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Abstract: A rapid, sensitive, and stable colorimetric sensor applied to gold nanoparticles (AuNPs) has 
been established. AuNPs were synthesized by o-hydroxybenzoic acid; then, the surface was modified 
by N-ethyl-N’-(3-dimethyl aminopropyl) carbodiimide hydrochloride (EDC)/N-
Hydroxysuccinimide (EDC/NHS) and bioconjugated with SARS-CoV-2 (SC-2) antibody (AuNPs-
mAb). O-hydroxybenzoic acid consists of a carboxyl group and thus can reduce one step of the 
reaction in bioconjugation with SC-2 antibody. AuNPs-mAb were proven to detect the SC-2 antigen, 
as indicated by the decrease in UV-Vis absorbance and a visible color difference from purplish-red to 
colorless AuNPs. The detection limit (LoD) and quantification limit (LoQ) were 16.03 and 53.42 
ng/mL, respectively, with a linear concentration range of 75-250 ng/mL. SC-2 can be detected with 
the naked eye using AuNPs-mAb in less than 5-minute incubation time (rapid), and AuNPs-SC-2 are 
stable for four weeks at 4 °C. The comparative study for AuNPs-mAb performance to detect the SC-
2 antigen has been done with an enzyme-linked immunosorbent assay (ELISA). The data show that 
AuNPs have higher sensitivity than the conventional ELISA method in the same concentration range. 
Because the detection system based on AuNPs capped with o-hydroxybenzoic acid is rapid, stable, 
and practical, this method can be an alternative to early screening for COVID-19. 
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1. Introduction 

During the last three years, the epidemic of COVID-19 coming from SC-2 has attracted a big 
concern in the world (Ulyah et al., 2024; Sahlan et al., 2023; Ting et al., 2022; Yang et al., 2020; Zhu 
et al., 2020). Currently, molecular assays, i.e., real‐time Reverse‐Transcriptase Polymerase Chain 
Reaction (RT‐PCR), have been common to detect SC‐2. Hence, RT-PCR analysis has crucial 
disadvantages, such as the need for costly equipment, skilled technicians, longer analysis time, 
complicated procedures, and susceptibility to false-negative results (Ayankojo et al., 2022; Lischer 
et al., 2021; Raziq et al., 2021; Tang et al., 2020). ELISA (enzyme-linked immunosorbent assays) 
offers a shorter analysis time but remains unsuitable for diagnosing an early infection stage. The 
human body requires two weeks for the level of antibody production to increase after being 
exposed to symptoms of this virus (Rump et al., 2021). This period of time can be used for health 
screening. Later, a CT imaging test was reported. This method was found not proper due to the 
long analysis time, expensive, and susceptibility to false positives and negatives (Srivastava et al., 

2021).  Given these limitations, an accurate, sensitive, specific, reliable, and much more 
straightforward yet rapid method is demanded to detect SC-2. Biosensors are practical, rapid, and 
sensitive, requiring only a few samples (Srivastava et al., 2021). Several biosensors, i.e., colorimetric 
(Basso et al., 2018; Lee et al., 2017), scanometric (Yi et al., 2015), electrochemical (Cesewski and 
Johnson, 2020), and fluorometric (Guirgis et al., 2012), were studied to detect various human 
viruses. The colorimetric method is the most straightforward visual detection method of all the 
reported methods. This method does not require complicated equipment as the electrometric 
method. The method of colorimetric analysis using metal nanoparticles has been used to analyze 
diseases in the human body (Yadavalli and Shukla, 2017). Biosensors allow colorimetric diagnostic 
analysis more rapidly and are suitable for home use. 

Scientists have recently carried out the development of nanoparticle applications on a large scale 
(Adiwibowo et al., 2018). Among the most exciting applications of nanoparticles is the use of gold 
nanoparticles (AuNPs). Previous research has reported the success of AuNPs used in the medical 
world and biosensors (Funari et al., 2020). Various methods have also been reported to synthesize 
AuNPs, including chemical methods with the addition of stabilizers. Specifically, some advantages 
of colorimetric assays with gold nanoparticles (AuNPs) are that they are easy to synthesize, simple, 
practical, unique in terms of optical properties, and functional (Chang et al., 2019; Oliveira, et al., 
2019; Jazayeri et al., 2018). AuNPs have surface plasmon resonance (SPR) characteristics that allow 
biosensor analysis by the colorimetric method. The SPR of AuNPs appears at ~520 nm in the 
absorption spectra of visible light. Absorption at these wavelengths can produce a red or blue color 
shift depending on the size, shape, and distance between nanoparticles (Krajczewski et al., 2017). 
The decrease in distance triggers aggregation, which changes the nanoparticle's optical properties. 
Therefore, this results in a red color shift in the AuNPs plasmon band and the color degradation 
from red to purple (Jazayeri et al., 2016). 

