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breaks will probably continue in-
definitely.

We now face a new threat
posed by the unrelated chikun-
gunya virus, which causes a dis-
ease clinically similar to dengue
in a similar epidemiologic pat-
tern, which is transmitted by the
same mosquito vectors, and for
which we also lack vaccines and
specific treatments.

In December 2013, an outbreak
of chikungunya fever appeared in
the French sector of Saint-Martin/
Sint Maarten and spread epidem-
ically throughout the French West
Indies to other Caribbean islands
and contiguous Central and South
American countries. By July 11,
2014, the Pan American Health
Organization had reported more
than 355,000 suspected and con-
firmed cases of chikungunya fe-
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ver from more than 20 countries
or jurisdictions in the Americas,
with continuing local transmis-
sion and epidemic spread.

In 2014 in the continental Unit-
ed States, 232 imported cases of
chikungunya fever had been re-
ported as of July 15, according to
the National Center for Emerging
and Zoonotic Infectious Diseases
at the Centers for Disease Control
and Prevention (CDC); many of
these cases occurred in the 14 or
more states that harbor the classic
mosquito vector, Aedes aegypti, that
is capable of supporting local
chikungunya transmission. More-
over, an even more tenacious
vector mosquito, Ae. albopictus, has
established itself in at least 32
states over the past three decades.

Chikungunya is an arbovirus
(arthropod-borne virus) first de-
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scribed during a 1952 outbreak
in southern Tanganyika (now Tan-
zania). It is an RNA virus within
the alphavirus genus of the Toga-
viridae family. The name “chik-
ungunya” derives from a word in
the Kimakonde language meaning
“to become contorted” or “to
walk bent over,” an apt descrip-
tion of the appearance of some
infected people with arthralgias.

Typically, chikungunya disease
manifests as acute onset of fever
and prostration, muscle and joint
pains, lymphopenia (as in many
arboviral diseases), and frequent-
ly a nonspecific maculopapular
rash that can be difficult to iden-
tify in dark-skinned patients. Sym-
metric arthralgias are usually
prominent in phalanges, wrists,
and ankles; after 1 year, at least
20% of patients still have severe
recurrent joint pains. The case
fatality ratio is about 1 per 1000,
with most deaths occurring among
newborns, the elderly, and the
debilitated. The differential diag-
nosis for chikungunya includes
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dengue and other arboviral infec-
tions, as well as influenza. Chik-
ungunya is distinguished from
dengue clinically by persistent or
recurring polyarthralgias, which
are uncommon in dengue, and
epidemiologically by a low rate of
asymptomatic infection (as low
as about 4%, vs. 50% or more
with dengue).

Patterns of chikungunya emer-
gence and reemergence are com-
plex and incompletely understood.
Mosquito-borne arboviruses typi-
cally exist in locale-specific enzo-
otic cycles involving nonhuman
vertebrates and one or more mos-
quito vectors. They may occa-
sionally break out of their eco-
logic niches to infect humans,
but human outbreaks are usually
constrained by proximity to en-
zootic foci. For example, both St.
Louis encephalitis virus and West
Nile virus are flaviviruses that
circulate in enzootic mosquito—
bird—mosquito cycles. Spillover
cases and outbreaks in humans
are temporally, climatically, and
geographically restricted by hu-
man exposure to these enzootic
cycles, which leads to a pattern of
sporadic and unpredictable, but
local, reemergences.

Rarely, however, an arbovirus
may evolve to permanently escape
its enzooticity and become estab-
lished as a human disease that is
spread in a mosquito—human—
mosquito cycle. Only three im-
portant arboviruses are known
to have achieved this feat: the
flaviviruses yellow fever and den-
gue, and chikungunya. Despite
their phylogenetic distances, each
of these viruses has become
adapted to transmission by Ae.
aegypti, the vector now provision-
ally implicated in the Caribbean
chikungunya outbreaks.?

The epidemiology of chikun-

N ENGLJ MED 371;10 NEJM.ORG

gunya, like that of dengue and
yellow fever, is related not only
to mosquitoes and their environ-
ments, but also to human behav-
ior. The warming and drying of
North Africa about 5000 years
ago probably forced ancestral ar-
boreal mosquitoes (Ae. aegypti for-
mosus) to adapt to new environ-
ments in which humans were
increasingly storing precious wa-
ter.? This adaptation provided ac-
cess to new mosquito breeding
sites, leading Ae. aegypti to devel-
op as a subspecies closely tied to
human habitation and creating a
new ecologic niche into which
evolving viruses could move. Euro-
pean involvement in West Afri-
can slave trading, which began
about 500 years ago, spread Ae.
aegypti mosquitoes and their vi-
ruses around the world. The
emergence of yellow fever, den-
gue, and chikungunya is thus a
story of human behavior driving
vector adaptation, which in turn
has driven viral adaptation.

