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Abstract

In this paper, we will discuss the use of t-He/O, in the treatment of patients with the viral disease COVID-19. The aim of the study is to evaluate the
effect of thermal helium-oxygen therapy on viral load, inflammatory markers, and antibody synthesis. Methods. A single-center, randomized, pro-
spective study included 60 patients with COVID-19. Patients were divided into two groups: 1 (n = 30; 17 male, 13 female) — t-He/O, therapy was
included in the standard COVID-19 treatment Protocol; 2 (n = 30; 16 male, 14 female) — standard therapy in accordance with the clinical recom-
mendations of Healthcare Ministry of Russia for patients with COVID-19. Of the 60 patients included in the study, 28 (46.7%) were medical pro-
fessionals. The median age of patients in the study was 56.7 (45 — 61) years old. In the group 1 — 58 (45 — 59.5) years old, in the group 2 — 55
(46 — 66) years old. All patients had a positive test of SARS-CoV-2 coronavirus RNA, CT signs of “ground-glass opacity” type lung damage, and
areas of air space consolidation. Patients were comparable by gender, age, body mass index (BMI), area of lesion of the pulmonary parenchyma,
laboratory data. Results. As a result of the use of t-He/O,, the elimination of the SARS-CoV-2 virus occurred within 48 — 72 hours from the start of
inhalation and was confirmed by PCR test. The following changes were found in all patients: synthesis of IgM and IgG antibodies, increase in lym-
phocytes level, decrease of C-reactive protein, restoration of alanine aminotransferase and aspartate aminotransferase levels, D-dimer, and ferritin.
These signs became more pronounced in the 1* group within 72 — 168 hours, compared with the 2" group, where these results were achieved on the
10™ day of therapy. Conclusion. The inclusion of thermal inhalation a gas mixture of helium and oxygen (t-He/O,) in the standard therapy of patients
carrying infectious disease caused by SARS-CoV-2 with CT signs of COVID-19 pneumonia (CT1, CT2 grades) reduces the viral load by stimulating
antibody synthesis, as the type of immunoglobulin G, and immunoglobulin M causing the effect of “termovaccination”; increases the effectiveness
of treatment, reducing the markers of inflammation.
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Pe3iome

