 

 
 

Anti-SARS-CoV-2-spike 
IgG 

 
 

[93] 
Influvac Tetra Influenza Abbott 

BNT162b2_mRNA 
SARS-
CoV-2 

Pfizer-
BioNTech  

Adult 18–65 
(n = 1134) 

 
 

Clinical trial 
Phase 3 

Safety- Local / 
Systemic 
Reaction–
Adverse 
Events 

HAI for Seasonal 
Influenza A and B 

strains 
Anti-SARS-CoV-2-spike 

IgG 

 
 

[94] Afluria Quad Influenza Seqirus  

mRNA-1273 
SARS-
CoV-2 

 
 
 

Moderna 

 
 
 

Adult 18-75 

Clinical trial 
Phase 1/2 

Safety–Local / 
Systemic 
Reaction–
Adverse 
Events 

HAI for Seasonal 
Influenza A and B 

strains 
Titer of VAC62 

Neutralizing Antibody 
for SARS-CoV-2 

 

 
 
 

[95] 

mRNA-1010 Influenza 

mRNA-1073 

SARS-
CoV-

2/influenz
a 

Omicron XBB.1.5–
containing COVID-19 

mRNA booster vaccine 
(Spikevax)  

SARS-
CoV-2 

Moderna 
 
 

Adult (n=56) 

 
 

Open-label, 
randomized 

trial 

 
Safety- Local / 

Systemic 
Reaction–
Adverse 
Events 

 Neutralizing antibody, 
Anti-SARS-CoV-2-spike 

IgG   
 

[96] 
Afluria Quad  Influenza Seqirus  

HAI for Seasonal 
Influenza H1, H3, and 

B-Vic 

Abbreviations: HAI - hemagglutination inhibition, N/A - not available, SIV - seasonal influenza vaccine, TIV - 
trivalent influenza vaccine, QIV - quadrivalent influenza vaccine, QIV-HD - high-dose quadrivalent influenza 
vaccine, V-safe - vaccine safety. Note: in all cases, the vaccines were administered intramuscularly. 

Thus, clinical studies of co-administration of vaccines against COVID-19 and influenza proved 
safety in evaluated scenarios [97,98]. Most side effects were mild to moderate and temporary. While 
some studies noted a slight increase in reactogenicity, serious adverse events or safety issues were 
not inherent. Importantly, nearly all studies confirmed that simultaneous vaccination did not 
significantly alter the immune response for either vaccine. The advantages conferred by vaccine co-
administration demonstrably outweigh any associated risks. This emphasizes the benefit of 
combined administration, potentially improving vaccine acceptance by simplifying immunization 
procedures and decreasing healthcare visits. However, despite these findings, the optimal approach 
to co-vaccination against COVID-19 and influenza remains the subject of continuous discussion and 
research [99].  

6. Clinical Studies of Combined Influenza and SARS-CoV-2 Vaccines 

Combination influenza and SARS-CoV-2 vaccines are aimed to provide protection against both 
infections with a single-dose administration, as a more favorable alternative to simultaneous 
vaccination with two vaccines. A number of combined vaccines on various biotechnological 
platforms have proven their immunogenicity and beneficial safety profile in preclinical studies. 
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Several combined vaccines reached clinical trials. A summary of clinical studies on combination 
vaccines targeting SARS-CoV-2 and influenza is provided in Table 3. 

Table 3. Clinical trials of combined influenza and SARS-CoV-2 vaccines. 

Vaccine Manufacturer Platform 
Administrati

on route Type of trial Ref. 

Combined modified 
RNA COVID-19 and 
Influenca vaccine  

 
 

Pfizer BioNTech 
mRNA LNP 

 
 
 

IM 

Phase 3 [100] 

Combined COVID-19 
and Influenca 
mRNA 1073 

 
Moderna 

mRNA LNP 
  

IM 
Phase 1,2 [101] 

Combined COVID-19 
and Influenca 
mRNA 1083 

 
Moderna 

 
mRNA LNP 

 
IM 

 
Phase 3 

 
[102] 

mRNA Flu/COVID-
19 

GlaxoSmithKline mRNA LNP IM Phase1 [103] 

qNIV/CoV2373  
Novavax 

Nanoparticle 
vaccine 

IM Phase 2 [104] 

dNS1-RBD, Pneucolin 

Beijing Wantai 
Biological 
Pharmacy 
Enterprise 

Vector 
vaccine 

 
 

IN 
Phase 1-3 [105,106] 

Corfluvec 
Smorodintsev 

Research Institute of 
Influenza, Russia 

Vector 
vaccine 

 
 

IN 
Phase 1,2 [107] 

Abbreviations: LNP - lipid nanoparticles, IM - intramuscular, IN- intranasal. . 

A part of these clinical trials involves the mRNA LNP vaccine platform, which previously 
became the basis for the globally approved monovalent SARS-CoV-2 mRNA vaccines. mRNA LNP 
vaccines have a modular technological engineering that allows to rapidly amplify their 
manufacturing, as well as easily reconfigure the vaccine’s design following the drift in actual viral 
antigens.  

