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Reemergence of Chikungunya Virus
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Chikungunya virus (CHIKV) is a mosquito-transmitted alphavirus that causes acute fever and acute and chronic musculoskele-
tal pain in humans. Since 2004, CHIKV has caused millions of cases of disease in the Indian Ocean region and has emerged in
new areas, including Europe, the Middle East, and the Pacific region. The mosquito vectors for this virus are globally distributed
in tropical and temperate zones, providing the opportunity for CHIKV to continue to expand into new geographic regions. In
October 2013, locally acquired cases of CHIKV infection were identified on the Caribbean island of Saint Martin, signaling the
arrival of the virus in the Western Hemisphere. In just 9 months, CHIKV has spread to 22 countries in the Caribbean and Cen-
tral and South America, resulting in hundreds of thousands of cases. CHIKV disease can be highly debilitating, and large epi-
demics have severe economic consequences. Thus, there is an urgent need for continued research into the epidemiology, patho-

genesis, prevention, and treatment of these infections.

hikungunya virus (CHIKV), a mosquito-transmitted alphavi-

rus with a single-stranded, positive-sense RNA genome of
~12 kb, was first isolated from the blood of a febrile individual in
Tanzania in 1953 during a large outbreak of disease characterized
by crippling joint pains and severe fever, locally referred to as
chikungunya (1). In 1958, CHIKV was isolated from patients in
Bangkok, Thailand (2), where it had spread apparently from Af-
rica. Since these first documented epidemics, sporadic CHIKV
outbreaks have been reported in numerous African and Asian
countries.

In April 2005, CHIKV was confirmed as the cause of an epi-
demic of dengue-like illness on the Comoros Islands, which are
located off the east coast of northern Mozambique; this was the
first known emergence of CHIKV in the southwestern Indian
Ocean region. Due to clinical similarities, this outbreak was ini-
tially suspected to be caused by dengue virus, highlighting the fact
that CHIKV disease is often misdiagnosed and the true number of
cases in a particular region may be underestimated. Shortly there-
after, the first cases of CHIKV disease were reported on Mayotte,
Mauritius, and the French island of La Reunion. The number of
cases in these areas increased rapidly, due in part to attack rates as
high as 35% to 75%. By the end of 2005, after an apparent gap of
about 32 years during which CHIKV was not detected, India re-
ported CHIKV disease in numerous states, with the official num-
ber of suspected cases ultimately reaching more than 1.3 million.
The CHIKV outbreak continued to spread, causing large out-
breaks in Sri Lanka and many other countries in Southeast Asia.
During this epidemic, CHIKV was introduced into countries
where it is not endemic by viremic travelers, and autochthonous
transmission of CHIKV was observed for the first time in many
countries, including Italy, France, New Caledonia, Papua New
Guinea, Bhutan, and Yemen. The rapid and explosive spread of
CHIKV prompted the Pan American Health Organization
(PAHO) and the Centers for Disease Control and Prevention
(CDCQ) to release a preparedness guide that predicted potential
future CHIKV epidemics in the Americas. This prediction has
now come to fruition, as in December 2013, the World Health
Organization (WHO) reported the first local transmission of
CHIKYV in the Western Hemisphere on the Caribbean island of
Saint Martin. By 18 July 2014, CHIKV had caused more than
440,000 cases of disease in more than 20 countries in the Carib-
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bean and Central and South America (Fig. 1). In addition, the
CDC has reported more than 230 imported cases of CHIKV in-
fection in the continental United States as well as locally acquired
cases in Florida. Thus, in less than 10 years, CHIKV has spread
from the coast of Kenya throughout the Indian Ocean, Pacific, and
Caribbean regions, causing millions of cases of disease in over 50
countries. In other words, CHIKV has reemerged as a true global
pathogen.

