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Abstract—The current global outbreak of 

coronavirus (COVID-19) continues to be a 

severe threat to human health. Rapid, low-cost 

and accurate antigen detection methods are 

very important for disease diagnosis. The 

severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) nucleocapsid 

protein (N-Protein) is often used as the 

diagnostic and screening for coronavirus 

detection. To this end, we propose and 

experimentally validate a highly sensitive 

whispering gallery mode (WGM) optical 

cylindrical micro-resonator (CMR) for bio-

immunoassay detection. To study the biokinetic process of immunoassay, the surface of the WGM micro-resonator is functionalized 

with N-Protein monoclonal antibody (N-Protein-mAb), which led to the specific detection of N-Proteins. The spectral characteristics 

of the WGM resonance dip were investigated, it is found that the transmission spectrum of WGM shows a monotonically increasing 

red-shift as a function of recording time. The WGM red-shift is due to the antibody-antigen reaction and can be used for the analysis 

of the immunoassay process. The wavelength shift is shown to be proportional to the concentration of N-Protein, which ranges 

between 0.1 µg/mL and 100 µg/mL. Finally, different types of samples (concentration of 10 μg/mL of N-Protein) were prepared and 

tested to simulate the specificity of the sensor in the practical application environment. This method has the merits of rapid assay, 

lower expense, easy preparation, and miniaturization, which makes the sensor have potential for broad applications in the field of 

biochemistry and biomedical detection. 

Index Terms—Optical fibre sensor; Whispering gallery mode (WGM); SARS-CoV-2 nucleocapsid protein (N-Protein); Biosensors 

 

I.  Introduction 

urrently, the cumulative number of confirmed cases of 

novel coronavirus 2019 (COVID-19, SARS-CoV-2) 

worldwide exceeds 500 million, and the number of deaths 

exceeds 6.5 million[1-5]. The continued spread of the disease 

and the emergence of new coronavirus variants has led to an 

unprecedented global research effort to combat this devastating 

outbreak. Currently, it is known that the main structural 

proteins of neo-coronavirus include spike protein (S-Protein) 

[6-10], envelope protein (E-Protein), membrane protein (M-

Protein) and nucleocapsid protein (N-Protein) [11-13].  

A large amount of attention in neo-coronavirus drug and 

vaccine research has focused on the S-Protein that directly 

mediate neo-coronavirus infection of human cells. As the 

understanding of neo-coronaviruses has become more 

advanced, other important roles of neo-coronavirus proteins 

have been revealed, including the N-Protein that helps 

transcribe and replicate viral RNA in the host cell. 

The N protein is the most abundant viral structural protein 

during neo-coronavirus infection and is abundantly expressed 

after the virus infects human cells, causing a strong immune 

response. The N-Protein is often used as a diagnostic test for 

coronaviruses and is a core ingredient in immunological rapid 

diagnostic reagents.  

Since the outbreak of COVID-19, there has been a huge 

drive globally to develop innovative detection technology as a 

key element of successful epidemic prevention and control. 

Fiber sensors have been shown to possess a wide range of 

advantages and have demonstrated exceptionally high 

detection sensitivity in a number of areas such as bio-sensing, 

medical diagnostics, human health monitoring and biological 

detection [14].  
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A wide variety of different fiber types and structures have 

been investigated for sensing, for example those based on 

singlemode-multimode-singlemode fiber structures (SMS) 

[15], D-Shaped plastic optical fiber [16] and a tapered single-

mode-coreless-single-mode coupler (tapered SNSFC) [17]. 

Interferometric techniques have also been employed, for 

example a side-Polished single-mode Fiber Mach-Zehnder 

Interferometer [18]. Recently in 2021, M. Divagar et al [19]. 

proposed a plasmonic fibre absorbance biosensor (P-FAB) for 

the clinical detection of N-protein, which is present in 

abundance during infection. P-FAB utilizes a sandwich 

detection technique with the plasma of the labels on the surface 

of a U-shaped bend fibre sensor probe, which results in the 

limit of detection (LoD) down to ~2.5 ng/mL. H. Jia et al [20] 

reported a novel method to detect the N-Protein by DNA/RNA 

oligomers as aptamers in combination with a graphene oxide 

(GO) coated microfiber, with lowest LoD of 6.25 × 10−19 M. 

