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As human knowledge has increased, the efficacy and precision of tools to solve
clinical problems have also increased. The challenge of COVID-19 has posed a

significant threat to human life and reflects the need to upgrade existing
technologies and make treatments more precise. Since the corona virus particle
is in the nanometer range, the need for a device with accuracy beyond the
nanometer range is apparent to control and eliminate it. Using Picosecond Pulsed
Electric Fields (PPEF) could be a good antiviral picotechnology candidate. PPEF
energy can (1) increase the innate immunity function of polymorphonuclear
neutrophils, (2) destroy bacteria and other pathogens, and (3) potentially
inactivate viral particles. This characteristic of PPEFs has already been used in
the food industry. Both PPEF and nanosecond PEF technology is being used to
treat cancer in research animals and has reached the stage of pre-clinical and
clinical human trials with use in clinical practice soon to follow. Applying
advanced PPEF technology against COVID-19 should provide new opportunities
for effective human antiviral treatment.
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1. PROOF OF CONCEPT

This is note on a proof of concept which is suggested to treat
COVI-19. Accordingly, it is not presented in a standard form of
the classic research papers. Based on the impact of COVID-19
on our lives these years we present here an original concept for
its treatment.

Bottom-up designing, i.e., starting with the individual base
elements of a system and then linking these elements together
to form larger subsystems until a complete top-level system is
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formed, is a strategy often used in scientific research. This
perspective gives initial control over the basic conceptual
elements and, over the last few decades, led scientists to
ultimately develop nanotechnology. This technology has
brought dramatic advances in various fields of science,
including medicine. This progress has reduced the prevalence
of pathogens, especially bacteria, advanced the wound-healing
process, and caused apoptosis and/or necrosis of certain
carcinomas [1]. All these various effects seem to be
accomplished through disruption of the microstructure, and
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thus function, of the cell membrane, the intracellular organelle
contents, the membranes surrounding the intracellular
organelles, or, more likely, a combination of these structural
and functional characteristics. These changes could include
aberrations in DNA, RNA, and proteins. Emergence of the new
coronavirus with its nanometer-size, poses a serious threat to
the health and economy of human society. In order to combat
viruses, especially the COVID-19 virus, attention to
picotechnology could uncover the means for controlling viral
structure and function at the atomic and molecular-sized levels,
making COVID-19 virus’s demise inevitable [2, 3].

However, as far as we know this viral infection mainly
targets the lower respiratory system leading to acute respiratory
distress syndrome (ARDS), and hyperinflammation which may
lead to death [4, 5]. This disease not only targets the respiratory
system but is also related to hyper inflammation creating multi-
organ damages [6]. Several approaches for combating COVID-
19, including vaccines, antiviral drugs, herbal medicine, and
monoclonal antibodies have been presented [3, 7, 8]. Despite
all of the efforts, the main role of survival of patients is still
related to the immune system of patients [9, 10]. Moreover, new
variants of the SARS-COV?2 virus including delta, and lambda
have created many challenges to therapeutic approaches and the
efficiency of vaccines [11, 12]. Hence, trying to find new
strategies for overcoming this challenging problem is crucial,
and biophysics may help us solve the problem from a new
perspective [13, 14]. Bioelectricity is one of the known novel
areas of biophysics that can control cell behaviors by electrical
and electrochemical stimulations [15].

Polar ions, molecules, and structures functioning in a
biological milieu within the cells makes them perfect
candidates for manipulating by application of an electrical field,
and especially by pulsed electric fields [16, 17]. Pulsed electric
fields (PEF) have been used for military applications, the food
industry, and water treatment, with the latter two including
health applications based on PEF's ability to remove a variety
of pathogens [18]. Original PEF development used milli- and
micro-second pulses that produced cellular electroporation.
This technology created permeable pores in the cell membrane.
Formation of aqueous membrane pores lead to reversible
electroporation (REP), electrofusion (EF), and irreversible
electroporation (IEP). PEF also affects biomolecules by non-
thermal mechanisms and induces DNA nicking, which affects
the integrity of DNA molecules.

