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Review article

Nasal vaccine as a booster
shot: a viable solution to restrict
pandemic?

The coronavirus disease 2019 (COVID-19) pandemic revolutionized the vaccine market and ini-
tiated the momentum for alternative routes of administration for vaccines. The intranasal route
of immunization is one such possibility that appears to be the most promising since it has some
significant advantages, particularly in the prevention of respiratory infection. To analyze and
summarize the role of nasal vaccines over conventional vaccines during COVID-19 and the
need for the nasal vaccine as a booster shot. In this narrative review, the required data was
retrieved using keywords “COVID-19,” “Intranasal,” “Immunity,” “Nasal spray,” and “Muco-
sal” in databases including PubMed, Scopus, Embase, Science Direct, and Web of Sciences.
The results of the study showed that the nasal vaccines were both effective and protective
according to the current researches approaching during the COVID-19 period and the preclini-
cal and clinical phase trials prove the intranasal vaccination elicits more robust and cross-
protective immunity than conventional vaccines. In this narrative review article, mechanisms
across the nasal mucosa will be briefly presented and the current status of nasal vaccines
during the COVID-19 pandemic is summarized, and advantages over traditional vaccines are
provided. Furthermore, after exploring the primary benefits and kinetics of nasal vaccine, the
potential for consideration of nasal vaccine as a booster dose is also discussed.
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Vaccines are biological agents that elicit an immune reaction to a particular antigen
derived from a pathogen that causes an infectious disease [1]. They are considered to
be one of the greatest public health achievements of the last century and work by trig-
gering an innate immune response, which then triggers an antigen-specific adaptive
immune response, similar to how normal infections do [2]. Vaccines come in a variety
of forms, including active, inactivated, conjugate, component, and recombinant vac-
cines [3]. The nasal vaccine is one such type, where the administration has increasing-
ly gained popularity as a viable alternative to injection [4]. Oral and intramuscular vac-
cinations have long been considered the best alternatives, but the nasal path has many
benefits, including the convenience of delivery and the development of mucosal and
systemic immunity [5]. and they are Needle-free vaccine delivery will help with the
mass vaccines by making them easier and faster to administer, as well as improving
protection and enforcement, lowering costs, and reducing the discomfort associated
with vaccinations [6]. Nasal vaccine delivery has a number of advantages over most
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vaccine delivery methods. These benefits include the ease of
administration without the use of needles, which decreases
the risks of needle stick accidents and disposal [7]. The nasal
route of vaccination can provide protection at a number of
different mucosal areas making it more convenient that is
both cost-effective and patient-friendly. Micro particulates,
nano particulates, and liposomes make up the majority of
nasal vaccine delivery systems [8]. After all, have benefits in-
cluding ease of administration, fast onset of intervention, and
the prevention of first-pass metabolism [9]. Intranasal vac-
cines are more effective than oral vaccines. Immunization via
the nose is a popular choice. The advantages include being
easily accessible, being highly vascularized, having a large
number of microvilli, and so on [10]. The nose is a great way
to administer vaccines because it allows for reduced doses
and no susceptibility to high pH or intestinal issues [11]. The
preparation of highly efficient coronavirus disease 2019 (CO-
VID-19) vaccines in less than a year is a remarkable scientific
achievement. However, some coronavirus variants have de-
veloped that might at least partially avoid the vaccine-in-
duced immune response. These variations should serve as a
wake-up call to avoid complacency—and to inspire us to in-
vestigate a new form of immunization that is administered by
nasal spray. Intranasal immunizations may give an extra layer
of protection and aid in the virus’s progress and intranasal
vaccinations look to be a good prospect since they have the
ability to prevent coronavirus infection while also requiring
far less distribution and administration. It’s time to prioritize
them and speed up their growth. This paper elucidates and
explores the major physiological challenges and advantages
over traditional vaccines that must be addressed for nasal
vaccination to be successful, explain developments in the
field of nasal administration of subunit vaccines, and explore
new prospects for nasal vaccine improvement. Booster COV-
ID-19 shots have become a debatable topic in recent times,
with certain health institutions promoting their usage to ex-
tend vaccination-induced immunity. Novel nasal COVID-19
vaccines are being developed, and preliminary results in
nonhuman primates have revealed that they are effective in
preventing virus proliferation and shedding. The goal of this
review is to provide an overview of intranasal vaccinations
and their current status in comparison to conventional vac-
cines, as well as the possibility of using the intranasal vaccine
as a booster dose.

