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ABSTRACT: Chikungunya infection, caused by the flavivirus Chikungunya, 

spreads from one person to another by two species of Aedes mosquitoes, i.e., Aedes 

albopictus and A. aegypti. There is a rapid global emergence and resurgence of 

Chikungunya infections in India and the Indian Ocean Islands, making it a public 

health emergency around the globe. There are numerous strategies being adopted by 

this arbovirus to evade host immune defences, and as such specific preventive and 

therapeutic interventions to this fatal and incapacitating disease are still unavailable 

at large. Hence, under this grave global epidemiological scenario, the development 

of novel therapeutics against Chikungunya infections in humans is an absolute 

mandate now. Fortunately, in recent years, experimentations toward new approaches 

for the prevention and treatment of Chikungunya infections are already underway, 

with significant success being slowly achieved at the preliminary level of laboratory-

based pilot-studies. In this article, we review some of these important advancements 

achieved in the development of novel chemical therapeutics, immunotherapies, 

vaccines, and complementary & alternative medicines against Chikungunya virus 

infections that have shown much promise and can hopefully open untraversed 

avenues before pharmacists and other health care professionals in the treatment of 

Chikungunya. 

INTRODUCTION: Diseases caused by 

pathogenic viruses are not only fatal to humans but 

can be life-threatening under conditions of extreme 

immunosuppression, secondary pathogenic infec-

tions, improper or abruptly-truncated course of 

medication, poor sanitation, malnutrition, infancy 

and old age.  

QUICK RESPONSE CODE 

 

DOI: 
10.13040/IJPSR.0975-8232.11(12).6503-13 

This article can be accessed online on 
www.ijpsr.com 

DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.11(12).6503-13 

Flaviviruses, including Yellow fever virus, 

Chikungunya virus, Dengue virus, Japanese 

Encephalitis virus, Tick-borne Encephalitis virus, 

and West Nile virus, are some of the globally 

important viral pathogens of humans.  

Chikungunya is a severe febrile infection caused by 

the Chikungunya virus (CHIKV) which is an 

arthropod-borne virus (arbovirus) that circulates 

within a number of animals, including birds and 

rodents 
1
. CHIKV is a member of the genus 

Alphavirus in the family Togaviridae that is 

transmitted to humans primarily through the bite of 

infected mosquitoes 
2
. This arthritogenic virus 

usually spreads via two species of mosquitoes as 
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the vectors of the disease – Aedes albopictus and A. 

aegypti, and has created havoc in the tropical and 

subtropical regions of the world, particularly in 

Africa and Asia 
3
. The main symptoms of 

Chikungunya are an abrupt onset of fever with 

severe back and small joint pain that manifests two 

to twelve days after the initial exposure to the virus, 

and debilitating arthritis, called Post-Chikungunya 

Chronic Arthritis (PCCA), which is associated with 

crippling pains that persist for weeks and even 

years 
3
. Other symptoms include myocarditis, 

headache, pain in muscles, joint swelling, skin 

rashes and sleeping disturbances 
3
. Severe CHIKV 

infections involving the central nervous system 

(CNS) have been recently reported from neonates 

as well as from adults 
3
. Unfortunately, the 

pathophysiology of CHIKV infections and the 

immunopathologic basis for the severity of this 

disease are still obscure despite mammoth progress 

in medical science and research 
3
. For individuals 

with a weakened immune system, the fever may 

even lead to death 
3
. Diagnosis of chikungunya 

fever is usually done by either testing the patient’s 

blood sample for the virus's RNA, or for the 

detection of antibodies to the virus 
4
. 

Need for the Development of Novel Therapeutics 

against CHIKV Infections: Although many other 

alphaviruses have all been studied in detail, very 

less information is available regarding the life 

cycle, pathogenic behavior, and disease biology of 

CHIKV till date. Until recently, Chikungunya was 

a little known disease, the virus of which re-

emerged in 2005–2006, leading to major epidemics 

on the Indian Ocean Islands and in South-East 

Asia, and subsequently spreading itself to 

temperate regions, thereby drawing much attention 

of the scientific community due to its explosive 

onset, extensive geographic distribution and a large 

number of cases of morbidity 
5
.  

CHIKV has gradually gained great prominence as a 

global, re-emerging pathogen over the past two 

decades, progressing from sporadic, remote 

outbreaks to explosive epidemics worldwide, 

particularly in the African and Asian countries 
5
. 

CHIKV is also believed to have acquired 

biologically significant mutations over years of its 

evolution, widening its geographic reach and preys 
5
. Hence, over the past few years, there has been a 

multidisciplinary approach by scientists aimed at 

deciphering the clinical, physiopathological, 

immunological and virological features of CHIKV 

infections in humans 
5
.  

