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Coronavirus pandemic has been a huge jeopardy to human health in various
systems since it outbroke, early detection and prevention of further escalation has
become a priority. The current popular approach is to collect samples using the
nasopharyngeal swab method and then test for RNA using the real-time
polymerase chain reaction, which suffers from false-positive results and a
longer diagnostic time scale. Alternatively, various optical techniques, namely,
optical sensing, spectroscopy, and imaging shows a great promise in virus
detection. In this mini review, we briefly summarize the development progress
of vibrational spectroscopy techniques and its applications in the detection of
SARS-CoV family. Vibrational spectroscopy techniques such as Raman
spectroscopy and infrared spectroscopy received increasing appreciation in
bio-analysis for their speediness, accuracy and cost-effectiveness in detection
of SARS-CoV. Further, an account of emerging photonics technologies of SARS-
CoV-2 detection and future possibilities is also explained. The progress in the field
of vibrational spectroscopy techniques for virus detection unambiguously show a
great promise in the development of rapid photonics-based devices for COVID-19
detection.
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Introduction

Since the winter of 2019, the epidemic of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has turned into a hot topic in the whole society. It was first observed at
Wuhan City, Hubei Province, on 31 December 2019 and has spread worldwide ever since
(WHOCoronavirus, 2022). SARS-CoV-2 tends to outbreak in people-intensive public places
like school and hospital (Oliver, 2021; Pagel, 2021), as the transmission is commonly
occurred through pathogen-carried respiratory droplets and contact with contaminated
object (Wiersinga et al., 2020). Moreover, the phenomenon of that some cases happen
between medical team indicate that infection via aerosol exhaled by patient is popular as well
(Hamilton, 2021). Fever, dry cough, shortness of breath and fatigue are the most common
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clinical manifestations (Pereira et al., 2021). SARS-CoV-2 also lead
to vascular dysfunction that may result in erectile dysfunction in
men; loss of grey matter and shrinkage of hippocampus was detected
among elders. Thus, an accurate and rapid detection method is
crucial under such a scale of pandemic.

At present, Real-time polymerase chain reaction (RT-PCR) is
considered as the gold standard for SARS-CoV-2 detection due to
its outstanding sensitivity (Jadhav et al., 2021; Qiblawey et al.,
2021). Real-time detection based primarily on detecting the
presence of viral RNA with a fluorescence spectrophotometer
during PCR (Corman et al., 2020). However, it suffers from
defects such as being time-intensive, highly-demanding
transportation process and complex procedure of sample
treatment (Yakoh et al., 2021). As the coronavirus 2019
(COVID-19) is airborne, complex sample handling procedures
can bring about greater risk of transmission. Moreover, the
precision rate of RT-PCR is not 100% since errors may occur
due to virus mutation or sample contamination (Kashefi-
Kheyrabadi et al., 2022). Therefore, there is an urgent need
to improve the speed, cost effectiveness and accuracy of
detecting coronavirus infections thus inhibiting the spread of
the disease.

For the purpose of non-invasive diagnostic applications,
vibrational spectroscopy techniques have drawn new
applications in biotechnology, science and medicine research
(Pence and Mahadevan-Jansen, 2016; Baker et al., 2018). In
this mini-review, we focus on the vibrational spectroscopy
techniques which obtain the chemical structure of molecules
by observing the molecular vibrations. From immune system
response, the vibrational profiles of viral or antibody proteins can
be obtained (Leal et al., 2018). Among the vibrational
spectroscopy techniques, there has been growing interest in
applying Raman spectroscopy (RS) and infrared spectroscopy
(IR) for detecting and monitoring infections (Movasaghi et al.,
2008; Talari et al., 2015; Harrison and Berry, 2017). Here, we are
going to discuss the two approaches above for efficient detection
of COVID-19. We hope that this mini-review will demonstrate
the broad promise of RS and IR in detecting viruses that cause
respiratory disease and help researchers build advanced
diagnostic systems to overcome pandemics.

