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Abstract 
Influenza viruses continue to be a major health threat in human and bird populations. The 

improvements in formulation and production level of the current influenza vaccines are not 

sufficient to afford complete protection. The continuous antigenic drifts and emergence of 

endemic and zoonotic strains make influenza vaccine planning difficult. Concern about the 

emergence of new influenza pandemic provides subject for developing a universal influenza 

vaccine to be most effective in preventing influenza A either by targeting the HA or other 

viral proteins. The recombinant and synthetic antigens used in influenza vaccine research and 

development are generally less immunogenic and need to incorporate novel adjuvants with 

modified delivery carriers to develop broad-protective vaccines. 
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Introduction* 

 
ecombination in RNA viruses involves 

the exchange of genetic information 

between two nonsegmented RNA 

genomes. Since the first detected recombina-

tion in poliovirus in the early 1960s, the major 

evolutionary significance occurs in many RNA 

viruses that plays an important role in viral 

biology (1). The influenza A virus genomes 

comprise eight negative-sense, single-stranded 

RNA segments, which are numbered in order 

of decreasing length. The polymerase subunit 2 

or PB2, PB1 (in some strains this segment also 

codes for the accessory protein PB1-F2), PA, 

the strongly immunogenic surface protein HA, 

NP, NA, M1 (the M2 ion channel is also 

expressed from segment 7 by RNA splicing), 

NS1 and NEP/NS2 by mRNA splicing (2). The 

segmented genome structure and the error-

prone RNA-dependent RNA polymerases 

enable the influenza viruses to undergo anti-
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genic shift and drift (3-5) the two possible 

mechanisms for antigenic evolution.  

Antigenic drifts or small changes in the genes 

of viruses are happening continually in the 

types of influenza viruses. These gradual and 

subtle mutations produce in the two surface 

glycoproteins, HA and NA may lead to a loss 

of immunity, or in vaccine mismatch (6-8).  

The antigenic shift is the process by which at 

least two different strains or different influenza 

A viruses combine to form a new subtype. The 

recombine or reassorted virus, which has a 

mixture of the surface antigens of the two 

original strains, may follow to enter a new 

niche and transmit directly from animal to 

human (9-11). The host shifts have resulted in 

human pandemics, such the H1N1 “Spanish 

flu” (1918-1920) killed an estimated 50 million 

people or more globally (12). 

The causative agent was an avian-descended 

H1N1 virus and a direct progenitor of all of the 

influenza A viruses circulating in humans 

today. Along with the Asian flu (1957) and 

Hong Kong flu (1963) human pandemics, the 

avian H5N1 viruses caused devastating 
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outbreaks in 2004 in domestic poultry world-

wide and posed a major challenge to human 

health (13-16). The recent 2009 H1N1 pande-

mic virus with 0.03% case fatality rate was 

derived by reassortment between a triple 

reassortant lineage of North American swine 

and a Eurasian H1N1 swine lineage virus (11, 

17). 

The influenza researches into the genes of the 

recombined viruses as well as the circulated 

avian subtypes such as H9N2, H5N1 and 

H7N9 show they have genes may adapt to 

human (18-22). Thus, the viruses have to be 

considered a potentially serious pandemic 

threat. 

 

Traditional influenza virus vaccines 

and challenges 

 
Vaccination against influenza is the most 

effective way to prevent morbidity and morta-

lity in the target risk groups. Influenza virus 

vaccines comprise whole inactivated virus, 

split, virosomal, or subunit antigen are used in 

widespread annual influenza vaccination 

campaigns (23, 24). 

The vaccine production platforms are including 

embryonated eggs licensed worldwide, Madin 

Darby canine kidney (MDCK) and monkey 

kidney (Vero) cells licensed in EU and USA, 

and trivalent vaccine of recombinant HA 

produced in baculovirus licensed in USA and 

Japan. The egg-based production system has 

been used for more than 60 years, and it is still 

the most extensively used method to generate 

the influenza vaccine. In cell-based production 

system, viral seeds recommended for the 

seasonal or epidemic vaccination are separately 

expanded in each of the mammalian cells and 

pooled to formulate the vaccine (25). 

For more than 50 years, World Health Organi-

zation (WHO) has been collaborating with 

influenza vaccine development to identify the 

dominant circulating strains during the 

previous and the following vaccination seasons 

in the northern and southern hemispheres. The 

traditional “trivalent” vaccines are formulated 

based on an influenza A (H1N1) virus, an 

influenza A (H3N2) virus, and an influenza B 

virus (26). Despite the marketing of influenza 

vaccines since the 1930s, several limitations 

still involve their effectiveness include limited 

efficacy, limited worldwide vaccine availa-

bility, and lack of cross-reactivity. The seaso-

nal vaccine is effective in eliciting protection 

when the vaccine strains and the circulating 

viral are closely antigenic matched together. 

