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Introduction: Chikungunya is caused by an alpha virus transmitted to humans by an infected mosquito. Infection is generally 
considered to be self-limiting and non-critical. Chikungunya infection may be diagnosed by severe joint pain with fever, but it is 
difficult to diagnose because the symptoms of chikungunya are common to many pathogens, including dengue fever. Diagnosis mainly 
depends on viral culture, reverse transcriptase polymerase chain reaction (RT-PCR), and IgM ELISA. Early and accurate diagnosis of 
the virus can be achieved by the application of PCR methods, but the high cost and the need for a thermal cycler restrict the use of such 
methods. On the other hand, antibody-based IgM ELISA is considered to be inexpensive, but antibodies against chikungunya virus 
(CHIKV) only develop after 4 days of infection, so it has limited application in the earlier diagnosis of viral infection and the 
management of patients. Because of these challenges, a simple antigen-based sensitive, specific, and rapid detection method is required 
for the early and accurate clinical diagnosis of chikungunya.
Methods: The amino acid sequence of CHIKV ectodomain E1 and E2 proteins was analyzed using bioinformatics tools to determine 
the antigenic residues, particularly the B-cell epitopes and their characteristics. Recombinant E2-E1 CHIKV antigen was used for the 
development of polyclonal antibodies in hamsters and IgG was purified. Serological tests of 96 CHIKV patients were conducted by 
antigen-capture ELISA using primary antibodies raised against rCHIKV E2-E1 in hamsters and human anti-CHIKV antibodies.
Results: We observed high specificity and sensitivity, of 100% and 95.8%, respectively, and these values demonstrate the efficiency of 
the test as a clinical diagnostic tool. There was no cross-reactivity with samples taken from dengue patients.
Discussion: Our simple and sensitive sandwich ELISA for the early-phase detection of CHIKV infection may be used to improve the 
diagnosis of chikungunya.
Keywords: chikungunya, sandwich ELISA, recombinant E2-E1, B-cell epitopes, IgG, hamster antibodies

Introduction
Chikungunya fever is a mosquito-transmitted viral illness of humans that has been identified in various parts of Africa, 
Americas, the western Pacific, Southeast Asia, and India.1 It is an enveloped, plus-sense, single-stranded RNA virus, 
generally measuring 11.7 kb in length.2 CHIKV is a vector-borne virus belonging to the genus Alphavirus and family 
Togaviridae, consisting of 30 species which can be antigenically categorized into seven complexes based on the E1 and 
E2 enveloped glycoproteins. Of the two enveloped glycoproteins of alphavirus, E1 and E2, E1 protein accommodates 
highly conserved cross-reactive epitopes and E2 structural protein is the point of neutralizing epitopes. Genetic studies on 
the gene sequence of E1 have revealed that it has emerged as three different genotypes: Asian, East/Central/South 
African (ECSA), and West African strains.3–5 Chikungunya fever is mainly treated as self-limiting and non-lethal, but in 
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recent outbreaks hemorrhagic and neurological complications have been observed. The signs and symptoms of CHIKV 
overlap with dengue virus infection, suggesting the need for a differential laboratory diagnosis in India, where both 
viruses are endemic;6 it is difficult to diagnose CHIKV infection in the initial stages because of the resemblance of 
chikungunya fever to dengue fever. Despite knowing that the early diagnosis of chikungunya and dengue infections is 
important, in resource-limited set-ups, the sophisticated laboratory diagnostic assays needed to differentiate between 
CHIKV and dengue virus infections may be absent and/or costly, necessitating epidemiological, sign of illness, and 
symptom-based methods for diagnosis. Various approaches are used to test CHIKV infection, including reverse 
transcriptase polymerase chain reaction (RT-PCR),7–11 real-time RT-PCR,12–15 reverse transcriptase loop-mediated 
isothermal amplification (RT-LAMP),16 and enzyme-linked immunosorbent assay (ELISA) (IgM/IgG antibodies).17,18 

