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Advances in skin science enable the
development of a COVID-19 vaccine
Louis D. Falo, Jr, MD, PhD
Pittsburgh, Pennsylvania
J
enner’s skin inoculation preventing smallpox
exemplifies the capacity of a skin-targeted vac-
cine to successfully combat a pandemic. Skin

biologists have elucidated the intricate cutaneous
immunoregulatory networks that are highly respon-
sive to environmental conditions and capable of
inducing potent immune responses that can be local
and systemic.1,2 Skin is rich in antigen-presenting
cells and in accessory cells with innate immune
function such as resident T cells, innate lymphoid
cells, mast cells, neutrophils, neurons, and
keratinocytes.

Our group and others have focused efforts on
developing skin-targeted immunization strategies
including skin-targeted delivery of protein, plasmid
DNA, and viral vectored vaccines. These efforts are
enabled by advances in bioengineering that are
resulting in more effective and controlled delivery
of vaccine components to skin microenvironments
such as microneedle arrays.

Microneedle arrays span a broad range of tech-
nologies, including several being explored for the
development of vaccines against influenza, malaria,
diphtheria, and other infectious diseases.3Our efforts
have focused on microneedle arrays made of a
dissolvable matrix. Deliverables, including antigens
and immunomodulators, can be integrated into the
matrix so that the needles are actually the vaccine.
When applied to the skin, the dry sharp needles
penetrate the stratum corneum and then absorb
moisture and dissolve, releasing vaccine components
into the epidermis and upper dermis. Therefore, the
delivery of very small amounts of cargo results in high
local concentrations within the skin microenviron-
ment that improves effectiveness while minimizing
systemic exposure to improve safety. An important
benefit is that vaccine components embedded in
these microneedle arrays are stable at room
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temperature, obviating the ‘‘cold chain’’ that has
been a major barrier to global immunization cam-
paigns.Weused this technologyplatform to construct
and test a skin-targeted coronavirus disease 2019
vaccine consisting of a recombinant S1 subunit pro-
tein from severe acute respiratory syndrome corona-
virus 2 embedded in a microneedle array. The
efficiencies of this process enabled us to rapidly
design and fabricate a prototype vaccine, and to
begin animal testingwithin a fewweeks of the release
of the viral sequence. This resulted in the first peer-
reviewed description of a coronavirus disease 2019
vaccine generating potent severe acute respiratory
syndrome coronavirus 2 antibody responses.4 This
‘‘PittCoVacc’’ vaccine is now being developed for a
phase 1 clinical trial and would join our ongoing
clinical trial evaluating microneedle array delivery of
an immunogenic cell deatheinducing chemothera-
peutic for the treatment of skin cancer. Most recently,
we showed that adenoviral vectors could also be
embedded in microneedle arrays and maintain their
infectivity.5 The multicomponent microneedle array
fabrication strategy enabled the delivery of both
antigen-expressing adenovectors and adjuvant in
the same microneedle arrays, resulting in a vaccine
that induced both antibody responses and enhanced
cytotoxic cellular immunity that is likely important for
‘‘universal’’ vaccines and cancer immunotherapies.

Taken together, these and studies by others
demonstrate the potential for the development of
cutaneous immune engineering strategies to control
systemic immune responses, including the potential
for developing novel vaccine strategies and immu-
notherapies, and even negative immunization stra-
tegies to treat systemic allergy and autoimmune
diseases. Advances in skin biology are making
important contributions to the fight against the
coronavirus disease 2019 pandemic, demonstrating
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once again that dermatology is more than skin
deep.
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