
signal than nestin+ cells in 6-week-old mice (Fig.
4, I and J). At 12months, however, ubiquitin levels
were not significantly different betweenNSCs and
their neuronal progeny (Fig. 4, K and L) despite
the general increase in ubiquitin levels in the
older brain (fig. S5G). These findings establish
that NSCs retain fewer damaged proteins during
cell division and support the hypothesis that
weakening of the diffusion barrier with age con-
tributes to the more symmetric segregation of
ubiquitinated proteins between NSCs and their
neuronal progeny in vivo.
Our results show how age affects protein seg-

regation during mammalian NSC division by
altering a diffusion barrier. The diffusion barrier
facilitates asymmetric segregation of damaged
proteins between daughter cells, keeping the self-
renewed stem cell free from damage. As in yeast,
young rodent NSCs efficiently compartmentalize
cellular damage, protecting the proliferative cell.
Age reduces the efficiency of this compartmen-
talization, exposing the aged NSCs to excess
cellular damage. Examining the role of the ER
diffusion barrier in other mammalian cells will
determine whether this represents a general
mechanism for the asymmetric segregation of
damage during cell divisions of somatic stem
cells or other immortal cells, such as cancer cells.
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DENGUE TYPING

Dengue viruses cluster antigenically
but not as discrete serotypes
Leah C. Katzelnick,1,2,3,4 Judith M. Fonville,1,2,5 Gregory D. Gromowski,3
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The four genetically divergent dengue virus (DENV) types are traditionally classified as
serotypes. Antigenic and genetic differences among the DENV types influence disease
outcome, vaccine-induced protection, epidemic magnitude, and viral evolution.We
characterized antigenic diversity in the DENV types by antigenic maps constructed from
neutralizing antibody titers obtained from African green monkeys and after human vaccination
and natural infections. Genetically, geographically, and temporally, diverse DENV isolates
clustered loosely by type, but we found that many are as similar antigenically to a virus of a
different type as to some viruses of the same type. Primary infection antisera did not
neutralize all viruses of the same DENV type any better than other types did up to 2 years
after infection and did not show improved neutralization to homologous type isolates.
That the canonical DENV types are not antigenically homogeneous has implications for
vaccination and research on the dynamics of immunity, disease, and the evolution of DENV.

D
engue virus (DENV) infects up to 390 mil-
lion people each year, and of the 96million
individuals who develop an acute systemic
illness, ~500,000 experience potentially
life-threatening complications, including

hemorrhage and shock (1, 2). The four genetic
DENV types have long been thought to exist as
four serotypes, and the antigenic differences be-
tween the types are believed to have a key role in
the severity of disease, epidemicmagnitude, viral
evolution, and design of vaccines (3–5).
The description of DENV types as serotypes

originated with the observation that the human
immune response following primary DENV in-
fection fully protected against challenge with
viruses of the homologous type but only partially,
and transiently, protected against challenge by
viruses of a heterologous type (6). This finding
was supported by in vitro neutralization experi-
ments in which each DENV type was on average
better neutralized by homologous than heter-
ologous DENV infection antisera (7). The im-
mune response immediately after a primary
DENV infection varied from individual to in-
dividual, but generally was characterized by
high titers of neutralizing antibodies to multi-
ple DENV types. The neutralizing response was
observed to become more DENV type–specific

over time (8). It was later shown that antibodies
to a heterologous DENV type could enhance in-
fection in vivo andwere associatedwith increased
risk of severe disease in nature (9, 10). Although
antigenic variability was observed within DENV
types from the earliest studies, this variation is
generally considered to be substantially less than
the differences between types, and not thought
to modify type-specific protection (11, 12). To-
gether, the DENV types clearly form an anti-
genic subgroupwithin the genus Flavivirus (13, 14).
Analyses of envelope (E) proteins, and later full
genomes, showed that the four types are as genet-
ically divergent among themselves as sequences
assigned to different viruses within the genus
Flavivirus (15). These deep evolutionary diver-
gences between DENV types were evident in the
phylogenetic tree of the genetically diverse E-gene
sequences of the viruses that we investigated
here (Fig. 1A, fig. S1, and table S1) (16). Similarly,
a map of amino acid differences between the E
proteins revealed four compact, segregated types
(Fig. 1B and fig. S2), as the number of amino acid
substitutions between heterologous types far ex-
ceeded the maximum difference within a type.
However, investigations that rely on the clas-

