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Abstract: In this paper, we report improved sensitivity of the lateral flow immunoassay (LFI) for 

diagnosis of chikungunya using highly luminescent Thioglycolic acid (TGA) capped CdTe quantum 

dots (QDs). The size of the CdTe QDs was controlled by varying the refluxing time during the chemical 

route synthesis. The systematically optimized TGA capped CdTe QDs were conjugated with the anti-

chikungunya virus (CHIKV) antibodies and were utilized to fabricate the LFIs. These LFIs were tested 

using different concentrations of the recombinant protein of CHIKV, and the quantified results were 

compared with those obtained by colloidal gold-based LFIs. It has been shown that the LFIs based on 

TGA capped CdTe QDs show significantly higher sensitivity to chikungunya detection due to enhanced 

luminescence of the QDs at C and T lines of the LFI under UV illumination as compared to state of the 

art colloidal gold-based LFIs under normal light. 
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1. Introduction 

Fluorescence-based lateral flow immunoassay has been emerging as one of the vital 

tools for point-of-care diagnosis of diseases in recent years [1-3]. Particularly, in the case of 

highly infectious diseases, such lateral flow immunoassays could facilitate rapid screening of 

a large fraction of the population in order to evaluate the spread of the disease in the community 

[4]. These immunoassays rely upon luminescent receptors for the qualitative detection of 

various analytes using antibodies, bacteria antigens, various viruses, drugs, nucleic acids, and 

other biomarkers [5-7]. 

Conventionally, the bioreceptors are conjugated with the colored dye, colloidal gold, or 

latex particles in order to generate a visible indication when the specified analytes come in 

contact [8]. Although colloidal gold is state of the art as a labeling agent [9], there are a few 

inherent limitations such as binding ratio, availability of binding sites, and relatively poor 

visibility of bands on binding with the analytes. These issues affect the sensitivity of the tests 

and can be a matter of serious concern when the concentration of the analytes is low, causing 

false-negative outcomes of the tests. To enhance the sensitivity of LFIs, different 

molecules/tags such as fluorescent labels, colloidal carbon, silver nanoparticles, and 

semiconductor quantum dots (QDs) are being incorporated [10-12]. The semiconductor 

quantum dots, in particular, have shown a remarkable potential to overcome some of these 
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issues pertaining to the colloidal gold in the lateral flow immunoassays, owing to their high 

luminescence and tunability of emission wavelengths by means of controlling the size of the 

dots [13-16]. The water-soluble quantum dots also exhibit good stability and biocompatibility. 

These advantages make them attractive labeling agents in intracellular signaling, biosensor 

devices, cellular imaging, and cancer immunoassays [17-20]. 

A wide range of compound semiconductors exhibits such desirable optoelectronic 

properties. CdTe is one such chalcogenide semiconductor compound that exhibits strong 

photoluminescence (PL) [21]. Further, the PL emission spectrum of CdTe QDs can be tuned 

into the visible region by merely controlling the size of the particles [22]. Earlier, Lu et al. 

reported the use of CdTe QDs in LFI tests to detect Shiga toxin type II. They showed that the 

sensitivity of detection increases by five-fold for the LFIs based on CdTe QDs compared to 

those based on the colloidal gold nanoparticle [23]. However, there is limited literature on the 

applications of CdTe QDs in LFIs for the detection of different varieties of analytes. This is 

because the conjugation of different biomolecules on the CdTe QDs is challenging and requires 

careful optimization. For instance, there is no report of CdTe QDs based LFTs for diagnosing 

the chikungunya to the best of our knowledge. Here we report the optimization of CdTe QDs 

for its application in the LFI test device to diagnose chikungunya infections. 

The early reports of Chikungunya fever as an epidemic date back to 1952-53 in East 

Africa. The chikungunya virus is characterized by an enveloped, positive single-stranded RNA. 

It belongs to the genus alphavirus in the Togaviridae family [24,25]. Infected individuals show 

symptoms usually 4-6 days after exposure to the virus. The symptoms mostly include fever and 

joint pains. In addition, swelling of joints, headache, nausea, and fatigue may also be 

experienced. 

