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Ahydrogel-entrapped live virusimmunization
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Confining the Zika virus withina
self-adjuvanting hydrogel that forms a
subcutaneous inflammatory niche stimulates
strong immune responses in mice without
inducinginfection.

Current vaccine candidates for the Zika virus (ZIKV) — a virus in the
family Flaviviridae, first isolated in 1947 in the Zika forest in Uganda’,
that can induce microcephaly, congenital abnormalities and Guil-
lain-Barré syndrome in pregnant women” — include inactivated vac-
cines, vector vaccines, virus-like-particle vaccines and other subunit
vaccines, DNA vaccines and messenger RNA (mRNA) vaccines®. The
viral particles or virus-derived peptides ininactivated vaccines, vector
vaccines and subunit vaccines (which typically induce viral-specific
immune responses) can be affected by pre-existing or de novo antiviral
immunity, whichrestricts the level ofimmune responses induced®. For
vaccines that do not require a vector for their delivery (such as mRNA

vaccines), the expression of viral antigensin the body is rather transient.
Therefore, toinduce astrong antiviralimmune response and maintain
effective protection, they require repeat dosing. Moreover, mRNA is
readily degraded and thus mRNA vaccines require cold-chain storage,
whichisalogistical constraint, particularly in less-wealthy parts of the
world®. Also, nanoparticle-based vaccines can be designed to control,
tosome degree, the encapsulation, delivery and release of antigens and
to enhance the potency and duration of the immune responses. Still,
achieving spatiotemporal control of antigen delivery and activation
remains difficult.

Aliving virus typically induces stronger immune responses than
avaccine®forit, yet the downstreamrisks of infection and rapid clear-
ance of the virus by theimmune system makes the use of live viruses as
vaccines challenging. Now reportingin Nature Biomedical Engineering,
Ruikang Tang and colleagues’ describe a new strategy: a self-
adjuvanting hydrogel trapping live ZIKV.

Tang and co-authors prepared the vaccine by simply mixing
particles of live ZIKV (which are negatively charged) with chitosan
oligosaccharide (which is positively charged and acts as an immune
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Fig.1| Anentrapped live Zika virus as a vaccine. a, The hydrogel-based live-
virus vaccine is prepared by mixing viral particles with chitosan oligosaccharide,
calcium chloride, sodium bicarbonate and polyaspartic acid. b, On subcutaneous
injection, the mixture undergoes a rapid sol-gel transition (from 4 °C to body
temperature), which results in the formation of a hydrogel at the injection site.
The hydrogel transforms into an inflammatory niche, where pattern-recognition
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receptors (PRRs) are activated to facilitate the recruitment of immune cells and
the activation of innate immune responses. This leads to antigen presentation,
to the elevation of germinal centre B cells, and to antigen cross-presentationin
lymph nodes, inducing robust antigen-specific responses and immune memory.
Figure adapted with permission fromref.’, Springer Nature Ltd.
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adjuvant), calcium chloride, sodium bicarbonate and polyaspartic
acid. The mixture remained in solution state when kept at 4 °C, which
facilitated itsinjectability and storage. Following subcutaneousinjec-
tionin healthy mice, the mixture underwent arapid sol-gel transition
atbody temperature, forminga hydrogel that remained at theinjection
site. The authors show that the structure of the hydrogel confined the
ZIKV particles to the injection site and prevented the leakage of the
virus from the material. Indeed, the hydrogel vaccine did not induce
ZIKVinfectionin the mice. Instead, it established an engineered inflam-
matory niche that triggered the infiltration of immune cells into the
scaffold, the engulfment of viral particles by the infiltrated immune
cells,and the migration of infiltrated antigen-presenting cells to drain-
inglymphnodes (Fig.1). The formulation elicited robust and long-term
humoral and cellular antiviralimmunity.

In a mouse model of ZIKV infection, a single dose of a hydrogel
with live ZIKV generated ZIKV-specific neutralizing antibody titres
fasterand at higher levels thaninactivated ZIKV mixed with an adjuvant
(Polyl:C or Alum). Tang and colleagues also evaluated the efficacy of
a hydrogel harbouring inactivated ZIKV particles, with or without an
adjuvant. The authors found that the immune responses elicited by
the hydrogel formulation with entrapped inactive virus were inferior
to thoseraised by the formulation with living ZIKV.

Tang and co-authors’ findings suggest that trapping live viruses
into such a subcutaneous biomaterial ‘depot’ can be safe and effec-
tive. The self-adjuvanted hydrogel vaccine could thus be harnessed to
deliver arange of viruses asimmunizations against infectious diseases.

Moreover, the simplicity of the formulation would allow for rapid vac-
cine manufacturing, whichwould be anadvantage for the production
of strain-specific vaccines that lead to long-lasting protection with a
single dose. Chitosan may trigger allergic reactions®, yet other polysac-
charides may provide similar entrapment and adjuvanting functionali-
tiesand retainthe physicochemical properties of a particle-entrapping
hydrogel that transforms a live virus into a vaccine.
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