Very recently D.K. Agarwal et al [21] reported an optical 

detection sensor based on microcantilever for SARS-CoV-2 

antigenic proteins. The sensor employed a fluidic-atomic force 

microscopy (f-AFM) mediated nano-mechanical deflecting 

approach. Using this sensor, rapid detection of N-Protein and 

spike (S1) receptor binding domain (RBD) proteins was first 

proved at a clinically pertinent concentration as low as 1 ng/mL 

(33 pM) by detecting of the nano-mechanical signal elicited 

with antibody-antigen binding.  

WGM optical micro-resonators have been shown to be a 

viable platform for developing biological sensors [22–24]. 

WGM based sensors are very compact, relatively easy to 

integrate with other devices, possess strong biocompatibility 

and superior resistance to electromagnetic interference (EMI). 

WGM microresonant cavities rely on small mode sizes and 

offer high q-factors in light-matter interactions. They are also 

very sensitive to temperature [25], humidity [26], hydrogen 

[27], and biomolecular substances such proteins [28], nucleic 

acid [29], antigen or antibody [30], and phage [31]. 

In the paper, a high-sensitivity and high-specificity optical 

cylindrical micro-resonator (CMR) sensor suitable for bio-

immunoassay for COVID-19 is presented and experimentally 

validated. The WGM CMR system utilizes a tapered single-

mode optical fiber to couple the CMR. The biokinetics of the 

antigen-antibody reaction after functionalization of the CMR 

surface by N-Protein-mAb was studied to specifically detect 

the presence of N-Protein. The immunodetection detection of 

biological proteins is achieved by recording the changes of 

transmission spectra of the presented WGM optical CMR. The 

presented biosensor shows good reproducibility and specificity 

and has a wide range of applications in the fields of clinical 

medicine, disease diagnosis and drug screening.  

II. THEORETICAL BACKGROUND 

It is well known for a CMR that WGMs arising from self-

interference in the light circulating. A resonant state with a 

high Q-factor can be generated in the peripheral region of the 

microcylinder, which is distributed along the axial direction, as 

illustrated in Fig. 1. CMRs have the advantage that alignment 

for optimum coupling to the fiber resonator of the light relies 

on merely one angle degree of freedom, whereas more 

complex spherical structure has two degrees of freedom.  

 
Fig. 1 Schematic diagram of microfiber waveguide coupling to 

the CMR (the red area represents the diffracted beam). 

A circulating light beam that is evanescently coupled into 

the cylinder and experiences total internal reflection radiates 

out along the cylinder axis, which is defined as the 

characteristic width of WGM mode. At the resonance, the 

characteristic width is expressed as (αβ)−1/2, where α and β are 

the attenuation and propagation constants of the CMR material 

[32]. 

The input microfiber mode E0(z, m, s), evanescently 

penetrates into the CMR. The resulting cycle WGM can be 

expanded into a linear combination of modes Gml (z, m, s) with 

Hermite–Gaussian z components [33]:  

𝐺ml(𝑧,𝑚, 𝑠) = 𝑞(𝑠)−𝑚/2𝐻𝑚(𝛽0
1/2

𝑧/𝑞1/2(𝑠))𝐺0𝑙(𝑠, 𝑧,𝑚)

𝐺0𝑙(𝑧,𝑚, 𝑠) = 𝑞(𝑠)−1/2exp[𝑖(𝛽0 + 𝑖𝛼 − 𝜍𝑙)𝑠]

× exp(−𝛽0𝑧
2/𝑞(𝑠))

𝑞(𝑠) = 𝜂 + 2𝑖𝑠

(1) 

Figure 2(a) illustrates the coordinate system used, where (s, 

z, m) are the azimuthal, radial, and axial coordinates. In the 

analysis β0=2πnc/λ, where β0 is the transverse propagation 

constant, λ is the radiation wavelength and nc is the refractive 

index (RI) of the CMR. The term α is the attenuation constant 
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of the CMR and η is a free parameter. The term 𝜍𝑙  is 

associated with the transverse component of a beam.  

