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Introduction
In drug delivery and pharmaceuticals, oral delivery is 
more widely accepted by patients and bio/pharmaceutical 
industry as compared to other routes of delivery owing 
to several benefits that it offers over others, especially 
injectables. These include a well-established delivery 
system, patient acquiescence, convenience, cost 
effectiveness, and noninvasiveness.1,2 Historically and 
even in current age, solid orals remain the most accepted 
dosage form for oral delivery, as also depicted by the 
percentage of industry involvement (percentage of bio/
pharmaceutical companies developing oral dosage forms 
and academic research undergoing in oral delivery). 
Nevertheless, extensive research has been done in 
exploring novel systems such as micro/nano-particles, 
lipid-based systems, nose-to-brain delivery, etc.3-7 for 
drugs that are either difficult to deliver by oral routes or for 
better pharmacological performance. Specifically, if the 
indication is localized to skin, then other than the invasive 
hypodermic needle, microneedles (MNs, non-invasive) 
accessing target site as compared to topical therapies.

Apart from the most acceptable route, delivery through 
skin has always been a fascinating route for researchers 
for its distinct benefits over other routes, such as non-
invasiveness, elimination of first-pass effect, reduction 
of adverse effects, and greater patient compliance.8 
Nevertheless, topical/transdermal delivery is not as easy 
since stratum corneum poses a main barrier for drug 
permeation. Vaccines, as compared to small molecule 
drugs that are synthetically derived are challenging 
in terms of delivery through skin owing to their large 

molecular weight, polarity, and risk of degradation by 
skin enzymes. Delivery of vaccine with skin pre-treatment 
opens avenues for a much higher and better delivery 
than topical or transdermal route without any assistance 
(passive delivery).9-13 

Various techniques have been used since years to 
improve transdermal drug delivery which include, the use 
of chemicals, iontophoresis, and MNs, to name a few.14-17 
Combination of these techniques have also been reported 
with major success in improving the drug delivery across 
skin.18-20 This review article will focus on recent updates 
and strides in MN assisted drug delivery focusing on 
vaccine delivery. 

Current research and updates in microneedles mediated 
vaccine delivery
A study reported by a group of researchers investigated 
an inactivated influenza vaccine (IIV) in a microneedle 
patch (MNP) for delivery of IIV in a Ph-I human trial, in 
terms of safety, reactogenicity, and immunogenicity. The 
clinical trial included 100 cohorts aged between 18 to 49 
years and randomized to 4 groups of 25 per arm: (1) IIV 
by MNP administered by healthcare worker (HCW), (2) 
IIV by MNP self-administered by study participants, (3) 
IIV by IM injection administered by HCW or (4) placebo 
by MNP administered by HCW. Four questionnaires were 
administered: at Day 0 before and after study product 
delivery, and at Days 8 and 28. Compliance reported by 
subjects with MNP vaccination was 98.6% and 86.4% for 
IM vaccination. In terms of safety and compliance, MNP 
faired higher than the traditional vaccination.21

*Corresponding Author: Kasturi Pawar, Emails: kasturipawar@gmail.com; kasturi.pawar@bauschheath.com

© 2023 The Author (s). This is an Open Access article distributed under the terms of the Creative Commons Attribution (CC BY), which permits 
unrestricted use, distribution, and reproduction in any medium, as long as the original authors and source are cited. No permission is required 
from the authors or the publishers.

Editorial

Abstract
Recent coronavirus pandemic and its global socio-economic impact has re-emphasized the need for 
safe, fast, and efficient delivery of vaccines for humankind. With advent of technological advances, 
and to improve patient acquiescence, several techniques for fast, effective, and safe delivery of 
vaccines have been researched and published in the literature in last three decades. These delivery 
enhancement techniques include but are not limited to electroporation, microneedles (MN), 
ultrasound, iontophoresis, etc. This review aims at discussing the current research undergoing in 
vaccine delivery, specifically focusing on MNs assisted, the historical background of MNs and their 
introduction to drug delivery area, and a special focus on formulation challenges and stability in these 
systems. The review also sheds light on regulatory challenges one must keep in mind for bringing a 
successful MNs-based vaccine delivery into market as well as a snapshot of current commercially 
available MNs-based products in cosmetic and pharmaceutical industry. 
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Lanza and group have manufactured dissolvable MNs 
with LiHyp1- antigen along with TLR9 agonist, CpG, and 
compared with a cationic liposomal product containing the 
same antigen and agonist but delivered intravenously. The 
results indicated an elevated immune reaction and high 
levels of defense against L. donovani in MNs formulation 
in comparison to liposomal formulation. The study was 
performed in BALB/C mice and was characterized by 
measuring T cell responses, parasitic load in hepatic system 
and spleen, and antibody responses. These dissolvable 
MNs presented a great option for delivery, albeit a through 
stability/shelf life and scale up study needs to be evaluated 
in future.22 