Raman spectroscopy sensors

Raman spectroscopy has received a lot of attention in
biological study. Raman scattering is the inelastic scattering of
photons from vibrating molecules. After interacting with
molecular bond, the frequency of the photon changes. This
difference in frequency provides information about the
molecular vibrations (Liu et al., 2022; Wang et al., 2022).
Raman spectroscopy has been used to detect RNA viruses
present in serum samples like hepatitis B virus (HBV) (Khan
et al., 2018; Tong et al., 2019). It also has potential application in
detecting COVID-19 since this spectroscopy can give chemical
fingerprints of molecules. The virus existed in human biofluids
which carry biomarkers when people got infection. These
biomarkers like carbohydrates, lipids, hormones, nucleic acids
can be identified with Raman spectroscopy (Zhang et al., 2005).

(Yin et al., 2021) verified that it could be applied for a safe and
efficient method for COVID-19 detection by analyzing serum
specimens of confirmed patients, suspected patients and healthy
individual on Raman spectroscopy. Moreover, it showed a
relatively high accuracy in identifying COVID-19 symptomatic
and asymptomatic individuals, which indicated that Raman
spectroscopy could be a promising tool for COVID-19
screening. (Goulart et al., 2022). also analyzed serum samples
for identification of COVID-19 by means of Raman spectroscopy.
The study focused on the fact that the COVID-19 serum samples
had an increase in blood lipids, nitrogen compounds and nucleic
acids, while content of protein and tryptophan decreased, which
also illustrated Raman spectroscopy as a rapid and economic
detection platform. Since hematological disease is a common
symptom of COVID-19 (Bergamaschi et al., 2021), (Revin et al.,
2022) combined Raman spectroscopy and laser interference
microscopy techniques to specifically identify decreased
erythrocyte oxygen transport function and abnormal
appearance in patients with confirmed COVID-19 compared
with healthy people. In addition to blood tests, other body
fluids like saliva can also get more accurate results.
(Carlomagno et al., 2021). and (Ember et al., 2022) focused on
analyzing saliva samples and had the potential to significantly
distinguish the patients currently infected with COVID-19 from
healthy subjects and/or previously infected subjects. As shown in
Figure 1A, saliva samples were centrifuged and the supematant
was stored at −80°C for clarity, then it was thawed and mounted
on an aluminum slide to acquire spectra via a Raman
spectrometer. Collecting saliva specimens as observed biofluids
has a number of advantages over serum testing, especially for its
minimal invasiveness and no pain involved. In addition, (Lukose
et al., 2021), reported using a Raman spectroscopy device to
detect the virus by saliva at a safer distance, which may be able to
work as an isolation spectroscopy technique and address the
major problem of virus transmission among health sampling
workers during sample collection in places with high density
people (Figure 1B). Other biofluids like urine also attracted
researchers’ interest, (Robertson et al., 2022), realized
detection of complex multi-molecular fingerprints in urine
samples associated with COVID-19 disease and reached an
overall prediction accuracy of 97.6%. (Jadhav et al., 2021).
proposed a diagnostic scheme based on surface enhanced
Raman spectroscopy (SERS) and a microfluidic device
containing integrated microchannels functionalized by
vertically aligned gold/silver-coated carbon nanotubes. As seen
in Figures 1C,D, Surface Enhanced Raman Scattering (SERS) is a
molecular fingerprint spectrum analysis technique that can
generate molecular fingerprint spectra with a great sensitivity
of single molecule detection, thus being widely applied in
identifying biological molecule, respiratory virus, animal virus
(Fikiet et al., 2018; Mandrile et al., 2019; Eskandari et al., 2022;
Gao et al., 2023). As shown in Figure 1E, gold and silver
nanoparticles were usually used as active substrates to obtain
high sensitivity (Cha et al., 2022). This scheme was expected to
successfully capture viruses from a variety of biofluids, such as
saliva, naso discharge, tears and others. Notably, a technique
mainly utilizing the phenomenon of SERS was proposed by
(Pramanik et al., 2021b). The authors described the
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development of gold nanoparticles with anti-spike antibodies for
rapid diagnosis of COVID-19 viruses within 5 min, which
allowed the naked eye to observe the presence of virus.
Moreover, the antigen–antibody interaction prevented the
virus from integrating with cell membranes thus restraining
virus transmission. Similarly, (Yang et al., 2021), proposed a
“virus-traps” nanostructure consisting of oblique gold
nanoneedles modified with Human Angiotensin-converting-
enzyme 2 (ACE2) to selectively capture and rapidly detect
SARS-CoV-2 in sewage. This method offers a fast detection
speed and an accurate result within 5 minutes. Through such
rapid and effective detection, the development of the epidemic
can be controlled in a timely manner.