The mode E0(z, m, s) and Gml (z, m, s) are coupled to each 

other. Here we are concerned with the behavior of mode Gml (z, 

m, s) after multiple circulations, N≫ 1, which can contribute to 

a high-Q-factor resonance. In terms of Eq. (1), for increasing s 

that corresponds to N≫ 1, the value of Gml (z, m, s) decreases 

as s-(m+1)/2. Similar to a ring resonator [34] [shown in Fig. 2(b)], 

by CMR and microfiber coupling the transmission of 

resonance is denoted as the total of partial 

amplitudes:

𝑛(Δ𝛽) = 𝑛00
(0)

+ 𝑛01
(1)
exp[(𝑖Δ𝛽 − 𝛼)𝑠0]𝑛10

(1)

+𝑛01
(1)
exp[(𝑖Δ𝛽 − 𝛼)𝑠0]𝑛11

(1)
exp[(𝑖Δ𝛽 − 𝛼)𝑠0]𝑛10

(2)
+⋯

+𝑛01
(1)
exp[(𝑁 + 1)(𝑖Δ𝛽 − 𝛼)𝑠0]𝑛10

(𝑁+1)
𝑛11
(1)
𝑛11
(2)

…𝑛11
(𝑁)

+⋯

(2) 

where Δβ = β − βm, where the resonance eigenvalue βm is is 

defined by the formula (𝛽𝑚 − 𝜍𝑙)𝑅 = 𝑚,𝑚 ≫ 1. In Eq. (2), 

𝑛𝑖𝑗
(𝑁)

, 𝑖, 𝑗 = 0,1, are the amplitudes of direct coupling between 

the mode 𝐸0(𝑧,𝑚, 𝑠)(𝑖, 𝑗 = 0)  and 𝐺0𝑙(𝑧,𝑚, 𝑠)(𝑖, 𝑗 = 1) 
for the Nth circulation, i.e., near 𝑠 ≈ 𝑁𝑠0 = 2𝜋𝑁𝑅 [35]. In 

resonant transmission, the undercoupled state is reasonable, 

𝛼𝑠0 ≫ |𝑛10
(1)
|
2

, The CMR intrinsic loss is greater than the 

coupling loss, which is determined by the material loss of α. 

Replacing 𝑛10
(1)

= −(𝑛01
(1)
)
∗

, 𝑛00
(0)

≈ 1 −
1

2
|𝑛10

(1)
|
2
, and 

𝑛10
(𝑁)

= 𝑛10
(1)
𝑁−1/2 into Eq. (2) which yields the transmission 

power in the vicinity of the resonance is obtained: 

𝑃cyl (Δ𝛽) = |𝑛(Δ𝛽)|2 ≈
|Δ𝛽𝑠0|,|𝛼𝑠0|≪1

1 − |𝑛01
(1)
|
2
− 2|𝑛01

(1)
|
2
Re {∫  

∞

0

𝑑𝑁

𝑁1/2 exp[(𝑖Δ𝛽 − 𝛼)𝑠0𝑁]}
(3) 

Ignoring the comparatively smaller nonresonant term |𝑛01
(1)
|
2
 

in the right side of Eq. (3), which is expressed by calculating 

as [36]: 

𝑃cyl(Δ𝛽) ≈ 1 − |𝑛01
(1)
|
2
[
(Δ𝛽2+𝛼2)

1/2
+𝛼

𝑅(Δ𝛽2+𝛼2)
]

1/2

     (4) 

The lorentzian transmission resonance of a CMR is defined by 

Eq. (4). and FWHM is related to |Δ𝛽|. 

 
Fig. 2(a) Define coordinate system (z, m, s); (b) the illustration 

of terms in Eq. (2). 

