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Chikungunya virus (CHIKV) is a vector (mosquito)-transmitted alphavirus (family
Togaviridae). CHIKV can cause fever and febrile iliness associated with severe arthralgia
and rash. Genotypic and phylogenetic analysis are important to understand the spread
of CHIKV during epidemics and the diversity of circulating strains for the prediction of
effective control measures. Molecular epidemiologic analysis of CHIKV is necessary to
understand the complex interaction of vectors, hosts and environment that influences
the genotypic evolution of epidemic strains. In this study, different works published
during 1950s to 2020 concerning CHIKV evolution, epidemiology, vectors, phylogeny,
and clinical outcomes were analyzed. Outbreaks of CHIKV have been reported from
Bangladesh, Bhutan, India, Pakistan, Sri Lanka, Nepal, and Maldives in South Asia
during 2007-2020. Three lineages- Asian, East/Central/South African (ECSA), and
Indian Ocean Lineage (IOL) are circulating in South Asia. Lineage, ECSA and IOL
became predominant over Asian lineage in South Asian countries during 2011-2020
epidemics. Further, the mutant E1-A226V is circulating in abundance with Aedes
albopictus in India, Bangladesh, Nepal, and Bhutan. CHIKV is underestimated as
clinical symptoms of CHIKV infection merges with the symptoms of dengue fever
in South Asia. Failure to inhibit vector mediated transmission and predict epidemics
of CHIKV increase the risk of larger global epidemics in future. To understand
geographical spread of CHIKV, most of the studies focused on CHIKV outbreak, biology,
pathogenesis, infection, transmission, and treatment. This updated study will reveal the
collective epidemiology, evolution and phylogenies of CHIKV, supporting the necessity
to investigate the circulating strains and vectors in South Asia.
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INTRODUCTION

Chikungunya virus (CHIKV) (family Togaviridae) is a mosquito-borne (arthropod-borne virus)
Alphavirus that causes chikungunya fever in humans (International Committee on Taxonomy
of Viruses (ICTV), 2021). Chikungunya virus was first characterized during 1952 to 1953 from
a dengue-like outbreak in Newala district, Tanzania. CHIKV is considered as a member of
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Semliki Forest virus (SFV) antigenic group and the word
“chikungunya” is derived from Makonde word, Bantu language
and translated as “bent over in pain,” describing the posture of
CHIKYV infected patients (Robinson, 1955; Casals and Whitman,
1957; Spence and Thomas, 1959; Hammon et al., 1960; Jupp
et al., 1988; Ekstrom et al., 1994; Gubler, 2001; Weaver et al,,
2005; Weaver and Lecuit, 2015). About 3-5 million cases of
CHIKV are reported every year globally (World Health and
Organization (WHO), 2021). Although mortality due to CHIKV
infection is rare, infection of CHIKV can cause severe and
long term health conditions in patients (Deller and Russell,
1968). CHIKV can cause both symptomatic and asymptomatic
infections in humans (Deller and Russell, 1968; Silva et al., 2018).
Symptomatic CHIKV infection is categorized into acute, chronic
and atypical depending on the manifestation of symptoms
(Fourie and Morrison, 1979; Silva et al., 2018; Vairo et al.,
2019). Several clinical symptoms of CHIKV infection overlap
with the symptoms of dengue virus (DENV) and Zika virus
(ZIKV) infections (Myers and Carey, 1967; Nimmannitya et al.,
1969; Carey, 1971; Edwards et al., 2016; Furuya-Kanamori
et al., 2016; Gaibani et al., 2016; Rodriguez-Morales et al,
2016; Jain et al, 2018; Ng et al, 2018; Silva et al., 2018;
Zanotto and Leite, 2018). The co-circulation of CHIKV with
other significant arboviruses, such as dengue virus, Zika virus,
mayaro virus (MAYV), and yellow fever virus (YFV) in tropical
regions of Asia with overlapping symptoms requires continuous
epidemiological surveillance and effective differential diagnosis
strategies (Halstead et al., 1969; Weaver and Lecuit, 2015;
Vairo et al., 2019).

Chikungunya virus is a small (~70 nm-diameter), enveloped
virus with a linear, positive strand RNA genome of ~11.8
kilo-bases (Khan et al., 2002; Kawashima et al., 2014). The
RNA genome consists of one non-translated region (NTR) at
5/, two ORFs and another non-translated region (NTR) at 3’
end. Two polyproteins are encoded by two major open reading
frames (ORFs) in CHIKV (Simizu et al., 1984; Schlesinger and
Schlesinger, 1986). The positive-sense 5’ two-third RNA genome
directly encodes a polyprotein containing four non-structural
proteins (nsP1-4). The structural proteins are encoded by 3’
one-third of the genome (Simizu et al., 1984). The structural
polyprotein converts into a capsid protein, two major envelope
surface glycoproteins (E1 and E2) as well as two small peptides,
E3 and 6K (Simizu et al., 1984).

