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The sudden outbreak of the COVID-19 pandemic led to a huge concern globally because of the astounding
increase in mortality rates worldwide. The medical imaging computed tomography technique, whole-genome
sequencing, and electron microscopy are the methods generally used for the screening and identification of the
SARS-CoV-2 virus.
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| 1. Introduction

In recent times, COVID-19 played havoc, causing escalating mortality rates globally. According to the World Health
Organization (WHO), on 21 February 2023, 757,264,511 confirmed cases and 6,850,594 deaths related to COVID-
19 were reported globally LI The history of viral pandemic diseases, including the Spanish flu, which originated in
1918, severe acute respiratory syndrome (SARS), and the Middle East respiratory syndrome (MERS), which

originated a decade ago, and the recent emergence of a novel coronavirus caused by the SARS-CoV-2 virus.

The MERS, SARS, and SARS-CoV-2 viruses are considered the most lethal respiratory diseases transmitted by
zoonotic transmission, leading to death in patients with severe comorbid conditions (B, They are highly
contagious among humans. Each type of virus is distinctively characterized based on its surface proteins and lipid
profiles. Coronavirus belongs to the subfamily Coronaviridae and is an enveloped RNA virus 100-160 nm in
diameter, with a spherical structure. This subfamily, based on phylogenetic relationships and genomic structures, is
classified into four groups: (i) alpha coronavirus, (ii) beta coronavirus, which infects mammals, (ii) gamma
coronavirus, which infects aves, and (iv) delta coronavirus, which infects both aves and mammals 2. Coronavirus
has the single-stranded positive-sense RNA (ssRNA) genetic material and the largest genome of 26.4-31.7 kb,
which encodes the structural proteins such as spike glycoprotein (S), membrane glycoprotein (M), nucleocapsid
interrupts phosphor protein (N), and envelope (E) protein BBl The genome of SARS-CoV-2 shares 82% of its
sequence identity with SARS-CoV and MERS-CoV and more than 90% of its sequence identity with that of
structural proteins and essential enzymes. Coronavirus uses the spike protein (S) to bind to the receptor of the host
cell surface and initiate infection. The mechanism of host entry differs for different coronaviruses 2. A more
detailed discussion on the genomics, proteomics, and mechanism of pathogenesis of SARS-CoV-2 has been
reported as a breakthrough therapy 2.
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| 2. Optical Biosensors
2.1. Spectroscopy and Nanomaterials-Based Optical Biosensors

Advancements in science and technology have led to the growth of spectroscopic techniques in clinical and
biological studies. A retrospective review of spectroscopic techniques used in the diagnosis of viral infection for a
decade (2006-2016) has been reported by one of the research groups and includes nuclear magnetic resonance
spectroscopy, near-infrared spectroscopy, Raman spectroscopy, surface-enhanced Raman spectroscopy (SERS),
and molecular fluorescence spectroscopy €. In addition to spectroscopy-based optical techniques such as Raman
spectroscopy and SERS, molecular fluorescence spectroscopy and infrared spectroscopy have also been
demonstrated for detecting viruses EIAMIOLINLZ  The non-optical spectroscopic nhuclear magnetic-resonance-
based method has also been discussed for the detection of viruses 13141, Processing and analyzing large amounts
of spectroscopic data is challenging, requiring computational analysis, which includes pre-processing, and
multivariate analysis such as principle component analysis (PCA), cluster analysis (CA), genetic algorithm (GA),
successive projections algorithm, the partial least square (PLS) method, and the linear regression analysis (LRA)
method, mostly combined with PCA and PLS 8],

2.1.1. Raman Spectroscopy

Raman spectroscopy works on the phenomenon of inelastic scattering, wherein a monochromatic light source is
employed in detecting the presence of polar and non-polar chemical bonds present in the sample, along with their
cellular changes. In addition to their non-destructive, reagent-less, non-contact capability of detecting the unique
spectral fingerprints of molecules, the insignificant Raman scattering of water is the main advantage of utilizing this
approach in biological studies compared to other techniques like NIR spectroscopy and Fourier transform IR

spectroscopy.

