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ABSTRACT

Chikungunya virus is an arthritogenic virus belonging to Alphaviridae group. The virus usually circulates
in a sylvatic cycle between mammalian primates and Aedes mosquito. Outbreaks occur when mosquitoes
bite and infect humans. From the first outbreak in early 1950s in Tanzania to the recent outbreak in New
Delhi in 2016, a lot has been learnt about this virus. Outbreaks in the later part of 20th century and the
21st century have proven that the virus not only causes debilitating joint pains but also so many systemic
symptoms, which were previously not recognized. The recent outbreak in New Delhi even led to mor-
tality that was confirmed by several other studies in the recent past in different parts of the world.
Similar to the virus, science in this field has also evolved much after the Tanzania outbreak. Now, we have
enzyme-linked immunosorbent assays and polymerase chain reactions to detect this virus in blood.
These modalities are quicker and more sensitive and specific. In recent times, physicians have started
using nonsteroidal antiinflammatory drugs and disease-modifying antirheumatic drugs to treat joint
pains. Several studies have come up to establish a proper protocol for treatment of the chronic joint
pains, which is still the most common complication of this disease. Here, in this review, we have talked
about the various outbreaks in the past, how the understanding of this disease has evolved, and about

the new areas of research regarding this disease.

1. Introduction

Chikungunya virus (CHIKV) is an arthritogenic virus belonging
to the Semliki forest antigenic group of the genus Alphaviridae,
Togaviridae family.! Mosquitoes such as Aedes aegypti and Aedes
albopictus predominantly transmit the virus. Chikungunya fever
was first documented in Tanzania in early 1950s after a dengue-like
illness with severe joint pains was observed.? Quickly, cases were
identified across the world, making the infection a global issue.

The virus usually circulates in a sylvatic cycle, between
mammalian primates such as chimpanzees, monkeys, and baboons
and the Aedes mosquito. Outbreaks occur when the mosquito bites
and infects a human. Since the year 2000, the scale of outbreak has
increased dramatically, resulting in the spread of virus to previously
nonendemic regions of the world.?

The disease is a self-limiting viral illness; however, debilitating
joint pains may persist for months. Observations of chikungunya
outbreaks in several countries of the world have shown that
atypical presentations of the disease are not infrequent. There are
reports of neurological involvement, hepatic failure, renal failure,
and even death.*”

* Corresponding author.
E-mail address: sairam.b1992@gmail.com (S. Bashyam).
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Arthritis is the most common long-term complication that has
been observed. Apart from joint involvement, neuralgia, myalgia,
fatigue, hair loss, depigmentation, and depression are some of the
long-term complications that a chikungunya-infected individual
may face.®

Previously, World Health Organization (WHO) clinical criteria
were used for the diagnosis. With the growth of molecular biology,
technologies such as enzyme-linked immunosorbent assay (ELISA)
and polymerase chain reaction (PCR) have brought about a great
change in diagnostic medicine. We have chikungunya real-time
PCR (RT-PCR)—based and ELISA-based serological testing to confirm
the diagnosis. These new modalities are quicker and easier to use
and have very good sensitivity and specificity.”

Treatment is reassurance of patients and usually supportive
care. A liberal use of analgesics including nonsteroidal antiin-
flammatory drugs (NSAIDs) is often required. In long-standing
cases, a physician may use disease-modifying antirheumatic drugs
(DMARDs) and steroids. But, data on usage of these drugs and the
outcome are sparse.

In 2016, New Delhi, the capital city of India, experienced a major
outbreak. A variety of clinical features, including few deaths, has
been observed during the outbreak. Mortality due to chikungunya
infection has been recorded in few studies in literature.®

CHIKV infection has an acute phase, which is typically febrile
arthralgia with rashes. In few instances, other organ systems may
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also be affected, which may be either a transient effect or a per-
manent defect. Chronic phase of the illness leads to incapacitating
arthralgia but may also have effects on other systems.

2. Epidemiology of the virus

CHIKV was first isolated in 1952 in Tanzania.” But, reports of
febrile arthralgia outbreaks are available since 1700 in the Carib-
bean island. These outbreaks were previously attributed to dengue
infection by locals, which were then referred to as “break bone
fever.” In 1827-28, an outbreak of febrile illness occurred on the
islands of Santa Cruz and St. Thomas in West Indies. Stedman
noticed that the illness affected almost every person in the
household, had low mortality rate, and was associated with joint
pains, which prolonged for weeks after the acute phase. He re-
ported the disease to be a bit different than the classic break bone
fever (modern-day dengue fever).”

