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How physics-based techniques are helping to �ght SARS-CoV-2
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Abstract
The new coronavirus called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes
an illness named coronavirus disease 2019 (COVID-19). Physicists along with other scienti�cs are
all together in a counterclock race in order to defeat this novel virus. Physics-based techniques and
methods are complementing the results coming from other disciplines such as chemistry, medicine,
engineering and biotechnology. Let's take a look to know what physics-based techniques and methods
can do to help to �ght SARS-CoV-2.
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Cómo las técnicas basadas en la física están ayudando
a combatir el SARS-CoV-2

Resumen
El nuevo coronavirus llamado síndrome respiratorio agudo severo coronavirus 2 (SARS-CoV-2) causa
una afección denominada enfermedad de coronavirus de 2019 (COVID-19). Los físicos junto con otros
cientí�cos están todos juntos en una carrera contrarreloj para derrotar a este nuevo virus. Las técnicas
y los métodos basados en la física complementan los resultados de otras disciplinas como la química,
la medicina, la ingeniería y la biotecnología. Echamos un vistazo para saber qué pueden hacer las
técnicas y los métodos basados en la física para ayudar a combatir el SARS-CoV-2.
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Coronaviruses are a broad family of viruses that nor-
mally a�ect only animals. Although coronaviruses were
�rst identi�ed nearly 60 years ago, some of them have
ability to be transmitted from animals to people [Per09].
They produce clinical pictures that range from the com-
mon cold to more serious diseases [She20].
The new coronavirus is called severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2), one illness
caused by this virus has been named coronavirus dis-

ease 2019 (COVID-19) [Who20a], with over 62,4 million
known infections by November 2020 worldwide, and it
has reached pandemic status. Health workers and gov-
ernments are doing their part to �ght SARS-CoV-2 in
several parts of the world, while physicist along with

other scientists are trying to understand this novel virus
in order to develop vaccines and treatments [Laz20] to
get healthy of population a�ected around the world. In
this sense, the problem-solving mindset of a physicist is
very useful in many research �elds of human knowledge
so physics is at the forefront of this battle playing an
important role to defeat SARS-CoV-2 by using physics-
based techniques and method such as X-ray crystallog-
raphy, Cryo-electron microscopy, Computed tomography
scans, Flow physics, Physics modeling, and Physical vi-
rology. In this brief communication we take a look to
know what physics-based techniques and methods can
do to help to �ght SARS-CoV-2, and ultimately defeat it.
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Figure 1: a) Ultrastructural morphology exhibited by coronaviruses. The spikes that adorn the outer surface impart the

look of a corona surrounding the structural unit of the virus. Free distribution image obtained from reference [Eck20], and b)

Schematic diagram of respiratory syndrome causing human coronavirus. Image adapted from reference [Per09].

X-Ray Crystallography
Crystallization of biological molecule results in the rep-
etition of vast numbers of molecules in an ordered 3D
lattice so they can di�ract X-rays reinforcing all their
tiny signals and become detectable by high sensitive de-
tectors. These signals detected are not images of the
molecules, because there are no materials that can sub-
stantially refract, and thereby focus, scattered X-rays.
The signals detected are merely the sum of the contri-
butions of X-rays di�racted from di�erent parts of the
molecule, then it is possible to obtain microstructural
information of the molecule, through Fourier transform
can split these contributions [Kne20] [Sha20]. Therefore,
the calculated contributions are then equated with pos-
sible atomic structures by a lot of careful interpretation
(mostly computer-driven) [Bio20].

Cryo-Electron Microscopy
Biological molecules can also di�ract a electron beam.
Cryo-electron microscopy is a technique applied to live
samples cooled at very low temperatures. The molecules
embedded in vitreous ice because an electron beam hit
over the surface of biological sample heating up, and
it is necessary do not destroy the sample with heat.
Figure 1 shows ultrastructural morphology exhibited by
coronaviruses [Eck20]. COVID-19 is a ribonucleic acid
(RNA) virus, with a typical crown-like appearance un-
der an electron microscope due to the presence of spikes
on its envelope. The spikes are used to bind to host
cells and thus enable the virus to make its way into the
cells [Kle20]. The detailed structure of the spike pro-
tein is very useful for creating coronavirus vaccines. The
body can build immunity if exposed to virus-like parti-
cles with the same external features while being hollow
inside (without RNA) [Sch17].

