
Chikungunya: treatments, opportunities
and possibilities

Joseph R FreitasA,C, Shambhavi RaoB and Suresh MahalingamA,D

AInstitute for Glycomics, Griffith University (Gold Coast campus), Qld, Australia.

BNational Institute of Virology, Pune, India. Tel: +91 8826472536, Email: shambhavi2536@gmail.com

CTel: +61 7 5552 9351, Email: j.freitas@griffith.edu.au

DTel: +61 7 5552 7178, Email: s.mahalingam@griffith.edu.au

The natural progression of chikungunya virus (CHIKV)

disease can consist of three stages – acute, post-acute and

chronic, each having different clinical features. The acute

phase (up to 3 weeks) is characterised by high viremia,

fever, rash, polyarthralgia, synovitis and intense inflamma-

tion. Complete recovery is achieved in most symptomatic

cases after this phase. However, in a large proportion of

patients symptoms persist into a post-acute phase and in

some may even continue to become chronic. In the post-

acute phase, which can last up to 4months, there is clinical

persistence of joint inflammation or relapse after transient

improvement. These can lead tomusculoskeletal disorders

and eventually chronicity of disease. The main symptoms

being chronic inflammatory rheumatism that can last for

several years in some cases. With the near global reach,

debilitatingnatureandrecentoutbreaksofCHIKV therehas

been much research effort put towards combatting it. New

antivirals and medications to counteract inflammation are

being developed.Development of CHIKV vaccines is also an

area with intense research focus.

Chikungunya virus is a member of the Togaviridae family, and

belongs to the Alphavirus genus. Its name is translated from the

African dialect of Makonde which means, ‘that which bends up’1

and refers to the effect of the incapacitating arthralgia experienced

by the majority of patients with CHIKV fever. This arthralgia affects

the small joints of the hands, wrists, ankles, and feet. The arthritis-

like symptoms are accompanied by other symptoms such as

maculopapular rash, myalgia, nausea, headaches, nasal discharge,

conjunctivitis, retrobulbar pain, photophobia, and lymphadenop-

athy1. In the majority of cases recovery is achieved within 10 days;

however, in some people the joint pain may persist for months

(even years)1.

CHIKV is transmitted to people from its natural reservoirs, which

include monkeys, rodents, bats, and birds, and subsequently be-

tween people by the bite of two types of mosquitos: Aedes aegypti

and Aedes albopictus1. Historically, CHIKV cases have been asso-

ciatedwithdeveloping countries in Africa.However, it has begun to

show signs of re-emergence following decades of low activity2.

Several outbreaks have occurred infectingmillions of people in the

Indian Ocean islands, Asia, Caribbean Islands, Pacific Islands and

theAmericas2. Thediseasehas an enormous economic burdendue

to medical costs and decreased productivity. As there are no

vaccines or antivirals for prevention and treatment of CHIKV

infections, there is critical need for the development of such

treatments.

Antiviral and anti-inflammatory compounds

Currently, there are no specific licensed antiviral medications for

CHIKV infections and treatments are limited to the use of non-

steroidal anti-inflammatory drugs (NSAID) or corticosteroid drugs

to relieve fever and joint swelling2. However, with the re-emerging

In Focus

76 10.1071/MA18021 MICROBIOLOGY AUSTRALIA * MAY 2018

mailto:shambhavi2536@gmail.com
mailto:j.freitas@griffith.edu.au
mailto:s.mahalingam@griffith.edu.au


threat of CHIKV, recent years have seen interest in the discovery

and testing of novel antiviral and anti-inflammatory medications

to combat CHIKV.

Chloroquine, an antimalarial drug was found to be effective against

alphaviruses in vitro3. However, in a double-blinded clinical trial

with infected patients during the La reunion epidemic chloroquine

was found to be ineffective4. Ribavirin, an antiviral agent, in com-

bination with interferon-alpha was found to be beneficial in inhi-

bition of SFV and CHIKV replication in vitro5. Arbidol, licensed for

the treatment of influenza and other respiratory infections, was

also found to be effective in inhibiting CHIKV replication in vitro

(IC50 <10mg/mL)6.

High throughput screening is a commonapproach to identify novel

antiviral compounds. Screening of compounds resulted in identi-

fication of coumarin 30 as an effective antiviral agent in inhibiting

the replication of CHIKV7. Harringtonine, a cephlotoxoid alkaloid,

was identified by screening a natural compound library for inhibi-

tion of CHIKV replication8.

