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Abstract  

  Influenza is a major winter contagious respiratory disease 

that takes a high toll on the population due to wide range 

morbidity, complications, hospitalization and mortality. At 

present, vaccination is the most effective means for controlling 

influenza infection. Licensed vaccines include several forms 

of inactivated vaccines (trivalent, quadrivalent, whole virus, 

split and subunit) delivered by injection with or without 

adjuvants, and live attenuated vaccines for intranasal 

administration (LAIV). Type of vaccine and mode of 

administration dictate the induced immune response and 

efficiency of vaccination. It has been suggested that intranasal 

administration induces better protection, as it neutralizes the 

virus at its entry site, eliciting production of secretory IgA 

(SIgA) antibodies and a serum barrier. In contrast, following 

injection, SIgA antibodies are produced only in negligible 

amounts. Another type of vaccine under clinical investigation 

is inactivated virus for intranasal application. This type of 

vaccine induces local (SIgA) and serum responses similar to 

the LAIV vaccines. Moreover, inactivated vaccines may be 

suitable for high-risk groups, which are constantly expanding, 

for whom live vaccines (approved only for healthy 2-49 years 

old) are inappropriate. The main obstacles toward successful 

vaccination are the annual changes in the virus (drift and 

occasional shift), appearance of new pandemic strains not 

included in the vaccine and transmission of pathogenic avian 

strains to humans. Efforts to develop a universal vaccine, 

which will protect against all A strains, might be a solution. 

Intranasal application of a universal vaccine to mice protected 

vaccinated animals from lethal infection by heterologous 

strains and furthermore reduced the transmission of virus from 

vaccinated to non-vaccinated mice. It may be concluded that 

intranasal inactivated virus formulas, either whole (without 

adjuvant), split (with adjuvant) or universal, may be the future 

vaccine for influenza.  

Keywords: influenza vaccines, inactivated vaccine, universal 

vaccines, intranasal administration

  

mailto:zichriar@ekmd.huji.ac.il


Medical Research Archives. Volume 5, issue 8. August 2017. 

Inactivated influenza vaccine for intranasal immunization. 

2 

Copyright 2017 KEI Journals. All Rights Reserved. 

 

1. Introduction  

Influenza is a major winter contagious 

respiratory disease that every season affects 

millions of people, substantially increasing 

hospitalization (1) and thus leading to a high 

burden on health services (2-4). Ten-20% of 

the population is infected with A and B 

influenza viruses and the disease is 

responsible for a worldwide annual mortality 

of up to 500,000 individuals. These numbers 

are even higher when epidemic outbreaks 

occur (30-50% of the population is infected), 

often leading to severe illness, complications 

and excess mortality (5-9). The entrance site 

of influenza virus to the host is the respiratory 

tract where replication takes place and disease 

symptoms are manifested. All influenza 

strains A (human, avian and other animals), B 

and C (which cause only sporadic cases), 

have to overcome the primary local defense 

obstacles (such as mucin layer, cilia, 

proteases and different cell population: 

macrophages, dendritic cells, NK cells, 

cytokines and the interferon system). The 

virus replicates in the ciliated column 

epithelial cells, and is transferred to other 

victims by droplet infection. World wide 

spread of the virus is nowadays faster due to 

globalization and modern transportation. The 

balance between the elicited innate and 

adaptive immunity and previous exposure of 

the host on the one hand, and virus type, 

transmissibility and virulence on the other, 

dictate the outcome and severity of infection.                          

2.0 Prevention and Control  

The most effective means for controlling 

infection and thereby reducing morbidity, 

complications and mortality, is vaccination (7, 

10-12). Vaccination is regulated and approved 

by the Centers for Disease Control that selects 

and updates (together with the WHO) the 

strains for every season, according to 

predicted strains that would be in circulation 

during the following year (13, 14). The 

vaccines are trivalent, with recently 

quadrivalent vaccines available, thus reducing 

possible mismatching (which occurs in about 

15% of cases) between circulating strains and 

those included in the vaccine, a fact that 

reduces vaccine effectiveness (15-17) (Table 

1).    

2.1 Target groups for vaccination 
According to the CDC recommendations (13) 

all persons aged 50 years and older, with and 

without chronic health conditions, are 

considered at risk. This group also includes 

residents of long-term care facilities and 

nursing homes, a population that is constantly 

expanding due to increased longevity. Adults 

and children with chronic health conditions 

(diabetes, obesity, heart conditions and 

immune- deficiency patients following 

transplantation, irradiation or chemotherapy) 

are also targets for vaccinations. Vaccination 

is also highly recommended for children aged 

6–59 months. It is advised for pregnant 

women, who are more vulnerable to infection, 

to get the vaccine in order to protect 

themselves and to provide passive protection 

to the newborn, as there is no vaccine 

available until the age of 6 months.  

Vaccination of health-care personnel, who 

provide direct patient care, as well as contacts 

of risk groups is also of great benefit to the 

community. The optimal goal is vaccination 

of the entire population, assuming a sufficient 

supply of vaccine doses is available.  

