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Abstract: Undoubtedly, SARS-CoV-2 has caused an outbreak of pneumonia that evolved into a
worldwide pandemic. The confusion of early symptoms of the SARS-CoV-2 infection with other
respiratory virus infections made it very difficult to block its spread, leading to the expansion
of the outbreak and an unreasonable demand for medical resource allocation. The traditional
immunochromatographic test strip (ICTS) can detect one analyte with one sample. Herein, this
study presents a novel strategy for the simultaneous rapid detection of FluB/SARS-CoV-2, including
quantum dot fluorescent microspheres (QDFM) ICTS and a supporting device. The ICTS could be
applied to realize simultaneous detection of FluB and SARS-CoV-2 with one test in a short time.
A device supporting FluB/SARS-CoV-2 QDFM ICTS was designed and had the characteristics of
being safe, portable, low-cost, relatively stable, and easy to use, ensuring the device could replace the
immunofluorescence analyzer in cases where there is no need for quantification. This device does not
need to be operated by professional and technical personnel and has commercial application potential.

Keywords: SARS-CoV-2; FluB; immunochromatographic test strip; rapid fluorescence detection

1. Introduction

The severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) can be
transmitted through aerosols and easily infect humans [1], thus causing the outbreak
of pneumonia which evolved into a worldwide pandemic [2]. The early symptoms of
SARS-CoV-2 infection and other respiratory viruses, such as influenza B virus (FluB) and
influenza A virus (FluA), are similar, with fever and cough. This has led to delays in clinical
treatment and made it difficult to block the spread of the disease, furthermore, causing an
unreasonable demand for the allocation of medical resources. As a matter of course, useful
methods that can distinguish between different viruses, especially SARS-CoV-2 and other
respiratory viruses, are urgently needed.

To date, various techniques for the detection of SARS-CoV-2, including real-time
reverse transcription-polymerase chain reaction (RT-PCR), enzyme-linked immunosorbent
assay (ELISA), and so on [3], have been widely applied in practice and exhibit good accuracy.
Nevertheless, the cumbersome and professional operating process brought many difficulties
to the large-scale use of these methods, especially during the outbreak. Meanwhile, these
technologies take several hours to obtain results which severely limits the speed of detection.
Moreover, sampling might increase the risk of virus infection through close person-to-
person contact [4]. Thus, there is a high demand for distinguishing between SARS-CoV-2
and other common viruses at home in a short time. Immunochromatographic test strips
(ICTS) have been widely accepted as possessing outstanding advantages, including low
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cost, speed, portability, and user-friendliness [5–8], and have become a powerful tool
for clinical diagnosis. Hence, ICTS are considered a good option to rapidly distinguish
different viruses.

One advantage of immunochromatography is the high specificity of antigen–antibody
interaction to capture target molecules. Spike protein (S), nucleocapsid protein (N), mem-
brane protein (M), and envelope protein (E) are four structural proteins found in SARS-
CoV-2 [9]. Of these, the N protein became an excellent candidate due to its exposure
in the process of virus assembly [10]. The N protein also has an early diagnostic value
and shortens the window of serological diagnosis [11]. Otherwise, we chose FluB as a
representation of common respiratory viruses to construct a system for distinguishing
SARS-CoV-2 and other common viruses. The antigens were captured by specific antibod-
ies which is the basis of the method called double-antibody sandwiched antigens. The
SARS-CoV-2 N protein-detecting antibody and FluB-detecting antibody were labeled with
carboxyl group functionalized quantum dot fluorescent microspheres (QDFM) considering
the fluorescence quantum yield and photobleaching ability. Due to the advantages of the
fluorescence technique, it has been widely applied in the field of medical detection [12,13].
In addition, many kinds of platforms integrating multi-technology, including microfluidics,
were designed and developed for fluorescence detection [14,15].

Traditionally, an immunofluorescence analyzer is applied to analyze the results of
fluorescent ICTS and can realize quantitative analysis. However, the price and size of this
product limit the range of its application. While a portable flashlight could conveniently
provide the excitation light, nevertheless, the results could not be recorded and might be
influenced by the surrounding environment. Thus, there is a reasonable demand for the
development of a low-cost, portable, relatively stable strategy that could easily record the
results of ordinary people in different situations such as at home.

