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Abstract

Purpose of Review The worldwide spread of chikungunya over the past two decades calls for greater knowledge and aware-
ness of the virus, its route of transmission, methods of diagnosis, and the use of available treatment and prevention measures.
Recent Findings Chikungunya virus infection, an Aedes mosquito-borne febrile disease, has spread from Africa and Asia to
Europe and the Americas and from the tropics and subtropics to temperate regions. International travel is a pivotal influence
in the emergence of chikungunya as a global public health threat, as evidenced by a growing number of published reports
on travel-related chikungunya infections. The striking features of chikungunya are arthralgia and arthritis, and the disease
is often mistaken for dengue. Although mortality is low, morbidity can be profound and persistent. Current treatment for
chikungunya is supportive; chikungunya vaccines and therapeutics are in development. Travelers planning to visit areas
where the mosquito vectors are present should be advised on preventive measures.

Summary Chikungunya is an emerging disease in the Americas. Frequent travel, the presence of at least two competent
mosquito species, and a largely naive human population in the Western Hemisphere create a setting conducive to future
outbreaks. Awareness of the disease and its manifestations is critical to effectively and safely manage and limit its impact.
Vaccines in late-stage clinical trials offer a new pathway to prevention.
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Introduction

The COVID-19 pandemic has dominated the world of infectious
diseases, and the world itself, since March 2020. As of October
2022, COVID-19 has claimed more than 6.5 million lives glob-
ally [1], including more than 1 million in the USA, 687,000 in
Brazil, 528,000 in India, and 2 million throughout Europe

This article is part of the Topical Collection on Tropical, Travel and
Emerging Infections

P4 Omar Mourad
omar.mourad @medportal.ca

Division of Infectious Diseases, McMaster University,
Hamilton Health Sciences, Hamilton, ON, Canada

Department of Family and Community Medicine, University
of Toronto, and Tropical Disease Unit, Toronto General
Hospital, Toronto, ON, Canada

Division of Infectious Diseases and Travel Medicine, Mount
Auburn Hospital, Cambridge, MA, USA

4 Harvard Medical School, Boston, MA, USA

[1, 2]. The rapid spread of the SARS-CoV-2 virus and its
variants dramatically demonstrates the capacity of infectious
diseases to move around the world with relative ease in an
era of abundant international travel and commerce. It is not
a new phenomenon. Travel has long played an influential
role in the global spread of infectious disease, from measles,
influenza, and tuberculosis to, more recently, severe acute
respiratory syndrome (SARS), Zika, and now COVID-19.

An emerging disease on this list is chikungunya, a mosquito-
borne viral infection that causes debilitating joint and muscle
pain. The acute symptoms typically resolve within a week to
10 days, but in some cases arthritis and arthralgia persist for
weeks, months, or even years in a condition mimicking rheu-
matoid arthritis [3—6, 7¢]. The impact on productivity, quality
of life, and physical and mental well-being can be substantial.
No antiviral treatment or vaccine is currently available although
drugs and vaccines are in development [8e].

With the exception of mother-to-child transmission, chi-
kungunya is not spread person-to-person [9, 10e, 11¢]. Mos-
quitoes become infected by feeding on humans or non-human
primates with a high level of virus in their bloodstream.
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Infected mosquitoes can then infect other humans. In areas
of the world where the chikungunya virus is circulating, sud-
den outbreaks with high attack rates can affect one-third to
three-fourths of the population [12, 13]. In Europe and North
America, reported cases of chikungunya have largely been
limited to travelers returning from parts of the world where
the disease is epidemic or endemic. Epidemiologists, infec-
tious disease specialists, and the travel medicine community
are concerned, however, that the elements enabling outbreaks
are in place: frequent travel from one part of the world to
another, two competent mosquito vectors of chikungunya
with an established presence in the Western hemisphere, and
a largely naive human population [14e].

This article will review the history and epidemiology
of chikungunya, the clinical features of acute and chronic
disease, the use of diagnostic tests, the available treatment
options, and preventive measures. The pre-travel consulta-
tion for persons planning international travel is important in
providing advice to reduce risk for the disease and to discuss
the symptoms in returning travelers that raise concern for
chikungunya.

A Newly Global Phenomenon

First recognized in what is now Tanzania in 1952 [15, 16],
chikungunya has been reported from every continent except
Antarctica [17¢] and has spread over the past two decades
from Asia and Africa to Europe and the Americas and from
the tropics and subtropics to temperate regions (see Fig. 1a,
b). A literature review of the epidemiology of chikungunya
from 1999 to 2020, encompassing 97 outbreak reports from
45 countries, confirms the disease’s status as an emerging
global public health concern [18ee].