sification of DENV into serotypes do not fully
explain clinical and epidemiological phenomena.
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Nevertheless, antigenic properties are still thought
to play a critical role in the biology of DENV
infections. One hypothesis is that antigenic dif-
ferences are critical, but that categorization by
serotype alone is too coarse a measure. For ex-
ample, differences in epidemic magnitude might
be determined not only by the serotype but also
by the antigenic differences between the partic-
ular infecting viruses that populations experi-
ence during sequential epidemics. Antigenic
variation within and among the DENV types
has also been hypothesized, in addition to in-
trinsic viral fitness and other factors, to explain
phenomena including extinction and replacement
of previously successful lineages and variation in
disease outcome caused by genetically similar vi-
ruses (17–19). Here, we empirically test the anti-
genic relationships among a panel of diverseDENV
isolates and reexamine the serotype concept.
Antigenic differences among viruses are caused

by amino acid differences that lead to structural

changes on viral proteins that modify antibody
binding. The structural effect of such amino acid
substitutions is difficult to predict from genetic
sequences alone. In some instances substitutions
have no antigenic effect; sometimes, single sub-
stitutions cause substantial antigenic change;
and at other times, it takes multiple substitu-
tions to produce an antigenic effect (20, 21). Thus,
today, antigenic differencesmust be determined
by phenotype, including by an antibody neutral-
ization assay (13). Most often, viruses are mea-
sured against multiple sera to form a table of
neutralization data from which antigenic rela-
tionships are inferred (22). However, such in-
ferences are notoriously difficult to make, and
this has hindered the reliable systematic anti-
genic characterization of DENV. The difficult-
ies are caused by random error, the use of diverse
methods among laboratories, and the intrinsic
variability among immune sera due to differ-
ences in hosts and infection histories (23, 24).

Moreover, neutralization data often contain
apparent contradictions that are difficult to in-
terpret, such as higher-than-homologous titers
and sera that similarly neutralizemultiple DENV
types.
Previous antigenic analyses of DENV have

addressed such challenges by using monoclonal
antibodies, averaging responses of many indi-
viduals, or excluding sera with unusual patterns
of reactivity. Despite careful work, these ap-
proaches have not produced a unified frame-
work for understanding patterns across large
neutralization data sets. Antigenic cartography
is a method that positions viruses and antisera
as points in a map, such that the distance be-
tween each virus and antiserum is derived from
the corresponding neutralization titer in the
tabular data. This method exploits variation in
host responses to better triangulate the map,
reduces the effect of some measurement errors
bymeasuring each virus against multiple antisera
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Fig. 1. Genetic analyses of the DENV panel (n = 47). (A)
Phylogenetic tree showing the evolutionary relationships
of DENV E gene sequences. Sequences were aligned with
MAFFT, and a maximum likelihood tree was estimated using
a general time-reversible model, accounting for both among-
site rate variation and invariant sites (GTR+G4+I). Bootstrap
support values of at least 75% are shown. (B) Amino acid
map of DENV E protein sequences (493 to 495 amino
acids in length). The total amino acid differences between
pairs of E sequences correspond to distances between
points on the geometric display.
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(and vice versa), and accurately interprets appar-
ent contradictions in the data (25).
We formed the Dengue Antigenic Cartography

Consortium, an open collaboration of interna-
tional research laboratories, to establish empir-
ically how DENV types relate to one another
antigenically. Thirty-six African green monkeys
(Chlorocebus sabaeus, hereafter NHP) were ex-
perimentally inoculated with diverse DENV iso-
lates, and their sera were tested for neutralizing
antibody potency against the genetically (all
known genotypes), temporally (1944 to 2012),
and geographically (20 countries) diverse panel
of DENV isolates shown in Fig. 1 (table S1). Serum
samples were taken 3 months after inoculation,
and titrations were conducted using an immu-
nofocus reduction neutralization test on mos-
quito cells (C6/36, Aedes albopictus) (tables S2 to
S7 and fig. S3) (16, 26). A conventional interpre-
tation of the raw antibody neutralization titers
was consistent with previous observations, both
for DENV and for other flaviviruses: Antisera
could generally neutralize viruses of the infecting
type better than heterologous types.
The cartographic analyses fit these data with

