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Over the past 2 years, Zika virus (ZIKV) has emerged as a pathogen capable of
causing devastating congenital malformations in the developing fetus and
significant neurological disease in adults. In 2017, substantial progress has
been made towards the development, immunological analysis and preclinical
evaluation of vaccine platforms to prevent the pathologies associated with

ZIKV infection.

The potential worldwide impact of Zika
virus (ZIKV) infections on human health is
staggering: 48 countries and territories have
confirmed cases associated with vector-borne
transmission of ZIKV, with 5 countries report-
ing cases of sexual transmission. Since 2015,
thousands of infants have been born with
ZIKV-induced neurological sequelae that will
considerably impair their ability to attain nor-
mal cognitive function. Even the least debil-
itating outcomes of ZIKV infections in utero
may adversely affect quality of life and require
life-long intervention and care. In addition
to ZIKV-induced fetal disease, infection in
adults is associated with rare neurological
disorders such as Guillain—Barre syndrome
(GBS), which can cause muscle weakness and
even paralysis.

The teratogenic potential of ZIKV was
unexpected, as the virus has been present
in central Africa since at least the 1940s and
before 2013 was associated with only a mild
disease. Not since the 1962-1965 rubella virus
(RuV) epidemic that occurred in the United
States has the devastating impacts of a viral
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infection during pregnancy been so widely
feared. The subsequent development of a suc-
cessful RuV vaccine saved the lives of millions
of infants and has inspired a similar global
effort to eradicate congenital ZIKV syndrome.
In this Year in Review article, we discuss the
most significant advances of the past year with
a focus on the development of vaccines to
mitigate the effects of ZIKV infections.

Several formalin-inactivated and live-
attenuated vaccines against related flaviviruses
(for example, Japanese encephalitis, Dengue
and yellow fever viruses) are approved for use
in humans. Analyses of these vaccines have
shown that antibody responses against the
flavivirus envelope (E) protein correlate with
protection in animals and humans. An effec-
tive vaccine that targets all strains of ZIKV
should be feasible given the limited (~3% to
5%) amino acid variability between E proteins
of contemporary and historical strains.

In 2016, DNA plasmid and formalin-
inactivated whole virus vaccines against ZIKV
were described. DNA plasmid-based vaccines
incorporating the precursor membrane (prM)

e New anti-Zika virus (ZIKV) vaccine platforms developed in 2017 show promise to effectively limit

congenital ZIKV syndrome.

e Lipid-encapsulated mRNA vaccine-based immunity established before pregnancy in mice is
sufficient to protect against congenital infection and disease.

e Live-attenuated vaccines induce high levels of neutralizing antibodies, prevent infection and
damage to the testis in males and abrogate in utero transmission and fetal infection during

pregnancy.

* Immunological correlates of vaccine protection are established in preclinical models of ZIKV

infection and pathogenesis.

and E genes of contemporary ZIKV isolates
produced secreted E proteins or virus-like
particles, elicited neutralizing antibody
responses and protected against infection
in non-pregnant mice and non-human pri-
mates (NHPs)'. Similarly, alum-adjuvanted
inactivated ZIKV induced neutralizing anti-
body responses in non-pregnant animals and
conferred protection against ZIKV challenge.
DNA plasmid-based vaccines are useful
owing to their ease of production, physical
and genetic stability and low reactogenicity.
Plasmid-based and inactivated viral vac-
cines are desirable, especially for populations
that are relatively immunocompromised, as
other live-attenuated vaccines may be contra-
indicated. Both DNA plasmid and inactivated
virus vaccine candidates against ZIKV
advanced to clinical trials in humans in 2017.

Several papers were published in 2017
that described new vaccine platforms against
ZIKV (FIC. 1), with some addressing protec-
tion against fetal injury in mice. Pardi and col-
leagues® developed a novel lipid-encapsulated,
modified mRNA vaccine encoding the prM
and E genes of a French Polynesian strain
of ZIKV. Modified mRNA vaccines contain
untranslated regions (UTRs) that optimize
translation efficiency and intracellular sta-
bility, as well as nucleoside modifications to
minimize unintended activation of innate
immunity. A single intradermal dose of this
vaccine induced strong neutralizing antibody
and CD4* T cell responses in non-pregnant
mice that persisted for months. Challenge
with an American ZIKV strain at 2 and
20 weeks after vaccination completely pro-
tected against viraemia. Furthermore, a sin-
gle inoculation of this mRNA vaccine also
induced high levels of neutralizing antibody
and protected against viraemia in NHPs*.

