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In developing an effective clinical tool against COVID-19, we need to consider why SARS-CoV-2
infections develop along remarkably different trajectories: from completely asymptomatic to a
severe course of disease. In this paper we hypothesize that the progressive exhaustion and loss
of lymphocytes associated with severe stages of COVID-19 result from an intracellular energy
deficit in an organism which has already been depleted by preexisting chronic diseases, acute
psychological stress and the aging process. A bioenergetics view of COVID-19
immunopathology opens a new biophysical opportunity to enhance impaired immune function
via proposed pathways of photomagnetic catalysis of ATP synthesis, regenerative
photobiomodulation and the ultrasonic acceleration of cell restructuring. Moreover, we suggest
that a coherent application of multiple biophysical radiances (coMra) may synergistically
enhance energy-matter-information kinetics of basal self-regeneration of cells and thus improve
immune function and accelerate recovery.

----

Article:

## 1. Introduction
In a search for effective means of treating COVID-19, there are calls to investigate the
biophysical effects of low intensity radiances, such as light [1,2]. In support of this quest, we ask
a question - what is the exact nature of photobiomodulation in relation to the immune function of
the human body? Some reports suggest enhanced function of immune cells: increased ability of
human lymphocytes to bind Salmonella [3], increased proliferative potential of T-lymphocytes
[4,5,6,7], enhanced cutaneous immune response to bacterial infection [8]. At the same time,
numerous studies have shown reduced tissue inflammation and fibrosis [9,10,11]. Also, can
other noninvasive radiances, such as magnetic field and ultrasound, play a role in enhancing
immune response?

Furthermore, the diversity of biological effects of the radiances needs to be reconciled with the
remarkably different trajectories of SARS-CoV-2 infections in humans: from completely
asymptomatic to a severe course of disease. In the majority of infected individuals an adequate
and timely immune response leads to the successful elimination of SARS-CoV-2 infection from
the organism with mild pneumonia and sometimes asymptomatically [12,13]. Following antigen
processing and presentation, B- and T-lymphocytes initiate the necessary responses of humoral
and cellular immunity. In particular, within the first week after infection there is a rapid increase
of antigen-specific cytotoxic T-lymphocytes that cause lysis of infected cells followed by
resolution of symptoms [14].
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However, in some infected individuals progressive dysfunction of the adaptive immune response
has preceded more severe stages of the disease [15,16,17]. Published clinical data suggest the
following chronological sequence:

- Individuals with preexisting circulatory and/or endocrine diseases were at a much greater risk
of developing poorer clinical outcomes than those without comorbid conditions [18].
- After infection, T-lymphocytes show increasing signs of functional exhaustion. Expression of
PD-1, TIM-3, CTLA-4, and TIGIT markers was at a minimum in the asymptomatic period,
markedly increased in the symptomatic period and reached maximum levels while in Intensive
Care Unit [15,19,20].
- If by days 10–12 after appearance of symptoms the proportion of lymphocytes drops below
5–15% and does not increase above 5% during the following week then the condition becomes
critical, with very high risk of mortality [21,22].
- Overall, using only biomarkers of lactic dehydrogenase and lymphopenia it is possible to
predict the severity and outcome of the disease more than 10 days in advance with more than
90% accuracy [23]. Remarkably, the prognostic horizon was estimated to be 18 days.

Based on this evidence a number of researchers have proposed that the severity of COVID-19
is driven by functional exhaustion and a decrease in the number of lymphocytes [15,16,24]. But
what is the cause of such dysfunction of adaptive immunity? To our knowledge there is no
explanation for the nature of the “switch” that, early in the disease, sets the trajectory to
recovery or to a severe, critical course of the disease. This lack of understanding is a major
obstacle towards development of an effective therapeutic modality for COVID-19 (Fig. 1).

**Fig. 1.** After viral entry through the respiratory tract, early signs of innate immunity activation,
such as cough, fever, fatigue are common in COVID-19. However, after the stage of activation
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of adaptive immunity there is a dramatic difference in severity and outcome of the disease.

