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KEYWORDS Abstract Considering the limitations of the assays currently available for the detection of severe
COVID-19: acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and its emerging variants, a simple and
SARS-CoV-2; rapid method using fluorescence spectrophotometry was developed to detect coronavirus disease
Fast analysis; 2019 (COVID-19). Forty clinical swab samples were collected from the nasopharyngeal and
Fluorescence spectroscopy; oropharyngeal cavities of COVID-19-positive and -negative. Each sample was divided into two
Excitation; parts. The first part of the samples was analyzed using reverse transcription-polymerase chain reac-
Emission tion (RT-qPCR) as the control method to identify COVID-19-positive and -negative samples. The

second part of the samples was analyzed using fluorescence spectrophotometry. Fluorescence mea-
surements were performed at excitation and emission wavelengths ranging from 200 to 800 nm.
Twenty COVID-19-positive samples and twenty COVID-19-negative samples were detected based
on RT-qPCR results. The fluorescence spectrum data indicated that the COVID-19-positive and
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-negative samples had significantly different characteristics. All positive samples could be distin-
guished from negative samples by fluorescence spectrophotometry. Principal component analysis
showed that COVID-19-positive samples were clustered separately from COVID-19-negative sam-
ples. The specificity and accuracy of this experiment reached 100%. Limit of detection (LOD)
obtained 42.20 copies/ml (Ct value of 33.65 cycles) for E gene and 63.60 copies/ml (Ct value of
31.36 cycles) for ORF1lab gene. This identification process only required 4 min. Thus, this technique
offers an efficient and accurate method to identify an individual with active SARS-CoV-2 infection
and can be easily adapted for the early investigation of COVID-19, in general.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The ongoing COVID-19 global pandemic has caused nations health,
economic, and social crises. COVID-19 is uncommon pneumonia
caused by SARS-CoV-2 (Ji et al., 2020; Vale et al., 2021), a virus
belonging to the family Coronaviridae. SARS-CoV-2 is more conta-
gious than other coronavirus such as SARS-CoV and the Middle East
respiratory syndrome coronavirus (MERS-CoV) (Vale et al., 2021;
Zhu et al., 2020). As of 20 May 2022, more than 522 million confirmed
COVID-19 globally (WHO, 2022). Early data have indicated that
approximately 20% of COVID-19 patients require hospitalization,
including 5% admitted to the intensive care unit (Koyama et al.,
2020). The fatality rate for COVID-19 in the world is 1.2% (data
per 20 May 2022) (WHO, 2022), which is lower than SARS (9.6%)
and MERS (34.3%) (Koyama et al., 2020). COVID-19 mortality is
higher in people with comorbidities such as chronic lung disease, dia-
betes, heart disease, hypertension, and obesity (Nikolic et al., 2021).
Controlling COVID-19 presents a major challenge because the disease
often presents symptoms similar to colds and flu, thus hindering diag-
nosis (Song et al., 2021; Tymm et al., 2020; Woo et al., 2020).
Moreover, COVID-19 causes asymptomatic infections character-
ized by the positive detection of the SARS-CoV-2 nucleic acid in
patient samples and the lack of typical clinical symptoms and apparent
abnormalities in lung computed tomography (CT) (Mizumoto et al.,
2020). Asymptomatic individuals can transmit the virus to others,
which poses a great danger because no specific signs or symptoms
are observed (Daniel et al., 2021; McRae et al., 2020). Early November
2021, scientists identified a new variant of the SARS-CoV-2 in Bots-
wana (known as Omicron) and has since turned up in a traveler arriv-
ing in Hong Kong from South Africa (Callaway, 2021). Identifying
new strains is not easy, and proper methods are essential to prevent
the spread of COVID-19 (Afzal, 2020; Ji et al., 2020; Song et al., 2021).
RT-qPCR is the most common method for COVID-19 diagnosis.
This method has good accuracy without any interference from other
viruses (Babady et al., 2021). However, RT-qPCR is relatively time-
consuming (approximately 2 h), and the results are obtained after 1
to 3 days (Ji et al., 2020). This technology also needs an experienced
laboratory technician and requires repeated measurements for a valid
result (Cui and Zhou, 2020; Song et al., 2021). Another disadvantage
of the RT-qPCR method is a high false-negative rate (46.3%) (Pan
et al., 2020). Individuals with false-negative results may contribute sig-
nificantly to the virus spread, thus hampering effective infection con-
trol. RT-qPCR can detect SARS-CoV-2 in both symptomatic and
asymptomatic patients. However, new cases related to SARS-CoV-2
gene mutations are reported to be undetected using at least one of
the commercialized primers (Afzal, 2020). As gene mutations alter viral
RNA sequences, new targets need to be detected. Effective assays and
reagents pose a challenge for detecting new targets using RT-qPCR.
Developing appropriate assays and reagents requires advanced
research, which may be time-consuming. Other standard methods,
i.e.,, chest computed tomography (chest CT) and lateral flow
immunoassays, are used for symptomatic patients (Cavalera et al.,
2021; Wang et al., 2020). Several days are needed to confirm that a

