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A B S T R A C T   

The COVID-19 pandemic brings unprecedented crisis for public health and economics in the world. Detecting 
specific antibodies to SARS-CoV-2 is a powerful supplement for the diagnosis of COVID-19 and is important for 
epidemiological studies and vaccine validations. Herein, a rapid and quantitative detection method of anti-SARS- 
CoV-2 IgG antibody was built based on the optofluidic point-of-care testing fluorescence biosensor. Without 
complicated steps needed, the portable system is suitable for on-site sensitive determination of anti-SARS-CoV-2 
IgG antibody in serum. Under the optimal conditions, the whole detection procedure is about 25 min with a 
detection limit of 12.5 ng/mL that can well meet the diagnostic requirements. The method was not obviously 
affected by IgM and serum matrix and demonstrated to have good stability and reliability in real sample analysis. 
Compared to ELISA test results, the proposed method exhibits several advantages including wider measurement 
range and easier operation. The method provides a universal platform for rapid and quantitative analysis of other 
related biomarkers, which is of significance for the prevention and control of COVID-19 pandemic.   

1. Introduction 

As an astounding pandemic outbreak in the 21st century, the coro
navirus disease 2019 (COVID-19) has caused unprecedented public 
health crisis and social burden all over the world [1–3]. Rapid and ac
curate diagnostic solutions are particularly important for the prevention 
and control of the overall epidemic situation [4,5]. At present, the two 
main forces of diagnostic tests for the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) are nucleic acid detection and specific 
antibody detection [6,7]. Nucleic acid detection plays an irreplaceable 
role in the diagnosis of COVID-19, and the real-time reverse transcrip
tase polymerase chain reaction (RT-PCR) assay is regarded as the gold 
standard. The RT-PCR testing is an effective way for the identification of 
positive persons in the early stages and the large-scale population 
screening. However, PCR testing has several limitations, including 
expensive instrument, high false-negative rates, cumbersome operation, 
and technical personnel [6,8]. Besides, nucleic acid detection is difficult 
to be applied for the identification of disease stages, past infection, and 
immunity situation. 

Serological testing of the SARS-CoV-2 specific antibodies is a 
powerful supplement for the diagnosis of COVID-19 [9–11]. After 

SARS-CoV-2 infection, immunoglobulin M (IgM) and immunoglobulin G 
(IgG) is detectable at 3–6 days and 7–14 days, respectively. Therefore, 
antibody detection is not only useful for finding out the past infection 
and screening asymptomatic patients, but also for determining different 
infection stages [12,13]. Compared with nucleic acid detection, anti
body detection has higher sensitivity and specificity, shorter turnaround 
time, lower cost and technical requirement, lower risk of medical staff 
infection, and is more suitable for the on-site detection. Studies 
demonstrated that supplementing antibody detection could effectively 
improve accuracy of the diagnosis [14]. Currently, the serological 
testing methods of COVID-19 include lateral flow immunoassays (LFIA), 
chemiluminescence immunoassay (CLIA), and enzyme-linked immuno
sorbent assay (ELISA) [4,15,16]. LIFA is a cost-effective, fast and simple 
analytical technique that is quite suitable for pointing-of-care testing 
(POCT) diagnostics [17,18]. To improve the sensitivity of conventional 
LIFA, various nanomaterials have been employed as labels for COVID-19 
diagnosis [19,20]. Both CLIA and ELISA can be used for qualitative and 
quantitative serological testing. However, they have the disadvantages 
of time-consuming and complex detection operation. Thus, it is an ur
gent need to develop a simple, rapid, and accurate on-site detection 
method for the serological testing of SARS-CoV-2 specific antibodies. 
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Evanescent wave fiber optic biosensors have become powerful 
analytical tools in medical diagnosis, environmental monitoring, and 
food safety because of their high sensitivity and specificity, easy-to- 
operation, and potential for point-of-care testing [21–23]. Recently, an 
optofluidic pointing-of-care testing platform (OPOCT) was developed 
and the potential in medical testing has been demonstrated from the 
rapid detection of cholylglycine (CG) in serum [24]. However, the 
employed indirect competitive immunoassay mechanism is not suitable 
for the detection of large molecules such as antibodies. Herein, based on 
sandwich immunoassay principle, the rapid and sensitive on-site 
detection method of anti-SARS-CoV-2 IgG antibody in serum was built 
using the OPOCT. The receptor binding domain (RBD) of spike protein 
(S-protein) of SARS-CoV-2 was immobilized on the fiber biosensor to 
regarded as the capture probe, which had been widely applied in sero
logical detection of COVID-19 [12,25]. When the sample containing 
anti-SARS-CoV-2 IgG antibody was introduced over the fiber biosensor, 
some of them specially bound with the spike protein. The 
fluorescence-labeled secondary antibody of a certain concentration was 
added as the fluorescence signal reporter. The higher concentration of 
anti-SARS-CoV-2 IgG antibody allowed more of them and more 
fluorescence-labeled secondary antibody bound to the fiber biosensor 
surface, thus resulting in the higher fluorescence intensity. According to 
the linear relationship between anti-SARS-CoV-2 IgG antibody concen
tration and fluorescence intensity, the anti-SARS-CoV-2 IgG antibody in 
serum can be quantified in about 25 min with simple dilution. 