low error and were internally consistent (figs.
S4, S6, and S7). Only 1% of map distances dif-
fered bymore than fourfold from themeasured
titer (table S8). The positions of viruses and
antisera were robust to different methods of
calculating neutralization titers and to the ex-
clusion of outliers (figs. S5 and S8 to S12 and
table S10). Maps made with random subsets of
the data set could predict excluded titers with-
in twofold error (correlation coefficient r = 0.92
for the relation between all measured and pre-
dicted titers) (table S9).
Our analyses showed that the DENV isolates

in our panel did group according to current
serotype classification (Fig. 2), and the major-
ity of viruses neighboring any given virus are

of the same DENV type. However, many of the
viruses were positioned as close to a virus of
another DENV type as to some viruses of their
own type, and the distance within and between
types was comparable. Similarly, while neutral-
izing antisera responses clustered closely to vi-
ruses of the homologous type, almost all were
at least as close to a heterologous-type isolate
(tables S11 and table S12).
To examine these findings in detail, we eval-

uated whether the observed antigenic diversity
of the virus types was also observed with human
antisera and over time, and whether the neutral-
izing responses of individual antisera became
increasingly type-specific over time.
We titrated human antisera derived from vac-

cination with a live-attenuated chimeric DENV
vaccine against the genetically diverse DENV
panel. Individuals lacking detectable neutral-
izing antibodies against DENV or other flavi-
viruseswere each inoculatedwith onemonovalent
component of the National Institutes of Health
DENV vaccine (n = 40 in total, 10 per DENV
type). Antisera drawn 42 days after injection
were titrated against the DENV panel (n = 36)
by using the neutralization test on mosquito
cells. The resulting antigenic map is consistent
with the NHPmap in that the distance between
DENV types was equivalent to the spread with-
in type, and the overall orientation of DENV1-4
was the same (Fig. 3A).
We measured the antigenic relationships

among the DENV panel as recognized by anti-
sera drawn from naturally infected individuals,
who had neutralizing responses representative
of the cohort study from which they were selec-
ted. Serum samples drawn from 20 Nicaraguan
children in the year after their firstDENV infection
were titrated, by using the neutralization test on
mosquito cells, against 14 viruses that captured
the breadth of variation seen in the DENV panel

in Fig. 2. Again, the antigenic distances among
the DENV types were similar to those observed
withNHP andhuman vaccine antisera, although
the DENV4 cluster was positioned adjacent to
DENV1 and DENV2 (Fig. 3B).
We also analyzed neutralization data from

other studies that had used antisera frommono-
valent vaccine recipients and naturally infected
human travelers, aswell as different neutralization
assays (22, 27, 28). Again, the antisera from these
studies also recognized the antigenic rela-
tionships among the DENV isolates similar to
the way the 3-month NHP antisera did (figs. S23
to S25).
The early antibody response is assumed to

broadly neutralize all DENV types, but over
time cross-type neutralization is thought to be
lost so that the antibody response remaining
in the months to years after infection only po-
tently neutralizes isolates of the infecting type
(8, 29, 30). We compared how antisera taken at
various time points after infection recognize
antigenic relationships among the DENV panel.
The human antisera used tomake the antigenic
maps described above were taken at various
times after infection, ranging from 42 days for
the monovalent vaccine antisera to more than
1 year for the natural infection antisera. We also
made an antigenic map of a published neutral-
ization data set of 44 DENV isolates titrated
with monkey antisera drawn 1 year after inocu-
lation and found a similar range of antigenic
variantion among the four DENV types (fig. S26)
(12). Thus, in maps made with early (1 month) as
well as late convalescent (3 months to 1 year)
antisera, the antigenic relationships among di-
verse DENV isolates were similar to those ob-
served with 3-month NHP antisera.
We tested if the patterns of antigenic recog-

nition of the antisera from serially sampled indi-
viduals changed with time. We titrated antisera
from the experimentally inoculated NHPs 1month
(n = 36 individuals) and 5 months (n = 16) after
infection against the DENV panel. As expected,
the magnitude of the neutralizing titers generally
dropped between 1, 3, and 5 months (table S14).
However, viruses on the 1- and 5-month antigenic
maps showed the same orientation of types as the
3-month antisera. At 1 month and at 5 months
after infection, 55% and 41% of the viruses,
respectively, clustered as closely to a virus in a
heterologous type as to some viruses of the same
type (Fig. 4, A and B, and tables S11, S13, and S15).
The antigenic relationships among isolates were
conserved across time points (fig. S13). We thus
found that the antigenic relationships among the
isolates in the DENV panel were recognized sim-
ilarly by early and late convalescent antisera from
the same individuals.
We measured changes in neutralizing type