There are several COVID-19 biosensing methods using AuNPs. The previous research (Ventura 
et al., 2020), a colorimetric method was employed to achieve sensitive detection of SC-2 using gold 
nanoparticles coupled with three different antibodies, i.e., spike, envelope, and membrane. The 
surface modification of AuNPs uses the photochemical immobilization technique (PIT) so that 
antibody activation occurs in just a few minutes. Those modified AuNPs develop excellent 
biosensing platforms because of their good biocompatibility, size-dependent optical property, and 
accessibility to modify the surface. A color shift of anti-spike antibody attached to AuNPs was 
detected with the bare eye. That method could detect antigen SC-2 even in the one ng/mL range at 
1000 virus particles/mL. This method uses sampling from the nose and throat, which is not 
convenient for several age groups. 

Similar research used polyethylene glycol (PEG) and EDC/NHS to modify the synthesized 
AuNPs with citrate (Pramanik et al., 2021). The direct detection was Surface-Enhanced Raman 
Spectroscopy (SERS). In the presence of SC-2 antigen, AuNPs aggregated and underwent a color 
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degradation from pink to blue, which allowed very rapid detection at a concentration of 1 ng/mL 
for COVID-19 antigen at 1000 virus particles/mL. (Karakuş et al., 2021) also modified AuNPs with 
antibodies to detect antigen (SC-2) by colorimetric in saliva and electrochemical methods. The 
difference is that AuNPs were synthesized with sodium citrate dihydrate, and EDC/NHS was used 
to alter the nanoparticle's surface to bind to antibodies. Before adding EDC/NHS, 11-
mercaptoundecanoid acid (MUA) was used to obtain a carboxyl group. The results showed that the 
LoD for the colorimetric and electrochemical methods were 48 ng/ml and one pg/ml, respectively 
(Karakuş et al., 2021). In that study, AuNPs were synthesized using sodium citrate, a weak reducing 
agent known to produce less-stable nanoparticles for a long time (Khalil et al., 2017; Zhao et al., 
2013). 

The weakness identified in the previous synthesis of AuNPs was the use of citrate, which led to 
low stability, lasting less than five months. However, research conducted by Andreani et al. (2019) 
offers a solution to overcome this problem. In their study, they successfully synthesized AuNPs 
using o-hydroxybenzoic acid, a benzoic derivative compound, as both a reducing and capping 
agent. The utilization of o-hydroxybenzoic acid resulted in AuNPs with significantly improved 
stability, lasting for more than five months. The hydroxyl group in hydroxybenzoic acid acted as a 
reducing agent, and the carboxyl group provided electrostatic repulsion to prevent the aggregation 
of AuNPs. The stable AuNPs made a colorimetric biosensor application easy (Andreani et al., 2019). 

This research aims to synthesize AuNPs from [AuCl4]- produced by PT. Aneka Tambang 
Indonesia, which is cheaper than commercially available [AuCl4]-. Then, o-hydroxybenzoic acid 
was used to reduce and stabilize AuNPs because it had been shown to increase their stability. The 
use of o-hydroxybenzoic acid modified with N-ethyl-N’-(3-dimethyl aminopropyl) carbodiimide 
hydrochloride (EDC)/N-Hydroxysuccinimide (NHS) can reduce 1 step reaction, namely adding a 
compound to get a carboxyl group, because o-hydroxybenzoic acid already has a carboxyl group 
on its surface. AuNPs modified with EDC/NHS were used for conjugation with the SC-2 antibody 
and then applied selectively for the detection of the SC-2 antigen. 