III. FABRICATION OF THE SENSOR 

A short section (7 cm) of single-mode optical fibre (SMF-28e) 

was used as an optical CMR. The coating on the fibre was 

removed and then pre-treated with a flame brushing technique 

to ensure a smooth surface, this is necessary in order to allow 

efficient low loss evanescent coupling to take place between 

the CMR and the tapered fibre. Given the specification of the 

SMF-28e fiber used, all of the CMRs fabricated had a diameter 

of 125 µm ± 0.7 µm. The tapered microfibre (diameter of 2.76 

µm) is prepared using a ceramic micro-oven (E-Otron, China) 

and a motion control setup to progressively taper the SMF-28e 

fiber. The tapered fiber is encapsulated with UV adhesive on a 

thin plate U-frame, which couples it to the CMR on a three-

dimensional operating platform. Figure 3 shows a photograph 

of the constructed CMR and coupling system taken by a CCD 

camera, looking down on the CMR. 

 
Fig. 3 Top perspective photo of WGM coupling system taken 

by CCD camera. 

A schematic diagram of the experimental device established 

for fiber tapered waveguide coupling is illustrated in Fig. 4 (a). 

A broadband light source (BBS, FiberLake) was used, which 

had a spectral range of 1250 nm-1650 nm, the coupling 

structure between a CMR and the tapered fiber waveguide is 

observed by a CCD camera, and an optical spectrum analyzer 

(OSA, yokogawaAQ6370D) was used to detect the spectrum 

of the light coupled out of the micro-resonator into the tapered 

fibre. Figure 4(b) shows a schematic diagram of the coupled 

detection using the V-grooves combination, the tapered fibre 

and micro-resonator were held in alignment using customized 

3D printed V-grooves, arranged at ninety degrees to each other. 

Light generated is coupled into the micro-resonator through a 

fibre tapered waveguide, and a transmission spectrum is 

obtained at the output. The total reflection phenomenon exists 

when the light propagates from the light-dense medium to the 

light-sparse medium, which can be used to completely confine 

the light inside the micro-resonator and form a stable WGM. 

When the total reflection of light occurs on the surface of the 

micro-resonator, a evanescent wave is formed on the surface, 

so that a tiny range of biomolecules can be measured. The 

WGM-based markerless optical biosensor is essentially a RI 

sensor, and the presence of the evanescent field causes the 

effective RI of the micro-resonator to change with the object to 

be detected outside the micro-resonator, which in turn causes a 

shift in the resonance wavelength.  



 

 

 
Fig. 4(a) Schematic diagram of the tapered fibre waveguide 

coupling experimental system; (b) schematic diagram of the V-

groove arrangement used to align the CMR and tapered fibre. 

The full width at half maxima (FWHM) of the WGM 

induced transmission spectral dip for the cylindrical micro-

resonator was estimated using a Lorentzian fit as 

approximately 0.0284 nm at 1607 nm. Similarly, the FSR 

expression for wavelength can be obtained as: 𝐹𝑆𝑅𝜆 =

|𝜆𝑚+1 − 𝜆𝑚| =
𝜆2

2𝜋𝑅𝑛𝑒𝑓𝑓
.Here, the effective refractive index 

neff  is 1.4628, the radius R is 62.5 μm, and the theoretically 

calculated FSR is 4.50 nm. In biosensing experiments, a large 

FSR is generally expected to increase the detectable range for 

sensing applications and the FSR obtained from the spectrum 

is 4.64 nm, which agrees well with the theoretical calculation 

result (4.50 nm). The Q-factor is a critical performance 

parameter for a resonator used as a sensor as it has a strong 

influence on the achievable detection sensitivity. Using the 

linewidth method, the Q value is estimated to be 5.66 × 104 as 

shown in Figs. 5(a) and (b). 

 

Fig. 5 (a) transmission spectrum of the CMR coupling; (b) 

Lorentz fit and its Q value. 