Chikungunya virus caused sporadic outbreaks in Africa
and Asia for decades but did not vault to public attention
until an outbreak in coastal Kenya in 2004 spread to Indian
Ocean islands and then to India, where it caused explosive
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Fig.1 Countries and territories where local transmission of chikungu-
nya in humans has occurred. a Dark green areas indicate reported local
transmission as of 2004, when an outbreak in Lamu Island, Kenya subse-
quently spread to different regions (sources: data from Bettis et al. [18e®],
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epidemics [19ee], starting the “global onslaught” [22¢]. By
one estimate, the epidemic reached more than 100 coun-
tries and resulted in more than 10 million cases [6]. Cases
imported by travelers found their way into Europe and local
transmission followed, with 205 cases reported in northern
Italy in 2007 [23]. The index case was a traveler from India
who was visiting a relative in Italy. The 2007 outbreak was
the first reported autochthonous transmission in a temper-
ate region due to the wide distribution of the vector, Aedes
albopictus, in many parts of Europe and the USA [24e]. The
presence of Aedes albopictus in Italy had been documented
in the early 1990s, in a warehouse of a tire retreading com-
pany, where used tires imported from the southeastern USA
were infested with mosquito eggs. A second outbreak of
locally transmitted chikungunya occurred in Italy in 2017
with approximately 400 total cases [25¢]. While more than
half the cases spread within the immediate area of the out-
break, secondary cases were documented as far as 60 miles
away [26].

In late 2013, the first documented cases of locally trans-
mitted chikungunya in the Western Hemisphere occurred in
the Caribbean island of St. Martin. The disease then spread
rapidly throughout the Caribbean and Central and South
America [14e, 27]. As of late 2020, outbreaks of chikun-
gunya in the Americas had resulted in an estimated 3 mil-
lion cases [28]. A number of travel-associated chikungunya
cases and outbreaks have been reported in association with
the expansion since 2004, including from the GeoSentinel
Surveillance Network [29, 30ee, 31, 32¢, 3342, 43 44ee,
45ee 46, 47] (see Table 1).

Chikungunya among US travelers is a recent phenomenon
[33, 37, 38, 43¢, 44ee_ 5]1e]. From 2006 to 2013, annual
cases ranged from 5 to 65 [44ee]. In 2014, 2799 cases of chi-
kungunya among US travelers were reported to ArboNET,
a national arboviral surveillance system of the Centers for
Disease Control and Prevention (CDC) in collaboration
with state health departments [51e]. In addition, 12 locally
acquired cases were identified in the continental US, the

Weaver and Lecuit [19®®], and Weaver [20]). b Dark green areas show
ongoing or previous local transmission of chikungunya as of March 2022,
demonstrating spread to the Americas over the past decade (source: CDC

[21])
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first report coming from Florida [52]. Chikungunya also
arrived in US territories, mainly Puerto Rico [53] and the
US Virgin Islands [54]. More than 4600 locally acquired
infections were reported in US territories in 2014. Since that
time, small numbers of locally transmitted cases have been
reported annually in the territories [51e].

Chikungunya became a nationally notifiable disease in the
USA in 2015. In that year, 896 cases were reported, all but
one related to travel, with the highest number reported from
California, New York, Florida, and Texas, where one case
of locally transmitted disease occurred [51e]. In subsequent
years, reported cases have ranged from a high of 248 in 2016
to a low of 33 in 2020, a year in which the COVID-19 pan-
demic severely restricted international travel. All reported
cases from 2016 through 2020 occurred in travelers except
for one case attributed to laboratory transmission [51e].

The European Centre for Disease Prevention and Control
(ECDC) collects data on chikungunya infections reported
by countries across the European Union and European Eco-
nomic Area [55]. In 2014, the agency reported 875 con-
firmed cases, due in large measure to travel-related impor-
tation from the Caribbean and the Americas. Since then,
annual confirmed cases in Europe have ranged from 478
(2015) and 461 (2017) to 113 (2018) and 52 (2020). The
vast majority of these are imported cases; locally acquired
cases were reported sporadically in Italy and France in 2007,
2010, 2014, and 2017 [55].

