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ABSTRACT

engineering approach is needed.

The current state of pulmonary vaccine delivery will be discussed in this review. The prospects for lung immunization using dry powder
generation technologies and specialized medicinal formulations are discussed. In terms of vaccine durability and antigenicity, dry
powder vaccine generation technologies may be advantageous. The non-invasive, reasonably safe, and low-cost nature of pulmonary
delivery could help the public health vaccination significantly. The vaccines, which are all given intramuscularly, produce systemic
antibodies in the blood but not antibodies in the pulmonary mucosal lining. Inhalation vaccines provide a number of potential benefits
over injectable vaccines, including ease of delivery, and even self-administration. To create a dry powder inhalation formulation that
is breathable and mediates robust transfection in the lung, a safe and effective mRNA delivery vector as well as a suitable particle

Keywords: Pulmonary vaccine delivery, mucosal antibodies, mRNA, pulmonary lining, Dry powder inhalation.

QUICK RESPONSE CODE ->

DOI:
10.47583/ijpsrr.2022.v73i01.020

DOI link: http://dx.doi.org/10.47583/ijpsrr.2022.v73i01.020

INTRODUCTION

accination is the most efficient technique for

preventing diseases. The most reliable routes for

vaccination are intramuscular, intradermal,
subcutaneous, oral, and intranasal® As above, mentioned
routes are mostly preferred over intranasal leading to less
frequent use of pulmonary delivery. In pulmonary and
other immunocompromised conditions such as HIV, AIDS,
and patients with cancer, autoimmune disorders receiving
immunosuppressive agents have reduced immune
response, in these conditions use of pulmonary delivery
shows a quick and effective immune response?3,
Inhalation is also a possible way of vaccine administration
against airborne diseases such as covid 19, tuberculosis,
and other pulmonary diseases. Pulmonary delivery is used
as a site-specific alternative to systemic vaccination.
Through this type of vaccination, the immune response
starts within the pulmonary system exhibiting both local
and systemic immunological responses. Vaccination
against the coronavirus that causes severe acute
respiratory syndrome 2 (SARSCoV2) is a critical step in
eliminating the present global pandemic. However, in
coronavirus disease 2019 (Covid19) vaccination studies,
certain highly vulnerable groups in the public were not
recruited in sufficient numbers*>. As a result, as science

progresses, the recommendations for vaccination these
specific populations against Covid19 will change. Using
current research information, this focused overview gives
the most recent recommendations and considerations for
these particular populations. In the case of respiratory
diseases, pulmonary delivery has the advantage of
delivering the vaccine directly to the pathogen's point of
entry, where it can generate a local immune response?®.
(figure 1).
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Figure 1: The difference between oral vaccine delivery and
inhaled vaccine delivery

Pulmonary Vaccination

Pulmonary vaccination refers to inhaling a vaccine through
the airway. For the treatment of numerous respiratory
disorders such as pneumonia chronic obstructive
pulmonary disease (COPD), asthma, cystic fibrosis, and
others, inhalation is the preferred mode of
administration®. Because the surface area of the human
lungs is enormous and the epithelium is extremely
permeable, an inhaled dose can quickly reach it’. The
pulmonary route is considered a targeted lung delivery
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because it allows a medicine to be given directly to its site
of action, resulting in a faster beginning of action with
smaller dosages and higher concentrations supplied locally
to the illness site in the lungs. Additionally, reducing
systemic bioavailability minimizes the risk of severe
systemic toxicities and prevents first-pass metabolism in
the liver®°,

MECHANISM OF IMMUNOLOGICAL
PULMONARY DELIVERY

RESPONSE IN

The conducting and transitional airways, as well as the lung
parenchyma, can be split into two components from a
physiological standpoint. A dense mucus layer of dendritic
cells (DCs) surrounds the conducting airways, allowing
infections or vaccinations to be trapped. The lamina
propria can create local antibodies beneath the surface.
Epithelial cells cover the lung parenchyma, which also
contains antigen-presenting cells (APCs) such as DCs and
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alveolar macrophages. The DC’s move to draining lymph
nodes after antigen absorption, when antigens are given to
naive T lymphocytes'®. These T cells have the ability to
become memory or effector T cells. T cells can assist B cells
in the systemic germinal centers via efferent lymphatics,
resulting in the generation of systemic antibodies!. In
addition to the systemicimmune response, it is considered
that pulmonary vaccine administration induces local
immunity more effectively than standard immunization®.
Antigens can be picked up by these macrophages or DCs
when they enter the lungs. The bronchoalveolar lymphoid
tissue induces local immunity, which is given by secreted
IgA (slgA) (BALT). It protects the infection site and sIgA is
thought to be more cross-protective against diverse
pathogen subtypes**? (figure 2). However, little is known
about BALT's role in immunological memory and cellular
immunity to date.
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Figure 2: Difference between mechanisms of pulmonary and subcutaneous immunization