specificity for each NHP by comparing the anti-
serum positions in the 1-, 3-, and 5-month anti-
genic maps. The antiserum positions shifted
(on average, by greater than fourfold) between
1 month and 3 months, consistent with the
period of somatic hypermutation and selection
for affinity-matured B cells (Fig. 4A and fig. S14).
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Fig. 2. Antigenic map
of the DENV panel
(n = 46) titrated
against African green
monkey antisera
drawn 3 months after
infection (n = 36).
Each unit of antigenic
distance (length of one
grid-square side,
measured in any direc-
tion) is equivalent to a
twofold dilution in the
neutralization assay.
Each antiserum (open
shape) and virus
(closed shape) is
colored according to
the infecting genetic
type (16). The size and
shape of each point
represent the confi-
dence area of its
position.
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However, few antisera showed improved neu-
tralization of the infecting DENV type relative to
heterologous types between 1 and 3 months. The
antiserum positions changedminimally between
3 and 5 months, despite a significant decline in
the magnitude of titers over that period, in some
cases below the assay limit of detection (Fig. 4B
and table S14). Thus, we did not observe a
systematic shift toward increasing neutralizing
specificity to viruses of the infecting type; nor did
we observe decreasing specificity toward hetero-
typic viruses (fig. S15 and fig. S21).
Published studies of neutralizing responses

in the first year after experimental inoculation
also reported stability of neutralization specificity.
In one study, the ratio between homologous and
heterologous neutralizing titers for 16 rhesus
monkeys between 4 and 13 months after exper-
imental inoculation was markedly consistent.
NHPs that were initially type-specific remained
so, and those that exhibited early cross-type titers
maintained titers to those types to the end of
the study period (fig. S28) (31). A second study
following the neutralizing responses of Aotus
nancymaemonkeys for 1 to 4 months to DENV1
andDENV2 isolates showed similarly stable neu-
tralization specificity to the infecting type and
heterologous types (fig. S29) (32).
We further analyzed the neutralizing responses

in the natural human infection data set for the
type specificity of antisera obtained during
the first 2 years after infection. The antisera in
the map in Fig. 3B ranged in neutralizing type
specificity, with 55% of antisera responses clus-
tering as closely to a heterologous isolate as some
homologous isolates. For each individual, the
serum position in Fig. 3B, made with titrations
conducted onmosquito cells, closely corresponded
to the serum position in the map made with tit-

rations using human cells expressing the DENV
attachment factor, DC-SIGN (Fig. 3B and fig. S16).
The position of the DENV4 cluster was between
DENV1 and DENV2 on both maps (Fig. 3B and
fig. S16). We compared the antibody titrations
after 1 and 2 years for each individual and found
that all maintained the pattern of neutralization,
including cross-neutralization, observed in the first
year after infection (figs. S17 and S18). Thus, neu-
tralizing antibody responses in natural human
DENV infections did not show a trend toward
increasing type specificity even 2 years after
infection.
Type-specific and cross-reactive neutralizing

antibodies are thought to target distinct viral
structures, and thus potentially may produce
different antigenicmaps (33). We therefore tested
whether cross-reactive neutralizing antisera rec-
ognized different antigenic relationships among
the DENV panel than type-specific neutraliz-
ing responses, using the serum positions of the
monovalent vaccine map (Fig. 3A). Even though
all 10 individuals for each DENV type were in-
oculated with the same vaccine component, the
antisera responses to the isolates varied. Collect-
ively, the antisera provided a coherent descrip-
tion of antigenic patterns among the isolates
(fig. S19). The relationships among the DENV
panel changed minimally between maps made
with only the most central, cross-reactive 20 anti-
sera or only the most peripheral, type-specific
20 antisera (figs. S20 and S22). Thus, the DENV
type-specific and cross-reactive neutralizing re-
sponses recognized the same antigenic relation-
ships among the DENV panel.
The antigenic characterization of any path-

ogen relies on the biological relevance of the
assay used to generate the data. Both recent and
historical studies have found statistically signif-