Transmission of CHIKV involves two major cycles depending
on the region of circulation. In African regions, CHIKV circulates
mainly in a sylvatic/enzootic cycle involving forest dwelling
mosquitoes and non-human primates (NHP) (Silva et al., 2018;
Simo et al,, 2019). The viruses rely on NHP as reservoir (e.g.,
monkeys and other vertebrates) hosts during inter-epidemic
periods and transmitted by Aedes (e.g., Aedes furcifer and Aedes
africanus) mosquitoes from reservoirs to human during epidemic
(Jupp et al., 1988; Jupp and McIntosh, 1990; Pialoux et al., 2007;
Powers and Logue, 2007; LaBeaud et al., 2011). On the contrary
in urban cycles, a mosquito to (and from) human transmission is
maintained. The urban cycle of CHIKV has been associated with
several large epidemics of CHIKV across different continents
including Asia, Europe, and North America (Weaver and Lecuit,

2015; Silva et al., 2018). Two significant species of mosquitoes
namely, Aedes aegypti and Aedes albopictus (the “tiger” mosquito)
are mainly involved in urban transmission of the disease
(Soekiman, 1987; McGill, 1995; Reiter et al., 2006; Weaver and
Lecuit, 2015; Wahid et al.,, 2017; Silva et al., 2018; Vairo et al,,
2019). In temperate climates, Ae. albopictus mosquitoes thrive in
high density (Soekiman, 1987; Reiter et al., 2006). Ae. albopictus
are expanding into and adapting to new areas with the potential
transmission capability of CHIKV and have been involved in
recent epidemics in Asia (Soekiman et al.,, 1986a,b; Soekiman,
1987; Reiter et al., 2006; Weaver and Lecuit, 2015).

Persistent and larger epidemics of CHIKYV infecting millions
of people have been reported from Asia, but limited numbers
of epidemiological research has been undertaken (Powers
and Logue, 2007; Wahid et al, 2017; Vairo et al, 2019).
South Asian regions are endemic for CHIKV epidemics.
Continuous surveillance including phylogenetic, evolutionary,
and epidemiologic analyses are required in these endemic regions
to catch up the contemporary changes in the virus for developing
effective diagnostics, treatments, and vaccines (Myers and Carey,
1967; Edwards et al., 2016; Rodriguez-Morales et al., 2016; Ng
et al., 2018). In this review, updated epidemiology, evolution
and phylogenomics of CHIKV in South Asia during 2004-2020
have been evaluated. Clinical features of chikungunya fever,
transmission in temperate and tropical regions and the laboratory
testing for the disease are also described in this study. Particularly,
this study focuses on the recent trends of CHIKV epidemic in
South Asia to create an integrated baseline for future studies.

MOLECULAR EPIDEMIOLOGY,
PHYLOGENY AND EVOLUTION OF
CHIKUNGUNYA VIRUS IN SOUTH ASIA
AND REST OF THE WORLD

Starting from Africa, CHIKV has been transmitted globally.
Recently, CHIKV infection has been detected from different
countries on all continents, except Antarctica. Retrospective case
studies have suggested that CHIKV epidemics have occurred
during 1760s (Ross, 1956; Jupp et al., 1988). During early
epidemics, they were inaccurately documented as dengue virus
infection (Brighton et al., 1983; Silva and Dermody, 2017).
CHIKV was first isolated and characterized from the serum
of an infected patient with dengue like symptoms in Tanzania
during 1952 to 1953 (Casals and Whitman, 1957; Johnson et al.,
1977). CHIKV was detected in South Asia in a short time
after identification in East Africa (1952) (Ross, 1956; Powers
and Logue, 2007; Silva and Dermody, 2017; Wahid et al,
2017; Simo et al., 2019). After the first identification, local and
occasional outbreaks of CHIKV were recorded for the following
~50 years before 2004 in many countries in Asia (Mason and
Haddow, 1957; Peyrefitte et al., 2007; Silva and Dermody, 2017;
Simo et al., 2019).

Chikungunya virus has remained endemic in South Asian
countries since 1960s (Powers and Logue, 2007; Wimalasiri-Yapa
et al,, 2019). The first significant CHIKV outbreak in Asia was
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reported in the early 1960s in Bangkok, Thailand (Marchette
et al., 1978; Powers and Logue, 2007). Outbreaks have been
documented from seven countries out of eight in South Asia
(Powers et al., 2000; Powers and Logue, 2007; Wimalasiri-Yapa
et al, 2019). In SA and SEA, local and minor outbreaks of
CHIKV were reported during the 1960s to 1980s in India,
Indonesia, Malaysia, Cambodia, Vietnam, Myanmar, Pakistan,
and Thailand (Pavri, 1964; Bedekar and Pavri, 1969; Burke et al.,
1985; Kit, 2002; Porter et al., 2004; Zim et al.,, 2013; Weaver
and Lecuit, 2015; Silva and Dermody, 2017; Wimalasiri-Yapa
et al., 2019). Before 1985, most of the CHIKV outbreaks dated
during the period 1961-1970 including several large cities in
SEA namely, Kolkata and Bangkok as the main active sites of
transmission of CHIKV (Brighton et al., 1983; Powers and Logue,
2007; Wahid et al., 2017). During 1985-2000, no significant
outbreaks of CHIKV was documented in South Asian countries
(Powers and Logue, 2007; Mascarenhas et al,, 2018). Larger
outbreaks involving more cases in India, Bangladesh, Pakistan,
Sri Lanka, and Maldives have been documented recently (Powers
and Logue, 2007; Wimalasiri-Yapa et al, 2019). About 85%
of cases of CHIKV had been detected after 2000 in South
Asian countries (Padbidri and Gnaneswar, 1979; Powers and
Logue, 2007; Hapuarachchi et al, 2010; Manimunda et al,
2010; Haque et al,, 2019; Vairo et al., 2019; Wimalasiri-Yapa
et al, 2019). After 2007, CHIKV outbreaks in SEA and SA
regions were larger and longer that infected millions of people
in India, Bangladesh, Bhutan, Nepal, Thailand, and Philippines
(Supplementary Table 1; Centers for Disease Control and
Prevention (CDC), 2021). In SA, seven countries (Bangladesh,
Bhutan, India, Pakistan, Sri Lanka, Nepal, and Maldives) out of
eight have reported the local outbreaks and epidemics of CHIKV
during 2010 to 2020 (Figures 1A-C, 2; Mallhi et al., 2017; Wahid
et al, 2017; Haque et al., 2019; Wimalasiri-Yapa et al., 2019;
Centers for Disease Control and Prevention (CDC), 2021).