Herein, a fluorescent ICTS based on quantum dot fluorescent microspheres for the
point-of-care detection of FluB and SARS-CoV-2 was developed and evaluated. Meanwhile,
a low-cost, relatively stable, small, and easy-to-use device that is suitable for smartphones
was designed for capturing the pictures of detection results to be uploaded. This is a novel
strategy for the rapid detection of FluB and SARS-CoV-2 in many situations which can
reduce the risk of infection during sampling, and can be used by anyone to capture pictures
using a smartphone without ambient light interference.

2. Results
2.1. Characterization of QDFM

Before preparing the QDFM-mAb complex, the characterization of the QDFM was
significant for ICTS application. The morphology of the QDFM was characterized using a
transmission electron microscope (TEM). It is evident from the TEM image that the QDFM
consisted of many quantum dots. The average size of the QDFM was also around 100 nm
(Figure 1A,B). To choose a suitable light source for exciting the QDFM, an excitation scan
was conducted using a multimode microplate reader platform with an emission wavelength
of 625 nm. It was obvious that the QDFM could be excited by ultraviolet light including the
wavelength of 365 nm (Figure 1C). Meanwhile, the fluorescence emission of the QDFM was
analyzed using a microplate reader with 365 nm light excitation. The emission peak of the
QDFM appeared at about 625 nm (Figure 1D). The quantum yield of the QDFM was 56.42%
(Figure S1 (Supplementary Materials)), measured with a fluorescence spectrophotometer.
Thus, the red light of the QDFM was easily observed upon excitation with UV light.
In addition, the QDFM had a negligible change in absorption spectrum after UV light
exposure, which indicated that the QDFM possessed good photostability (Figure 1E). In
addition, the QDFM suspension had no obvious change in color and precipitation on day 1
and day 7 (Figure 1F), suggesting the excellent colloidal stability of the suspension. These
standard parameters provided powerful evidence that the QDFM could be employed in
the fluorescent ICTS observed by the naked eye.
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Figure 1. The characterization of the QDFM. (A,B) TEM images of the QDFM. (C,D) The excitation
and emission spectrum of the QDFM. (E) The UV–vis absorbance of QDFM in different time nodes
during the UV light exposure. (F) The picture of the QDFM suspension on day 1 and day 7.

2.2. Usage of mAb

The usage of mAb usually plays a key role in the QDFM-mAb complex preparation.
When the concentration of mAb is low, the efficiency of the QDFM-mAb conjugation is
low. When the amount of mAb is sufficient, the antibody could be easily bound to the
QDFM for an increase in collision probability. The optimization of antibody usage became
crucial considering the result and cost. The IgG line was used to ensure the amount of
mAb in the QDFM-mAb complex preparation because both kinds of detecting antibodies
were mouse monoclonal antibodies. For the FluB-detecting antibody, the fluorescence
intensity in line C increased with the increase in antibody usage when the amount was
small and tended to be relatively stable when the usage ranged from 10 µg to 20 µg
(Figure 2A). For the SARS-CoV-2 N protein-detecting antibody, the result was similar to
the FluB-detecting antibody (Figure 2B). These results indicate that the QDFM could be
successfully labeled with mAb. Herein, 10 µg of mAb (SARS-CoV-2 N protein-detecting
antibody or FluB-detecting antibody) was chosen for the preparation of the QDFM-mAb
complex considering the balance between effectiveness and cost.

To explore whether the mAb conjugated to QDFM would change the excitation and
emission wavelength of the QDFM, the microplate reader platform was applied to analyze
the QDFM fluorescence excitation and emission again (Figure 2C,D). The results show that
mAb labeling had no significant influence on the excitation and emission peak. Thus, for
the QDFM-mAb complex, the excitation light could use light with a wavelength of 365 nm.
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Figure 2. Antibody usage optimization and the characterization of QDFM-mAb conjugation.
(A,B) The fluorescence images of IgG-captured QDFM-mAb conjugation (A. FluB, B. SARS-CoV-2).
(C,D) The excitation and emission spectrum of two kinds of QDFM-mAb conjugation.