However, it is believed that the virus originated in Africa and
spread to Asia and subsequently to the world. The earliest outbreak
of this disease in Asia was in 1954.1° Subsequent outbreaks were
reported in parts of southern and southeast Asia. Genetic analyses
of strains have identified three different lineages that are respon-
sible for these outbreaks: West African lineage, East Central South
African (ECSA) lineage, and Asian lineage.!"

Since 2000, the frequency of outbreak has increased and the
severity of the disease has also been increased than previously
reported. In 2004, a strain that belonged to ECSA lineage caused a
major outbreak in Kenya and Indian Ocean islands.'? Concurrently,
another major outbreak occurred in India in 2006. India faced its
first major outbreak of this disease after 32 years."> There were
differences in the epidemic strains of those that caused outbreaks
in Indian Ocean and those that caused outbreaks in India. Both the
lineages were likely to have been transmitted by the mosquito
vector Aedes albopictus. In 2006, the virus was found to have gained
a point mutation (E1-A226V), which aided the virus to adapt and
replicate continuously inside the vector.

3. Pathogenesis

Acute phase of the infection is when the viral titer is high in
blood, resulting in viremia. RT-PCR can be used to detect the virus
easily during this phase. Patients infected with CHIKV develop a
robust antibody response, and IgM concentration becomes
detectable within a few days of infection.'* IgG starts developing
after about 2 weeks of infection and is known to persist for at least
21 months or even for years after infection.'” They put up a strong
immune protection against the virus and prevent development of
symptoms in the event of second infection with chikungunya. The
clinical symptoms of this disease are mainly due to the inflamma-
tory response to this viremic phase. It coincides with elevation of
immune mediators followed by infiltration of immune cells into the
joint space and tissues.

Patients usually exhibit high concentration of circulating che-
mokines and cytokines.!® The proinflammatory cytokines (inter-
feron [IFN] a, IFN v, and interleukin [IL]-6), antiinflammatory
cytokines (IL-4, IL-10, and IL-1 receptor antagonist), and monocyte
chemoattractant protein 1 (MCP-1) are to be elevated. Fibroblasts
and macrophages seem to be the target dendritic cells. There is
evidence of intense synovitis, periarticular enthesitis, and
tendonitis."”

T cells play a major role in chikungunya-related arthritis. The
number of circulating activated and effector T cells increased in
patients with persistent chikungunya and plays a major role in
pathogenesis of chikungunya-induced arthritis. Natural killer (NK)
cells have also been increased in the peripheral blood of infected

individuals with persistent arthritis as compared with healthy
controls. This also suggests the possible role of NK cells in the
pathogenesis of chronic phase of disease.'® The virus also affects
human osteoblasts, producing a cytopathic effect resulting in an
erosive joint disease.'”

At least there are three hypotheses to explain the chronic
arthritis that is known to prevail after the acute phase of illness:

1. Persistence of the infectious virus in tissues, keeping the im-
mune activation alive for months

2. Persistence of viral nucleic
immunopathology

3. Clearing of virus but persistence of immune activation that has
already been triggered

acid which triggers the

However, additional studies are warranted to distinguish these
intriguing possibilities that in turn may aid in developing effective
therapeutics in future.

Animal studies have given us considerable insight into the dis-
ease. In 2010, Labadie et al.?" injected the CHIKV, isolated from the
reunion islands, into macaques. The animals developed similar
clinical signs to humans. During acute phase, huge amount of viral
nucleic acids were found in the spleen, lymph nodes, and liver and
lesser amount in the cerebrospinal fluid (CSF), skin, muscles, and
joints. Some of these macaques developed features of meningo-
encephalitis, and few even died.?°

Chen et al.?! reported the use of bindarit, a monocyte chemo-
tactic protein inhibitor, to control osteoclastogenesis in
chikungunya-infected mice and hence prevent bone erosions. They
injected the virus into the foot pad of mice and observed that there
was a severe reduction in the tibial bone density. They also found
that the ratio between receptor activator of nuclear factor-«B and
osteoprotegerin was affected, leading to an imbalance between
osteoclasts and osteoblasts that resulted in bone resorption.”!