India has remained as the most affected country with CHIKV
(Ravi, 2006; Powers and Logue, 2007; Wimalasiri-Yapa et al,,
2019). Increased number of cases of CHIKV were reported
after 2007 in India (Saxena et al., 2006; Mavalankar et al.,
2007; Seyler et al., 2010; Murhekar et al., 2019). In 2007-2008,
outbreak of CHIKV was reported in Bangladesh that continued
in 2013, 2014, 2016, and 2017 (Centers for Disease Control
and Prevention (CDC), 2021; World Health and Organization
(WHO), 2021). In Pakistan, larger outbreaks were reported
during 2010-2018 (Powers and Logue, 2007). Further, cases
of CHIKV has increased in Maldives, Sri Lanka, Nepal, and
Bhutan after 2010 (Supplementary Table 1; Hapuarachchi
et al,, 2010; Reller et al., 2013; Vairo et al., 2019; Wimalasiri-
Yapa et al, 2019). The CHIKV epidemics in South Asia
is affected significantly by the ongoing epidemics in other
regions in the world. Both the emergence and reemergence of
CHIKYV in South Asia were linked with outbreaks in Africa.
CHIKV was detected and reported repeatedly from various
countries in Central and Southern Africa namely, the Central
African Republic (CAR), Democratic Republic of Congo (DRC),
Malawi, Sudan, Uganda, Zimbabwe, Kenya, and South Africa
during the 1960s to the 1990s (Moore et al., 1974; Thonnon
et al., 1999; Powers and Logue, 2007; Weaver and Lecuit,

2015; Silva and Dermody, 2017; Wahid et al., 2017; Silva
et al, 2018; Simo et al, 2019). After 2005, the outbreaks
in Africa significantly contributed in reemergence of CHIKV
in South Asia. Reemergence of CHIKV occurred in India in
2007, 2009, 2011, 2015, 2017, and 2019, in Bangladesh during
2009-2011, 2013-2015, 2016, 2017, and 2019, and in Pakistan
during 2009, 2011, 2013-2016 (Mallhi et al, 2017; Wahid
et al., 2017; Haque et al, 2019; Wimalasiri-Yapa et al., 2019;
Centers for Disease Control and Prevention (CDC), 2021).

As of 2020, local and autochthonous outbreaks have been
reported from about 114 countries and territories (Centers for
Disease Control and Prevention (CDC), 2021). The first larger
outbreak occurred in coastal Kenya in 2004 (Powers and Logue,
2007; Sergon et al., 2007; Gudo et al., 2016; Silva and Dermody,
2017; Simo et al., 2019). In 2004, two large outbreaks started in
Kenya (Powers and Logue, 2007; Weaver and Forrester, 2015;
Vairo et al., 2019). This outbreak in Kenya transmitted to the
Union of the Comoros by January 2005 (Pastorino et al., 2004).
From there CHIKV was transmitted to the surrounding locations
in the Indian Ocean. During 2005-2007, about 500,000 cases
(1/3 of the population) were documented on La Reunion Island
(Josseran et al., 2006; Powers and Logue, 2007; Renault et al,,
2007; Mascarenhas et al., 2018). From Indian Ocean, the CHIKV
epidemic spread to India, infecting ~1.5 million individual.
Further, the virus was transmitted to Indonesia, Maldives,
Sri Lanka, Myanmar, Thailand, and other countries in Asia
(Laras et al., 2005; Parola et al., 2006; Silva and Dermody, 2017).
First autochthonous transmission in the Americas occurred in
2013 (Yactayo et al., 2016; Humphrey et al., 2017; Mascarenhas
et al., 2018). As of 2020, millions of cases of CHIKV have
been reported from Latin American countries including Brazil,
Bolivia, Colombia, Argentina, Cuba, Costa Rica, Ecuador, and
Peru (Powers and Logue, 2007; Rodrigues Faria et al., 2016;
Yactayo et al., 2016; Cunha et al., 2020; Centers for Disease
Control and Prevention (CDC), 2021; Pan American and Health
Organization (PAHO), 2021; World Health and Organization
(WHO), 2021). Further, CHIKV infection has transmitted to the
Oceania/Pacific islands including the Marshall Islands, American
Samoa, Cook Islands, Samoa, French Polynesia, and Kiribati in
2014 (Figures 1A-C; Powers and Logue, 2007; Staples et al., 2009;
Vairo et al., 2019; Centers for Disease Control and Prevention
(CDCQ), 2021).