Stinson and group investigated a MNP (MIMIX), made 
with silk fibroin for vaccine tips that implants itself in the 
skin, while releasing the influenza virus toxin for a few 
weeks, thus representing the usual timeline of a typical 
infection from this virus. The antigens that were utilized 
for this study include A/Michigan/45/2015 (H1N1), A/ 
Hong Kong/4801/2014 (H3N2), and B/Brisbane/60/2008 
(B Victoria lineage). For 2018–19 vaccine, influenza 
antigens included A/ Michigan/45/2015 (H1N1), A/
Singapore/INFIMH-16–0019/2016 (H3N2), and B/
Maryland/15/2016 (B/Colorado/6/2017-like virus, B 
Victoria lineage). Silk fibroin solution was prepared from 
Bombyx mori silkworm fibers, and the MIMIX device, 
containing a 11x11 array of vaccine-loaded, insoluble silk 
fibroin tips was molded on dissolvable polymer casts. On 
administration, the casts disintegrate rapidly, thus leaving 
the silk tips inserted into the dermis for sustained delivery 
of vaccine payload over a period (14 days).23

Chen et al utilized the MNs technology for delivering 
vaccines in animals for prevention of plague.24 F1 protein 
of Yersinia pestis (YP), which is the key moiety for eliciting 
protection was loaded into polyethylene glycol (PEG)-
modified lipoparticles. The lipoparticles were inserted in 
immunocompromised Balb/c mice using MN. Cytokine 
level determination IL-4, IFN-γ and TNF-α along with 
IgG levels indicated that these tiny needles helped in an 
efficient delivery of vaccine. Further, challenging the mice 
with the toxic YP strain (Yokohama-R 00703) kept all 
mice protected indicating that the vaccine delivery was 
successful and efficient. 

Dissolving MNs fabricated from chitosan, poly(vinyl 
alcohol) and poly(vinyl pyrrolidone) were loaded with 
bovine serum albumin and proteolipid protein, PLP139-

151 for peptide delivery through skin for treating multiple 
sclerosis. Drug loading for bovine serum albumin was 
high, and PLP139-151 co-localized with the chitosan in the 
MNs structure as indicated after labeling them with a 
fluorescent tag. The release of PLP peptide reported to 
be sustained with 40% released over 4 days, and within 
therapeutic doses thus promising a future potential drug 
delivery system for peptide delivery.25 

With the need of hour with COVID-19 pandemic, Kim 
and group investigated to deliver Middle East respiratory 

syndrome coronavirus (MERS-CoV) through dissolving 
CMC MNs.26 Adenovirus proteins, MERS-S1f, MERS-
S1fRS09, MERS-S1ffliC, SARS-CoV-2-S1, or SARS-CoV-
2-S1fRS09) were utilized. In-vivo study in BABL/c mice, 
after 6 weeks displayed that serum levels of immunized 
animals demonstrated not only a long-lasting but also 
substantial levels of virus neutralizing activity. This 
indicates a better antigen activity as compared to typical 
stratum corneum delivery, despite of the adjuvant. 
Additionally, the antigenicity of γ-exposed MNs vaccines 
was similar to unexposed MN thus suggesting stability 
and potential delivery system for MNs assisted SARS-
CoV-2 subunit vaccines.

To combine a bolus with a sustained release, Kim et al 
manufactured dissolvable MN with hepatitis-B vaccine 
(HBsAg). For the bolus dose, CMC formulation was 
coated on whereas for slow release it was plain polylactic 
acid (PLA) tips. These MNs achieved similar clinical 
efficacy as that of two separate shots of conventional 
IM administration.27 The bolus dose released within 20 
min, when tested in vitro in female BALB/C mice. The 
PLA tips slowly dissolved and released the antigen by 
hydrolytic degradation over 55 days, thus providing an 
excellent combination of bolus and sustained delivery for 
a potential delivery system for vaccines. 