icant associations between neutralization titers
and DENV viremia or infection outcome (34–37);
however, other studies have been inconclusive
(38, 39). Thus, the identification of immune cor-
relates of protection including, but not exclusively,
potently neutralizing antibodies, is an active
area of research for DENV (40–42). Notably, the
antigenic patterns in our data are similar to
those in antigenic maps that we made of DENV
antibody neutralization data from other pub-
lished studies using different cell lines, virus pre-
parations, methods for detecting infected cells,
and plaque or immunofocus reduction end points
(figs. S23-S27) (12, 19, 22, 27, 28). We also found
that the human antisera from natural infections
titrated on mosquito cells showed neutralization
profiles similar to those titrated on human cells
(figs. S16 and S18). The antigenic variation we
observed is thus not limited to the assay or
samples that we used.
Although prior immunity to a heterologous

DENV type still remains the strongest risk fac-
tor for disease, there is evidence that neutraliz-
ing responses to the particular DENV lineages
circulating in a populationmodifies the magni-
tude and severity of epidemics caused by sub-
sequent infecting lineages (17, 18). In one study,
cross-type neutralizationprovidedby priorDENV1
immunity correlatedwith amild epidemic caused
by one lineage of DENV2, but showed no neu-
tralization of other DENV2 lineages that in im-
munologically similar populations caused severe
epidemics (fig. S27) (19). These studies and the
results presented here highlight the importance
of studying the specific relationship between
antigenic distances as measured with neutral-
izing antibody titers and protection. The ap-
proach described here, in combination with
global surveillance of the genetic, antigenic,
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Fig. 3. Human primary infection antigenic maps. (A) Antisera from individuals inoculated with each monovalent component of the NIH live vaccine (10 per
group) were drawn 42 days after infection and titrated against 36 viruses in the DENV panel. (B) Antisera from 20 Nicaraguan children drawn in the year after
their first DENV infections were titrated against an antigenically diverse subset of the DENV panel (n = 14).
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and clinical features of DENVs, as well as fur-
ther detailed studies of natural infection- and
vaccination-derived protection, has the potential
to inform whether vaccination protects against
circulating isolates as well as recognize gaps in
vaccine-induced protection should they emerge
over time.
The antigenic analyses shown here using 1-, 3-,

and 5-month NHP antisera, human monovalent
vaccine antisera, late-convalescent human nat-
ural infection antisera, and published neutrali-
zation data show that the DENV types do not fall
into order as distinct serotypes. We have found
that whereas DENV isolates are usually located
closer to other viruses of the same type, some
viruses, bothmodern and historical, have greater
antigenic resemblance to viruses of a different
type than to some viruses of the same type. We
find that primary infection neutralizing anti-
body titers, although they drop in magnitude,
do not systematically become more type-specific
in the year after primary infection. As expected,
individuals infected with the same or different
antigens have variable patterns of neutraliza-
tion, but cross-neutralizing responses consist-
ently recognize the same antigenic relationships
within the DENV panel as do the neutralizing
responses that aremost type-specific. These find-
ings shift our understanding of the antigenic
properties of DENV; enable more detailed study
of the antigenic determinants of clinical severity,
epidemic magnitude, and DENV evolution; and
provide additional methods for the selection of

future vaccine strains and global surveillance
of the antigenic dynamics of dengue viruses.
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HUMAN GENETICS

Greenlandic Inuit show genetic
signatures of diet and
climate adaptation
Matteo Fumagalli,1,2* Ida Moltke,3* Niels Grarup,4 Fernando Racimo,2

Peter Bjerregaard,5,6 Marit E. Jørgensen,5,7 Thorfinn S. Korneliussen,8

Pascale Gerbault,1,9 Line Skotte,3 Allan Linneberg,10,11,12 Cramer Christensen,13

Ivan Brandslund,14,15 Torben Jørgensen,10,16,17 Emilia Huerta-Sánchez,18

Erik B. Schmidt,17,19 Oluf Pedersen,4 Torben Hansen,4†
Anders Albrechtsen,3† Rasmus Nielsen2,20†

The indigenous people of Greenland, the Inuit, have lived for a long time in the extreme
conditions of the Arctic, including low annual temperatures, and with a specialized diet rich
in protein and fatty acids, particularly omega-3 polyunsaturated fatty acids (PUFAs). A
scan of Inuit genomes for signatures of adaptation revealed signals at several loci, with
the strongest signal located in a cluster of fatty acid desaturases that determine PUFA
levels. The selected alleles are associated with multiple metabolic and anthropometric
phenotypes and have large effect sizes for weight and height, with the effect on height
replicated in Europeans. By analyzing membrane lipids, we found that the selected alleles
modulate fatty acid composition, which may affect the regulation of growth hormones.
Thus, the Inuit have genetic and physiological adaptations to a diet rich in PUFAs.