Pfizer and BioNTech launched a Phase 3 trial to evaluate the safety, tolerability, and 
immunogenicity of a combined modified RNA COVID-19 and influenza vaccine (NCT06178991) 
[100].  

Moderna performed two trials of the safety, reactogenicity, and immunogenicity of SARS-CoV-
2 and influenza vaccines, mRNA-1073 (NCT05375838) Phase 1,2 [101] and mRNA-1083 
(NCT06097273) Phase 3 [102]. 

GlaxoSmithKline recently initiated a Phase 1,2 clinical trial (NCT06680375) to assess the 
reactogenicity, safety, and immune response of the mRNA Flu/COVID-19 vaccine [103]. 

Novavax performed a clinical study evaluating the safety and immunogenicity of a SARS-CoV-
2 rS nanoparticle and quadrivalent hemagglutinin nanoparticle influenza combination vaccine with 
Matrix-M adjuvant [104]. This vaccine is designed as adjuvant nanoparticles bearing recombinant 
antigen proteins of SARS-CoV-2 and the influenza virus.  

In addition to the mRNA LNP and nanoparticle-based combination vaccines listed above, an 
attenuated influenza virus with a deleted NS segment (delta NS technology) has proven to be a 
promising biotechnological platform. Delta NS technology was applied in the development of the 
dNS1-RBD Pneucolin vaccine with an intranasal route of administration. In general, intranasal 
vaccines provide additional immune protection via mucosal resident memory B- and T-cells, as well 
as secretory IgA stimulation. dNS1-RBD Pneucolin’s efficacy and safety have been demonstrated in 
several clinical trials (ChiCTR2000037782, ChiCTR2000039715, ChiCTR21000483160) [105,106]. dNS1-
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RBD was the first intranasal vaccine against COVID-19, which obtained emergency use authorization 
in China in December 2022. 

Delta NS technology was also used in the design of another vaccine, Corfluvec. Corfluvec 
contains two influenza virus-based vectors (H3N2 and H1N1pdm09) that carry a modified NS gene 
encoding the N protein of SARS-CoV-2. A phase 1,2 clinical trial assessing the safety and 
immunogenicity of this intranasal vaccine was carried out (NCT05696067) [107].  

In clinical trial results, favorable safety profiles of the vaccines listed above were reported. 
Nevertheless, further extensive large-scale research of their efficacy in human populations is clearly 
needed for combined vaccines’ implementation into the routine practice of influenza and COVID-19 
medical management. 

7. Conclusions 

The co-circulation of COVID-19 and influenza highlights the potential for simultaneous 
outbreaks, particularly during peak respiratory illness seasons, which could significantly impact 
public health. This dynamic circulation raises concerns about the risk of infection with either virus. 
Co-infection with influenza viruses and SARS-CoV-2 poses a serious threat to global health and 
underscores the need for a multifaceted vaccination strategy. Co-infection with these viruses 
exacerbates respiratory disease, prolongs pneumonia, and increases mortality.  

Healthcare professionals should remain vigilant, monitoring both infections and promoting 
simultaneous or combination vaccination against COVID-19 and influenza. The main advantage of 
simultaneous vaccination is improved efficiency, allowing multiple vaccines to be administered at 
once. This approach reduces the number of visits, minimizing scheduling challenges and missed 
doses. In addition, it increases the vaccination rate and adherence to recommended vaccine 
schedules, contributing to higher community immunity and overall safety. Moreover, it can reduce 
healthcare costs by minimizing the resources required for multiple appointments, thereby improving 
the overall efficiency of vaccination programs. 

Future studies should focus on elucidating the mechanisms underlying the exacerbation of 
respiratory disease caused by co-infection, as well as the optimal strategies for co-administering 
influenza and COVID-19 vaccines. Simultaneous and combination vaccination strategies should be 
evaluated across diverse populations and settings to inform public health policy and guide future 
pandemic preparedness. Together, these insights support the development and integration of dual-
targeted vaccines as a practical and effective tool for long-term control of seasonal and potentially 
pandemic respiratory viruses. 
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Abbreviations 

ACE2 Angiotensin-Converting Enzyme 2 
AdC68 Chimpanzee adenovirus 68  
BAL  Bronchoalveolar lavage 
HA  Hemagglutinin 
HAI  Hemagglutination Inhibition Assay 
HI  Hemagglutination Inhibition 
IAV  Influenza A virus 
Ig  Immunoglobulin   
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IM   Intramuscular 
IN   Intranasal 
IP   Intraperitoneal  
IND   Investigational New Drug 
LNP   Lipid Nanoparticle 
PLGA  Co-polymer of lactic and glycolic acids 
qIRV  Quadrivalent influenza modRNA vaccine 
QIV   Quadrivalent Inactivated Influenza Vaccine 
RBD  Receptor-Binding Domain 
SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2 
SIV  Seasonal Influenza Vaccines 
SIIV   Seasonal Inactivated Influenza Vaccine 
TIV   Trivalent Inactivated Influenza vaccine 
QIV-HD  High-dose quadrivalent influenza vaccine 
V-safe  Vaccine safety 
VAERS  Vaccine Adverse Event Reporting System 
VLP   Virus-Like Particle 
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