Raman spectroscopy and surface-enhanced Raman spectroscopy techniques have been widely considered for the
detection of several types of viruses such as herpes simplex virus type 1 (HSV-1), hepatitis C virus, ALVAC virus,
tobacco mosaic virus, and several other emerging new influenza viruses [BIGILOMINAZIS]  The detection of
structural changes of nucleic acids, proteins, and lipids of HSV-1 was observed with a sensitivity close to 100% in
the Raman spectrum range of 1195-1726 cm™L, by which they could differentiate the controlled group from the
infected cells (18],

Another group has demonstrated Raman spectroscopy-based label-free early detection of adenovirus-infected
human embryonic kidney epithelial (HEK293) cells at 12, 24, and 48 h after instigating the infection 2. Principle
component analysis has been incorporated for classifying infected cells from control cells. A continuous wave
Ti:sapphire laser source with an excitation wavelength of 785 nm has been used to detect bands at 1003 cm™ and

1440 cm™, which are attributed to phenylalanine and the CH deformation mode, respectively.

2.1.2. Near-Infrared and Fourier Transform Infrared Spectroscopy
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Non-invasive and nondestructive near-infrared (NIR) spectroscopy has been widely used in several clinical
applications, mainly because of the fast detection, without requiring reagents or sample preparation. The “optical
window” region of 650-1100 nm in the near-infrared (NIR) wavelength region of 700—2500 nm is the suitable
region for the measurement of biomolecules such as proteins, lipids, and carbohydrates 12l Stretching, bending,
rocking, and scissoring are the various vibratory motions of different chemical bonds that result in absorption in the
infrared region. The stretching and bending vibrations of functional groups of C-H, O-H, and N-H bonds result in
absorption in the NIR region. Detection of human immunodeficiency virus type-1 (HIV-1) subtypes using NIR
spectroscopy has been demonstrated 29, Absorption wavelengths at 682 nm, 948 nm, 1028 nm, and 1058 nm
were used to discriminate different subtypes of HIV-1. Absorption around 950 nm has been considered to be the
prominent peak for HIV-1, which occurs as a result of the absorption combination tone of (2v; + v,), i.e., symmetric
stretching vibration of O-H (v;) and asymmetric stretching vibration of O-H (v,) 2. On the other hand, in the mid-
IR region of 400-4000 cm™, a range of 900-1800 cm™ is attributed to the “bio fingerprint” region for sensing
biological samples. The spectral bands at ~1750 cm™1, 1155 cm™, 1650 cm™, 1550 cm™, 1260 cm™, 1225 cm™,
and 1080 cm™ have been observed to be attributed to lipids, carbohydrates, proteins amide I, amide 1, amide IlI,
DNA, and RNA, respectively.

Comparison of the NIR-based Raman spectroscopy technique with standard serological ELISA test and the
molecular PCR technique has been demonstrated for classifying healthy human blood serum and viral hepatitis-C-
infected human blood serum 18, This method utilizes a semiconductor laser source with an excitation wavelength
at 830 nm and incorporates multivariate analysis methods such as principal component analysis (PCA) for spectral
feature extraction and the Mahalanobis distance method for blood sample classification. The Raman bands at 1170
cm™1, 1257 cm™, and 1344 cm™ are attributed to the CO-O-C asymmetric stretching in lipids and CH, wagging
band in biomarkers—phospholipids get activated by the hepatocytes process in hepatitis C blood serum. These
significant bands at 1002 cm™, 1170 cm™, 1257 cm™, and 1344 cm™ are the regions where the most prominent
differences between healthy and hepatitis C spectra were reported 28, The NIR Raman-spectroscopy-technique-
based detection, compared to conventional chemiluminescence analysis, was reported to classify hepatitis-C-

infected human blood serum from healthy human blood serum with a sensitivity of 92%.
2.1.3. Gold-Nanoparticle-Based Surface Plasmon Resonance

The optical, mechanical, electronic, and magnetic properties of nanomaterials, such as metal nanopatrticles, carbon
nanotubes, silica nanoparticles, fluorescent quantum dots, plasmonic gold nanopatrticles, silver nanocrystals, and
polymeric nanoparticles, have a great impact on clinical research and have envisioned applications in biosensing,
biomedical imaging, and clinical diagnosis 19, Noble nanoparticles, specifically metal and gold nanoparticles
(AuNPs) ranging from 1 to 800 nm in size, used as nanoprobes for the diagnosis of various types of viruses have
outpaced other materials because of their outstanding stability, biocompatibility, strong fluorescence, excellent
photostability, and long emissive lifetimes and their intense color providing ease in visualizing as labeling agents.
They have been inevitable in detecting the targets of pathogenic viruses, such as the antigens, capsid proteins,
and specific gene segments in their genome. They are also observed to form stable bioconjugates with