Due to frequent antigenic drifts, seasonal 

influenza vaccines need to be re-formulated 

regularly to match the circulating strains. 

During each influenza season, Centers for 

Disease Control and Prevention (CDC) has 

estimated the effectiveness of the used vaccine. 

Based on the data from children and adults 

enrolled in the U.S. during 2004-2018 

(www.cdc.gov/flu), the vaccine effectiveness 

against influenza A and influenza B virus 

infection was 36% (95% confidence interval 

[CI]=27%–44%). 

Most (69%) influenza infections were caused 

by H3N2 viruses. The vaccine effectiveness 

was estimated to be 25% (CI=13% to 36%) 

against H3N2 virus, 67% (CI=54%–76%) 

against H1N1 pdm09 viruses, and 42% 

(CI=25%–56%) against influenza B viruses. 

The best overall estimated effectiveness was 

60% for 2010-2011 influenza seasons. 

However the vaccine effectiveness confirm the 

value of influenza vaccination as a public 

health intervention, the results are vary based 

on study design, outcome measured, popula-

tion and the season in which the influenza 

vaccine was studied. Because the seasonal 

vaccine may provide limited protection in 

cases of antigenic mismatch, the quadrivalent 

vaccine consists of H3N2 and H1N1, and two 

distinct influenza B lineages was also licensed 

for induction a better immunogenicity (27, 28). 

WHO has recommended that quadrivalent 

vaccines for use in the 2018-2019 northern 

hemisphere influenza season contain A/Michi-

gan/45/2015 (H1N1) pdm09-like virus; A/ 

Singapore/INFIMH-16-0019/2016 (H3N2) like 

virus; B/Colorado/06/2017-like virus (B/Victo-

ria/2/87 lineage); and B/Phuket/3073/2013-like 

virus (B/Yamagata/16/88 lineage) (www.who. 

int/influenza/vaccines).  

The reformulation is only useful for battling 

seasonal influenza epidemics and remind 
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ineffective in preventing unexpected new 

influenza pandemic.  

In the last decade, the emergence of H1N1 

pandemic and outbreaks of various avian 

influenza viruses have been a threat to the 

effectiveness of the current vaccines and an 

alarm for public health organizations (29, 30). 

On the other hand, zoonotic influenza viruses 

continue to be identified and evolve both 

genetically and antigenically, leading to the 

need to select and develop additional candidate 

vaccine viruses for pandemic preparedness 

purposes (18). These events as well as the 

increased demand for effective coverage 

against the infection are great challenges to 

vaccine production. Most countries without 

vaccine production facilities will have no 

access to the effective vaccines during the first 

pandemic wave. All these challenges call 

researchers for the development of the proper 

influenza vaccines capable of conferring broad 

cross-protection against multiple subtypes of 

influenza A viruses (31). The current in 

development researches can be divided into the 

various categories: elicit antibody responses to 

structurally conserved regions of the stalk 

domain of HA and M2 ectodomains (M2e); 

induce cross-protective T-cell responses agai-

nst internal proteins like nucleoprotein (NP) 

and matrix 1 (M1); and improved adjuvants 

and delivery systems.   

 

Universal influenza vaccines 

  
Upon influenza infection virus-specific T cell 

responses including CD4+ T helper cells and 

CD8+ cytotoxic T cells (CTLs) are induced. 

These cells are primarily targeted to induce 

immunity to the HA antigen then directed to 

conserved proteins (32). Among the viral 

antigen, HA is considered as most (or highly) 

immunogenic. The molecule comprises the 

head, an immuno-dominant and the primary 

target for currently licensed influenza vaccines, 

and stalk regions. The 18 HAs are phylo-

genetically divided into two groups based on 

similarities in their stalk regions. Thus, the 

portion displays cross-reactivity with different 

subtypes (33). The conserved feature of HA 

stalk domain makes it an attractive target for 

the induction of a cross-reactive humoral 

response. However, HA stalk-reactive anti-

bodies prevent infection by inhibiting the virus 

attachment to host cell membrane or disruption 

viral membrane fusion it should be determined 

whether these antibodies are suitable for 

protection against influenza infection (34-36).  