A second study using a different lipid-
encapsulated mRNA vaccine encoding the
prM and E genes from an Asian ZIKV strain
and a prime-boost regimen also induced
durable neutralizing antibody responses in
mice. Challenge with a heterologous African
ZIKV strain in immunized immunodeficient
or immunocompetent mice showed pro-
tection against viral infection and lethality”.
A modified version of this mRNA vaccine
encoding mutations that destroy the con-
served fusion—loop epitope in the E protein
protected against ZIKV, but immunized mice
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Figure 1| Vaccine-based approaches to
protect against congenital ZIKV syn-
drome. Zika virus (ZIKV) infection of preg-
nant women can have devastating impacts
on the developing fetus. Two vaccine plat-
forms developed in 2017 show promise to
reduce fetal infection and ZIKV-induced fetal
disease in pregnant animal models.

These include live-attenuated and lipid-
encapsulated modified mRNA-based
approaches that induce the production of
neutralizing antibodies that prevent vertical
transmission of ZIKV across the placental
barrier, thus limiting fetal infection.

produced decreased amounts of antibodies
that enhance Dengue virus (DENV) infec-
tion®. This is important as the related flavi-
virus DENV circulates in the same areas of the
world as ZIKV. As one recent study suggests
that prior exposure and immune response to
ZIKV can enhance DENV infection in rhesus
macaques®, a potential vaccine candidate that
minimizes antibody-dependent enhancement
of DENV infection may be desirable.
Richner and colleagues” tested a modified
mRNA lipid nanoparticle vaccine encod-
ing the prM and E genes of an Asian ZIKV
strain in pregnant mice. This vaccine gener-
ated robust neutralizing antibody responses
in immunocompetent non-pregnant female
mice. Subsequently, vaccinated females were
mated and, after they became pregnant,
were challenged approximately one-third
through the gestation period with a hetero-
logous African strain of ZIKV. Relative to
placebo controls, dams immunized with the
prM—-E mRNA vaccine showed markedly

diminished levels of viral RNA in maternal,
placental and fetal tissues, and the majority of
fetuses showed no disease. This study demon-
strated for the first time that, at least in mice,
vaccines administered before pregnancy can
prevent congenital ZIKV syndrome.

This year, Pei-Yong Shi’s group described
novel, live-attenuated ZIKV vaccines that
are protective in mice and NHPs. Live-
attenuated vaccines can be advantageous as
they may be more cost-effective than other
vaccine platforms and promote durable
immunity even after a single dose. Thus, a
live-attenuated vaccine may be practically
important when immunizing people living
in and travelling to ZIKV-endemic areas,
especially in developing counties. Three
live-attenuated ZIKV vaccines were devel-
oped: one with mutations in the N-linked
glycosylation sites of the viral NSI gene’
and two with small attenuating deletions in
the 3’-UTR of the genomic RNA®*’. In mice,
these live-attenuated vaccines induced high
levels of neutralizing antibody, conferred
sterilizing immunity, prevented infection
and damage to the testis in males and abro-
gated in utero transmission and fetal infec-
tion during pregnancy. In NHPs, a single
immunization with the 3’-UTR deletion
vaccines elicited a robust antibody response,
which prevented viraemia upon challenge
with an epidemic strain of ZIKV?.

Although the subunit and live-attenuated
vaccines have established the activity of anti-
bodies in controlling ZIKV pathogenesis,
progress was also made this year in defin-
ing the functions of effector CD8" T cells.
An initial study showed that polyfunctional,
cytotoxic CD8" T cells reduced ZIKV burden
in mice, whereas their depletion or genetic
absence led to higher tissue burdens and
higher mortality after ZIKV infection'. A
second study, using HLA-transgenic mice,
identified human-relevant ZIKV CD8" T cell
epitopes in naive and DENV-experienced
immune settings and demonstrated that
both ZIKV-specific and ZIKV/DENV cross-
reactive CD8" T cells can protect against
ZIKV infection'. Collectively, these results
demonstrated that CD8* T cells protect
against ZIKV infection and imply that ZIKV
and possibly DENV vaccine efforts should be
tailored to optimize CD8* T cell responses.