biomolecules to aid in virus detection with high sensitivity and specificity 29, They are synthesized using several
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methods such as ultraviolet irradiation, laser ablation, lithography, and photochemical reduction of Au to form
different morphological shapes and hollow structures. Resonance light scattering detection using localized surface
plasmon resonance (LSPR) and Raman spectroscopy, color amplification detection using the colorimetric
technique, and fluorescence quenching, and fluorescence enhancement are the optical signal transduction
functions of AuNPs in the detection of viruses [21l[221[23][24](25][26][27]28] | SPR-based detection of influenza virus
particles by conjugating a peptide linker with a QD and AuNP, demonstrating alteration in the intensity of absorption

in the presence of influenza virus particles, has been reported 22,

2.1.4. Gold-Nanoparticle-Based Surface-Enhanced Raman Spectroscopy

The surface-enhanced Raman spectroscopy (SERS) approach is a substitute to overcome the limitation of
detecting weak signals generated in conventional Raman spectroscopy and is said to have sensitivity and
specificity from 10* to 10° higher than conventional Raman spectroscopy. It is a widely used application in
detecting viruses, cancerous cells, and biological imaging. An indirect method of detecting specific viruses by
tagging the antibodies induced by them with nanoparticles of 150 nm has been demonstrated by generating
surface-enhanced Raman spectroscopy signals 2%, The SERS active Ag-Au nano-wave chip, functionalized by a
DNA probe, has also been employed in the detection of specific oligonucleotide sequences of the dengue virus

with fewer false-positive errors 311,

2.1.5. Magnetic-Nanoparticle-Based Fluorescence Biosensors

Quantum dots used in fluorescence biosensors are advantageous in terms of high quantum yield, tunability of
emission wavelength, photostability, and Stokes shift compared to small-molecule organic dyes. However, their
high cytotoxicity in oxidative environments and the possible damage of DNA is a major concern for long-term in
vivo studies BZ. As an alternative, conjugated polymer nanoparticles and carbon dots are developed as
biocompatible light-emitting nanomaterials. Optical detection of coronavirus by synthesizing chiral zirconium
quantum dots (Zr QDs) of 2—3 nm size was reported to exhibit fluorescence at 412 nm and absorbance at 378 nm
83 A change in the fluorescence intensity with varying concentrations of virus solution has been reported.
Biosensing of coronavirus and infectious bronchitis virus (IBV) with a detection limit of 79.15 EID/50 yL has been
reported by the fluorescence properties of nanohybrid conjugate with quantum dots and magneto-plasmonic
nanopatrticles, through separation by an external magnetic field. It is also reported that this technique has achieved
10 times higher sensitivity compared to the conventional ELISA technique 2!, The promising features of Zr QDs,
such as optical chirality, nontoxicity, biocompatibility, strong fluorescence emission tunable across the visible and
infrared ranges, broad excitation wavelength, optical and thermal stability, mechanical strength, and better
quantum yield, would significantly benefit their use in the field of biosensing 3. The tremendous potential of these
nanoparticle-based biosensors could replace or enhance the performance of existing virus detection methods.
Optical fluorescence-based biosensors are widely used in the detection of viruses because of their accuracy and
sensitivity in detection. A three-dimensional copper-based metal—organic framework has been utilized based on the

fluorescence technique to detect dengue and Zika viruses with detection limits of 184 and 121 pM, respectively [34],

2.2. Interferometry-Based Optical Biosensors
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The refractive index is one of the fundamental optical parameters used for the label-free sorting of materials,
including viruses. It is challenging to detect the refractive index of biological material with high precision because of
its heterogeneous nature. Application of optical cavity resonance, surface plasmon resonance, and optical
interferometry approaches aid in indirect measurement of the refractive index by the measurement of spectral shift,
size of the virions, and density of the virions bound on an antibody-sensing surface 2. This phenomenon of
refractive-index-based spectral shift, which is attributed to the change in the concentration of the analyte such as
glucose, has also been reported for non-invasive and selective detection of the analyte using a frequency domain

dual-wavelength low-coherence interferometry system in the NIR wavelength region [B8IE7],
2.2.1. Photonic Crystal Biosensors

Optical label-free photonic crystal biosensors have also been designed and developed for rapid detection of
viruses such as the dengue virus, with a high sensitivity, based on the measurement of refractive index change on
a photonic crystal 28, A unique geometry of a photonic crystal biosensor waveguide with five resonators has been
designed to distinguish multiple analytes simultaneously. Replacement of bulky spectrometers with vertical-cavity
surface-emitting laser systems have also been considered and utilized for detecting human anti-dengue 1gG

antibodies 2. However, false-positive errors and low specificity were the drawbacks of this technique.