P
revious studies have attempted to under-
stand the genetic basis of human adapta-
tion to local environments, including cold
climates and a lipid-rich diet (1). A recent
study found evidence that a coding variant

in CPT1A, a gene involved in the regulation of
long-chain fatty acid, has been the target of
strong positive selection in native Siberians, pos-
sibly driven by adaptation to a cold climate or to
a high-fat diet (2). Another study found evidence
that adaptation to the traditional hypoglycemic
diet of Greenlandic Inuit may have favored a
mutation in TBC1D4 that affects glucose uptake
and occurs at high frequency only among the
Inuit (3). However, knowledge about the genetic
basis of human adaptation to cold climates and
lipid-rich diets remains limited.
Motivated by this, we performed a scan for

signatures of genetic adaptation in the popula-
tion of Greenland. The Inuit ancestors of this pop-
ulation arrived inGreenland less than 1000 years
ago (4), but they lived in the Arctic for thou-
sands of years before that (5). As such, they

have probably adapted to the cold Arctic cli-
mate and to their traditional diet, which has a
high content of omega-3 polyunsaturated fatty
acids (PUFAs) derived from seafood (6) and a
content of omega-6 PUFAs that is lower than in
Danish controls (7).
We analyzed data from previously genotyped

Greenlandic individuals (3) by using the Illumina
MetaboChip (8), which is an array enriched with
single-nucleotide polymorphisms (SNPs) identi-
fied in genome-wide association studies (GWASs)
associated with cardiometabolic phenotypes. As a
result of recent admixture, modern Greenlanders
have, on average, 25% genetic European ancestry
(9). To get a representative sample of the indig-
enous Greenlandic Inuit (GI), we analyzed the
subset of 191 individuals that had less than 5%
estimatedEuropean ancestry per individual (0.5%
on average) (9).We combined the data from these
individuals with the MetaboChip data from 60 in-
dividuals of European ancestry (CEU) and 44Han
Chinese individuals (CHB) from the HapMap
Consortium (fig. S1) (10).

To detect signals of positive selection, we used
the population branch statistic (PBS) (11), which
identifies alleles that have experienced strong
changes in frequency in one population (GI) rel-
ative to two reference populations (CEU and CHB)
(5). A sliding window analysis identified several
SNP windows with high PBS values, indicative of
selection (Fig. 1 and table S1).
The strongest signal of selection is located

within a region on chromosome 11 (Fig. 1A) and
encompasses five genes: two open reading frames,
C11orf10 (TMEM258) and C11orf9 (MYRF); and
three fatty acid desaturases, FADS1, FADS2, and
FADS3. The SNP with the highest PBS value falls
within FADS2. The function of FADS3 is not
known; FADS1 and FADS2 encode delta-5 and
delta-6 desaturases, which are the rate-limiting
steps in the conversion of linoleic acid (omega-6)
and a-linolenic acid (omega-3) to the longer,more
unsaturated and biologically active eicosapen-
taenoic acid (EPA, omega-3), docosahexaenoic acid
(DHA, omega-3), and arachidonic acid (omega-6).