Clinicians should consider chikungunya in travelers who
present with fever, rash, and arthralgia or arthritis and are
returning from areas of the world with known chikungunya
transmission, including the Caribbean [46, 56]. In addi-
tion, chikungunya should be considered in the differential
of febrile patients with exposure in areas with competent
mosquitos. For instance, recreational history is relevant. In
2020, a 31-year-old woman in Florida with fever, headaches,
and mild swelling of the hands was treated empirically, first
for meningitis and then for Lyme disease, before being
diagnosed with chikungunya infection, most likely acquired
locally during a hiking trip [57].

The Virus and Vectors

Chikungunya is an arthropod-borne virus (arbovirus) along
with Zika, dengue, and West Nile. The virus exists as a sin-
gle serotype [58] with three different lineages or genotypes
identified: East Central Southern African (ECSA), West
African, and Asian. A fourth, Indian Ocean, is considered
an offshoot of the ECSA lineage.

The chikungunya virus is transmitted primarily by the
female Aedes aegypti and Aedes albopictus mosquitoes,
the same mosquitoes that transmit dengue and Zika virus.
They typically bite, aggressively, during the daytime. Aedes
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aegypti has been described as a “nervous feeder”; if a blood
meal is interrupted, it will move on to another person, pro-
ducing clusters of infection within a household [22e]. Epi-
demics tend to occur during the rainy seasons in tropical
areas.

Blood-borne transmission has been documented and in
utero or intrapartum transmission is possible but rare. The
highest risk for maternal-fetal transmission occurs when an
infected mother is highly viremic around the time of deliv-
ery [45ee]. Otherwise, person-to-person transmission is not
known to occur. While there have been no documented cases
of transmission via organ transplantation, the virus has been
detected in corneal grafts suggesting that this may be a pos-
sibility [59]. Chikungunya virus has been detected during
testing of donated blood products, the CDC notes, although
no transfusion-related cases have yet been identified [45ee].
Strategies to minimize the possibility of transfusion-related
transmission of chikungunya include enhanced pre-donation
symptom screening, post-donation illness notification, and
deferral of donations from at-risk individuals [60].

Humans serve as the primary host of the virus during
epidemics. Anyone with suspected chikungunya infection
should avoid mosquito exposure for at least 7 days after
the onset of illness to reduce the possibility of transmitting
the virus to mosquitoes, which could then transmit to other
humans. The complete transmission cycle from human to
mosquito and back to another human can take place in less
than a week [13]. Once a mosquito is infectious, it may be
capable of transmitting the virus for the remainder of its
lifespan (about 2 weeks).Infection with chikungunya virus
confers long-lasting, possibly lifelong, immunity [13, 61].

Disease Manifestations and Persistence

Symptomatic disease develops in the majority of infected
individuals, usually 2 to 6 days after the mosquito bite, with
arange of 1 to 12 days [19ee, 45ee_62]. Abrupt onset of high
fever (> 102 °F) is accompanied by severe joint and muscle
pain. “Chikungunya” comes from a word in the Kimakonde
language of Tanzania and Mozambique meaning “to become
contorted,” a reference to the stooped appearance of people
suffering intense arthralgias [19ee]. The intensity of chikun-
gunya symptoms corresponds to the level of viremia, which
is highest during the first few days of infection. Joint pain
is bilateral and symmetric, most often involving the wrist
and hands and the ankles and feet but may affect knees and
elbows and other joints as well. Morning stiffness may be
severe. Other acute symptoms include headache, back pain,
fatigue, nausea, joint swelling, conjunctivitis, and, in about
half of affected individuals, an erythematous maculopapu-
lar rash. The rash may be mild and localized or extensive,
encompassing more than 90% of the skin [4].
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The differential diagnosis of chikungunya includes many
viral infections, particularly dengue, Zika, and other alphavi-
ruses depending on geographic exposure (e.g., Mayaro,
Ross River virus, Barmah Forest virus, 0’nyong’nyong, and
Sindbis virus) [45ee]. Given appropriate travel exposures,
diagnoses may include leptospirosis and malaria. Globally
distributed infections such as adenovirus, enterovirus, mea-
sles, parvovirus, and rubella may also manifest in similar
fashion [45ee¢]. Also, non-infectious inflammatory arthritis
should be considered in the differential.

Cardiac manifestations are of particular importance
due to the high associated mortality [63—65, 66ee]. In a
2005-2006 outbreak on Réunion Island, a French depart-
ment in the Indian Ocean, 610 cases (0.3% of all cases)
were characterized as having atypical presentations [64].
Among the atypical cases, mortality was 10.6%; heart failure
accounted for 23% of deaths, myocarditis and pericarditis
8%, and myocardial infarction 3%. A majority of patients
who developed these manifestations had a previous history
of cardiovascular disease [64, 67¢]. Postmortem biopsy in
one patient who developed fulminant myocarditis (with no
remarkable medical history) showed necrotic lesions and
cytoplasmic viral inclusions in the cardiac tissue [65].

