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A kinetic model is proposed to describe the key features of development of an acute viral 
infection, accumulation of antibodies, and immune response in the human body. The general 
features of immune system stimulation by thermoheliox are described. The model can be used 
for developing the basis for the application of thermoheliox in the treatment of patients af-
fected by coronavirus. 
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Currently, the etiology of the development of the acute 
coronavirus infection is becoming clear. The development 
of the disease includes several stages.

— In the initial stage, infection gets into the body and 
the concentration of viruses increases. The incubation 
period may go without any visible clinical signs. If the 
immune system of the body is strong, the virus would not 
further develop. Otherwise, the immune system cannot 
fi ght off  the virus, and penetration of the virus into host 
cells initiates the exponential growth of the concentration of 
viral particles and progression from mild to severe disease.

— The virus damages the host cells and dead cells are 
accumulated.

— Under intensely aerobic conditions, necrotic bio-
chemical oxidation processes take place in the dead cells, 
e.g., lipid peroxidation, discharge of organic acids of the 
tricarboxylic acid cycle, ATP hydrolysis to phosphoric 
acid, and other acid-generating processes.

— Local acidifi cation of the damaged area takes place.
—  All enzymes containing the imidazole group of 

histidine (pKa ∼7.0) in the active site, including key en-
zymes such as carbonic anhydrase and plasmin (plasmin-
ogen fi brinolytic system), stop working in the damaged area. 
The imidazole group of histidine present in the active sites 
of these enzymes is protonated as pH decreases (hydrogen 
ion concentration increases), and this blocks their catalytic 
activity. Thus, the damaged area no longer releases CO2 
to the gas phase and accumulates bicarbonate ions.

— The microcirculatory vessels in the damaged area 
are thrombosed. The thrombus formation means that the 
plasminogen/plasmin system, which continuously dis-
solves the fi brin clots and thrombi in the body, is locally 
switched off . The switching-off  of the plasminogen/plas-
min system is of the same nature as the inactivation of 
carbonic anhydrase. The plasmin active site contains 
a histidine imidazole group, the protonation of which in 
the damaged area reversibly blocks the plasmin activity. 
Plasmin no longer hydrolyzes the fi brin clots, and a throm-
bus is formed.

Previously,1 we proposed and analyzed the kinetic 
model of development of an acute viral infection taking 
account of the exponential growth of concentrations of 
the infectious agent and pathogenic microfl ora, increasing 
acidity of the damaged area, and inactivation of the key 
enzymes of lung metabolism.

The developed model1 qualitatively describes the infec-
tion phenomenon and development of the disease.

1.  The fi rst stage is the incubation period, in which 
almost no signs of the disease are observed.

2.  At the end of the incubation period (induction 
period), fast symbiotrophic increase in the virus concen-
tration and pathogenic microfl ora concentration with 
signifi cant accumulation of the virus and microorganisms 
takes place.

3.  In the primary periods of pathology development 
(incubation period and the start of active increase in the 
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concentrations of the virus and pathogenic microfl ora), 
the pH value in the damaged area is in the range of 
7.2—7.4. In the absence of therapy or other deliberate 
infl uence on the system behavior, bifurcation growth and 
pH-based inactivation of carbonic anhydrase take place. 
This should result in the full respiratory arrest. With the 
parameters that we chose (for details, see Ref. 1), the 
model predicts that respiratory arrest will occur on the 
15th or 16th day after infection. The collapse is of the 
bifurcation nature, and the transition point is easily iden-
tifi ed in the plot (Fig. 1). The bifurcation point is a crucially 
important characteristic of the process. This is the point 
of no return, actually, the time of death of the organism. 
When this point has been passed, the release of CO2 from 
the liquid phase to the gas phase is terminated. The un-
controlled increase in the bicarbonate concentration in 
blood takes place, i.e., respiration is fully blocked.

The model1 is able to predict the system behavior when 
the virus is being eliminated and the growth of the patho-
genic microfl ora is being suppressed by antibiotics. The 
key role of carbonic anhydrase, the enzyme clearing CO2 
from lungs, was analyzed in detail. The possibilities for 
inhibition of the acid-generating processes of antioxidants 
and the therapeutic eff ects of high temperature were con-
sidered.