patient is infected with SARS-CoV-2. Therefore, various methods have
been introduced as alternatives to replace the standard techniques. One
of these methods is fluorescence spectroscopy.

Fluorescence spectroscopy has good selectivity and sensitivity
and is a rapid, cost-effective, simple, and non-destructive method
(Diao et al., 2020). It is a perfect candidate for the detection of
COVID-19 in clinical samples (Barauna et al., 2020; Khan and
Rehman, 2020). The samples fluoresce under a light source in a vis-
ible light range and produce a response in the form of fluorescence
as excitation and emission peaks (Fardiyah et al., 2020; Juniawan
et al., 2020). The physicochemical properties of viruses can serve
as unique markers that could be detected via fluorescence emission.
Although gene mutations may change the physicochemical proper-
ties of viruses (Bakhshandeh et al., 2021), these changes can still
be detected by fluorescence spectrophotometry. It is can be detected
because the presence of the virus in infected individuals remains
specific enough to distinguish them from uninfected individuals.
Thus, fluorescence analysis of the intact virus could help identify
the coronavirus family. Various samples can be tested without
requiring a complicated preparation process.

Some researchers have used fluorescence spectrophotometry to
diagnose coronaviruses but with other techniques. Diao et al. devel-
oped an immunochromatographic fluorescence assay for detecting
the nucleocapsid gene (N gene) of SARS-CoV-2 (Diao et al., 2020).
This assay could detect COVID-19 in the urine of 73.6% of diagnosed
patients based on the presence of the N gene. This technique has a
working principle similar to that of a pregnancy test. However, this
assay involves some complicated preparation and reagents to enable
fluorescence.

Woo et al. reported a sensitive fluorescence detection assay for
SARS-CoV-2 RNA in clinical samples using one-pot isothermal
ligation and transcription (Woo et al., 2020). They used the princi-
ple of isothermal amplification for RNA. From their work on 40
nasopharyngeal SARS-CoV-2 samples, the assay reached positive
and negative predictive values of 95% and 100%, respectively. How-
ever, this assay still needs to extract SARS-CoV-2 RNA, and its
purification is often a prerequisite for diagnostic assays based on
isothermal RNA amplification methods. It includes four main com-
ponents, namely probes, SplintR ligase, T7 RNA polymerase, and a
fluorogenic dye. The fluorogenic dye is used to bind the RNA apta-
mer. Their binding stabilizes the planar structure of the fluorogenic
dye and facilitates fluorescence emission as an output. This assay
enables sensitive RNA detection without pre-amplification steps
such as those required in RT-qPCR.