Some studies have also identified a dual role for CCR2 macro-
phages. These molecules are believed to cause inflammatory
response in the foot pad of mice during the acute phase of the
disease. Contradictorily, these molecules also act as antiin-
flammatory macrophages protecting the animal from extensive
bony erosions. Their absence resulted in neutrophilic infiltration of
skeletal joints and bone erosions.??

These animal studies also hypothesize that both innate immu-
nity and adaptive immunity play a role in CHIKV infection. Innate
immunity helps during the acute phase, whereas adaptive immu-
nity helps in the chronic phase. They have also provided with in-
direct evidence to support their hypotheses.

Musculoskeletal inflammation in chikungunya was exacerbated
in the absence of STAT-1 signaling and type-1 interferon receptor
signaling. Signal transducer and activator of transcription 1 (STAT-
1) and few other receptors, such as retinoic acid inducible gene 1
(RIG-I)/melanoma differentiation associated protein 5 (MDA-5),
play an important role in production of IFN-a and IFN-f in response
to chikungunya infection. Rudd et al.?> showed that any defect in
these signaling pathways prolong inflammatory process of acute
chikungunya infection.

Role of CD4" T cells and class-1I major histocompatibility com-
plex (MHC) has also been evaluated in some studies. They showed
that CD-4+ T cells—knockout mice showed considerable reduction
in the foot pad swelling after the injection of CHIKV.?* However,
viremia in these CD4" T cells—knockout mice was still under con-
trol, indicating a possible role of T-cell-independent antibody
response to minimize viral replication.?*

Chronic chikungunya infection of RAG2—/— mice showed viral
nucleic acid to be persistent in joint spaces and associated histo-
pathological evidence of arthritis, synovitis, and enthesitis.
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Monoclonal antibody therapy in these mice was efficacious only in
clearing the virus but not in preventing its persistence in joint
spaces.”® Together, these findings suggest a protective role of
adaptive immunity in chronic disease process.

To evaluate vertical transmission of CHIKV, pregnant nonhuman
primates were inoculated subcutaneously with the virus. Vertical
transmission was not seen. However, infected neonates were
demonstrated in few instances, suggesting the transmission to have
occurred during delivery rather than in utero.?®

Age-related immunity has also been demonstrated with these
nonhuman primates. Adult primates (aged 6—13 years) were
compared with aged primates (aged 17 years or more). These
studies showed immune senescence affect both the immune and
adaptive immunity response to the CHIKV infection.?’

4. Clinical profile

The onset is usually similar to that of any other viral febrile
illness. However, along with fever, chills, and malaise, these pa-
tients also experience intense joint pains and stiffness. Lower limbs
are predominantly involved. Most patients recover from this acute
phase within 2—4 days. However, after viral infection, weakness
and malaise may persist even for 10 days. In rare instances, there
are patients who recover over a period of one month. Clinical dif-
ferentiation from dengue infection is very difficult or close to
impossible. However, severe joint pains, stiffness, and puffy joints,
especially that of the lower limbs, may indicate CHIKV infection.
Dengue fever — classically called the break bone fever — may pre-
sent with severe backache and generalized body aches. Appropriate
laboratory workup is mandatory.

There is no definitive evidence regarding which joint is
commonly affected or how long does the acute phase last. In early
1980s, Brighton et al.%® conducted a retrospective cohort study with
107 subjects of CHIKV infection in South Africa. They concluded
that wrists and ankles are most commonly affected, followed by
knees and then the small joints of hands and feet. However, there
are other studies that suggest that knee joint is the most frequently
affected joint.>”

Apart from the joint pain, patients may also have complaints of
headache, painful eyes, and rashes during the acute phase. The rash
usually appears 5—7 days after the infection and may last up to a
week. It may or may not be associated with itching. Chopra et al.>
reported that the elderly and children are prone for developing
rashes. However, their study reported only a few children who
showed faint blush on cheeks.** Another study conducted in India
reported that rashes were predominantly seen in female population.
They reported almost 50% of their study population to have rashes.*°

Although there are enough case reports and studies suggesting
cutaneous manifestations of chikungunya fever, there is no classical
clinical picture that serves as a specific marker for the disease.
Uncommonly, CHIKV may affect other systems also. Brighton
et al.”® showed that in their study, 21% of the subjects had gastro-
intestinal symptoms, 5% had cardiac involvement, and 12% had
neurological involvement.