The natural development of the disease is associated 
with increasing body temperature. The infl ammatory re-
sponse is initiated by a large set of biochemical reactions, 
including the synthesis of infl ammatory mediators of the 
prostaglandin type2,3 and heat shock proteins; this is ac-
companied by activation of the immune system.

Currently, thermoheliox (a thermolyzed mixture of 
helium and oxygen) is used highly effi  ciently for the treat-
ment of patients aff ected by the coronavirus infection. The 
therapeutic procedure of using thermoheliox is to make 
the patient breathe with a mixture of helium and oxygen 

(80—60% helium and 20—40% oxygen), with the gas 
mixture temperature being 50—90 °С.

In our opinion, it is highly expedient to consider the 
potential of thermoheliox as not only a coronavirus inac-
tivator, but also as an immune response initiator and 
stimulant within the framework of a single model (see 
Ref. 1). Helium, the major component of the helium–
oxygen mixture of thermoheliox, possesses several unique 
physical properties, namely, high thermal conductivity, 
high heat capacity, molecular mobility, and penetrability 
into biological tissues.

One expected consequence of the application of ther-
moheliox heated to 70—90 °С is the thermal inactivation 
(thermal destruction) of viral particles. This means that 
destroyed protein—nucleic acid associates incapable of 
replication appear in the patient´s blood. The higher the 
heliox temperature during the exposure, the more effi  cient 
the destruction of the virus and, hence, the higher the 
particle concentration. The inactivated virus and the 
protein components of the virus present in blood are actu-
ally natural antigens. According to the standard immune 
response program, the body should synthesize the anti-
bodies. A local above-optimal temperature rise due to 
thermoheliox exposure enhances the expression of heat 
shock proteins, which are important for the immune re-
sponse. The heat shock proteins enhance the adaptive 
immune response by transferring the antigen peptides to 
Т-lym pho cytes. Thus, natural thermovaccination takes 
place. This is the natural protection of the body.

Calculation methods

The kinetic model is based on kinetic equations describing 
the growth and evolution of microbial and viral polulations.1 
A system of ordinary diff erential equations was integrated using 
a specially developed program (in the Delphi Community 
Edition). Solution of the kinetic model makes it possible to visu-
alize the variation dynamics of all variables and to study the 
system behavior upon the variation of system parameters. 

Results and Discussion

Considering the processes of virus thermal degradation 
(N) and formation of antigen fragments (a), the increase 
in the concentration of the acid-produced dead cells (P), 
the growth dynamics of pathogenic microfl ora (M), and 
the change in the hydrogen ion concentration in the dam-
aged area, the system of equations can be represented in 
the following form (the variables in this system of equations 
may refl ect the concentration of a particular agent in the 
damaged area or the amount of this agent in the body):

d[N]/dt = k1[N] – α(T)[N] – ξ[N][J],

t = 0, [N] = [N]0, (1)
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Fig. 1. Kinetics of the immune response: accumulation of anti-
gen [a], antibodies [J], and kinetic variation of the amount of 
the virus [N] in the case of weak immune response; [H+] and [P] 
are concentrations of protons and dead acid-produced cells, 
respectively.
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d[P]/dt = k2[N], t = 0, [P] = 0, (2)

d[M]/dt = μ([P]) – β(T)[M],
μ([P]) = μm[P]/(KP + [P]), t = 0, [M] = [M]0, (3)

d[H+]/dt = γ([H+]0 – [H+]) + δ[M] + ω[P] – νc,
t = 0, [H+] = [H+]0, (4)

d[a]/dt = α(T)[N], t = 0, [a] = 0, (5)

d[J]/dt = σ[a], t = 0, [J] = 0, (6)

, (7)