CHIKV TRANSMISSION, GENETICS, AND REEMERGENCE

In Africa, CHIKV circulates in an enzootic cycle involving forest-
dwelling mosquitoes and nonhuman primates. In Asia, CHIKV
primarily circulates in urban areas among Aedes aegypti or Aedes
albopictus mosquitoes and humans. However, some studies sug-
gest that a sylvatic CHIKV transmission cycle may also exist in at
least some parts of Asia, since CHIKV-specific antibodies have
been detected in wild monkeys in Malaysia. During acute CHIKV
infection of humans, there is high-titer viremia; thus, the virus can
be transmitted in a human-mosquito-human transmission cycle
and can be spread by viremic humans. For example, an outbreak
in Italy was initiated by a CHIKV-infected traveler from India.
Dense human populations and lack of herd immunity likely con-
tribute to the explosive nature of CHIKV epidemics in many re-
gions.

Three genotypes of CHIKV, called West African, East/Central/
South African (ECSA), and Asian, have been defined (3). Phylo-
genetic analysis showed that an ECSA genotype virus was respon-
sible for the epidemics on islands in the Indian Ocean, and this
ECSA virus had originated in coastal Kenya, where outbreaks of
CHIKYV had occurred on Lamu Island and in Mombasa between
May and December 2004 (4). The outbreak in Lamu Island likely
spread to islands in the Indian Ocean, whereas the outbreak in
Mombasa spread to the Indian subcontinent (5). Nucleotide se-
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FIG 1 CHIKYV in the Western Hemisphere. The World Health Organization (WHO) reported the first local transmission of CHIKV in the Western Hemisphere on the
island of Saint Martin in December 2013. By 18 July 2014, the Pan American Health Organization (PAHO) reported more than 440,000 suspected and confirmed cases
of chikungunya fever in more than 20 countries, with the majority of suspected and confirmed cases occurring in the Dominican Republic (251,951), Guadeloupe
(64,328), Haiti (62,436), Martinique (50,455), Saint Martin (4,453), and Dominica (3,243). CHIKV has also spread to countries on mainland South America (French
Guiana [881], Guyana [16], Suriname [17], Venezuela [2]), Central America (El Salvador [1,783], Costa Rica [1]), and the continental United States (Florida [2]). The
number of cases in most of these countries continues to increase, and the virus continues to spread to new regions. The map (Maps for Design) shows the incidence rate
of CHIKYV infection in countries, territories, or states with autochthonous transmission as of 18 July 2014. (Case number and incidence rate data were obtained from
PAHO, http://www.paho.org/hg/index.php?option=com_topics&view=article&id =343&Itemid=40931.)

quencing of virus isolates also revealed genetic changes in viruses
isolated during the second phase of the epidemic on La Reunion
island, including an alanine (A)-to-valine (V) switch at amino
acid 226 of the E1 envelope glycoprotein, that were not present in
strains isolated during the outbreaks in coastal Kenya or on
Comoros. In contrast to coastal Kenya and Comoros, where A.
aegypti was the primary vector, A. albopictus was the primary
CHIKYV vector species in La Reunion, and the E1 A226V mutation
was later shown to greatly enhance CHIKV infectivity of A.
albopictus mosquitoes (6). Consistent with this, large CHIKV out-
breaks transmitted by A. aegypti occurred in several Indian states
in the absence of the A226V mutation (7), while in 2007 in the
Indian state of Kerala, CHIKV isolates contained the E1 A226V
mutation and A. albopictus was the predominant vector. In addi-
tion to being detected in La Reunion and India, the E1 A226V
mutation was detected in CHIKV strains from outbreaks in Cam-
eroon in 2006 and Gabon in 2007, and A. albopictus played an
important role in these and numerous other CHIKV outbreaks in
the Indian Ocean region and Europe. Thus, the adaptation of
CHIKYV to A. albopictus mosquitoes likely contributed to the dra-
matic spread of CHIKV.