2.2.2. Back Focal Plane Interferometry

Optical trapping of a single virion with optical tweezers is considered for the measurement of the refractive index
and size of the virions, based on their dependence on the stiffness of the optical trap. A novel method based on an
optical tweezer using back focal plane interferometry, for measurement of the refractive index of a single human
immunodeficiency virus type-1 (HIV-1) with high precision in aqueous media, has been demonstrated using a
tapered amplifier diode laser of wavelength 830 nm and a laser power of 130.8 mW, resulting in a refractive index

of 1.42, with less than a 2% coefficient of variation 42,

2.2.3. Mach-Zehnder Interferometry

Figure 1 describes the mechanism of the evanescent wave, where a variation in the refractive index is detected
when there is a biomolecular interaction at the surface of the waveguide. A simple Mach—Zehnder interferometer
configuration incorporated with a closed-loop flow system based on the principle of the evanescent wave, which
enables measurement of the interference of two light beams (laser diode light source of 670 nm wavelength and 5
mW power), one that passes through a waveguide that acts as a biosensor with antibody coupled on to its surface
and the other one that is the reference beam that is not functionalized with the bioreceptor, thereby to detect the
avian influenza virus, has been designed. As the target binds to the bioreceptor immobilized on the surface of the
waveguide, the water molecules get displaced and its structure gets altered, resulting in the velocity change of the
light beam that propagates. The phase of the interference pattern is measured using the Fourier transform
algorithm, with a detection sensitivity of 0.01 rad and a change in the refractive index of less than 1076. A detection

limit as low as 0.0005 HA (hemagglutination—antigen-specific) units/mL of virus concentrations has been reported
la,
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Figure 1. Schematic representation showing the interaction of biomolecules with the waveguide surface within the

evanescent field.

2.2.4. Integrated Optical Young’s Interferometry

A four-channel, integrated optical Young interferometry technique, using a monochromatic argon laser light source
and a CCD camera, has been reported for selective and sensitive detection of herpes simplex virus type 1 (HSV-1)
at very low concentrations of 850 particles/mL 42, Three appropriate antibody-coated waveguide channels have
been used to measure different analytes, and the fourth channel has been used as a reference channel. A
corresponding phase change resulting from the interference pattern measured from the evanescent wave that has

been used to probe the analyte binding to the antibody surface has been measured.

For the HSV-1 particle size of 150-200 nm and refractive index of ~1.4, a phase change of ~1.1 x 107 fringes for a
single virus particle has been reported. This system was further developed into a handheld device by integrating a
glass microfluidic system with a four-channel Young interferometer optical chip [43. The goal of this approach was
to achieve a shorter response time of 5 s using a disposable chip, compared to the 100 s that was previously
achieved using a bulky cuvette, as well as to aid in simultaneous and multiplexed detection of numerous

pathogenic species.

2.2.5. Interferometry Reflectance Imaging Sensor

Another label-free high-throughput technique demonstrated for single-virus and viral antigen detection is the
interferometric reflectance imaging sensor (IRIS) 24l This system is based on an imaging approach that includes

measurement of phase changes in the interference response resulting from reflections from a layered substrate, as

https://encyclopedia.pub/entry/49742 6/16



Optical Biosensors for COVID-19 and Other Viruses Diagnosis | Encyclopedia.pub

shown in Figure 2. This approach has been reported to have detected vesicular stomatitis virus, with a detection
limit of 5 x 103 PFU/mL.
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Figure 2. Schematic representation of interferometric reflectance imaging sensor (IRIS).