2.2 Inactive vaccines for parenteral 

administration 

Inactivated “killed” influenza vaccines that 

cannot cause disease have been in use since 

the 1940s with many improvements 

introduced throughout the years, primarily in 

production technologies and in the addition of 

adjuvants. Several  experimental vaccines are 

under development and at different phases of 

clinical trials (e.g. DNA vaccines, production 

of antigens by cloning in different vehicles) 

(11). After whole inactivated virus vaccines 
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(WIV), not approved for children, were 

developed, split and subunit vaccines were 

introduced. These vaccines inflict less local 

and systemic side effects, but are not as 

immunogenic. To improve their efficacy, the 

addition of adjuvants and other methods to 

increase immunogenicity, such as liposomes, 

virosomes and virus like particles (VLP), with 

different supplements, such as IL-2 and TLR 

ligands, were attempted (18). The split and 

subunit inactivated vaccines are approved for 

the entire population from the age of 6 

months, and are highly recommended for 

high-risk groups (see 2.1). The vaccine is 

produced for parenteral immunization 

(intramuscular, subcutaneous or intradermal). 

Vaccines are prepared in embryonated eggs 

and the infected allantoic fluids are clarified 

and purified. The history of inactivated 

influenza,  from the discovery of the influenza 

virus onwards, was summarized by Couch 

(19). In the last few years, inactivated 

vaccines prepared from virus grown in cell 

culture (VERO and MDCK) are also available 

(20-25). The MDCK cell line is useful due to 

its high sensitivity to virus growth. Vero cells, 

which are already approved for the production 

of other human vaccines, are suitable for 

productive replication of most, but not all, 

influenza A strains. A major advantage of the 

cell-cultivated virus is its greater similarity 

and higher homology to the human virus 

found in clinical isolates, thus avoiding the 

selection of egg variants and producing a 

more effective vaccine. Another advantage of 

cell cultures is that individuals allergic to eggs 

can also be vaccinated. Both live vaccines, 

delivered by nasal spray, and inactivated 

vaccines delivered by intranasal or 

intramuscular injection, are produced in eggs. 

In addition, a large number of vaccines are 

currently manufactured in cell culture. 

Recently, a baculovirus-expressed influenza 

vaccine (Flublok), a trivalent recombinant 

hemagglutinin (HA) vaccine, was licensed by 

the FDA (2013) for the prevention of seasonal 

influenza, for adults 18–49 years of age. In 

2016, the vaccine was licensed for all adults 

older than 18 years. Current influenza 

vaccines are aimed at inducing neutralizing 

antibodies specific for HA and  to 

neuraminidase (NA) (these antibodies are  not 

neutralizing; they limit release, load, and 

spread of the virus as well as disease 

manifestations)(11). Due to antigenic 

variability and immune evasion of circulating 

strains, annual vaccination, based on current 

strains, is necessary. Regarding the vaccine 

dose, usually 15µg HA /strain is delivered.  

Recently, a vaccine designated for the elderly, 

which is used at a high dose (60µg/strain), 

was produced (Fluzone).  This vaccine 

evoked higher serum anti HA and anti NA 

(N1 and N2) antibody titers in the elderly (26-

28).  

The protection rate of the inactivated 

vaccines, based on anti HA neutralizing 

antibodies, ranges from 50 to 90%, while 

efficacy is only 40 to70%.  Immunogenicity 

may be as low as 20-30%, particularly among 

the immuno-compromised and the elderly that 

have a diminished immune response to 

influenza vaccination compared to young 

healthy adults (29, 30).  Even when vaccine 

efficiency is reduced to 23%, vaccination still 

prevents some illness and serious influenza-

related complications, including thousands of 

hospitalizations and death cases (31). In 

children with  high-risk conditions, vaccine 

efficiency is 51% compared to 61% in non-

high-risk children (32).    

                                                                                              

2.3 The rationale behind intranasal 

vaccination   

The rationale behind the development of an 

alternative for parenteral vaccination was 

multifactorial. The inactivated vaccines 

designated for systemic vaccination were of 

low efficiency, especially in the high-risk and 

in the aged populations. The immune 

response and protection evoked by parenteral 
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vaccination was restricted to the specific anti 

hemagglutinin antibodies, and there was none 

or only negligible mucosal response. 

Therefore, a defense barrier in the respiratory 

tract was absent. Since the entrance site of the 

virus is through the upper respiratory tract, 

serum antibodies could not neutralize the 

virus efficiently at the entrance site, and thus 

viral replication and infection were not 

prevented. It was hypothesized that intranasal 

application of influenza antigens may be able 

to mount mucosal immunity that would 

neutralize the virus at the entry site, improve 

protection and possibly prevent infection. 

Thus, local vaccination may overcome the 

limitations of routinely used inactivated 

influenza vaccines and confer potent 

immunity against viruses with new pandemic 

potential. The intranasal vaccine may also 

lead to an increased enrollment to vaccination 

programs by avoiding “fear of the needle”.  

2.4   Live Attenuated Influenza Vaccine 

(LAIV)  

The need for more effective influenza 

vaccines resulted in the development of cold-

adapted, live-attenuated vaccines, created 

using internal protein-coding gene segments 

from the cold-adapted temperature-sensitive 

master donor virus A/Ann Arbor/6/1960 and 

HA/NA gene segments from circulating 

viruses (Flu mist®, Medimmune Vaccines 

Inc. in the USA and Fluenz Tetra 

MedImmune UK Limited (Speke, Liverpool, 

UK) in Europe). The Food and Drug 

Administration (FDA) approved its 

administration in 2003 only for healthy 2-49 

year old individuals for intranasal delivery. 