[Mpencrabnen meron evyenus 60abHEIX COVID-19 npu momonm TepMuyecKoii remii-kucnoponroit cvecu (t-He/O,). Henbto nccnenopanus
ABUJIACH OLIEHKA BIUAHUA t-He/O, Ha BUpYCHYIO HArpys3Ky, MapKepbl BocHaneHust i cuHTe3 aHtutes (AT). MaTtepuaiibl u MeToapl. B onqHoueHT-
POBOE PaHIOMHU3MPOBAHHOE MTPOCIIEKTUBHOE MCCen0BaHKe BKIoYeHbl 6osbHbie COVID-19 (n = 60; Mmennana Bo3pacra — 56,7 (45—61) roza).
[MarmeHTH paHIOMU3UPOBAHBI B 2 TPYIIITHL: B CTAHIAPTHBIN IPOTOKOI JieueHUst 601bHbIX COVID-19 1-it rpymnmet (7 = 30: 17 myxuuH, 13 xeH-
IMH; cpenHuit BospacT — 58 (45—59,5) iet) Bkmouena Tepanus t-He/O,; y naumentos 2-i rpynmst (7 = 30: 16 myxuuH, 14 xeHumH; 55 (46—66)
JIeT) TIPOBOAMJIACH CTAHIAPTHAS TEPAIus B COOTBETCTBUM C KIMHUYECKUMU peKoMeHmanusMu MuHUCTepCTBa 3apaBooxpaneHust Poccuiickoit
Denepanyu 1ist 6oapHEIX COVID-19. M3 60 namyeHToB, BKIIOYCHHBIX B UcchenoBaHue, 28 (46,7 %) sSIBISUTMCH MEAMIIMHCKUMU PAaOOTHUKAMU.
V Bcex 6onbHBIX pesyiabTar Tecta PHK kopoHaBupyca SARS-CoV-2 6bl1 OJOXUTENBHBIM, BbISIBJIEHBI KOMITbIOTepHO-TOMOTrpaduyeckue (KT)
TIPU3HAKY TIOPaXEHUST JIETKUX 110 TUITYy «MaTOBOTO CTEKJa» W YYACTKU KOHcoNuaanuu. [lalveHThl ObLTM COMOCTAaBUMBI TIO TOJTy, BO3pAcTy,
MHJIEKCY MACChl TeJa, TIIOIIAAN MOPAKEHUS JIETOYHOI MTapeHXMMBbI, JIAO0OPaTOPHBIM TaHHbIM. Pesyabratel. B pesynbrare npumeHenus t-He/O,
anmumuHaims Bupyca SARS-CoV-2, moarBep:kneHHas METOIOM TOJIMMEPa3HOU IIETTHOU peaKiluu, TPOUCXoauia B TeueHue 48—72 4 oT MOMeHTa
HavaJjla MHTaJIIIUKU. Y BCeX MalMeHTOB OOHAPYXeHbI clienytolne usMeHeHus: cuHte3 AT ummyHoriooyanHa (Ig) M u -G, 1oBbllLIeHUe YPOBHS
nuMdOLUTOB, CHUXKEeHME YPOBHS C-peakTUBHOTO Oejika, BOCCTAHOBJIECHUE YPOBHEN alaHWH- U acnaprataMuHoTpaHcdepassl, D-numepa, dep-
pUTHHA. DTU MPU3HAKK CTAHOBWJINCH 00JIee BRIPAXKEHHBIMU Y TIAIIMEHTOB 1-if TpyTIIbl B TeueHne 72— 168 4 1o cpaBHEHUIO C TAKOBBIMU Y GOJTBHBIX
2-ii TPYMIIbI, TI€ 9TU PE3YJIbTaThl IOCTUTANMCh Ha 10-¢ cyTku Tepanuu. 3akmodenne. [1pu BrioyeHun unranaumii t-He/O, B cTanmapTHyio
TEpaIuio MalMeHTOB, MEPEeHOCSINNUX MHGMEKIIMOHHOe 3a0oieBanue, Bei3BaHHOe SARS-CoV-2, ¢ KT-npusnakamu nmaesMoHuu | u I crenenu
TSIKECTH OTMEYEHO CHWDKEHUE BUPYCHOM HAarpy3K1 U YpOBHSI MApKepOB BOCIaJIeHUsI, MOBbIILEeHUE 2(DMEKTUBHOCTH JICUEHHUST; TPOMUCXOAUT TaKxKe
crumynsums cuntesa AT IgG u IgM, BbIsbIBast 3MeKT «TepMOBaKUMHaLMW». B HacTosIIee BpeMs U3ydaeTcs OTBET Ha BosaeiicTeue t-He/O,
y nauureHToB ¢ KT-npusznakamu nuesmonuu 111 crenenu tsokectu. [TponeMOHCTpUPOBAH MOJOXUTENbHBINA 3(PMEKT y TSKETbIX O0JIbHBIX, OHA-
KO TIPU 3TOM TPeOYIOTCSI aNbHelIIee N3yueHre U CTATUCTUIECKUI aHaIU3 Pe3yJIbTaTOB TeParui.

KnroueBble ciioBa: TepMUUeCcKas reJINii-KIUCIOPOIHAsI CMECh, TeJIHiA, ToJTMMepa3Hast LIeMHasT peakiust, UMMYHODTOOYTMH G, UMMYHOTJIO0YTMH M,
COVID-19.
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The first outbreak of the new coronavirus disease 2019
(COVID-19) began in December 2019 in Wuhan, China
and has evolved into a major pandemic [ 1, 2]. A severe acute
respiratory syndrome coronavirus (SARS-CoV-2) was lat-
er identified as the causative agent. This virus is enveloped
in a positive-stranded RNA [3, 4]. About 28,506,254 cases
of COVID-2019 and 915,920 deaths (as of) were registered
globally by September 11, 2020 !. The fight against the coro-
navirus infection is an extremely acute issue that requires
the development of new methods to expand the therapeu-
tic and preventative options. WHO have not recommend-
ed any medicinal product for the treatment of COVID-19
yet. The currently recommended and used therapeutics are
supportive. Some repurposed anti-HIV and antiviral drugs
are currently in use, including hydroxychloroquine, remde-
sivir, lopinavir/ritonavir, interleukin 6 (IL-6) receptor in-
hibitors, and plasma therapy [5—8].