TECHNIQUES UTILISED IN THE PRODUCTION OF VACCINES
Spray drying technique

The atomized solution is subsequently dried in a dedicated
chamber with preheated drying gas to remove water
moisture  from the system, resulting in dry
particles®. Because mechanical high-energy input is
avoided in this method, it is also ideal for thermolabile
materials such as proteins and peptides. Spray-drying,
moreover, can result in a homogeneous particle
shapel31415,

Evaporation of a double emulsion and a solvent

This approach entails creating an oil/water emulsion and
then removing the oil phase via evaporation. The organic
solvent diffuses from the polymer phase to the aqueous
phase before being evaporated, resulting in drug-loaded
polymeric nanoparticles. Biodegradable polymers have
been thoroughly studied as carriers for respiratory solid
medication nanoparticles using this approach.
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Technology for supercritical fluids

The controlled crystallization of pharmaceuticals from
dispersion in supercritical fluids, such as carbon dioxide, is
the key aspect of this technique?®. This approach has been
utilized to make microparticles, nanoparticles, liposomes,
and inclusion complexes in the pharmaceutical industry.
This technology is utilized to make protein and peptide-
based particulate pulmonary drug delivery systems, as well
as to improve the formulation properties of specific drug
candidates!®1’,

Replication of particles in nonwetting templates

Dr. Joseph DeSimone and his team created Particle
replication in non-wetting templates (PRINT), a top-down
particle production process'®. This technology allows for
the loading of small organic medicines, proteins, peptides,
oligonucleotides, siRNA contrast agents, radiotracers, and
flurophores into uniform-sized organic micro-and
nanoparticles with total control of size, shape, and surface
functionality!81%20,

Method of solvent precipitation

By using opposing liquid jets, this process involves sono-
crystallization and micro-precipitation. Direct controlled
crystallization could be used to make crystalline medication
particles with a limited size distribution?’. Antisolvents can
be used to rapidly precipitate inhalable particles from
aqueous solutions. Ultrasonic radiation has recently been
used to manage precipitation. The sono-crystallization
process was used to make a variety of antiasthmatic
medicines.

Method of spray-freeze drying

In the early 1990s, this approach was investigated for use in
the pharmaceutical industry. It's a cutting-edge particle
engineering technique that combines spray drying with
freeze-drying'®. Spraying the medication solution into liquid
nitrogen as a freezing medium, then lyophilization is how
it's done?. At sub-ambient temperatures, this approach
creates light and porous particles with a high fine particle
percentage, increased aerosol performance, and nearly
100% yield?3. plasmid DNA2* are examples of thermolabile
protein and peptide compounds that can be packaged into
dry powder inhalation products. However, this is a costly
procedure that is limited to only the most expensive drugs®®

VACCINE FORMULATION
NANOMATERIALS

STRATEGIES USING

Antigens and adjuvants can be delivered simultaneously in
a single particulate carrier using nanoparticle delivery
techniques?. Nanoparticles have unique properties that
influence their immunogenicities, such as small particle
size, high loading efficiency, surface charge, and bio-
adhesiveness, which promote mucosal permeability and
provide appropriate protection against gut fluid?®.
Nanocarriers also have the ability to stimulate the immune
system. Nanoparticles can be designed to encapsulate
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vaccine components on or within their surface, allowing
them to be effectively given to antigen-presenting cells?°.

Nanoliposomes

Nanoliposomes are lipid vesicles that are nanoscale in size.
Liposomes have been studied extensively for their potential
to transport antigens that are both lipophilic and
hydrophilic. The phospholipids encase hydrophilic antigens,
while the interior core encases lipophilic antigens?’.
Nanoliposomes also allow for a longer release time and
targeted immune cell absorption. They have the ability to
penetrate mucus and can be utilized for active targeting?:.
The use of nanoparticulate technologies to improve
medication or vaccine delivery by IN drug administration is
being investigated?.

