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Crosstalk between
dengue and Zika

The factors that contributed to the explosive nature of the 2015 Zika outbreak in
the Americas are not well understood. A new analysis explores the link between
prior dengue virus exposure and Zika virus infection.

STEPHEN S. WHITEHEAD
& THEODORE C. PIERSON

ika virus (ZIKV) was discovered in
2 Africa in 1947. Its impact on public
health seemed restricted to sporadic
local outbreaks associated with an illness
characterized by mild fever'. Butin 2013-14,
ZIKV was introduced into the Americas,
where it spread quickly. The large number of
infections that occurred during the resulting
epidemic revealed a previously unappreci-
ated link between ZIKV infection of preg-
nant women and a devastating congenital
neurodevelopmental disease in their babies®.
The factors contributing to the rapid spread
and disease severity observed in this out-
break remain elusive. Writing in Science,
Rodriguez-Barraquer et al.’ provide a high-
resolution view of the epidemiology of Zika
disease in a Brazilian community during the
2015 epidemic. They also explore how prior
infection with a related mosquito-borne virus
contributes to the risk of ZIKV infection and
disease.

ZIKV belongs to a group of evolutionarily
related flaviviruses that includes yellow fever
virus and dengue virus (DENV). Flavivirus
infection triggers the production of antibodies
(also called immunoglobulins), some of which
can neutralize the virus’s ability to infect cells.
Antibodies can also coordinate other com-
ponents of the host’s immune response that
destroys virus-infected cells, even when they
cannot inhibit virus infection directly. Some
antibodies are specific for a single flavivirus
type, whereas others react against several flavi-
virus species (this is called cross-reactivity).
The extensive antibody cross-reactivity against
flaviviruses has complicated the development
oflaboratory diagnostics to identify individual
virus types”.

Antibodies help to protect individuals
against flavivirus infections. Nonetheless,

in rare circumstances, antibodies elicited by
DENYV infection might exacerbate dengue
disease in people infected for a second time
with a different variety (serotype) of DENV”.
DENYV circulates in many of the same parts
of the world as ZIKV, including South and
Central America. The unexpected appear-
ance of congenital disease following the
introduction of ZIKV into the Americas raised
the possibility that cross-reactive antibodies
produced during a prior exposure to DENV
worsen the severity of Zika through similar
mechanisms to those that increase the severity
of dengue after a second DENV infection®.
Rodriguez-Barraquer et al. investigated
the dynamics of a Zika outbreak in a DENV-
endemic region of Brazil. The study focused
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on a community of people living in the city of
Salvador who were taking part in a long-term
study of DENV. Because molecular assays pro-
vide a limited window in which to diagnose
infection, the authors opted to use serological
assays to measure antibody levels at differ-
ent time points. They measured the levels of
antibodies against ZIKV in individual serum
samples collected before, during and after the
2015 Zika epidemic to establish the prevalence
of infection among the study population.
Antibodies are grouped into five classes and
several subclasses. The anti-ZIKV antibody
response includes molecules that react against
a protein called NS1, which is encoded by the
virus but does not form part of the viral parti-
cle (virion). ZIKV NS1-reactive IgG3 antibod-
ies are only transiently present in serum, partly
because they have a short half-life in vivo™.
Therefore, the presence of these antibodies in
serum has been suggested to be a signal of a
recent ZIKV infection’.
Rodriguez-Barraquer and colleagues
observed that most of the serum samples col-
lected before ZIKV was introduced into the
studied population did not contain ZIKV
NS1-reactive IgG3 antibodies. However, most
samples contained these antibodies within five
months of the first report of Zika in Salvador.
The authors estimate that 73% of the commu-
nity was infected with ZIKV by October 2015.
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Figure 1 | Effect of dengue immunity on Zika virus infection. Rodriguez-Barraquer et al.’ measured
the levels of antibodies (antibody titres) against Zika virus (ZIKV) and dengue virus (DENV) in
individual serum samples from people in the Brazilian city of Salvador. They estimated the probability

of ZIKV infection during the 2015 Zika outbreak on the basis of levels of total IgG antibodies against

the DENV NS1 protein in samples collected in March 2015, before the outbreak (left-hand graph). The
authors observed that the probability of ZIKV infection decreased with increased levels of anti-DENV
IgG antibodies, which suggests that DENV exposure has a protective effect against future ZIKV infection.
However, they also observed a correlation between increased levels of the IgG3 subset of antibodies
against the DENV NS1 protein, which are thought to be a sign of recent DENV infection, and an
increased risk of ZIKV infection (right-hand graph). Antibody titres are shown in a logarithmic scale, and
pale red and blue areas denote 95% confidence intervals.
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This proportion is similar to other estimates
of ZIKV prevalence in Salvador’. Such a high
level of anti-ZIKV immunity should protect
this population from another epidemic ZIKV
spread for many years.

To investigate whether prior exposure
to DENV contributed to the risk of ZIKV
infection in the community studied, the
authors calculated the incidence of DENV
infection using serum samples collected
before the introduction of ZIKV in 2015. They
used a logistic regression statistical approach
to establish the probability of ZIKV infection
as a function of the quantity of IgG antibodies
that react against the NS1 protein of DENYV,
which they determined using two serological
assays.