2.3. Characterization FluB/SARS-CoV-2 ICTS

The FluB/SARS-CoV-2 ICTS was developed to simultaneously detect SARS-CoV-2 and
FluB viruses using one sample (Figure 3). The structure was simple for mass production,
with the sample pad, conjugated pad, NC membrane, absorbent pad, and PVC bottom plate.
Three different lines were used to connect with FluB, SARS-CoV-2, and the QDFM-mAb
complex. When a sample was dripped on the FluB/SARS-CoV-2 ICTS, the flow moved
from the sample pad to the absorbent pad with the effect of chromatography. Thus, the
flow would cause the movement of the QDFM-mAb complex and lead to antigen-antibody
interaction in a short time. When no target virus was present in the sample, the QDFM-
mAb complex could not be captured by the FluB-capturing antibody or the SARS-CoV-2 N
protein-capturing antibody at line T1 or line T2, and finally ended up at line C for capture
by the goat anti-mouse IgG. Under ultraviolet light with a wavelength of 365 nm, line C
would appear red due to the excitation of the QDFM. When both targets were in the sample,
the QDFM-mAb complex would be captured at lines T1 and T2, and at line C for the excess
of the QDFM-mAb complex. Hence, under ultraviolet light, lines T1, T2, and C would
appear red because of the excitation of the QDFM.

Considering all the situations, four results will be discussed. Two of these cases had
no virus present in the sample, and the two target viruses present in the sample have
already been mentioned. When only FluB was present in the sample, the QDFM-labeled
FluB detecting antibody would interact with FluB to form a new complex that could be
captured by the FluB capturing antibody and indicate the existence of different binding
sites on the antigen. In this case, under ultraviolet light, lines T1 and C would appear
red. When only SARS-CoV-2 was present, the QDFM-labeled SARS-CoV-2 N protein
detecting antibody would interact with the target virus to form a new complex that could
be captured by its capturing antibody and indicate the existence of different binding sites
on the protein. Thus, in this case, line T2 and line C would appear red under ultraviolet
light (Figure 4A). The FluB recombinant antigen and SARS-CoV-2 N protein antigen were
applied to verify the above inference (Figure 4B). The experiment was consistent with the
theory mentioned above.
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Figure 4. Interpretation of different testing results. (A) The four possible situations of detection using
FluB/SARS-CoV-2 ICTS in theory. (B) The picture of four test results using FluB/SARS-CoV-2 ICTS.
“T1”, “T2”, and “C” refer to the lines T1, T2, and C, respectively. The image was captured with a
smartphone.

2.4. Detection Performance of the FluB/SARS-CoV-2 ICTS

After antibody usage optimization, the performance of the FluB/SARS-CoV-2 ICTS
was evaluated by detecting the different concentrations of FluB recombinant antigen and
SARS-CoV-2 N protein antigen. As exhibited in the fluorescence image of the FluB/SARS-
CoV-2 ICTS, the red fluorescence became increasingly bright with the increasing concen-
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tration of FluB recombinant antigen and SARS-CoV-2 N protein antigen. The fluorescence
line T1 for 10 ng/mL of FluB recombinant antigen was distinguished from 0 ng/mL by the
naked eye (Figure 5A,C). For the SARS-CoV-2 N protein antigen, 100 ng/mL of the sample
could be distinguished from the negative control by the naked eye (Figure 5B,D).
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Figure 5. The performance of the FluB/SARS-CoV-2 QDFM ICTS. (A) The test of different concen-
trations of FluB recombinant antigen. (B) The test of different concentrations of SARS-CoV-2 N
protein antigen. (C) The fluorescence analysis of different concentrations of FluB recombinant antigen.
(D) The fluorescence analysis of different concentrations of SARS-CoV-2 N protein antigen. The
images were captured with a smartphone. The analyses were performed using ImageJ.

2.5. Cross-Reactivity of FluB/SARS-CoV-2 QDFM ICTS

The cross-reactivity of FluB/SARS-CoV-2 QDFM ICTS plays a key role in real-world
usage, thus cross-reactivity with the antigen of other pathogenic microbes including viruses
and bacteria was performed. The antigen of FluA, the antigen of M.tuberculosis, the
antigen of Escherichia coli, and the antigen of salmonella typhi were used for the cross-
reactivity of the FluB/SARS-CoV-2 QDFM ICTS. It was indicated that cross-reactivity
among the FluB/SARS-CoV-2 QDFM ICTS and other antigens of pathogenic microbes was
not found (Figure 6).
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Figure 6. The cross-reactivity of FluB/SARS-CoV-2 QDFM ICTS and antigens of other pathogenic
microbes. 1: blank; 2: the antigen of FluA; 3: the antigen of M.tuberculosis; 4: the antigen of Escherichia
coli; 5: the antigen of salmonella typhi.