2. Materials and methods 

2.1. Materials 

The recombinant RBD, anti-SARS-CoV-2 S-protein IgG calibrator, 
anti-SARS-CoV-2 S-protein S IgM calibrator, Alexa Fluor 680 labeled 
goat anti-human IgG secondary antibody, MERS-CoV-2 antibody, HCoV- 
HKU1 CoV antibody were purchased from Beijing Biodragon Immuno
technologies CO., Ltd. (Beijing, China). The IgG consists of three human 
monoclonal antibodies that can specifically recognize SARS-CoV-2 spike 
protein, and the binding affinities (Kd) are 0.06 nM, 0.1 nM, 1.2 nM, 
respectively. Cardiac troponin I (cTnI) was purchased from Kitgen 
Biotechnology Co., Ltd (Zhejiang, China). Programmed cell death 1 
ligand 1 (PD-L1) was purchased from Cusabio Technology Co., Ltd 
(Wuhan, China). Bovine serum albumin (BSA), 3-mercaptopropyl-trime
thoxysilane (MTS), and N-(4-maleimidobutyryloxy) succinimide 
(GMBS) were purchased from Sigma-Aldrich (Steinheim, Germany). All 
other reagents, unless specified, were of analytical grade and supplied 
by the Beijing Chemical Agents (Beijing, China). The phosphate- 
buffered saline solution (10 mM PBS, containing 137 mM NaCl, 2.7 
mM KCl, 4.3 mM Na2HPO4, and 1.4 mM KH2PO4, pH = 7.4) and anti
body dilution buffer (0.1 % BSA in PBS) were prepared, respectively. 
The regeneration solution was 0.5 % sodium dodecyl sulfate (SDS, pH =
1.9). 

2.2. Preparation of fiber biosensor for detection of S-IgG 

To detect the S-IgG antibody, the functional fiber biosensor was 
prepared according to previous methods [26]. In brief, fiber optic with 
diameter of 600 μm and length of 5.5 cm (NA = 0.22) was used to 
prepare biosensor. To improve the excitation efficiency of evanescent 
wave and collection efficiency of fluorescence, the distal end of fiber 
optic was tapered through by HF acid tube-etching method to form a 
taper sensing region with length and diameter of 3.0 cm and 220 μm. 
The sensing region was initially immersed in piranha solution 
(H2SO4/H2O2 = 3:1) to activate the hydroxyl groups for 30 min. Then, 
the thiol groups were introduced onto the fiber biosensor surface by 
placed it in 2 % MTS solution (v/v in ethanol) for 2 h. After washed three 
times with ethanol and dried in N2, the fiber biosensor was immersed in 
GMBS solution for 1 h. Next, the fiber biosensor was placed in RBD 

solution (0.5 mg/mL) overnight in refrigerator (4 ◦C). During this pro
cess, the RBD was covalently linked to the biosensor surface. Finally, the 
fiber biosensor was placed in BSA solution (2 mg/mL) for 2 h to blocked 
up nonspecific adsorption sites. The as-prepared fiber biosensor was 
placed at 4 ◦C for use. 