Great hopes are set on the development of synthetic
vaccines that affect the antibody synthesis and specifi-
cally interact with certain proteins of the virus. The issue
of finding new methods for treatment of COVID-19 is
pressing.

' https;//news.mail.ru/story/incident/koronavirus

medical sciences. Moscow; 2000 (in Russian).

We have developed a new method based on the use of
thermoheliox (inhalation of a high-temperature mixture
of helium and oxygen — t-He/O,).

Helium is an inert gas. It was discovered by P.Janssen
and N.Lockyer, and both reported the discovery inde-
pendently to the French Academy of Sciences in 1868.
Academician P.L.Kapitsa played an important role in the
study of the physicochemical properties of helium. He be-
gan his research during his internship in Rutherford lab-
oratory in London (1938), and continued it in Moscow
together with Academician D.L.Landau [9—13]. Both sci-
entists were awarded the Nobel Prize for their research on
the physical properties of helium.

The authors of this article have more than 20 years of
clinical experience with heliox. Initially, we used a thermal
helium-oxygen mixture in patients with hypoxemic respi-
ratory failure, and then in patients with hypercapnic respi-
ratory failure 3.

In the recent years, this experience has been used in a
neurological clinic for the treatment of patients with isch-
emic stroke [14, 15] and in obstetrics to correct the oxygen
status of pregnant women in the III trimester *.

Kutsenko M.A. [Using an oxygen-helium mixture to treat acute respiratory failure in patients with an exacerbation of chronic obstructive pulmonary disease]: Thesis for a candidate degree in

3 Shogenova L.V. [The efficacy of heliox therapy in patients with acute respiratory failure against an obstructive pulmonary disease|: Thesis for a candidate degree in medical sciences. Moscow;

2003 (in Russian).

¢ Patent No.RU2727750C1 registered in the Russian Federation as of November 08, 2019. Shuginin 1.0., Panin A.A., Chuchalin A.G., Petrukhin V.A., Shidlovskaya N.V., Lysenko S.N.
|A treatment method for pregnant women with placental insufficiency|. Available at: https.//patenton.ru/patent/RU2727750C1 (in Russian).
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Our clinical study was preceded by a theoretical anal-
ysis of the development of acute viral infection with
an assessment of the potential therapeutic effects of
t-He/O, inhalation. The kinetic model included a de-
scription of growth and reproduction of the virus in the
human body, the viral damage to the recipient cells, the
effects of thermal destruction of viruses, and the antibody
response. Theoretical analysis predicted the potential ef-
fects of inhalation of t-He/O,, i.e. the production of an-
tibodies against the proteins of the destroyed viral parti-
cles [16]. The analysis of the protein composition of the
patient’s exhaled air condensate confirmed the safety of
thermoheliox [17].

This article discusses the use of t-He/O, in the treat-
ment of COVID-19.

Materials and methods

Study group. A single-center, randomized, prospective
study included 60 patients with COVID-19. Patients were
divided into two groups. Group 1 (n = 30) received the
standard COVID-19 treatment protocol together with
the t-He/O,. Group 2 (n = 30) received the standard
treatment in accordance with the clinical recommenda-
tions of the Ministry of Health of the Russian Federation
“Prevention, diagnostics, and treatment of the novel
coronavirus infection COVID-19” [version 5 (approved
by the Ministry of Health of the Russian Federation on
March 08, 2020), version 6 (approved by the Ministry
of Health of the Russian Federation on April 28, 2020),
version 7 (approved by the Ministry of Health of the
Russian Federation on June 3, 2020)] [18]. Of the 60 pa-
tients included in the study, 28 (46.7%) were medical pro-
fessionals. The male/female ratio was 17/13 in Group 1,
and 16/14 in Group 2. The groups were matched by the
sex ratio, p = 0.403. The median age of the patients was
56.7 years (45 to 61 years). The median age was 58 years
(45 years; 59.5 years) in Group 1 and 55 years (46 years;
66 years) in Group 2. The groups were matched by age,
p = 0.537. The general characteristics of the patients at the
enrollment are shown in Table 1.