RT-PCR is often used to detect the viral genome, which is a gold standard for confirmed CHIKV infection;19 however, in 
resource-limited settings, PCR is often not easily available. One serologic testing method is the indirect fluorescent 
antibody (IFA) technique. Although IFA tests have good sensitivity and specificity for CHIKV, this method requires 
specific material that may not be available in diagnostic laboratories worldwide. Virus culture and isolation can be carried 
out for the actual diagnosis of CHIKV infection and/or to explain the immune response; however, these techniques are 
not broadly performed in medical clinics and hospitals since they require specific equipment and trained, skilled 
laboratory workers. The anti-CHIKV immunoglobulin M (IgM)-capture ELISA kit has been widely utilized to help in 
the clinical evaluation of patients with uncertain CHIKV infection.20 The majority of patient antibodies are detectable 3– 
5 days after the onset of illness, toward the end of the intense period of infection, which limits the sensitivity of IgM 
detection kits.21 Serology based on diagnosis is used to confirm the infection, but paired sera are required to prove the 
increase in the specific antibody titer in convalescent serum. Recombinant E1 and E2 protein-based ELISAs and immune 
chromatography assays (ICAs) exhibited sensitivities of 77.5% and 100% and specificities of 95% and 100%, 
respectively,22,23 but were not very successful. A monoclonal antibody identified in the serum of patients against the 
capsid protein of CHIKV was found to be IgM based.24 The detection of antibodies or viral antigen depends on various 
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techniques, including ELISA, immunofluorescence assay (IFA), and lateral flow immunochromatographic assay (LFCA), 
and an important factor in these diagnostic approaches is a robust and accurate reaction between the viral antigen and the 
antibody. Although various protein-based diagnostic tools are ready for use to detect CHIKV infection, recent CHIKV 
diagnostic techniques are limited by low sensitivity.25,26 As a result, we need more sensitive methods to improve the 
diagnosis of chikungunya. Consequently, the advancement of rapid and reliable unique antigen-based diagnostic research 
is of essential significance for clinical care (ie early diagnosis of severe infection, case validation, and differential 
diagnosis from other viral infections). As of 2016, in India (Delhi), early diagnosis has been prolonged, mainly because 
of the unavailability of correct diagnostics. Therefore, in this study we attempted to detect immunogenic features of the 
recombinant E2-E1 chimeric antigen and to establish a sandwich ELISA using anti-rE2-E1 hamster polyclonal antibody 
for the early detection of CHIKV infection.

A comprehensive immuno-informatics analysis of the B-cell epitopes of CHIKV E2 and E1 proteins was carried out to 
identify the high-scoring epitopes on the ectodomain region of E2 and E1 proteins. Ectodomain recombinant chimeric E2-E1 
protein was generated and hamster antibodies were developed and purified against recombinant E2-E1 chimeric antigen. 
Antigen-capture ELISA was performed in the serum samples of chikunguya patients using anti-rE2-E1 chimeric antigen anti- 
CHIKV hamster antibodies. The detection of CHIKV viral infection can be very efficient in the early as well as subclinical 
stages of the disease.

Methods
Study Samples
In total, 96 CHIKV-positive, 36 CHIKV-negative, and 22 dengue-positive serum samples were collected from the 
outpatient department of Dr. M.A. Ansari Health Centre, Jamia Millia Islamia, New Delhi, India, in 2016. Written 
informed consent was obtained from the enrolled patients before the sample collection. CHIKV positivity was confirmed 
by the CHIKV IgM rapid test and PCR for the E1 gene, and negativity for dengue by NS1 and PCR for the CprM region. 
Dengue-positive serum samples were confirmed by NS1 and PCR for the CprM region, and negativity for CHIKV was 
confirmed by the IgM rapid test and PCR for the E1 gene. The circulating strain of CHIKV in Delhi during 2016 was the 
ECSA genotype.

Chikungunya Viral Strain and Selection of Ectodomain Region of E2 and E1 Viral 
Protein
The currently circulating chikungunya E2 and E1 full-length gene sequences from India were obtained in FASTA format 
from the NCBI database. The accession number for the full genome sequence is KX619424. The sequence of E2 and E1 
was identified by an online tool of TMHMM server v.2.0 (http://www.cbs.dtu.dk/services/TMHMM/). The ectodomain 
region of the E2 and E1 proteins of CHIKV was identified and chosen for antigenic study. The number of epitopes and 
their potential score in the ectodomain sequence of E2 and E1 proteins were also utilized for B-cell prediction, using an 
online prediction server. For sequence optimization and construct generation, the region of the ectodomain sequence with 
the greatest number of epitopes with a potential score was selected.