The vaccine now contains four strains against 

influenza A/H1N1, A/H3N2 and two 

representatives of influenza B: B-Victoria, 

and B-Yamagata lineages (33). In contrast to 

the inactive vaccine, activity of the live 

vaccine is dependent on the replication of the 

virus in the upper respiratory tract and may 

cause mild signs of influenza infection. The 

attenuated vaccine has the potential to induce 

a secretory and systemic immune response 

that more closely resembles the immune 

response detected after natural infection (34).   

The vaccine is prepared either in embryonated 

eggs or in cell cultures and includes the same 

selected strains as the inactivated vaccine. 

This vaccine was shown to be safe, stable and 

hardly transmitted to siblings (35). Following 

treatment with this vaccine, a long lasting 

broader humoral immune response, also 

against drifted viruses, was detected, and a 

cellular response was evoked (36). Efficacy of 

the attenuated vaccine is higher than that of 

the inactive vaccine administrated by 

injection and is appropriate for vaccination 

against pandemic and zoonotic strains (10, 11, 

13, 36, 37).  

2.5 Inactivated vaccines for intranasal 

administration  

Past development:  The same approach that 

led to the development of live vaccines 

aiming toward local immunization was behind 

the attempt to develop inactivated vaccines 

for intranasal immunization. In addition to 

protection from the virus at the entry site 

through the establishment of local immunity, 

this type of vaccine may allow individuals 

from high risk groups (which are constantly 

expanding due to life longevity and more 

immune-deficient patients) for whom the live 

vaccine is inappropriate, to be safely included 

in vaccination programs. Intranasal 

immunization with inactivated influenza 

vaccines was investigated as early as a few 

decades ago, and whole and split virus 

vaccines were evaluated with or without the 

addition of different types of adjuvants.  

Waldman (38) has already shown in 1969 that 

in man, aerosol immunization with an 

inactivated influenza vaccine stimulates 

higher levels of secreted antibodies in the 

respiratory tract than subcutaneous 

immunization.  They described the presence 

of a secretory immunological system that 
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may- act as a "first line of defense" in 

protecting mucous surfaces against invasion 

by pathogens. In 1997, Kuno-Sakai (39) 

suggested that inactive viruses for intranasal 

vaccination are preferable, since they are 

usually given to people with some degree of 

immunity due to past infection or 

immunization, and therefore they may have a 

booster-like effect. Potter and Jennings (40)  

discuss the background, advantages and 

disadvantages of the development of 

inactivated influenza vaccines for intranasal 

administration as compared to parenteral 

vaccination and intranasal administration of 

live viruses.  

A trivalent inactivated whole influenza virus 

vaccine, consisting of 20µg  HA of each 

strain, was applied intranasally to groups of 

volunteers of different age groups: two doses 

to 61 elderly people in the community and 

one dose to 21 residents in a nursing home 

(with a group  that was  injected 

intramuscularly and served  as control) (41-

43). The vaccine was also given to 28 

children (12-14 years old, a single dose)(44). 

Volunteers from the community (182 

vaccinnees), 12-60 years old, received one 

dose (45) and 102 young adult nurses and 

medical students, 21-28 years old, received 

one or two doses (46). The vaccine was 

effective in all age groups, with a significant 

production of local secretory IgA (SIgA) anti-

influenza antibodies and serum HI antibodies 

(IgG) against the three strains in the vaccine. 

Thus, producing a double barrier against virus 

infection and complications, the intranasal 

vaccine was significantly more effective than 

the intramuscular vaccine in inducing a 

mucosal SIgA response. Morbidity was also 

prevented, and vaccination was associated 

with a significant reduction in respiratory 

illness among vaccinated healthy older 

children and adults in the community 

compared to the placebo group (46, 47). 

Although neuraminidase (NA), the second 

major viral surface glycoprotein, was not 

quantified in the vaccine, and its 

concentration might have been low, 

antibodies against N1 and N2 in nasal 

washings were evident, but were absent or 

negligible following intramuscular 

immunization (48). Although these antibodies 

do not neutralize the virus, they reduce viral 

load and severity of disease. Similar results 

were obtained in mice following intranasal 

immunization with formalin-inactivated intact 

virus, but not ether-split vaccines. A broad 

spectrum of heterosubtypic protective 

immunity, possibly mediated by the mucosal 

immune response, was demonstrated in mice. 

These were most likely secretory IgA 

antibodies to viral proteins (49). An 

inactivated virosomal-subunit influenza 

vaccine licensed in Switzerland (Nasalflu, 

Berna Biotech, October 2000) was the first 

licensed intranasal influenza vaccine for 

humans in the world and was available for the 

2000–2001 influenza season; it contained 

Escherichia coli heat-labile toxin as a 

mucosal adjuvant (50). In spite of the 

satisfactory response, this vaccine is no longer 

in clinical use, due to a suggested strong 

association between the inactivated intranasal 

influenza vaccine and Bell's palsy (51).  

  

2.6 Revisiting intranasal inactivated 

vaccines    
The use of intranasal inactivated vaccines was 

neglected when the LAIV was licensed, in 

2002/3.  However  the restriction of the LAIV 

use to 2-49 years only, and the 

contraindication for its use in infants, 

asthmatic patients, those with respiratory 

infections, the elderly and the frail, immuno-

deficient individuals, their house hold and 

contacts (52), led to the exclusion of the 

sector in the population which has most to 

gain from vaccination against influenza. In 

addition, the failure of the vaccine in the last 

seasons (3% efficacy only) and withdrawal of 

the vaccine, at least temporarily (53), justified 

and encouraged the renewed interest in the 
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inactivated vaccine for intranasal application. 