Notwithstanding the rapid success in pre-
clinical studies, there are unique issues that
may delay implementation of a ZIKV vac-
cine. These include our lack of understand-
ing of how ZIKV induces GBS, whether ZIKV
vaccine-induced antibodies could sensitize
humans to more severe DENV infection or

promote mother-to-fetus transmission, and
whether pre-conception maternal immunity
is sufficient to protect against fetal transmis-
sion. A major hurdle to the development of
any approach to limit fetal disease during
pregnancy is the need to design ethical human
trials. Although the studies published in 2017
are promising, considerable work is still
needed to better define the biology of ZIKV
in humans and the design and analysis of clin-
ical trials. The collective efforts of the global
scientific community have generated exciting
insights into ZIKV pathogenesis and substan-
tive progress towards a ZIKV vaccine. In the
years ahead, the careful evaluation of these
approaches in women of child-bearing age
will prove challenging, but will be essential
for the eventual eradication of ZIKV-induced
congenital disease.

Michael S. Diamond is at the Departments of Medicine,
Pathology and Immunology, and Molecular
Microbiology, and The Andrew M. and Jane M. Bursky
Center for Human Immunology and Immunotherapy
Programs, Washington University School of Medicine,
St Louis, Missouri 63110, USA

Carolyn B. Coyne is at the Department of Pediatrics,
and The Center for Microbial Pathogenesis, Children’s
Hospital of Pittsburgh, University of Pittsburgh School

of Medlicine, Pittsburgh, Pennsylvania 15224, USA

Correspondence to M.S.D. and C.B.C.
mdiamond@wustl.edu; coynec2 @pitt.edu

doi:10.1038/nri.2017.132
Published online 4 Dec 2017

1. Abbink, P. et al. Protective efficacy of multiple vaccine
platforms against Zika virus challenge in rhesus
monkeys. Science 353, 1129-1132 (2016).

2. lLarocca, R. A. et al. Vaccine protection against Zika
virus from Brazil. Nature 536, 474-478 (2016).

3. Dowd, K. A. et al. Rapid development of a DNA
vaccine for Zika virus. Science 354, 237-240 (2016).

4. Pardi, N. et al. Zika virus protection by a single low-
dose nucleoside-modified mRNA vaccination.

Nature 543, 248-251 (2017).

5. Richner, J. M. et al. Modified mRNA vaccines protect
against Zika virus infection. Cell 168, 1114—1125.
e10 (2017).

6.  George, J. et al. Prior exposure to Zika virus
significantly enhances peak Dengue-2 viremia in
rhesus macaques. Sci. Rep. 7, 10498 (2017).

7. Richner, J. M. et al. Vaccine mediated protection
against Zika virus-induced congenital disease.

Cell 170, 273-283.e12 (2017).

8. Shan, C. et al. A live-attenuated Zika virus vaccine
candidate induces sterilizing immunity in mouse
models. Nat. Med. 23, 763767 (2017).

9.  Shan, C. et al. A single-dose live-attenuated vaccine
prevents Zika virus infection, pregnancy transmission,
and testis damage. Nat. Commun. 8, 676 (2017).

10. Elong Ngono, A. et al. Mapping and role of the CD8+
T cell response during primary Zika virus infection in
mice. Cell Host Microbe 21, 35-46 (2017).

11. Wen, J. et al. Identification of Zika virus epitopes
reveals immunodominant and protective roles for
dengue virus cross-reactive CD8+ T cells.

Nat. Microbiol. 2, 17036 (2017).

Competing interests statement
The authors declare competing interests. See Web version for
details.

Author contributions
M.S.D and C.B.C. wrote the article. Both authors reviewed
and edited the manuscript before submission.

NATURE REVIEWS [ IMMUNOLOGY

www.nature.com/nri

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.


mailto:mdiamond@wustl.edu
mailto:coynec2@pitt.edu
http://dx.doi.org/10.1038/nri.2017.132

	Closing in on a Zika virus vaccine
	Key advances
	References