According to the recent World Health Organization 

(WHO) reports, CHIKV infection is now a public 

health emergency in more than 100 countries, and 

1.5 million people (over 38% of the world’s 

population) across the globe are at high risks for 

contracting the disease for which registered 

antivirals are still unavailable
 5

. As with most other 

mosquito-borne viral diseases, effective control of 

CHIKV infection depends on diminishing the 

mosquito populations and cutting off their every 

possible contact with man
5
. But with CHIKV, this 

approach has majorly failed in most of the locations 

targeted. Progressively increasing incidences of 

CHIKV infections globally, its co-infections with 

Zika/Dengue virus, and an overall failure in 

developing specific antiviral chemicals or effective 

vaccines against CHIKV have worsened the present 

situation manifold 
5
. Also, a large number of people 

reside in high risk-prone zones for CHIKV without 

any proper access to vaccination, and 

unfortunately, the number of such individuals is 

continuously increasing in huge numbers 
5
. The 

epidemiological situation is thus highly grave. 

Because of this fact, the CHIKV has adopted 

various strategies over the course of its evolution to 

overpower the host immune system.  

An important one of these viral defense strategies is 

stopping the virus-infected human cells from 

sending out chemotactic signals to activate the 

adaptive branch of their immune system 
6
. 

Consequently, CHIKV-mediated morbidity and 

mortality are on the cards now before us. This 

makes the search and development of novel 

therapeutics against CHIKV infections in humans 

an absolute need of the hour. 

Diagnosis of CHIKV Infections Prior to 

Therapy: Diagnosis of CHIKV viral infection 

includes isolation and propagation of the virus in 

cell culture, followed by identification of the viral 

RNA by the conventional reverse transcriptase 

(RT)-PCR or modern real-time PCR, and detection 

of antibodies (IgM/IgG) to the virus by 

immunoassays and immunofluorescence (IFA) 

studies 
7
.  
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The CHIKV isolation is performed from serum 

samples collected from the patient within the first 

7-8 days of illness
7
. Insect and mammalian cell 

lines like C636 and Vero respectively serve as 

important means for isolation and propagation of 

the virus in the laboratory 
7
. The cultured virus can 

then be confirmed by RT-PCR or immuno-

technique-based assays 
7
. Traditional RT-PCR and 

recently-developed real-time PCR assays have been 

used for this purpose, targeting the structural 

(envelope) and the non-structural genes of CHIKV 
7
. RT-PCR can be used for early identification of 

the CHIKV infection before the detection of the 

antibodies, i.e., within the first 7–10 days of 

infection 
7
. DNA sequencing, coupled with the RT-

PCR technique, can be used to identify the 

corresponding genotype 
7
. The modern real-time 

PCR technique is used to determine the viral load 

in the clinical samples as well as infected tissues 

from animals 
7
. A real-time RT-PCR has a 10-fold 

higher sensitivity than the conventional RT-PCR in 

this regard 
7
. The enzyme-linked immunosorbent 

assay (ELISA) for detection of anti-CHIKV IgM or 

IgG, and the indirect immunofluorescent assay 

(IFA) play a vital role in the detection of patient 

antibodies to the CHIKV 
8
. Selected flavonoids like 

baicalein, fisetin, and quercetagetin displayed 

potent inhibition of CHIKV infection interfering 

binding to Vero cells 
9
. Flavonoids also affect 

CHIKV RNA production and viral protein 

expression 
9
. The sensitivity and specificity of 

serological assays for detection of CHIKV are 

however, poorly established, as false-positive 

results occasionally arise due to possible cross-

reactivities with antibodies to Dengue or other 

arboviruses 
10

.  

Taken into account there are limitations with the 

detection of the CHIKV infection by IgM-capture 

ELISA, recently a study has been conducted that 

tried to improve the ELISA by developing antigen 

for the assay using Eilat virus instead of the 

CHIKV
10

. The antigen that was developed in that 

study does not require biosafety containment 

facilities and can be used for ELISA detection 

without inactivation
10

. However, it requires proper 

testing and correct evaluation before its successful 

implementation on clinical samples 
10

. 

Novel Strategies using Therapeutic Chemicals 

against CHIKV Infections: The absence of an 

effective and recommended antiviral therapy and a 

suitable vaccine makes dealing with chikungunya 

disease a great challenge before those involved in 

public health sectors. Although no scientifically-
proven antiviral treatment against CHIKV infections 
is currently available for in-vivo applications, 

clinical trials by scientists all over the world have 

shown several medications to be effective against 

CHIKV at least in-vitro 
11

.  