IV.  EXPERIMENTAL RESULTS 

Initially the spectral shift versus the surrounding RI 

characteristic for the resonator was measured. For this purpose, 

liquids with different RI values under different volume ratios 

of a mixture of dimethyl sulfoxide (DMSO) and deionized 

water were calibrated using an Abbe refractometer. The CMR 

was immersed in deionized water and the DMSO solution was 

added drop by drop, and the wavelength shift was recorded by 

OSA, as shown in Figure 6(a). The RI sensitivity of the CMR 

was found to be 72.48 nm/RIU with correlation coefficient (R2) 

of 0.99, as shown in Figure 6(b).  

 
Fig. 6(a) Transmission spectrum of RI sensing of CMR cavity; 

(b) Fitting results of wavelength variation with refractive index. 

The detection limit (DL) of a sensing system can be 

calculated as [37]： 

DL =
3√𝜎ampl-noise 

2 +𝜎temp-induced 
2 +𝜎spect-res 

2

𝑆
       (5) 

where S is the sensitivity to refractive index, 

𝜎ampl-noise   , 𝜎temp-induced  and 𝜎spect − res  are the mean square 

amplitudes of the system noise, thermal fluctuations and 

spectral resolution of the system, respectively. 

The𝜎temp-induced  is generally small enough to be ignored. For 

the noise and spectral resolution terms: 

 𝜎ampl-noise ≈
𝐹𝑊𝐻𝑀

4.5×(𝑂𝑆𝑁𝑅)0.25
          (6) 

𝜎spect − res =
𝑅𝑊

2√3
                 (7) 

where the optical signal-to-noise ratio (OSNR) can be 

estimated from the extinction ratio of the interference spectrum, 

as approximately 6 dB, 𝑅𝑊 is the wavelength scanning 

resolution of the OSA, which is 0.02 nm [38]. In our 

experiment, the FWHM and S are 0.0284 nm and 72.48 

nm/RIU, respectively. The calculated DL is thus 2.9 × 10-4 RIU 

using Eq. (5). 

To implement N-Protein sensing, the CMR is functionalized 

with N-Protein-mAb, which is a kind of antibody that will 

specifically bind to N-Protein. Once the antibody N-Protein-

mAb is fixed on the surface of the CMR, the N-Protein will 

combine with the antibody N-Protein-mAb. The process of the 

binding can change the surrounding effective RI of the CMR, 

which will result a detectable resonant wavelength shift. When 

the wavelength shift has the corresponding regulation with the 

N-Protein concentration, it illustrates that the functionalization 

of CMR can be implemented for N-Protein detection.  

Before functionalizing the sensor, the CMR was initially 

immersed into a standard solution of potassium hydroxide 

(KOH) for 1 hour and washed it with deionized (DI) water at 

least three times until neutral (pH=7). The CMR was then dried 

in the ambient environment. After cleaning the CMR is 

functionalized using the following sequence of steps below and 

also described in Fig. 7: 

i. To generate the carboxyl: the sensor is immersed into silane 

reagent solution (3-(Triethoxysilyl) propylsuccinic 

anhydride, 5%) for 4 hours. The 5% silane reagent solution 

is obtained by mixing the 95% silane reagents and 99.5% 



 

 

ethanol solution. This process generates carboxyl on the 

sensor’s surface. 

ii. Activated succinimide esters on the fiber surface is formed 

by the reaction of EDC with NHSS: An ethanol and 

phosphate buffer solution (PB, pH = 6.0) is used to wash the 

CMR and eliminate the residual silane reagent solution. The 

CMR is then treated by immersion for 1 hour in a mixture 

solution containing 1-(3-Dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride (EDC, 0.8 mg/mL) and N-

Hydroxysulfosuccinimide sodium salt (NHSS, 1.2 mg/mL). 

This step is performed to produce the succinimidyl ester. 

iii. Antibody fixation: The CMR is washed with Phosphate 

Buffer Saline (PBS; (1X) .0067M (PO4)) solution to clean the 

residual EDC and NHSS, and immersed in a 100 μg /mL 

solution of anti N-Protein-mAb (Beijing Bersee Science and 

Technology Co. Ltd.) for 4 hours. 

iv. Nonspecific binding interruption: the antibody immobilized 

CMR was first washed for two times with PBS and then 

immersed with Bovine serum albumin (BSA, 1%) solution 

for 1 hours. It is a process that can be performed to suppress 

nonspecific binding of vacancies on the functionalized fiber 

surface. 

v. The CMR was washed for two times with PBS after the BSA 

and used for N-Protein detection. 