Nano-emulsions

Nano-emulsions are emulsions that have droplets that are
approximately 20—-200 nano-meters in size. A wide range of
therapeutic compounds have been tried in combination
with this nano-system for nasal delivery, and now these
studies have proved it as a viable carrier/adjuvant for nasal
formulations®®. It has been proven that nano-emulsion-
based vaccinations are not physically or chemically changed
after being actuated with nasal spray devices and preserve
their effectiveness®.NanoEmulsions have been used for
influenza IN delivery in a variety of studies. A vaccine and a
recombinant anthrax vaccine have been developed?°.

Polymeric nanoparticles

pH-sensitive nanoparticles, specific ligand attached
nanoparticles, and mucoadhesive nanoparticles are the
three types of polymeric nanoparticles used for mucosal
delivery. The type of polymer utilized influences the
vaccine's physiochemical and drug release qualities. Poly
Lactic co glycolic acid (PLGA), Polylactic acid (PLA), and
Polyanhydrides are the most commonly utilized polymers in
vaccine administration3»33, These nanoparticles are
constrained by their low loading efficiency, difficulties
scaling up, high production costs, and quick burst release.

Bio-adhesive delivery system

To improve mucosal vaccine delivery, the use of bio-
adhesive delivery systems offers numerous advantages,
including protection from degradation, increasing
concentration of antigen in the vicinity of mucosal tissue for
better absorption, extending their residence time, and/or
targeting them to sites of antigen uptake34.

Virus-like particles

Viruses are naturally occurring nanomaterials because their
size is in the nanometre range. VLP’s are multiprotein that
naturally self-assemble to imitate the 3D conformational
structure of a true virus but lack the viral genome, rendering
them non-pathogenic and requiring neither inactivation nor
attenuation®. VLPs are easily detected by the immune
system because they are identical to genuine viruses. These
nanoparticles are non-toxic, immunogenic, and adjuvant in
nature. VLP has the ability to encapsulate DNA, providing
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enough protection against DNA vaccine breakdown3®.
Despite being potential possibilities, VLPs have limitations.
VLPs confront challenges such as impurity contamination
and batch-to-batch variance in the manufacture of
identically sized particles.

DEVICES

The delivery device used in pulmonary administration is
critical to the system's performance. Great strides have
been made in the creation of innovative technologies in
recent years. Devices, on the other hand, have received far
less attention than powder formulations®. If the medicine
is to be delivered to a certain section of the lungs, the
device chosen must be capable of producing and delivering
particles/droplets with a specific aerodynamic diameter.
Nebulizers, metered-dose inhalers, and dry powder inhalers
are the most frequent respiratory delivery devices?®, (figure
3).

Dry powder inhalation: It is a non-invasive type of method,
that improves patient safety and vaccine compliance,
decreases the cost of manufacturing, handling. It also saves
time, effort and increases the speed of delivery. As
pulmonary delivery is needle-free which eliminates cross-
contamination®3®. As most of the vaccines are in liquid
formulation cold chain storage conditions become
mandated. In conditions of not maintaining principles of
storage guidelines, there will be a chance of vaccine
degradation and expiry®. This can be avoided by
manufacturing dry powder form in nasal delivery. Inhaled
dry powder formulation of mRNA is particularly attractive
as it has superior stability and dry powder inhaler is
relatively easy to use. A safe and effective mRNA delivery
vector, as well as a suitable particle engineering method,
are required to produce a dry powder formulation that is
respirable and mediates robust transfection in the lung?.
After a single intratracheal injection, the PEG12KL4/mRNA
complexes showed no signs of inflammatory response or
toxicity. PEG12KL4 is a good mRNA transfection agent for
pulmonary delivery in general. This might be the first study
to successfully demonstrate the creation of inhalable dry
powder mRNA formulations with invivo transfection
effectiveness, = demonstrating  PEG12KL4  peptide's
considerable potential as an mRNA delivery vector option
for clinical applications®'. DPI is used for expulsion of
vaccine through a nostril. By this method, an accurate dose
reaches the lungs3°42,
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Figure 3: Types of inhalers
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VACCINE IMMUNIZATION IN IMMUNOCOMPROMISED
AND AUTOIMMUNE CONDITIONS