This approach is being evaluated so far only 

in animal models and in preclinical trials in 

humans. There is not yet a licensed vaccine. 

Following is a summary of research carried 

out in animal models and in humans using 

inactivated whole virus or subunit vaccines 

with or without adjuvants, applied 

intranasally. 

 

2.6.1 Animal models  

Intranasal immunization of mice with 

inactivated influenza virus A/PR8 (H1N1) 

provided complete protection against the 

homologous virus and a drift virus within 

the same subtype, A/WSN (H1N1), but not 

against the heterosubtypic virus 

A/Philippines (H3N2). However, co-

administration of inactivated virus with 

cholera toxin as an adjuvant conferred 

complete heterosubtypic protection (54). 

Another group started evaluating 

inactivated vaccines applied intranasally as 

early as 1990, with promising results in 

mice and human adult volunteers (55). 

Intranasal  delivery of an enterotoxin B-

combined vaccine enhanced the production 

of serum hemaglutination inhibition 

antibody as well as SIgA antibodies in the 

respiratory tract compared to the nasal 

vaccine alone (56, 57).   

Research focused on the cholera toxin B 

subunit (CTB) as adjuvant (56, 57). 

Immunization provided cross-protection 

against variants within a subtype of the A 

virus (or variants within the B virus), and 

induced highly cross-reactive SIgA antibodies 

to viral HA, and weak cross-reactive IgG 

antibodies in the respiratory tract (56, 57). 

However, since CTB was prohibited, and 

mucosal adjuvant was necessary as the 

inactivated virus is not a good immunogen, 

particularly in naïve individuals, search for 

new mucosal adjuvants was carried out.  The 

result was Ampligen®,  poly(I):poly(C(12)U, 

a Toll-like receptor (TLR)3 agonist (58). For 

its evaluation, Ampligen was used with a 

seasonal trivalent inactivated intranasal 

vaccine. Cross-reactivity of mucosal IgA and 

serum IgG with the H5N1 virus, a reduced 

H5N1 virus titer in nasal-wash samples and 

increased survival after challenge with the 

H5N1 virus were recorded in vaccinated 

mice. Subcutaneous inoculation did not 

induce a cross-reactive IgA response and did 

not afford protection against H5N1 viral 

infection (59). Similar results were obtained 

in vaccinated cynomolgus macaques 

(60).  Another adjuvant, Endocine
TM

, was 

evaluated in ferrets. Intranasal administration 

of inactivated pandemic 

H1N1/California/2009 split antigen or whole 

virus antigen mixed with the adjuvant induced 

high levels of serum hemaglutination 

inhibition and virus neutralization antibody 

titers. The antibodies were also cross-reactive 

with distant swine viruses of the same 

subtype. Hemaglutination inhibition and virus 

neutralizing antibody titers as well as 

protection from challenge with a homologous 

virus were found after a single nasal 

immunization. Immunized ferrets were fully 

protected from virus replication in the lungs 

and were largely protected against body 

weight loss, virus replication in the upper 

respiratory tract and pathological changes in 

the respiratory tract (61).  Adding a TLR2 

agonist to an existing seasonal detergent-split 

influenza vaccine with a TLR2 agonist-based 

lipopeptide adjuvant (R4Pam2Cys) improved 

influenza vaccine efficacy by inducing 

immediate short-term non-specific antiviral 

protection. The vaccine also provided 

antigen-specific responses that elicited 

homologous and heterologous immunity in 

mice (62). 

 

The addition of carboxy-vinyl polymer (CVP) 

increased the subunit vaccine-specific IgA 

antibody responses of the intranasal 

vaccinated cynomolgus macaques.  The 
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vaccine was retained significantly longer in 

the nasal cavity of both mice and nonhuman 

primates (63). Whole virus, inactivated by γ-

ray radiation, was also reported to induce 

local response in mice (64). It was shown that 

intranasal immunization of mice with a 

formalin-inactivated whole-virion vaccine 

from MDCK cell-cultures protected them 

against challenge with lethal influenza viruses 

of homologous and heterologous subtypes. 

This is another step towards establishing the 

use of this type of vaccine (65).    

2.6.2 Humans 

In 2006, trivalent influenza virus vaccine 

preparations of highly purified hemagglutinin 

and neuraminidase were used in a 

randomized, controlled, dose-ranging phase I 

study. As it is claimed that inactivated 

influenza virus antigens are not reliably 

immunogenic when delivered to the mucosa, 

the potent mucosal adjuvant LTK63 (a 

nontoxic derivative of the native holotoxin of 

E. coli, (51)) was added.  As anticipated, the 

largest increase in circulating antibodies was 

detected in response to intramuscular 

vaccination; the largest mucosal 

immunoglobulin A (IgA) response was found 

in response to mucosal vaccination (66).  

Ainai et al (67)  intranasally vaccinated 50 

healthy adults aged 22 to 69 years, with some 

immunological memory for seasonal 

influenza viruses, twice at 3 week intervals 

with an inactivated whole virus vaccine (45μg 

HA per dose), without the addition of 

mucosal adjuvant. All parameters associated 

with an effective outcome of vaccination in 

the criteria defined by the European 

Medicines Agency were met. Serum and nasal 

hemaglutination inhibition and neutralizing 

antibody responses consisted of HA-specific 

IgG and IgA antibody responses, with IgG 

and IgA antibodies being dominant in serum 

and nasal responses, respectively. It may be 

concluded that the inactivated whole virus 

vaccine appears to be a promising vaccine. 