2.3. Instrument: OPOCT 

A detailed description of the OPOCT can be found in our previous 
publications [26]. The platform is composed of four parts including 
optical module, fluidics module, electronic control module and data 
treatment module (Fig.S1). The system possesses some prominent 
characteristics including low cost, compact structure, high reliability 
and portability. 

2.4. Immunosensing mechanism of S-IgG 

Using OPOCT platform, the immunosensing mechanism for S-IgG 
based on sandwich assay was illustrated in Fig. 1a. The RBD function
alized fiber biosensor was placed in optofluidic cell. When the excitation 
light is introduced into the fiber biosensor, it transmits via total internal 
reflection (TIR) and the evanescent wave generates on the fiber 
biosensor surface, which has a limited penetrated depth (typically <
100 nm). First, the PBS solution was pumped over the biosensor surface, 
and the baseline signal (Ib) was recorded by the OPOCT (phase I in 
Fig. 1b). Second, samples containing various concentrations S-IgG were 
introduced into the optofluidic cell and incubated for a certain time 
(phase II in Fig. 1b). During this period, S-IgG specifically bound with 
RBD immobilized onto fiber optic surface. Third, the fiber biosensor was 
rinsed with PBS again to remove the excess S-IgG (phase III in Fig. 1b). 
Fourth, the fluorescently-labeled secondary antibodies were delivered 
into the cell and incubated for several minutes (phase IV in Fig. 1b). 
During this process, secondary antibodies bound with S-IgG on the 
biosensing surface, and the fluorescence was excited by evanescent 
wave generated on the fiber biosensor surface. Part of the fluorescence 
coupled back into the fiber biosensor and was real-time detected by the 
OPOCT. With increasing the S-IgG concentration, the more fluorescence 
labeled secondary antibodies bound on the fiber biosensor surface and 
the higher fluorescence intensity (If) was detected. The net fluorescence 
signal (Is) of sample was calculated according to Eq. (1)  

Is = If - Ib                                                                                      (1) 

The proportional relationship between Is and the S-IgG concentration 
in the samples was used for determination of dose-response curve. 
Finally, the fiber biosensor was regenerated with 0.5 % SDS solution 
(pH = 1.9) to remove the S-IgG and secondary antibodies. The signal 
trace returned to the baseline after washed with PBS solution, and the 
fiber biosensor could be used for next detection. 

2.5. Detection of IgG using OPOCT biosensor 

Under optimized conditions, a whole process of IgG detection was 
carried out as follows. First, the RBD modified biosensor was embedded 
into sample cell as biorecognition element. Then, sample (100 μL) 
containing various concentrations of IgG was introduced into sample 
cell and incubated for 7 min. During this period, IgG binds to the optical 
fiber surface through specific antigen-antibody reaction. After were 
rinsed to remove excess IgG with PBS buffer, 100 μL fluorescent labeled 
secondary antibody was introduced and reacted for 7 min. In this stage, 
secondary antibody bound with IgG and the fluorescence intensity was 
real time recorded. Finally, the biosensor surface was regenerated by 
SDS solution (0.5 %, pH = 1.9) for 5 min. After washing with PBS buffer, 
the biosensor can be reused for the next test. The typical signal traces 
were demonstrated in Fig. 1b, and the net fluorescence signal was 
calculated by subtracting baseline value. The higher concentration of 
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IgG in the sample resulted in higher fluorescence signal. Every con
centration of IgG was measured three times. To obtain dose-response 
relationship, a four-parameter logistic equation was employed to fit 
the signal plotted against the concentration of IgG. 

3. Results and discussion 

3.1. Feasibility of S-IgG detection using the OPOCT 

To evaluate the feasibility of IgG detection using the OPOCT 
biosensor, two control experiments were carried out. As can be seen 
from Fig. 2a, when 125 ng/mL S-IgG and fluorescence labeled secondary 
antibody was sequentially introduced into the biosensor, the 

Fig. 1. (A) Immunosensing mechanism of S-IgG detection using OPOCT platform; (b) Typical fluorescence signal trace for S-IgG detection.  