Immunosuppressive therapy patients are particularly
vulnerable to Covid19-related morbidity and mortality®.
Although it should be a top priority for healthcare
practitioners and governments to vaccinate these
communities, they have been largely omitted from
vaccination trials?. The main rationale for these exclusions
is that immunosuppressive medications can impede
vaccine-induced humoral and cellular immunological
responses, making it impossible to assess the vaccine's
immune system efficiency>*4. The number of studies on the
safety and efficacy of vaccines in immunocompromised
patients is limited, resulting in insufficient guidelines and
data on vaccine administration in these patients*. Because
of their underlying malignancy, cytotoxic chemotherapy,
radiation, other existing comorbidities, and advanced age,
cancer patients are particularly sensitive to unfavourable
outcomes from mild and severe Covid19 infections®.
Several case studies have shown how difficult it is to
generate adequate immune protection in cancer patients
against certain infectious antigens that cause infectious
diseases, implying that developing an effective vaccine
against SARS-CoV-2 for immunocompromised cancer
patients will be difficult as well*#%, The lower-than-
expected immune system response in cancer patients is
considered to be due to anti-CD20 or cytotoxic medications,
making mRNA vaccines less effective in these individuals®.
Lower CD4/CD8 ratios, T-cell exhaustion, or persistent
inflammation related to HIV infection despite effective
antiretroviral therapy are thought to be mediated by lower
CD4/CD8  ratios, T-cell  exhaustion®®.  Reduced
immunogenicity to SARS-CoV-2 mRNA vaccine has been
shown in various immunocompromising circumstances,
including solid organ transplantation, with data developing
for further disorders®!. When patients living with HIV were
included in the analysis, efficacy dropped from 60% (95
percent Cl 20-80) to 49% (6—73), according to researchers
from the Novavax COVID-19 vaccine study's South African
locations®¥°2, Similarly, autoimmune illnesses have a poor
immunological response to the covid 19 vaccine.
Nonetheless, in face of evidence, their safety and efficacy
should be examined first and foremost.

REASONS FOR CHOOSING PULMONARY DELIVERY
TECHNIQUE OVER OTHER TECHNIQUES FOR VACCINATION

An aspect to be considered in pulmonary vaccination is
mucosal epithelium have high permeability, high perfusion
rate, and low enzyme activity, having a number of
immunocompetent cells, a larger surface area of 70-100
m2.* As pulmonary mucosal immune cells are triggered
firstly to foreign particles. Inhalation vaccination results in
high levels of antigen-specific IgA antibodies and tissue-
resident memory T cells (Trms) in the respiratory
tract>®.Invading germs are immunological exclusion,
complexing, and neutralization by secretory IgA antibodies,
which cover the lung mucosa and protect the lungs™.
Furthermore, pulmonary formulations have better stability
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during product transport and handling, reducing injection
site pain and needle contamination risk>®, which are crucial
considerations and manage cautiously, particularly for
immunosuppressed patients who are vulnerable to minor
contamination from vaccine needles due to their weakened
innate immune reaction system or hyper-response®’. When
a parenteral COVID 19 vaccine is approved by the FDA, a
change in administration method demands new clinical
studies. Because these studies are so costly, governments
and philanthropic funding are the most practical ways to
fund the development and testing of inhaled COVID 19
vaccines*”%’, To determine overall cost savings and benefits
in illness management, pharmaco-economics cost-benefit
modeling of introducing inhaled COVID 19 vaccination can
be explored. The capacity of these nano-based vaccination
formulations to lessen adverse effects and improve vaccine
candidate efficacy is predicated on the nano-materials
distinctive ability to induce strong immunomodulatory
activities. This could be extremely important, notably in
those who have altered immune responses, such as people
with cancer, and could be a key tool in producing vaccines
that are not only safe yet very successful in cancer patients
and other immunocompromised people?’.

CONCLUSION

Innovative inhaled medications for lung disorders, as well
as many other infectious and non-infectious diseases, have
been created for decades and continue to increase
exponentially. In comparison to intramuscular and
subcutaneous immunization, pulmonary vaccination is
significantly superior in respiratory disease. Inhalation
delivery of anti-SARS-CoV-2 medicines and vaccines is a
potential, non-invasive route of administration with distinct
advantages such as the rapid onset of action, targeted
vaccine delivery, reduced systemic circulatory vaccine dose,
less systemic toxicities. Many liquid formulation vaccines
decayed during the Covid-19 pandemic due to a lack of cold
chain storage conditions, this can be avoided by producing
vaccines in dry powder form

REFERENCES
1. Vaccines and immunization: What is vaccination? (who.int)

2. Sonani B, Aslam F, Goyal A, Patel J, Bansal P. COVID-19
vaccination in immunocompromised patients. Clin
Rheumatol. 2021;40(2):797-798
https://doi.org/10.1007/s10067-020-05547-w

3. Arnold J, Winthrop K, Emery P. COVID-19 vaccination and
antirheumatic therapy. Rheumatology. 2021;60(8):3496-
3502. doi:10.1093/rheumatology/keab223

4, Rick Heida, Wouter LJ Hinrichs & Henderik W Frijlink,
Inhaled vaccine delivery in the combat against respiratory
viruses: a 2021 overview of recent developments and
implications for COVID-19, Expert Review of Vaccines, 2021
Aug 25:1-18. DOI: 10.1080/14760584.2021.1903878.