However, a split vaccine may need adjuvant 

to improve immunogenicity, which is not 

required by the whole virus vaccine. The 

higher immunogenicity of the whole virus 

vaccine may be explained by the adjuvant 

action of single-stranded viral RNAs that 

activate toll-like receptors. Viral RNA is 

present in the inactivated virus particles, but 

is absent in split-product vaccine formulations 

(67).  

An intranasal human inactivated whole virus 

vaccine without adjuvant induced both innate 

and adaptive immune responses and cross 

protection against variants within a virus 

subtype, mainly through a humoral immune 

response. The cross-protection elicited by the 

whole virus vaccine and the split vaccine with 

mucosal adjuvants in intranasal immunized 

mice was very similar (67-70).  

Based on the results in animals and the 

finding that Ampligen
®
 proved to be safe in 

a Phase III human trial with Flumist, it may 

be interesting to try the adjuvant with an 

inactivated vaccine, to further develop this 

mode of vaccination (71). 

2.7 Reasons for the need for annual 

vaccination     

The main problem of all the described 

vaccines is the need for annual vaccination. 

Although the vaccines can prevent symptoms 

of disease, complications and mortality, 

efficiency is dependent on the successful 

matching of the vaccine strains with the 

circulating strains.   The sudden appearance 

of  epidemic strains, such as A/ pdm 

California/2009 H1N1 (8), and the 

transmission of avian strains to humans 

(A/H5N1, with about 60% mortality, H7N9, 

H10N8 and others) may stand    in the way of 

successful vaccination (72, 73).   
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The main obstacle is continuous change in the 

virus. The HA and NA surface glycoproteins 

change due to two different processes. a) 

Antigenic drift, a gradual accumulation of 

point mutations (partially due to 

immunological pressure) that results in the 

appearance of new antigenic epitopes. Drift-

mutated HA and NA sequences that either 

change the protein sequence or shield it by 

glycosylation are selected, resulting in a 

continual antigenic drift of the circulating 

viruses. This change occurs in A as well as in 

B influenza genera. Once in 2-5 years a new 

strain appears, not recognized by previous 

antibodies. A large enough naïve population 

allows the burst of an outbreak or epidemic. 

b) Antigenic shift, a major antigenic change 

in A strains only, occurring every 10-50 

years. Antigenic shift is dependent on the 

large reservoir of A strains in nature, mostly 

in fowls but also in other species, and lately 

also found in bats (74). The influenza viruses 

(Orthomyxoviridae) are RNA viruses 

consisting of eight segments, coding to 11-13 

proteins. When a cell or a host is infected 

with two different strains, re-assortment can 

take place, resulting in the formation of a 

strain with a new HA and /or NA subtype 

introduced into the pool of human strains. The 

mixing vessel is considered to be in most 

cases the pig, since it possesses the specific 

receptors for both human and avian strains.  

Re-assortment can also take place in humans, 

seals and some poultry species. The 

reemergence of a previous strain or adaptation 

of an avian strain can also lead to a pandemic.  

2.8 Universal vaccines     

The fact that all the current influenza 

inactivated and live vaccines are effective 

only against a narrow range of virus strains 

and that vaccine-induced protection against 

influenza may decline within one season (75), 

make it necessary to develop universal 

vaccines. Such vaccines should aim toward 

long term and broader anti-influenza 

responses, in order to provide protection 

against multiple strains and thus eliminating 

the need for annual vaccine production and 

vaccination.  

The basis for studying the potential of a 

universal vaccine is the accumulated evidence 

that long-term immunity does exist. 

Preexisting antibodies against A/pdm 

California H1N1 2009 were detected   in a 

high percentage of the population. The 

prevalence of these antibodies was dependent 

on age: older people had a high titer, while 44 

years old and younger were sera negative 

(76). Gostic et al (77) found that  birth year 

determined the  level of  protective immunity 

to avian strains (IAV) from two different 

phylogenetic clades (H5N1 and H7N9) and 

IAV strains circulating during an individual’s 

childhood confer long-term protection against 

novel HA subtypes from the same 

phylogenetic group.  Based on these findings, 

she proposed that immunity was dependent on 

antibodies targeted to the HA stem (see 

below). Monoclonal antibodies isolated from 

infected mice or humans recognized distinct 

conserved epitopes in the stem region of the 

A/ HAs (78). Some antibodies reacted with 

almost all influenza A group strains, including 

H3N2 and H7N7. Based on this data, the 18 

diverse HAs were grouped into two broad 

clades of viruses. Each group seems to share a 

sequence conserved in the stem, which could 

serve as a target for broadly neutralizing 

antibodies. These findings led the way for the 

establishment of vaccines inducing a broad 

immune response based on invariant regions 

or common proteins (11). The basic 

approaches and challenges of creating such a 

vaccine are discussed by Egorov (79). Several 

such potential candidates (also listed in Table 

2) are: 

1. Hemagglutinin (80, 81), the major 

surface glycoprotein anchored in the virus 

membrane, is a trimer composed of two 

chains, HA1 and HA2, linked by disulfide 

bonds. In A strains, each chain consists of a 
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globular part with the receptor-binding site 

and five antigenic sites. Antibodies to the 

globular part are responsible for neutralizing 

the virus by inhibiting adsorption of the virus 

to the host cell receptor. The HA1 subunit is 

characterized by high variability (drift), 

resulting in considerable diversity in the 

amino acid sequences of the HA protein 

responsible for the large number of strains. 