Chikungunya is presently a disease re-emerging in India and the Indian sub-continent 

[26,27]. The first reported case of chikungunya in India dates back to 1963. Between 1963 to 

1975, quite a few scattered clusters of infections in specific regions were reported. However, 

there was no report of the chikungunya virus (CHIKV) infection for almost three decades until 

it reappeared in 2005 in a sudden outbreak [28,29]. Since then, periodic outbreaks have kept 

occurring in different parts of the country, and the risk of heavy outbreaks cannot be ignored. 

A quick point of the care diagnosis of chikungunya in the form of LFIs for the qualitative and 

quantitative assessment of the presence of CHIKV could be very handy in such circumstances, 

where public surveillance is in place on relatively larger scales. The rapid LFI-based diagnosis 

could help the administrative authorities scan large fractions of the population in less time and 

make the policies accordingly to tackle the outbreaks. Particularly the quantitative diagnosis 

[30] through LFI-based technology could play an important role in determining the right 

approach to the treatment. 

Here, we report the preparation and analysis of the CdTe QDs for applying the lateral 

flow immunoassay technologies, in general, and the quantitative estimate of chikungunya virus 

through CdTe QDs based LFIs, in particular. The colloidal gold-based LFIs were compared 

with the CdTe QDs-based LFIs in terms of relative intensities of the test (T) and control (C) 

bands in the respective device using image processing. 
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2. Materials and Methods 

2.1. Materials. 

Cadmium chloride pentahydrate (CdCl2.5H2O) (98%), sodium borohydride (NaBH4) 

(≥98%), sodium citrate (99%) were obtained from SRL Chemical (India). N-

Hydroxysuccinimide (NHS), Tellurium metal powder (99.8%), and ethylene diamide 

aminopropyl carbodiimide hydrochloride (EDC) (98%) were purchased from Sigma Aldrich 

(India). Thioglycolic acid (TGA) (80%) and Bovine serum albumin (BSA) (≥98%) were 

acquired from Loba Chemie Pvt. Ltd. (India) and M P Biomedical (India), respectively. The 

nitrocellulose membrane was obtained from MDI Membrane (India). Colloidal gold-based test 

strips, Phosphate-buffered saline (PBS), anti-CHIKV-IgG antibodies, and recombinant protein 

of chikungunya were procured from IRIS Nanotech (India). All the reagents utilized in this 

work were of analytical reagent grade and were used without an extra purification procedure. 

Millipore water was utilized as a solvent in the experiment throughout the process. 

2.2. Preparation of TGA capped CdTe QDs. 

The CdTe QDs were prepared in two batches based on the TGA concentration. In the 

first batch (batch-A), 1.5 mM of cadmium chloride pentahydrate (CdCl2.5H2O) was dissolved 

in 100 mL of water. Afterward, 1.5 mM of TGA was added to the solution under vigorous 

stirring using a magnetic stirrer. The resultant semi-transparent solution was again made clear 

and transparent by adjusting the pH of the solution to 10.0 using 0.1 M NaOH solution. The 

subsequent solution was heated in the three-necked flask slowly until the liquid began to boil. 

This solution is labeled Sol-A. 

Further, 30 mg of NaBH4 was mixed with 0.6 mL of deionized water in another 

container, along with the instant addition of 20 mg of tellurium powder. Heating this solution 

at 50°C for 15 minutes resulted in the purple-colored solution of NaHTe. This solution was 

then transferred to the boiling Sol-A with vigorous stirring, and the mixture was then boiled 

for the refluxing to occur, causing the formation of CdTe quantum dots. During this process, a 

small portion of the solution was taken periodically at 20-minute intervals to investigate the 

effects of refluxing time on the size of quantum dots. Refluxing time is a very important 

parameter for optimizing the size and optical properties of QDs.  

These samples, collected periodically with increasing refluxing time, ended up having 

the TGA capped quantum dots of CdTe with different optical properties suspended in them and 

were labeled as A20, A40, A60, A80, A100, and A120, respectively, as shown in the inset 

image of Figure 1(a) (samples from left to right under UV illumination). The prepared samples 

of QDs were then stored at 2–8°C for further use. 