B-Cell Epitope Prediction of rE2-E1 Protein of Chikungunya Virus
B-cell epitope prediction methods from the Immune Epitope Database (IEDB) were applied to identify the location of 
linear B-cell epitopes in the rE2-E1 sequence. The essential criteria for predicting B-cell epitopes are antigenicity, 
hydrophilicity, flexibility, surface accessibility, and linear epitope predictions.27 To examine the antigenicity, surface 
accessibility, flexibility, hydrophilicity, and linear epitope predictions of the highest antigenic part of the sequence, we 
used the Kolaskar and Tongaonkar antigenicity scale,28 Karplus and Schulz flexibility prediction,29 Parker hydrophilicity 
predictor,30 and Emini surface accessibility prediction.31 Because many laboratory experiments have found that 
a protein’s antigenic component is located in the β-turn region, Chou and Fasman’s β-turn prediction technique32 was 
utilized to locate these regions in the sequence.
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Optimization and Custom Synthesis of rE2-E1 Genes
The rE2-E1 genes were commercially synthesized following a codon optimization process based on the prokaryotic host. 
The optimized genes were synthesized commercially by GenScript, USA, with BamHI and XhoI restriction sites to clone 
into the pET28a vector. The synthetic constructs were further confirmed by double digestion and colony PCR.33

Cloning of Designed Construct
The pET28a vector was used to clone the synthesized nucleic acid construct of rE2-E1. The E. coli DH5 strain was 
utilized for transformation and clone replication. The transformed colonies were identified by screening the colonies on 
Luria Bertani (LB) agar medium with a kanamycin concentration of 30 µg/mL.33

Expression and Purification of rE2-E1 Protein of Chikungunya Virus
For recombinant protein synthesis, the expression clone of rE2-E1 was transformed into E. coli BL21 (DE3) bacterial 
expression host cells. IPTG (isopropyl-D-thiogalactopyranoside) was added at a concentration of 0.5 mM and incubated 
for 4 hours at 37°C with shaking at 250 rpm to induce the expression of rE2-E1. The harvested induced bacterial culture 
was resuspended in a lysis buffer. His-tagged rE2-E1 was allowed to bind with Ni-NTA (Qiagen, Hilden, Germany) for 
1.5 hours at room temperature under slow shaking. The lysate–resin mixture was put onto a 20 mL purification column, 
which was then washed with a pH 6.5 urea buffer. Finally, urea buffer pH 4 was used to elute the protein content. 
Coomassie Blue-stained 12% SDS-PAGE was used to assess the quality and amount of isolated recombinant E2-E1 
protein.34,35

SDS–PAGE and Western Blotting
SDS–PAGE was carried out in denaturing conditions with 12% acrylamide gels. Protein samples were combined with 4× 
SDS loading buffer (1 M Tris–HCl, pH 6.8, 8% SDS, 0.4 M dithiothreitol, 40% glycerol, 0.8% bromophenol blue) and 
boiled for 10 minutes at 98°C before separating on 12% SDS–PAGE for Western blots. Nitrocellulose membranes were 
used to transfer the proteins (Whatman, Kent, UK). The membranes were incubated with an anti-6xHis tag mouse 
monoclonal antibody (Invitrogen, Carlsbad, CA, USA), followed by horseradish peroxidase (HRP)-conjugated 
AffiniPure goat anti-mouse IgG, after which they were blocked with 5% non-fat milk at room temperature for 30 
minutes (Beijing Dingguo, Beijing, China). The immunological response was then identified using luminol (5-amino- 
2,3-dihydrophthalazine-1,4-dione).36

Immunization and Production of Anti-rE2-E1 Antibody
Seven-to-eight-week-old golden Syrian hamsters were immunized subcutaneously with 100 g of pure rE2-E1 immunogen 
(antigen) in 100 mL of PBS mixed with an equivalent amount of Freund’s adjuvant (Beijing Dingguo). Three booster 
doses with rE2-E1 antigen and Freund’s incomplete adjuvant were administered at 10-day intervals. An ELISA was used 
to assess the antibody titer 10 days following each booster dose. When the titer value reached an adequate level, the 
hamsters were killed by administration of an analgesic and the total blood was collected. Ammonium sulfate precipitation 
and protein A affinity column chromatography were used to purify the anti-rE2-E1 antibody.