In the present study, fluorescence spectrophotometry was used to
investigate nasopharyngeal and oropharyngeal swab samples from
individuals with or without COVID-19. This method is simpler,
cheaper, and faster than the standard method (RT-qPCR). The perfor-
mance of the fluorescence spectrophotometry was examined based on
the excitation and emission peak wavelengths of the virus protein to
differentiate between individuals with and without COVID-19. The
method in this work showed a good result and had the potency to
be used in routine analysis.


http://creativecommons.org/licenses/by-nc-nd/4.0/

Fluorescence spectrophotometry for COVID-19 determination in clinical swab samples 3

2. Materials and methods

2.1. Materials

RADI transport medium (RTM) was obtained from KH
Medical (Gyeonggi-do, Republic of Korea). RTM is used
to collect and transport clinical specimens containing viruses
from the collection site to the testing laboratory. Sterile dis-
tilled water was obtained from the Institute of Tropical Dis-
ease, Airlangga University. The QIAamp Viral RNA mini
kit was obtained from QIAGEN, Cat. No. 52,904 (Hilden,
Germany). Sulfuric acid (H>SOy4, 98%) and hydrogen perox-
ide (HyO,, 30%) were purchased from Merck, Germany.
Piranha solution (98% H,SOy4: 30% H,O, = 3:1) was used
for glass apparatus cleaning. Technical ethanol (96%), used
for cleaning and disinfecting purposes, was purchased from
SAP Chemical, Indonesia.

2.2. Sample collection and preparation

The collecting sample procedure in this work has passed
the ethical committee of Airlangga University Hospital with
ethical clearance number 162/KEP/2021. Clinical swab sam-
ples were collected from hospitals throughout East Java,
Indonesia, without particular criteria. All patients were
treated as per the standard protocol for swab sampling.
Sterile cotton swabs (KH Medical, Republic of Korea) were
used to probe the patients’ nasopharyngeal and oropharyn-
geal cavities and were immediately placed into a sterile tube
containing RTM. The samples were stored below —20 °C
and transported to the Institute of Tropical Disease, Air-
langga University. In this work, 40 samples were selected
randomly. Each sample was divided into two parts. The
first part was tested using a standard method, RT-qPCR
(ThermoFisher Scientific, ABI 7500), to validate individuals
who were positive or negative for COVID-19. The negative
and positive samples were coded as N, and P, respectively,
where n is the data number (1, 2, 3, etc.) generated from
the RT-qPCR test.

The second part for fluorescence measurement was pre-
pared by taking 1 mL of the sample and placing it into a flu-
orescence cuvette. The sample was then diluted with 2 mL
sterile distilled water. Finally, the cuvette was sealed with par-
afilm for safety and subsequent measurement. All preparation
steps were conducted in a Biosafety Level III laboratory with
the relevant safety protocols for handling SARS-CoV-2.

2.3. Assay protocol for swab sample identification by RT-qPCR
testing

2.3.1. Nucleic acid extraction

Viral nucleic acids were extracted from 200 uL of clinical
samples using the QIAamp Viral RNA mini kit. Briefly,
5 pL of internal control A was added to each clinical sample
as the internal control (IC) from the extraction process. The
nucleic acid extraction solution was added to the reaction
tube within 10 min. The extracted nucleic acid was trans-
ferred to a centrifuge tube and stored at —25 — —15 °C
for long-term storage.

2.3.2. Reagent preparation and setting conditions for RT-qPCR
analysis

2.3.2.1. Applied biosystems 7500 RT-qPCR instrument system.
The PCR mixture was prepared according to Table SM1,
and 21 pL was dispensed into each PCR tube. If IC A was
added during the extraction process, the mixture was prepared
without IC A, and 20 pL of the mixture was dispensed into
each PCR tube. (0.5 pL of IC A was added to wells assigned
as the positive control (PC) and negative control (NC)).

2.3.2.2. RT-gPCR amplification. The PC, NC, and nucleic
acids extracted from clinical samples (10 pL) were added to
the PCR mixture’s respective tubes. The mixture was cen-
trifuged at 3000 rpm for 60 s and then placed on the real-
time fluorescence quantitative PCR instrument. The cycle con-
ditions were then set on the PCR instrument for nucleic acid
amplification (Table SM2).