5. Incalzi RA, Trevisan C, Del Signore S, et al. Are vaccines
against COVID-19 tailored to the most vulnerable people?
Vaccine. 2021;39(17):2325-2327.
https://doi.org/10.1016/j.vaccine.2021.03.066

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

ISSN 0976 — 044X

Abdellatif A.A.H., Tawfeek H.M., Abdelfattah A., El-Saber
Batiha G., Hetta H.F. Recent updates in COVID-19 with
emphasis on inhalation therapeutics: Nanostructured and
targeting systems. J. Drug Deliv. Sci. Technol.
2021;63:102435. doi: 10.1016/j.jddst.2021.102435

Pilcer G., Amighi K. Formulation strategy and use of
excipients in pulmonary drug delivery. Int. J. Pharm.
2010;392:1-19. doi: 10.1016/j.ijpharm.2010.03.017.

Eedara B.B., Alabsi W., Encinas-Basurto D., Polt R., Mansour
H.M. Spray-dried inhalable powder formulations of
therapeutic proteins and peptides. AAPS PharmSciTech.
2021;22:185. https://doi.org/10.1208/s12249-021-02043-5

Wan F, Mgller EH, Yang M, Jgrgensen L. Formulation
technologies to overcome unfavorable properties of
peptides and proteins for pulmonary delivery. Drug Discov
Today Technol. 2012;9(2):e141-e6.
https://doi.org/10.1016/j.ddtec.2011.12.003

Kang S.H., Hong S.J., Lee Y.K., Cho S. Oral vaccine delivery for
intestinal immunity-biological basis, barriers, delivery
system, and M cell targeting. Polymers. 2018;10(9), 948,
https://doi.org/10.3390/polym10090948

Blank F, Stumbles P, and von Garnier C: Opportunities and
challenges of the pulmonary route for vaccination.
ExpertOpin Drug Deliv. 2011;8:547-563, doi:
10.1517/17425247.2011.565326

Maytal Bivas-Benita, Tom H.M. Ottenhoff, Hans E.
Junginger, Gerrit Borchard, Pulmonary DNA vaccination:
Concepts, possibilities and perspectives, Journal of
Controlled Release, 2005;107(1):1-29,
DOI:10.1016/j.jconrel.2005.05.028

White S, Bennett DB, Cheu S, Conley PW, Guzek DB, Gray S,
Howard J, Malcolmson R, Parker JM, Roberts P, Sadrzadeh
N, Schumacher JD, Seshadri S, Sluggett GW, Stevenson CL,
Harper NJ. EXUBERA: pharmaceutical development of a
novel product for pulmonary delivery of insulin. Diabetes
Technol Ther. 2005 Dec;7(6):896-906. doi:
10.1089/dia.2005.7.896.

Gilani K, Najafabadi AR, Barghi M, Rafiee-Tehrani M. The
effect of water to ethanol feed ratio on physical properties
and aerosolization behavior of spray dried cromolyn sodium
particles. J Pharm Sci. 2005 May;94(5):1048-59. doi:
10.1002/jps.20315.

Chaurasiya B, Zhao YY. Dry Powder for Pulmonary Delivery:
A Comprehensive Review. Pharmaceutics. 2020 Dec
28;13(1):31. doi: 10.3390/pharmaceutics13010031.

Chattopadhyay P, Shekunov BY, Yim D, Cipolla D, Boyd B,
Farr S. Production of solid lipid nanoparticle suspensions
using supercritical fluid extraction of emulsions (SFEE) for
pulmonary delivery using the AERx system. Adv Drug Deliv
Rev. 2007 Jul 10;59(6):444-53. doi:
10.1016/j.addr.2007.04.010.

Rehman M, Shekunov BY, York P, Lechuga-Ballesteros D,
Miller DP, Tan T, Colthorpe P. Optimisation of powders for
pulmonary delivery using supercritical fluid technology. Eur
J Pharm Sci. 2004 May;22(1):1-17. doi:
10.1016/j.ejps.2004.02.001.