Recent breakthroughs in CHIKV-related research 

have made remarkable strides in the tough battle of 

the health community against this infectious 

disease. Recent reports are there of many promising 

chemicals against CHIKV, which need further 

clinical evaluation and increased availability before 

getting approved for therapeutic usage. Some of 

these chemicals with unique anti-CHIKV 

properties are discussed as follows: 

1. 6-azauridine: 6-azauridine is a synthetic triazine 

analogue (N-glycosyl-1,2,4-triazine) of uridine. It 

has a significant role to play as an anti-metabolite, 

an anti-neoplastic agent, and a drug metabolite. It 

was found to inhibit de novo pyrimidine synthesis 

and DNA synthesis in the virus, converting 

intracellularly into mono-, di-, and triphosphate 

derivatives, which incorporate into the viral mRNA 

in order to inhibit protein synthesis 
12

. This 

chemical inhibited CHIKV replication and was 

more effective against CHIKV as compared to the 

traditional antiviral ribavirin 
12

. Antiviral activity of 

6-azauridine was estimated by the reduction of the 

cytopathic effect (CPE) of each alphavirus on 

infected Vero cells and by a virus titer reduction 
12

. 

It has been found that 6-azauridine, IFN-α2b, 

glycyrrhizin, and ribavirin cause a concentration-

dependent reduction in the virus yield with CHIKV 
12

.  

2. IFN-α2b and ribavirin in combination: 
Interferon-α2b is produced by host leukocytes and 

is a member of the Interferon (IFN) family. IFN-α 

is mainly involved in host innate immune response 

against a wide variety of viral infections. It 

contains four highly conserved cysteine residues, 

which form two disulfide bonds, one of which is 

necessary for its biological activity. IFN-α2 has 

three acid-stable forms (a, b, and c). Ribavirin, also 

known as tribavirin, is a synthetic guanosine 

nucleoside and a potent antiviral agent widely used 

https://pubchem.ncbi.nlm.nih.gov/compound/triazine
https://pubchem.ncbi.nlm.nih.gov/compound/uridine
https://pubchem.ncbi.nlm.nih.gov/compound/pyrimidine
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to treat Rous Sarcoma Virus (RSV) infection, 

Hepatitis C infection, and some viral hemorrhagic 

fevers. It interferes with the synthesis of viral 

mRNA so that subsequently, no proteins are 

synthesized from them. A combination of IFN-α2b 

and ribavirin has a sub-synergistic antiviral effect 

on CHIKV, and should be evaluated even more for 

its potency to treat CHIKV infections 
12

. 

3. Lobaric Acid: CHIKV has a positive (+) strand 

RNA genome that requires a 5' cap to direct the 

translation of the viral polyprotein, and to prevent 

degradation of the viral RNA genome 
13

. Formation 

of this 5' RNA cap is mediated by the CHIKV 

protein nsP1 
13

. Viruses with altered or reduced 

nsP1 activity are unable to effectively replicate in 

the host cell, suggesting that nsP1 can be hailed as 

an effective target for anti-CHIKV drugs 
13

. 

Lobaric acid is a depsidone metabolite with 

antiviral and enzyme inhibitory activities that is 

derived from Stereocaulon lichen species. This 

naturally occurring carboxylic acid was found to 

inhibit CHIKV nsP1 GTP binding and guanylation, 

and attenuate viral growth in-vitro within both 24 h 

and 48 h post-infection periods in hamster BHK21 

and human Huh 7 cell lines 
13

. These observations 

however, necessitate further exploration of CHIKV 

nsP1 as a drug target by suitable clinical trials.  

4. [1,2,3] Triazolo[4,5-d]pyrimidin- 7(6H)- ones: 

The compound [1,2,3]Triazolo[4,5-d]pyrimidin-

7(6H)-ones are potent, selective inhibitors of 

CHIKV replication that has played a pivotal role in 

the inhibition of the in-vitro guanylyl-transfer 

activity of CHIKV nsP1, as determined by Western 

blot technique, using an anti-5' cap antibody 
14

. 

This compound has shown antiviral activity against 

different CHIKV isolates in very low concentration 

range (at the level down to μM), the data validated 

from both virus yield reduction and virus-induced 

cell-killing inhibition assays 
14

.  

5. Inhibitors of nsP2 protease: The CHIKV nsP2 

protease is one of the most vital components of 

viral replication that plays an important role in the 

cleavage of the polyprotein precursors needed for 

the viral replication process to initiate 
15

. Very 

recently, this protease is gaining importance as a 

potential drug target against CHIKV. Based on the 

recently determined crystal structure of the CHIKV 

nsP2 protease, multiple studies have been 

performed that have identified potential inhibitors 

of this alphavirus using structure-based approaches 

together with molecular docking, virtual screening, 

and molecular dynamics simulations 
15

. The results 

of these experiments have provided sufficient 

information that would help in the development of 

inhibitors for CHIKV. 

6. Suramin: Suramin contains six aromatic 

systems in the form of four benzene rings, 

sandwiched by a pair of naphthalene moieties, 

together with four amide functional groups (in 

addition to the urea) and six sulfonic acid groups. 