Jeon et al has developed a compartmental microneedle 
array (CMA) for attaining simultaneous delivery of two 
influenzas vaccines, however delivering at the same time 
as a single product, thus avoiding multiple injections. 
PLA MNs were coated with two strains of influenza 
vaccines, B/Yamagata (B-Y) and B/Victoria (B-V), in two 
compartments within the microneedles system, without 
physical mixing. Weight delta and survival made the 
key evaluating parameters in female BALB/C mice and 
CMA was compared with (a) combined vaccines with 
MN, (b) two monovalent vaccines with MN, (c) IM with 
a combined vaccine, and (d) IM with two monovalent 
vaccines. The CMA mice group demonstrated better 
survival and weight delta than other two groups. When 
challenged with Yamagata, the survival rate and body 
weight for all the MN groups were 100%, however, for 
control phosphate buffered saline and IM administered, 
B-Y + B-V were 0% and 60%, respectively. CMA group 
demonstrated relatively higher or equivalent survival rate 
and weight change as compared to IM administered B-Y 
+ B-V. This opens avenue for a futuristic dual delivery 
system using these CMA techniques.28

Delivery of influenza virus in VaxiPatch™ containing 
subunit glycoprotein that act as vaccine antigens along 
with adjuvants in a MN system is reported by Ellison 
and group at Verndari Inc. rHA of influenza virus B/
Colorado/06/2017 was combined with synthetic virosomes 
(SV). Further QS-21 from Saponaria quillaja was used to 
formulate adjuvant liposomes that either contained SV 
or not. This was further made with trehalose and dye for 
better stability and detection. Stainless steel MN arrays 
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were utilized for this study. In-vivo study conducted in 
Sprague Dawley rats that were administered VaxiPatches™ 
containing 0.3 mg of rHA, 0.5 mg QS-21 and 0.2 mg 3D 
- (6-acyl) PHAD and dye, demonstrated 100-fold higher 
toxoid-specific immunoglobulin-G titers as compared 
to 4.5 mg of FluBlok (P = 0.001) provided by IM route. 
Further, stability studies of these VaxiPatches™ under 
accelerated conditions suggested retention of virosomal 
antigenic activity for at least two months at 60℃.29

Conclusion
MNs are not any novel technique to skin delivery, and 
span in areas of pharmaceutical and cosmeceuticals. 
Extensive research has been done in MNs-assisted vaccine 
delivery, alone or in combination with other techniques, 
and has produced encouraging results. Yet, from a 
commercial standpoint, not a lot of MNs-based products 
make to the market on annual basis. This is attributed to 
the formulation as well as scale up challenges that these 
systems pose, which makes it challenging from regulatory 
perspective as well. With the rise in several start-ups 
and funding available, along with clarity on regulations 
from US, EU, and other country-specific authorities, it 
is expected that in next 5 years, more MNs-based drug 
and vaccine delivery products/platform technologies will 
get approval, and commercial reality of this technique in 
par with conventional dosage form such as tablets and 
capsules, is not very far in future. 

Ethical Issues
Not applicable.

Conflict of Interest
No conflict of Interest.

References
1.	 Alqahtani MS, Kazi M, Alsenaidy MA, Ahmad MZ. Advances 

in oral drug delivery. Front Pharmacol 2021;12:618411. doi: 
10.3389/fphar.2021.618411

2.	 Homayun B, Lin X, Choi HJ. Challenges and recent progress in oral 
drug delivery systems for biopharmaceuticals. Pharmaceutics 
2019;11(3). doi: 10.3390/pharmaceutics11030129 

3.	 Dos Santos AM, Carvalho SG, Meneguin AB, Sábio 
RM, Gremião MPD, Chorilli M. Oral delivery of micro/
nanoparticulate systems based on natural polysaccharides 
for intestinal diseases therapy: challenges, advances and 
future perspectives. J Control Release 2021;334:353-66. doi: 
10.1016/j.jconrel.2021.04.026 

4.	 Pawar K, Render D, Rangari V, Lee Y, Babu RJ. Evaluation of 
non-crystalline cellulose as a novel excipient in solid dose 
products. Drug Dev Ind Pharm 2018;44(9):1512-9. doi: 
10.1080/03639045.2018.1472276

5.	 Render D, Rangari V, Samuel T, Ramapuram J, Pawar K, Jeelani 
S. Development of drug delivery system using bio-based 
calcium carbonate nanoparticles. Technical Proceedings of 
the 2013 NSTI Nanotechnology Conference and Expo, NSTI-
Nanotech 2013;3:312-4. 