Since 2004, ECSA genotype viruses spread from the coast of
Kenya throughout much of the Indian Ocean region, princi-
pally by viremic travelers, causing a series of outbreaks of
CHIKV infection of unprecedented scale. Thus, it was quite
unexpected when the ongoing outbreaks in the Caribbean re-
gion were found to be due to an Asian genotype virus. Sequence
analysis revealed that the virus circulating in the Caribbean is
phylogenetically related to Asian genotype strains recently cir-
culating in Indonesia, China, and the Philippines (8). To date,
the outbreaks in the Caribbean region have been primarily
transmitted by A. aegypti, and studies have demonstrated that
Asian genotype CHIKV strains are constrained in their ability to
adapt to A. albopictus mosquitoes (9), suggesting that this may
limit the spread of Asian genotype CHIKV strains into temperate
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regions, including much of the southern United States, where A.
albopictus mosquitoes are more commonly found than are A.
aegypti mosquitoes. However, at least in the laboratory, Asian
genotype CHIKVs are efficiently transmitted by both A. aegypti
and A. albopictus mosquitoes collected from North, Central, and
South America (10).

CHIKUNGUNYA DISEASE: CLINICAL MANIFESTATIONS AND
PATHOGENESIS

Clinical manifestations. Chikungunya, which translates as “dis-
ease that bends up the joints,” is characterized by an abrupt onset
of fever with severe joint pain, and the pain may persist for weeks
to years (11). In contrast to infections with many other arbovi-
ruses, only 5 to 25% of CHIKV infections are asymptomatic. The
arthralgia is typically symmetrical and primarily affects peripheral
joints, including wrists, knees, ankles, and the small joints of the
hand. Additional disease signs and symptoms include arthritis,
with joints often exhibiting tenderness and swelling, tenosynovi-
tis, skin rash, and myalgia, particularly in the lower back and leg
muscles. In addition to these clinical features, severe neurologic
and cardiac manifestations and, in some instances, deaths have
been associated with CHIKV infection. These more severe out-
comes often occur in neonates, in patients more than 65 years of
age, and in those with underlying medical conditions. In addition,
reports indicate that mother-to-infant transmission of CHIKV
during delivery results in high rates of morbidity (12). Chronic
CHIKYV disease can be highly debilitating, and large epidemics
have severe economic impacts, highlighting the significant public
health threat posed by CHIKV.

Pathogenesis. The pathogenesis of CHIKV infections is not
well understood and is an area of intense investigation, with small
animal and nonhuman primate models of acute and chronic dis-
ease recently being developed (13). Studies of humans and animal
models have shown that disease signs and symptoms following
infection with CHIKV are associated with CHIKV infection of
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cells in musculoskeletal tissues, such as fibroblasts and osteoblasts,
and infiltration of inflammatory cells— consisting predominantly
of monocytes, macrophages, natural killer cells, and T cells—in
musculoskeletal tissues. Recent work has demonstrated that both
Ragl ™'~ mice, which lack mature T and B cells,and CD4 '~ mice,
which lack CD4™ T cells, had reduced joint swelling and less severe
musculoskeletal tissue injury during the acute stage of CHIKV
disease (14, 15), suggesting a pathogenic role for CD4™" T cells in
CHIKYV disease. In addition, studies in a well-established mouse
model of Ross River virus infection, a related arthritogenic alpha-
virus, suggested that recruitment of monocytes into joints by fac-
tors secreted from virus-infected osteoblasts promotes the devel-
opment of arthritis (16). CHIKV disease in humans is associated
with elevated serum levels of specific cytokines and chemokines,
with high levels of interleukin-6 (IL-6), IL-18, RANTES, mono-
cyte chemoattractant protein 1 (MCP-1), monokine induced by
gamma interferon (MIG), and IP-10 linked to CHIKV disease
severity (13). Importantly, the cause of persistent CHIKV joint
disease is unclear, and there is little evidence for the development
of autoimmunity in individuals with chronic disease (11). Cyto-
kines may also contribute to chronic CHIKV disease, as persistent
arthralgia has been associated with elevated levels of IL-6 and
granulocyte-macrophage colony-stimulating factor (GM-CSF)
(17). In addition, mildly elevated C-reactive protein (CRP) in pa-
tients with chronic symptoms suggests ongoing chronic inflam-
mation. Chronic CHIKV joint disease may result from persistent
CHIKYV infection in musculoskeletal tissues. CHIKV antigen and
RNA were detected in synovial tissue biopsy specimens collected
from a patient suffering from chronic joint pain (18). CHIKV
antigen was also detected in muscle satellite cells in a muscle tissue
biopsy specimen collected from a patient during a relapse of
chronic musculoskeletal pain (19). Persistence of CHIKV RNA
and antigen in tissues has also been detected in animal models (15,
20), further suggesting that CHIKV establishes chronic infections
that may promote immune-mediated chronic disease.