Suramin treatment reduces the viral burden in 

CHIKV-infected mice through alleviation of 

CHIKV-induced foot swelling 
16

. Suramin 

treatment not only substantially decreased viral 

loads, but it also significantly ameliorated acute 

foot lesions in mice 
16

. Additionally, Suramin 

treatment markedly restores cartilage integrity and 

reduces the number of IHC positive chondrocyte in 

mice infected with CHIKV strains 0810bTw and 

0706aTw 
16

. Suramin possibly interferes with 

(re)initiation of RNA synthesis, and also interferes 

with a post-attachment early step in infection, most 

possibly the entry of the virus into animal cells 
16

. 

Experiments that were designed to test the antiviral 

effect of suramin-containing liposomes also yielded 

promising results 
16

. 

7. Picolinic acid: It is known that protein-protein 

interactions (PPIs) of the transmembrane 

glycoprotein E2 with the hydrophobic pocket on 

the surface of capsid protein (CP) play a critical 

role in an alphavirus life cycle, including that of 

CHIKV 
17

. The binding of picolinic acid (PCA), a 

derivative of pyridine with a carboxylic acid 

substituent at the 2-position, to the conserved 

hydrophobic pocket of CP of CHIKV was analyzed 

by molecular docking, surface plasmon resonance, 

isothermal titration calorimetry, and fluorescence 

spectroscopic studies, and it was found to inhibit 

CHIKV replication in infected Vero cells by 

reducing viral mRNA and viral load as assessed by 

qRT-PCR and plaque reduction assay respectively 
17

. 

8. Arbidol: Arbidol (ARB/umifenovir) is a broad-

spectrum antiviral agent approved in some 

countries for prophylaxis and treatment of 

influenza. This compound has shown prominent 

https://www.sciencedirect.com/topics/medicine-and-dentistry/virogenesis
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activities against many RNA and DNA viruses, and 

the mode of action is based primarily on 

impairment of some critical steps in virus-host 

interactions. In vitro antiviral activity of arbidol has 

recently been reported against CHIKV 
18

. This 

compound inhibited CHIKV propagated into 

immortalized Vero cells and primary human 

fibroblasts (MRC-5 lung cells) at very low 

concentrations 
18

. Furthermore, characteristics of 

ARB-resistant mutants, including the mechanism of 

its resistance, are also being studied to understand 

the molecular basis of ARB activity 
18

. 

9. Abamectin and Ivermectin: Abamectin and 

Ivermectin are fermentation products generated by 
a soil-dwelling actinomycete Streptomyces avermitilis 
that are anti-CHIKV in their mode of action. These 

inhibited CHIKV replication in a dose-dependent 

manner 
19

. Abamectin and ivermectin reduced the 

synthesis of CHIKV genomic and antigenomic 

viral RNA, as well as downregulated viral protein 

expression much 
19

. Time of addition experiments 

also suggested that they inhibit the replication 

phase of the viral infectious cycle 
19

. 

10. Berberine: Berberine is a non-toxic, plant-

derived, isoquinoline alkaloid that can control 

CHIKV replication in a dose-dependent manner 

and has enough potential to be a promising antiviral 

chemical 
20

. Berberine was found to be highly 

effective in multiple cell types against a variety of 

CHIKV strains and also at a high multiplicity of 

infection (MOI), thus establishing the potential of 

berberine as an anti-CHIKV drug 
20

. A human 

phosphokinase assay revealed that CHIKV 

infection specifically activated the major mitogen-

activated protein kinase (MAPK) signaling 
pathways, extracellular signal-related kinase (ERK), 
p38, and c-Jun NH2-terminal kinase (JNK), which 

are crucial to the generation of progeny virions 
20

. 

Upon berberine treatment, this virus-induced 

MAPK activation was significantly reduced 
20

. The 

in-vivo efficacy of berberine was also determined 

in a mouse model, and a significant reduction of 

CHIKV-induced inflammatory disease was 

reported 
20

. 

11. Curcumin: Several compounds extracted from 

spices and herbs often show potential antiviral 

effects in-vitro. One of the most popular of these, 

curcumin, is a bright yellow chemical produced by 

turmeric (Curcuma longa) plants, a member of the 

ginger family, Zingiberaceae. Chemically, 

curcumin is a diarylheptanoid, belonging to the 

group of curcuminoids, which are natural phenols 

giving turmeric its bright yellow color. It is a 

tautomeric compound existing in keto form in 

water and enolic form in organic solvents. It is sold 

as a herbal supplement, cosmetics ingredient, food 

flavoring, and food coloring. This vital component 

of turmeric shows antiviral properties against 

several viruses, including Zika virus and CHIKV 
21

. Both viruses responded to treatment with up to 5 

μM curcumin, without impacting cellular viability 

much 
21

. It was observed that direct treatment with 

curcumin reduced infectivity of virus in a dose- and 

time-dependent manner for these enveloped viruses 
21

. Similarly, derivatives of curcumin also exhibited 

antiviral activity against such enveloped viruses 
21

. 

Further experimentations revealed that curcumin 

interfered with the binding of the CHIKV viruses to 

cells in a dose-dependent manner, maintaining the 

integrity of the viral RNA 
21

.  