In this theoretical paper we, firstly, place COVID-19 immunopathology within a unifying
bioenergetic framework to demonstrate the biophysical underpinnings of immune function. Next,
we propose that specific cell functions, such as immune function, depend on the kinetics of
basal housekeeping of cells. And finally, we suggest that a comprehensive biophysical support
using light, magnetic field and ultrasound may have a universal role in supporting cell function in
immune defences and tissue repair.

## 2. Energy Depletion Underlies Immune Exhaustion in COVID-19
Since not everybody infected with the SARS-CoV-2 virus gets severely ill, the outcome of the
disease depends not only on pathogen virulence but also on how effective are the defences of
the host organism [25]. We propose that a study of the bioenergetics of immune function can
explain the diversity of individual clinical outcomes of the disease and can create new
opportunities for prevention and treatment of the disease. We present our hypothesis that the
cause of immune exhaustion in COVID-19 and the subsequent worsening of a patient's state is
the result of energy deficit in immune cells that develops when a rapid increase of
immune-related energetic expenditure is not met with sufficient functional reserve of the
organism.

It is a well-established fact that immune function is a highly energetically-expensive process.
Therefore, in order to spare energy, the inactive immune system does not function at 100%
capacity and spends energy mostly on housekeeping of a limited population of immune cells
[26]. But on the first encounter with a new pathogen, an individual's immune system dramatically
increases its energy requirements. Activation of innate immunity involves induction of fever at a
cost of more than 10% increase in metabolic rate per 1° C rise in body temperature [27]. Next,
activation of adaptive immunity leads to rapid and extensive cell growth and proliferation of
virus-specific T- and B-lymphocytes that intensify energy metabolism in these cells by orders of
magnitude [28]. Immune cells also require energy for performing various specialised effector
functions, such as migration, phagocytosis and so on [26,29]. Altogether, while the total energy
cost of the entire immune system in an inactive state is about 20% of an average daily resting
metabolic rate in a healthy adult, inflammation may induce an increase of immune-related
energy expenditure up to 25–60% (mild inflammation to sepsis) [26].

On other hand, experiments have shown that insufficient energy supply strongly limits adaptive
immune function during the initial activation of T-lymphocytes and later during their effector
activities [30]. Low supply of energy-rich macromolecules of glucose inhibits cell proliferation
and proper functioning of T-lymphocytes, such as the production of cytokines. Finally, critical
intracellular energy deficit leads to the death of immune cells.
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The rapid increase in energy requirements of an activated immune system poses a major
challenge to the whole organism. Under conditions of limited total energy supply, the body
readjusts the interaction between all physiological systems in order to conserve energy. Daytime
fatigue, loss of appetite, insulin resistance, increased blood coagulation, high blood pressure,
muscle wasting are thought to be positively selected mechanisms of maximizing immune
function at the expense of other systems [26]. The crucial implication of such systemic
responses to infection is that the overall efficiency of the host's defences and, therefore, survival
in severe infection depends not only on the inherent properties of the immune system and the
pathogen, but also on the functional reserve (tolerance limits) of the whole organism [31]. By
functional reserve we mean the extent to which the function of a cell, organ or whole organism
can be intensified in response to a stressor without going into pathological dysfunction.

Generally speaking, there are four closely interrelated aspects of functional reserve of the body
[32]:

- Bioenergetic functional reserve is the degree by how much bioenergetics and other metabolic
processes can be increased and sustained in order to meet not only the basal metabolic needs,
but also the extra energetic cost of the activated immune system;
- Structural functional reserve depends on synthesis of structural and enzymatic proteins and
the dynamic restructuring of tissue to adapt to new functional requirements;
- Regulatory functional reserve depends on the neuro-immuno-endocrine regulation that is
responsible for redistribution of limited systemic resources in the most energy efficient manner;
- Psychological functional reserve is centred around behaviour, emotional and social adaptation,
which are related to cognition, memory, will and motivation. Psychological functional reserve is
to a large degree formed by the knowledge, practical skills and overall self-sufficiency of a
person.