Western Blot Analysis
The rE2-E1 protein was electrophoretically transferred onto a nitrocellulose membrane after being resolved by SDS- 
PAGE.10 The membrane was blocked overnight with 5% BSA before being incubated overnight at 4°C with a 1:2000 
dilution of rE2-E1 hamster polyclonal antibody. The membrane was thoroughly washed in TBS containing 0.05% 
Tween-20 before being incubated for 1 hour at room temperature with HRP-conjugated goat anti-mouse IgG antibodies 
(Genei, Bangalore, India) at a 1:10,000 dilution. After that, the blot was stained for 2–5 minutes with a precipitated 
3,3′,5,5′-tetramethylbenzidine solution containing H2O2 (Genei, Bangalore). The membrane was thoroughly rinsed with 
distilled water after immunostaining, and the response pattern was promptly recorded.37
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Purification of Anti-CHIKV Human IgG and Anti-rE2-E1 Hamster IgG Antibody
Anti-CHIKV IgG and anti-rE2-E1 hamster IgG polyclonal antibody was collected from the serum of chikungunya 
patients and from immunized hamsters, respectively, with a high antibody titer as measured by an indirect ELISA. After 
being precipitated with 40% ammonium sulfate, serum was dialyzed against 0.01 M sodium phosphate pH 8.0. DEAE 
cellulose column chromatography was used to fractionate the dialyzed sera, and the protein was eluted with 0.01 
M sodium phosphate with increasing concentrations of NaCl (0.2–0.6 M NaCl).38

ELISA for Optimization of Anti-rE2-E1 Hamster IgG Antibody
The purified rE2-E1 protein was coated (0.25 μg/well) on a 96-microtiter ELISA plate (Nunc, Thermo Fisher Scientific) 
overnight at 4°C. The unbound protein was removed by washing the microtiter plate three times with PBS containing 0.05% 
Tween-20 (PBS-T), blocked with PBS (pH 7.4) containing 5% BSA overnight at 4°C, and washed once more with PBS-T. 
Purified anti-rE2-E1 hamster IgG antibody was diluted (1:10 to 100, 500, 1000, 2000, 5000, 10,000, 20,000, 50,000, 100,000, 
and 200,000-fold) and 100 μL of the diluted antibodies was allowed to interact with the coated rE2-E1 protein in the ELISA 
wells at 37°C for 3 hours. The wells were washed with PBS-T buffer three times. The microtiter plate was incubated for 30 
minutes at 37°C with 100 µL of 1:10,000 diluted anti-hamster HRP (Genei, Bangalore), followed by 2 minutes at room 
temperature with 100 µL of 3,3′,5,5′-tetramethylbenzidine (TMB). The reaction was terminated by adding 100 µL of 1 N 
H2SO4 to the solution. The optical density (OD) of the mixture was read at 450 nm.39

Development of Antigen-Capture ELISA
A 96-well microtiter plate was covered with a purified human anti-CHIKV IgG antibody in PBS buffer (1:2000- 
fold dilution) and incubated at 4°C overnight. The microtiter plate was washed three times with PBS-T, blocked 
with PBS (pH 7.4) containing 5% BSA overnight at 4°C, and washed once more with PBS-T. After that, 100 µL 
of the CHIKV-positive, CHIKV-negative, and dengue-positive serum sample was added and incubated for 2 hours 
at 37°C. The samples were washed and treated with 100 µL of a 1:2000 dilution of purified rE2-E1 hamster IgG 
antibody for 3 hours at 37°C. The microtiter plate was washed and incubated for 30 minutes at 37°C with 100 µL 
of 1:10,000 diluted anti-hamster HRP (Genei, Bangalore), followed by 2 minutes at room temperature with 100 
µL of TMB. The reaction was terminated by adding 100 µL of 1 N H2SO4 to the solution. The OD of the mixture 
was read at 450 nm.39

Statistical Analysis
Antigen-capture ELISA was used to test 96 CHIKV-positive, 36 CHIKV-negative, and 22 dengue-positive serum samples 
for CHIKV positivity, and the data were evaluated statistically using the t-test in GraphPad Prism software. The level of 
significance was determined at a 1% level.