Varghese et al.9 have also adapted similar screening strategies to

identify several compounds that inhibited CHIKV replication in a

dose-dependent manner with some showing broader antiviral

activity against other alphaviruses. Compounds, such as niclosa-

mide and nitazoxanide, were found to restrict the entry of virus,

restrain both viral discharge and cell-to-cell virus transfer, and

exhibit expansive anti-alphavirus function against CHIKV and other

alphaviruses10. Alternate modes of action for antivirals include the

inhibition of viral fusion by neutralising the acidic environment of

endosomal vesicles. The small-molecule antagonist of the Bcl2

family of proteins, Obatoclax, demonstrated such efficacy against

CHIKV as well as SINV and influenza A11. Such discoveries of

antiviral activity might provide a basis for the development of

new human drug therapies against CHIKV and other alphavirus

infections.

Other significant research discoveries include several break-

throughs in understanding the mechanism of alphaviral infections

and their interactions with host defense systems. A recent study

revealed the roleof inflammasomes in causing severe inflammatory

disease in arboviral infection. Activation of the NLRP3 inflamma-

some in humans and mice following CHIKV infection was shown.

Inhibition of NLRP3 activation in vivo using the inhibitor MCC950

resulted in reduced inflammation and bone loss in mice. Further-

more, this in vivo inhibition showed reduced inflammation in the

closely relatedRossRiver virus (RRV), butnot formice infectedwith

the flavivirus West Nile virus12.

Similar approaches for the identification of anti-inflammatories of

specific viral-host interactions are ongoing and offer hope for the

effective treatment of CHIKV. For example, the glycan derivative

drug Pentosan polysulfate (PPS), that has been used to treat cystitis

in theUS,was shown todecrease the level of joint swelling, cartilage

damage and inflammatory proteins in both CHIKV and RRVmouse

models13. PPS is currently in a phase 2 clinical trial for the treatment

of RRV at 4 different locations across Australia.

Antibodies

Neutralising antibodies have been found to be effective in animal

models of CHIKV infection14,15. In rhesusmonkeys, administration

of monoclonal antibody (mAb), SVIR001 that mimics the human

anti-CHIKV mAb 4N12, resulted in rapid clearance of CHIKV infec-

tion15. A combination therapy with CTLA4-Ig (abatacept) and 4N12

antibody decreased the periarticular swelling and joint inflamma-

tion even after administration several days after infection16. Neu-

tralising antibodies could be used prophylactically for individuals

with high risk of infection such as pregnant women and persons

with underlying disabilities such as diabetes and cardiovascular

diseases.

Vaccines

At present there is no licensed vaccine for prevention of CHIKV

infections. Much research effort is being directed in the develop-

ment of an effective vaccine with studies ranging from the pre-

clinical stage through to phase 2 trials. A common approach to

developing vaccines is often through the use of an attenuated

variant of the virus. A phase 2 clinical trial utilising a live, attenuated

virus showed very promising results for short-term immunity with

98% of participants being immune after 28 days. However, this fell

to 85% at the one-year followup stage17. Side-effectswere reported

in a small percentage of patients, with some people reporting joint

pain for a short period of time.

Mutation of the nucleolar localisation sequence (NoLS) in the

N-terminal region of CHIKV capsid protein (C protein) is another

example demonstrating potential as a live attenuated vaccine

candidate. Mice infected with CHIKV-NoLS did not exhibit any

signs of disease, had reduced viremia and proinflammatory cyto-

kines when compared to wild type CHIKV. When the mice were

challenged with CHIKV-WT at 30 days post immunisation, no

disease signs and no detectable viremia were observed18.

Oneparticular concernwith theuseof live attenuated viral vaccines

is the potential of the virus to revert back to its native wild-type

phenotype through random mutation. The vaccine tested in the

phase 2 trial was attenuated due to two point mutations in the E2

glycoprotein region19. Such small changes in the viral genome,

although targeted, also make the possibility of reversion high. This

would not be a concern for the NoLS vaccine candidate because

a substantial number of changes have been made within C protein
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that affects a number of its functions. This thereby makes the

likelihood of reversion extremely low. Indeed, in vitro data shows

a high level of stability even after multiple passages.

Alternative attenuation strategies have also been examined for the

development of a CHIKV vaccine. Replacement of the subgenomic

promoter of CHIKV with the internal ribosome entry site of

encephalomyocarditis virus resulted in a highly attenuated,

immunogenic vaccine candidate with good efficacy in mouse

models. In addition, the virus was unable to replicate within

mosquito cells in vivo20. Deletion of a large segment of the nsP3

gene or the entire 6K gene and subsequent administration of

viral particles or infectious DNA genomes proved efficacious in

animal models21.