2.4. Fluorescence analysis of swab samples

Fig. 1 shows the scheme of the fluorescence analysis process
used in this work. The fluorescence analysis of all samples
was performed using a PerkinElmer LS55 Fluorescence Spec-
trometer (PerkinElmer, USA) equipped with a standard pho-
tomultiplier detector and FL WinLab software. The initial
step, i.e., pre-scan, was performed to determine the excitation
and emission wavelength at the maximum intensity of the sam-
ple (Fardiyah et al., 2020; Juniawan et al., 2020). The pre-scan
proceeded at excitation wavelengths of 200-800 nm, then con-
tinued at emission wavelengths of 200-900 nm. The pre-scan
was conducted five times. The wavelength obtained at the max-
imum intensity was used for further measurement. The scan
condition speed was set at 500 nm/min with excitation and
emission monochromator slits of 10 nm. All samples were
scanned five times. All data were statistically analyzed using
one-way ANOVA and least significant difference (LSD) test-
ing. Further data processing was performed through principal
component analysis (PCA).

This method’s specificity and accuracy were calculated
using equations (1) and (2). Specificity defines as the probabil-
ity that a test result will be negative when the disease is not pre-
sent. Whereas accuracy is the total coincidence rate.

TN
1707 [0y —
Specificity(%) = INLFP > 100 (1)
TN+ TP
Accuracy(%) = Bkl L 100 (2)

= X
Totalsample

where TN is a true negative, TP is a true positive, and FP is a
false positive.

2.5. The effect of Ct value in fluorescence analysis

Fluorescence spectrophotometry also was performed to ana-
lyze the COVID-19-positive samples with various Ct values.
This work aims to know the Ct value effect in the fluorescence
spectrum. Nine COVID-19-positive samples with high Ct val-
ues (22-33 cycles) were obtained using RT-qPCR identifica-
tion. For fluorescence measurement, each sample was
prepared as described in section 2.2. All samples were analyzed
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using fluorescence spectrophotometry with steps as explained
in section 2.4. All data were analyzed using PCA.

3. Results and discussion

3.1. Identification of patients positive and negative for COVID-
19

3.1.1. Identification using the standard method (RT-gPCR)

RT-qPCR testing was performed to validate the positive or
negative patients for COVID-19. The results of the RT-
qPCR assay are shown in Table 1, with the amplification plot
shown in Fig. SM1-SM4. In total, 20 samples were negative,
and 20 samples were positive for COVID-19.

All positive samples had low Ct (Cycle threshold) values
(<20 cycles) for both the envelope protein gene (E gene) and
replicase open reading frame lab (ORF1lab). The E gene and
ORFlab are biomarkers indicating the presence of SARS-
CoV-2 (Al-Qahtani, 2020; Barauna et al., 2020). The results
showed that the number of copies of the E gene and ORF1lab
was large in the positive samples. A large number of copies
indicates a high number of viruses in the sample (Babady
et al., 2021). The results from RT-qPCR were then used to val-
idate the fluorescence analysis.

3.1.2. Identification based on fluorescence spectra

In this study, SARS-CoV-2 was detected directly using a fluo-
rescence spectrometer without complicated preparation and
chemicals. The 20 positive samples from nasopharyngeal and
oropharyngeal swabs could be distinguished from negative
samples. This identification was based on the specific emission
wavelength. The fluorescence spectra of SARS-CoV-2 are
probably a result of the combination of the envelope, the spike
(S) protein, E-protein, M—protein, and HE-Protein (Madurani
et al., 2021). All these proteins are located on the outer part of
the virus and play a critical role in virus detection.

Positive Result Negative Result

Excited Excited
State(S,) State(S,)

Energy

Ground Ground
State(S,) State(S,)

Schematic representation of the fluorescence analysis process for detecting COVID-19-negative and -positive samples.