2.6. Situation of the Device Suitable for FluB/SARS-CoV-2 QDFM ICTS

From a structural perspective, the basic structure of the device was composed of the
main body and a removable back plate. The device was made of black resin that could
effectively block outside light. The function of the small device (length: 100 mm; width:
100 mm; height: 120 mm) was to provide the excitation light for the QDFM ICTS and keep
the space free from ambient light in order to capture pictures with a smartphone. There was
a tunnel with a length of 80 mm in the main body in which to place the FluB/SARS-CoV-2
QDFM ICTS. On the top of the main body was a window whose size and position were
dependent on the model of the smartphone used. In this work, the window was rectangular
with a length of 50 mm and a width of 30 mm (Figure 7A,B). The ultraviolet LED with a
cooling machine was placed in the main body, and the battery was placed outside of the
main body. The position of the ultraviolet LED was fixed at the top inside the device, with
a cooling machine to avoid rapid temperature rises during the recording of the results,
which could also extend the service life of this simple device (Figure 7C). The wavelength
of the UV LED was 365 nm and the power of the UV LED was 5 W. The circuit of the device
was simple, and all components including the power supply, switch, and light source were
connected directly, leading to a reduction in operating difficulty. Moreover, the use of
fewer components contributes to the portability of the device and ease of replacement of
the components.

The cost of the device is much lower than commercial ultraviolet analyzers due to its
small size. This low-cost device could also be easily removed due to its size and weight.
Significantly, the device is simple for ordinary people to operate, as users only need to
place the FluB/SARS-CoV-2 QDFM ICTS into the tunnel of the device, open the switch,
and take photographs with a smartphone. The device could be used for capturing both
bright fields (the smartphone’s flash acts as a light source) and fluorescence images (light
with a wavelength of 365 nm) (Figure 7D,E).
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3. Discussion

Numerous research groups have reported on methods which have greatly advanced
the development of detecting SARS-CoV-2 [3,16–18], including RT-PCR and ELISA. Nucleic
acid, S protein, IgG, IgM, etc., were common targets for detection in these works. The
time of detection in early infection became vital for its infectivity. The convenience of the
detection methods is also a significant consideration for large-scale applications due to the
current situation of the pandemic. The ICTS, with the characteristics of speed, convenience,
low cost, and point-of-care capacity, has been widely accepted across the world in the fields
of food, drug testing, etc. [5,8,19–21].

The early distinction of the type of virus played a very significant role in reducing
patients’ anxiety, saving medical resources, blocking the spread of the SARS-CoV-2 infection,
and informing the use of specialized clinical treatment. The special characteristics of the
SARS-CoV-2 N protein led it to be chosen as the target for detecting SARS-CoV-2.

Currently, many types of ICTS are usually applied to detect a single molecule, with
the shortcoming of being unable to simultaneously detect multiple analytes. The aforemen-
tioned ICTS could not meet the requirement of simultaneously distinguishing SARS-CoV-2
from FluB. The design of an ICTS with one test and multiple analytes became a novel
strategy to meet the requirement. The FluB/SARS-CoV-2 QDFM ICTS was developed to
simultaneously detect two viruses with one test. The QDFM could be separately conjugated
with two kinds of detecting antibodies with chemical bonds. In this process, antibody usage
optimization was considered. Finally, 10 µg of SARS-CoV-2 N protein-detecting antibody
and 10 µg of FluB-detecting antibody were used to form QDFM-mAb conjugation to save
costs while providing relatively good results. With assessment, 10 ng/mL of FluB recom-
binant antigen and 100 ng/mL of SARS-CoV-2 N protein antigen could be distinguished
from the negative control by the naked eye, which was similar to previous reports [22,23].
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For colloidal gold, the result could be judged by the naked eye without the excitation
light. However, the QDFM needed to be excited by the light of a specific wavelength,
usually UV light, which could cause damage to the eyes after direct exposure. The im-
munofluorescence analyzer is widely used in immunochromatography, and is usually
found in relevant professional institutions such as hospitals and research institutes. How-
ever, the size and weight of the analyzer limits its widespread use. To meet the requirement
for using the FluB/SARS-CoV-2 QDFM ICTS at home, a small and portable device, such
as an ultraviolet analyzer especially designed for QDFM ICTS, was developed with 3D
printing technology. The device is easily portable due to its small volume (approximately
1284 cm3, including the volume of the battery) and weight (approximately 305 g). Last
but not least, ordinary people could easily capture clear fluorescence images through their
smartphones using this portable device.