This is a narrative review and does not include any human/
animal subject; hence, no ethical approval is required.
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Every year, influenza disease affects the world’s population
up to 10%, or up to 500 million individuals [12]. Vaccination
is one of the viable options to restrict any outbreaks, present
seasonal influenza vaccines, and are only effective against
closely related circulating strains [13]. There are currently of-
fered trivalent vaccines that contain two A viruses and one B
virus. Recently, quadrivalent vaccines have been developed
[14]. The live attenuated influenza vaccine (LAIV) has been
used as an alternative to standard inactivated influenza vac-
cines since 2003 in the United States and Europe in 2012 [15].

The trivalent inactivated vaccine (TIV) is the most often used
kind of influenza vaccine and the typical vaccine comprises
three currently circulating seasonal influenza virus strains:
two strains of influenza A viruses (H3N2 and HIN1) and one
type of influenza B virus. TIVs confer immunity by producing
antibodies that target the hemagglutinin (HA) protective epi-
topes. Some formulations may also stimulate the formation
of NA-specific antibodies, which do not protect against infec-
tion but may change the sickness that occurs. TIV is adminis-
tered as a single dose to children aged 9 years old and con-
tains 15 g of HA per strain (total HA concentration of 45 g).
Younger children (between the ages of 6 and 8 years) require
two doses delivered 4 weeks apart [16].

The same strains as the TIV are included in the quadriva-
lent influenza vaccine (QIV), as well as an extra B strain from
another B lineage [17]. Between 2007 and 2017, there was a
mismatch between the circulating B lineage and the one in
the vaccine in four out of ten seasons in Spain, despite the
fact that the World Health Organization (WHO) currently ad-
vocates TIV [18]. The WHO recommends the influenza virus
strains that should be included in the influenza vaccine for
the following epidemic season twice a year. QIV, which com-
prises two influenza A subtypes (HIN1 and H3N2) and two
influenza B lineages (B/Victoria and B/Yamagata), has been
used since 2013-2014 season in addition to the TIV. For the
first time in the 2018-2019 season, the WHO classified QIV as
a first-line recommendation. Furthermore, the European Cen-
tre for Disease Prevention and Control has advised QIV for
influenza elimination since 2017. The importance of QIV has
also been acknowledged by other European nations. Between
2007 and 2017, the WHO still advised TIV in Spain [19].

185



VACCINE

Sarasa Meenakshi et al « Nasal vaccine as a booster shot

The US Food and Drug Administration (FDA) initially ap-
proved one new B antigen in 2012, and it has just recently hit
the market (registered in 2014 in Israel and marketed in 2015)
[20]. Although the trivalent seasonal influenza vaccination
contains one strain of influenza B, it is not always feasible to
forecast which influenza B lineage would prevail during the
next influenza season [21]. When compared to trivalent im-
munization, quadrivalent vaccinations have been proven to
lower morbidity, mortality, and the use of healthcare servic-
es. The comparative cost-effectiveness of the extended vacci-
nation against the trivalent vaccine, on the other hand, is strong-
ly reliant on the influenza B population burden. Both a LAIV
and an inactivated flu vaccine are obtainable for the quadri-
valent and trivalent vaccines [22]. In addition to HIN1 and
H3N2, the decreased efficacy of a mismatched vaccination
may be prevented by adding four virus strains in the vaccine
one from each B lineage. In the first decade of the 21 century,
the use of quadrivalent influenza vaccination was proposed
[23]. The LAIV is given intranasal, whereas the Inactivated in-
fluenza vaccine (IIV) is given intramuscularly. The attenuat-
ed virus replicates in the nasopharyngeal mucosal tissues,
simulating physiological infection. When compared to intra-
muscular ITV, LAIV nasal delivery results in greater secretory
immunoglobulin A (IgA) titers. While both vaccine delivery
strategies rely on humoral and cell-mediated immunity, mim-
icking natural infection may have immunological benefits [24].