2.2.6. Hartman Interferometer

In contrast to the Mach—Zehnder and Young’s interferometry techniques, the Hartman interferometer utilizes a
planar waveguide and allows interaction of a broad beam of linearly polarized light with the multiple sensing
regions on the chip or a waveguide film, fabricated using photolithographic techniques. Individual interferometers
have been created on a single chip by immobilizing both specific and nonspecific probes on different regions,
thereby allowing multiplexed detection. A photodiode array has been utilized to measure the exiting light from the
waveguide. This sensor has been reported to perform the detection of the influenza-A virus with a sensitivity of 2 x
108 PFU/mL [43],

2.2.7. Liquid Core Optical Ring Resonator

A liquid core optical ring resonator (LCORR) has been designed using a cylindrical capillary tube that supports the
whispering gallery mode (WGM) 48, The setup includes an on-chip waveguide-coupled LCORR where the light is
coupled through this capillary tube that acts as an optical ring resonator. The analytes are detected as a result of
the interaction of the evanescent field from the WGM with the analytes bound to the inner surface of the capillary
(471 utilizing this technique, the detection of filamentous viruses of 10 nm diameter, with a spectral shift and
detection limit of 2 pm and 2.3 x 103 PFU/mL, respectively, has been reported 48],
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2.3. Lab-on-a-Chip-Based Optical Biosensors

Several reviews highlight the need for developing a lab-on-a-chip (LOC)-based technique to replace the time-
consuming cell culturing method and expensive electron-microscopy-based identification of viral particles, which
necessitates technical skills and expertise. Although flow cytometry, enzyme-linked immunosorbent assay (ELISA)
and polymerase chain reaction (PCR) provide high sensitivity and specificity in detecting viruses, they are
expensive, time consuming, and labor intensive and require well-trained operators. Although it is possible to couple
spectrophotometers, lasers, and microscopes to LOCs, the miniaturization and portability of the detection system is
challenging #9. The introduction of integrated microfluidic LOC devices has an enormous impact on biosensing
with a miniaturized platform, initiating cost-effective and rapid diagnosis of viral bodies. Fabrication techniques
such as laser ablation, micro-electromechanical system (MEMS) technique, and soft lithography have been used
for developing LOC structures B9, Biodegradable, disposable, and portable paper-based LOC structures such as

lateral flow strips (LFS) have also been widely used in diagnostics 29,

An integrated hand-held fluorescent probe system utilizing an LED source to excite the fluorophore at 490 nm has
been used to detect the RNA of H5N1 avian influenza virus and Ebolavirus 1. A similar portable microfluidic PCR
platform based on real-time fluorescence detection of hepatitis B virus has been demonstrated with an LED source
for exciting the fluorescent dye at a wavelength of 475 + 10 nm, incorporated with an emission filter at 525 + 25 nm
and a proportional integral derivative algorithm for temperature control. A detection limit of 100 copies/puL DNA was
reported to be detected within an hour, with an efficiency of 98.76% [52. Microfluidic paper-based analytical devices

have also been reported to detect the viral protein of 10 ng mL™! in blood and plasma in =7 min 58],

2.4. Smartphone-Based Portable Optical Biosensors

Compact and portable handheld, easily operable point-of-care devices for real-time virus detection are essential in
remote locations that lack sophisticated laboratory facilities. Disposable chip sensors based on electrochemical,
optical, magnetic, mechanical, thermometric, and microgravimetric quartz crystal microbalance (QCM) methods
used for medical diagnostics, food, and environmental analysis have been reported 4. Among these, optical-
technique-based disposable sensors integrated with smartphones is advantageous because of their reliability,
sensitivity, non-destructivity, fast sensing, and multiplexing capability 2!, The smart detecting capability of photo
cameras, the smart recording capability of image sensors, the smart readout capability of smartphones, and built-in
LED that act as smart light sources have led to growing interest among researchers in combining microfluidic chips
and micro-biosensors to smartphones for detecting biological constituents such as enzymes, nucleic acids, cells,

antigens—antibodies, whole viruses, and microorganisms 281,

A hand-held, fluorescence-based iPhone 5S smartphone used for the in situ detection of proteins with a detection
limit of 10 pg/mL has been reported 8!, In this technique, a fluorescence nanoparticle immunoagglutination assay
incorporated into an organ-on-chip (OOC)-based smartphone biosensor has been fabricated to enable simulation
of the response of human kidneys to nephrotic drugs. Elsewhere, the Y-channel OOC device has been fabricated,

wherein the smartphone-based fluorescent microscope consisting of three white LEDs, an objective lens, 480 + 10
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nm bandpass filter for the light source, 500 nm long pass filter for the smartphone camera, 3 V button batteries to
power the LED sources, a secondary objective lens, and the smartphone camera, which acts as an image-

capturing device are incorporated to measure the fluorescence scatter intensities from the Y-channel OOC.