CONCLUSIONS

In summary, in the last decade, CHIKV has reemerged as a major
threat to global public health. The extent to which CHIKV be-
comes established in new regions remains to be seen; nevertheless,
it seems likely that the current epidemic will continue to spread
throughout much of the Americas. Unfortunately, specific treat-
ments or vaccines against CHIKV infection are not yet available. A
variety of CHIKV vaccine candidates are in development, includ-
ing live-attenuated, inactivated, virus-like particles, subunit,
DNA, and measles virus- and poxvirus-based vaccines. Many of
these vaccine candidates have shown promising results in animal
models and in phase I clinical trials in humans. Numerous antivi-
ral compounds, monoclonal antibodies, and immunomodulatory
drugs that could be used to prevent or treat CHIKV infection are
also in the early stages of investigation. Thus, the reemergence of
CHIKV and the enormous scale of the CHIKV-associated out-
breaks have highlighted many critical research needs. These in-
clude increased surveillance for CHIKV infection or antibodies in
humans and animals, increased mosquito control programs, im-
plementation of protocols for detecting CHIKV in donated blood,
organs, and tissues for transplantation, and increased basic and
translational research to enhance our knowledge of CHIKV biol-
ogy, pathogenesis, treatment, and prevention.

11646 jviasm.org

ACKNOWLEDGMENTS

I thank Kathryn V. Holmes and Mark T. Heise for critical readings of this
article. I apologize to all whose work could not be directly referenced due
to formatting and length restrictions.

Work in my laboratory was or is supported by NIH-NIAID grants U54
ATI065357, U19 AI109680, and RO1 AI108725.

REFERENCES

1. Ross RW. 1956. The Newala epidemic. III. The virus: isolation, patho-
genic properties and relationship to the epidemic. J. Hyg. (Lond.) 54:177—
191.

2. Hammon WM, Rudnick A, Sather GE. 1960. Viruses associated with
epidemic hemorrhagic fevers of the Philippines and Thailand. Science
131:1102-1103. http://dx.doi.org/10.1126/science.131.3407.1102.

3. Powers AM, Brault AC, Tesh RB, Weaver SC. 2000. Re-emergence of
chikungunya and o’nyong-nyong viruses: evidence for distinct geograph-
ical lineages and distant evolutionary relationships. J. Gen. Virol. 81:471—
479.

4. Schuffenecker I, Iteman I, Michault A, Murri S, Frangeul L, Vaney MC,
Lavenir R, Pardigon N, Reynes JM, Pettinelli F, Biscornet L, Diancourt
L, Michel S, Duquerroy S, Guigon G, Frenkiel MP, Brehin AC, Cubito
N, Despres P, Kunst F, Rey FA, Zeller H, Brisse S. 2006. Genome
microevolution of chikungunya viruses causing the Indian Ocean
outbreak. PLoS Med. 3:e263. http://dx.doi.org/10.1371/journal.pmed
.0030263.

5. Volk SM, Chen R, Tsetsarkin KA, Adams AP, Garcia TI, Sall AA, Nasar
F, Schuh AJ, Holmes EC, Higgs S, Maharaj PD, Brault AC, Weaver SC.
2010. Genome-scale phylogenetic analyses of chikungunya virus reveal
independent emergences of recent epidemics and various evolutionary
rates. J. Virol. 84:6497-6504. http://dx.doi.org/10.1128/JVI.01603-09.