6.	 Pawar KR, Babu RJ. Lipid materials for topical and 
transdermal delivery of nanoemulsions. Crit Rev Ther 
Drug Carrier Syst 2014;31(5):429-58. doi: 10.1615/

critrevtherdrugcarriersyst.2014010663
7.	 Jayachandra Babu R, Dayal PP, Pawar K, Singh M. Nose-to-

brain transport of melatonin from polymer gel suspensions: a 
microdialysis study in rats. J Drug Target 2011;19(9):731-40. 
doi: 10.3109/1061186x.2011.558090

8.	 Xu J, Xu D, Xuan X, He H. Advances of microneedles in 
biomedical applications. Molecules 2021;26(19):5912. doi: 
10.3390/molecules26195912

9.	 Pawar KR, Babu RJ. Polymeric and lipid-based materials 
for topical nanoparticle delivery systems. Crit Rev Ther 
Drug Carrier Syst 2010;27(5):419-59. doi: 10.1615/
critrevtherdrugcarriersyst.v27.i5.20

10.	 Pielenhofer J, Sohl J, Windbergs M, Langguth P, Radsak MP. 
Current progress in particle-based systems for transdermal 
vaccine delivery. Front Immunol 2020;11:266. doi: 10.3389/
fimmu.2020.00266

11.	 Kitaoka M, Oka A, Goto M. Monoolein assisted oil-based 
transdermal delivery of powder vaccine. Pharmaceutics 
2020;12(9):814. doi: 10.3390/pharmaceutics12090814

12.	 Pawar K. Recent developments on conquering Zika. J 
Pharm Drug Deliv Res 2018;6(6):1-2. doi: 10.4172/2325-
9604.1000e103

13.	 Benson HAE, Grice JE, Mohammed Y, Namjoshi S, Roberts MS. 
Topical and transdermal drug delivery: from simple potions to 
smart technologies. Curr Drug Deliv 2019;16(5):444-60. doi: 
10.2174/1567201816666190201143457

14.	 Ng KW. Penetration enhancement of topical formulations. 
Pharmaceutics 2018;10(2):51. doi: 10.3390/
pharmaceutics10020051

15.	 Waghule T, Singhvi G, Dubey SK, Pandey MM, Gupta 
G, Singh M, et al. Microneedles: a smart approach and 
increasing potential for transdermal drug delivery system. 
Biomed Pharmacother 2019;109:1249-58. doi: 10.1016/j.
biopha.2018.10.078

16.	 Pawar K. Microneedles-based devices: regulatory insights. 
J Pharm Drug Deliv Res 2017;6(1):1-2. doi: 10.4172/2325-
9604.1000e102

17.	 Pawar KR, Smith F, Kolli CS, Babu RJ. Effect of lipophilicity 
on microneedle-mediated iontophoretic transdermal delivery 
across human skin in vitro. J Pharm Sci 2013;102(10):3784-
91. doi: 10.1002/jps.23694 

18.	 Pawar K, Kolli CS, Rangari VK, Babu RJ. Transdermal 
iontophoretic delivery of lysine-proline-valine (KPV) 
peptide across microporated human skin. J Pharm Sci 
2017;106(7):1814-20. doi: 10.1016/j.xphs.2017.03.017

19.	 Pawar KR, Mulabagal V, Smith F, Kolli CS, Rangari VK, Babu 
RJ. Stability-indicating HPLC assay for lysine-proline-valine 
(KPV) in aqueous solutions and skin homogenates. Biomed 
Chromatogr 2015;29(5):716-21. doi: 10.1002/bmc.3347

20.	 Pawar K. Recent advances in KPV peptide delivery. J Pharm 
Drug Deliv Res 2022;11(1):1-4. 

21.	 Frew PM, Paine MB, Rouphael N, Schamel J, Chung Y, Mulligan 
MJ, et al. Acceptability of an inactivated influenza vaccine 
delivered by microneedle patch: results from a phase I clinical 
trial of safety, reactogenicity, and immunogenicity. Vaccine 
2020;38(45):7175-81. doi: 10.1016/j.vaccine.2020.07.064

22.	 Lanza JS, Vucen S, Flynn O, Donadei A, Cojean S, Loiseau 
PM, et al. A TLR9-adjuvanted vaccine formulated into 
dissolvable microneedle patches or cationic liposomes 
protects against leishmaniasis after skin or subcutaneous 
immunization. Int J Pharm 2020;586:119390. doi: 10.1016/j.
ijpharm.2020.119390