The most common neurologic complication of chikun-
gunya is encephalitis, occurring in the Réunion Island out-
break at a rate of 8.6 per 100,000 persons [68e]. Classically,
encephalitis develops in the acute phase of infection, often
within the first 24 h following the onset of high fever [68e,
69-T71]. Cases of seizures, meningoencephalitis, and Guil-
lain—Barre syndrome have also been reported, although at
less frequent rates. A review of neurologic complications in
130 cases reported a range of outcomes, from direct central
nervous system infections in infants and the elderly with
comorbid conditions to autoimmune-mediated complications
in previously healthy adults [70]. Neonatal infection has also
been reported to be associated with neurologic involvement
and cognitive impairment [71, 72], although a recent ret-
rospective observational study of 150 mother—infant pairs
infected with chikungunya during pregnancy did not iden-
tify increased pregnancy complications or adverse neonatal
outcomes [73e].

Most symptomatic chikungunya infections resolve within
a week to 10 days, followed by a post-acute stage that may
last for 3 months after the onset of illness. Beyond that time,
up to 40% of patients may experience painful, incapacitat-
ing symptoms that persist for months or even years in a
post-chikungunya chronic polyarthralgia or arthritis, often
accompanied by chronic fatigue and depression [5, 7e, 74,
75, 76e]. Long-term disability carries economic and psycho-
social consequences for individuals who are unable to work
[17e]. Our knowledge about post-chikungunya syndrome
may help inform our understanding of “long COVID” and
vice versa [77].

A systematic review of 34 studies found that 43% of cases
did not fully resolve within 3 months after onset [78]. Follow-
ing the outbreak on Réunion Island, 57% of patients contin-
ued to experience rheumatic manifestations 15 months after
the acute illness [79]. Variables associated with persistence
included age of 45 years or older, severe acute pain in the
initial episode, and comorbid osteoarthritis. In a review of 65
cases in Colombia, more than half of patients had at least one
rheumatologic symptom that persisted for more than a year
after infection, and 43% reported post-chikungunya chronic
polyarthralgia [75]. While the overall case fatality rate is
estimated to be 0.13-0.14% [80e], mortality is significantly
higher (> 10%) among patients who have comorbidities such
as diabetes or develop cardiac or neurologic involvement, or
possibly those co-infected with dengue or Zika [64, 66ee,
81, 82e].

Diagnostic Challenges

Preliminary diagnosis relies on the individual’s clinical pres-
entation and a thorough travel history. Chikungunya can be
misdiagnosed as dengue and even Zika in areas where the
viruses are circulating, as their clinical features overlap. Co-
infections can occur [17e, 83e, 84-89] (see Table 2).
Confirming the diagnosis requires laboratory testing. The
more widely available tests include polymerase chain reac-
tion (PCR) to detect viral RNA in the first 8 days of illness,
or acute-phase serology to detect IgM, IgG, and neutral-
izing antibodies toward the end of the first week of illness
(>4 days post-onset) paired with a convalescent-phase serol-
ogy; although possible, viral cultures in the first 3 days of
illness are less frequently used [91e, 92]. Confirmatory test-
ing for neutralizing antibodies is available from reference

Table 2 Clinical differences between dengue, chikungunya, and Zika
virus infection [4, 62, 82e, 9Qee]

Chikungunya Dengue Zika

Incubation period (days) 1-12 3-14 1-12
Estimated proportion 25 75 50-80
of infections that are

asymptomatic (%)

Clinical

Fever +++ +++ +
Headache + +++ +
Retro-orbital pain + +++ +
Rash + +++ +++
Conjunctivitis + ++ +++
Arthralgia/arthritis +++ + +
Myalgia ++ +++ ++
Petechiae + 4+ +

+++ Indicates most likely/most frequent association
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laboratories such as the CDC’s Division of Vector-Borne
Diseases (https://www.cdc.gov/ncezid/dvbd/index.html).
Serological cross-reactivity can occur with other alphavi-
rus infections, including Mayaro, o’nyong’nyong, Semliki
Forest virus, eastern equine encephalitis, western equine
encephalitis, and Venezuelan equine encephalitis. Investi-
gators have also detected chikungunya virus in saliva, urine,
and other bodily fluids in both the acute and convalescent
phases [93, 94].