Beside the development of vaccines inducing 

HA stalk-reactive antibodies, the M2e-targeted 

vaccines attracted the attention of researchers 

for developing a universal influenza vaccine or 

a vaccine that provides robust, long-lasting 

protection. M2e is a potential target for cross-

reactive immune responses among all known 

influenza A viruses that circulated between 

1918 to now. In contract to the stalk domain of 

HA, M2e vaccines do not prevent viral 

infection but efficiently inhibit viral replication 

once inside the host. M2e itself has low 

immunogenicity and need fused with a carrier 

vehicle to enhance anti-M2e immune 

responses. The impact of various viral and 

bacterial carriers for increasing the immuno-

genicity of M2e was tested in animal models 

(37, 38). The studies on the protective 

efficacies by M2e-based vaccination suggest 

that M2e immunity-mediated cross protection 

is relatively weak and need to become suffi-

ciently immunogenic. 

 

T cell-inducing influenza vaccines 

  
Cell-mediated immune responses play an 

important role in the cross-protective immune 

response against influenza virus. It is well 

documented that individuals who possessed 

preexisting CTLs cells displayed decreased 

morbidity after infection with pandemic H1N1 

influenza, or patients with early CTL responses 

recovered quickly from H7N9 infection (39). 

The half-life of circulating T cells specific to 

influenza calculated at least 2 years, so a 

central memory response can be maintained for 

many years following recovery from the 

infection (40). The induction of influenza-

specific cellular responses might be a great 

addition to current antibody-inducing influenza 

vaccines. The naturally acquired immune res-

ponses to influenza include CTLs recognizing 

antibodies to HA as well as conserved internal 
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viral antigens. Most highly conserved T cell 

epitopes are located on NP and M1 proteins, 

which role in preventing infection or reducing 

disease severity (41). As a novel vaccine 

concept based on the induction of influenza-

specific T cells, the efficacy of a recombinant 

replication-deficient poxvirus vector was 

assessed in an effort to boost T-cell responses 

to these internal antigens. However, a large 

expansion in circulating influenza-specific T 

cells was observed after a single vaccination 

(42), it seems that several formulation strate-

gies should utilize to successfully induce 

specific T cell responses to the non immuno-

genic antigens. This approach is valuable both 

for priming and boosting an immune response. 

 

Antigenic peptides-based influenza 

vaccines 

 
Multiple antigenic peptide constructs which 

induce both influenza-specific immune B-cell 

and T cell responses against conserved epi-

topes are used for enhancing the immunogeni-

city of peptide antigens. A peptide construct 

consists of nine linear B cell and T cell 

epitopes of HA, NP and M1, named 

Multimeric-001 was able to induce considera-

ble cellular immune responses when adminis-

tered twice in both adults and elderly (25). This 

approach has also been used in M2e-derived 

antigens and in a prime-boost immunization 

with seasonal traditional inactivated influenza 

vaccine (43, 44). A prime with Multimeric-001 

and subsequently boosting with seasonal 

vaccine had significantly higher HI titers 

compared to individuals who received the 

inactivated vaccine at both prime and boost. 

Despite these promising results, further formu-

lation with adjuvants might increase the 

immunogenicity of Multimeric-001 vaccine in 

the future. 

Adjuvants 

 
The HA stalk domain, M2e- and T cell-based 

influenza vaccine candidates having completed 

phase II trials and will enter phase III trials in 

the coming years. But only the covalently 

bound M2e antigen to a carrier protein or 

adjuvant could induce potent cross-protective 

immune responses (45). To overcome limited 

efficacy of the current influenza vaccines and 

also the future universal vaccine, advanced 

formulation with adjuvants both immuno-

potentiator and delivery system are considered. 

For more than 70 years adjuvants have been 

added to vaccine formulations to boost the 

immune response to the vaccine. The compo-

nents act by diverse mechanisms which include 

enhancing the delivery of antigen, improving 

magnitude of the immune response, directing 

antigen presentation by the major histocompa-

tibility complex or providing immune stimula-

tory signals that potentiate the immune res-

ponse (46, 47). Generally, inactivated vaccines 

should formulate with adjuvants to augment 

the potency of the antigen and presentation to 

the immune system.  

The oil-in-water emulsions are approved as 

suitable adjuvants for influenza vaccines. 

MF59, the first oil-in-water emulsion adjuvant 

approved for formulation of influenza vac-

cines, is biodegradable squalene oil droplets 

stabilized by non-ionic surfactants. The 

mechanism actions attribute to MF59 are 

enhance regulation of genes for cytokines and 

chemokines, increase influx of macrophages 

and monocytes to the site of injection, differ-

entiation of monocytes to active dendritic cells, 

and antigen transportation to draining lymph 

nodes (48, 49). AS03 is another oil-in-water 

emulsion based on squalene droplets and only 

used in pandemic influenza vaccines (50). 