Results
Evaluation of Ectodomain Amino Acid Sequence of E2 and E1
TMHMM server v.2.0 software was used to identify the E2 and E1 ectodomain sequences. Out of 423 amino acids, we 
found 350 amino acid sequences constituting the ectodomain part of CHIKV E2 protein (Figure 1A), whereas CHIKV E1 
ectodomain comprised 401 amino acids (Figure 1).

rE2-E1 Gene Sequence Alignment for Non-Optimized Genes (NOG) and 
Codon-Optimized Genes (COG) of CHIKV
In the bacterial host system, expressing viral membrane proteins is challenging. Most viral membrane proteins have been 
shown to be toxic to the bacterial expression system.40,41 The challenges associated with expression in frequently used 
bacterial expression strains under conventional culture conditions are exacerbated by leaky expression of toxic genes.40 

In addition, the unstable nature of inserts may have an impact on the expression levels of proteins. Limited expression in 
E. coli is possibly due to the distinction in heterologous gene expression. This is mainly due to their codon usage for 
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bacterial tRNA bias, high AT content, or RNA secondary structure. With these considerations, we attempted rE2-E1 
ectodomain gene optimization based on the bacterial cell strain (Figure 2). The gene was chemically produced after 
codon optimization, abiding by the codon preferences of E. coli as a primary host. Thus, the sequences for the 
ectodomain part of the rE2-E1 gene were optimized according to the prokaryotic expression host system, following 
a sequence optimization strategy to change substandard codon usage for bacterial tRNA preference, to enhance the 
secondary mRNA structure, and to delete the AT-rich region for the maximal expression of the proteins. Thus, the gene 
frame was changed under the same protein sequence for optimal expression. The optimized gene for ectodomain rE2-E1 
of the CHIKV sequence was synthesized by commercial means (GenScript, USA) and inserted in the pET28a vector. 
Clones were confirmed by the DNA sequencing method.

Figure 1 (A) Schematic representation of the creation of recombinant E2-E1 from full-length structural E2 and E1 genes. (B) Identification of ectodomain sequence of E2 (a) 
and E1 (b) by TMHMM server v.2.0 software.
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B-Cell Epitope Prediction
The optimized amino acid sequence of rE2-E1 was assessed for recognition of features such as antigenicity, accessibility, 
hydrophilicity, polarity, and flexibility. B-cell epitopes have various features that are essential for successful identification 
through B cells. These characteristics include antigenicity, surface accessibility, hydrophilicity, and β-turn prediction. The 
proteins of interest were scanned to recognize B-cell epitopes through several web-based designed tools accessible in the 
IEDB. After cross processing all the data derived from the previous B cell epitope prediction tools, the amino acids 
sequence of rE2-E1 was found to be the most suitable domain for inducing B cell response  (Figure 3). The 
physiochemical features and structural properties of the rE2-E1 protein assist the appearance of B-cell epitope in the 
recombinant E2-E1 antigen.

Cloning, Expression, and Purification of rE2-E1
Cloning was successfully performed into the pET28a vector with codon-optimized genes. For the transformation 
and propagation, E. coli strain DH5α was used, and the recombinant pET-28a vector harboring the E2-E1 protein 
gene was verified by restriction digestion methods. The transformation was done into E. coli strain BL21 (DE3) 
and the clone was confirmed through isolation of the plasmid and restriction digestion (Figure 4A). The E. coli 

Figure 2 Scheme of recombinant E2-E1 gene sequence alignment for non-optimized genes (NOG) and codon-optimized genes (COG) of CHIKV. Alignment of nucleotide 
sequence and amino acid sequence of the recombinant NOG E2-E1 gene (accession no. KX619424) and COG (accession no. MZ130655) of CHIKV.
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strain BL21 (DE3) was developed in LB medium with different concentrations of IPTG to obtain the optimum 
expression level of rE2-E1 protein at 37°C. A significant level of protein expression was achieved at 0.5 mM 
concentration with a molecular weight of approximately 51 kDa (rE2-E1) (Figure 4B, lane 3). Purification of rE2- 
E1 was carried out using an Ni-NTA affinity chromatograph, under denaturing conditions with increasing 
concentrations of imidazole, such as 50, 100, 200, and 300 mM. The results of SDS-PAGE demonstrate that 
the protein of interest, rE2-E1, was eluted in significant quantities at an imidazole concentration of 200 mM 
(Figure 4D, lane 4).