6. Tsetsarkin KA, Vanlandingham DL, McGee CE, Higgs S. 2007. A single
mutation in chikungunya virus affects vector specificity and epidemic
potential. PLoS Pathog. 3:e201. http://dx.doi.org/10.1371/journal.ppat
.0030201.

7. Arankalle VA, Shrivastava S, Cherian S, Gunjikar RS, Walimbe AM,
Jadhav SM, Sudeep AB, Mishra AC. 2007. Genetic divergence of chikun-
gunya viruses in India (1963-2006) with special reference to the 2005—
2006 explosive epidemic. J. Gen. Virol. 88:1967-1976. http://dx.doi.org
/10.1099/vir.0.82714-0.

8. Leparc-Goffart I, Nougairede A, Cassadou S, Prat C, de Lamballerie X.
2014. Chikungunya in the Americas. Lancet 383:514. http://dx.doi.org/10
.1016/S0140-6736(14)60185-9.

9. Tsetsarkin KA, Chen R, Leal G, Forrester N, Higgs S, Huang J, Weaver
SC. 2011. Chikungunya virus emergence is constrained in Asia by lineage-
specific adaptive landscapes. Proc. Natl. Acad. Sci. U. S. A. 108:7872-7877.
http://dx.doi.org/10.1073/pnas.1018344108.

10. Vega-Rua A, Zouache K, Girod R, Failloux AB, Lourenco-de-Oliveira
R. 2014. High level of vector competence of Aedes aegypti and Aedes
albopictus from ten American countries as a crucial factor in the spread of
chikungunya virus. J. Virol. 88:6294—6306. http://dx.doi.org/10.1128/JVI
.00370-14.

11. Suhrbier A, Jaffar-Bandjee MC, Gasque P. 2012. Arthritogenic alphavi-
ruses—an overview. Nat. Rev. Rheumatol. 8:420—429. http://dx.doi.org/10
.1038/nrrheum.2012.64.

12. Gerardin P, Barau G, Michault A, Bintner M, Randrianaivo H, Choker
G, Lenglet Y, Touret Y, Bouveret A, Grivard P, Le Roux K, Blanc S,
Schuffenecker I, Couderc T, Arenzana-Seisdedos F, Lecuit M, Robillard
PY. 2008. Multidisciplinary prospective study of mother-to-child chikun-
gunya virus infections on the island of La Reunion. PLoS Med. 5:e60.
http://dx.doi.org/10.1371/journal.pmed.0050060.

13. Weaver SC, Osorio JE, Livengood JA, Chen R, Stinchcomb DT. 2012.
Chikungunya virus and prospects for a vaccine. Expert Rev. Vaccines 11:
1087-1101. http://dx.doi.org/10.1586/erv.12.84.

14. Teo TH, Lum FM, Claser C, Lulla V, Lulla A, Merits A, Renia L, Ng LF.
2013. A pathogenic role for CD4+ T cells during chikungunya virus in-
fection in mice. J. Immunol. 190:259-269. http://dx.doi.org/10.4049
/jimmunol.1202177.

15. Hawman DW, Stoermer KA, Montgomery SA, Pal P, Oko L, Diamond
MS, Morrison TE. 2013. Chronic joint disease caused by persistent chi-
kungunya virus infection is controlled by the adaptive immune response.
J. Virol. 87:13878—-13888. http://dx.doi.org/10.1128/JV1.02666-13.