 
Fig. 7 The process of fixation anti N-Protein-mAb on the 

surface of a CMR is illustrated: (i) forming carboxyl; (ii) 

activation of succinimide ester; (iii) antibody fixation; (iv) 

nonspecific binding interruption; (v) detecting of specific 

binding SARS-CoV-2 N-Protein. 

After functionalization, for reference the stability with time 

of the CMR was tested with a blank PBS solution before 

starting the measurements. The result of this are shown in 

Figure 8(a). This test took place over 30 minutes and was 

repeated four times. The maximum wavelength change lies 

within the range ±0.005 nm, which indicates that the developed 

CMR had good intrinsic stability.  

It is important to note that immersion of the micro-resonator 

in a liquid will result in a large light absorption and thus the 

OSNR of the WGM spectrum will decrease significantly. This 

is unavoidable but as a solution, in order to main an adequate 

OSNR sufficient to monitor wavelength shifts, it is essential to 

maintain the best possible coupling between the micro-

resonator and the tapered. 

 

 

Fig. 8(a) Stability test results of PBS solution; (b) Response of 

wavelength with time for different N-Protein antigen 

concentrations; (c) The transmission spectra in PBS; (d) The 

transmission spectra in N protein with a concentration of 0.1 

μg/mL; (e) Antigen detection at different concentrations. 

A biomolecular assay was performed for four different 

concentrations (10-1, 1, 10 and 102 µg/mL, Beijing Bersee 

Science and Technology Co. Ltd.) of the novel coronavirus N-

protein antigen. The stability of CMR has been measured in 

PBS between each test of N protein. During this procedure the 

transmission dip wavelength was monitored and measured 

using the OSA. The red-shift of the wavelength dip is mainly 

generated by binding between the N-Protein antigen molecules 

and the antibodies of the CMR, which in turn results in a 

change in the surrounding RI of the resonator. Figure 8(b) plots 

the correlation between the wavelength shift of the biosensor 

and the concentration of N-Protein antigen as a function of 

time. The response for PBS only is also shown for reference. It 

is observed that the red-shift of the resonance wavelength 

increases as the N-Protein antigen concentration changes from 

the lowest value (10-1 µg/mL) to the highest value (102 µg/mL).
 

The transmission spectra in PBS and in N-Protein with a 

concentration of 0.1 μg/mL are shown in Figure 8(c) and 

Figure 8(d), respectively.
 



 

 

For comparison, three of the sample formulations (10 µg/mL, 

1 µg/mL and 10-1 µg/mL) were also tested using a conventional 

coronavirus (2019-nCoV) antigen test kit (latex method) 

(Flowflex, Aikang Biotechnology (Hangzhou) Co., Ltd.). As 

indicated in Figure 8(e), the color of the T-line (positive test 

indication) gradually becomes lighter as the concentrations of 

different N-Proteins were reduced from 10 µg/mL, to 10-1 

µg/mL.
 

To further in detail illustrate how the sensor responds to the 

presence of N-Protein, Figure 9(a) shows the spectra of the 

functional CMR (containing 100 µg/ml N-Protein-mAb) 

immersed in 10 µg/mL N-Protein antigen solution over a 

period of time. It can be seen that the resonance wavelength of 

the sensor undergoes a red-shift with time. To help to better 

understand the change of the resonance wavelength during 

detection, Figure 9(b) shows the resonance wavelength shift 

over time for the three sensor samples, with the variations 

between sensors shown error bars, A large proportion of the 

shift occurs and it occurs in the initial 7 minutes, and the 

wavelength shifts more slowly over the subsequent 25 minutes. 

This may be caused by the small size of the N-Protein.   