2. Methods 

2.1. Synthesis of AuNPs 
5 mL of the [AuCl4]- solution at pH 3 was added to 5 mL of o-hydroxy benzoic acid with a volume 

ratio of 1:1. The AuNPs were synthesized by adding 5 mL of [AuCl4]- 70 ppm and 0.01 M of 5 mL 
of o-hydroxybenzoic acid at pH 12 in a water bath at 98 °C for 20 minutes (Andreani et al., 2019).  

2.2. AuNPs Surface Modification 
The synthesized AuNPs were surface modified using EDC/NHS with an EDC/NHS 

concentration ratio of 2:1, 0.02 g of EDC was dissolved in 1 mL of PBS, and 0.05 g was dissolved in 
1 mL of PBS. 10 µL of EDC, and 100 µL of NHS with a concentration ratio of 2:1 was added to 1 mL 
of synthesized AuNPs. The mixture was stirred at ambient temperature for about 30 minutes to 
produce the AuNPs-EDC/NHS samples. 

2.3. Synthesis of AuNPs with SC-2 Antibodies (AuNPs-mAb) 
The preparation of AuNPs-mAb samples was carried out by mixing SC-2 antibodies with the 

synthesized AuNPs. 50 µL of SC-2 200 ng/mL antibody was added to 1 mL of AuNPs-EDC/NHS, 
then incubated at 37oC for 1 hour and stirred at 200 rpm. The residue was washed twice with PBS 
(10 mM) at pH 7.4 (containing Tween-20 0.2 mg/mL), and the supernatant was discarded. Last, the 
AuNPs-mAb conjugate was resuspended in PBS (1 mL). For further experiments, the AuNPs-mAb 
was stored at 4oC. 

2.4. Detection of SC-2 Antigen 
The SC-2 antigen was prepared in various concentrations of 75, 100, 150, 200, and 250 ng/mL-1 

in PBS. A total volume of 100 µL of each variation of SC-2 antigen was coated onto the well plate, 
and 100 µL of AuNPs-mAb was added, followed by incubation and shaking at ambient 
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temperature. The incubation time varied from 0 to 60 minutes at ambient temperature. The 
absorbance analysis was carried out with a well-plate reader in a spectrophotometer with scanning 
at a wavelength of 300-800 nm. The calibration curve was created by plotting the absorbance values 
at 544 nm versus the concentration of SC-2 antigen with three repetitions. The equations below were 
used to calculate the limit of detection (LoD) (see equation 1) and limit of quantification (LoQ) (see 
equation 2):  

                                                               𝐿𝑜𝐷 = 3 × 
𝑆𝐷

𝑠
  (1) 

 𝐿𝑜𝐷 = 10 × 
𝑆𝐷

𝑠
 (Guy, 2014)   (2) 

where SD is standard deviation, and s is slope of calibration curve. 

2.5.  Comparison with The ELISA Method 
The ELISA method was carried out according to the standard ELISA protocol (Cornuault and 

Knox, 2014). In this immunoassay protocol, the coating of the well plate (Corning Costar 96-well 
flat bottom) was performed using 100 µL of SC-2 antigen in PBS per well at 4 °C overnight. After 
coating, the plate was washed three times using PBS 0.1 % (v/v) and Tween-20, and the plate was 
blocked using 200 µL of BSA for 1 hour per well at ambient temperature. Subsequently, the well 
plate was incubated with 100 µL per well of 200 ng/mL antibody SC-2 for 1 hour at ambient 
temperature. Then, the plate was washed three times using PBS 0.1 % (v/v) and Tween-20, and 100 
µL per well of secondary HRP-labeled antibody in PBS was added and allowed to incubate for 1 
hour at ambient temperature. The well plates were washed three times using PBS 0.1 % (v/v) 
Tween-20. A total volume of 100 µL of TMB was added, and the enzymatic reaction was stopped 
by adding 50 µl of 2 N of sulphuric acid in each well. The absorbance analysis was carried out with 
a spectrophotometer scanning at 300-800 nm wavelengths. 