This is a novel strategy for rapidly distinguishing between SARS-CoV-2 and FluB at
home. Users only need to dilute the sample, add it to the ICTS, wait for 20 min, put the
ICTS into the device, and take the images. These are simple steps that almost anyone can
perform. Thus, this strategy might become a new trend for detection at home in the future.

4. Materials and Methods
4.1. Reagents and Instruments

The bovine serum albumin (BSA) and goat anti-mouse IgG were purchased from
Solarbio (Beijing, China). The phosphate buffer saline (PBS) was obtained from Servicebio
(Wuhan, China). The N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide hydrochloride
(EDC) and N-Hydroxysulfosuccinimide sodium salt (sulfo-NHS) were supplied by Al-
addin (Shanghai, China). The sodium dihydrogen phosphate, disodium hydrogen phos-
phate, sucrose, 2-Morpholinoethanesulfonic acid (MES), and trehalose were obtained from
Sinopharm (Shanghai, China). The carboxyl group functionalized ZnCdSe/ZnS quan-
tum dot fluorescent microspheres were obtained from Jiayuan Quantum Dots Co., Ltd.
(Wuhan, China).

The sample pad and conjugated pad were obtained from Jieyi Biotechnology Co.,
Ltd. (Shanghai, China). The absorbent pad and PVC bottom plate were provided by
MICRODETECTION (Nanjing, China). The nitrocellulose (NC) membranes (CN140) were
obtained from Sartorius (Shanghai, China).

The equipment used in this work includes a fluorescence spectrophotometer from
Edinburgh Instruments (Edinburgh, UK), the ultrapure system from Millipore Co., Ltd.
(Bedford, MA, USA), a dispensing system from LRA (Tianjin, China), a high-speed freez-
ing centrifuge from Beckman Coulter (State of California, USA), an ultrasonic apparatus
from Kunshan Ultrasonic Instrument Co., Ltd. (Suzhou, China), a multimode microplate
reader platform from TECAN (Männedorf, Switzerland), and a smartphone from Realme
(Shenzhen, China).

4.2. Measurement of Quantum Yield

The quantum yield was measured using a fluorescence spectrophotometer, and the
absolute quantum yield was obtained using an integrating sphere.

4.3. Photo and Colloidal Stability

The change in the UV-vis absorption spectrum became a powerful tool for evaluating
photostability. To test the photostability of the QDFM, UV light was applied to expose
the QDFM for a period of time. During the exposure to UV light, the UV-vis absorption
spectrum was tested at different time nodes.

To ensure the colloidal stability of the QDFM suspension, the QDFM was dispersed
into water. On day 1 and day 7, the QDFM suspension was recorded using the smartphone,
and the colloidal stability was judged by the change in color and precipitation.
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4.4. Preparation of QDFM-Monoclonal Antibody (mAb) Complex

The amino groups in the SARS-CoV-2 N protein-detecting antibody and FluB-detecting
antibody could be connected with the carboxyl group of QDFM. The antibodies were
conjugated with QDFM according to the protocol described by Liang with slight modifi-
cations [24]. The 10 µL of QDFM was washed once with MES solution (pH 6.0, 25 mM),
collected by centrifugation (15,000 rpm, 10 min), and resuspended in 100 µL of MES solu-
tion. The suspension was ultrasonicated for the uniform dispersion of QDFM. Then, the
freshly prepared EDC (10 mg/mL, 2 µL) and sulfo-NHS (10 mg/mL, 5 µL) were added to
the suspension, fully mixed, and left for 20 min at 25 ◦C. Subsequently, the activated QDFM
were collected by centrifugation and redispersed in 1 mL PB solution (10 mM, pH 7.7). The
SARS-CoV-2 N protein-detecting antibody or FluB-detecting antibody was added to the
aforementioned solution, then mixed thoroughly. After 1.5 h, 100 µL of 20% BSA (w/v)
was added into the aforementioned solution for blocking unbound sites for 30 min at a
temperature of 25 ◦C. Following centrifugation at a speed of 15,000 rpm and a time of 8 min,
the precipitate was resuspended in 100 µL of buffer (PB buffer, 10 mM, pH 7.4) containing
10% sucrose (w/v), 5% trehalose (w/v), 1% BSA (w/v), and 1% Tween-20, and then stored at
4 ◦C for use.