Key Steps in Treatment and Prevention

Immediate treatment of chikungunya infection is supportive
and symptomatic, emphasizing rest, fluids, and relief of pain.
Patients with suspected chikungunya should be managed as
though they had dengue (e.g., with acetaminophen or paracet-
amol rather than aspirin or nonsteroidal anti-inflammatory
drugs) until dengue has been ruled out, due to the increased
risk of bleeding and potentially life-threatening hemorrhage
associated with the use of aspirin and other NSAIDS. Once
a diagnosis of chikungunya without dengue co-infection is
confirmed, NSAIDS, corticosteroids, and/or physiotherapy
may help relieve persistent joint pain. Treatment of chronic
chikungunya arthritis will likely require rheumatology, physi-
otherapy, and pain management expertise [7e].

A Latin American Consensus Conference held in 2017
issued a number of recommendations for the diagnosis and
treatment of chikungunya-related inflammatory arthropa-
thies [95¢]. In the chronic phase, when polyarthritis persists
for more than 3 months along with elevated erythrocyte
sedimentation rate and C-reactive protein levels, and the
patient does not respond to recommended doses of NSAIDs
or steroids, the group suggests the use of disease-modifying
antitheumatic drugs (DMARDs). The first choice is metho-
trexate (7.5 to 25 mg/week) or sulfasalazine (1-3 g/day);
either could be used in combination with antimalarials
such as chloroquine or hydroxychloroquine. If DMARDs
fail, biological therapy with an anti-TNF-« agent is the next
recommended option [95¢]. For travelers, high-risk areas for
chikungunya are destinations where competent mosquitoes
are endemic, including the Americas, much of Africa, and
Southeast Asia. Persons planning to visit any of these areas
should seek pre-travel consultation. Although COVID-19
has disrupted international travel, the trend of increasing
travel to tropical and sub-tropical areas warrants awareness
of chikungunya and its preventive measures. In the absence
of specific treatment, the individual preventive strategies
include vector avoidance through the use of insect repel-
lent, wearing long sleeves and long pants, treating clothing
and gear with 0.5% permethrin, and staying in well-screened
accommodations (alternatively, use a mosquito net) [45ee].
Control measures in the community include eliminating
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standing water from places indoors and outdoors where
mosquitoes can lay their eggs, such as buckets, planters,
birdbaths, and trash bins. These strategies are applicable to
long-term travelers and expatriates as well as residents in
endemic areas. Public health measures to control mosquito
populations are an important element of chikungunya pre-
vention and focus on reducing the artificial and natural water
habitats and containers that make breeding possible.
Therapeutics and vaccines for chikungunya are in active
development. Vaccine candidates include the following:

e A single-dose live attenuated vaccine candidate that has
completed a phase III immunogenicity and safety trial in
the USA [96¢], with results, reported in March 2022: 98.9%
of participants achieved protective levels of neutralizing
antibodies 1 month after a single vaccination and 96.3%
achieved such levels 6 months post-vaccination [97].

e A virus-like particle vaccine candidate; a phase II study
employing one- and two-dose schedules showed a “robust
and durable” serum neutralizing antibody response [98].
Phase III trials evaluating the safety and immunogenic-
ity of a single injection are under way with completion
expected in November 2022 and March 2023 [99e, 100].

¢ A live recombinant measles-vectored vaccine candidate,
which demonstrated “excellent safety and tolerability and
good immunogenicity” in a phase II trial [101e, 102].

Drugs being evaluated for use in treating chikungunya
infection include antivirals currently licensed in the USA
or elsewhere for other purposes, such as ribavirin, arbidol,
suramin, favipiravir, and sofosbuvir [8e, 17, 103e,
104-106]. Other ongoing research on therapeutics ranges
from IFN-« and chloroquine to imipramine and ivermectin,
along with a large number of investigational agents in early
stages of development [8e, 17, 103e, 104, 107-109].

Conclusion

Chikungunya virus infection has emerged as a global health
threat over the past two decades, expanding to all continents
except Antarctica. The disease has low mortality but high
morbidity, including the risk of lifelong disability and its
economic and psychosocial consequences. Widespread
international travel and the presence of two competent mos-
quito vectors in most parts of the world create a setting for
future outbreaks. Travelers heading to destinations where
mosquitoes carrying the virus are endemic should seek pre-
travel consultation. The emergence of chikungunya as a
global public health concern calls for greater knowledge and
awareness of the virus, its route of transmission, methods of
diagnosis, and the use of available treatment and prevention
measures [110ee] (see Table 3).
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