Of these four aspects, energy acts as the common denominator of the efficiency of immune
response and age, presence of comorbid conditions, psychological stress, lack of sleep and rest
and other negative factors. Let us place the two trajectories shown in Fig. 1 into this
bioenergetics context.

In a relatively healthy individual the extra energy expenditure induced by the immune response
to a SARS-CoV-2 infection could be well within the functional reserve of the body. The cost of
activation of innate and adaptive immunity is fully compensated by limiting voluntary activity. The
individual may not register any symptoms, even though more than half of asymptomatic patients
had signs of pneumonia on the chest CT [13] (Fig. 2A).
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**Fig. 2.** The significant energy requirement of an activated immune response explains why in
individuals with reduced functional reserve of the body adaptive immunity fails to contain
infection. The aging process, circulatory diseases, diabetes and many other chronic conditions
may reduce the ability of the body to reallocate energy towards immunity. The bioenergetics
calculations are from [26,33] and the clinical course of COVID-19 is from [34].

However, if a person has one or more pre-existing chronic conditions, activation of the immune
response could be limited by reduced functional reserve of the body during the first week of the
disease (Fig. 2B). Overpowering fatigue could be an early sign of an insufficient energy supply
that cannot be compensated by merely stopping voluntary activities. This deficit may develop as
a result of reduced cardiovascular function that failed to elevate sufficiently transport of nutrients
and oxygen, thus blocking the intensification of intracellular energy metabolism. Furthermore,
impaired glucose metabolism in diabetes may prevent neuroendocrine redistribution of energy
towards the immune function. Other chronic conditions can also create additional energetic
burdens. For example, a chronic low-grade infection, such as Hepatitis C with fully
compensated liver disease, increases energy expenditure by about 10% [35]. Age is also
associated with a general decrease in metabolic rates, thus explaining higher mortality in the
elderly. In situations of immediate danger (real or imaginary) the central nervous system also
can have profound immunosuppressive effects via bioenergetic limitation. Psychomotor activity
caused by acute psychological stress, sleep disturbance, pain, anxiety may create additional
energetic expenditure up to 30% of basal metabolic rate [26]. Constant fear of getting infected
by an “invisible virus”, feeling helpless and isolated in conditions of pandemia can also
contribute towards immune dysregulation [36].

Overall, the sum total of energetic, structural, regulatory and psychological negative factors may
critically limit the ability of the immune system to clear out the infection. Progressive energetic
depletion leads to functional exhaustion of immune cells and, ultimately, to cell death
(lymphopenia). Similar deterioration of immune function is also characteristic in chronic
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infections, autoimmune conditions and oncological diseases, but this occurs over much longer
periods [37]. In COVID-19 the failure of adaptive immunity to contain infection rapidly leads to
an uncontrolled viral spread that provokes secondary pathological hyperactivation of innate
immunity (cytokine storm), acute respiratory distress syndrome, acute injury to the heart,
kidneys, other organs and, finally, death.

What are the consequences of the bioenergetic hypothesis of COVID-19 immunopathology?
First of all, direct methods of immunocorrection with medication (stimulation, suppression) may
not succeed because they do not address the core issue of cellular energy deficit that limits
immune function and even threatens cell survival (lymphopenia). Secondly, therapeutic options
of oxygen and nutritive support are important, especially in critical conditions, but they are still
not resolving the basic limitations of bioenergetic metabolism in a cell.

## 3. Biophysical Support for Basal Regeneration of a Cell
The bioenergetics hypothesis of COVID-19 highlights the fact that even though a number of
different stressors may lead to cellular energy deficit and may manifest in an even wider variety
of clinical signs and symptoms, a cell operates as one integrated whole. We propose that there
is a set of metabolic processes of interconversions of energy, structure and information that
continually recreate basal integrity of a cell. The kinetics of that basal metabolism, in turn,
determines the ability of a cell to perform various specific functions.