Injected vaccines activate the systemic immune response,
however may not have a mucosal immune defense. Vaccines
for the mucosa, however, elicit not only strong local immune
defense, but also systemic reaction close to that of injection
[4]. Nasal administration is available in a range of sizes and
formulations, including granular and sprays delivery. Parti-
cles bigger than 5 mm in diameter settle in the nasal cavity
mostly when air is driven through the anterior surfaces of the
nasal turbinates, and to a lesser proportion when the air flow
shifts to the posterior nasal cavity [25]. The mucous mem-
brane of the nasal cavity is the initial line of defense against
inhaled antigens, and the presence of nasal-associated lym-
phoid tissue (NALT) around the root of the nasal canal is criti-
cal for mucosa surface protection. Furthermore, the nasal
membrane is porous, and there are blood vessels and lym-
phatic vessels to which the antigen may have immediate en-
try if it is delivered efficiently through the epithelial tissue [26].

186

And providing effective and long-lasting defenses from patho-
gen invasion. Most commercial vaccinations, on the other
hand, are delivered systemically, ensuing in just a humoral
immune response and no protection against pathogens in
the mucosa. As a result, mucosal vaccination is extremely ben-
eficial for infectious diseases that are inhaled, swallowed, or
sexually transmitted, such as measles, coronaviruses, and
human immunodeficiency virus (HIV) [27]. Nasal medication
administration is also noninvasive, which adds to its simplic-
ity and safety. Furthermore, as compared to oral, sublingual,
and transdermal drug delivery, nasal medication delivery re-
sulted in a rapid onset of effect [28]. To be successful after in-
tranasal delivery, a vaccine’s formulation must maintain anti-
gen safety, provide the antigen enough time to connect with
the lymphatic system, and activate both innate and cellular
processes with or without the use of the healthy chemicals by
attacking particular parts of the body, effective adjuvants im-
mune cells that provide long-term protection from pathogens
[11]. Nasal vaccination has a number of intriguing benefits. The
nasal cavity includes a high number of dendritic cells, which
can trigger potent systemic and local immune responses to
infections that enter the body through the respiratory tract
[29]. Any medications can be absorbed in a very fast rate after
being applied nasally. It is often associated with high bioavail-
ability (depending on the physicochemical properties of the
drug [30]. For example, if a medicine is required to have a quick
start of effect if gastro stasis occurs (e.g., migraine), or if a med-
ication is poorly absorbed throughout the gastrointestinal tract
or is extensively destroyed by natural pH conditions or enzymes
inside the lumen of the intestine, and/or by first-pass liver
metabolism, then oral administration is not practicable [31].

Medication distribution in a controlled dose, decreased drop-
let or particle size, excellent penetration within the nasal cav-
ity with limited inadvertent delivery through the lungs, main-
tenance of dose-to-dose sterility, better patient compliance;
reduced mucosal irritability, and greater substance design
flexibility are the ascendant properties of intra-nasal aerosols
[32]. Lipophilic drugs are generally well absorbed through
the nose, with pharmacokinetic profiles that are often identi-
cal to those obtained following an intravenous injection and
bio availabilities approaching 100%. The Tmax for both intra-
venous and nasal delivery of these fentanyls has been dem-
onstrated to be relatively quick (7 minutes or less) and the
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bioavailability for nasal administration was approximately
80% [33]. Nasal products can be single-dose or bi-dose, al-
though they frequently include numerous doses, which ne-
cessitates storage. In general, formulations designed for local
or systemic action must have no irritating or toxic effects on
mucosa and cilia, be isotonic, and contain excipients to mod-
ify pH, viscosity, solubility, and stability. Apart from dosage
content uniformity testing for systemic preparations and the
fairly vague condition that the particle size should allow pre-
dominant nasal deposition, the present standard does not of-
fer specific characterization procedures for such nasal formu-
lations [34]. To begin with, the adjuvant must not just enhance
any immune response, but it must also be linked to improved
therapeutic effect. Second, in the development of new vac-
cine adjuvants, safety has been a key issue, with the goal of
providing sufficient progressive efficacy while avoiding or
eliminating reactogenicity or toxicity [35]. Despite the many
benefits of the nasal path, drug absorption through the nasal
mucosa can be inhibited by limitations such as high molecu-
lar weight [36]. The spray frequently drips out of or is wiped
from the nose as a result of this anterior deposition. Patients
frequently sniff to avoid drip-out. However, this permits the
medication to be absorbed via the nasal floor and into the
throat and gastrointestinal tract. Before entering the gastroin-
testinal tract, the drug travels past taste receptors at the base
of the tongue. It causes an unpleasant/bitter taste sensation
and inhibits delivery to the desired nasal areas [37]. Further-
more, nasal vaccines increase the synthesis of secretory IgA,
a key component of the mucosal defense system that acts as
a local barrier against infections that enter the body via other
mucosal membranes. Indeed, mucosal vaccination is found-
ed on the concept of a unified mucosal immune system, which
claims for developing mucosal immunity on one mucus layer
might lead to the development of effector cells on other mu-
cosal surfaces [38].