For the purification of these quantum dots samples, the sample and the methanol-water 

were taken in the ratio of 3:1 and were kept idle for 30 minutes to allow the precipitation. This 

purification process was carried out three times to remove excess TGA molecules from the 

system in the case of each sample. The precipitated pellets were then collected and suspended 

in a separate vial containing 10 mM phosphate buffer of pH 7.4. Finally, this solution was 

sonicated by probe sonicator for 30 minutes in an ice bath, and the resultant quantum dots were 

kept at 2°-8°C for further use in tagging antibodies. 
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2.3. Conjugation of QDs with chikungunya antibodies. 

In a container, 5.0 mg/mL anti-CHIKV-IgG antibodies were suspended in 10 mM of 

PBS buffer, and then 0.2 mg EDC was added. Subsequently, 0.6 mg of NHS was added to the 

solution. Afterward, 5 mL solution of the TGA capped CdTe QDs solution was added while 

stirring vigorously for 60 minutes and then kept at 2°–8°C for 24 hours incubation. Further, 

BSA was poured into the solution at the final concentration of 10 mg/mL and incubated for 60 

minutes to block the unoccupied sites to prevent non-specific interactions. The pellets were 

collected after centrifuging these samples at 12000g for 60 minutes and then suspended in 10.0 

mM phosphate buffer saline. 

2.4. Fabrication of lateral flow test device. 

The 2.0 mg/mL of chikungunya antibody was dispensed on the nitrocellulose 

membrane at 0.09 µL/mm accuracy and dried at 37°C for 120 minutes. Simultaneously, the 

conjugation pad is coated with conjugated chikungunya antibody-QDs solution with an 

accuracy of 1.4 µL/mm. The conjugation pad was then dried at 37°C for 30 minutes. This 

coated nitrocellulose membrane and conjugation pad were assembled, and strips were cut into 

lateral flow device format. 

3. Results and Discussion 

3.1. Analysis of TGA-capped CdTe QDs. 

The TGA capped CdTe QDs were characterized by absorbance (Thermo Scientific 

Evolution 201) and photoluminescence (PL) (Ocean Optics Modular Spectrometer, USB4000-

XR1-ES). The size of the quantum dots as a function of the refluxing time was calculated 

numerically from the measured wavelengths of PL peaks. The X-ray diffraction spectra were 

obtained using the Rigaku Miniflex system to characterize the crystallinity and the 

compositions of the films. 

The room temperature PL spectra of the TGA capped CdTe QDs, synthesized with 

different refluxing times at the periodic interval of 20 minutes, are measured with 450 nm 

excitation wavelength and shown in Figure 1(a). For the sake of comparative analysis, the PL 

intensity of all samples is normalized. The absorption spectra were also obtained for each of 

these samples from 350 nm to 750 nm wavelengths at room temperature, as shown in 

Figure 1(b). It is observed that the primary PL emission peak of each of the samples correlates 

very well with the sharp onsets of the absorption in the absorption spectrum of the 

corresponding sample. These observations agree well with the literature [31]. Figure 1(a) 

shows that the PL emission peaks are very strong and reasonably symmetric for all the samples. 

Such strong room-temperature PL emission with symmetric peaks confirms the first excitonic 

transitions in and is a signature PL feature of CdTe quantum dots [31,32]. 

Moreover, their symmetric Gaussian nature with a small full-width-half-maxima 

indicates that the size distribution of the suspended QDs in the solutions is quite narrow. Also, 

the PL peak exhibits an unambiguous red-shift from 540 nm to 620 nm as the refluxing time 

increases. The corresponding red-shift of the sharp onset of absorption with increasing 

refluxing time is also quite evident, as seen in Figure 1(b). The same can also be correlated 

with the color of these sample solutions under UV illumination, as shown in the inset image in 

Figure 1(a). 
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(a) 

 
(b) 

Figure 1. (a) Photoluminescence spectra and (b) absorption spectra of TGA capped CdTe QDs collected at the 

periodic time interval of 20 mins during refluxing. The Inset image shows the actual suspended QDs labeled as 

A20, A40, A60, A80, A100, and A120 from left to right. 

The red shift in the absorption onsets and PL emission peak with increasing refluxing 

time can be explained by the size-dependent confinement effect in the quantum dots. As the 

refluxing takes place at a boiling temperature in the mixture of the solutions, the particles of 

CdTe grow in size. Thus, the solution has larger quantum dots of TGA capped CdTe as the 

refluxing continues. These larger quantum dots exhibit a lower energy gap due to reduced 

confinement of the carriers and, subsequently, the red-shift in the PL and absorption spectra 

[32-34]. 