To use an analogy, a person may ride a bicycle for leisure, sports or to transport heavy objects.
While sitting on the bicycle, the person's stability is inherently out of equilibrium and so the rider
has to keep pedalling. Therefore, kinetic stability depends on continuous forward momentum,
the kinetics of rotating wheels. By keeping the bicycle well lubricated and replacing worn out
parts, the person may use it as a very efficient means of transportation for a long time.

Like a person riding a bicycle for different purposes, an immune cell may exist in an inactive
state or engage in various immune activities (Fig. 3). But at all times the cell is far from being in
a thermodynamic equilibrium and has to continuously regenerate itself to compensate for
ongoing disintegration and to be able to do any biological work. From the point of view of
thermodynamics, this re-assembly of a highly ordered structure and coherent function involves
the reduction of entropy [38]. Entropy is a property that describes the number of degrees of
freedom or, in other words, a state of order or disorder in a system. According to the second law
of thermodynamics, a closed system tends to increase its entropy. Atoms in such a system do
not assemble into complex structures or move in coherent ways but rather tend to dissipate and
oscillate randomly, thus gaining more and more degrees of freedom. But many processes in a
cell, such as the biosynthesis of macromolecules or the creation of concentration gradients,
reduce the number of degrees of freedom and thus require energy. Consequently, a living cell is
a thermodynamically open system that extracts energy and matter from the environment to
maintain low internal entropy.
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**Fig. 3.** A cell extracts energy and matter from the environment to decrease entropy locally, in
spite of a global trend to a higher entropy. The generated order can be converted into biological
work in the form of specific cellular functions, (immune, respiratory, etc) as well as adaptation
and injury repair. The functional reserve of a cell depends on the kinetics of basal regeneration
– rate of conversion of absorbed energy and matter into cellular structure and activity. We
identified three metabolic processes that can be enhanced using biophysical stimuli:
photomagnetic catalysis of ATP synthesis, regenerative biomodulation using visible
monochromatic light and the ultrasonic acceleration of cell restructuring.

Unlike in a bicycle, all information necessary for self-regeneration is stored within a cell and not
in the absorbed energy and matter [39]. A cell self-regulates the balance between disintegration
and re-assembly to meet precisely the demands of activity and rest. Therefore, a cell is a
thermodynamically open but operationally closed system [40]. Autonomy and self-sufficiency
enable a cell and the whole human body to maintain their integrity through molecular, cellular
and tissue regeneration, albeit within certain limits. The pool of ATP molecules in a cell has to
be regenerated nearly every minute. Structural macromolecules are also replaced, although at a
slower speed. A cardiomyocyte, for example, replaces nearly all its molecules in about two
weeks [41]. Most cells in a human body are replaced at a rate of a few days to several decades
[42]. Importantly, the same regenerative process enables cells and the human body not only to
maintain integrity but also to adapt and self-repair.

The kinetic stability requirement for a cell's existence and resilience to stress [43] creates a
technological opportunity to support any cell function. One can increase the rate of a cell's
self-regeneration by enhancing certain low level transformations of energy, structure and signals
through noninvasive biophysical stimuli. Importantly, such biophysical stimuli should not
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contradict each other and should also be of a low intensity to avoid disruption of cell structure
and interference with cell regulation.

### 3.1. Biophysical Support for Basal Regeneration of a Cell
Biological work requires energy. For example, the activation, migration, antigen processing and
presentation and the phagocytosis involved in immune function are energy-dependent [33]. To
sustain these activities, a cell absorbs energy from the environment in bulk form, such as
glucose and then converts it into a usable form through synthesis of ATP. However, the
thermodynamic efficiency of this conversion via oxidative phosphorylation is estimated to be
only 41% [44]. Such low conversion efficiency could be a major limiting factor in cell metabolism.

Since the early 1980s numerous studies have shown increased intracellular ATP synthesis after
irradiation with low level infrared laser. Enhanced energetic metabolism has been observed in
cells and tissue under conditions of ischemia, intoxication and intense physical exercises by up
to 200–300% [45,46,47,48,49,50,51,52,53].