Computed Tomography Scans
Computed Tomography imaging technology, known as a
CT scan, employs a collimated beam of x-rays quickly
rotated around of ill person in order to produce cross-
sectional images or slices of its body. Then, stacking
all these cross-sectional images form a 3D image of the
patient by using a mathematical algorithm. Medical
physicists use the CT imaging technology provides very
detailed information of soft tissues, blood vessels, and
bones in various parts of the body. CT scans have be-
come the �rst line of defence in the �ght with coron-
avirus [Pon20]. It diagnoses suspected infections through
searching of opaque spots within the lungs. The lungs
are seriously compromised due to Covid-19 attacks which
fail to function properly as a result of spreading of in�am-
mation [Hos20] [Ma20].

Flow Physics
Flow physics plays a key role in nearly every feature
of the COVID-19 global pandemic. This includes the
generation and aerosolization of virus-laden respiratory
droplets from a host, its airborne dispersion and de-
position on surfaces [Bus20], as well as the subsequent
inhalation of these bioaerosols by unsuspecting recipi-
ents. Moreover, �uid dynamics is key to preventative
measures such as the use of face masks, hand washing,
ventilation of indoor environments and even social dis-
tancing [Ver20]. Also, �uid dynamic analyses helped to
understand the mechanisms behind how the droplets are
generated in the respiratory tract, and also characterise
the density, size and velocity of ejected droplets. Now, it
is possible to estimate the settling distance, evaporation
time, transport of the particles, and the e�ect of external
factors such as air currents, temperature, and humidity
by employing multiphase computational �uid dynamics
in a fully coupled Euler�Lagrange framework [Dbo20].
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Physics Modeling
Many researchers across the distinct disciplines have
used diverse modeling tools to analyze the impact of
this pandemic at global and local scales [Sin20] [Man20].
This includes a wide range of approaches, such as deter-
ministic, data-driven, stochastic, agent-based, and their
combinations, to forecast the progression of the epidemic
in conjunction with the e�ects of non-pharmaceutical in-
terventions to stop or mitigate its impact on the world
population nevertheless these models need to capture
the physical complexities of modern society [Who20b].
This includes the many ways of social contacts (for ex-
ample social contact networks, transport systems, etc.)
that may act as a framework for the virus propaga-
tion [Ari20]. But physics modeling not only plays a
fundamental role in analyzing and forecasting epidemi-
ological variables [Per20], but it also plays a key role in
helping to �nd cures for the disease and in preventing
contagion by means of new vaccines [Est20].

Physical virology
Viruses are highly ordered supramolecular complexes,
and they are very diverse, spreading through cells of
all kingdoms of life, they share common functions and
properties [Roo10]. Their propagation is possible by kid-
napping the host cell's machinery. Nowadays, there
is a general interest in virology due to global pan-
demic, fundamental viral mechanisms are increasing

importance in other areas such as biomedicine and
(bio)nanotechnology [Sin06]. However, from a physi-
cal virology point of view is conceivable to optimally
make use of viruses and virus-like particles, as vehi-
cle for targeted drug delivery or as building blocks in
electronics [Buz20], as well as to understand the self-
assembly of viruses and the mechanical properties of
viral particles [Sto10]. For that reason, it is essential to
understand their key basic physical and chemical prop-
erties, and characteristics of viral systems.
From the viewpoint of a materials scientist, viruses can
be considered as nanoparticles. Today, viruses are com-
monly employed in materials science as sca�olds for
covalently linked surface modi�cations. The powerful
physics-based techniques and methods are becoming the
basis of nanomaterials engineering which can help defeat
the global pandemic produced by this novel coronavirus.
Finally, several laboratories around the world have gen-
erated immense knowledge about this novel virus that
prepares us to defeat future pandemics.
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