The clinical symptoms in Groups 1 and 2 are charac-
terized in Table 2. The symptoms included: a loss of smell
and taste, runny nose, shortness of breath, dyspnea, weak-
ness, fever, headache, muscle pain, sore throat, and dry
cough.

All patients who were enrolled in the study accord-
ing to the protocol No.1l1 — 20 dated April 20, 2020, ap-
proved by the Ethics Committee on Biomedical Ethics of
the N.V.Sklifosovsky Research Institute for Emergency
Medicine of Moscow Department of Health received
treatment for pneumonia caused by the SARS-CoV-2 vi-
rus from April 21 to June 2020 both inclusive.

The diagnostic procedures included specific molecu-
lar tests of the respiratory samples (throat and nasopha-
ryngeal swab) (detecting amplifier CFX-96 REAL TIME,
Bio-Rad, USA), lung CT scan, express analysis of the
gas composition of arterial blood on an automatic ana-
lyzer ABL-500 (Radiometer Copenhagen, Denmark),
measurement of serum IgM and IgG on an immunoche-

Original studies « OpurHanbHbIe nccnegoBaHUA

Table 1

General characteristics of patients in groups at the time of
inclusion in the study

Tabauua 1

Obwas xapakmepucmuka nayueHmos Ha MOMeHm
GKAIOMEHUA 6 Uccaedosanue

Parameter ‘ Group 1 (n=30) | Group2 (n=30)
Age, years 56 [45; 59.5] 52 [46; 66]
Sex, male/female 17113 16/14
Duration of the disease, days 2[1;4] 3[1;5]
Respiratory rate, min-! 25.9 [22; 28] 24.9 [20; 27]

Heart rate, min' 110.6 [89.3; 122.1]  115.2 [91.7; 128.4]

Sp0,, % 94 [88; 96] 93 [87; 95]
Positive PCR for coronavirus, n 30 30
i(r;\T |,/:s)igns of pneumonia (lesion volume 25.2[21; 425] 26 [25; 41.7]
NIV / high flow oxygen therapy, n 24 23

D dimer, ng/mL 358[270;387] 354 [294; 432]

C-reactive protein, mg/L 65.1[45.2; 75.6] 62.1[39.1; 67.4]

568.8 [423.2;

Ferritin, mg/L 620.8]

602.8 [529.4; 75.3]

Lymphocytes, % 15.4 [12.8; 23.2] 17.2[14.7; 28.1]

AST, UIL 354[302;491]  34.2[28.9; 435]

ALT, UL 38A[34.0;421]  362[32.1;39.2]

Immunoglobulin IgM, COI 08[0.62;321]  1.2[0.79; 3.18]

Immunoglobulin IgG, U/mL 16.5[12.2; 22.1] 17.1[15.1; 25.1]

Note: SpO,, saturation of hemoglobin with oxygen; PCR, polymerase chain reaction, CT,
computed tomography of the lungs; AST, aspartate transaminase; ALT, alanine
aminotransferase. The quantitative data are presented as median (lower and upper quartiles).

[pumeyaHme: KonM4eCcTBEHHbIE AaHHbIE MPEACTaBNEHbl Kak MeanaHa (HIKHIIA — BEpXHMI
KBapTUMb).

miluminescent analyzer (Mindray 6000, USA), com-
plete blood count, analyses of serum markers (D-dimer,
C-reactive protein [CRP], ferritin, lymphocytes, aspar-
tate aminotransferase, AST, and alanine aminotransfer-
ase, ALT).

All patients had a positive test of SARS-CoV-2 corona-
virus RNA, the ground-glass opacities in the lung CT, and
the areas of air space consolidation.

The inclusion criteria were:

* Age > 18 years;

» Positive RNA test of SARS-CoV-2 coronavirus

» CT signs of viral pneumonia (CT1, CT2);

* Oxygenation index > 150 according to the Berlin clas-
sification;

* Increased CRP and ESR.