According to previous lineage systems, four lineages namely,
East-, Central- and South African lineage (ECSA), Asian Urban
lineage (AUL), West African lineage (WA), and Indian Ocean
lineage (IOL) were defined (Powers and Logue, 2007; Silva and
Dermody, 2017). Recently, the most updated classification system
based on 1,066 genomes sampled between February 1953 and
December 2019 included nine lineages namely, Asian urban
(AUL), AUL-America (AUL-Am), South America (SAL), Middle
Africa (MAL), Indian Ocean (IOL), East Africa (EAL), Africa
and Asia (AAL), Sister Taxa to ECSA (sECSA) and West Africa
(WA) and named according to the regions of origin (de Bernardi
Schneider et al., 2019; Nextstrain, 2021; Spicher et al., 2021).
Further, genotypes of CHIKV was specified based on partial or
complete E1 gene sequencing (Presti et al., 2016; Phadungsombat
et al., 2020). Molecular epidemiologic and evolutionary analysis
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FIGURE 1 | Map depicting worldwide distribution of chikungunya virus lineages during 1950s to 2020. Star signs indicate the first report/start of large outbreak of
chikungunya virus. Circles indicate local outbreaks. (A) Red circles, arrows, and stars indicate ECSA lineage, black circles, arrows, and stars indicate West African
lineage. (B) Navy blue circles, arrows, and stars indicate Asian lineage. (C) Brown circles, arrows, and stars indicate IOL lineage (Centers for Disease Control and
Prevention (CDC), 2021; European Centre for Disease Prevention and Control (ECDC), 2021; Pan American and Health Organization (PAHO), 2021; World Health
and Organization (WHO), 2021). The arrows indicated the probable spread of CHIKV based on the information extracted from Centers for Disease Control and
Prevention (CDC), 2021; European Centre for Disease Prevention and Control (ECDC), 2021; Pan American and Health Organization (PAHO), 2021; World Health
and Organization (WHO), 2021. Data were extracted directly from the databases and websites and cross-checked. The map was built using ArcGIS Pro software.
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confirmed circulation of several lineages of CHIKV in South Asia
(Powers and Logue, 2007; Presti et al., 2016).

East-, Central- and South African lineage is considered as the
ancestor and has circulated in South Asia from Africa at early
1960s. The second confirmed lineage, AUL, was first detected
in outbreaks in Asian countries (Thailand, India, Cambodia,
Vietnam, Malaysia, Taiwan, Myanmar, and Indonesia) during
1958 to 1973 and named as Asian lineage (Powers and Logue,
2007; Presti et al., 2016). Another distinct lineage called Indian
Ocean Lineage (IOL) evolved from ECSA lineage (Schuffenecker
et al., 2006; Presti et al., 2016; Silva and Dermody, 2017; Pyke
etal., 2018) was detected after 2004. Phylogenetic and mutational
analysis revealed the presence of Asian lineage, IOL and Africa
and Asia lineages in South Asian countries in recent time (Wahid
et al,, 2017; Deeba et al,, 2020). Asian lineage was the most
predominant during 1960s to 2000 in South Asian and South
East Asian countries (Yadav et al., 2003; Powers and Logue, 2007;
Wimalasiri-Yapa et al., 2019). After 2004, the IOL transmitted
rapidly in the South Asian countries. After 2005 outbreaks, IOL
lineage has been reported from most of the outbreaks (80%)
in South Asian countries (Powers and Logue, 2007; Wimalasiri-
Yapa et al., 2019). Since 2005, outbreak associated with IOL
lineage have emerged and reemerged every year in South Asian
countries (Wimalasiri-Yapa et al., 2019; Phadungsombat et al,,
2020). Besides, ESCA, AUL, and AAL lineages are circulating in
South Asia in a low frequency after 2005 outbreaks. Evolutionary
analysis has revealed that during 2010 to 2020, outbreaks in
Bangladesh, Bhutan, India, Pakistan, and Sri Lanka have been

associated with ECSA-IOL lineage (Powers and Logue, 2007;
Wabhid et al., 2017; Melan et al., 2018; Deeba et al., 2020). During
2017 outbreaks in Bangladesh, only the ECSA-IOL lineage was
reported (Supplementary Table 1). Other countries of South East
Asia, namely, Bhutan, Myanmar, and Vietnam had reported the
presence of IOL lineage during recent outbreaks (Powers and
Logue, 2007; Staples et al., 2009; Pyke et al., 2018; Wimalasiri-
Yapa et al., 2019).