12. Luteolin and Apigenin: Luteolin is a 

naturally-occurring flavonoid with significant anti-

inflammatory, anti-oxidant, apoptosis-inducing and 

chemopreventive properties. It is an anti-neoplastic 

agent that induces autophagy in leukaemia cells, 

and also has a role as a metabolite. Upon 

administration, luteolin scavenges free radicals, 

protects cells from reactive oxygen species (ROS)-

mediated damage, and induces direct cell cycle 

arrest and apoptosis in tumor cells. This inhibits 

tumor cell proliferation and suppresses metastasis. 

Apigenin, a conjugate acid of an apigenin-7-olate, 

on the other hand, is a trihydroxyflavone that is a 

flavone substituted by hydroxy groups at positions 

4', 5, and 7. Luteolin and apigenin-rich ethanolic 

fractions from Cynodon dactylon can also be 

utilized as a potential therapeutic agent against 

CHIKV infections 
22

. The ethanolic extract of C. 

dactylon was subjected to silica gel column 

chromatography to obtain anti-CHIKV fraction 
22

.  

Reverse phase-HPLC and GC-MS studies 

identified the major phytochemicals in the fraction 

as flavonoids, luteolin, and apigenin as major 

phytochemicals in the anti-CHIKV ethanolic 

fraction of C. dactylon 
22

. Cytotoxicity and the 

potential of the fraction against CHIKV were 

evaluated in-vitro using Vero cells 
22

. The fraction 

https://en.wikipedia.org/wiki/Herbal_supplement
https://en.wikipedia.org/wiki/Cosmetics
https://en.wikipedia.org/wiki/Food_coloring
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was found to exhibit potent (about 98%) viral 

inhibitory activity at very low concentrations, as 

observed by a reduction in CPE, and the cytotoxic 

concentration of the fraction was found to be 250 

µg/mL 
22

. Reduction in viral replication was 

assessed by reverse transcriptase-polymerase chain 

reaction (RT-PCR) after treating the viral infected 

Vero cells with the fraction, which showed that the 

reduction in viral mRNA synthesis in fraction-

treated infected cells was much greater than the 

viral infected control cells 
22

. 

13. Flavonoids: Flavonoids are a large group of 

hydroxylated phenolic (polyphenolic) compounds 

having a benzo-γ-pyrone structure and are synthe-

sized by the phenylpropanoid pathway present in 

the plant kingdom. Flavonoids are synthesized by 

plants in response to microbial infections. 

Generally, the secondary plant metabolites of 

phenolic nature, including flavonoids, are 

pharmacologically active. These are also promising 

antiviral therapeutics against CHIKV in-vitro 

replication. A study showed that three flavonoids - 

silymarin, quercetin, and kaempferol exhibit 

significant in-vitro antiviral activity against 

CHIKV using a CHIKV replicon cell line and a 

clinical isolate of CHIKV of Central/East African 

genotype 
23

. A CPE inhibition assay was performed 

to determine their inhibitory activities on CHIKV 

viral replication and a quantitative reverse 

transcription (RT)-PCR was used to determine 

virus yield 
23

. Antiviral activity of the compounds 

under study was further investigated by evaluation 

of CHIKV protein expression using Western 

Blotting for CHIKV nsP1, nsP3, and E2E1 proteins 
23

. Briefly, silymarin reduces CHIKV replication 

efficiency and down-regulates the production of 

viral proteins involved in replication 
23

. 

14. Niclosamide and Nitazoxanide: Niclosamide 

is an orally-bioavailable chlorinated salicylanilide 

with potential anti-neoplastic and anti-helminthic 

activity. Nitazoxanide is a broad-spectrum anti-

parasitic and antiviral drug that is used for the 

treatment of various helminthic, protozoal, and 

viral infections. In one study, a high-throughput 

screening (HTS) system based on CHIKV 26S 

mediated insect cell fusion inhibition assay was 

performed 
24

. These are found to exhibit anti-

CHIKV-induced CPE, which were further 

confirmed by RT-qPCR and IFA assays 
24

.  

Moreover, these compounds were observed to limit 

virus entry, inhibiting both viral release and their 

cell-to-cell transmission 
24

. This study proved that 

niclosamide and nitazoxanide could inhibit CHIV 

entry and transmission 
24

. 

15. Piperazine: Piperazine is a small, heterocyclic 

organic compound that consists of a six-membered 

ring with two nitrogen atoms at opposite positions 

in the ring. Piperazine is available as small alkaline 

deliquescent crystals with a saline taste. Molecular 

docking studies indicate that piperazine binds to the 

hydrophobic pocket of CHIKV capsid protein (CP) 

with high affinity and reduces CHIKV load in Vero 

cells as indicated by IFA and plaque reduction 

assay studies 
25

. This antiviral property of 

piperazine opens up avenues for further 

investigations towards the proper development of 

piperazine-based anti-CHIKV drugs. 