Cross-reactive antibodies have also been observed as a result
of intranasal vaccination, which might indicate cross-protec-
tion. Cross-protective immunizations can elicit cross-reactive
antibodies that detect several antigens, which can enhance
vaccine effectiveness by lowering the number of doses need-
ed. Given the high cost of various antigen manufacturing meth-
ods, this offers significant cost savings over alternative options

https://doi.org/10.7774/cevr.2022.11.2.184
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[7]. The intranasal vaccination is non-invasive, as it does not
require injection. Needles and syringes are not required for
nasal protection [39]. Patient compliance is improved. Anti-
genic dosage is little [40]. It is suitable and safe for youngsters,
the elderly, HIV-positive patients, and patients with many co-
morbidities, and it removes the danger of needle-related in-
fections and discomfort [41]. Oral, intranasal, pulmonary,
rectal, and vaginal immunization are all options for mucosal
vaccination. The nasal route is the simplest and is appropri-
ate for vaccination delivery [40].

The nasal epithelium’s many microvilli provide a much
greater absorption surface. Through mucosal antibody pro-
duction. Intranasal immunization may give protection against
disease in other mucosal areas as well as cross-protection
against different strains [41]. Intranasal vaccinations may be
especially beneficial for certain groups—youngsters, patients
who are old, HIV-positive patients, and patients with several
comorbidities, and it is critical to have someone who can ad-
minister them in a cost-effective manner. It makes a difference
whether the injections must be administered by a physician
or if nurses or pharmacists are capable of doing so. Self-admin-
istration of intranasal vaccinations is a viable approach [5].

Most vaccinations have traditionally been administered sub-
cutaneously to generate systemic protection against infection;
however, this method of administration is ineffective for caus-
ing antigen-specific mucosal immune responses [42]. The
mucosal immune system is the most effective region for vac-
cination and acts as the first layer of defense against infection.
Nasal and oral vaccines are the most effective treatments for
mucosal infections (Fig. 1) [8]. Dendritic cells, T cells, and B
cells make up NALT, which is enclosed by an epithelium cell
layer that contains M cells, which are unique cells [43]. M cells
in NALT serve as antigen absorption sites for mucosal immune
induction (Fig. 1) [44]. Particle antigens are preferentially un-
dertaken by M cells in NALT, despite the fact that tiny soluble
antigens can pass through the nasal mucosa. M cells deliver
antigen to dendritic cells, macrophages, and B cells, where it
is processed and presented [45]. CD4+ T helper cells become
activated and communicate with B cells, causing IgA into
(IgA+). IgA+ B cells migrate to effector locations like the nasal
passage, where they develop into IgA-producing plasma cells
and form IgA dimers. When dimeric IgA interacts with the
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Fig. 1. Mechanism of intranasal vaccine.

polymeric Ig receptor, which transports IgA to effector loca-
tions, S-IgA is produced (Fig. 1) [46]. Intranasal vaccination
formulations that work retain the antigen stable and guaran-
tee that it stays in the nasopharyngeal region prolonged peri-
od to interact with the lymphatic system with or without ad-
juvants, boosting the immune system to give long-term im-
munity [11].

