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Zika mRNA vaccine induces long-term protective immunity
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If you are wondering what the hype on Zika virus (ZIKV)
all over the news is about, here is a fact: In 2015 in Brazil
alone, there is an estimate of 1.3 million cases of ZIKV
infection (1). The virus is generally spread through Aedes
mosquito bites but can also be transmitted sexually (2). It
has unofficially replaced Ebola virus as the most significant
global public health threat. Clinically, the virus has been
identified as the etiological agent for microcephaly in
newborns and rarely, Guillain-Barre syndrome in adults
(1,3). The rapid increase in ZIKV infection cases has
prompted a concerted effort on a global scale to develop safe
and effective vaccines from scratch. Multiple immunization
platforms are currently under study for a ZIKV vaccine,
including plasmid DNA, inactivated virus particles, protein
subunits and adenovirus-based vector (4-7).

In a recent paper published in Nature, Pardi er al. (8)
generated the first mRINA vaccine against ZIKV and tested
its immunogenicity and efficacy to induce antibody response
in mice and rhesus macaques. The authors circumvented
the common pitfalls associated with mRNA vaccine, such
as the undesired activation of the host innate immune
system and RNA instability, by chemical synthesis of a
1-methylpseudouridine cap modification at the 5’ end and
inclusion of additional 5’ and 3’ UTR sequences and a polyA
tail. The central coding region expresses the pre-membrane
and envelope (prM-E) glycoproteins derived from a ZIKV
strain from a French Polynesia outbreak in 2013 (9). The
resultant modified mRINA was subsequently packaged into
lipid nanoparticles (LNP) for in vivo experiments.

The authors first tested the T cell and B cell responses
induced by ZIKV mRNA vaccine as compared to the
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poly(I:C)-LNP control in wild-type C57BL/6 and BALB/
¢ mice. A single immunization of 30 pg of prM-E mRNA-
LNP via the intradermal route resulted in high levels
(titer ranging from 10’ to 10" EC;, depending on the
exact quantification assays) of neutralizing antibodies in
the serum at weeks 8-12 post vaccination, indicative of
potent activation of the humoral immunity in these mice.
Importantly, when challenged with ZIKV infection at either
2 or 20 weeks post vaccination, all mice immunized with
prM-E mRNA-LNP were protected and exhibited no sign of
viremia, as opposed to high copies of viral RNA observed in
poly(I:C)-LNP immunized mice. Mortality was not used as
the readout since immunocompetent mice do not succumb
to ZIKV infection due to their antiviral interferon (IFN)
response. ZIKV inoculation induces lethality in Stazl or
Ifnar] knockout mice that lack responsiveness to IFNs (10)
but this model was not examined in the current study.

The authors subsequently examined the ZIKV mRNA-
LNP vaccine efficacy in rhesus macaques, non-human
primates that resemble human more closely than mice in
many clinical manifestations of ZIKV infection. Consistent
with the previous observation in mice, one single
immunization of prM-E mRNA-LNP was sufficient to elicit
a potent and durable neutralizing antibody response (10°~10*
ECy) in rhesus macaques. Moreover, the vaccinated animals
were highly protected from subsequent ZIKV challenge.
Only one of five animals showed a small and transient
increase in viral RNA copies, barely above the detection
threshold, at 3 days post infection. In contrast, high levels
of viral RNA copies were found in the circulation of all six
unvaccinated control monkeys. Taken together, these data
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confirmed the safety and efficacy of this new mRNA vaccine
in two different animal models.

In comparison to other commonly used vaccine
platforms, the advantages of an mRNA vaccine are
substantial: first and foremost, unlike all DNA-based
vaccines, mRNA does not integrate into the genome and
therefore does not arouse major safety concerns with regard
to insertional mutagenesis and potential tumorigenesis;
second, mRINA is prone to design and encodes exogenous
proteins with high efficiency; and third, mRNA can be
propagated at sizable scales for manufacturing. As a proof-
of-principle, the same group recently published another
article using the same mRNA platform to express HIV
broadly neutralizing antibody for therapeutic purposes (11).
It is also worth mentioning that around the same time as the
current Nature paper, an independent mRINA vaccine study
on ZIKV was published in Ce// with similar findings (12).
Using several wild-type and knockout mouse models,
Richner et a/. found that their version of mRNA-LNP
vaccine, given as two doses (prime and boost) in several in
vivo experiments, significantly reduced viral loads in the
serum, prevented weight loss, and completely protected
against ZIKV infection upon challenge.

In summary, Pardi et a/. reported a concise and definite
study on developing and testing a modified mRINA-based
ZIKV vaccine in mice and rhesus macaques. Although
the data showed great promise in moving towards clinical
trials in humans, much remains to be determined. For
instance, there is substantial evidence, at least in mice, that
ZIKV immunization induces cross-reactive antibodies,
which might enhance dengue virus (DENV) infection
and pathology through antibody-dependent enhancement
(13,14), a condition that has been noted in several DENV
studies where cross-reactive antibodies from a prior DENV
infection would actually worsen the subsequent secondary
infection with a heterologous DENV serotype (15). In
addition, it is important to keep other anti-ZIKV options
open, especially given the hope that thousands of Aedes
aegypti mosquitoes infected with the Wolbachia bacteria have
just been released in Florida (16), in a new effort to limit the
spread of several viruses including ZIKV and DENV. In the
meantime, researchers should not slow down the pace for
basic research on the molecular biology and pathogenesis
of ZIKV infection. Genetic and proteomic screens have
proven to be powerful tools to investigate the role of host
factors in virus infection (17,18). The recently conducted
CRISPR-Cas9 screen on ZIKV is an excellent example of
how useful information, including the identification of viral
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receptors and other necessary host factors, can be identified
from such fundamental studies (19). The development of a
reverse-genetics system for ZIKV has also greatly promoted
the vaccine studies iz vivo (20). With all these progresses, it
seems likely that a safe and effective vaccine against ZIKV is
not too far away.
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