where [N] is the concentration of the infecting virus in 
the damaged area; k1 is the specifi c rate of virus replication 
in the body; α(Т) is the parameter characterizing the rate 
of virus destruction due to the thermal inactivation; 
[N]0 is the initial infecting concentration of the virus; μm 
is the maximum specifi c growth rate; KP is the affi  nity of 
the pathogen to substrate P, β(T) is a parameter character-
izing the thermal death of microorganisms. The coeffi  cient 
δ is the productivity of microorganisms based on proton 
generation and the buff er properties of the blood system. 
The term γ([H+]0 – [H+]) describes the "openness" of the 
system for protons, where [H+]0 corresponds to the con-
centration of protons entering the damaged area, [H+] is 
the average proton concentration in the damaged area, 
and γ is the mass transfer coeffi  cient. The vc value is the 
is the rate of the enzymatic reaction of carbonic anhydrase, 
i.e., the rate of hydroxyl ion generation by the carbonic 
anhydrase-catalyzed reaction. The parameter σ corre-
sponds to "maturing" of the immune response for ~3 days 
and amounts to ∼0.015 h–1. Apparently, the antigen (a) is 
formed via inactivation and destruction of viral particles. 
The maturing of the immune system with the formation 
of antibodies depends on the concentration [a]; the rate 
of virus destruction and elimination from the system 
depends on the antibody concentration [J] and the virus 
concentration (the term –ξ[N][J]). Qualitatively, it can 
be seen that for defi nite parameters α(T), σ, and ξ in 
Eq. (1), the negative terms would exceed k1 and the virus 
will be eliminated.

The integration of the system of equations (1)—(7) 
results in solutions in which the concentration of the virus 
exponentially increases, reaches a maximum, and drops 
to zero (see Fig. 1). The calculations were carried out for 
the following parameters: k1 = 2•10–2 h–1, k2 = 10–2 h–1, 
α = δ = ω = 5•10–3 h–1, β = 10–3 h–1, γ = 0.1 h–1, 
ξ = 0.03 h–1, σ = 0.015 h–1, μm = 2.5•10–2 mol L–1 h–1, 
Ka = 10–7.2 mol L–1, KP = 10–3 mol L–1, A = 5 mol L–1 h–1, 
[N](0) = [M](0) = 10–3 mmol L–1, [P](0) = [a](0) = 
= [J](0) = 0 mmol L–1, [H+](0) = [H+]0 = 10–7.44 mol L–1.

Figure 1 shows the calculation results for the case where 
the immune response is not suffi  ciently intense, and the 
collapse (bifurcation point) comes earlier than the immune 
response reaches the full strength. The recovery implies 
complete elimination of the virus ([N] = 0), an established 
invariable level of the number of damaged cells ([P]), and 
a high level of antibodies ([J]). It can be seen that the 
collapse (the curve of variation of [H+]) comes much 
earlier than the system overcomes the viral load. A favor-
able result can be attained if the immune response is in-
tensifi ed. Within the framework of our model, this means 
that, fi rst of all, it is necessary to increase the antigen 
concentration (parameter α(T)) and, perhaps, the effi  -
ciency of antibody synthesis.

The high body temperature during the development of 
acute infl ammatory processes seems to have, at least, two 
consequences:

1) an elevated temperature is a physical factor promot-
ing the thermal destruction of proteins and inactivation 
of the virus;

2)  the appearance of inactivated viral particles and 
viral proteins in the blood is a classical factor for the de-
velopment of immune response and for the synthesis of 
specifi c antibodies. In the traditional immunization appro-
aches, the development of a vaccine is based on the use 
of "weakened", inactivated viral particles or proteins for 
injection into the body.

It is of interest to follow the eff ects of the virus thermal 
inactivation rate (parameter α(T)), the rate of immune 
response maturing (σ), and the rate of virus destruction 
(ξ) on the immune response intensity.

The results of calculations of the antibody level J and 
the amount of the virus N upon variation of α(T) are 
depicted in Fig. 2.

The calculation results obtained upon variation of the 
parameters σ (characteristic rate, time of activation of the 
immune system and the synthesis of antibodies) and ξ 

Fig. 2. Dynamics of variation of the virus concentration [N] 
(1—3) and antibodies [J] (1´—3´) for the rate of virus destruction 
via thermal inactivation α(T) = 0.003 (1, 1´), 0.005 (2, 2´), and 
0.008 h–1 (3, 3´).

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

C/mmol L–1

300 400 500 600 700 t/h

[J]

1´

2

3

1 2´

3´



Varfolomeev et al.1814 Russ. Chem. Bull., Int. Ed., Vol. 69, No. 9, September, 2020

(characteristic time of the virus destruction) are shown in 
Figs 3 and 4, respectively.

An important parameter that can be aff ected by an 
external heat fi eld is α(T). As follows from the previous 
publication,1 on going from 36 to 41 °C, the parameter 
α(T) can increase by a factor of 2.8—3.5. This activates 
the immune response upon the infl ammatory increase in 
the patient´s temperature (the therapeutic eff ect of ele-
vated temperature).