The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 2 - vomiting that interfered with the use of masks;
General characteristics of clinical symptoms  » acute cerebrovascular accident (ACV);
ingroup Iand 2;n + acute myocardial infarction (AMI) within the last

Tabauya 2 6 months, and pregnancy.
Obwan xapaxmepucmuka KAUHUMECKUX CUMNMOMOG

y nauuenmoe 1-it u 2-ii epynn; n

‘ Group 1 (n = 30) ‘ Group 2 (n = 30) StUdy deS|gn
Symptoms
‘ ves no ‘ yes no All patients underwent swabs from the mucous mem-
brane of the nasal cavity and oropharynx to detect
Loss of smell and taste 7 3 25 5 SARS-CoV-2 coronavirus RNA; sampling of venous
Runny nose . . 2 ; blood for IgG (semiquantitative) and IgM (semiquantita-
tive) antibodies of SARS-CoV-2 coronavirus by the stan-
Shortness of breath 28 2 27 3 dard enzyme immunoassay method, for CPB, D-dimer,
ferritin, lymphocytes, AST, and ALT levels. Schedule of
Dyspnea 28 2 21 3 the examinations is presented in Table 3. The study design
is shown in Figure 1.
Weakness 26 4 25 5
Fever 29 1 30 0 . .
Treatment with gas mixtures
Headache 24 6 29 1
The t-He/O, therapy was performed on the Heliox-
Muscle pain 25 5 2 1 Extreme apparatus (LLC Medtekhinnovatsii Russia,
R 2 3 2 5 medical device code: 944460 (TU 9444-001-0116489960-
2915)) through separate oxygen and helium ports. Oxygen
Dry cough 28 2 28 2 was supplied from a centralized hospital oxygen distribu-
tion system. Medical helium “A” from a 10-liter metal cyl-
inder under a pressure of 200 atm through a 15 atm pressure
The exclusion criteria were: regulator (GCE, China). In this work, we used medical
* an oxygenation index < 150; helium grade “A” (99.995%; TU 20.11.11-005-45905715-
* mechanical ventilation; 2017, NII KM, RF). The apparatus was mixing two gas-
+ severe impairment of consciousness (score on the es (helium and oxygen) in accordance with the specified
Glasgow scale less than 10); concentrations. Then the mixture of He and O, through
* unstable hemodynamics (systolic blood pressure the breathing filter Inter-Guard™ (Intersurgical Ltd,
<90 mm Hg, heart rate < 50 min or > 160 min); UK) and the Flextube hose (Intersurgical Ltd, UK) was
* hemoglobin < 115; fed into the thermistor of the Heliox- Extreme apparatus,
+ profuse sputum secretion; which was connected to the exhalation valve (Intersurgical

+ Eligible patients

Standard therapy + t-He/O, 60 min per day (“Heliox-Extreme” apparatus)
Randomization

day
_ % % % % % % % % 3 >
n=30 1 2 3 4 5 6 7 8 9 10
- Control: RNA of SARS-CoV-2 coronavirus, anti-SARS-CoV-2 antibodies IgG and IgM, CRP,
n =60 lymphocytes, ferritin, D-dimer, ALT, AST
RNA of SARS-CoV-2
coronavirus, RN
anti-SARS-CoV-2 n=30 day
antibodies IgG ¥ 3 3 3 3 3 3 3 £ 3 >
and IgM 1 2 3 4 5 6 7 8 9 10
Lung CT

Standard therapy + O, via a nasal cannula

Figure 1. The design of the study (randomized simple comparative) in parallel group (n = 60)
Note: t-He/O,, thermal helium-oxygen mixture; Ig, immunoglobulin; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine

ami

notransferase; CT, computed tomography.