How can light increase ATP production in a mammalian cell that lacks photosynthetic
apparatus? A number of light induced changes have been documented in cell bioenergetics
[54,55], but the key question remains about the exact nature of the transformation of external
electromagnetic stimuli into an increase in cellular chemical energy supply. In our opinion, the
discovery of an additional radical pair reaction channel in ATP synthesis provides the most
plausible explanation (Fig. 4 ) [56,57]. It is also possible that the proposed radical pair channel
co-exists with other pathways such as photobiomodulation of water structure and function.

**Fig. 4.** In the generally-accepted nucleophilic channel of enzymatic ATP synthesis (A), the
two molecules ADP and P are mechanically compressed to overcome the powerful repulsion
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between the negatively charged electron clouds of the two reactants. There is, however, an
additional radical pair reaction channel (B) which is nearly an order of magnitude cheaper in
energy than the nucleophilic compression [56]. Photoexcitation (1) shifts the reaction into
forming a highly reactive intermediate state of a radical pair (radical-cation Mg+ and oxyradical
of ADP) in singlet (S) spin state due to spin conservation during electron transfer. Next,
phosphorylation leads to formation of ATP (2) but this process is supressed by spin-allowed
electron back transfer and regeneration of the initial reactants (3). External magnetic field
stimulates conversion (4) of the radical pair into a triplet state (T) in which electron back transfer
is spin-forbidden thus increasing the total ATP production (5).

In the catalytic site of ATP producing enzyme inorganic phosphate is added to ADP. Both light
and magnetic field can increase the yield of ATP synthesis by opening an additional radical pair
reaction channel. Analysis of the kinetics of the high-energy radical pair channel and the
low-energy nucleophilic channel have shown that the efficiency of the latter is only 8%. Only one
molecule of ATP is formed from 12 pairs of ADP and P molecules sequentially entering into the
catalytic site of an ATP-producing enzyme. The remaining 11 pairs of ADP and P revert to their
original disjointed state. On the other hand, the radical pair channel is twice as efficient.
Furthermore, the radical pair channel explains synergy of action between light and magnetic
field in the enhancement of ATP synthesis, DNA synthesis [58] and light-dependent
magnetoreception in birds [59]. Once a radical pair is formed through photoexcitation,
thermodynamic control (activation barrier) no longer applies, but there is also kinetic control
through a strict limitation on the spin coherence of unpaired electrons. In the presence of an
external magnetic field the spin of the radical pair interconverts between singlet and triplet
states and thus favours towards ATP formation rather than reverting to the initial reactants
[60,61].

To summarize, one can create conditions of 200–300% enhanced ATP synthesis artificially
through the combined application of low level infrared light and weak magnetic field. Friedmann
et al. measured the synergistic effect of these two radiances on electron transfer rates in the
respiratory chain in the mitochondria, which is directly related to the rate of ATP synthesis [62].
The combination of these low intensity radiances produced a 22% change in electron
paramagnetic resonance (EPR) signal. However, when the radiances were applied individually,
they produced no measurable EPR signal. In fact, in the absence of a magnetic field, it took a
10-fold increase in light intensity before an 18% change in EPR signal could be reached. The
experiment shows that by combining infrared laser and a weak magnetic field we can decrease
the intensity of the individual radiances, while achieving a better biological effect.

The increased efficiency of ATP synthesis implies more available energy for cell function, even
under unfavourable conditions of oxygen/glucose deficiencies or increased functional load. This
biophysical effect of photomagnetic catalysis would explain the most diverse effects of Low
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Level Laser Therapy (LLLT) on enhanced regeneration of the heart, bone, brain, skin and other
tissues [63], increased sports performance [64] and the number of studies in Russia that have
suggested the efficacy of Magnetic Infrared Laser Therapy (MILT) for the treatment of a wide
variety of conditions over the past 40 years [65].