Fig. 2. (A)Typical curves for baseline, secondary antibody, 125 ng/mL IgG and secondary antibody using the proposed biosensor (b)Laser confocal microscope 
observation of original biosensor, secondary antibody, 125 ng/mL IgG and secondary antibody. 
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fluorescence intensity was by far higher than that of only fluorescence 
labeled secondary antibody. The measured fluorescence intensities were 
displayed as Fig.S2a. To further verify these results, the fiber biosensors 
were also characterized by the confocal microscope (Nikon A1, Japan, 
638 nm) (Fig. 2b). Results showed that no fluorescence was observed for 
the original biosensor modified with RBD (Left in Fig. 2b). When only 
secondary antibody was introduced over the fiber biosensor surface, a 
little fluorescence was observed due to non-specific adsorption (Middle 
in Fig. 2b). With 125 ng/mL IgG, a clear fluorescence image with high 
brightness was observed after the S-IgG and the fluorescence-labeled 
secondary antibody were sequentially incubated with biosensor (Right 
in Fig. 2b). The intensities of the confocal microscope images were 
consistent with the results of OPOCT sensor (Fig.S2b). All of these results 
confirmed that the S-IgG was successfully immobilized on the fiber 
biosensor surface, and the fluorescence signal detected by the OPOCT 
originated from the specific binding between RBD and S-IgG. Based on 
the sandwich immunoassay mechanism, the S-IgG could be quantita
tively detected by the OPOCT. 

3.2. Optimization of detection conditions 

To improve the detection performance of S-IgG, several detection 
conditions, including the incubation time between S-IgG antibodies and 
RBD, the reaction time between secondary antibodies and S-IgG, and the 
secondary antibodies concentration, were optimized. First, the effect of 
the incubation time between S-IgG antibodies and RBD was investi
gated. As shown in Fig. 3a, the fluorescence intensity increased over the 
incubation time when the incubation time was less than 9 min. This 
should contribute to the more S-IgG bound with RBD immobilized on the 
fiber biosensor, thus allowing the more fluorescence labeled secondary 
antibody to bind with S-IgG and the more fluorescence molecules to be 
excited. However, the longer incubation time did not further increase 
the fluorescence intensity. Next, the reaction time between secondary 
antibodies and S-IgG was optimized. Fig. 3b shown that the fluorescence 
intensity rapidly increased and gradually reached a plateau. To consider 
the fluorescence intensity and detection time, the incubation time of 
both secondary antibodies and S-IgG was chosen as 7 min. 

Finally, the optimization of secondary antibody concentration was 
performed, and 0.5, 1.0, and 2.0 μg/mL secondary antibody were tested 
(Fig. 3b). Results showed that higher concentration of secondary anti
bodies indeed improved the fluorescence signal of S-IgG detection, 
whose concentrations were 125 and 250 ng/mL. A sensitivity index (ε) 
was introduced to determine the optimal concentration. The sensitivity 
index was defined as ε=(S2–S1)/S2, where S1 and S2 are the fluorescence 
signal of 125 ng/mL and 250 ng/mL IgG, respectively. High value of ε is 
conducive to sensitive determination of analyte and is favorable to 
achieve 0.30. For these three concentrations, the sensitivity indexes 
were evaluated to be 0.42, 0.25 and 0.27 when the secondary antibody 
concentrations were 0.5, 1, and 2 μg/mL, respectively. To select the 

most suitable concentration, the ε should be as high as possible to realize 
a better sensitivity. Therefore, 0.5 μg/mL AF680-labeled secondary 
antibody were chosen as the optimal concentration for subsequent IgG 
measurements. In addition, the lower concentration secondary antibody 
can also reduce the reagent consumption thus reducing the testing cost. 