Fluorescence measurement was performed for 20 negative
and positive COVID-19 samples based on the RT-qPCR
results. The excitation and emission wavelengths at the maxi-
mum intensity were obtained from the pre-scan step, and the
results are summarized in Table SM3. The average peak exci-
tation wavelength of the negative and positive samples was
342.71 £ 0.91 nm and 343.17 = 8.41 nm, respectively. Simul-
taneously, the average peak emission wavelength was 349.57

+ 0.98 nm and 358.82 £ 9.06 nm for the negative and posi-
tive samples, respectively. These wavelengths were then used
for scanning to determine the profile of fluorescence spectra
for negative and positive samples.

The result of the scanning process for fluorescence measure-
ment is shown in Fig. 2. The excitation spectrum (Fig. 2A) is
not specific for distinguishing the positive sample from the neg-
ative sample. Fig. 2B shows the emission spectra of the nega-
tive and positive samples, which showed different small
profiles. The sample showed unique fluorescence characteris-
tics, indicated by the emission peak shift in the yellow and blue
regions (Fig. 2B). The specific emission wavelength from the
sample is listed in Table 2 (the complete data can be seen in
Table SM4). Positive samples were observed at an average of
522.47 £ 11.78 nm and 692.18 £+ 10.89 nm. Whereas the neg-
ative samples were noticed at an average of 508.37 + 5.68 nm
and 685.27 £ 0.44 nm. These emission wavelengths are rela-
tively slight differences, so it is difficult to distinguish positive
and negative samples directly from their fluorescence spectra.
Therefore, statistical data processing is needed, i.e., the signif-
icance test and the multivariate analysis. The significance test
was performed using ANOVA and LSD, while the multivari-
ate analysis was analyzed using PCA.

Statistical analysis of both the first and second emission
wavelengths using ANOVA showed that the F-calculated
value was higher than the F-critical value (Table SM5 and
SM6). The null hypothesis is no significant difference between
positive and negative wavelengths. Hence, the null hypothesis
was rejected, indicating that the measurement data showed
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Table 1 Data of swab samples obtained using RT-qPCR.
No. Ct value Conclusion Sample code for fluorescence analysis
E gene Number of copies ORFlab Number of copies
l. N/A N/A N/A N/A Negative N1
2. N/A N/A N/A N/A Negative N2
3. N/A N/A N/A N/A Negative N3
4. N/A N/A N/A N/A Negative N4
5. 17.34 1.14 x 10° 15.07 1.29 x 10° Positive Pl
6. 15.56 3.34 x 10° 14.31 3.04 x 10° Positive P2
7. 17.73 8.96 x 10° 16.77 0.67 x 10° Positive P3
8. 16.24 2.22 x 10° 15.06 1.92 x 10° Positive P4
9. 17.09 1.87 x 10° 13.84 2.32 x 10° Positive P5
10. 17.74 0.55 x 10° 15.58 0.44 x 10° Positive P6
11. 13.90 421 x 10° 12.19 2.49 x 10° Positive P7
12. 19.33 0.24 x 10° 16.79 0.24 x 10° Positive P8
13. 17.08 0.78 x 10° 15.05 0.58 x 10° Positive P9
14. 16.93 0.54 x 10° 15.62 0.41 x 10° Positive P10
15. 16.72 0.60 x 10° 15.18 0.51 x 10° Positive P11
16. 19.94 0.11 x 10° 19.06 0.07 x 10° Positive P12
17. 12.61 5.45 x 10° 11.23 3.78 x 10° Positive P13
18. 18.22 0.27 x 10° 16.31 0.29 x 10° Positive P14
19. 13.44 3.48 x 10° 11.89 2.70 x 10° Positive P15
20. 18.76 0.20 x 10° 17.27 0.18 x 10° Positive P16
21. 18.91 0.10 x 10° 17.27 0.08 x 10° Positive P17
22. 11.89 2.10 x 10° 9.88 1.72 x 10° Positive P18
23. 12.59 1.55 x 10° 10.95 1.10 x 10° Positive P19
24, 8.56 79.49 x 10° 8.37 24.00 x 10° Positive P20
25. N/A N/A N/A N/A Negative NS
26. N/A N/A N/A N/A Negative N6
27. N/A N/A N/A N/A Negative N7
28. N/A N/A N/A N/A Negative N8
29. N/A N/A N/A N/A Negative N9
30. N/A N/A N/A N/A Negative N10
31. N/A N/A N/A N/A Negative N1
32. N/A N/A N/A N/A Negative N12
33. N/A N/A N/A N/A Negative N13
34. N/A N/A N/A N/A Negative N14
35. N/A N/A N/A N/A Negative N15
36. N/A N/A N/A N/A Negative N16
37. N/A N/A N/A N/A Negative N17
38. N/A N/A N/A N/A Negative N18
38. N/A N/A N/A N/A Negative N19
40. N/A N/A N/A N/A Negative N20