Gratton SE, Pohlaus PD, Lee J, Cho MJ, DeSimon JM.
Nanofabricated particles for engineered drug therapies: A
preliminary biodistribution study of PRINT™ nanoparticles. J

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

124


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., 73(1), March - April 2022; Article No. 20, Pages: 120-126

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Control Rel. 2007; 121(1):10-18.
https://doi.org/10.1016/j.jconrel.2007.05.027

Gratton SE, Napier ME, Ropp PA, Tian S, DeSimon JM.
Microfabricated particles for engineered drug therapies:
Elucidation into the mechanisms of cellular internalization
of PRINT particles. Pharm Res. 2008; 25(12):2845-52. DOI:
10.1007/511095-008-9654-8

Heidi MM, Yun-Seok R, Xiao W. Nanomedicines in
pulmonary delivery. Int J Nano med. 2009; 4:299-319.
doi:10.2147/ijn.s4937

Rasenack N, Steckel H, Mullar BW. Micronization of anti-
inflammatory drugs for pulmonary delivery by a controlled
crystallization process. J Pharm Sci. 2003;92(1):35-44. DOI:
10.1002/jps.10274

Rogers TL, Johnston KP, Williams RO 3rd. Solution-based
particle formation of pharmaceutical powders by
supercritical or compressed fluid CO2 and cryogenic spray-
freezing technologies. Drug Dev Ind Pharm. 2001
Nov;27(10):1003-15. doi: 10.1081/ddc-100108363.

Maa YF, Prestrelski SJ. Biopharmaceutical powders: Particle
formation and formulation considerations. Curr Pharm
Biotechnol. 2000; 1:283-302.doi;
10.2174/1389201003378898.

Kuo JH, Hwang R. Preparation of DNA dry powder for non-
viral gene delivery by spray-freeze drying: effect of
protective agents (polyethyleneimine and sugars) on the
stability of DNA. J Pharm Pharmacol. 2004 Jan;56(1):27-33.
doi: 10.1211/0022357022494.

Shin MD, Shukla S, Chung YH, Beiss V, Chan SK, Ortega-
Rivera OA, Wirth DM, Chen A, Sack M, Pokorski JK,
Steinmetz NF. COVID-19 vaccine development and a
potential nanomaterial path forward. Nat Nanotechnol.
2020 Aug;15(8):646-655. doi: 10.1038/s41565-020-0737-y.

Jia, Y.; Krishnan, L.; Omri, A. Nasal and pulmonary vaccine
delivery using particulate carriers. Expert Opin. Drug Deliv.
2015, 12, 993-1008. doi: 10.1517/17425247.2015.1044435.

Khosravi-Darani K., Mozafari M. Nanoliposome Potentials in

Nanotherapy: A Concise Overview. Int. J. Nanosci.
Nanotechnol. 2010;6(1):3-13
Dahiya M., Dureja H. Recent Developments in the

Formulation of Nanoliposomal Delivery Systems. Curr.
Nanomater. 2018;3(2):62-74,
DOI:10.2174/2405461503666180821093033

Almeida AJ, Alpar HO. Nasal delivery of vaccines. J Drug
Target. 1996;3(6):455-67. doi:
10.3109/10611869609015965. PMID: 8863138

Amrish Kumar, Aditya Nath Pandey & Sunil Kumar Jain
(2016) Nasal-nanotechnology: revolution for efficient
therapeutics delivery, Drug Delivery, 23:3, 671-683, DOI:
10.3109/10717544.2014.920431

Makidon PE, Nigavekar SS, Bielinska AU, et al.
Characterization of stability and nasal delivery systems for
immunization with nanoemulsion-based vaccines,2010;
23:77-89, DOI:10.1089/jamp.2009.0766

Pridgen E.M., Alexis F., Farokhzad O.C. Polymeric
Nanoparticle Technologies for Oral Drug Delivery. Clin.
Gastroenterol. Hepatol. 2014;12(10):1605-1610, DOI:
10.1016/j.cgh.2014.06.018 PMID: 24981782

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

ISSN 0976 — 044X

Zhang M, Hong Y, Chen W, Wang C. Polymers for DNA
Vaccine Delivery. ACS Biomater Sci Eng. 2017 Feb
13;3(2):108-125. doi: 10.1021/acsbiomaterials.6b00418.
Epub 2016 Oct 21. PMID: 33450790

Baudner BC, O'Hagan DT. Bioadhesive delivery systems for
mucosal vaccine delivery. Journal of Drug Targeting. 2010
Dec;18(10):752-770. DOI: 10.3109/1061186x.2010.529143.
PMID: 21039314.