3. Results and Discussion 

3.1.  Synthesis of AuNPs  
In this research, AuNPs were formed due to the reduced of Au3+ into Au0 by o-hydroxy benzoic 

acid. This compound had lone pair electrons from the hydroxyl group, which were moved to Au3+ 
to form Au0. This reduction resulted in size-controlled AuNPs. The aromatic group of o-
hydroxybenzoic acid located on the surface of AuNPs was used as a capping agent. The capping 
agent provided electrostatic repulsion, which repelled AuNPs and precluded them from 
aggregating. In previous studies, pH, concentration ratio, and reaction time were optimized to 
obtain AuNPs (Andreani, et al., 2019). The purplish-red AuNPs were observed at 540 nm on the 
UV-Vis spectrum due to the surface plasmon resonance (SPR) characteristic, with a narrow spectral 
bandwidth indicating the mono-dispersity of the AuNPs, as depicted in Figure 1.  The TEM (inset 
in Figure 1) and FESEM (Figure S1a) images show unaggregated spherical particles ranging from 
50-56 nm, corresponding to the PSA particle size of 51.2 nm. The surface composition of AuNPs 
based on the EDX results (Figure S1b) confirmed the presence of a strong signal of elemental gold 
of 45 wt%. AuNPs displayed an optical absorption band peak at about two keV. EDX revealed the 
presence of other compositions, such as carbon at 40.5 wt% and oxygen of 14.5 wt% corresponding 
to the capping agent. 
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Figure 1 Spectra of UV-Vis and TEM images (inset) of AuNPs. 
 

3.2.  AuNPs Surface Modification  
AuNPs synthesized with o-hydroxybenzoic acid were covalently bound to the SC-2 antibody 

directly on the surface via a crosslinker, i.e., EDC/NHS. To activate the ester of the NHS group, 
adding a compound with a carboxyl group, such as 11-mercaptoundecanoic acid (MUA), was 
necessary (Kamra et al., 2016). However, a compound having a carboxyl group was not added to 
this work. Besides acting as a reducing agent and stabilizer for AuNPs, o-hydroxybenzoic acid also 
provided a carboxyl group for the surface modification of AuNPs. These steps reduced one step of 
the reaction in covalent immobilization. After modifying AuNPs with EDC/NHS, they changed 
the carboxyl group on the AuNPs surface into an ester of NHS, later bound to antibodies. Figure 2 
shows an absorption peak at 1778 cm-1, which was shown as C=O NHS ester bound to the AuNPs 
surface. Absorption peaks at 1221 cm-1 and 1108 cm-1 were attributed to the C-O and N-O amine of 
EDC/NHS, respectively, indicating that the succinimidyl ester of NHS had covalent interaction 

with the group of carboxyl on the AuNPs surface (Widyasari et al., 2022). When the primary amine 
group in the SC-2 antibody reacted with the NHS ester, an amide bond was formed at an absorption 
peak of 1485 cm-1 (Figure S2 and Scheme 1-SI). 

                

Figure 2 (a) Spectra UV-Vis of AuNPs, after modification with EDC/NHS, and AuNPs-mAb. TEM 
morphology of AuNPs-mAb at a scale bar of 100 nm as inset picture. (b) Spectra UV-Vis of AuNPs-
mAb (black line) along with a purplish-red tube and AuNPs-mAb after being added with 250 
ng/mL of SC-2 antigen (red line), colorless tube. The inset shows the TEM morphology of AuNPs-
mAb after incubation for 10 minutes with the SC-2 antigen at the scale bar of 50 nm. 
 

Figure 2a shows the spectrum of UV-Vis from modified AuNPs before and after immobilization 
with EDC/NHS and antibodies. The absorbance of AuNPs was observed at 0.55 with an SPR 

(a)              (b) 
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wavelength of 540 nm. When EDC/NHS (AuNPs-EDC/NHS) was added, the absorbance 
decreased to 0.51, and the wavelength shifted to 543 nm. When AuNPs bound to antibodies 
(AuNPs-mAb), the absorbance decreased to 0.48, and the wavelength shifted to 544 nm. The slight 
change and shift of the absorbance of AuNPs after functionalization with EDC/NHS mean that the 
addition of the EDC/NHS crosslinker can maintain the optical properties of the AuNPs (Widyasari 
et al., 2022). The red shift of AuNPs’ wavelength after immobilization with the antibody of ~4 nm 
indicates a size difference in the nanoparticles. The optical properties of nanoparticles will change 
when the distance declines, producing a red color in the band of AuNPs plasmon. The AuNPs-
mAb, when stored in PBS-Tween 20 at four °C, remained stable for four weeks until being used for 
the detection of the SC-2 antigen. 