SCIENCE sciencemag.org 18 SEPTEMBER 2015 • VOL 349 ISSUE 6254 1343

1Department of Genetics, Evolution, and Environment,
University College London, London WC1E 6BT, UK.
2Department of Integrative Biology, University of California–
Berkeley, Berkeley, CA 94720, USA. 3The Bioinformatics
Centre, Department of Biology, University of Copenhagen,
2200 Copenhagen, Denmark. 4The Novo Nordisk Foundation
Center for Basic Metabolic Research, Section of Metabolic
Genetics, Faculty of Health and Medical Sciences, University
of Copenhagen, 2100 Copenhagen, Denmark. 5National
Institute of Public Health, University of Southern Denmark,
1353 Copenhagen, Denmark. 6Greenland Center for Health
Research, University of Greenland, Nuuk, Greenland. 7Steno
Diabetes Center, 2820 Gentofte, Denmark. 8Centre for
GeoGenetics, Natural History Museum of Denmark,
University of Copenhagen, 1350 Copenhagen, Denmark.
9Department of Anthropology, University College London,
London WC1H 0BW, UK. 10Research Centre for Prevention
and Health, Capital Region of Denmark, Copenhagen,
Denmark. 11Department of Clinical Experimental Research,
Rigshospitalet, Glostrup, Denmark. 12Department of Clinical
Medicine, Faculty of Health and Medical Sciences, University
of Copenhagen, Copenhagen, Denmark. 13Department of
Medicine, Lillebaelt Hospital, Vejle, Denmark. 14Department
of Clinical Biochemistry, Lillebaelt Hospital, Vejle, Denmark.
15Institute of Regional Health Research, University of
Southern Denmark, Odense, Denmark. 16Faculty of Health
and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark. 17Faculty of Medicine, University of
Aalborg, Aalborg, Denmark. 18School of Natural Sciences,
University of California–Merced, Merced, CA 95343, USA.
19Department of Cardiology, Aalborg University Hospital,
9100 Aalborg, Denmark. 20Department of Statistics,
University of California–Berkeley, Berkeley, CA 94720, USA.
*These authors contributed equally to this work. †Corresponding
author. E-mail: torben.hansen@sund.ku.dk (T.H.); albrecht@
binf.ku.dk (A.A.); rasmus_nielsen@berkeley.edu (R.N.)

RESEARCH | REPORTS

 o
n 

Ju
ly

 2
1,

 2
01

6
ht

tp
://

sc
ie

nc
e.

sc
ie

nc
em

ag
.o

rg
/

D
ow

nl
oa

de
d 

fr
om

 

http://science.sciencemag.org/


 (6254), 1338-1343. [doi: 10.1126/science.aac5017]349Science 
17, 2015) 
Eva Harris, Stephen S. Whitehead and Derek J. Smith (September 
Fouchier, Anna Durbin, Cameron P. Simmons, Edward C. Holmes,
V. Gibbons, Robert B. Tesh, Albert D.M.E. Osterhaus, Ron A.M. 
John G. Aaskov, Jorge L. Muñoz-Jordán, Nikos Vasilakis, Robert
Russell, Hlaing Myat Thu, Theodore C. Pierson, Philippe Buchy, 
Magelda Montoya, Chunling Wang, Laura A. VanBlargan, Colin A.
Jose Bustos Arriaga, Angela Green, Sarah L. James, Louis Lau, 
Leah C. Katzelnick, Judith M. Fonville, Gregory D. Gromowski,
serotypes
Dengue viruses cluster antigenically but not as discrete

 
Editor's Summary

 
 
 

, this issue p. 1338Science
complex implications for epidemiology, disease, and vaccine deployment.
groups. This finding helps explain why immune responses to dengue are highly variable, and it has
groups. However, the four virus groups showed as much antigenic distance within a group as between 
Comparing results in monkeys and humans, the viruses approximately clustered into the four known
antibody-binding data to map structural divergence and antigenic variation among dengue viruses. 

 usedet al.people. For a few, subsequent infection results in lethal hemorrhagic disease. Katzelnick 
Along with their mosquito vectors, dengue viruses are spreading worldwide to infect millions of

The devil in the dengue details

This copy is for your personal, non-commercial use only. 

Article Tools

http://science.sciencemag.org/content/349/6254/1338
article tools: 
Visit the online version of this article to access the personalization and

Permissions
http://www.sciencemag.org/about/permissions.dtl
Obtain information about reproducing this article: 

 is a registered trademark of AAAS. ScienceAdvancement of Science; all rights reserved. The title 
Avenue NW, Washington, DC 20005. Copyright 2016 by the American Association for the
in December, by the American Association for the Advancement of Science, 1200 New York 

(print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last weekScience 

 o
n 

Ju
ly

 2
1,

 2
01

6
ht

tp
://

sc
ie

nc
e.

sc
ie

nc
em

ag
.o

rg
/

D
ow

nl
oa

de
d 

fr
om

 

http://science.sciencemag.org/content/349/6254/1338
http://www.sciencemag.org/about/permissions.dtl
http://science.sciencemag.org/