Furthermore, since its unique properties of specifically
identifying target molecules, short detection time, simple
pretreatment, and the non-contact measurement procedure,

Raman spectroscopy has been used in biosensors to detect
viruses. More importantly, the portable Raman spectrometer is
easy to apply in situ and in real time. However, owing to the
insufficiency of clinical studies, it is difficult for Raman
spectroscopy technology to be practically applied in mass
screening for COVID-19. The chemical composition of throat
swabs and other real clinical specimens were complex and
uneven, which would significantly affect RS detection of SARS-
CoV-2. In fact, it is still a challenge for RS to recognize
biomolecules due to poor compatibility between biomolecules
and RS substrates, complexity of physiological environment,
differences between individuals, randomness of biomolecular
orientation, and possible interaction between biomolecules and
RS substrates. Labeled RS strategy may be an effective method to
overcome the complexity of direct measurement, but it has the
disadvantages of typical antibody detection methods.

FIGURE 1
Application of surface-enhanced Raman technique in virus detection. (A) Workflow from saliva collection to determination of COVID infection
status from Raman spectra. Copyright© 2022, International Society for Optical Engineering. (B) The use of Raman/laser-induced fluorescence
spectroscopy devices has the potential to detect viruses through saliva at a safer distance. Copyright© 2021, Elsevier. (C) A schematic of the application of
SERS active substrates to detect biological and chemical materials. Copyright© 2018, Elsevier. (D) A platform based on Raman spectroscopy
combined with chemometric analysis to monitor tomato infection by two dangerous and different viral pathogens, namely, tomato yellow leaf curl
Sardinia virus (TYLCSV) and tomato spotted wilt virus (TSWV). Copyright© 2022, Elsevier. (E) Schematic illustration of the magnetically assisted SERS
immunoassay for SARS-CoV-2. Copyright© 2019 American Chemical Society.
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FTIR spectroscopy sensors

Raman spectroscopy irradiates a sample with a monochromatic
laser beam, while Fourier transform infrared spectroscopy (FTIR) is
based on measuring the absorption of multichromatic infrared light
to provide structural and chemical information (lipids, proteins,
carbohydrates, and nucleic acids) in biological samples such as
tissues, cells, and biological specimens (Erukhimovitch et al.,
2004). As far as we concern, numerous reports have discussed
the use of FTIR for the detection of viruses, such as herpes
viruses, retroviruses and polioviruses (Lee-Montiel et al., 2011).
FTIR is a promising, point-of-care detection technique in the
detection of COVID-19 by throat swab or saliva detection.

According to research by (Kazmer et al., 2021), SARS-CoV-
2 infection with good activity induces additional FTIR signal
changes on a UV-inactivated SARS-CoV-2 infection, associated
with innate immune responses, aggregating proteins and RNA, as
shown in Figure 2A. According to Figure 2B, Attenuated Total
Reflection (ATR)-FTIR technique is a variant of infrared
spectroscopy, which uses evanescent wave generated by total
internal reflection of high refractive index crystals to detect
sample characteristics in the mid-infrared region. Readily
accessible biofluids, such as blood serum, saliva or urine, are
considered ideal for clinical implementation as they only require
routine methods of collection and minimal sample preparation.
Considering the changes in the blood composition of severe