Alphaviruses are neurotropic, and there are several reports of
CHIKV causing encephalitis and other neurological complications.
Wadia®' recorded the neurological complications of chikungunya
after the outbreak in Pune, India. He showed encephalopathy in
47%; myelopathy in 45%; neuropathy in 58%; combined encepha-
lopathy and myelopathy in 9%; encephalopathy and neuropathy in
11%; myelopathy and neuropathy in 16%; encephalopathy,
myelopathy, and neuropathy in 12%; carpel tunnel syndrome in
13%; and retinopathy in 3%. He described a unique magnetic reso-
nance imaging finding — hyperintense scattered dots in some pa-
tients with encephalitis.’’

There are records of patients presenting with Guillain-Barre
syndrome (GBS) such as ascending flaccid paralysis. But, unlike
GBS, these patients responded poorly to plasmapheresis and ste-
roids. Neurological complications had a male preponderance. CSF
showed IgM response and virus RNA in few patients. Wadia,>' in his
case series, reported that 10 patients with encephalitis died. Au-
topsy was carried out in only 1 patient, which failed to demonstrate
the virus. However, there is some evidence of virus in the brain of
an aborted fetus whose mother was affected with CHIKV. This
suggests not only a neurotropism but also a possibility of vertical
transmission of the disease.*""

Previously, chikungunya was considered a self-limiting, nonfatal
viral infection. However, the mind-set changed after the outbreak
in La-reunion Island in 2005. Mortality rate of 0.1% was recorded
during the outbreak. The rate was higher (about 10%) when only
atypical infections were considered.* These included systemic
manifestations of the disease. A study conducted in Ahmedabad
compared chikungunya outbreak and change in mortality rate in
the city of Ahmedabad during the outbreak. According to the re-
sults of that study, 2944 extra deaths were recorded in the city
during the outbreak (2005-06). The study showed out of a
randomly chosen 154 patients, 84 were positive for CHIKV infec-
tion, thus calculating the estimated case fatality rate to be 11.9%.>?
The authors have described a similar result when they retrospec-
tively analyzed mortality during 2016 chikungunya outbreak in
India. In this single-centered study, the case fatality rate among the
admitted patients of chikungunya was 9.5%.3>

Other acute complications that have been reported include
diarrhea, nausea, vomiting, abdominal pain, hepatitis, seizures,
myocarditis, pericarditis, iridocyclitis, thrombocytopenia, and
hemorrhage. Maternal-fetal transmission was also reported when a
new borne was identified to be positive for chikungunya infection.
A recent case reports the virus to have precipitated anti-
phospholipid antibody syndrome in a patient with lupus.>*

5. Postchikungunya rheumatism and arthritis

This entity, postchikungunya rheumatism and arthritis, shortly
referred to as PCRA, has become a major differential diagnosis of
many articular disorders in clinical medicine and rheumatology.

Persistent joint pain has been reported in 10% in literature.
However, the recent outbreaks result in a greater number of PCRA.
Previously, chikungunya-related joint involvement was character-
ized under chronic erosive arthritis, but now, it seems to be an
overlap or preexisting rheumatoid arthritis. The study during the
epidemic of La-reunion Island showed that almost 60% people who
were enrolled in the study suffered from arthralgia at the end of 36
months.® Hospital-based tertiary center studies suffer from severe
limitation in terms of selection bias and retrospective study. Pop-
ulation-based studies are scarce and difficult to perform.

A rural population study was conducted in Sholapur district,
which was sponsored by the Indian Council of Medical and
Research (ICMR). It was a prospective study conducted immediately
after the 2006 outbreak. A total of 509 cases were identified. Almost
65% of the cases recovered in 4 weeks. Of the rural community, 4.1%
suffered from persistent pain after 1 year. This fell to 1.6% at the end
of 2 years. Serum IL-6 and IL-13 remained elevated for longer pe-
riods not only in patients with chronic arthritis but also in several
others after recovery.?’ This indicates the possibility of persistent
immune activation even after clinical recovery.