Impact of saponin-based adjuvants such as 

immune stimulating complexes (ISCOMs) and 

Matrix-M has been evaluated in clinical studies 

in combination with influenza vaccines. The 

ISCOMs-adjuvanted influenza split vaccines 

revealed increase of influenza-specific in 

humoral and CD8+T cell responses in vaccina-

ted individuals. The addition of Matrix-M to 

virosomal influenza vaccine resulted in 

increased vaccine-induced T cell responses 

(51). The third generation of saponin based 

adjuvant was used for a H7N9 virus-like 

particle vaccine and showed significantly 

higher seroconversion rates after vaccination. 

The co-administration of bacterial-derived 

components, flagellin and heat-labile entero-
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toxin are potent adjuvants for influenza 

vaccines and able to induce protective hemagg-

lutination inhibition (HI) titers after immuniza-

tion with influenza vaccines (52).  

Peptide antigens generally suffer from poor 

immunogenicity and need adding adjuvant to 

induce influenza-specific cellular responses. 

NP peptide encapsulated in cationic liposomes 

could induce potent T cell responses (53) and 

HLA-A2.1 and HLA-A24.2 restricted peptides 

conjugated to liposomes were able to induce 

CD8+ memory T cells in influenza-infected 

mice (54). The same results were found in 

conjugation of PA-derived peptide to Pam2Cys 

(a bacterial lipopeptide) (55), and influenza 

peptides conjugated to phosphatidylserine (56). 

With the advent of novel concepts for immuni-

ty against influenza, novel types of adjuvants 

such as cytokines, type I interferon, the tumor 

necrosis factor, and bacterial derivatives have 

been evaluated to induce stronger responses as 

well as CTL-mediated immunity against influ-

enza infection (57, 58) are under development. 

Several studies suggested that molecular 

adjuvants such as myxovirus resistance (Mx) 

protein (35), Hemokinin-1 (HK-1) (59, 60), 

unmethylated bacterial CpG motifs (61), 

Mycobacterium-dependent protein-1 (62), HSP 

70 (63), and ESAT-6 (64) might act better by 

enhanced antigen persistence, increased anti-

gen uptake, and recruitment of antigen presen-

ting cells (APCs) compared with the current 

adjuvants. These experimental approaches 

support improvement of adjuvant may be an 

important route to obtaining better protecting 

influenza vaccines. 

 

Nano particles delivery system 

 
The delivery of vaccine antigens to dendritic 

cells is critical to the improvement of a 

protective immune response. Most current 

inactivated vaccines are usually administered 

via intramuscular injection may fail to reach 

the APCs and induction of immune responses 

(65). 

To overcome the difficulty in targeting the 

APCs new approaches are being investigated 

to apply more effective vaccine delivery 

methods (66). Many antigen and adjuvant 

delivery carriers have been considered for 

enhancing the efficiency of the application of 

vaccines.  

Recent studies have demonstrated that antigen 

delivery via nanoparticle formulations can 

significantly improve immunogenicity of vac-

cines due to either intrinsic immunostimulatory 

properties of the components or by co-entrap-

ment of molecular adjuvants. Encapsulating 

the antigen within the nanoparticles decreases 

the risk of degradation of antigen (67, 68). A 

variety of polycationic polymeric nanoparticles 

and their derivatives explored to stimulate 

immune system. Among them, chitosan is 

preferred due to its ability in enhancing antigen 

uptake by mucosal lymphoid tissues, and 

inducing strongly immune responses against 

the antigens (69-71). 

Utilization of chitosan nanoparticles facilitate 

the delivery of a vaccine to the targeted cells 

but some researches focus on the ability of the 

polymer as a novel adjuvant to induce specific 

antibody titer against influenza antigens. For 

instance, reduced markedly the influenza 

morbidity and also complete protection against 

challenge mice vaccinated with chitosan nano-

particle encapsulated HA-split vaccine (72) or 

enhanced immunogenicity of H9N2 influenza 

nanovaccine in chickens in comparison to an 

oil adjuvant (73). 

There is no doubt that chitosan nanoparticles 

can stimulate early immune response and 

enhance the specific HI titer against influenza 

antigens, but the boost delivery system role of 

the polysaccharide is also extremely recom-

mended. The highly induction of immune 

system and long-lived response are invaluable 

properties of a vaccine thus adding a number 

of adjuvants to nanovaccines are highly 

suggested to enhance the induction of the 

immune responses (74, 75). Influenza is still 

one of the most wide-reaching and deadly 

infectious diseases and development of a more 

effective vaccine imply that novel adjuvants 

correlate of the delivery system need to be 

established. 
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