In the area of immunology, application of LLLT/MILT has improved the functional reserve of
immune cells: increased the ability of human lymphocytes to bind Salmonella [3], increased the
proliferative potential of T-lymphocytes [4,5,6,7] and enhanced cutaneous immune response to
bacterial infection [8]. Improved immune function has also been observed in clinical studies of
treating respiratory conditions with immunodeficiencies of different origins:

- Up to 3-fold increase of suppressed functional reserve of neutrophils in patients with
community-acquired pneumonia (Fig. 5 ) [8];
- Increased proliferation and functional activity of T-lymphocytes in patients with severe
pneumonia [66];
- Increased proliferation of T-lymphocytes, increased IgA and IgG in paediatric patients with
secondary immunodeficiency due to cystic fibrosis [67];
- Increased proliferation and functional activity of T- and B-lymphocytes in lung cancer patients
[68].

**Fig. 5.** Changes in neutrophil functional reserve after 7-day treatment course with medication
(blue) and medication combined with LLLT (orange) in patients with community-acquired
pneumonia [data from 8]. Functional reserve of healthy individuals (n = 30) is shown in green for
comparison. The functional reserve index of neutrophils was estimated from their ability to
reduce nitroblue tetrazolium in both spontaneous and stimulated tests. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this
article.)

There are also reports that LLLT/MILT reduce autoimmune injury: inhibition of LPS-induced
neutrophilic lung inflammation and pro-inflammatory mediators in animal models of lung injury
[11,69]; correction of imbalances between pro-inflammatory and anti-inflammatory cytokines in
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patients with pleural effusions of various aetiologies [70]; significant reduction of cytokinemia,
faster elimination of clinical symptoms such as cessation of bacterial excretion, closure of decay
cavities and decrease in hospital stay of patients with infiltrative pulmonary tuberculosis [71].
These therapeutic effects are especially important in COVID-19 because of the
hyperinflammation damage during the later stages of the disease.

In our opinion there is no contradiction between the reports of enhanced immune response and
of reduction of inflammation-related injury after LLLT/MILT. The primary biophysical effect of
enhanced efficiency of ATP production increases the overall functional reserve of immune cells
instead of directly increasing specific pro-inflammatory or anti-inflammatory processes.
Therefore, improved pathogen elimination in the early stage of infection after LLLT/MILT would
naturally lead to a faster decrease of pro-inflammatory signals in the later stages. Overall, one
can expect that a more rapid and effective immune response would result in a shorter duration
of inflammation, less immune-related tissue damage and a shorter recovery time.

However, there is also an important issue of selecting optimal parameters of laser used for LLLT.
When a laser is used at too low intensity (irradiance), it may not produce sufficient therapeutic
benefit, while too high intensity may lead to inhibitory side-effects effects expressed as cellular
damage and increased pro-inflammatory response.

### 3.2. Accelerating Cell Restructuring with Low Intensity Ultrasound
Cell housekeeping and function also involve dynamic restructuring [72]. This process is most
intensive during cell movements when a cell changes its shape in order to migrate, or to bring in
or out particles. These movements are possible through the rapid regeneration of a cell's
internal scaffolding, as actin filaments are degraded and rebuilt into a remodelled cytoskeleton.
In general, fast cell restructuring is essential for cell and tissue repair, immune function,
formation of neural networks, communication and so on.

Ultrasound is an acoustical pressure wave (>20 kHz) that creates alternating zones of high and
low pressure as it travels through media. In irradiated tissue, radiative acoustic force causes
nanoscale oscillation of particles resulting in fluid motion, enhanced molecular transport and
enzymatic lysis [73,74,75]. While high intensity ultrasound may excessively disrupt the cell
membrane and cytoskeleton, low intensity ultrasound almost immediately increases the speed
of actin restructuring [76,77] and enhances cell motility [78], phagocytosis [79] while increasing
overall cell viability and metabolism [80,81,82]. These beneficial effects may explain how low
intensity pulsed ultrasound (LIPUS) improves the healing of injured bones, tendons, cartilage,
dental tissue, diabetic ulcers and neurological conditions [83,84,85].