Puc. 1. lu3aiin uccnenoBanust (paHIOMM3UPOBAHHOE MIPOCTOE CPABHUTEIbHOE) B MapasliebHbIX Ipymnmnax (n = 60)
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Table 3

Monitoring interval by day in the study groups

Tabauua 3

Hnmepeaa MoHUMOPUPOBAHUSL NO OHAM 8 UCCACOYeMbIX 2PDYRNAX

| |
Parameter Screening/Randomization

| I N R R N N N N R
PCR + + + + + + + + + + +
Immunoglobulin IgG, U/mL + + + +
Immunoglobulin IgM, COI + + + +
CRP, mg/L + + + + + + + + + + +
D dimer, ng/mL + + + +
CRP, mg/L + + + +
Ferritin, mg/L + + + +
Lymphocytes, % + i * *
AST, UL + + + +
ALT, UL + + + +

Note: PCR, polymerase chain reaction; Ig, immunoglobulin; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

Ltd, UK) and the facial anesthetic mask QuadraLite
(Intersurgical Ltd, UK).

The patients underwent 4 daily inhalation procedures
for 15 minutes with 15-minute intervals. The concentra-
tion of He and O, was selected individually for each pa-
tient in the range from 79 to 50% (He) and from 21 to 50%
(0,) to maintain SpO, within 97 — 99% at temperatures
from 75 to 96 °C, depending on the saturation index, tidal
volume, and the patient comfort.

At SpO, > 93%, the inhalation of t-He/O, started with
79% He and 21% O, at a temperature of 85 — 96 °C with
a gradual increase in O, fraction by 2% every minute until
the target SpO, 97 — 99%.

At 85 < SpO, < 92%, the inhalation of t-He/O, start-
ed with 70 He and 30% O, at a temperature of 85 — 96 °C
with a gradual increase in O, fraction by 2% every minute
until the target SpO, 97 — 99%.

At SpO, < 85%, the inhalation of t-He/O, started with
65% He and 35% O, at the temperature of 75 — 84°C with
a gradual increase in O, fraction by 2% every minute. The
O, fraction did not exceed 50%, i.e. the ratio of helium
and oxygen not more than 50 : 50% while maintaining
Sp0O, 97 — 99%.

The maximal allowed tidal volume (TV) was 1,000 mL.
If the TV was more than 1000 ml, we interrupted the
breathing cycle from the circuit of the apparatus and the
patients made one or two breaths of an air mixture with
FiO, 21%. Then, the face mask was put back on, and
breathing with t-He/O, was continued with the same con-
centration of He and O,. SpO, was monitored using an
OxyShuttle pulse oximeter (Sensor Medics, USA). The
TV was monitored with a monitor built into the Heliox-
Extreme apparatus.

Statistical analysis

The statistical processing of the data was carried out using
the SPSS 17.0 software package (SPSS Inc., USA). The
quantitative parameters are presented as median (Me) and
quartiles (lower and upper quartiles). The nonparametric

statistic methods with Mann—Whitney U-test were used
to compare the variables between the groups. Friedman
rank analysis of variance followed by paired comparison
with the Wilcoxon test was used to assess the changes over
time in each group. The differences were considered sta-
tistically significant at p < 0.05.

Results

No patients had any objective procedure-related side ef-
fects during the inhalation therapy with t-He/O,. One pa-
tient refused inhalation therapy on Day 2 because he did
not tolerate the fever well. From that moment on, 29 pa-
tients in Group 1 and 30 patients in Group 2 continued the
therapy. None of the patients were transferred to mechan-
ical ventilation. There were no lethal outcomes in both
groups. All patients were discharged. The median hospital
stay was 15 (13.35) [12,7; 34,6] days.

Changes of the PCR results over time. Group 1 showed
statistically significant decrease in positive RNA tests
for the SARS-CoV-2 coronavirus. According to our ob-
servations, most COVID-19 patients from Group 1 who
received inhalation of t-He/O, had a negative PCR on
Day 3 and some patients had a negative result as early as
1 day after the start of therapy. The patients in the stan-
dard therapy group has a positive test for the viral antigen
from 7 days to 4 weeks from the onset of the disease, in
some cases even longer (Figure 2).

Changes in the D-dimer test results over time. Group
1 showed a statistically significant decrease in the D-dimer
level on Day 3 as compared to Day 7 in the Group 2. The
change of D-dimer level within 10 days was significantly
higher in the Group 1 (Figure 3).