In contrast, the stem of the HA, which is 

primarily contributed by the HA2 domain 

and is located in close proximity to the viral 

membrane, is conserved among a large 

variety of strains. The main function of the 

HA2 subunit is to ensure fusion of the viral 

and the endosomal membranes by means of a 

fusion peptide. Unmasking these invariable 

regions by the removal of the head of the HA 

produced "headless hemagglutinin”. 

Vaccination of mice with headless HA 

conferred protection against a lethal 

influenza virus. However, as there are two 

unrelated HA clusters, two preparations are 

needed in order to cover all A strains (78). 

Corti et al (82) selected an antibody after 

infection and vaccination with the live 

attenuated vaccine, which reacted against all 

the 16 HAs known at the time. This opened 

the way to design a new immunogen. In B 

strains, the conserved region is located 

around the cleavage site on HA0, and can 

elicit a protective immune response against a 

lethal challenge with viruses belonging to 

either one of the representative, non-

antigenically cross-reactive, influenza B 

virus 2 lineages (83). The headless 

hemagglutinin epitopes were recognized by 

neutralizing antibodies that induced broad 

protective/heterosubtypic immunity in 

animal models by binding to HAs within the 

phylogenetic group 1 (H1, H2, H5, H6, H8, 

H9, H11, H12, H13, H16, H17 and H18) or 

group 2 (H3, H4, H7, H10, H14, H15) 

including zoonotic strains that are 

transmitted to humans (H5N1) (84). One 

monoclonal antibody even recognized 

influenza B HAs (85). These antibodies, 

directed against the stem, do not act in the 

classic way of neutralization by blocking 

viral entry, but rather provide effective 

protection via antibody dependent cellular 

cytotoxicity (ADCC) (86). It appears that 

elicitation of non-neutralizing antibodies by 

an HA stem-only can provide broad 

protection against severe disease and should 

be considered in strategies to develop 

universal influenza vaccines (87). 

 
2. The ectodomain of the M2 protein of 

influenza A viruses is an encoded integral 

membrane protein. The highly conserved, 24-

amino-acid extracellular domain of M2 is 

similar in all the A strains, and unlike HA and 

NA (NA is the second most abundant surface 

glycoprotein), is not subjected to immune 

selection and is therefore stable. Although its 

immunogenicity is weak and M2-e specific 

antibodies do not neutralize the virus, they 

contribute to antibody dependent NK cell 

activity (88-90). By binding to M2 on virus-

infected cells, they can prevent viral 

replication in mice lungs, illness and death 

from lethal H5N1, H1 N1 and other 

heterologous strains. In B strains, only B/M2  

is present but it is not equivalent to A/M2 as 

candidate for a vaccine (91). 

3. Nucleoprotein (NP). An additional 

candidate for a universal vaccine is NP, a 

stable and uniform protein. Epitopes of 

conserved internal influenza virus proteins 

can induce heterosubtypic immunity to 

different influenza virus strains of the same 

type (A or B). NP is an internal structural 

component, well conserved, exposed on 

infected cells during virus replication. For this 

reason, its role in protection and in 

accelerating virus clearance in mice and 

humans is not by neutralization, but could be 

related to the generation of cross-reactive 

CD8+ cytotoxic T cells (CTLs) that have the 

potential to destroy infected cells (86, 92-94). 

It is likely that a future vaccine will include, 
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in addition to combinations of HA and NA, 

several other viral components. For example, 

NP, M1 (which also activate CD8+ cytotoxic 

lymphocytes) and M2-e. Such a T cell–

stimulating vaccine, with the addition of the 

non-structural NS1 protein, will be capable of 

inducing a broad and long-term immune 

response and might be a promising candidate 

for incorporation into a broad-spectrum 

influenza vaccine (95, 96).   

Several experimental vaccines based on 

invariant regions of the virus are now being 

clinically evaluated for priming or as booster 

for various vaccine formulas. 

2.9 Universal vaccine for intranasal 

administration 

 As it seems that intranasal delivery is the 

preferable mode of immunization, the 

question was raised whether this route could 

deliver the universal vaccine. It was 

demonstrated by Tamura in 1996 (97) that 

mice immunized intranasally with adjuvant-

combined NP showed  accelerated virus 

clearance from the nasal site, morbidity was 

diminished and survival rate increased (98). 

In animal models, cross-protection by 

vaccines based on conserved antigens does 

not completely prevent infection, but greatly 

reduces morbidity, mortality, virus replication 

and, as a result, viral shedding and spread. 

Such immunity is especially effective and 

long lasting with mucosal administration. 

Cross-protective immunity in humans is 

controversial, but is suggested by some 

epidemiological findings. Universal vaccines, 

protective against all influenza A viruses, 

might substantially reduce severity of 

infection and limit spread of disease during 

outbreaks. Price and colleagues (99) 

demonstrated that a candidate universal 

influenza vaccine protects vaccinated animals 

from lethal infection and reduces the 

transmission of virus from vaccinated to non-

vaccinated mice. Their vaccine, consisting of 

NP and M2, induced immunity against 

proteins conserved among all known 

influenza A virus strains and subtypes. Thus, 

the vaccine could be used early in a pandemic 

before conventional strain-matched vaccines 

are available and could potentially reduce the 

spread of infection in the community. 