precision with a significant 95% confidence interval difference.
The LSD test of both the first and second emission peak wave-
lengths showed a significant difference in the mean data
between sample variations (Table SM7 and SMS).

Further data processing was performed using PCA. PCA is
an unsupervised technique that reduces the spectral data space
to principal components (PCs), responsible for the most vari-
ance in the original dataset (Barauna et al., 2020). In contrast,
the loading on the first two PCs was used to derive specific
biomarkers indicative of the infected and non-infected cate-
gories. In this study, for classification models in PCA, the sam-
ples were designated from 20 negative and 20 positive samples
for COVID-19 according to the RT-qPCR data. The PCA
used the full spectrum of emissions from all samples. PCA cal-
culations show significantly different coordinate regions for
positive and negative samples on the graph. The results of
PCA (Fig. 3) indicate that samples negative for COVID-19
are clustered in a specific area, as shown by the green ellipse.

Conversely, the samples positive for COVID-19 are outside
of the green ellipse. Negative samples have a narrower region
than the positive samples. The specificity of this work was
achieved 100%.

3.2. The effect of Ct value in fluorescence analysis

Variations in the Ct value of the COVID-19-positive sample
were observed in its influence in fluorescence testing. In this
study, nine positive samples with high Ct values have been
identified by RT-qPCR, and the result is shown in
Table SM9. For fluorescence analysis, the pre-scan data is
shown in Table SM10. The excitation and emission wavelength
from the pre-scan step were used in the scanning process to
know the profile of fluorescence spectra in variations of Ct val-
ues. The result of the scanning process in fluorescence mea-
surement is shown in Fig. SM5. The excitation and emission
peaks show a similar pattern with the low Ct value (Fig. 2).
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Fig. 2 Excitation (A) and emission (B) peaks of negative (black)

and positive (red) samples. The specific emission wavelength
region: the first (yellow area) and the second (blue area).

The multivariate analysis by PCA also proved that the data
distributed uniform (Fig. SM6). The lower Ct value means it
has a higher viral load. The result means that a small amount
of the virus can still be detected. In this work, the LOD
obtained 42.20 copies/ml (Ct value of 33.65 cycles) for the E
gene and 63.60 copies/ml (Ct value of 31.36 cycles) for
ORFlab.

3.3. Performance of fluorescence spectrophotometry for
COVID-19 detection

Spectroscopy techniques have attracted much focus for their
development as biomedical tools for early diagnosis to monitor
human disease (Lukose et al., 2021). The principle underlying
this method is based on vibrational spectroscopy, which relies
on the molecular vibrations of the chemical structure of

"
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Fig. 3  Principal component analysis of COVID-19 samples.

molecules (Barauna et al., 2020; Lukose et al., 2021;
Madurani et al., 2021; Sivakumar et al., 2021). Infrared
(Barauna et al., 2020; Mayerhofer et al., 2021) and Raman
(Desai S et al., 2020; Hernandez-Arteaga et al., 2022) spectro-
scopies are reported to be capable of assisting in the diagnosis
of infection caused by SARS-CoV-2. From intact viruses, bio-
molecules, such as DNA, RNA, proteins, and lipids, can pro-
duce unique spectral vibrations based on their structural
heterogeneity.