Over the past five centuries,
these three diseases have caused
periodic epidemics in tropical re-
gions. Phylogenetic evidence sug-
gests that chikungunya may have
emerged and evolved in Africa,
developing into distinct, distant-
ly related West African and East
Central South African (ECSA)
clades. According to historians,
chikungunya fever arrived in Asia
and the Americas two or more
centuries ago to cause, among
other outbreaks, a notable epi-
demic in Batavia (now Jakarta) in
1779* and a pandemic involving
parts of the Western Hemisphere
in the 1820s. These outbreaks
were at the time called dengue,
since chikungunya was not fully
distinguished from dengue until
the 1950s.* Chikungunya may
thereafter have left Asia and the
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Americas, only to return to Asia
in the mid-1900s in the form of a
new ECSA lineage® transmitted
by Ae. aegypti.

In 2004, another ECSA chik-
ungunya virus spread pandemi-
cally from East Africa across the
Indian Ocean, causing epidemics
and seeding outbreaks as far away
as Italy, France, and Southeast
Asia. In the process, the virus ac-
quired envelope gene mutations,
giving rise to an ECSA Indian
Ocean Lineage (IOL). These mu-
tations significantly increased vi-
ral transmission by a different
mosquito vector, Ae. albopictus —
the vector that has been spread-
ing globally and causing dengue
outbreaks in the United States
and elsewhere. There was little
or no concomitant reduction in
transmissibility by Ae. aegypti.>
Thus the new IOL chikungunya
lineage could now be efficiently
transmitted by each of the two
mosquito vectors.

Surprisingly, preliminary viral
genetic data from the Caribbean
implicate not this current pandem-
ic IOL strain but the older Asian
chikungunya strain, which is so
far unadapted to explosive Ae. albo-
pictus transmission®; indeed, Carib-
bean data so far suggest that Ae.
aegypti is the principal vector.2 It
appears that an epistatic mutation
in the Asian—Caribbean chikun-
gunya lineage may restrict trans-
mission by Ae. albopictus, one of
the two important potential West-
ern Hemisphere vectors.>

Nevertheless, the course of the
burgeoning epidemic in popula-
tions not previously exposed to
alphaviruses offers little room for
optimism: the growing number of
imported chikungunya cases in the
Americas raises concerns about
possible future local transmission.
The possibility that the Western
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Hemisphere may actually have ex-
perienced a chikungunya pandem-
ic in the past* is hardly reassur-
ing. The potential for chikungunya
to become established in the West-
ern Hemisphere, either in an ur-
ban mosquito—human-mosquito
transmission cycle or in an en-
zootic cycle involving other ver-
tebrates, must be considered.
Antiviral agents and mono-
clonal antibody treatments for
chikungunya are in early stages
of testing. Several chikungunya
vaccines are in development,> in-
cluding a viruslike-particle vac-
cine that appeared to be immu-
nogenic, safe, and well tolerated
in a recent phase 1
clinical trial at the
National Institutes
of Health; however, licensure is
not imminent for any vaccine.
Even when there is a vaccine,
public health officials will face a

significant challenge in deter-
mining whom and when to vac-
cinate, since chikungunya ap-
pears unpredictably and proceeds
so explosively that epidemic
catch-up vaccination is impracti-
cal. Thus, the current chikungu-
nya threat to the United States
must be met primarily with
standard public health ap-
proaches such as mosquito con-
trol and avoidance. In addition,
there is an important role for
astute clinicians in diagnosing
and reporting the disease when
it occurs. In the meantime, we
can only keep our fingers
crossed — painful as that would
be for many people infected
with chikungunya — that the
Caribbean epidemic will decline
and the virus will depart from
the Western Hemisphere, as it
may have done nearly two cen-
turies ago.
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n December 2013, the first lo-

cal transmission of chikungun-
ya virus in the Western Hemi-
sphere was reported, beginning
with autochthonous cases in Saint
Martin. Since then, local trans-
mission has been reported in 31
countries or territories through-
out the Americas, including loca-
tions in the United States and its
territories (Florida, Puerto Rico,
and the U.S. Virgin Islands) (see
figure). As of August 8, 2014, a
total of 576,535 suspected and
laboratory-confirmed chikungun-
ya cases had been re-
ported in the Ameri-
cas, a case count that

graphic is
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had nearly doubled over the previ-
ous month (see interactive graph-
ic, available with the full text of
this article at NEJM.org).! The
rapid spread of the virus is prob-
ably attributable to a lack of pop-
ulation immunity and the broad
distribution in the Americas of
vectors capable of transmitting
the virus.

Chikungunya virus is a mos-
quito-borne alphavirus transmit-
ted primarily by Aedes aegypti and
Ae. albopictus mosquitoes. These
vectors are aggressive daytime-
biting mosquitoes that can also
transmit dengue virus. Both are
found throughout much of the
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Americas, including areas in the
southern, eastern, and central
United States. Humans are the
primary amplifying host for chik-
ungunya virus, meaning that they
have high enough levels of vire-
mia during the first week of ill-
ness to infect mosquitoes that
bite them. The majority (72 to
97%) of infected people develop
symptomatic disease.?2 Although
very rare, other modes of trans-
mission have been documented,
including bloodborne, in utero,
and intrapartum transmission.
The most common clinical
symptoms of chikungunya virus
infection are acute fever and poly-
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