Interestingly, LLLT/MILT and LIPUS may complement each other in a regenerative process,
since the former provides energy for biosynthesis and the latter enhances controlled enzymatic
degradation. Several studies have shown the synergism of these modalities in the treatment of
bone fractures [86], hand osteoarthritis [87] and knee osteoarthritis [88,89]. In patients with
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chronic obstructive pulmonary disease, the sequential application of LLLT and LIPUS was found
to be effective in stimulating excretion of sputum, reduction of inflammatory markers,
improvement of external respiratory function and the general state of the patients [90].

### 3.3. Photobiomodulation Using Visible Monochromatic Light
Regulation of biological processes in a rhythmical pattern is crucial for long term survival of any
organism. A basic physiological cycle consists of an active phase, when stored energy is
converted into biological work and a rest phase that is dominated by processes of biosynthesis
and recovery. For example, practically all physiological processes in the human body follow the
daylight cue to switch between a mostly catabolic phase during the day and a mostly anabolic
phase during the night. However, failure of regulatory systems to provide rest/activity rhythms
may lead to eventual exhaustion and pathological changes. Chronic exposure to only one type
of signal, such as immune activation in response to a persistent pathogen, may lead to
maladaptative chronic inflammation and functional exhaustion of immune cells [26,91].

Experimental evidence suggests that visible monochromatic light has distinct modulatory effects
on biological activity of cells and organisms through pathways that are possibly different from
those of infrared laser light on cellular bioenergetics (Section 2.1). In vitro experiments have
shown that, generally speaking, the blue end of the visible spectrum has an inhibitory effect,
while light at the red end has an excitatory effect on cell metabolism, proliferation and
differentiation in human dermal fibroblasts [92] and human adipose-derived stem cells [93,94].
Regeneration of planarian flatworms also have shown a similar response pattern to visible light
of different wavelengths (colours) [95].

Interestingly, the ability of monochromatic light to correct imbalances in the state of regulatory
systems has been used therapeutically for centuries. The Persian physician, Ibn Sina
(Avicenna), built a treatment alcove where patients were exposed to sunlight filtered through
different coloured glass. In his treatise *Canon of Medicine*, written in 1025, he described the
stimulatory effect of the red colour on blood circulation and the “cooling” effect of the blue colour.
During the 19th and 20th centuries a number of therapies were developed based on the
phenomenon of colour phototherapy [96]. For example, in the 1920s Spitler pioneered syntonic
optometry: the application of colour light directly to the eyes to treat visual dysfunctions, head
trauma, headaches and problems with learning and behaviour [97,98]. He collated his
experiences with more than 3000 patients and formulated a set of guidelines that prescribe
certain colour filters to normalise (syntonise) emotional, mental and visual disorders. Red and
orange colours stimulate the sympathetic nervous system (‘fight or flight’ response). Indigo and
blue colours activate the parasympathetic nervous system (‘rest and digest’ response). In the
mid-section between these two opposites, the yellow-green colour promotes physiological
balance. Pupil and visual field testing allow objective measurements of the therapeutic progress.

## 4. Coherent Synthesis of Biophysical Radiances
Basal housekeeping of a cell is a unity of processes composed of interactions of information,
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energy and matter. Each of these fundamental categories is equally important to cell survival
and function [99]. This interdependence suggests that there is a potential synergy between the
biophysical effects of low level infrared laser, magnetic field, colour LEDs and ultrasound.
Therefore, our discussion of enhancing specific cell functions via biophysically improved kinetics
of basal metabolism (Section 2) would be incomplete without considering the synthesis of these
radiances.

The scientific principle of coherent multi-radiances has been implemented in a full-scale
invention of a new medical technology - coMra™ therapy [100]. CoMra devices coherently
synthesize all of the above-mentioned biophysical radiances into a single therapeutic stream.
Coherency of such synthesis is achieved via the geometric arrangement of radiance emitters,
matched output power of each emitter and harmonic modulation of all emitters except for the
permanent magnetic field (Fig. 6).