16. Ayurvedic Medicines: Ayurvedic medicine is 

one of the world's oldest holistic healing systems, 

which was developed more than 3,000 years ago in 

India, based on the belief that health and wellness 

depend on a delicate balance between the mind, 

body, and spirit of an individual. The botanical 

extracts of Tinospora cordifolia, Zingiber 

officinale, Emblica officinalis, and Boswellia 

serrata were evaluated in a randomized, double-

blind, parallel-efficacy, four-arm, multicentre 

equivalence drug trial of 24 weeks duration on 

eligible patients suffering from symptomatic knee 

osteoarthritis (OA) 
26

. It was observed that the 

mentioned ayurvedic formulations offer a good 

alternative to glucosamine and celecoxib in the 

treatment of symptomatic knee OA, which is a 

common symptom of CHIKV infections 
26

. 

Passive Immunotherapy for CHIKV Infections: 

Besides the use of new chemicals as anti-CHIKV 

therapeutics, fortunately enough, passive immuno-

therapy has proved to offer potential benefits in the 

treatment of CHIKV infections 
27

. Laboratory-

based studies on animals receiving passive 

immunotherapy against CHIKV have yielded 

promising results 
28

. A lipid-encapsulated mRNA 

encoding a potentially neutralizing human mono-

clonal antibody gives protection against CHIKV 

infections 
29

. Pre-clinical results showing that 

passive transfer of neutralizing antibodies can 

protect humans against CHIKV infections have 
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paved the pathway for translational clinical trials of 

mRNA-based passive immunotherapy against the 

same 
30

. Like, passive immunotherapy with CTLA 

4-immunoglobulin and an anti-CHIKV monoclonal 

antibody has been shown to control CHIKV-

induced arthritis 
31

. 

Besides, clinical studies using passive immuno-

therapy in those particularly vulnerable to severe 

CHIKV infections are currently in progress 
31

. Such 

passive immunotherapy involves the administration 

of anti-CHIKV hyperimmune human intravenous 

antibodies (immunoglobulins) to those exposed to a 

high risk of CHIKV infections 
31

. The rapid and 

sporadic nature of chikungunya outbreaks poses 

challenges for the planning of large clinical 

efficacy trials suggesting that licensure of 

chikungunya vaccines may utilize non-traditional 

approval pathways based on the identification of 

immunological endpoint(s) predictive of clinical 

benefit. This report reviews the current status of 

nonclinical and clinical testing and potential 

challenges for defining a suitable surrogate or 

correlate of protection. 

Vaccines against CHIKV Infections: Vaccines 

are the best strategy to prevent most vector-borne 

diseases. Ideally, vaccines for diseases in 

developing countries must combine the attributes of 

being cheap and of single-dose efficacy. At the 

same time, a quick and long-lived immune 

response with a minimum risk of post-vaccine 

complications should be achieved. Despite the fact 

that CHIKV resurgence is associated with 

epidemics of unprecedented magnitude and that 

over the past decade, a large number of candidate 

vaccines against CHIKV have been developed, 

including several of them that have now entered 

clinical trials, but as of 2017, no clinically-

approved vaccines to prevent the outbreak of 

CHIKV infections are available 
32

.  

Recently, a Phase-II vaccine trial used a live, 

attenuated CHIKV, with attenuation resulting from 

only two mutations in the viral E2 glycoprotein 
33

. 

The only CHIKV vaccine that has been tested in 

humans, namely the strain 181/clone25, is a live-

attenuated derivative of Southeast Asian human 

isolate strain AF15561 
33

. This vaccine was 

potentially immunogenic in Phase I and Phase II 

clinical trials, although it induced transient 

arthralgia as a post-vaccination side-effect in about 

8% of the vaccinees 
33

.  

This vaccine subsequently led to the development 

of resistance towards the virus in 98% of the 

vaccines tested after 28 days 
34

. 85% of the 

vaccinated individuals retained the resistance even 

after one year 
34

. In one study, the CHIK vaccine 

strain 181/clone25 (181/25) developed by the 

United States Army Medical Research Institute of 

Infectious Diseases (USAMRIID) was found to be 

well-tolerated and highly immunogenic in Phase-I 

and Phase-II clinical trials, although it induced 

transient arthralgia in some healthy adult volunteers 
35

. The scientists conducted their studies in 

interferon (IFN)-compromised AG129 mice 

(defective in IFN-α/β and IFN-γ receptor 

signaling), and also evaluated the immunogenic 

potential and protective capacity of CHIK 181/25 
35

. Infection of AG129 mice by CHIK 181/25 

resulted in rapid mortality within 3-4 days 
35

. In 

contrast, all infected A129 mice (defective in IFN-

α/β receptor signaling) survived with temporary 

morbidity characterized by ruffled appearance and 

body weight loss 
35

. Infection of A129 mice with 

CHIK 181/25 induced significant levels of IFN-γ 

and IL-12 while the inflammatory cytokines, 

TNFα, and IL-6 remained low 
35

. A129 

heterozygote mice that retain partial IFN-α/β 

receptor signaling activity remained healthy 
35

. A 

single administration of the CHIK 181/25 vaccine 

provided both short-term (38 days post-prime) and 

long-term protection (247 days post-prime) against 

challenge with wild-type (WT) CHIKV-La 

Reunion (CHIKV-LR) 
35

. This protection was at 

least partially mediated by neutralizing antibodies 
35

. Overall, these experimental results highlighted 

the importance of IFNs in controlling CHIK 181/25 

vaccine, and demonstrate the ability of this vaccine 

to elicit antibody responses that confer short-and 

long-term protection against WT CHIKV-LR 

infections 
35

.  