A similar study in South India reported a large number of pa-
tients with PCRA in addition to a wide spectrum of enthesitis,
tenosynovitis, and rotator cuff syndrome. It is logical to conclude
that PCRA in a tertiary care center does not reflect the true burden
of the community.>”
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The 2006 epidemic brought about a great change in the spectrum
of PCRA. Chopra et al.*® described 5 patterns of rheumatological
disorders within 6 months of acute infection. There was no gender
preponderance. Only two patients (5.4%) had rheumatoid factor
positivity. Anti-cyclic citrullinated peptide (CCP) was positive in
almost 12%. Antinuclear antibody was positive in half of the popu-
lation. None of the patients with inflammatory arthritis showed
bony erosions in X-rays. Few patients showed periarticular inflam-
mation and joint swelling. Undifferentiated inflammatory arthritis
is usually asymmetrical oligoarthritis. Lower limbs were predomi-
nantly involved. Soft-tissue involvement was in the form of fibro-
myalgia, backache, and calf pain. The knee was the most commonly
affected joint sometimes showing degenerative changes including
crepitus. Sixty-one patients with previous rheumatologic disorders
experienced a flare-up, and few other rheumatologic disorders were
documented for the first time soon after the virus infection.>®

Long-term follow-up data of PCRA are fully lacking. Several
studies have attempted to find out the number of days or perhaps
months the symptoms may last. The case report by Bank et al.>’
reported that their patient had joint pain for around 3.5 months;
however, myelopathy and weakness persisted for at least 6 months,
while neuropathy lasted further longer. Timeline is just one aspect
of research, while there are much more concerns regarding this
postchikungunya rheumatism.

Another way of looking at it is the risk factors to develop long-
term complication of chikungunya infection. There are several
studies in literature that suggest possible risk factors to develop
PCRA. One of them quoted age above 40 years to be a major risk
factor of developing chronic debilitating arthritis. As per the results
of the study, mean age was found to be 57.4 years above, in which
the symptoms persisted longer,*® whereas another study reported
that female sex and symmetrical joint involvement were related to
persisting long-term joint pains.>’

Finally, the big question trending among the rheumatologists is
whether PCRA has a specific true form for itself. Is there a classic
pattern of joint involvement, specific clinical features, extra-
articular manifestations, and laboratory alterations? The answer is
yet to be found out. CHIKV markers have been identified in the
synovium of patients with chronic arthritis.

There are rheumatologists who believe chikungunya may play
a crucial role in the future of rheumatic diseases. It may be a
trigger for several existing rheumatic diseases and many more
yet to be discovered. Indeed, chloroquine trial showed that it is
the persistence of the virus or its fragments that contribute to
PCRA and not autoantibodies.*’ But, there seems to be a distinct
form of PCRA that resembles rheumatoid arthritis — the pattern
of joint involvement, soft-tissue inflammation, absence of rheu-
matoid factor (RF), or anti-CCP. This form of PCRA is very
relentless and progressive and may lead to bony erosions and
severely degenerative end-stage arthritis.

6. Diagnosis

Clinical diagnosis is easier during the times of outbreak. But, it is
always challenging to make a clinical diagnosis in an isolated case.
In our setting, it has to be differentiated from dengue fever. Dengue
fever may present with fever with rashes and severe backache,
while peripheral joint pain may point toward chikungunya. He-
modynamic instability and shock are commoner in dengue infec-
tion than in chikungunya infection. Initial evaluation may show
leucopenia in both the viral infections. Thrombocytopenia may be
mild in chikungunya, while a severe thrombocytopenia favors
dengue fever.

Previously, diagnosis was mainly based on clinical criteria set by
the WHO (Table 1).

6.1. Virus isolation and culture

This can be performed by intracerebral inoculation of mice or
mosquito inoculation. There are other in vitro techniques such as
mosquito-based cells lines including C6/36 or mammalian cell lines
including BHK-21, Vero, and Hela cells. These in vitro techniques
have proved to be comparable with that of in vivo techniques. The
cytopathic effects should be checked with chikungunya antiserum,
and it may take up to one to two weeks for confirmation of results.
Virus isolation and culture are performed only in BSL-3
laboratories.*?

6.2. Molecular diagnosis

RT-PCR or nested PCR combination amplifying fragment of E2
gene can make specific diagnosis. Newer techniques are nowadays
targeting nsP-1 and envelope E-1 gene for rapid diagnosis and
genotyping at the same time. A very sensitive and specific one-step
Tagman RT-PCR has been introduced for quick diagnosis and rapid
quantification of virus in clinical samples and cell culture super-
natant.*> Real-time loop-mediated isothermal amplification assay
(RT-LAMP) is another technique that has been introduced for a
rapid molecular detection.**

6.3. Serological diagnosis

To make a serological diagnosis, 10—15 ml of blood sample is
required. Serum should be separated. Two samples are to be
collected: Acute phase serum sample, collected immediately after
the onset of illness, and convalescent phase serum, collected after
10—14 days. If the laboratory is nearby, the specimen should not be
frozen and should be transported at 4 °C. Only if the testing cannot
be performed immediately, should the serum specimen be sepa-
rated and then stored and shipped frozen.