Curiously, two patterns were observed. The
concentration of total DENV NS1-reactive
IgG antibodies (irrespective of their subclass)
was inversely correlated with the probability
of ZIKV infection (Fig. 1). This observation
suggests that DENV immunity has a protec-
tive effect against subsequent ZIKV infection.
It also agrees with findings from a recent
study of a population in Nicaragua'’, and
might explain the low incidence of Zika that
is observed in areas of southeast Asia where
DENYV is endemic and highly prevalent. How-
ever, when the authors examined the subset of
DENV NS1-reactive molecules of the IgG3
subclass, they observed that the concentration
of these antibodies correlated positively with
the frequency of ZIKV infection. These find-
ings suggest that a recent exposure to DENV
transiently increases the susceptibility of an
individual to ZIKV infection.

Whether DENV NSI1-reactive IgG3
antibodies have a direct role in the molecular
mechanisms that increase the risk of ZIKV
infection remains unknown. The NS1 protein
is not part of the virus particle and also is not
targeted by neutralizing antibodies. There-
fore, NS1-reactive antibodies do not block
virus infection directly, although they might
contribute to limiting virus spread follow-
ing infection. It is not clear whether DENV
NS1-reactive IgG3 antibodies react against
ZIKV.

The biological basis for the transient nature
of the IgG3 response to flaviviruses is not fully
understood. If IgG3 antibodies are indeed
a marker of recent DENV exposure, it will
be relevant to explore how changes in the
repertoire or functional properties of cross-
reactive antibodies in the months following
DENYV infection contribute to vulnerability
to, or protection from, subsequent infection
by ZIKV. Such studies might identify relation-
ships between antibody binding sites on the
virion and antibody function. These functional
correlates could then be investigated further in
animal models of infection, or used to identify
a protective immune signature that could be
monitored in trials of candidate vaccines.

Despite great strides in the understanding
of the specificities and functions of human

antibodies produced in response to flavivirus
infections, much remains to be discovered
about how they act together to protect against
infection or occasionally worsen disease'’. The
analysis of well-characterized study popula-
tions in areas where these diseases are endemic,
using innovative serological methods, holds
great promise for identifying elements of the
immune response and mechanisms of disease
that will guide the development of counter-
measures™"’. These same resources will be key
for evaluating the impact of ZIKV immunity
on subsequent DENV infections. m
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The next step in making
arrays of single atoms

Three studies have demonstrated the cooling and trapping of single strontium
and ytterbium atoms in two-dimensional arrays. Such arrays could lead to
advances in atomic-clock technology and in quantum simulation and computing.

MARK SAFFMAN

he world around us is made of atoms.
TThere are enormous numbers of them,

even in small objects such as the com-
puter chips and solid-state lasers that are the
building blocks of the information age. Erwin
Schrédinger, one of the inventors of quantum
mechanics, wrote' in the 1950s that “we never
experiment with just one electron or atom”
However, laser-based techniques developed
over the past 40 years are now routinely
used to slow atomic motion and to isolate,
trap and control certain individual atoms in
focused laser beams. Two papers in Physical
Review X, by Cooper et al.” and Norcia et al.?,
and a third published on the arXiv preprint
server by Saskin et al.*, report that these tech-
niques can be extended to atoms that have
two outer (valence) electrons, which opens up
applications.

Research groups around the world use
patterns of light to trap arrays of individual
atoms in one, two and three dimensions for
experiments in quantum simulation and com-
puting®®. These optical traps for atoms are
analogues of the optical-tweezer technique
used to confine large or electrically neutral
particles, which has transformed the biologi-
cal sciences’ and was recognized with one-half
of the 2018 Nobel Prize in Physics. The abil-
ity to trap individual particles is also having a
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substantial impact on the fields of atomic and
quantum physics.

The methods of laser-based cooling and
trapping as applied to electrically neutral
atoms were first developed using alkali ele-
ments — those that occupy the first column of
the periodic table. Alkali atoms have a single
valence electron that interacts strongly with
laser light at visible or near-infrared wave-
lengths. This strong interaction allows the
atoms to be cooled and trapped relatively
easily. Although remarkable advances have
been achieved using alkali atoms, researchers
have not shied away from exploring other col-
umns of the periodic table in search of atoms
with more-advantageous properties.

The three current papers demonstrate the
ability to cool and trap single strontium™* and
ytterbium® atoms in 2D arrays of up to roughly
100 optical traps. Strontium is an alkaline-
earth element — an element from the sec-
ond column of the periodic table. Strontium
atoms have two valence electrons and a
more complex structure of electronic energy
levels than alkali atoms. Although ytterbium is
not an alkaline-earth element, ytterbium atoms
also have two valence electrons and have prop-
erties and an energy-level structure that are
similar to those of strontium atoms.

These two-valence-electron atoms have
transitions of electrons between energy lev-
els that, as in alkali atoms, can be used for