Molecular evolutionary analysis confirmed the divergence of
lineages from each other in previous studies and Nextstrain
project and recently published phylogenies and evolutionary
analysis (de Bernardi Schneider et al., 2019; Deeba et al., 2020;
Nextstrain, 2021; Spicher et al., 2021). The single nucleotide
variants of CHIKV can change the stability and fold of locally
stable RNA structures. Besides, the 3’ untranslated regions of
CHIKV was found to contain non-structural RNA elements
and evolutionary conserved regions (de Bernardi Schneider
et al., 2019; Deeba et al., 2020; Spicher et al., 2021). Difference
among lineages and origin of one lineage from other can
be traced by analyzing duplication events and changes of
architecture in 3’UTR (de Bernardi Schneider et al., 2019). An
estimation of average evolutionary divergence over sequence
pairs within CHIKV lineages was calculated in previous studies
by following the maximum likelihood model (de Bernardi
Schneider et al.,, 2019). The number of base substitutions per
site was expressed from averaging over all sequence pairs
within each group and found that AUL was most divergent
(substitution per site was 0.0128) followed by MAL (0.0107)
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and WA (0.0102), while SAL was least divergent (0.003). In
four countries, the available 157 whole genome of CHIKV
in Nextstrain (India-88, Bangladesh-40, Sri Lanka-22, and
Pakistan-7) had an estimated 2.63e~* substitution per site
per year (Figures 3A-C). The number of mutations including
substitutions are higher in CHIKVgpl within 5,000 bases
to 6,000 bases position, while in CHIKVgp2 the frequency
of mutation is about 1.9 per position within 8,500 bases
to 11,000 bases.

TRANSMISSION OF CHIKV

Chikungunya virus is transmitted in humans by infected
mosquitoes (Diallo et al, 1999). CHIKV is an enzootic
virus in tropical regions of Africa and Asia (Paul and Singh,
1968; Mourya, 1987; Silva et al, 2018). Emergence and

reemergence of CHIKV is significantly regulated by the
transmission of the virus through vectors. To understand the
reemergence potential in South Asia, this review covered
the transmission of CHIKV. Generally, an uninfected
mosquito takes in CHIKV from infected viremic person
during ingesting the blood (Mourya and Banerjee, 1987;
Monteiro et al, 2019). The virus is replicated inside the
mosquito midgut. When CHIKV carrying mosquitoes bite
a healthy individual, the virus is transmitted inside his/her
body (Silva et al., 2018). The virus also replicates inside newly
infected person body (Silva and Dermody, 2017). If another
uninfected mosquito bite the newly infected person after
he has become viremic, the mosquito will take in CHIKV
and start another cycle (Silva et al, 2018; Onyango et al,
2020). The complete transmission cycle from human to
mosquito and back to humans can be completed within a
week (Diallo et al., 1999). Mosquitoes can act as vectors
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of CHIKV. Both vertical and horizontal transmissions
of the virus can occurred in mosquitoes (Mavale et al,
2010; Jain et al., 2016). For successful transmission from
arthropod vectors to a human, CHIKV must replicate inside
the vectors and reach the salivary glands within 1 week
(Lim et al., 2018).

Transmission of CHIKV is maintained by sylvatic cycle in
the African and urban cycle in the Asian regions (Jupp and
McIntosh, 1990; Staples et al., 2009; Monteiro et al., 2019). In
South Asia, the urban mosquito Ae. aegypti and Ae. albopictus
have been reported to be the most significant vector (Soekiman
et al., 1986a,b; Banerjee et al., 1988; Mourya et al., 1994; Diallo
etal,, 1999; Scolari et al., 2019). Regional large outbreaks in South
Asia are caused by these urban and peridomestic mosquitoes
(Soekiman et al., 1986a,b; Scolari et al., 2019; Wimalasiri-Yapa
et al., 2019). Ae. albopictus have a great adaption capacity in
new ecological niches, as a result it can expand its enzootic
range globally (Silva et al, 2018). In urban cycles in South
Asia, the onset of epidemics are dependent on environmental
factors, viral genetics, mosquito ecology, human behavior, and
presence of competent vectors (Soekiman et al., 1986a,b). During
the 2005-2006 Indian Ocean Islands epidemic, a substitution
point mutation originated at position 226 in the E1 glycoprotein
(outer membrane protein) of CHIKYV, replacing an Alanine
to Valine (Weaver and Lecuit, 2015; Silva et al., 2018). This
mutation in ECSA genotype of CHIKV enhanced the vector
specificity and epidemic potential of CHIKV (Kumar et al,
2008). The new mutants of CHIKV namely, IOL of ECSA
genotype became capable of surviving in and transmitting by Ae.
albopictus (Tsetsarkin et al., 2016). The E1-A226V substitution
increases viral infectivity in Ae. albopictus midgut cells without
compromising viral replication. This mutant strain initiated
autochthonous cases of CHIKV more rapidly through Ae.
albopictus in South Asian countries (Soekiman et al., 1986a,b;
Vazeille et al., 2007; Scolari et al., 2019). Further, Ae. furcifer-
taylori is the main group of vectors detected during epidemics
associated with sylvatic cycle (Jupp and McIntosh, 1990; Scolari
et al,, 2019). Ae. furcifer, Aedes taylori, Aedes luteocephalus,
Ae. africanus, and Aedes neoafricanus are the major species
of vectors involved in sylvatic cycles for many years (Mourya
and Banerjee, 1987; Jupp and McIntosh, 1990; Monteiro et al.,
2019; Scolari et al, 2019). Numerous field and laboratory
works have been undertaken on roles of mosquito vectors
in the transmission of CHIKYV, but less is known about the
importance of vertebrate hosts in viral maintenance (Powers and
Logue, 2007; Silva et al., 2018). Laboratory animal studies and
serosurveys confirmed the presence of CHIKV specific antibodies
in potential vertebrate reservoirs. Significant levels of antibody
against CHIKV have been detected in wild non-human primates
(Silva et al., 2018).