Serological diagnosis can be made with IgM or IgG antibody
titer. It is enough to demonstrate IgM only in the acute phase
sample. ELISAs and immunochromatographic tests are the
currently available techniques to detect these antibodies. IgM titers
start declining within 3—6 months. The National Institute of
Virology (NIV), Pune, India, has developed a test kit for in-house
use.

Hemagglutination inhibition (HI) antibodies are not very
commonly used for diagnosis. They usually appear in the blood of
the infected after the cessation of viremia. They are useful after 5—7
days of illness. The CHIKV antigen for HI test is available from the
NIV, Pune® (Table 2).

Table 1
Case definition for chikungunya fever.*!

e Clinical criteria: Acute onset of fever >38 °C and severe arthralgia/arthritis not
explained by other medical conditions.
Epidemiological criteria: Residing or having visited epidemic areas, having
reported transmission within 15 days before the onset of symptoms.
Laboratory criteria: At least one of the following tests in the acute phase
- Virus culture, isolation.
- Presence of viral RNA by RT-PCR.
- Presence of virus-specific IgM antibodies in single serum sample collected
in acute or convalescent stage.
-Fourfold increase in IgG antibody values in samples collected at least three
weeks apart.
On this basis, cases are to be categorized as follows:
Possible case: A patient meeting clinical criteria.
Probable case: A patient meeting both clinical and epidemiological criteria.
Confirmed case: A patient meeting the laboratory criteria, irrespective of the
clinical presentation.

RT-PCR = real-time polymerase chain reaction.
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Table 2
Pros and cons of various diagnostic tests for chikungunya virus.

Tests Pros

Cons

Virus isolation and culture

e Gold standard for diagnosis
of chikungunya infection

e Requires facilities and skills
e Also requires biosafety level 3 containment

Molecular diagnosis including o Highly sensitive and specific e Reagents and equipment are very costly
RT-PCR and RT-LAMP o Rapid diagnosis for widespread use.

Antigen detection tests e Not yet commercially available e CHIKV antigen commercial assays are not
widely available. Performance characteristics
are not clearly defined.

e Also requires biosafety level 3 containment
during preparation

Serological tests to detect o Widely performed e Cross-reactivity with other alphaviruses.

antibody titer by ELISA or ICT o Easier to use o Single raised I[gM may indicate recent past

e Relatively cheaper

infection rather than acute infection.
Sensitivities vary widely, >80% after 1 week
of clinical presentation, less useful for clinicians

PCR = polymerase chain reaction; RT = reverse transcription; LAMP = loop-mediated isothermal amplification assay; CHIKV = chikungunya virus.

The WHO recommends the following characteristics for an ideal
testing method: sensitive, specific, user friendly, affordable, rapid,
robust to use in different climates, devoid of equipment, and
transportable. Newer innovations such as RT-LAMP fulfill most of
the criteria. They can be transported, are user friendly, and yet have
sensitivity and specificity comparable with those of other molec-
ular techniques. However, patients who are acutely ill would reach
the hospital within the first few days of illness and the most ideal
test would be detection of antigen or RNA of the virus. Hence, the
more realistic aim is to develop antigen detection assays that could
be easily transported to the needful and rural areas, which are
prone to outbreaks. Also, these assays should be tested rigorously
with samples from different clinical setting including infections
caused by different CHIKV strains.*®

6.4. Treatment

There are no specific drugs approved for treatment of chi-
kungunya infection at present. Treatment is symptomatic and
empirical. Some treatment guidelines have been published, but
evidence-based medicine does not favor them. Symptomatic
treatment includes providing assurance and comfort to patients.
NSAIDs and other analgesics can be used for arthritis. There is no
specific NSAID that should be prescribed, but fast-acting NSAIDs,
such as diclofenac or naproxen, will be better. Some patients may
also need tramadol for their pain. It is important to monitor for

their side effects, especially in elderly with other comorbidities.
Chloroquine is one drug that has been evaluated extensively. At
least one French trial fails to show its efficacy in treatment of acute
phase of infection.?®

There is no compelling evidence to report that DMARDs may be
helpful in PCRA. However, based on clinical judgment, steroids or
DMARDs may be used in cases of severe arthritis. There have also
been situations in which patients needed intravenous steroids
followed by tapering doses of oral steroids to control their intense
pain. There are a few small case series, which claim that biologicals
can be used when DMARD:s fail.#” But, there is neither convincing
proof for the claim nor any long-term data supporting the
statement.