3.3. Determination of IgG using the OPOCT biosensor 

The quantification detection of S-IgG was carried out under optimal 
conditions using the OPOCT. Fig. 4a showed the typical fluorescence 
intensity curves for different concentrations of S-IgG. With increasing 
concentrations of S-IgG, the fluorescence intensity increased faster and 
the higher fluorescence signal was obtained, which contributed to the 
more fluorescence labeled secondary antibody bound to the fiber 
biosensor surface based on sandwich immunoreaction principle. To 
reuse the fiber biosensor, the SDS solution (0.5 %, pH = 1.9) was 
pumped into the cell, both S-IgG and fluorescence labeled secondary 
antibody bound onto the biosensor surface could be simultaneously 
removed. The signal traces returned to the baseline after washed by the 
PBS. and the whole detection process was less than 25 min. The dose- 
response curve of S-IgG was plotted against the logarithm of S-IgG 
concentration using a four-parameter logistic equation (Fig. 4b). The 
error bars corresponded to the standard deviation of the data points in 
triple experiments. The linear response of IgG ranges from 82.89 to 
702.91 ng/mL. The limit of detection (LOD) was 12.5 ng/mL using three 
times standard deviation of the mean blank values. Several studies 
showed that the IgG concentration ranged between 1.4 and 4200 μg/mL 
in COVID-19 patients’ serum, and the neutralization antibodies con
centration should be higher than 1.0 μg/mL to ensure the effective 
protection [27–30]. Therefore, the sensitivity of the OPOCT is adequate 
for detecting S-IgG in COVID-19 patients’ serum, and was also compa
rable to those of other immunoassays [12,20,27,31–35] (Table S1). 
Compared with the reported works, our method can achieve quantita
tive detection of IgG with high sensitivity (LOD = 12.5 ng/mL) and 
relatively short assay time (about 25 min). Moreover, the device is 
portable and cheaper, and the reusability of fiber biosensor can effec
tively reduce the cost of testing. Our method is expected to provide a 
powerful tool for the existing COVID-19 serological assays. 

3.4. Effects of IgM, other proteins, and serum on IgG detection 

IgM, a major active component in the human serum after infection 
with COVID-19, is considered as another effective analyte for serological 
diagnosis. Although IgM can be positive from the 3–6 days, high levels of 
IgM and IgG can be simultaneously detected from the second week of 
symptom’s onset. Since both of them have high affinity to RBD, IgM may 
affect the binding between IgG and RBD, thus resulting in the inaccurate 
results. To evaluate the effect of IgM on quantitative detection of IgG, 
IgM was introduced into the cell individually. When 100 ng/mL IgM was 

Fig. 3. (A) Incubation time between IgG and RBD (IgG concentration was 125 ng/mL, secondary antibody concentration was 0.5 μg/mL); (b)Optimization of reaction 
time between second antibodies and IgG (IgG concentration was 125 ng/mL, secondary antibody concentration was 0.5 μg/mL); (c) Optimization of secondary 
antibody concentration (The concentration of IgG was 125 and 250 ng/mL, both the incubation time and reaction time were 7 min). 
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introduced and incubated, a little fluorescence intensity was detected 
after secondary antibody was added, which was similar as that of the 
non-specific adsorption (Fig. 5a). This indicated that the cross-reactivity 
between fluorescence labeled secondary antibody and IgM was negli
gible. Then, the mixture of various concentrations of IgG and IgM was 
added and incubated, the detected fluorescence intensity of the mixture 
increased with increasing the concentration of IgG and IgM, which was 
slightly lower than that of the IgG solution in the absence of IgM. This 
might contribute to the site-hindrance effect originated from the binding 
between IgM and RBD, and allow the less IgG bound to the RBD 
immobilized on the fiber bio-probe. 

To further evaluate the sensor selectivity, the signal response of five 
different analytes including BSA, cTnI, PD-L, MERS-CoV-2 antibody, 
HCoV-HKU1 CoV antibody was detected. Fig. S3 demonstrates that even 
the concentration of other proteins is much higher than IgG, these 
analytes cause little signal response compared with IgG, which is similar 
with the non-specific adsorption. The slight rise for MERS-CoV-2 anti
body and HCoV-HKU1 CoV antibody may be because both of them be
longs to coronavirus family. The mixture of MERS-CoV-2 antibody, 
HCoV-HKU1 CoV antibody and IgG was also measured, and the fluo
rescence signal was quite close to the IgG detection value. These results 
demonstrated that the detected fluorescence signal originated from 
highly specific binding reaction between antigen and antibody, which 
had little influence from the interfering substances. The selectivity of the 
proposed biosensor derived from two aspects. On the one hand, both the 
immobilized RBD and fluorescent labeled second antibody had high 
specificity for SARS-CoV-2 IgG. On the other hand, the cleaning stage 
during the detection process could effectively eliminate the interference. 