Vectors and vertebrates have significant roles in inter-
epidemic periods both in the sylvatic and urban transmission.
In sylvatic cycles, non-human primate (NHP) species including
Guinea baboons, Chacma baboons, African green monkeys, patas
monkeys, red-tail monkeys, guenons, bushbabies, and mandrills
may have significant roles as amplifiers hosts or reservoirs of
CHIKV (Silva et al., 2018). On the contrary, in urban cycle, the

mosquitoes play main roles probably by trans-ovarian (vertical
transmission) cycles (Silva et al., 2018).

CLINICAL FEATURES OF PATIENTS
INFECTED WITH CHIKV

To understand the complete epidemiological prospects of
CHIKYV burden in South Asian countries, studies on the clinical
manifestations in patients infected with CHIKV are required.
Generally, the incubation period of CHIKV in human ranges
from 3 days to 7 days (Munasinghe et al., 1966; Powers and
Logue, 2007; Staples et al., 2009; Onyango et al., 2020). Most of
the studies on CHIKYV infection clinical presentation reported
that about 70-93% of the patients develop symptoms, 3-25%
seropositive patients may be asymptomatic, and 2-7% patients
may develop atypical symptoms (Powers and Logue, 2007; Staples
et al., 2009; Silva et al., 2018; Suhrbier, 2019; Wimalasiri-Yapa
et al, 2019). The most reported triad of clinical signs and
symptoms for CHIKV infection from documented epidemics
and outbreaks includes fever, arthralgia (joint pain), and a rash
(itchy rash) (Munasinghe et al., 1966; Riswari et al., 2016). Most
of the time the triad is accompanied by other symptoms of
the CHIKYV infection. Generally, epidemics of CHIKV infection
result in two clinical outcomes of illness including the acute
phase and chronic phase (Silva et al, 2018; Suhrbier, 2019).
In most of the cases, fever accompany with the joint pain
and rash. Rash is reported from 50 to 60% cases (Silva and
Dermody, 2017). The non-itchy rash becomes visible during 2-
5 days of post-infection (Powers and Logue, 2007; Silva et al.,
2018). After fever, the most significant clinical presentation of
CHIKYV infection is the severe joint pain (arthralgia) (Powers
and Logue, 2007; Suhrbier, 2019). Arthralgia is reported from
about 90 to 98% of CHIKV cases (Brighton and Simson, 1984;
Silva and Dermody, 2017). Besides triad, weakness, malaise,
headache, chills, retro-orbital pain, photophobia, lumbar back
pain, conjunctivitis, pharyngitis, lymphadenopathy and myalgia
are other common symptoms reported with CHIKV infection
(Table 1; Silva and Dermody, 2017; Silva et al., 2018; Suhrbier,
2019; Wimalasiri-Yapa et al., 2019). Most infections completely
resolve within weeks or months but there have been documented
cases of CHIKV-induced arthralgia persisting for several years
with up to 12% of patients with CHIKV disease developing
chronic joint problems (Powers and Logue, 2007; Silva et al.,
2018). A comparison of clinical manifestations associated with
CHIKV in South Asia and rest of the world is presented
in Figure 4.

Long term sequelae associated with CHIKV have been
reported in previous studies worldwide (Andrei and De
Clercq, 1993; Suhrbier, 2019; Wimalasiri-Yapa et al., 2019).
This condition is called CHIKV induced chronic arthralgia
(Fourie and Morrison, 1979; Tesh, 1982). Aged persons
with prior rheumatological disease are the main victims of
chromic symptoms (Tesh, 1982; Adebajo, 1996; Arpino et al.,
2009; Barr et al.,, 2018; Suhrbier, 2019). CHIKV can cause
numerous unusual clinical complications in patients (Arpino
et al.,, 2009; Economopoulou et al., 2009; Acevedo et al., 2017;
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TABLE 1 | Distribution of typical and atypical acute clinical manifestations of patients infected with chikungunya virus during 2004 to 2020 in Africa and Asia (Centers for
Disease Control and Prevention (CDC), 2021; European Centre for Disease Prevention and Control (ECDC), 2021; Pan American and Health Organization (PAHO), 2021;
World Health and Organization (WHO), 2021).