More pronounced eff ects can be expected from the use 
of thermoheliox, a breathing mixture of oxygen and he-
lium, at an elevated temperature of 55—90 °C. The results 
of calculations with inclusion of the exposure to a tem-
perature of 50—90 °C in the mechanism of pathology 
development are presented in Fig. 5.

Estimates demonstrate that on going from 36 to 60 °C, 
α(T) increases 10—15-fold. With allowance for the signed 
multiplicity of a 30-min exposure of lungs to thermoheliox 
at a temperature of 70—90 °C, the process is shown in 
Fig. 5, b as a step in the antigen concentration. This sharply 

increases the rate of accumulation of antibodies J and 
signifi cantly accelerates elimination of the virus. The 
plots in Figs 5, a and b diff er in the time point of heliox 
application.

The designed equipment4 is able to measure and record 
the temperature of the breathing gas as it enters the 
patient´s respiratory system. According to independent 
measurements, the exhaled gas temperature is 10—15 °С 
lower. Thus, with the initial gas mixture temperature of 
80 °С, the operating temperature of thermoheliox is in the 
range of 60—80 °С.

Theoretical analysis of the kinetic behavior of an 
organism infected with the coronavirus predicts a con-
siderable activation of immune response at elevated 
temperature (the therapeutic eff ect of temperature rise) 
upon the action of high-temperature (60—90 °C) breath-
ing mixture of oxygen and helium. The molecular basis 
of this stimulation is the thermal destruction of viral par-
ticles and increase in the concentration of destroyed 
proteins, which act as antigens for the synthesis of specifi c 
antibodies. 
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Fig. 3. Dynamics of variation of the virus concentration [N] (1, 2) 
and antibodies [J] (1´, 2´) for the immune system activation rate 
σ = 0.015 (1, 1´) and 0.045 h–1 (2, 2´).
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Fig. 4. Dynamics of variation of the virus concentration [N] 
(1—3) and antibodies [J] (1´—3´) for the virus destruction rate 
ξ = 0.1 (1, 1´), 0.06 (2, 2´), and 0.03 h–1 (3, 3´).
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Fig. 5. Eff ect of thermoheliox on the development of the immune 
response and on the virus destruction dynamics, thermovac-
cination on the 12th (a) and 15th (b) day of infection. For 
comparison, variation dynamics of the virus concentration ([N]1) 
without the thermal action of thermoheliox is given (the same 
[N](t) curve as in Fig. 1), [N]2 is after thermovaccination.
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This paper describes the general principles of immune 
system stimulation by thermoheliox. The application of 
this method to a particular patient has personalized fea-
tures. It appears important to monitor the general condi-
tion of the patient and oxygen saturation of blood, as 
a saturation of 97—99% should be attained. To this pur-
pose, it is necessary to adjust a higher or lower oxygen 
content in heliox during every inhalation procedure. 
However, too high oxygen content in the helium—oxygen 
breathing mixture is inadmissible. Overexposure to oxygen 
may activate nonspecifi c oxidative processes, resulting in 
accumulation of acids in the damaged area. This method 
of vaccination is recommended for patients at the initial 
stage of infection and for patients with moderate severity 
of the disease and includes repeated 15—20 min exposures 
to thermoheliox at a temperature of 80—90 °C with a rest 
period of 5—15 min. This procedure appears reasonable 
on the basis of clinical experience: the above-listed condi-
tions were most comfortable for patients.

These recommendations were applied to the treatment 
of coronavirus patients. Clinical trials of thermoheliox as 
a means for the treatment of the coronavirus infection 
were performed at the N. V. Sklifosovsky Research 
Institute of Emergency Medicine (Moscow). This hospi-
tal admits patients with 50—80% damage of lungs. The 
clinical procedures were performed for dozens of patients; 
all of them recovered.

A fundamental benefi t of the thermoheliox stimulation 
of the natural vaccination is the versatility of this approach 

and applicability to various viruses and pathogenic micro-
organisms.

The kinetic model considered here describes the key 
features of the development of acute viral infection in the 
human body, the dynamics of accumulation of antibodies, 
and immune response. Also, it forms the grounds for the 
use of thermoheliox in the treatment of patients aff ected 
by coronavirus and can help to outline the ways towards 
a new method for the treatment of viral diseases.
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