Western Blotting for Confirmation of Expression and Purification
The 51 kDa recombinant rE2-E1 protein was induced during the exponential phase growth by utilizing 0.5 mM 
IPTG for 5 hours at 37°C. A sharp condensed and clear band appeared after induction, which corresponded to 51 
kDa on SDS-PAGE, as shown in lane 3 of Figure 4B. After IPTG induction, the purified rE2-E1 protein showed 
a single clear band corresponding to 51 kDa without any impurities, as observed in lane 4 of Figure 4D. In order to 
validate that the 51 kDa band appearing on the SDS-PAGE gel was recombinant rE2-E1 protein, a Western blot was 
carried out utilizing the anti-His tag antibody. A 51 kDa band was detected that corresponded to the His tagged-rE2- 
E1 fusion protein (Figure 4E), signifying the successful cloning, expression, and purification of recombinant rE2-E1 
protein (Figure 4C and E).

Anti-rE2-E1 Hamster IgG Antibody Optimization
Antibodies produced against rE2-E1 antigen from the sera of hamster blood were purified using affinity column chromato-
graphy. SDS-PAGE was performed for the analysis of the purified IgG, and a prominent band appeared on the gel 
corresponding to the expected protein. The optimum concentration of purified hamster IgG antibody produced against rE2- 
E1 was determined by indirect ELISA utilizing recombinant rE2-E1 antigen (0.25 μg/well) and serially diluted purified IgG 

Figure 3 Appraisal of the features of rE2-E1 epitopes. (A) Antigenicity: Kolaskar and Tongaonkar antigenicity prediction. Sequence position and antigenic propensity are 
shown on the x-axis and y-axis, respectively, and the threshold value is 1.0. (B) Surface accessibility: Emini surface accessibility prediction. The sequence position and surface 
probability are shown on the x- and y-axis, respectively, and the threshold value is 1.0. (C) Hydrophilicity: Parker hydrophilicity prediction. The position and score are shown 
on the x- and y-axis, respectively, and the threshold value is 2.0. (D) Chou and Fasman β-turn prediction. The position and score are shown on the x- and y-axis, respectively, 
and the threshold value is 1.0. (E) Karplus and Schulz flexibility prediction. The position and score are shown on the x- and y-axis, respectively, and the threshold value is 1.0. 
(F) BepiPred linear epitope prediction: position and score are shown on the x- and y-axis, respectively, and the threshold value is 0.5.
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antibody (1:100 to 1:20,000) (Figure 5A). The findings of the assay showed that the ideal concentration of the IgG antibody is 
1:2000 dilution. So, 1:2000-fold IgG antibody dilution was utilized for further studies.

Determination of Antigen-Capture Sandwich ELISA in CHIKV-Infected Patient Serum 
Samples
Antigen (rE2-E1)-capture or sandwich ELISA was developed utilizing anti-rE2-E1 hamster antibody for the early diagnosis of 
chikungunya. For the evaluation in this study, 96 CHIKV-positive serum samples were used, 36 serum samples were collected 
from healthy donors as negative controls, and 22 dengue-positive serum samples were used to check the cross-reactivity. 
Assays were performed in triplicate on each individual sample, and the average of the three assays was calculated. The mean 
absorbance values, in terms of the OD of the CHIKV-positive and CHIKV-negative serum samples, were found to be 0.713 
and 0.128, respectively (Figure 5B). On the basis of these OD values and by the application of ROC curve analysis, the cut-off 
value was calculated and was found to be 0.275. A total of 92 out of 96 serum samples of CHIKV patients were found to be 
positive when incubated with anti-rE2-E1 hamster antibody. All of the control serum samples from the healthy donors were 
found to be negative with respect to the OD cut-off value. Among negative and positive serum samples, the OD value was 