16. Chen W, Foo SS, Rulli NE, Taylor A, Sheng KC, Herrero LJ, Herring

Journal of Virology


http://dx.doi.org/10.1126/science.131.3407.1102
http://dx.doi.org/10.1371/journal.pmed.0030263
http://dx.doi.org/10.1371/journal.pmed.0030263
http://dx.doi.org/10.1128/JVI.01603-09
http://dx.doi.org/10.1371/journal.ppat.0030201
http://dx.doi.org/10.1371/journal.ppat.0030201
http://dx.doi.org/10.1099/vir.0.82714-0
http://dx.doi.org/10.1099/vir.0.82714-0
http://dx.doi.org/10.1016/S0140-6736(14)60185-9
http://dx.doi.org/10.1016/S0140-6736(14)60185-9
http://dx.doi.org/10.1073/pnas.1018344108
http://dx.doi.org/10.1128/JVI.00370-14
http://dx.doi.org/10.1128/JVI.00370-14
http://dx.doi.org/10.1038/nrrheum.2012.64
http://dx.doi.org/10.1038/nrrheum.2012.64
http://dx.doi.org/10.1371/journal.pmed.0050060
http://dx.doi.org/10.1586/erv.12.84
http://dx.doi.org/10.4049/jimmunol.1202177
http://dx.doi.org/10.4049/jimmunol.1202177
http://dx.doi.org/10.1128/JVI.02666-13
http://jvi.asm.org

17.

18.

BL, Lidbury BA, Li RW, Walsh NC, Sims NA, Smith PN, Mahalingam
S. 2014. Arthritogenic alphaviral infection perturbs osteoblast function
and triggers pathologic bone loss. Proc. Natl. Acad. Sci. U. S. A. 111:6040—
6045. http://dx.doi.org/10.1073/pnas.1318859111.

Chow A, Her Z, Ong EK, Chen JM, Dimatatac F, Kwek DJ, Barkham T,
Yang H, Renia L, Leo YS, Ng LF. 2011. Persistent arthralgia induced by
chikungunya virus infection is associated with interleukin-6 and granulo-
cyte macrophage colony-stimulating factor. J. Infect. Dis. 203:149-157.
http://dx.doi.org/10.1093/infdis/jiq042.

Hoarau JJ, Jaffar Bandjee MC, Krejbich Trotot P, Das T, Li-Pat-
Yuen G, Dassa B, Denizot M, Guichard E, Ribera A, Henni T, Tallet
F, Moiton MP, Gauzere BA, Bruniquet S, Jaffar Bandjee Z, Mor-
bidelli P, Martigny G, Jolivet M, Gay F, Grandadam M, Tolou H,
Vieillard V, Debre P, Autran B, Gasque P. 2010. Persistent chronic

October 2014 Volume 88 Number 20

20.

Gem

inflammation and infection by chikungunya arthritogenic alphavirus
in spite of a robust host immune response. J. Immunol. 184:5914—
5927. http://dx.doi.org/10.4049/jimmunol.0900255.

. Ozden S, Huerre M, Riviere JP, Coffey LL, Afonso PV, Mouly V, de

Monredon J, Roger JC, El Amrani M, Yvin JL, Jaffar MC, Frenkiel MP,
Sourisseau M, Schwartz O, Butler-Browne G, Despres P, Gessain A,
Ceccaldi PE. 2007. Human muscle satellite cells as targets of chikungunya
virus infection. PLoS One 2:¢527. http://dx.doi.org/10.1371/journal.pone
.0000527.

Labadie K, Larcher T, Joubert C, Mannioui A, Delache B, Brochard P,
Guigand L, Dubreil L, Lebon P, Verrier B, de Lamballerie X, Suhrbier
A, Cherel Y, Le Grand R, Roques P. 2010. Chikungunya disease in
nonhuman primates involves long-term viral persistence in macrophages.
J. Clin. Invest. 120:894—906. http://dx.doi.org/10.1172/JCI40104.

jviasm.org 11647


http://dx.doi.org/10.1073/pnas.1318859111
http://dx.doi.org/10.1093/infdis/jiq042
http://dx.doi.org/10.4049/jimmunol.0900255
http://dx.doi.org/10.1371/journal.pone.0000527
http://dx.doi.org/10.1371/journal.pone.0000527
http://dx.doi.org/10.1172/JCI40104
http://jvi.asm.org

	Reemergence of Chikungunya Virus
	CHIKV TRANSMISSION, GENETICS, AND REEMERGENCE
	CHIKUNGUNYA DISEASE: CLINICAL MANIFESTATIONS AND PATHOGENESIS
	Clinical manifestations.
	Pathogenesis.

	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