In another study, a Vero cell-adapted, purified, 

formalin-inactivated prototype whole virus vaccine 

candidate was prepared using a current Indian 

strain (the ECSA genotype) implicated with the 

explosive CHIK fever epidemic during 2006 
36

. 

The assessment of both humoral and cell-mediated 

immune responses in mice injected with this 

vaccine was accomplished through ELISA, plaque 
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reduction neutralization test (PRNT), micro-

cytotoxicity assay and cytokine production assay 
36

.  

All these experimental findings suggested that this 

formalin-inactivated CHIKV vaccine candidate 

reported in the study had the excellent 

immunogenic potential to neutralize the CHIKV 

infectivity by enhancing both humoral and cell-

mediated immune responses 
36

. Levitt and 

colleagues in 1986 developed the first live 

attenuated vaccine strain for CHIKV meant for 

human use 
37

. The vaccine (pilot-lot production) 

was able to replicate in both species of the vector 

A. aegepti and A. albopictus, and was able to elicit 

neutralizing antibodies to protect mice and rhesus 

monkeys against CHIKV challenge 
37

. This was 

proved by the absence of viremias in vaccinated 

monkeys 
37

. This vaccine was then produced and 

tested in accordance with government rules and 

regulations 
37

. Yeast-derived Chikungunya Virus-

Like Particles (CHIK-VLPs) have been expressed 

by Pichia pastoris, and evaluated for neutralizing 

activity against CHIKV 
38

. Neonatal mice receiving 

anti-CHIK-VLPs antibodies were protected from 

CHIKV challenge through induction of cellular 

immune response by higher levels of TNF-α and 

IL-10, and substantial levels of IL-2, IL-4, and 

IFN-γ 
38

. A rational attenuation mechanism was 

formulated that also prevents the infection of 

mosquito vectors by CHIKV 
38

. The internal 

ribosome entry site (IRES) from encephalo-

myocarditis virus was made to replace the 

subgenomic promoter in a cDNA CHIKV clone, 

hence changing the levels and host-specific 

mechanisms of gene expression of structural proteins 
38

. Studies in murine models indicated that the new 

vaccine was attenuated, but highly immunogenic 

even after a single administration 
38

.  

In another study, the immunogenicity profile and 

the efficacy of a novel, viral envelope-based 

synthetic anti-CHIKV DNA vaccine candidate 

based on the highly attenuated Poxvirus vector 
modified Vaccinia virus Ankara (MVA), expressing 
all the structural genes of CHIKV (capsid/C, E3, 

E2, 6K, and E1) and called MVA-CHIKV, was 

studied 
39

. It was found that MVA-CHIKV elicited 

robust innate immune responses in human 

macrophages and monocyte-derived dendritic cells, 

with the production of IFN-β, chemokines, and pro-

inflammatory cytokines 
39

. This potential vaccine 

candidate induced strong, broad, highly poly-

functional, and long-lasting humoral-(neutralizing 

antibodies against CHIKV), as well as cell-

mediated (CHIKV-specific CD8
+
 T cell responses)-

immune responses in rhesus macaques 
39

. 

Remarkably, a single dose of MVA-CHIKV gave 

protection in the experimental animals after a high-

dose challenge with CHIKV 
39

.  

All these results strongly support the potential 

application of MVA-CHIKV as a vaccine candidate 

against CHIKV. These new vaccination strategies 

that can reduce the toll of death and neurological 

sequelae resulting from infections with CHIKV, 

once validated by successful human trials, would 

hopefully open up novel avenues for the treatment 

and prevention of CHIKV infections in the future. 

However, there are some challenges before the 

development of anti-CHIKV vaccines. One of the 

biggest challenges is that numerous different virus 

strains are used in the different experiments, along 

with using different animal models, different routes 

of both vaccination and challenge, and different 

methods for evaluating the efficacy of the proposed 

vaccines. Another challenge is to develop vaccines 

for a wide range of users. As different approaches 

may be needed for separate groups, a single 

approach can be highly difficult to be screened out 

for a targeted application. 