FIGURE 2
Application of FTIR spectroscopy in virus detection. (A) ATR-FTIR spectral changes of culture supernatants, in vitro SARS-CoV-2 infection
132 model. Copyright© 2021 Wolters Kluwer Medknow Publications (B) Schematic illustration of attenuated total reflection Fourier-transform infrared
spectroscopy for detecting COVID-19 from routine nasopharyngeal swab samples Copyright© 2021 Nature Publishing Group (C) Diagram of attenuated
total reflection Fourier Transform infrared spectroscopy for detection of COVID-19 from blood samples Copyright© 2021 American Chemical
Society. (D) ATR-FTIR process for rapid blood testing and classification of COVID-19 disease severity in 160 patients with COVID-19 disease. Copyright©

2021 American Chemical Society. (E) Scheme for micro-FTIR refectance measurements for human serum. Copyright© 2022 Nature Publishing Group.
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COVID-19 patients, Zhang et al. figured out that antibodies and
phospholipids in serum specimens could behaved in the infrared
spectra and showed promising model potential, which indicated
ATR-FTIR can be a powerful diagnostic tool for COVID-19 as
shown in Figure 2C (Zhang et al., 2021). Encouragement of the
scientific community to investigate the potential of this spectrum
instrument for spotting changes in biological material, such as those
brought on by viruses, was one of the key objectives of (Santos et al.,
2021). Barauna et al. proposed an ultra-fast reagent free,
nondestructive ATR-FTIR method followed by stoichiometric
analysis, which was used for the extraction of virus-infected
samples (Barauna et al., 2020). The blind sensitivity was 95% and
the specificity was 89%. As illustrated in Figure 2D, Banerjee et al.
demonstrated the potential of ATR-FTIR spectroscopy as a rapid,
low-cost triage tool for COVID-19 severity to help manage COVID-
19 patients during the pandemic (Banerjee et al., 2021). Even though
results from these studies are extremely promising, the number of
investigated samples is typically relatively small. Compared to earlier
studies, Heino et al.,’s analyzed sample set contained 558 positive
and 558 negative samples, making it the largest ATR-FTIR study so
far to detect the SARS-CoV-2 from the very same samples that were
originally collected and processed for the PCR (Heino et al., 2021).
To investigate the correlation between antibody response and SARS-
CoV-2 infection, serum samples of adult healthcare workers
(asymptomatic or mild) infected with COVID-19 and healthy
people were detected by Micro-Fourier transform infrared
spectroscopy (Micro-FTIR). In Bandeira’s study, Micro-FTIR was
used to study serum samples from healthy and COVID-19 (mild or
minimally synthetic) individuals (Bandeira, 2022). And the
specificity was 87.5% and the true positive detection rate was
100% as shown in Figure 2E.

In short, spectroscopy has been widely used to classify normal
and pathological populations using different cell types, tissues, or
biological fluids. Analysis of samples with infrared (IR) spectroscopy
can produce “spectral fingerprints,” thus facilitating the
differentiation of different populations and the identification of

potential biomarkers. Biofluid-based ATR-FTIR spectroscopy has
been used to diagnose, screen, or monitor the progression/regression
of various diseases and the spectroscopy technique is rapid, cost-
effective, and non-destructive, whichmakes it a perfect candidate for
translation into the clinic or even as an aid to a more mature
approach. However, the measurement results of infrared detection
technology are affected by instrument parameters and
environmental parameters, so there may be a large error.

Other optical spectroscopy

In addition to the Raman spectrum and infrared spectrum
mentioned above, the other several methods of spectroscopy such
as fluorescence spectrum and ultraviolet spectrum have been
widely used in various detection methods. Ultraviolet
spectroscopy mainly determines the composition of a
substance by the position of the absorption peak. A study by
Minamikawa et al. (2021) used samples of SARS-CoV-
2 contained in several different media. The results showed that
except PBS without fetal bovine serum, the absorbance peak of all
the other media was 280 nm, indicating that the UV absorption of
virus was mainly protein. However, UV light has a good effect on
virus inactivation, so it cannot be used as an important means of
virus detection.