Organ/System Percentage of patients (N = 1022108) Typical acute clinical manifestations Atypical acute clinical manifestations (%)

Systemic 85-100% Fever Lymphadenopathy (5)
Asthenia

Musculoskeletal 70-90% Arthralgia Avrticular destruction (7)
Arthritis Bleeding gums
Myalgia
Joint edema
Tenosynovitis
Backache
Relapsing-remitting polyarthralgias

Skin 65-75% Rash Bullous dermatosis
Erythema Hyperpigmentation
Bodyache Stomatitis
Melena
Xerosis (10)
Neurological 45-55% Headache Meningoencephalitis
Fatigue Encephalopathy Seizures

Sensorineural Abnormalities
Guillain-Barré syndrome
Paresis
Palsies
Neuropathy (30-40)
Cardiovascular Myocarditis
Pericarditis
Arrhythmias
Hypotension
Cardiomyopathy
Heart failure (20)
Gastrointestinal Nausea Vomiting
Abdominal pain
Anorexia
Diarrhea (<5)
Hematological 5-10% Lymphopenia Hemorrhage (<5)
Thrombocytopenia
Respiratory Dyspnea
Pneumonia
Respiratory
Failure (14-25)
Ocular 5-10% Retro-orbital pain Conjunctivitis Photophobia
Photosensitivity Retinitis
Optic neuritis
Uveitis (<5)
Hepatic Hepatitis
Hepatomegaly
Altered function
Liver failure (<5)
Renal Nephritis
Albuminuria
Hematuria
Acute renal failure (20-25)

Godaert et al., 2017; Barr et al,, 2018). Occasionally, atypical infected with CHIKV in South Asia (Suhrbier, 2019; Wimalasiri-
clinical manifestations have been documented from patients Yapa etal, 2019). Atypical symptoms including myocarditis with
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FIGURE 4 | Comparison of clinical manifestations of patients infected with CHIKV in South Asia and rest of the world (Centers for Disease Control and Prevention
(CDC), 2021; European Centre for Disease Prevention and Control (ECDC), 2021; Pan American and Health Organization (PAHO), 2021; World Health and
Organization (WHO), 2021).

sinus tachycardia, cardiomegaly, ventricular ectopics, abnormal
electrocardiograms and finally congestive heart failure have
been reported from Asia (Deller and Russell, 1968; Obeyesekere
and Hermon, 1972, 1973; Rajapakse et al., 2010; Silva et al,
2018; Deeba et al., 2019; Wimalasiri-Yapa et al., 2019). In 2015,
aggressive clinical course developing shock, severe purpuric
lesions, a distinct area large of necrosis in the nasal region,
bullous dermatosis, acronecrosis of upper limb, rapid onset
of septic shock, and multi-organ failure have been detected in
CHIKYV infected patients (Powers and Logue, 2007; Rajapakse
et al., 2010; Bonifay et al., 2018; Suhrbier, 2019). Vertically
infected neonates develop various clinical symptoms (Robillard
et al., 2006; Beserra et al., 2019). At the time of birth, about half
of the viremic mothers transmit the virus to neonates that results
in serious consequences to the neonates (Contopoulos-Ioannidis
et al., 2018; van Enter et al., 2018; Shen et al., 2020). About 50%
infected neonates develop symptoms within 3-7 days. Numerous
clinical symptoms including fever, rashes, sepsis- like illness,
poor feeding, diffuse limb edema, irritability (hyperalgesia),
respiratory distress, meningoencephalitis, nervous system
abnormalities, and hemorrhagic and cardiac manifestations have
been detected in neonates (Powers and Logue, 2007; van Enter
etal., 2018; Kumar et al., 2019).

DIAGNOSIS OF CHIKV INFECTION

Diagnosis of CHIKV infection is conducted on the basis of
clinical, epidemiological, and laboratory criteria (Silva et al.,
2018; Centers for Disease Control and Prevention (CDC),

2021; World Health and Organization (WHO), 2021). Clinical
manifestations of CHIKV infection including abrupt onset of
high fever and severe joint pain with rash are the main
factors of clinical diagnosis. CHIKV infection is difficult to
distinguish and diagnose based on only clinical findings in
regions where CHIKV co-circulates with DENV and ZIKV
(Calisher, 1999; Cabral-Castro et al., 2016). Diagnostic criteria
based on epidemiological findings can include the recent (within
last 14 days) travel history of the suspects in areas with
CHIKV outbreak or endemics (Centers for Disease Control
and Prevention (CDC), 2021; World Health and Organization
(WHO), 2021). Laboratory diagnosis of CHIKV infection
may include virus isolation, virus characterization, viral RNA
detection, and serology (Silva et al., 2018; Centers for Disease
Control and Prevention (CDC), 2021; World Health and
Organization (WHO), 2021). Immunochromatographic assay
targeting the El antigen of virus from sera of patients can
detect different CHIKV genotypes (Silva et al.,, 2018; Centers
for Disease Control and Prevention (CDC), 2021; World Health
and Organization (WHO), 2021). Molecular methods including
RT-PCR, RT-LAMP, qRT-PCR are most reliable to diagnose
CHIKYV because of high sensitivity and specificity (Calvo et al.,
2016). In endemic regions of DENV, ZIKV, and Leptospira
infections differential diagnosis by novel multiplex molecular
methods have been introduced to detect CHIKV. Among
them, RT-LAMP assay is the most promising in differentiating
between ZIKV, CHIKV, and DENV infections (Silva et al.,
2018; Centers for Disease Control and Prevention (CDC), 2021;
World Health and Organization (WHO), 2021). Further, RT-
qPCR assays are also used in differential diagnosis among
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TABLE 2 | Commercially available Chikungunya Virus (CHIKV) diagnostic assays in
South Asia with principle of functions (Gaibani et al., 2016; Centers for Disease
Control and Prevention (CDC), 2021; World Health and Organization (WHO),
2021).