Boosting the dose or third dose for the severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) infection has prov-
en to be effective in restricting severe clinical outcomes of
COVID-19 [47,48]. The key importance of considering the
boosting dose is to restrict the resurgence of coronavirus in-
fluenced by Omicron variant B1.1.529, and Delta variant
B1.617.2 among others. Boosting may be acceptable for a
certain group of the population whose initial immunization,
was through single or multiple dose vaccines which may not
provide enough protection for individuals with low-efficacy
potential or immune compromised populations. Additional-
ly, numerous mutations and the host compatibility to the vi-
rus-induced immune reactions may vary, and the immune
response of existing vaccine candidates may not be enough
to tackle the restriction of newer mutations. It’s still unclear if
an additional dose of the same vaccine or an alternative vac-
cine that complements the first immune reaction is more
beneficial to the high-risk populations.

The efficiency of COVID vaccines seems to increase with
the number of doses to induce sufficient immunity against
the virus. A single dosage of neither the Oxford-AstraZeneca
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(AZD1222; (AstraZeneca, Cambridge, UK) or Pfizer-BioN-
Tech vaccine (Pfizer, New York, NY, USA) is only about 30%
protective towards delta variant of SARS-CoV-2, according to
scientists; however, dual dose vaccination showed the effi-
ciency of 88 % for Pfizer and 67% for AstraZeneca [49]. A mul-
ticenter randomized phase II trial of 2,878 participants has
shown promising results in using a booster dose for COV-
ID-19 using Intramuscular Vaccine [50]. The clear implica-
tions of protocols regarding the boosting dose must only be
implicated once there is adequate information about the re-
quirement of boosting dose and the targeted population, to
avoid unwanted significant boosting reactions.

The nasal route is highly advantageous for simple immuniza-
tion, and most COVID-19 vaccine developers are testing the
nasal-based vaccination platforms as a booster shot that ma-
jority of current efforts may lead the way for next-generation
vaccines in the near future. Intranasal vaccinations are ex-
tremely useful since the nasal mucosal area is frequently the
first area of infection. According to preclinical and clinical stud-
ies, intranasal vaccination induces the production of neutral-
izing antibodies as well as mucosa IgA and T cell responses,
which protect against serious complications of respiratory
disease in respiratory tracts. Intranasal vaccine development,
on the other hand, has its own set of obstacles and potential.
Many clinical and preclinical studies successfully explored
the safety and efficacy parameters of the nasal vaccine for
COVID-19 (Table 1, Fig. 2), where the use of the nasal vaccine
as a booster dose needs to be investigated further. In a year
when a drifting influenza-A virus predominated, Nichol et al.
[51] illustrated that intranasal vaccinations are safe and effec-
tive in healthy, working persons. The participants were ran-
domly randomized to receive either an intranasally adminis-
tered LAIV vaccine (n=3,041) or a placebo (n=1,520) in the
fall of 1997. Following the discovery that LAIV vaccination re-
cipients had less febrile illnesses than placebo receivers dur-
ing epidemic periods (13.2% for vaccine versus 14.6% for pla-
cebo; p=0.19), vaccine candidates have reported some side
effects that are not statistically significant. The match between
the type A (H3N2) vaccine strain and the circulating virus
strain (A/Sydney/05/97[H3N2]) was poor during the 1997-
1998 season, showing that LAIV conferred significant cross-
protection against variant influenza A virus strains [51].
Booster COVID-19 injections have been the focus of atten-
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Table 1. Current status of worldwide intranasal vaccine candidates
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Products name Developer Delivery platforms Mechanism against COVID-19 Currentstatus  Country of origin
NONS SaNQtize NORS targets upper S protein adhesion as well as viral RNA  Phase 3 completed Canada
airways production are reduced.
Beyond Air Lung Fit S protein adhesion as well as viral RNA  FDA approval USA
production are reduced. pending
Vero Biotech LLC GeNQsyl Chronic DS S protein adhesion as well as viral RNA  FDA approval for Georgia
production are reduced. emergency
Inhalation nebulizer APEPTICO synthesized peptide Repairs the pulmonary alveolar Ongoing phase 3 Australia
suspension powder solnatide endothelial—epithelial barrier
Micronized cellulose Nasus Pharma Taffix spray Blocks viruses with nasal mucosa Approved Israel
powder
polysaccharides- University of Brimingham  Mucoadhesive nasal ~ Prevents spread of virus and shield the ~ Approved UK
containing nasal spray spray lining of respiratory system
Inhaled mRNA-based Neurimmune and Ethris SNIM RNA technology ~ Neutralizing SARS- CoV-2 antibodies Phase 2 Germany
antibody
Peptide KL4 surfactant ~ Windtree Therapeutics Inc. AEROSURF delivery Lowers the occurrence of nasal Phase 2 USA
(Sinapultide) technology continuous positive airway pressure
Alvesco HFA inhaler Covis Pharma Ciclesonide Inhibits the viral responses\replication ~ Phase 3 Luxemburg
Nasal spray Marinomed Biotech Carragelose spray Encases viral particles Phase 2 Australia
Peptide Nebulization NeuroRX Inc. Aviptadil synthetic SARS-CoV-2 replication is inhibited &  FDA emergency use USA
vasoactive polypeptide  cytokine production is prevented IND authorization
Leukine sargramostim Partner Therapeutics iLeukPulm For acute hypoxemia in COVID-19 Phase 2 USA
nebuliser
Neuroactive spray VistaGen Therapeutics Inc.  PH34B Reduces anxiety by activating synaptic ~ Phase 3 USA
pathways
Anti-IL-6 receptor Tiziana Life sciences, UK &  TZLS-501 Depletes circulating levels of interleukin - Phase 1 USAand UK
nebulized monaclonal STC Biologics, USA, and 6 in blood
antibody Sciarra Laboratories, USA
Nebulized Aspartyl- alanyl Ampio Pharmaceuticals ~ Ampion Interrupts inflammatory response & Phase 2 USA
diketopiperazine respiratory disease associated with
COvVID-19
Nebulised Interferon beta  Synairgen SNF0O01 Up regulates pulmonary antiviral Phase 2 UK
defenses
Nasal spray Biohaven Pharmaceuticals, Zavegepant (BHV-3500) Calcitonin gene-related peptide receptor Phase 2/3 USA
Inc. antagonist