Role of Homoeopathic Medicines in Alleviating 

the Pathogenicity and Symptoms of CHIKV 

Infections: Alternative and complementary 

medicines, including homeopathy, are used by 

many patients for the conventional treatment of 

diseases 
40

. Various attempts have been made to 

find out the prospects of homeopathic drugs to treat 

CHIKV disease-associated inflammations. 

Experiments have shown that some homeopathic 

medicines such as Bryonia alba (Bryonia), Rhus 

toxicodendron (Rhus tox), and Polyporus pinicola 

(Pine agaric) have inhibitory effects against 

CHIKV 
40

. Toxicodendron pubescens P. Mill 

(Anacardiaceae), known in homeopathy as Rhus 

toxicodendron (Rhus tox), is widely used as an 

anti-inflammatory homeopathic medicine 
40

. Rhus 

tox in homeopathic dilution appeared to interfere 

with inflammatory processes involving the 

physiologically-active mediators like histamine, 

prostaglandins, leukotrienes, and others 
40

.  
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Initial experimentations were carried out with 

different Rhus tox concentrations, of which one was 

found to significantly reduce carrageenan-induced 

paw oedema and vascular permeability in Wistar 

rats and mice, besides alleviating writhing induced 

by intraperitoneal acetic acid and gastric lesions 

induced by stress 
40

. These results were found to be 

similar to those obtained in another set of murine-

model-based experiments carried out using Rhus 

tox 200C (a homeopathic dilution) treatments on 

rats and studying the changes in their behavioral 

patterns 
41

.  

In another study, Rhus tox in both its crude form 

and homeopathic dilutions (6C, 30C, 200C) was 

assessed for reducing the symptoms of Complete 

Freund's Adjuvant (CFA)-induced arthritis in rats 
42

. The severity of arthritis in the animal models 

was followed through observation of changes in 

inflammatory lesions, body and organ weight, and 

hemato-immunological parameters, including C-

reactive protein (CRP) 
42

. It was found that Rhus 

tox offered protection to rats from CFA-induced 

inflammatory lesions, body, and organ weight 

changes, and hemato-immunological alterations 
42

. 

All the homeopathic dilutions of Rhus tox, as well 

as the crude form, showed anti-arthritic activity 
42

.  

This study thus supported claims in the 

homeopathic literature on the role of Rhus tox, and 

its ultra dilutions in the treatment of arthritis and 

associated pain. A study in Kerala, India, revealed 

that all the systems of medicine (allopathy, 

Ayurveda, homeopathy, or traditional) are equally 

important for the management of chikungunya 
43

. 

This study conducted on 1061 people living in 

different parts of Kerala, most affected by CHIKV 

epidemic, showed that the homeopathic medicine 

Eupatorium perfoliatum 200C helped prevent 

chikungunya in 82.19% of the cases 
43

. It was 

observed that Bryonia alba 30C as genus 

epidemicus was better than placebo in decreasing 

the incidence of CHIKV virus in Kerala 
43

. Nair et 

al., studied the effect of homeopathic therapy in 

126 patients, some with Chikungunya fever (CF) 

and some with Post-Chikungunya Chronic Arthritis 

(PCCA) in a primary health care setting named 

Delhi Government Homeopathic Dispensary, Aali 

Village, New Delhi, India 
44

. Complete recovery 

was observed in 84.5% CF cases in a mean time of 

6.8 days, whereas 90% cases of PCCA were found 

to recover completely in a mean time of 32.5 days 

post-treatment 
44

. Hence it was proposed that 

homeopathic therapy may prove to be highly 

effective in CF and PCCA 
44

.  

CONCLUSION: Because CHIKV infections were 

of a magnum magnitude and the CHIKV has left a 

devastating effect in the last decade, an appreciable 

effort has been devoted to assessing, designing, and 

developing products for both prophylaxis and 

treatment of the CHIKV infections. However, like 

most arthropod-borne viral outbreaks, as the 

pandemics subside, the drive to develop potential 

antivirals against CHIKV tends to fade over time. 

But owing to the fatal and enfeebling nature of the 

disease and an increasingly large number of 

individuals who are prone to contract CHIKV 

infections, assessment of novel therapeutics and 

vaccine development against CHIKV infections are 

immediately required and needed to be continued 

far. Although the challenges in developing a 

CHIKV vaccine are numerous, the science behind 

all of the approaches described in this article is 

fairly sound, and given the great transmissibility 

and virulence of CHIKV, the development of both 

vaccines and new therapeutics for distribution is an 

aim worth to achieve.  

Additional effort should be devoted in promoting 

confirmation to the basic guidelines and 

maintaining proper documentation regarding the 

prevention and treatment of CHIKV infections, 

which will definitely help to achieve the goal of 

curbing CHIKV and the associated disease. It is an 

absolute mandate now that we expand and extend 

our effort and promote this awareness to the very 

grass-root level, which will not only offer the 

health-care sector officials with new ideas in 

pharmaceutical technology directed against CHIKV 

infections but, in turn, will also help benefit our 

society and community as a whole. 
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