Due to the complication of serum components (e.g., albumins, 

polypeptides and globulins), they may affect the interaction between 
antibody and antigen [28]. Dilution has become an effective method to 
reduce the matrix effect of the serum on the immunoassay of the clinical 
samples [28]. We investigated the matrix effect of serum on the S-IgG 
detection based on sandwich immunoassay principle. 50 ng/mL and 
100 ng/mL S-IgG were spiked in PBS solution, original serum, and 
various diluted serums, respectively. These samples were detected using 
the OPOCT according to above described method. As shown in Fig. 5b, 
the fluorescence intensities of all samples were similar when the S-IgG 
concentration was 50 ng/mL or 100 ng/mL, respectively. The serum 
matrix had no significant influence on the binding between S-IgG and 
RBD, even for the original serum samples. Therefore, the serum sample 
can be directly detected using the OPOCT and RBD modified bio-probe 
without dilution, which benefits to simplify the detection procedure and 
save the detection time. 

3.5. Regeneration performance of S-IgG biosensor 

Most of the existing S-IgG rapid on-site immunoassay methods (e.g. 
LFIA) are disposable. For clinical biomedical analyses, the parallel 
detection of samples is important to improve the accuracy. Thus, 
compared with disposable biosensing method, using the same sensor to 
complete parallel analysis of samples can reduce the difference between 
batches, ensure the repeatability of the results and also save the detec
tion cost. Herein, we investigated reusability of RBD modified fiber bio- 
probe. Because the regeneration solution is generally harsh (strong acid 
or base), this may damage the activity of biorecognition molecules 
immobilized onto the biosensor surface. The SDS solution (0.5 %, pH =
1.9) was employed to reuse the fiber bio-probe. To evaluate the 

Fig. 4. (A) Typical signal curves of IgG detection using OPOCT system; (B) dose-response curve of IgG detection (0.5 μg/mL anti-IgG antibody, incubation and 
reaction time were both 7 min). 

Fig. 5. (A) Effect of IgM with different concentration (10, 50, 100 ng/mL) for nonspecific adsorption and IgG detection; (b) Matrix effect of serum on the nonspecific 
adsorption and specific detection of IgG using biosensor (IgG was added to PBS, total serum, 5 times, 10 times, and 20 times diluted serum, respectively). 
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reusability of fiber bio-probe, the effect of SDS solution on the activity of 
RBD was initially investigated. The RBD modified fiber bio-probe was 
repeatedly washed by the SDS solution according to the S-IgG detection 
procedure. The RBD activity was tested using the OPOCT after washed 5, 
10, 15, and 20 times, respectively. As shown in Fig. 6a, after the fiber 
bio-probe was washed 10 times, the detectable fluorescence intensity 
had no significant decrease, indicating that the RBD immobilized on the 
fiber bio-probe surface still kept a high binding affinity with the S-IgG 
and a good tolerability for SDS regeneration solution. However, more 
washed times could reduce the binding affinity. 

To reuse the fiber bio-probe, the S-IgG and fluorescence labeled 
secondary antibody bound to the fiber bio-probe surface should 
completely be removed by the SDS solution. Therefore, multiple 
immunoassay cycles of S-IgG were performed to verify regeneration 
performance. As illustrated in Fig. 6b, the RBD could maintain high 
binding capability with the S-IgG and the fluorescence intensity had no 
significant decrease after 8th immunoassay cycles, and the regenerated 
fiber bio-probe had still few nonspecific adsorptions after 10th immu
noassay cycles. However, with continually increasing the immunoassay 
times, the detectable fluorescence intensity gradually decreased. The 
regenerated biosensor surface was also observed using confocal micro
scope (Nikon A1, Japan) after 5, 10, 15, and 20 times regenerations (Fig. 
S4). The amount of the residual fluorescence labeled secondary anti
bodies on the fiber bio-probe surface increased with increasing immu
noassay cycles. Therefore, the prepared fiber bio-probe could be reused 
about eight immunoassay cycles. For more immunoassay cycles, the 
activity loss of RBD and incomplete elution of S-IgG/second antibody 
complex might result in the poor performance. We also tested the 
regeneration performance for SARS-CoV-2 IgG antibody detection in 
total serum samples. The results were shown as Fig.S5. The fiber 
biosensor also maintained a good detective performance after repeated 
use for 7 times, which was similar with the detection results in PBS 
buffer. This result further proved that our method was not interfered by 
the serum matrix. Increasing the reusability of fiber bio-probe will be the 
focus of our next research because it can effectively increase the accu
racy of detection and reduce the detection cost. 