COVID-19, coronavirus disease 2019; FDA, Food and Drug Administration; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IND, Investigational New Drug.

tion in recent months, with certain countries pressing for their
usage to extend COVID-19 vaccine immunity and safety. De-
spite several findings strongly supporting the appearance of a
probable third wave and waning vaccine immunity, novel
booster vaccines, and their efficiency, despite India’s recent
achievement of a significant milestone of billion immuniza-
tions. Bharat Biotech has mentioned the possibility of giving
a third dosage of Covaxin as a booster shot, which will be very
different from the existing vaccination.

Vaccine administration via the nasal route appears to be a vi-

able option given the advantages of nasal vaccine over tradi-
tional vaccines, which improves patient compliance and re-
duces the requirement for specialized healthcare staff to give
the vaccine. However, the growing number of clinical studies
shows that there is a clear demand for nasal vaccinations that
are simple to administer and provide better benefits than the
additional mucosal lines in terms of formulation cost and the
requirement for qualified staff to deliver them. Intranasal vac-
cination has the capability to produce a durable and cross-
protective immune reaction at the respiratory pathogen’s
point of entry. As a result, it is an effective technique for pre-
venting infections caused by the influenza A virus which is
very variable. Intranasal given vaccinations that are mucosal-
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Developer Preclinical Phase 1 Phase 2
University of Oxford in
collaboration with AstraZeneca, v v
UK
Washington University School v v
of Medicine, USA
CanSino Biologics Inc., China v v v
Altimmune, USA v v
Bharat Biotech in collaboration
with Washington University v v v
School of Medicine
University of Wisconsin with
FluGen and Bharat Biotech, v
USA
Beijing Wantai Biological v v
Pharmacy Enterprise, USA
Meissa Vaccines Inc., USA v v
lllinois Institute of Technology, v
USA
Intravacc, Netherlands v

Fig. 2. Update of nasal vaccine candidates for coronavirus disease 2019.

ly active have the potential to confer immunization against a
wide range of infectious illnesses. When it comes to the avail-
ability of these booster doses in India, the next few months
will be crucial, since these are the months when seropreva-
lence, or immunity to COVID-19, may begin to diminish. Peo-
ple are beginning to recover as the second wave peaks.
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