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Research progress of microneedle delivery system in vaccine
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Abstract: Vaccines are often administered by intramuscular or subcutaneous injection. Although these methods
can effectively deliver vaccine antigens to the body and trigger the immune response. However, there are also some
limitations, such as injection pain, complex operation, strict transportation conditions, poor immunogenicity and
stability of the vaccine. With the development of technology, skin administration has become another new way to
solve the above-mentioned problems of vaccine. Among the many ways of skin administration, microneedles show
unique advantages and potential. This paper briefly describes the mechanism of microneedle transdermal immunity
and its advantages over traditional injection. This paper briefly describes the mechanism and advantages of
transdermal immunity of microneedles, enumerates the classification of microneedles, focuses on the design
concept, structural advantages and preparation technology of bionic microneedles, and analyzes its application
potential in vaccines. At the same time, this paper briefly describes the application of microneedle in vaccine,
including bacterial infection, viral infection, cancer treatment and current clinical application progress. The
challenges and prospects of microneedle vaccine are summarized from the aspects of safety, stability and
acceptability of microneedle vaccine.
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Figure 1  Schematic diagram of percutaneous immunization

(drawn using BioRender.com)
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Table 1 Comparison between microneedle and traditional injection in the field of vaccine delivery

Project

Microneedle array

Injection

Drug stability
room temperature

Targeting Can reduce the miss effect

Patient compliance
no pain

Transportation condition No need for cold storage

Medical sharp instrument No

Safety problems such as infection Never

caused by accidental stab wounds

The stability of the drug can also be maintained at

It can be vaccinated by itself, and there is almost

Certain conditions (such as low temperature) are
needed to maintain drug stability

It is easy to cause systemic reaction

Need to be vaccinated by professional trainers,
and there is obvious pain

Cold chain transportation is usually required
Yes

Frequently
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Figure 2 Mechanism of microneedle immunity. A: Microneedle
delivers antigens to APC; B: B cells release antibodies, DC cells
and LC cells present antigenic information and costimulatory
signals to the corresponding initial T cells, activating and triggering
the related effector T cells to clear the virus; C: T cells attack
pathogens. DC: Dendritic cell; LC: Langerhans cell. (Drawn using

BioRender.com)
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Table 2 Microneedle classification table (drawn using BioRender.com). Adapted from Ref. 33 and 35 with permission. Copyright © 2025

Elsevier B.V.
Microneedle type Illustration Material Ref.
Solid Silicon, stainless steel, [16,17]
titanium and other metals
Hollow Silicon, stainless steel, [18,19]

polymer
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Continued

Microneedle type

Illustration

Material Ref.

Coated

Soluble/degradable

Biomimetic

Porous

Separable

Frozen

Core-shell

Hydrogel

Silicon, glass, polymer [20,21]

Polymers such as poly [22-24]
(lactic-co-glycolic acid)

(PLGA), Methacrylate Gelatin
(GelMA), Cellulose Acetate

(CA), etc.

Polymers, such as hyaluronic ~ [25-27]
acid (HA), chitosan, poly

(lactide) (PLA), polymer
poly-N-isopropylacrylamide

(PNIPAM), etc.

Water or water medium [28]

Polymers, such as formylated ~ [29,30]
gelatin (GelMA), poly (lactic
acid-propylene glycol-lactic

acid) dimethacrylate

(PGLADMA), polyvinyl

alcohol (PVA), etc.

Graft polymers, such as [31,32]
hyaluronic acid grafted with
polyhydroxy fatty acid ester

(PHAS) nanoparticles (R-PHA

NPs)

2-Hydroxy-2- [33-35]
methylpropanone (HMPP),
polyethylene glycol diacrylate
(PEGDA), polyethylene

glycol diacrylate (PEGDA),

silica nanoparticles, graphene
aerogel-hydrogel
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Table 3 Recent microneedle clinical trials

Clinical trial Microneedle design

Result Year Ref.

A phase II, double-blind, double-simulated, Soluble microneedle
randomized, active controlled, age-decreasing
microneedle clinical trial of rubella vaccine

mRNA COVID-19 vaccine microneedle Alumina nano-porous

ceramic microneedle

A phase I randomized, single-center clinical Soluble microneedle
trial on the efficacy and safety of inactivated

influenza virus vaccines

Acceptability of inactivated influenza vaccine Inactivated influenza
by microneedle vaccination in population vaccine coated
microneedle
Clinical trial of anti-milk allergy skin Solid microneedle
immunotherapy gel patch with diameter of 1 cm,
needle length of

300 um and needle

number of 481

Microneedle delivery vaccine is safe and effective, but it is 2024 [63]
necessary to further understand the patient's acceptability of

microneedle and the effect of wearing time on drug efficacy

Microneedle delivery of 20 pg mRNA-1273 vaccine failed 2023 [65]
to induce antibody and T cell response. However, because of

its application potential, it is valuable to further explore the

adjustment scheme

The humoral and cellular immune response induced by 2021 [62]
microneedle vaccination is similar to or even greater than

that of intramuscular injection. At the same time, the

microneedle showed thermal stability for 4 months at 37 °C

98.6% of the participants in the microneedle group reported 2020 [52]
their overall positive experience with microneedles, and

vaccination through microneedles may help to increase

vaccination coverage

The delivery of milk protein concentrate after piercing the 2020 [66]
skin with a microneedle can target immune cells, increasing

the symptom induction threshold of half the subjects so that

they can eat milk and switch to oral immunotherapy
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