Figure 4 (A) Agarose gel analysis showing isolated plasmid. Lane 1 represents pET28a insert with E2-E1 from transformed BL21; lane 2 represents restriction digestion of 
E2-E1 with BamHI and HindIII, respectively. (B) Analysis of SDS-PAGE showing expression of recombinant E2-E1 protein (51 kDa) of CHIKV induced by IPTG at 37°C. 
Lanes 1, 2, 3, and 4 represent the vector without insert, molecular weight marker (kDa), pellet induced with 0.5 mM IPTG, and uninduced bacterial pellet, respectively. (C) 
Western blot hybridization was performed using anti-His tag antibody to confirm the recombinant E2-E1 protein expression after induction with 0.5 mM IPTG at 37°C. Lane 
1 represents expressed rE2-E1 protein (51 kDa); lane 2 indicates molecular weight marker. (D) SDS-PAGE gel image representing the elution profile of Ni-NTA column 
chromatography. Lanes 1, 2, 3, 4, and 5 indicate molecular weight marker, and elution with 100, 150, 300, and 500 mM imidazole, respectively. (E) Western blot profile of 
purified rE2-E1. Lane 1 represents molecular weight marker; lane 2 represents purified rE2-E1 of molecular mass ~51 kDa.
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found to be significant at the 1% level. The sensitivity of anti-rE2-E1 hamster antibody for capturing CHIKV and/or antigen 
was 95.8%, and the specificity was found to be 100% when utilized with normal control samples from the healthy donors.

Discussion
At present, clinical diagnosis is difficult during the early phase of CHIKV infection, as the clinical symptoms are similar 
among the mosquito-transmitted viruses.42,43 Thus, molecular diagnostic methods are important to accurately diagnose 

Figure 5 (A) Optimization of anti-rE2-E1 hamster antibody concentration utilizing indirect ELISA. Serial dilution of anti-rCHIKV E2-E1 hamster antibody (1:2000, 1:4000, 
1:6000, 1:8000, 1:10,000, 1:12,000, 1:14,000, 1:16,000, 1:18,000, and 1:20,000) was applied for the detection of viral antigens (CHIKV). (B) Assessment of sandwich ELISA 
utilizing anti-CHIKV human antibody and anti-rCHIKV E2-E1 hamster antibody. In total, 96 CHIKV-positive serum samples, 36 CHIKV-negative serum samples, and 22 
dengue-positive serum samples were evaluated. The absorbance was determined at 450 nm.
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the infection, as CHIKV belongs to the genus Alphavirus of the Togaviridae family, while dengue virus, along with 
Japanese encephalitis virus and zika virus, belongs to the genus Flavivirus of the Flaviviridae family.44–46 Clinically, 
CHIKV and dengue virus both induce febrile illness, but dengue virus infection has a worse prognosis. Infection 
outbreaks caused by chikungunya and dengue viruses often take place in the same geographical region and with the 
same vectors, the majority of which are Aedes aegypti. As a result, laboratory confirmation of CHIKV and dengue virus 
infection is required to initiate control measures in the event of an epidemic or endemic outbreak. In India, the CHIKV 
epidemic affected approximately 1.3 million individuals in 13 states,47 prompting public health and administrative 
officials to be concerned about how to handle the issue.48 Owing to the lack of antiviral treatments and vaccines for 
CHIKV, a specific detection method is urgently required. Several methods for detecting chikungunya and dengue viruses 
have been described, including immunofluorescence technology, plaque assay, viral isolation, and multiplex RT-PCR;49 

however, the difficulty of carrying out these procedures has led to the use of more practical methods, such as ELISA and 
RT-PCR.50 For CHIKV detection, the RT-PCR test is extremely specific and sensitive, but the chemicals and equipment 
are too expensive for general use.51 The use of antigen ELISA and lateral flow tests has been reported for the detection of 
CHIKV E1 and E2 antigens,52 but these methods have several limitations. The detection of serum IgM in CHIKV- 
infected patients is a valuable diagnostic tool since it may be identified as soon as 5–7 days after onset of fever and lasts 
for many weeks.53 Previously, the entire virus was employed as an antigen to detect IgM in the patient’s serum; however, 
it can present a biohazard danger. Live virus culture requires a BSL3 laboratory and high levels of competence. As 
a result, rather than using the entire live virus for CHIKV diagnostics, recombinant DNA technology is now utilized to 
generate a particular protein. Given the lack of an antigen detection method for CHIKV and the impediments of 
commercially accessible antibody detection techniques, the antibody sandwich ELISA test described in this research 
offers a wide range of applications in clinical CHIKV diagnosis. The CHIKV spike is mainly made up of triplets of 
enveloped glycoproteins E2 and E1, which wrap the viral surface as membrane-embedded types. The spike proteins of 
the virus help the virus adhere to the surface of host cells and enter the cytoplasm of the host cells. During viral infection, 
E1 glycoprotein is a type II fusion protein, which helps in membrane fusion, and E2 is a type I enveloped glycoprotein, 
which has been linked to receptor binding throughout the CHIKV life cycle.54,55