Anti-CHIKV drugs has been developed and evaluated in animal
studies. Bindarit, an inhibitor of MCP-1, is one such drug. Although
the drug showed promising results in animal studies, tests on
humans show no such effects. Other compounds that are being
investigated include phenothiazines and flavaglines.”® Ribavirin
has shown some promising results in vitro. Animal studies have also
shown that when ribavirin is synergized with doxycycline,
inflammation and viral load can be controlled.*® Mycophenolic acid
was shown to be more potent than ribavirin in controlling repli-
cation of virus in cellular studies.’® CHIKV nonstructural protein
nsP2 is a helicase and a protease, and experiments are being con-
ducted to find out if any of the known protease has effect on this
alphavirus.”!

gzg:: gxamples of investigational strategies under development for treatment of chikungunya virus infection.”®
Therapeutic Mechanism Data
In vitro In vivo
Chloroquine o Inhibits fusion of CHIKV E1 protein e Inhibited CHIKV infection e No efficacy in clinical trials

with the endosomal membrane

siRNA-targeting CHIKV genes Inhibits protein synthesis

Ribavirin

Inhibits viral genome replication
by depleting guanosine triphosphate

Favipiravir (T-705)

Inhibits viral genome replication

Monoclonal antibody C9 Binds CHIKV E2 glycoprotein

in Vero A cells
Inhibited CHIKV replication
in Vero-E6 cells (>90%)

in patients infected with CHIKV
Inhibited CHIKV replication

in mice when administered

3 d after infection

Reduced the viral load

and inflammation in infected
ICR mice when combined

with doxycycline

Inhibited CHIKV replication
in Vero cells

Synergistic inhibitory effect
in combination with IFN-a2b
and doxycycline

Inhibited CHIKV- induced o Reduced mortality of infected
cytopathic effect in Vero AG129 mice and protected

A cells from neurologic disease
Neutralized CHIKV e 100% survival of CHIKV-infected
pseudovirions in HEK293T mice when given at 8 or 18 h
cells and CHIKV in Vero cells after infection

CHIKV = chikungunya virus; siRNA = small interfering ribonucleic acid.
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Based on the available evidence, Brito et al.>> suggested a pro-
tocol of treatment, in which they suggested that the drug of choice
depends on the visual analog scale (VAS) and the duration of the
disease. During acute phase, when the pain is mild (VAS <3),
paracetamol is sufficient. In moderate to severe pain, paracetamol
and ibuprofen or paracetamol and tramadol combination can be
used. If pain does not subside, neuropathic pain has to be consid-
ered and amitriptyline may be used for treatment. Postacute phase
(after 22 days of acute infection) patients shall be prescribed
NSAIDs. If the pain persists, corticosteroids can be given; predni-
sone is preferred. In case of inflammation such as tenosynovitis,
bursitis or capsulitis intravenous corticosteroid shall be given.
When pain persists more than 3 months, DMARDs can be given.
Physiotherapy, orthotics to rest the inflamed joints, synovial fluid
drainage, and topical NSAIDs or patch are the other available op-
tions. Monoclonal antibodies to envelope proteins E1 and E2 have
been used to protect mice and other nonhuman primates from
CHIKV infection. However, their use in already infected animals is
unclear (Table 3).

6.5. Is vaccine a possibility?

Discovery of chikungunya vaccine have been attempted ever
since the first outbreak. The first vaccine that was discovered was in
1960, which was formalin-inactivated virus preparation.’* After its
failure, attenuated vaccines were developed. One such vaccine
developed with the isolate from La-reunion outbreak showed
encouraging results in animal studies.>® Virus-like particles
including capsid and envelope proteins were immunogenic in mice,
inducing protective neutralizing antibodies. These virus-like
particle vaccines have successfully been used in human trials, and
no adverse effects have been documented so far.’® Nonalpha virus
vectors carrying CHIKV proteins, DNA-based vaccine expressing
CHIKV proteins, and subunit vaccine with recombinant E2 and E1
protein antigens are some of the possibilities being investigated.
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