4.5. Construction of the ICTS

Two kinds of ICTS were developed: one for optimizing antibody usage (the test ICTS),
and another for distinguishing between SARS-CoV-2 and FluB (the FluB/SARS-CoV-2
ICTS). The basic structure of an ICTS includes five parts: the sample pad, conjugated
pad, NC membrane, absorbent pad, and PVC bottom plate. The only difference between
the test ICTS and the FluB/SARS-CoV-2 ICTS was the antibody that was sprayed onto
the NC membrane. In the test ICTS, only the goat anti-mouse IgG which was dissolved
with PBS buffer (10 mM, pH 7.4) containing 0.1% sucrose (w/v) was sprayed onto the NC
membrane. In the FluB/SARS-CoV-2 ICTS, the FluB-capturing antibody, the SARS-CoV-2
N protein-capturing antibody, and the IgG were sprayed onto the NC membrane to form
line T1, line T2, and line C, respectively. Before these processes, the NC membrane was
pasted onto the PVC bottom plate in advance. The sprayed NC membrane was put in a dry
box with a temperature of 37 ◦C for half a day, and then the absorbent pad, the conjugated
pad, and the sample pad were pasted onto the PVC bottom plate. After this, the plate was
cut into strips with a cutting machine and stored in a dry atmosphere at 37 ◦C for use.

4.6. Antibody Usage

The usage of antibodies played a significant role in the preparation of the QDFM-
mAb complex. Different amounts of antibody were added into the suspension containing
activated QDFM to optimize the usage of the antibody, all else being the same. The QDFM-
mAb complex was diluted and then dripped onto the sample pad. After incubation at
a temperature of 25 ◦C for 20 min, the test strips were put into the dark box ultraviolet
analyzer, and pictures were captured using the smartphone.

4.7. Test of FluB/SARS-CoV-2 ICTS

The two target testing objects were diluted to different concentrations. The aforemen-
tioned solution was mixed with two kinds of QDFM-mAb complex and then dripped onto
the sample pad. After incubation, they were put into the ultraviolet analyzer.

4.8. Cross-Reactivity of FluB/SARS-CoV-2 QDFM ICTS

Different kinds of testing objects were diluted and then added into the FluB/SARS-
CoV-2 QDFM ICTS. After 20 min, the result was recorded using the smartphone. Five
groups were set for tests of cross-reactivity, including the blank group, the antigen of
the FluA group, the antigen of the M.tuberculosis group, the antigen of the Escherichia
coli group, and the antigen of the salmonella typhi group. The blank group acted as a
negative control.
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4.9. User-Friendly Device Suitable for the FluB/SARS-CoV-2 ICTS

The device was composed of two main parts: the main body which was equipped with
a light source, and a removable back plate which was used for changing the light source
when needed. The main part of the device was made with 3D printing technology. Black
resin was chosen as the body material with the aim of reducing ambient light interference.
The light source was a light-emitting diode (LED) that could emit ultraviolet light (about
365 nm) to excite the QDFM. There was a window on this device for capturing a picture
using the smartphone.

5. Conclusions

In summary, the novel strategy for the rapid detection of FluB and SARS-CoV-2
using one sample at home could reduce the anxiety of people who have fever and cough,
which are early symptoms of SARS-CoV-2 infection. The results can be recorded using
a smartphone and uploaded to the system. The FluB/SARS-CoV-2 QDFM ICTS could
quickly tell us the results. An amount of 10 ng/mL of FluB recombinant antigen and
100 ng/mL of SARS-CoV-2 N protein antigen could be distinguished from the respective
negative control by the naked eye. We believe that the FluB/SARS-CoV-2 QDFM ICTS
could realize the higher sensitivity of detection of the two viruses after future optimization,
which is our current plan. The device is suitable for FluB/SARS-CoV-2 QDFM ICTS and
is safe, portable, low cost, relatively stable, and easy to use, meaning it could replace the
immunofluorescence analyzer in cases where there is no need for quantification. This
device does not need professional and technical personnel to operate and has commercial
application potential.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/molecules28052104/s1, Figure S1: The quantum yield result of the QDFM.
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