Vaccination of mice with a mixture of virus-

like particle individually displaying H1, H3, 

H5, or H7 HAs,  showed significant 

protection following challenge with influenza 

viruses expressing 1918 H1, 1957 H2, avian 

H5, H6, H7, H10, and H11 hemagglutinin 

subtypes (100).    

3.0 Understanding the immune response 

(Table 3) 

 3.1 Different compartments of the immune 

system are activated, depending on the type 

of immunization 

 The immune response elicited by the current 

vaccines is dependent on the route of 

administration (parenterally or mucosal) 

(101). The type of antigen (killed or 

attenuated live), the formulation of the 

vaccine (supplementation with adjuvant) and 

the vaccinee’s profile (age, health condition 

and previous exposure to influenza antigens), 

all affect the immune response.  Parenteral 

immunization with inactivated vaccines 

induces mostly strain-specific immunity: 

humoral IgM and IgG antibody response to 

HA and NA in the lower respiratory tract that 

may protect against pneumonia.   However, 

none or only negligible mucosal immunity 

develops at the entry site of the virus. LAIV 

can boost mucosal heterosubtypic immunity 

and serum antibodies as well as virus-specific 

CTLs by mimicking natural infection.  This is 

in contrast to inactivated antigens that do not 

induce strong CTL responses. Mucosal 

delivery strategies, particularly when using 

LAIV that can replicate, but also following 

intranasal application of an inactivated 

vaccine, may mount a mucosal barrier that 

inhibits infection.  
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  3.1.1 SIgA response  

One of the main differences between 

parenteral vaccination and local 

administration (LAIV or inactivated vaccine) 

is the elicitation of SIgA antibodies (mucosal 

response), the major immunoglobulin on 

mucosal surfaces. 

 SIgA displays different molecular forms 

depending on   its production   in plasma 

cells  or as monomeric  IgA in serum and 

tissues (102). The secretory IgA antibodies 

are dimers that exhibit a broad spectrum of 

activity; they react with homologous HA and 

cross-react with heterogeneous viral A strains 

and avian strains. The secretory form is more 

effective than the monomer serum IgA and 

IgG. The findings of Suzuki et al (103) that 

trimeric, tetrameric, and larger polymeric 

structures displayed increased neutralizing 

potency against influenza A viruses 

compared with dimeric SIgA, may explain 

these differences. These results suggest that 

polymerization of IgA enhances its antiviral 

effect, but does not increase the number of 

influenza virus strains neutralized by the IgA 

(104).  

3.2 Immune response following infection 

 Following natural infection in humans and in 

animal models, innate immunity, the first 

response generated, is known to play an 

important role in inhibition and viral 

replication and spread of influenza A virus 

(69). Type I alpha/beta interferons (IFN-α/β), 

and recently type III IFNs (IFN-λ) were 

identified as the major response to intranasal 

infection with this virus (105). The next stage 

of the immune response is the activation of 

adaptive immunity: long lasting cellular and 

humoral responses in the serum and on 

mucosal surfaces (69). Importantly, anti HA 

stem antibodies, the basis for a universal 

vaccine, are induced following infection, but 

only low titers are produced following 

vaccination (106). ADCC-antibody titers 

increased following experimental influenza 

virus infection in adults and after split vaccine 

administration in both children and adults, but 

not after LAIV. Preexisting ADCC antibodies 

also conferred protection (86).   

Understanding the immune response that 

develops during infection and the role of the 

various adjuvants in the correct TH1/TH2 

balance, may enable the development of a 

more efficient vaccine.  

4.0 Summary and Conclusions 

Currently available vaccines, although the 

major means to control and prevent influenza 

infection, are far from being optimal. 

Protection by inactivated vaccines is strain-

specific and balances the level of anti HA 

(neutralizing) and anti NA (non-neutralizing) 

antibodies. LAIV protection is dependent 

mostly on mucosal immune response and, 

although it exhibits a broader activity against 

heterologous A strains, is still not sufficient.  

Inactivated vaccines delivered nasally seem to 

be better than current inactivated injectable 

vaccines due to mode of administration 

(avoiding fear of the needle) and their higher 

efficacy. In addition, intranasal vaccines are 

appropriate for those target groups that LAIV 

is not approved for, and furthermore the 

immune response is similar to the response to 

LAIV. Universal vaccines might be the 

solution for the constantly changing virus. 

Introducing a new generation of vaccines 

calls for new criteria for evaluation, as titer of 

hemaglutination inhibition antibodies, which 

correlates with protection following 

vaccination by injection, is not always 

relevant. This is the case, for example, for 

intranasal application or following the usage 

of non-hem agglutinating moieties in 

universal vaccines. The requirements for 

licensing these new vaccines and how they 

might be used in the future is discussed (96).  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Suzuki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26056267
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Taken together, it seems that intranasal 

delivery is the preferable mode of 

immunization. Applying a universal vaccine 

by this route may further augment its potential 

and may elicit a broad-spectrum immune 

response. Including the entire population in 

vaccination programs may be future practice.  

A crucial question is whether the flu will stay 

with us forever, or whether there is a 

possibility of eradicating it. In this regard, 

influenza B and C should be differentiated 

from influenza A. B and C usually infect only 

man (the reservoirs in seals for B and in pigs 

for C play only a negligible role in 

epidemiology and spread of the disease to 

man). The C type is responsible for only 

sporadic cases and is not, therefore, included 

in the annual vaccine. The variation of the B 

type is only by drift (minor antigenic changes 

due to acquisition of point mutations) and 

only two lineages are recorded. While both 

influenza B and C may be considered suitable 

for eradication, or at least elimination, 

influenza A, a zoonotic disease, with its 

constant genetic turbulence, entirely 

contradicts the requirements for eradication. 