23.	 Stinson JA, Boopathy AV, Cieslewicz BM, Zhang Y, Hartman 
NW, Miller DP, et al. Enhancing influenza vaccine 

https://doi.org/10.3389/fphar.2021.618411
https://doi.org/10.3390/pharmaceutics11030129
https://doi.org/10.1016/j.jconrel.2021.04.026
https://doi.org/10.1080/03639045.2018.1472276
https://doi.org/10.1615/critrevtherdrugcarriersyst.2014010663
https://doi.org/10.1615/critrevtherdrugcarriersyst.2014010663
https://doi.org/10.3109/1061186x.2011.558090
https://doi.org/10.3390/molecules26195912
https://doi.org/10.1615/critrevtherdrugcarriersyst.v27.i5.20
https://doi.org/10.1615/critrevtherdrugcarriersyst.v27.i5.20
https://doi.org/10.3389/fimmu.2020.00266
https://doi.org/10.3389/fimmu.2020.00266
https://doi.org/10.3390/pharmaceutics12090814
https://doi.org/10.4172/2325-9604.1000e103
https://doi.org/10.4172/2325-9604.1000e103
https://doi.org/10.2174/1567201816666190201143457
https://doi.org/10.3390/pharmaceutics10020051
https://doi.org/10.3390/pharmaceutics10020051
https://doi.org/10.1016/j.biopha.2018.10.078
https://doi.org/10.1016/j.biopha.2018.10.078
https://doi.org/10.4172/2325-9604.1000e102
https://doi.org/10.4172/2325-9604.1000e102
https://doi.org/10.1002/jps.23694
https://doi.org/10.1016/j.xphs.2017.03.017
https://doi.org/10.1002/bmc.3347
https://doi.org/10.1016/j.vaccine.2020.07.064
https://doi.org/10.1016/j.ijpharm.2020.119390
https://doi.org/10.1016/j.ijpharm.2020.119390


Pawar

Advanced Pharmaceutical Bulletin, 2023, Volume 13, Issue 14

immunogenicity and efficacy through infection mimicry 
using silk microneedles. Vaccine 2021;39(38):5410-21. doi: 
10.1016/j.vaccine.2021.07.064

24.	 Chen YC, Chen SJ, Cheng HF, Yeh MK. Development of Yersinia 
pestis F1 antigen-loaded liposome vaccine against plague 
using microneedles as a delivery system. J Drug Deliv Sci 
Technol 2020;55:101443. doi: 10.1016/j.jddst.2019.101443

25.	 Pires LR, Amado IR, Gaspar J. Dissolving microneedles 
for the delivery of peptides - towards tolerance-inducing 
vaccines. Int J Pharm 2020;586:119590. doi: 10.1016/j.
ijpharm.2020.119590

26.	 Kim E, Erdos G, Huang S, Kenniston TW, Balmert SC, 
Carey CD, et al. Microneedle array delivered recombinant 
coronavirus vaccines: Immunogenicity and rapid translational 
development. EBioMedicine 2020;55:102743. doi: 10.1016/j.

ebiom.2020.102743
27.	 Kim JS, Choi JA, Kim JC, Park H, Yang E, Park JS, et al. 

Microneedles with dual release pattern for improved 
immunological efficacy of hepatitis B vaccine. Int J Pharm 
2020;591:119928. doi: 10.1016/j.ijpharm.2020.119928

28.	 Jeong HR, Bae JY, Park JH, Baek SK, Kim G, Park MS, et al. 
Preclinical study of influenza bivalent vaccine delivered with 
a two compartmental microneedle array. J Control Release 
2020;324:280-8. doi: 10.1016/j.jconrel.2020.05.024

29.	 Ellison TJ, Talbott GC, Henderson DR. VaxiPatch™, a novel 
vaccination system comprised of subunit antigens, adjuvants 
and microneedle skin delivery: an application to influenza 
B/Colorado/06/2017. Vaccine 2020;38(43):6839-48. doi: 
10.1016/j.vaccine.2020.07.040

https://doi.org/10.1016/j.vaccine.2021.07.064
https://doi.org/10.1016/j.jddst.2019.101443
https://doi.org/10.1016/j.ijpharm.2020.119590
https://doi.org/10.1016/j.ijpharm.2020.119590
https://doi.org/10.1016/j.ebiom.2020.102743
https://doi.org/10.1016/j.ebiom.2020.102743
https://doi.org/10.1016/j.ijpharm.2020.119928
https://doi.org/10.1016/j.jconrel.2020.05.024
https://doi.org/10.1016/j.vaccine.2020.07.040