Moreover, conventional fluorescence spectrophotometry
has not been explored widely but seems promising for future
technologies. According to our results, we propose that this
technique can be applied to detecting other pathogens. First,
it is a simple technique that requires no complicated prepara-
tion steps. Second, it is a rapid analysis that only takes
4 min to detect the infection (Table 3). Third, the accuracy (to-
tal coincidence rate) was calculated with equation (2), which
reached 100% for this work. RT-qPCR has high accuracy
(84-98%) compared to standard methods, but this method
needs approximately two hours to obtain the result. The accu-
racy of other standard methods such as chest CT and lateral
flow immunoassay is shown to be approximately 68% and
97%, respectively. The performance of alternative spec-
troscopy methods such as ATR-infrared, Raman spec-
troscopy, fluorescence immunochromatography, and sensitive
fluorescence-based on one-pot isothermal RNA detection is
not more accurate than that of the proposed method (Table 3).

This work shows an excellent result for 40 samples. All the
positive samples can be distinguished from the negative sam-
ples. Expanding to more samples can help to check how accu-
rate this method is. It allows further development and
validation of the fluorescence spectrophotometry technique.
The limitation of this study is only used to identify samples
from COVID-19 patients, ignoring the possible congenital dis-

Table 2 Specific emission peak wavelengths of samples negative and positive for COVID-19.

Sample group Wavelengths (nm)

Average of the first emission peak

Average of the second emission peak

508.37 £ 5.68
522.47 £ 11.78

Negative
Positive

685.27 + 0.44
692.18 £+ 10.89
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Table 3 Performance of several methods for COVID-19 detection.

Method Accuracy Analysis Specificity Limit of detection Ref.
time
RT-qPCR 84-98% ~2h 97-100%  1.20 copies/ml Fukasawa et al., 2021
Chest CT 68% several N/A N/A Fang et al., 2020
days
Lateral flow immunoassay 9597%  2-5min  95-100% N/A Cavalera et al., 2021
ATR-Infrared 90% 2-Smin  89% 1582 copies/ml Barauna et al., 2020
Raman spectroscopy 91.6% 2-5min  88.8% N/A Desai S et al., 2020
Fluorescence immunochromatography 73% 4 min 100% N/A Diao et al., 2020
Sensitive fluorescence-based on one-pot  95% 30-50 N/A aM Woo et al., 2020
isothermal RNA detection min
Fluorescence spectrophotometry 100% 4 min 100% 42.20 copies/ml for E gene and 63.60 This work

copies/ml for ORFlab

eases. This method can be developed to test in various interfer-
ences samples. In addition to its sensitivity, application to
other pathogens and specificity to each pathogen can be eval-
uated. Fluorescence spectrophotometry can be combined with
several techniques to improve the accuracy of diagnosis. This
technique can also be developed for system miniaturization.
Furthermore, it can be connected to smart devices, such as
smartphones, for portable testing. Portable technologies would
facilitate its use in hospitals, clinics, airports, stations, and
other high-traffic areas as well as at home.

4. Conclusions

Overall, our results demonstrate that fluorescence spectrophotometry
is advantageous for SARS-CoV-2 detection compared to other detec-
tion methods. Clinical swab samples from the positive or negative
patients can be identified directly based on their fluorescence spectral
profile depending on the physicochemical characteristics of the viral
protein in RTM. They have significantly different emission wave-
lengths. All positive samples could be clearly distinguished from nega-
tive samples using fluorescence spectrophotometry. This measurement
only took 4 min. The detection limit of this work is 42.20 copies/ml for
the E gene and 63.60 copies/ml for ORFlab with 100% in specificity
and accuracy. We thus propose that fluorescence spectrophotometry
be promoted as a potential technique for COVID-19 detection. An
increase in the number of samples is required for future research.
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