The images of TEM (inset in Figure 2a) and FESEM (Figure S3a) show the AuNPs-mAb 
morphology. The distance among particles decreased while the AuNPs' size remained 52-58 nm. 
The decrease in the distance between nanoparticles analyzed by PSA was translated as nanoparticle 
aggregation. The particle size of 52.2 nm was in line with the TEM and FESEM results. The EDX 
results (Figure S3b) confirmed the presence of a strong signal of Au corresponding to AuNPs (53.3 
wt%). There were other compositions, such as carbon (30.3 wt%), oxygen (9.3 wt%), and nitrogen 
(7.1 wt%), belonging to the capping agent and antibody. From the absorbance, micrographs, and 
PSA results, the AuNPs-mAb was then used to detect SC-2 antigen. 

3.3.  Detection of SC-2 Antigen Based on SPR 
Figure 2b shows the AuNPs-mAb spectra before and after spiking with 250 ng/mL SC-2 antigen 

(AuNPs-SC-2) analyzed using a well-plate reader in a spectrophotometer. AuNPs-mAb was added 
to the SC-2 antigen coated on the well plate, and a spectrophotometer was used to read the 
absorbance of the AuNPs. AuNPs-mAb measurements were carried out under optimum 
conditions. In the presence of the 250 ng/mL of SC-2 antigen, AuNPs-mAb were bound with the 
antigen, thereby providing a decreased peak absorbance of AuNPs and a difference in color visible 
to the bare eye. There was no shift in the SPR wavelength between AuNPs-mAb and AuNPs-SC-2. 
Only a decrease in absorbance occurred. The decreased peak intensity due to SC-2 antigen bound 
to AuNPs-mAb reduced the distance between particles and aggregation (Scheme 2- SI). These 
results are comparable to those found in previous studies (Karakuş et al., 2021). 

The characteristics of AuNPs-SC-2 were analyzed in TEM (inset on Figure 2b) and FESEM 
(Figure S4a). Those pictures showed that AuNPs formed aggregates after being added to SC-2 
antigen. The AuNPs-mAb were arranged specifically and led to networking on the surface of SC-2 
antigen, which made the distance between each AuNPs decrease and aggregation occur. So, the 
AuNPs-mAb caused the particle size to become more prominent. The PSA analysis showed that the 
size of AuNPs-SC-2 was 72,590 nm. The particle size increased after incubation with the antigen 
SC-2, indicating that the method could detect the SC-2 antigen. EDX (Figure S4b) confirmed the 
presence of strong signals of carbon (48.5 wt%) and oxygen (45.6 wt%). The percentage of carbon 
and oxygen increased with the addition of the SC-2 antigen. Au showed a decrease of 47.4-fold in 
percentage due to the abundance of SC-2 antigen on the surface of AuNPs-mAb. 

3.4.  Sensitivity, Limit of Detection, and Limit of Quantification 
Figure 3 describes the correlation of AuNPs-SC-2 antigen concentration versus absorbance. The 

concentration of the SC-2 antigen used in this study was in the linear region of 75 to 250 ng/mL at 
a wavelength of 544 nm and evaluated three times. The linear relationship had a correlation 
coefficient of 0.9946. It shows good linearity (Wulandari et al., 2024). The method's sensitivity refers 
to the calibration curve's slope (Forootan et al., 2017). The limit of detection (LoD) is the smallest 
amount of SC-2 antigen that can be detected with probability, although perhaps not precisely 
quantified. At the same time, the limit of quantification (LoQ) is the smallest amount of SC-2 antigen 
that could be determined with acceptable precision (Forootan et al., 2017). The calculation showed 
that LoD and LoQ exhibited 16.03 ng/mL and 53.42 ng/mL, respectively. 
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Figure 3 Calibration plot of absorbance of AuNPs-SC-2 antigen (544 nm) versus concentration of 
SC-2 antigen (ng/mL) 

 
3.5.  Stability of AuNPs-SC-2 Measurement 

The absorbance of the AuNPs-SC-2 antigen versus incubation time during detection is shown in 
Figure S5a. Measurements were done with a UV-Vis spectrophotometer, and the absorbance was 
observed at a wavelength of 544 nm. The absorbance from the various incubation time from 0 to 60 
minutes remained constant at around 0.08. Then, the absorbance of AuNPs-SC-2 decreased by 0.07 
compared to the control. It shows that AuNPs can directly detect SC-2 in less than 5 minutes (rapid). 
Several studies reported that the detection time with a similar method (colorimetry) for SC-2 took 
10 minutes (Moitra et al., 2020).  Even conventional methods, such as RT-PCR, took 45 minutes to 4 
hours to detect (Pokhrel et al., 2020; Santiago, 2020). In this research, AuNPs-mAb has the advantage 
of short detection time, which can be started in less than 5 minutes after adding SC-2.  