The average size of the TGA capped CdTe quantum dots were estimated from the shift 

in the PL emission peak by using the empirical equation as follows [35]. 

 

𝐷 = (9.8127 × 10−7)𝜆3 − (1.7147 × 10−3)𝜆2 + (1.0064)𝜆 − (194.84)     (1) 

 

Here, the D denotes the average size of the QDs in nm, whereas λ is the center 

wavelength of the PL peak due to the first excitonic emission. The average size of the QDs in 

each sample is, thus, determined using equation (1) for all the samples as a function of the 

refluxing time, as shown in Table 1. 

 

Table 1. Calculated diameter (D) of TGA capped CdTe QDs and center wavelength of corresponding PL peak 

as a function of the refluxing time. 

Sample Refluxing Time 

(mins) 

PL peak position (nm) D (nm) 

A1 20 540 3.1242 

A2 40 555 3.2934 

A4 60 580 3.5045 

A7 80 605 3.7064 

A8 100 610 3.7538 

A9 120 620 3.8614 

 

Correlating these data with that in Figure 1, it is clear that after the first 20 minutes of 

refluxing, the sample shows a  noticeable excitonic transition in the form of the PL emission at 

~ 540 nm, which corresponds to the average QD size to be 3.12 nm. As the refluxing continues, 

the QDs grow larger. This continues from green emission around 540 nm to bright red emission 

at ~ 620 nm as the average QDs size increases up to 3.86 nm and the quantum confinement 

weakens in 120 min of refluxing. It is evident that the average size of the CdTe QDs suspended 

in the samples increases quite linearly with the refluxing time, as seen in Figure 2. Thus, a 
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significant control can be achieved over the average size of CdTe QDs by merely controlling 

the refluxing time. 

 
Figure 2. The estimated average size of the TGA capped CdTe QDs as a function of the refluxing time. 

 
(a) 

 
(b) 

Figure 3. (a) XRD pattern and (b) Photoluminescence spectra of powder precipitated CdTe QDs. 

To confirm the crystallinity of the samples, we used the remaining solution after 120 

min of refluxing and evaporated the excess solvent to obtain the powder form of precipitated 

CdTe QDs. This powder was then subjected to the XRD and PL measurements. 

Figure 3(a) shows XRD patterns obtained from powdered precipitated fractions of 

CdTe QDs. It is evident from the XRD that the QDs belong to the cubic (zinc blende) structure 

with diffraction peaks at 24.4°, 39.5°, and 45.4°, corresponding to (111), (220), and (311) 

planes of the CdTe. This phase is a predominant phase in bulk CdTe and is widely reported in 

the literature [36]. However,  we also observed feeble peaks corresponding to the diffraction 

by cubic CdS phases. This can be attributed to the fact that the prolonged refluxing of the 

solutions of CdTe particles in the presence of TGA causes partial hydrolysis of the thiols in 

basic media, which consequently integrates sulfur from the thiol molecules into the growing 

CdTe particles [37]. The PL emission of the powder sample is shown in Figure 3(b). As seen 

from the figure, the PL peak position further shifts to ~ 640 nm in the process of evaporating 

the solvent. 

In this work, we intend to utilize the TGA capped CdTe QDs in the LFI to increase the 

sensitivity of detection of chikungunya infection. In this case, it is important that the emission 

wavelength of the luminescence by the labeling agent, that is CdTe QDs at the test and control 

lines of the immunoassay strip, remains as far in the visible spectrum from the blue region as 

possible when illuminated with the UV light. This is because the glass fiber of the LFI shows 

quite bright luminescence of light in the blue region when illuminated under the UV. Hence 
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the color of the test and control lines should have a reasonable contrast with this emission 

background. In view of this, we chose the sample A120, with TGA capped QDs of CdTe 

emitting 620 nm luminescence on excitation under UV light for further experimentations. 

These QDs were then used for the conjugation of the anti-CHIKV-IgG antibodies against 

chikungunya. 