Shin MD, Shukla S, Chung YH, Beiss V, Chan SK, Ortega-
Rivera OA, Wirth DM, Chen A, Sack M, Pokorski JK,
Steinmetz NF. COVID-19 vaccine development and a
potential nanomaterial path forward. Nat Nanotechnol.
2020 Aug;15(8):646-655. doi: 10.1038/s41565-020-0737-y.
Epub 2020 Jul 15. PMID: 32669664

Rold3o A, Mellado MC, Castilho LR, Carrondo MJ, Alves PM.
Virus-like particles in vaccine development. Expert Rev
Vaccines. 2010 Oct;9(10):1149-76. doi: 10.1586/erv.10.115.
PMID: 20923267.

Chan HK. Inhalation drug delivery devices and emerging
technologies. Expert Opin Ther Patents. 2003; 13(9):1333—-
1343, DOI:10.1517/13543776.13.9.1333

Patil JS, Sarasija S. Pulmonary drug delivery strategies: A
concise, systematic review. Lung India. 2012 Jan;29(1):44-9.
doi: 10.4103/0970-2113.92361. PMID: 22345913; PMCID:
PMC3276033.

de Boer AH, Hagedoorn P, Hoppentocht M, Buttini F,
Grasmeijer F, Frijlink HW. Dry powder inhalation: past,
present and future. Expert Opin Drug Deliv. 2017
Apr;14(4):499-512. doi: 10.1080/17425247.2016.1224846.
Epub 2016 Aug 30. PMID: 27534768.

Wolff JA, Malone RW, Williams P, Chong W, Acsadi G, Jani A,
Felgner PL. Direct gene transfer into mouse muscle in vivo.
Science. 1990 Mar 23;247(4949 Pt 1):1465-8. doi:
10.1126/science.1690918. PMID: 1690918.

Qiu Y, Man RCH, Liao Q, Kung KLK, Chow MYT, Lam JKW.
Effective  mRNA pulmonary delivery by dry powder
formulation of PEGylated synthetic KL4 peptide. J Control
Release. 2019 Nov 28;314:102-115. doi:
10.1016/j.jconrel.2019.10.026. Epub 2019 Oct 16. PMID:
31629037.

Newman SP, Busse WW. Evolution of dry powder inhaler
design, formulation, and performance. Respir Med. 2002
May;96(5):293-304. doi: 10.1053/rmed.2001.1276. PMID:
12113378.

Kim AHJ, Nakamura MC. COVID-19 Breakthrough Infection
Among Immunocompromised Persons. JAMA Intern Med.
2022 Feb 1;182(2):163-164. doi:
10.1001/jamainternmed.2021.7033. PMID: 34962552.

Arnold J, Winthrop K, Emery P. COVID-19 vaccination and
antirheumatic therapy. Rheumatology (Oxford).
2021;60(8):3496-3502,  doi:10.1093/rheumatology/keab
223.

Plotkin S.A., Orenstein W.A., Offit P.A. 6th ed. Elsevier Inc.;
2013. Vaccines.

Ribas A, Sengupta R, Locke T, Zaidi SK, Campbell KM,
Carethers JM, Jaffee EM, Wherry EJ, Soria JC, D'Souza G;
AACR COVID-19 and Cancer Task Force. Priority COVID-19
Vaccination for Patients with Cancer while Vaccine Supply Is

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

125


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/

Int. J. Pharm. Sci. Rev. Res., 73(1), March - April 2022; Article No. 20, Pages: 120-126

47.

48.

49.

50.

51.

Limited. Cancer Discov. 2021 Feb;11(2):233-236. doi:
10.1158/2159-8290.CD-20-1817. Epub 2020 Dec 19. PMID:
33355178; PMCID: PMC8053003.