Changes in the ferritin level over time. The ferritin lev-
el stayed high in both groups. The statistically significant
decrease in the ferritin level was observed on Day 7 and
Day 10 (Figure 4).

Changes in the CRP level over time. The standard ther-
apy group kept a statistically significant increase in CRP
on Day 3 and the statistically significant decrease on
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Figure 2. Number of the positive polymerase chain reaction tests in
comparison groups

Note: PCR, polymerase chain reaction; t-He/O,, thermal helium-
oxygen mixture; *, p < 0.05.

Puc. 2. KonnuecTBO MOJTOXUTETBHBIX TECTOB MPU MPOBENEHUN aHa-
JIM3a METOIOM TOJTMMePa3HOM LIEMTHOW peakiiMy B IPYINax CpaBHEHUSI
[Mpumeuanwue: * — p < 0,05.

Day 7 and Day 10. Group 1 showed a statistically insig-
nificant increase in CRP on Day 3. The decrease in CRP
level on Day 7 and Day 10 in Group 1 was statistically sig-
nificant as compared to Group 2 (Figure 5).

Figure 4. Dynamics of the ferritin indicator in comparison groups
Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 4. [lunamMuka u3MeHeHUs] YpOBHsI (heppUTHHA B IPYIINAX CPaB-
HEeHUSsI
[Mpumeuanwue: * — p < 0,05.

Changes in lymphocyte levels over time. Low lympho-
cyte levels were reported in Groups 1 and 2 at baseline.
The addition of t-He/O, to the complex therapy made it
possible to significantly increase the level of lymphocytes
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Figure 3. Dynamics of the D-dimer indicator in comparison groups
Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.
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Figure 5. Dynamics of the DRR indicator in comparison groups
Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 5. IlnuHamuka uaMeHeHus1 ypoBHsI C-peakKTUBHOTO Oejika y maiu-
€HTOB I'PYIIT CPaBHEHUS
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Figure 6. Dynamics of lymphocytes in the comparison groups
Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 6. /IlnHaMnKa n3MeHEHHUsI YPOBHS JUMQOLUTOB B IPYIINaxX cpap-
HEHUS
[Tpumeuanue: * — p < 0,05.

in the Group 1 on Day 3 and to achieve full recovery on
Day 7. Group 2 showed a statistically significant decrease
in lymphocyte level on Day 3 as compared to the base-
line. The lymphocyte level increased significantly on Day
3 and Day 7, but the growth was significantly lower than in
Group 1 (Figure 6).

Original studies « OpurHanbHbIe nccnegoBaHUA

Changes in ASTs over time. High AST levels were re-
ported in Groups 1 and 2 at baseline. Group 1 showed a
statistically significant decrease in AST level on Day 3 and
a continued decrease on Days 7 and 10. Group 2 showed
an increase in AST on Day 3, and the difference from
the baseline was statistically significant. The AST lev-
el dropped on Days 7 and 10, but a lesser extent than in
Group 1 (Figure 7).

Changes in ALT levels over time. High ALT levels were
reported in Groups 1 and 2 at baseline. Group 1 showed a
statistically significant decrease in ALT level on Day 3 and
a continued decrease on Days 7 and 10. Group 2 showed a
continued growth of the ALT level on Day 3. The ALT level
decreased on Day 3 and 7 but it was still significantly higher
than the baseline. The ALT level decreased on Days 3 and
7 but to a lesser extent than in Group 1 (Figure 8).

Changes in IgM levels over time. The immune re-
sponse was confirmed in both groups at baseline. The im-
mune response showed a statistically significant peak on
Day 7 and decreased by Day 10 in Group 1. Meanwhile,
Group 2 showed the peak immune response on Day 10
(Figure 9).