Internet of Things (loT)-assisted smartphone-based optical biosensors, working on artificial intelligence (Al)
platforms, could aid in the sensing or imaging, acquisition, and collection of big data from the sensor, thereby
providing support in the prediction of a pandemic outbreak of COVID-19 to track its spread and provide diagnosis
and vaccine discovery. With the advances in wearable techniques, wearable smart watches, or wearable patch-
integrated smartphones for signal transmission could be invented for rapid and effective screening and tracking of

coronavirus-infected subjects, thereby providing efficient control over the spread of the disease 27,

2.5. Artificial-Intelligence-Based Smart Optical Biosensors

In the case of imaging techniques, automated detection and classification of large data images of subjects infected
with coronavirus are crucial. The emergence of 10T and Al find their applications in tackling big data outcomes from
various fields, among which the handling of big data related to health care is greatly beneficial B8I5960 ysing
deep learning (DL) approaches, screening models to differentiate pulmonary CT images of COVID-19 cases from
healthy and influenza-A viral pneumonia have been demonstrated with an accuracy of 86.7% [l A flow chart with
five layers of the Al-based approach in diagnosis and tracing of COVID-19, consisting of (i) input database layer, (ii)
selection layer, (iii) imaging layer which includes magnetic resonance imaging (MRI), X-ray, computed tomography
(CT), positron emission tomography (PET) and optical microscopy imaging, (iv) optimization layer, and (v) output
diagnosis layer, has been described 62, The traditional optical microscope approach is the main tool used in the

investigation of pathological conditions.

A detailed explanation of the various Al-based DL approaches, such as extreme learning machine (ELM), recurrent
neural network (RNN), generative adversarial networks (GANs), and long/short-term memory (LSTM), have also
been provided for combating COVID-19 82, Another group has presented a novel automated screening technique
to detect COVID-19 by converting histograms of bio-optical attributes obtained from digital holographic-microscopy-
reconstructed red blood cells to feature vectors using the bag-of-features (BoF) method, followed by classification
using the linear support vector machine (SVM), with an accuracy, sensitivity, and specificity of 91.67%, 90%, and
92.86%, respectively (63l The risk of deterioration of patients infected with COVID-19 was predicted automatically
by another research group from chest X-rays using a deep convolution neural network along with other clinical
predictors, which include vital signs and lab tests. This helps in decision making and prioritizing patients who need
immediate emergency treatment B4, This multi-modal system based on the globally aware multiple instance
classifier and gradient boosting model has been successfully used during the first wave of the pandemic at New
York University Langone Health and achieved the area under the curve of 0.786. Elsewhere, an loT-based
unmanned aerial vehicle (UAV) incorporated with GPS and thermal cameras to measure human body temperature
and a deep learning model to detect people with and without face masks has been proposed to control the spread

of the virus 2],
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| 3. Conclusions

In addition to the diagnostic applications of nanoparticles in the optical detection of viruses, they also have a great
potential in therapeutic applications against viruses because of their high surface-to-volume ratio, which allows
them to interfere with and block viral entry into the cell B8IEZ |t requires engineered nanomaterials to inactivate the
viruses or inhibit viral binding to the surface receptor of the host cell. Carbon quantum dots (CQDs) of average
diameter below 10 nm have been employed to study the antiviral properties and inhibition of viral activities related
to human coronavirus HCoV-229E 881, However, further in vivo experimental studies to validate its function on
other coronaviruses are essential. A nanomaterial-based photodynamic therapy (PDT) has also been suggested to
be an effective therapeutic method for viruses 8479 PDT is an approved technique used in cancer treatment 22, |t
requires a photosensitizer, which when excited by a visible light reacts with dioxygen, forming reactive oxygen
species (ROS) that can in turn react with biological molecules such as proteins, lipids, and nucleic acids, causing
oxidation and finally leading to irreversible damage to the cells and tissues. Delivery of photosensitizers such as
indocyanine green into the cells of the lungs and intra-tracheal and laser therapy or activation by an 810 nm laser

source has been suggested to be a potential method against coronavirus 2,
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