Han HJ, Nwagwu C, Anyim O, Ekweremadu C, Kim S. COVID-
19 and cancer: From basic mechanisms to vaccine
development using nanotechnology. Int
Immunopharmacol. 2021;90:107247.
doi:10.1016/j.intimp.2020.107247

Afshar, Zainab & Babazadeh, Arefeh & Janbakhsh, Alireza &
Mansouri, Feizollah & Sio, Terence & Mark, & Sullman, Mark
& Carson-Chahhoud, Kristin & Rezvan, & Barary,
Mohammad & Ebrahimpour, Soheil. Coronavirus disease
2019 (Covid-19) vaccination recommendations in special
populations and patients with existing comorbidities.
Reviews in Medical Virology. 2021 Oct 22 e2309
doi:10.1002/rmv.2309

Hwang JK, Zhang T, Wang AZ, Li Z. COVID-19 vaccines for
patients with cancer: benefits likely outweigh risks. J
Hematol Oncol. 2021;14(1):38. Published 2021 Feb 27.
doi:10.1186/513045-021-01046-w

Spinelli MA. SARS-CoV-2 vaccination in people with HIV.
Lancet HIV. 2021 Aug;8(8):e455-e456. doi: 10.1016/52352-
3018(21)00128-4. Epub 2021 Jun 18. PMID: 34153265;
PMCID: PMC8213375.

Klein S, Pekosz A, Park HS, Ursin R, Shapiro J, Benner S,
Littlefield K, Kumar S, Naik HM, Betenbaugh M, Shrestha R,
Wu A, Hughes R, Burgess |, Caturegli P, Laeyendecker O,
Quinn T, Sullivan D, Shoham S, Redd A, Bloch E, Casadevall
A, Tobian A. Sex, age, and hospitalization drive antibody
responses in a COVID-19 convalescent plasma donor
population. medRxiv [Preprint]. 2020 Jun
28:2020.06.26.20139063. doi:
10.1101/2020.06.26.20139063. Update in: J Clin Invest.
2020 Aug 7; PMID: 32607519; PMCID: PMC7325184.

52.

53.

54.

55.

56.

57.

58.

59.

ISSN 0976 — 044X

Callaway E, Mallapaty S. Novavax offers first evidence that
COVID vaccines protect people against variants. Nature.
2021 Feb;590(7844):17. doi: 10.1038/d41586-021-00268-9.
PMID: 33510489.

Velikova T, Georgiev T. SARS-CoV-2 vaccines and
autoimmune diseases amidst the COVID-19 crisis.
Rheumatol Int. 2021 Mar;41(3):509-518. doi:
10.1007/s00296-021-04792-9. Epub 2021 Jan 30. PMID:
33515320; PMCID: PMC7846902.

LiCalsi C, Christensen T, Bennett JV, Phillips E, Witham C. Dry
powder inhalation as a potential delivery method for
vaccines. Vaccine. 1999 Mar 26;17(13-14):1796-803. doi:
10.1016/s0264-410x(98)00438-1. PMID: 10194842.

Bosnjak B, Odak I, Barros-Martins J, et al. Intranasal Delivery
of MVA Vector Vaccine Induces Effective Pulmonary
Immunity Against SARS-CoV-2 in Rodents. Front Immunol.
2021;12:772240. Published 2021 Nov 11.
doi:10.3389/fimmu.2021.772240

Braunstein M, Hickey AJ, Ekins S. Why Wait? The Case for
Treating Tuberculosis with Inhaled Drugs. Pharm Res. 2019
Oct 24;36(12):166. doi: 10.1007/s11095-019-2704-6. PMID:
31650321; PMCID: PMC7607971.

Lu D, Hickey AJ. Pulmonary vaccine delivery. Expert Rev
Vaccines. 200Apr;6(2):213-26. doi:
10.1586/14760584.6.2.213. PMID: 17408371.

Tonnis, Wouter & Kersten, Gideon & Frijlink, Henderik &
Hinrichs, Wouter & de Boer, Anne & Amorij, Jean-Pierre,
Pulmonary Vaccine Delivery: A Realistic Approach?. Journal
of aerosol medicine and pulmonary drug delivery.2012, 25.
249-60. 10.1089/jamp.2011.0931.

Braunstein M, Hickey AJ, Ekins S. Why Wait? The Case for
Treating Tuberculosis with Inhaled Drugs. Pharm Res. 2019
Oct 24;36(12):166. doi: 10.1007/s11095-019-2704-6. PMID:
31650321; PMCID: PMC7607971

Source of Support: The author(s) received no financial support for the research, authorship, and/or publication of this article.

Conflict of Interest: The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or
publication of this article.

For any question relates to this article, please reach us at: globalresearchonline@rediffmail.com

New manuscripts for publication can be submitted at: submit@globalresearchonline.net and submit_ijpsrr@rediffmail.com

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

126


http://www.globalresearchonline.net/
http://www.globalresearchonline.net/
mailto:editor@globalresearchonline.net
mailto:submit@globalresearchonline.net
mailto:submit_ijpsrr@rediffmail.com