**Fig. 6.** Bottom view of the medical terminal of the coMra Delta device.

Furthermore, since each radiance synergistically supports the same process of regeneration,
the energy output of the individual emitters in coMra devices is much lower in comparison to
monotherapy devices. This ensures safety, as well as simplicity of application of coMra devices,
while aiming at maximum therapeutic efficacy. In the context of the COVID-19 pandemia this is
especially important, since coMra devices can readily be used both in a medical facility and at
home during self-isolation.

And most importantly, these design features of coMra devices create an opportunity for
transforming a passive recipient of complex and expensive medical procedures into an active
builder of one's own health. As described by Antonovsky, a major determinant of either
succumbing to a disease or staying healthy is a psychological sense of coherence, an “enduring
though dynamic feeling of confidence” that one has the necessary resources to meet life's
challenges in a meaningful way [101]. To this end, coMra devices were designed to be used not
only under the supervision of a doctor, but primarily as a self-care therapeutic modality that can
readily complement one's lifestyle choices.
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### 4.1. Regenerative Biomodulation Via Sequenced Colour LEDs
coMra therapy also introduced a concept of regenerative biomodulation via sequenced colour
LEDs. This concept arises from a proposal that to form a regenerative rhythm regulatory signals
should follow a sequence of three states. The first signal is upregulation of a biological process
from a basal level. The second signal is downregulation that inhibits the ongoing process to
avoid exhaustion and energy is instead redirected towards the recovery of spent resources. The
third distinct type of signal is to resume the most energy saving configuration of relative
inactivity at a (new) basal level. Together, when the three signals are repeated in succession,
they form a composite regenerative signal.

We suggest that this is a biologically universal signal that spans regulation of individual cells and
the entire human body. Immune and nervous systems provide indirect evidence of the existence
of such regulation. During normal wound healing the immune response starts with 1)
proinflammatory signals to activate immune response. Then, onset of 2) the anti-inflammatory
phase stimulates cell proliferation. Finally, during 3) the remodelling phase a balance between
proinflammatory and anti-inflammatory factors is required to replace temporary tissue with a
permanent one [102]. Similarly, the human autonomic nervous system has evolved into three
distinct systems: 1) mobilization via the sympathetic system, 2) parasympathetic inhibition via
myelinated vagus, 3) immobilization via unmyelinated vagus [103].

In coMra devices this triple regenerative signal is created by a sequence of red colour (650 nm),
indigo/violet colour (420 nm) and a combination of yellow and green colours (570 nm) and is
delivered through dermal photobiomodulation [104] (Fig. 7).

**Fig. 7.** Sequence of colour LEDs used in coMra therapy to provide a composite regenerative
signal.
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## 5. Conclusion
The proposed biophysical paradigm of COVID-19 immunopathology and treatment reconciles
the diverse trajectories of SARS-CoV-2 infections and also unifies various effects of low level
biophysical radiances on immune function. We suggested that interconversions of energy,
structure and information involved in regeneration of a cell are the key prerequisite for any cell
function. Specific immune functions of a cell, on the other hand, are always context-dependent
and are activated by the organism's response to a pathogen up to the limit imposed by the
kinetics of self-regeneration.

To enhance the immune function of a cell and of the human body, one can target the basal
regeneration via biophysical means: photomagnetic catalysis of ATP synthesis, ultrasonic
acceleration of cytoskeleton restructuring and introduction of regenerative biomodulation via
sequenced colour LEDs. Importantly, the biophysically enhanced cell regeneration presupposes
neither a specific cell function nor type of a pathogen. Therefore, we envision application of the
described biophysical therapies for the treatment of immunodeficient conditions and any current
or future viral infections. Functional exhaustion of lymphocytes and lymphopenia are
characteristic not only of COVID-19, but were also observed in the SARS-CoV outbreak in
2003, H1N1 in 2009, MERS-CoV in 2013 [105]. Finally, for those individuals who are recovering
after COVID-19, the biophysical modalities may offer significant benefits in terms of
regeneration of organs and systems that have sustained inflammation-related damage.
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