Figure S5b describes the AuNPs-mAb stability probe in measuring 250 ng/mL of the SC-2 
antigen from day 1 to week 4. Results described nearly the exact signal change after being stored at 
4 °C for four weeks, suggesting that the AuNPs-mAb probe showed good, relatively long-term 
stability. Table 1 SI compares the analytical performances of various SC-2 biosensors in the linear 
range and LoD. The electrochemical method shows better LoD than colorimetric detection; 
however, it lacks practicality as it requires an additional instrument. Yet, this colorimetry method 
shows better LoD than voltammetry. For initial detection, the colorimetric method produces LoD, 
which has good quality because it can detect samples on the ng/mL scale. Compared to the 
previous colorimetric method (Karakuş et al., 2021), this method has a better LoD and a short 
incubation time (less than 5 minutes) with the same probe stability of 4 weeks. 

3.6.  Comparison with Conventional Method (ELISA) 
Figure S6a shows the absorbance of the SC-2 antigen in this work (AuNPs) in comparison with 

the conventional method, enzyme-linked immunosorbent assay (ELISA). In this work, the SC-2 
antigen was coated onto a well plate, and AuNPs-mAb were added with a volume ratio of 1:1, then 
analyzed with an ELISA reader to read the absorbance produced at 544 nm. In conventional 
methods such as ELISA, several preparation steps are carried out as described, and then absorbance 
analysis is carried out with an ELISA reader at 454 nm. The AuNPs method requires a shorter 
preparation time when compared to the ELISA method. 

A comparison of the SC-2 antigen detection methods between AuNPs and the ELISA method 
was conducted within the concentration range of the linearity curve, spanning from 75-250 ng/ml 
(Figure 3). he data clearly demonstrates that AuNPs exhibited higher sensitivity than ELISA within 
the same concentration range. This can be observed from the higher absorbance values obtained 
using the AuNPs method compared to the ELISA method. In addition, a comparison of the 
incubation time between AuNPs and SC-2 was also carried out. Figure Sb shows that AuNPs and 
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ELISA had a relatively stable incubation time of 5-60 minutes. This means that AuNPs are superior 
in sensitivity and equal time in detection compared to the ELISA method. 

4. Conclusions 

  This research aims to determine the ability of AuNPs as a colorimetric sensor to detect SC-2. SC-
2 antibody immobilization on the AuNPs surface was carried out with the EDC/NHS crosslinker. 
Characterization using UV-Vis showed that after modification with EDC/NHS and SC-2 antibodies, 
the optical properties of AuNPs were still maintained. O-hydroxybenzoic acid consists of a carboxyl 
group and thus can reduce one-step reaction in bioconjugation with SC-2 antibody. FESEM and 
TEM characterization results showed that surface-modified AuNPs (AuNPs-mAb) reduced the 
distance between particles, but the size of AuNPs-mAb was still in the range of 52-58 nm. AuNPs-
mAb was used to detect SC-2 antigen and reduce the absorbance of AuNPs, and the color 
degradation occurred from purplish red to colorless. There was no shift in the SPR wavelength 
between AuNPs-mAb and AuNPs-SC-2, and only a decrease in absorbance occurred. LoD (16.03 
ng/mL) and LoQ (53.42 ng/mL) were calculated in the SC-2 antigen concentration range of 75-250 
ng/mL at a wavelength of 544 nm. This colorimetric sensor has the advantage of a short detection 
time, namely an incubation time of less than 5 minutes and stability of up to 4 weeks. With the 
advantages of short detection time, good stability, and sensitivity, this method promises to be an 
alternative for early screening of COVID-19. However, this research still needs to be improved for 
selectivity and determination of actual samples. 
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