Since the available vaccines presently protect 

only against a specific strain/s and not against 

new ones, universal vaccines administered by 

injection or intranasally may be the only way 

to control and prevent infection, particularly 

of the avian strains. 
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Table 1: Available influenza vaccines 

 

Vaccine 

 

Production system 

 

Target 

group 

 

Status 

 a: Trivalent/ quadrivalent 

inactivated (formalin, BPL) by 

injection.    

Recently produced by all leading 

companies 

Eggs 

 

Cell Cultures 

(VERO,MDCK) 

Different 

age groups 

Licensed world 

wide 

1.Whole Inactivated Virus Eggs 

 Cell Cultures 

(VERO,MDCK) 

Not for 

children 

Licensed world 

wide 

2.Split   Eggs 

 Cell Cultures 

(VERO,MDCK) 

From 6 

months 

Licensed world 

wide 

3.Subunit 

 

4.Fluzone high dose (60ug, 

Sanofi Pasteur) 

Eggs 

 Cell Cultures 

(VERO,MDCK) 

From 6  

months 

≥65 

 

Licensed world 

wide 

 

FDA 2010 

b: Monovalent: 

A/H5N1,A/H1N1(2009) 

produced by all leading 

companies 

Eggs 

Cell Cultures 

(VERO,MDCK) 

 

From 6 

months 

 

Licensed world 

wide 

 1. LAIV (FluMist®)   Trivalent,   

quadrivalent for intranasal 

administration 

  2. Monovalent (A/H1N1 /2009)  

for intranasal administration 

Eggs   

Cell  Cultures 

(VERO, MDCK) 

For healthy 

(non- 

pregnant) 

2-49 yrs. 

  

World wide 

3. Flublok  Recombinant 

influenza vaccine RIV3 trivalent 

and quadrivalent 

Insect cells       

Baculovirus technology  

 Approved 2013, 

18-49 yrs. 

2016, ≥18yrs   
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Table 2: Viral Polypeptides and Components Relevant for Universal Vaccine 

Function Polypeptide/s RNA 

Segment 

 

Transcriptase binds to cap 

structure on host cell MRNAS 

PB2 1 

Transcriptase elongation  and 

endonuclease 

PB1 (F-2  pro-apoptotic) 2 

Transcriptase protease activity  PA 

PA-x(in A strains) inhibits INF 

expression 

3 

Hemagglutinin,  surface 

glycoprotein 

Binds to receptor, fusion activity 

HA  
Conserved stem part , two 

lineages found each sharing the 

same component  

4 

Nucleoprotein RNA binding; part 

of transcriptase complex 

,nuclear/cytoplasmic transport of 

RNA 

NP 
Conserved, common to all A  or 

B strains 

5 

Neuraminadase; surface 

glycoprotein, virus penetration  

and  release neuraminidase 

activity 

NA 6 

Matrix protein major component 

of virion, plays a vital role in 

assembly by recruiting viral 

components to the site of 

assembly, has an essential role in 

budding process and viral 

particles(morphogenesis) 

M1     

Conserved, shared by all 

members of group A or B 

7 

Integral membrane protein-ion 

channel  inserted into viral 

envelope and project               

from virus surface as 

tetramers(97aa ,19 in lipid   54 

cytoplasmic   

M2 

  M2-e 24aa  extra-membranal

exposed  (in A strains Conserved 

only) 

7 

Nonstructural nucleus, effects on 

cellular NA transport ,splicing 

,translation antagonist to 

interferon 

 

Non- structural nuclear  export 

protein 

NS1 

 

 

 

 

NEP 

8 
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Table 3: Response to infection and immunization 

Response  Infection Parenteral 

Vaccination with 

Inactivated 

Vaccine 

Intranasal  

Vaccination 

with LAIV 

Vaccine 

Intranasal 

Vaccination 

with 

Inactivated 

Vaccine 

Innate 

Immunity 

    

 

Cytokines 

Interleukins 

Interferon 

gamma 

Interferon Type I 

Type III 

 

 

++ 

 

+ 

 

++ 

 

++ 

Adaptive 

Immunity 

    

IgM, IgG   

(neutralizing 

antibodies) 

 

+++ 

 

+++ 

 

++ 

 

++ 

HAI +++ +++ + ++ 

Anti NA +++ ++ + ++ 

Mucosal SIgA +++ +/- +++ +++ 

Cross protection ++ +/_- ++ ++ 

ADCC +++ +++ - ++ 

CD8 CTLs T 

cells 

++ +/- ++ ++ 

CD4 TH cells ++ +/- +++ ++ 

Memory cells ++ + ++ + 

Spectrum  of 

Response 

Broader to 

heterologous  

strains 

Narrow specific 

to homologous 

strains 

Broader to 

heterologous  

strains 

Broader to 

heterologous  

strains 

Defense 

Mounted 

Mucosal 

entrance site 

of virus and 

in serum 

Serum, lower 

respiratory tract. 

Negligible 

mucosal defense 

Mucosal 

entrance site of 

virus and in 

serum 

Mucosal 

entrance site of 

virus and in 

serum 

 

 + is to give an estimate of an existing response. Addition of adjuvant, as well as other factors, 

may shift results  

 