Changes in IgG levels over time. Group 1 had a sta-
tistically significant increase in IgG levels on Day 3 of
the t-He/O, therapy and a continued significant growth
on Days 7 and 10. The Group 2 had a statistically insig-
nificant increase in IgG levels on Days 3 and 7 of the
standard therapy. The statistically significant increase in
the IgG levels was reported on Day 10 as compared to
the baseline. The increase in the IgG levels on Days 3,
7, and 10 in Group 1 was significantly higher than in
Group 2 (Figure 10).
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Figure 7. The dynamics of aspartateaminotransferase in the comparison
groups

Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 7. luHamMuKa M3MEHEHUsI yPOBHs acrnapraTaMMHOTpaHcdepasbl
B TPYIIaX CPaBHEHUSI

ITpumeuanue: * — p < 0,05.

Figure 8. The dynamics of alanineaminotransferase in the comparison
groups

Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 8. luHamMuKa M3MEHEHUs] YPOBHS aJlaHMHAMUHOTpaHchepasbl
B IPYIIIAX CPABHEHUST

IMpumeuanue: * — p < 0,05.
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Figure 9. The dynamics of IgM in the comparison groups
Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 9. lunamuka usmeHeHust yposHsi IgM B rpynmnax cpaBHeHUst
[Mpumeuanue: * — p < 0,05.

Discussion

The findings demonstrate that the full-size viral par-
ticles detected by PCR are eliminated by days 2 — 3 of
t-He/O,. The antibody production is continued, appar-
ently, as a response to the protein products of the ther-
mal destruction of the virus. The use of t-He/O, stim-
ulates the synthesis of IgM and IgG from the first
procedure. 60% of patients in Group 2 that did not re-
ceive the t-He/O, inhalations, had almost no IgM and
IgG antibodies during the first three days. Antibody
synthesis begins on the second or third day after the in-
duction period.

The changes in the IgG and IgM levels over time clear-
ly demonstrate that t-He/O, leads to activation of the im-
mune system and stimulates production of specific anti-
bodies in patients with the coronavirus infection.

The immune response is complex and involves vari-
ous biochemical systems. In particular, CRP is consid-
ered one of the components of a complex chain of bio-
chemical processes and one of the first respondents to
bacterial and viral infections. We compared the changes
in the accumulation and reduction of CRP in the course
of standard treatment and treatment with t-He/O, in-
halations. A significant difference in the response was
found.

A relatively slow accumulation of CRP occurs in the
typical course of the disease. In most cases, the CRP level
reaches maximum on Days 2 — 4 of treatment. The CRP
level decreases as the treatment is continued. In our study,
inhalations with t-He/O, stimulate the rapid accumula-
tion of CRP with the subsequent exponential decrease in
the level of CRP.

Figure 10. The dynamics of IgG in the comparison groups
Note: t-He/O,, thermal helium-oxygen mixture; *, p < 0.05.

Puc. 10. lunamuka usmMeHeHust ypoBHsi 1gG B rpyrnnax cpaBHeHUsI
[MTpumeuanue: * — p < 0,05.

Stimulation of the immune response with t-He/O, can
be defined as “thermal vaccination”. Our study showed
that the full-size viral particles detected by PCR are elimi-
nated by Days 2 — 3 of t-He/O,. Apparently, the antibody
production is continued as a response to the protein prod-
ucts of the thermal destruction of the virus. A “classical”
vaccination with a weakened or destroyed antigen takes
place. The fundamental positive difference is that the pro-
cess takes place in vivo with the participation of natural
viral proteins, and the “thermal vaccination” can have a
wide-range specificity.

The mechanism of the observed effect of stimulation
of the immune response with t-He/O, requires further re-
search. The kinetic model that was developed and evaluat-
ed by us 2 [13] explains the observed effects by an increase
in the antigen concentration during thermal destruction
of the virus.

Conclusion

The addition of thermal inhalation of a gas mixture of
helium and oxygen (t-He/O,) to the standard therapy
of patients with the infectious disease caused by SARS-
CoV-2 and with CT signs of COVID-19 pneumonia (CT1,
CT?2 grades) reduces the viral load by stimulating both
IgG and IgM antibody production. This effect of “ther-
mal vaccination” increases the effectiveness of treatment
and reduces the markers of inflammation. We are current-
ly studying the response of patients with the CT3 signs of
pneumonia to t-He/O,. The intermediate results demon-
strate a positive effect in the critically ill patients. The re-
sults require further research and statistical analysis.
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