Fluorescence spectroscopy uses the principle that fluorophores
in the sample absorb shorter wavelength light and emit longer
wavelength light to diagnose the sample. A recent study used
fluorescence to detect SARS-CoV-2 antigens or viral particles.
This study demonstrated that the ability of Rhodamine 6G (Rh-
6G) dye-coupled DNA aptamers attached to gold nanostars (GNS)
to rapidly diagnose specific SARS-CoV-2 spinoprotein recombinant
antigen or SARS-CoV-2 spinoprotein pseudobaculovirus within
10 min (Pramanik et al., 2021a). To sum up, although these
spectral detection methods can provide theoretical means of
detection, there is still a long way to go in the field of application.

TABLE 1 Summary of different detection methods.

Method Target
materials

Accuracy of
detection

Detection
time (min)

Advantage Disadvantage Ref

SERS SARS-CoV-2 300 nM 1. High sensitivity
2. Fast detection
3. Trace analysis

Additional chemical
modifications such as
molecular labeling or antibody
functionalization are required

Payne et al.
(2021)

SERS COVID-19 viral
antigen or virus

Antigen 4 pg/mL Viral
particles18 particles/mL

5 1. Fast detection
2. Simple operation

The quantity of samples
required is large

Pramanik et al.
(2021a)

FTIR SARS-CoV-2 2 1. No damage to the sample
2. Identification structure
3. Check the virus status

The peak value of virus
infection in different stages is
different, and quantitative
detection is difficult

Barauna et al.
(2020)

FTIR SARS-CoV-2 1. Fast detection
2. Portable

The results are inaccurate Wood et al.
(2021)

UV SARS-CoV-2 1. Easy to operate
2. Wide application

Ultraviolet light can have a
damaging effect on viruses

Minamikawa
et al. (2021)

Fluorescence SARS-CoV-2 Antigen 130 fg/mL Viral
particles 8 particles/mL

10 1. Qualitative detection
2. High sensitivity
3. Short detection time

Fluorescence annihilation may
be caused by interference from
other ions

Pramanik et al.
(2021b)
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Although these vibration spectra have different detection
methods and required different materials, they all have certain
research progress and deficiencies in virus detection. Table 1
summarized the limit of detection, test time, advantages and
disadvantages of these four spectroscopic methods in detecting
novel coronavirus.

Summary and future perspectives

This article briefly reviewed recent developments of vibrational
spectroscopy techniques on the detection of COVID-19. In curbing
the disease, early diagnosis is crucial for further prevention and treatment
because RNA virus naturally evolve into mutations, so it is unknown
whether the coronavirus is the same as its original emergence. It is urgent
to come up with a diagnostic method with good efficacy since the
alteration of virus make it harder to monitor and find cures. The
monitoring of disease progression along chemical pathways and the
detection of any potential alterations in the chemical makeup of viruses
will be made possible by the use of RS and IR in conjunction with
artificial intelligence and machine learning. In addition, it should be able
to detect multiple concentrations of the virus as it is able to accurately
determine by spectroscopy the changes in chemical structure from saliva,
urine, blood or serum of infection. The goal was to create an assay for
COVID-19 sample analysis utilizing infrared and Raman spectroscopy,
and to compare spectral results with conventional PCR techniques. To
sum up, Vibration spectrum can help to understand the infection
process, not only realizing fast and accurate detection, but also
monitoring the spread of the disease, which may lead to understand
its mutation and COVID-19 drugs to develop a diagnostic platform.

In the future, there still exist some problems that need to be
solved: 1) The spectroscopic detection of viruses has not yet been

used on a large scale in real life. 2) The detection process is fast, but
the result feedback is slow. 3) False positives still occur. It is
recommended that develop some spectroscopic test paper or kit,
can achieve large-scale use. Meanwhile, by combining the test results
with mobile software, the test results can be quickly and accurately
fed back to the database so as to facilitate data collection and
epidemic prevention and control. For the existence of false
positive problems, it is necessary to develop good sampling
standards to minimize the contamination of other substances.
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