Manufacturer Country of origin Principle IgM 1gG
Abcam Germany IgM human ELISA kit + /
CTK Biotech United States CHIK IgM combo rapid test + /
CTK Biotech United States RecombiLISA CHIK IgM —+
DRG* Germany CHIK IgM micro-capture ELISA  + /
DRG Germany ELISA / +
Euroimmun Germany Anti-CHIKV IIFT + +
Euroimmun Germany Anti-CHIKV ELISA + +
GenWay Germany IgM-capture ELISA + /
GenWay Germany ELISA / +
IBL international  Germany IgM micro-capture ELISA + /
IBL international  Germany |gG-capture ELISA / +
InBios United States CHIKjj-MAC-ELISA + +
Novatec Germany IgM-capture ELISA + /
Novatec Germany ELISA / +
SD Diagnostics  South Korea CHIKa IgM ELISA + /
SD Diagnostics  South Korea SD BIOLINE Chikungunya IgM  + /

*Only for research purposes.

ZIKV, CHIKV, and DENV (Carey, 1971; Thaung et al., 1975;
Furuya-Kanamori et al., 2016; Villamil-Gémez et al., 2016).
Serological methods, such as ELISA and plaque reduction
neutralization testing (PRNT) are performed generally (Ayu
etal., 2010). Various commercial serological test kits are available
worldwide (Table 2; Thein et al., 1992; Gaibani et al., 2016;
Jain et al., 2018). Diagnosis of CHIKV is prioritized during
epidemics, but sporadic cases are often neglected. Further,
testing of CHIKV is affected by number and severity of sick
people or people suspected of CHIKV infection. Serological test
kits and molecular diagnosis can be integrated to detect the
sporadic and travelers CHIKV infection rapidly and accurately
(Silva et al., 2018; Centers for Disease Control and Prevention
(CDC), 2021; World Health and Organization (WHO), 2021).
In South Asia, the co-circulation of DENV-CHIKV is one of
the main concerns in diagnosis approaches. After the rainy
season in 2019, a larger outbreak of DENV was reported to
infect about 0.2 million people in Bangladesh (Centers for
Disease Control and Prevention (CDC), 2021; World Health and
Organization (WHO), 2021). During the outbreak of DENV in
Bangladesh CHIKV remained under-diagnosed or undiagnosed
that misrepresented the actual burden of CHIKV. Appropriate
etiological diagnosis should be achieved through combined
clinical, epidemiological and laboratory approaches conducted by
expert health professionals.

THE RISK OF CHIKV EPIDEMICS IN
SOUTH ASIA IN FUTURE

The previous epidemiological studies support for a larger
outbreak of CHIKV in South Asian countries in future. Due to
the cyclic nature of CHIKV infection, the epidemics reappear in

every 3—4 years in the endemic regions. Further, high density
of vectors and co-circulation of CHIKV-DENV during the
same seasons are the major concerns in South Asian countries
(Thaung et al,, 1975; Furuya-Kanamori et al., 2016; Villamil-
Gomez et al.,, 2016). There are various monitoring systems for
CHIKV in South Asian countries, but they are only applied
during epidemics. As a result, the real disease burden of CHIKV
in South Asia still remains underrated. Further, the number
of existing genotypic characterization of CHIKV is not enough
to point out the diversity in South Asia. The evolutionary
and epidemiologic analysis in this article supports for a severe
and prolonged epidemics of CHIKV in south Asian countries
in near future. To manage such an epidemic in future, this
study suggests to conduct routine genotypic surveillance and
genomic characterizations of CHIKV to assess the actual diversity
of the virus in South Asia. Further, to mitigate the risk of
larger epidemic, integrated approaches including epidemiologic
characterizations, vector surveillance, evolutionary analysis and
effective routine diagnosis are required to reduce the risk of future
outbreaks and associated health burden.

CONCLUSION

In conclusion, this study finds that CHIKV has become a
consistent health burden in South Asia. Tropical regions of South
Asia and South America have been the main focal point of
CHIKV transmission after 2007. Recently, larger epidemics of
CHIKYV involving millions of people have been reported from
India, Bangladesh, Nepal, Bhutan, and Pakistan. Three lineages
of CHIKV namely, Asian, ECSA and IOL are circulating in
South Asia during 2011-2020. After 2011, ECSA lineage and IOL
lineage of genotype ECSA has become predominant in South
Asian countries. Prevalence of E1-A226V mutants and density of
vectors namely, Aedes aegypti and Aedes albopictus remain high
in South Asian countries. This study provides a comprehensive
analysis on the updated phylogenomic, evolution and molecular
epidemiology of CHIKV in South Asian countries, which will not
only provide exact scenario of CHIKV but also help in developing
better treatment, diagnosis and preventive measures. Further, this
study adds integrated knowledge on recent diagnosis, clinical
characteristics and transmission of CHIKV in South Asia. The
rapid spread of CHIKV in recent years urges the utmost need
to take control measures, as well as to search for options to
develop vaccines. In future, more studies focusing the molecular
characterizations and evolution of CHIKYV, as well as vector-
pathogen interaction should be conducted to understand the
CHIKYV infection in depth. This study will work as an updated
database for future studies focusing molecular epidemiology,
evolution, phylogeny, diagnosis, vaccine development and
prevention of CHIKV in South Asia.
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