 
Fig. 9(a) Response of the spectrum over time when the sensor 

is immersed in N-Protein antigen (10 µg/mL) solution; (b) 

Response of the spectrum over time and error bars when three 

experiments are conducted with N-Protein antigen (10 µg/mL) 

solution. 

Sensor reproducibility is a critical parameter for bio-

diagnostics. For the purpose of studying the repeatability of the 

proposed sensor, three sensors were manufactured with 

identical physical characteristics and surface functionalization 

conditions. Figure 10(a) shows a histogram the average 

wavelength shift of the three sensors after 30 minutes 

following exposure to different N-Protein concentrations. Each 

error bar is calculated from the standard deviations of the 

individual shifts for the three sensors. A calibration curve is 

shown in Figure 10(b) which plots the wavelength shift
 
in 

relation to the logarithm of the analyte concentration over the 

concentration range of 10-1-102 µg/mL, along with a linear fit. 

Based on this calibration curve shown, assuming 3 times of 

maximum wavelength change in PBS (3×0.005=0.015 nm) is 

considered as the detection limit, the LoD of the CMR was 

calculated as approximately 0.23 µg/mL with the R2 of 0.99.
 

This LoD is better than that for similar sensors based on a 

microsphere reported previously, such as that in [39] which 

demonstrated an LoD of 1 µg/ml.
 

To study the specificity of the sensor to N-Protein, solutions 

of two different biomolecules were prepared to which the 

sensor was exposed: S-Protein (10 µg/mL) and tumor necrosis 

factor (TNF, 10 µg/mL). In each case the sensor was immersed 

in these solutions and the wavelength shift was measured. The 

detected wavelength changes for the sensor for these two 

different biomaterials as a function of time are shown in Fig. 

11(a), which also shows the response to PBS for reference. It 

can be concluded that wavelength shift of the sensor for these 

two biomaterials is small, almost twenty times lower compared 

to the shift for N-Protein. This indicates that for the 

functionalized sensor, binding does not readily take place for 

biomaterials other than N-Protein molecules.  

 
Fig. 10(a) Average wavelength shift with error bars for 

different concentrations of N-Protein; (b) Calibration curve for 

N-Protein with concentration range of 10-1-102 µg/mL. 

Finally, to simulate a practical application environment, 

three different types of samples (all using an N-Protein 

concentration of 10 μg/mL) were prepared and tested. The 

three samples were: a mixture of S-Protein and N-Protein 

solution; N-Protein mixed in human saliva and normal human 

serum (Solarbio, Koitzer Scientific Laboratories). The 

measured wavelength shifts for the three samples as a function 

of time are shown in Figure 11(b), along with that for a pure 

N-Protein sample for comparison. The results show that the 

sensor has very similar response for all three samples and the 

pure N-Protein sample, indicating that the sensor has good 

specificity and could be applied for detecting N-Protein in 

practical environments. 

 
Fig. 11(a)Wavelength shifts when immersing the sensor in S-

Protein, TNF and PBS solutions; (b) wavelength shifts for pure 

N-Protein, mixed solutions (N+S-Protein), saliva and normal 

human serum solutions. 

V. CONCLUSION 

In conclusion, a WGM CMR fiber optic sensor is 

proposed and experimentally validated for the detection of 

SARS-CoV-2 N-Protein. Prior to functionalization, 

experimental measurements indicated that the RI sensitivity 

of the optical fiber sensor is 75.48 nm/RIU over the RI range 

1.3325-1.3415, for the taper waist diameter of 2.76 µm and 

CMR diameter of 125 µm. The developed CMR was 

functionalized with 100 μg/mL N-Protein-mAb to detect the 



 

 

presence of N-Protein. The results showed an LoD of 0.23 

ug/mL. Additionally, to study specificity of the sensor, the 

micro-resonator was immersed in solutions of TNF, S-

Protein and also the mixed solution of N-Protein (10 μg/mL) 

in S-Protein, human saliva, and normal human serum to 

study the specificity of the CMR. It is shown that the 
presented biological sensors exhibit excellent repeatability 

and specificity, and has many possibilities for medical 

diagnostics and laboratory research applications. 
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