The external envelope proteins, E1 and E2, which form hetero-

dimers on the virion’s surface and are involved in CHIKV attach-

ment and entry are also prime targets for treatment strategies. In a

study involving both cell-based and murine models the N218 of

CHIKV E2 protein was found to be a potent neutralising epitope.

CHIKV attachment to cells was completely blocked when the IgM

3E7b antibody was used in a pre-binding neutralisation assay by

binding to the surface-accessible E2-N218 residue. Prophylactic

administration of 3E7b to neonate mice markedly reduced viremia

and protected against CHIKV pathogenesis in various tissues.

Given therapeutically at 4 h post-infection, 3E7b conferred a 100%

survival rate and similarly reduced CHIKV load in many tissues.

These findings demonstrate the importance of the E proteins in

the possible future development of an epitope-based vaccine22.

The use of virus-like particles (VLPs) is another strategy that has

managed to pass phase 1 clinical trials23. VLPs are multi-protein

structures that mimic native viral proteins often found on the

outside of the virus. However, they lack the viral genome and are

thus non-infectious and unable to replicate within the human

recipient. This approach holds the promise of potentially yielding

safer and cheaper vaccine candidates. In the phase 1 trial, neutralis-

ing antibodies were detected in all 25 adult volunteers after the

second vaccination. The antibodies remained detectable even

6 months after the third vaccination. The vaccination proved to

be safe andwell tolerated,without serious adverse reactions23. This

trial represents an important milestone in the development of a

vaccine to combat this pathogen, although further studies are

needed in larger and more diverse cohorts and a phase 2 trial has

been planned24.

Non-replicating viral vectors are another approach to developing

vaccine candidates for CHIKV. Modified Vaccinia Ankara (MVA) is

a highly attenuated, avirulent poxvirus vector engineered to be

unable to productively grow in human cells. MVA demonstrates

a high level of antigen gene expression, even in cells that are not

susceptible to infection. Investigations using MVA vaccines in

animal models, has proven that it is immunogenic and protective

against various infectious agents25. Several pre-clinical studies have

evaluated the efficacy of MVA expressing various CHIKV structural

proteins such as C, E3, E2, 6K, and E1, either alone or in combi-

nation. Positive results were obtained, with the candidates eliciting

neutralising antibodies in animal models and some providing

protection against challenge with CHIKV26,27.

Nucleic acid based vaccines have been tested as vaccine candidates

with varying success. Although proven to be safe in humans,

achieving long lasting immunity has proven challenging for DNA

vaccines, often requiring multiple doses. As a way to improve

immunogenicity, the use of DNA-launched alphavirus replicon

vectors shows promise. Replacement of the alphaviral structural

genes with the antigen gene of interest elicited strong immune

responses28. The use of this approach in combination with protein

antigen doses resulted in antigen-specific immune responses

against CHIKV, particularly when used in a prime-boost strategy29.

Many pre-clinical studies investigating vaccine candidates often

report efficacy in terms of neutralising antibodies; however, these

maynot be accepted as a correlateof protectionby some regulatory

agencies. The requirement of a Phase 3 trial for proof of vaccine

efficacy and licensuremeans that the time and cost of development

expand rapidly. This is compounded further by the fact that epi-

demics/outbreaks are sporadic and hard to predict. Significant

numbers of trial participants in endemic countries would also need

to be screened since a large proportion of people would have pre-

existingCHIKVantibodies. In the absenceof a Phase 3 trial itmaybe

possible to perform a comprehensive analysis of a vaccine using

animal models instead, e.g. macaques, to accelerate the vaccine to

market. Alternatively, a strictly controlled Phase 3 ‘challenge’ trial

model could be employed whereby vaccinated individuals are

challenged at a set time point post vaccination. This could be a

controversial approach but concerns could be allayed through the

use of viral strain in the challenge that is not linked to causing any

form of arthralgia.

CHIKV has amajor economic impact on affected nations. The huge

populations of India (1.3 billion) and South American countries

(400million) means well over a billion people are vulnerable to

future CHIKV outbreaks. Add to this the continuing changes

in global climates that could further expand the habitat of

A. albopictus across the globe. This createsopportunities for future

outbreaks to occur in countries not usually associated with

CHIKV. It is clear that development of new therapeutics and

solutions to regulatory challenges will depend on innovative think-

ing and collaborations between developers, laboratory personnel,

regulators, funders and governments.
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