B-cell epitopes are protein antigenic areas identified by immunoglobulin molecule binding sites. The B-cell epitopes 
discovered in CHIKV E1 and E2 antigens may offer clues to the immunological response in CHIKV infection, since epitopes 
are the target of pathogenesis, and the goals of diagnostics and vaccine development. Although epitopes may be classified as 
conformational or linear, B-cell epitopes are mostly linear, which could be useful for the creation of vaccines and the diagnosis 
of CHIKV infection.56 The assessment data show that the prominent B-cell epitopes found in the rE1 and rE2 ectodomain coat 
proteins cover all important characteristics, such as antigenicity, hydrophilicity, polarity, flexibility, surface accessibility, and 
the presence of fewer α-helices and maximum β-turn areas. The anti-chimeric E2-E1 antibody offers adequate capacity to 
detect a particular antigen on the basis of similarity seen among the locations of antigenic regions and the peptide sequence of 
epitopes of a recombinant antigen. The current findings show that the recombinant antigen produced from the B-cell epitope 
ectodomain E1 and E2 (chimeric E2-E1) gene of CHIKV is useful in a bacterial system. The E1 and E2 coat proteins of 
CHIKVs may be used to detect antigen and antibodies, and the current findings highlight the specificity of the epitope 
ectodomain coat protein produced via recombinant technology. The immunogenic ability of anti-chimeric rE2-E1 hamster 
antibody against recombinant antigen has clearly shown its selectivity for trapping viral antigen. However, the usefulness of 
recombinant structural proteins (capsid, E1 and E2) as antigens for CHIKV serum-based diagnosis has been explored and 
several disadvantages have been found.22,57

CHIKV chimeric rE2-E1 envelope proteins were produced in an E. coli bacterial cell as CHIKV-specific testing 
agents in this study. CHIKV-positive and CHIKV-negative plasma samples were utilized to test the seroreactivity of 
CHIKV rE2-E1 envelope proteins, while anti-dengue virus plasma samples were utilized to test the cross-reactivity of 
rE2-E1 protein with dengue infection. When utilized with normal control samples from healthy people, the sensitivity of 
rE2-E1 antibodies for collecting antigen was 95.8%, while specificity was found to be 100%. Others have shown that the 
sensitivity of CHIKV rE2-E1 antibody for collecting antigen was greater than that of CHIKV E2 and E1.22,35 This 
disparity can be elucidated through the fact that the CHIKV E2-E1 recombinant antigen has more B-cell epitopes than 
the E2 and E1 proteins. Protein-based CHIKV diagnostic kits have been used and are based on several methods, 
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including ELISA, IFA, and ICA.25,58–61 Thus, the rE2-E1 IgG antibody generated by immunization with rE2-E1 antigen 
can be used in the direct IFA to detect viral antigen in the early phase of CHIKV infection.

In conclusion, the data from serological testing from the rE2-E1 antigen utilizing anti-rE2-E1 antibody reported in the 
research offer a wide range of applications in clinical diagnosis and treatment planning for CHIKV. The method will become 
an attractive, promising and inexpensive test for the earlier diagnosis of CHIKV infection owing to the high rates of sensitivity 
and specificity found throughout the assessment. The findings of the ELISA employing polyclonal antibodies to the rCHIKV 
E2-E1 chimeric protein may be used to identify CHIKV infection in patients with chikungunya fever in the early stages of 
illness. Antigen-capture ELISA was shown to be negative for all of the healthy subjects, demonstrating its outstanding 
specificity. As our method offers several advantages over existing diagnostics used in resource-limited settings, it has the 
potential to transform disease management through enabling accessible evidence-based laboratory diagnosis.
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