3.6. Analysis of serum samples 

To evaluate reliability of the proposed method, a commercial ELISA 
kit was obtained and a series of S-IgG concentration were measured from 
0 to 2000 ng/mL (Fig.S6). The ELISA exhibited a linear detection range 
from 3.66 to 29.38 ng/mL, which is lower but narrower than this study. 
The difference mainly came from the shorter incubation times compared 
to ELISA. For ELISA, the incubation time for IgG to RBD and HRP- 
conjugated second antibodies to IgG were 45 and 30 min respectively, 
while the time was both 7 min in our assay. With shorter incubation 

time, the antibodies could not bind so sufficiently with the immobilized 
RBD in the binding process, so the detection concentration was higher 
for our assay. Both methods were used to detect the actual samples. For 
OPOCT biosensor, the recovery was from 67.78% to 125.59 % with RSD 
value within 18.37 % when the spiked concentrations were of 100, 250, 
and 500 ng/mL (Table S2). For ELISA, when the spiked concentrations of 
5, 25 and 50 ng/mL, the recovery was in the range of 71.10–100.5 % and 
the RSD value was within 6.61 % (Table S3). As can be seen, the two 
methods showed good reliability in their respective linear range, and our 
method has wider detection range and shorter detection cycle. 

To further verify the performance of serum antibody tests, the pro
posed method had been applied successfully in the IgG antibodies 
detection after two doses vaccine (Sinopharm, COVID-19). Finger-prick 
blood samples were collected before and after vaccination from volun
teers. Considering the small volume of finger-prick blood samples, the 
subsequent detection was carried out with 20 times dilution. Two vac
cine recipients were selected and the blood sample from 0 to 5 weeks 
were analyzed (Fig.S7). Before vaccination, no antibody was detected. 
After 7 days, a very low amount of IgG antibody was detected in 
vaccinated 2, and then the antibody concentration gradually increased. 
After the second injection, the antibody concentration significantly 
increased, which was similar with those of previous studies [30]. Anti
body concentrations were different, but the relative trend was consis
tent, which might originate from the individual differences. Therefore, 
this work can be used to examine the level of SARS-Cov-2 IgG antibody, 
including COVID-19 patients and vaccinator. 

4. Conclusions 

In this study, a rapid and quantitative detection method for anti- 
SARS-CoV-2 S1 IgG for COVID-19 was developed using OPOCT 
biosensor. The all-fiber evanescent wave fluorescence platform was 
employed which exhibits the advantages of compact structure, small 
size, high sensitivity, and convenient operation. This method realized 
sensitive quantitative detection of IgG over the range of 12.5–1000 ng/ 
mL. The LOD of 12.5 ng/mL is comparable to other immunoassay for IgG 
detection, which well satisfies the diagnostic requirements in POC 
testing. The IgM and other components in serum have no significant 
effects on IgG detection, and the total serum can be tested directly by the 
proposed method without dilution. These qualities make it possible to 
achieve early diagnosis and timely clinical decision-making for COVID- 
19 with good stability and accuracy. The evaluation of the regeneration 
performance indicated that the biosensor can be reused for about 8 
times. The characterization results demonstrated that the activity loss 
mainly arose from the incomplete elution and destruction of surface 
RBD. The reliability of our method was proved by analyzing serum 
samples and compared with a commercial ELISA kit. Additionally, the 

Fig. 6. (A) Signal for the OPOCT sensor with multiple washing times by SDS solution; (b) Signal for the OPOCT sensor with multiple regeneration times in the 
absence and presence of IgG (100 ng/mL). (Detection conditions: 0.5 μg/mL secondary antibody, incubation time 7 min, reaction time 7 min, each SDS washing time 
5 min). 
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platform can readily be applied to the determination of other biomarkers 
by using respective specific antibodies. With the above attractive 
properties, especially high sensitivity and reusability, this method is 
very suitable and favors a great potential for rapid quantitative POCT for 
serological analysis of COVID-19. 
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