Moreover, a PEF could either decrease or increase cellular
enzymatic activities which could lead to the formation of new
genes [19, 20]. Exposing microorganisms to a high PEF in the
vegetative state could lead to temporary or long-term
destabilization of both structure and function. PEFs can alter
the permeability of the cell’s membrane that can alter its ability
to modulate the movement of molecular and ion passage across
the cell membrane. Changing the threshold value can lead to
swelling and eventual lysis of the microorganisms’ membrane
[21]. Although, this lysis could be the main mechanism of
disinfection by PEF application, reducing the pulse duration
from the nanometer level to the picometer level might open up
a new field of investigation. This thousand-fold decrease in
pulse duration could stimulate modification of important ions,
for example intracellular Ca2+ mobilization, and should be
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investigated [22]. Basically, in the ultrashort pulses, the major
cause of cell death is damaging of the intracellular structures
such as the nucleus, and not the breaking down of the outer
membrane. Thus, short duration, high-voltage pulses with
appropriate electric field strengths could have a strong
deleterious effect on microorganisms [21]. The main
parameters determining the efficiency of PEF disinfection are
the voltage strength and pulse duration. Other important factors
include cell size and shape, membrane structure/function, and
the growth stage of the microorganisms being treated for
optimum disinfection [23]. Despite all the research which has
been published on bacterial disinfection by PEF, especially in
food preservation, there are no publications assessing its effect
on viruses [24-27]. Research implies that larger field’s strength
is required to alter intracellular organelles of smaller cells and
microorganism like viruses [28]. Therefore, applying high
voltage pulses with low duration could be the right choice for
incapacitating viruses, and picosecond pulsed electric fields
(PPEF) with high voltage could be an even better tool.

The relatively long survival of COVID-19 viral particles in
different environments, its high infectivity, and prevalence, has
caused great global concern. Given the presence of the virus in
human feces drives the need for pulsed electric field technology
in cleaning environmental water in wastewater treatment.
Nanosecond (NS) PEF or PPEF could be the key to improving
environmental conditions and eliminate viruses from the
environment during this pandemic [29]. Using a conducting
nanosponge with pulsed electric filed to create a new,
affordable, and highly efficient treatment for disinfection of
microorganisms in water by electroporation through NSPEF or
PPEF [30].

A number of recent publications support the amazing,
positive results with the use of NSPEFs or PPEFs. NSPEF or
PPEF technology has been used in cancer treatment. Part of this
treatment success is due to the nanosecond and picosecond
pulsed electric fields ability to amplify the function of the
immune system, specifically the neutrophil. These PEFs
produce apoptosis of cancer cells and reduce angiogenesis [31,
32]. Wound disinfection has been successful when using high-
voltage, short PEFs [33], by applying transcutaneous electric
pulses through two-plate electrodes placed on either side of the
tibial muscle in a mouse leg. The immunogenicity of an
influenza DNA vaccine was shown to increase after
intramuscular injection in the mouse [34]. In citing these
various publications, the implementation of this technology is
suitable for many applications with variable electrodes,
voltages, and pulse duration. The physical property
distinguishing between normal and cancerous cells is that
tumor cells have different dielectric properties which have a
strong effect on the response to PEFs [35]. A similar trend
might exist between normal and virally infected cells. This
potential difference needs to be examined in further studies.
Considering the similarities between viral replication in virally
infected cells, and cancer cell DNA replication, applying PEF
technology against viral infection is a theory bolstered by
excellent logic. We propose that virally infected cells could be
eliminated using PEF technology with the progression of viral
infection be disrupted. PEF, and especially PPEF, can improve
the immunogenicity of immune cells against pathogens and
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cancer. Research shows that PEFs can induce creation of
negative air ions (NAI) leading to a decrease in serotonin levels
resulting in immune system activation, specifically NK-cells
against viral pathogens. NAIs lead to better tissue oxygenation
and eliminate airborne viruses. This can help overcome
COVID-19 [36, 37]. Thus, PPEF could be an excellent
candidate for ancillary treatment, in addition to vaccines, and
would additionally improve the hospital environment. The
potential mechanism for the benefits of using PPEF technology
for coping with COVID-19 infection is shown in figure 1.
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Figure 1. Potential mechanism for the advantage of applying
PPEF to COVID-19

2. CONCLUSION

Based on the key role of the immune system in preserving
the lives of COVID-19 patients, coupled with the antiviral
potential for this technology, using nanosecond, or picosecond
pulsed electric field treatment could be an effective adjunct
therapy for COVID-19 patients. Due to the historical
application of this technology in the food industry, water
processing, and wastewater treatment, paying more attention to
its use for viral disinfection could play a major role in
improving the quality of human life in special conditions
related to the new coronavirus disease. This would improve the
quality of human life in this current worldwide pandemic state.
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