3.2. LFI test and quantification. 

To carry out the quantification of the LFI diagnosis, three positive chikungunya samples 

were prepared using recombinant protein and were diluted in the PBS to achieve different 

concentrations. The chikungunya negative sample was also prepared as a reference and used 

in the test to investigate the false-positive results and cross-reactivity. Thus, four samples were 

prepared, viz. (I) Chikungunya negative (II) Chikungunya positive sample with a recombinant 

protein concentration of 1 ng/mL (III) 10 ng/mL and (IV) 100 ng/mL, and were used to test the 

sensitivities of colloidal gold LFIs as well as TGA coated CdTe QDs based LFIs fabricated in 

our lab. Each LFI was separately loaded with 10 µL of prepared samples (I to IV) in the sample 

well, followed by pouring 90 µL of washing buffer to start the diffusion of samples through 

the nitrocellulose membrane. The colloidal gold and TGA capped CdTe QDs based LFIs were 

observed under normal light and UV light, as shown in Figures 4 (a) & (b), respectively, in 

order to visualize the development of the C and T lines on the test strips. The images of the 

strips were recorded after 15 minutes. For diagnosing and quantifying the intensity of C & T 

lines on the test strips using image processing, a special code is written on the LabVIEW 

platform in-house at our lab. 

 
(a) 

 
(b) 

Figure 4. Images of LFIs loaded with the sample having known recombinant protein concentration labeled as (I) 

to (IV) on (a) colloidal gold-based LFI under normal white light and (b) TGA capped CdTe QDs based LFIs 

under UV illumination. 

The code uses a selected rectangular region of interest (ROI) that includes both C and 

T lines on the LFI test strips in order to quantify the intensities of red pixels on C and T lines 

for all the samples. Simpson’s 3/8 rule is used in the LabVIEW-based image processing code 

to acquire the pixel values for areas of the C and the T regions in order to determine the 

intensities of the C and the T lines. Subsequently, the ratio of the intensity of the T line to that 

of the C line was calculated for different recombinant protein concentrations in both types of 

the LFIs, that is, the colloidal gold and the TGA capped CdTe QDs. These intensity ratios were 

plotted against the known values of recombinant protein concentrations, as shown in Figures 5 

(a) and (b), respectively. 
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(a) 

 
(b) 

Figure 5. The ration of measure intensity of T line to the C line on (a) colloidal gold-based LFI under normal 

white light and (b) TGA capped CdTe QDs based LFIs under UV illumination. 

As evident from Figure 4, the T lines are visible under normal illumination for the 

samples with 100 ng/mL concentrations. However, the sample with a mild 10 ng/mL 

concentration shows a very weak test line coloration. On the other hand, the sample with a very 

low concentration of 1 ng/mL does not visually show any test line, as seen in Figure 4 (a)(II), 

and is likely to be read as false-negative on visual inspection. In contrast, the LFIs with TGA-

capped CdTe QDs show very distinct T lines under UV illumination even at such a low 

concentration of virus. There was no sign of any luminescence for the chikungunya negative 

sample, eliminating the possibility of false-positive in the samples used in this case. Thus, it is 

unambiguously shown that the LFIs based on the TGA capped CdTe QDs could be a crucial 

diagnostic tool for the patient at a very early stage of infections. 

4. Conclusions 

We have reported the synthesis of TGA-capped CdTe QDs using a chemical route. The 

CdTe quantum dots have been successfully conjugated with anti-CHIKV antibodies. These 

conjugated TGA-capped CdTe QDs have been utilized to fabricate LFIs and tested for their 

sensitivity at different concentrations of the recombinant protein of the chikungunya virus. 

These results were compared with the LFIs based on colloidal gold. It is shown that the LFIs 

based on TGA capped CdTe QDs exhibited remarkable enhancement in the luminescence 

intensities under UV illumination even at very low concentrations of chikungunya recombinant 

protein. Thus, the sensitivity of chikungunya diagnosis is significantly high in the case of the 

LFIs based on TGA-capped CdTe QDs compared to those based on colloidal gold. It is also 

shown that the increased sensitivity of chikungunya diagnosis due to enhanced luminescence 

of TGA capped CdTe QDs can reduce the chances of false-negative results even at a very low 

level of viral load and thus facilitate early diagnosis of chikungunya. 
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