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Pestome. HoBast kopoHaBupycHast undexkuns COVID-19 BBuny c10XHOTro natoreHesa 3a00JjieBaHUus, CU-
CTEMHOTO BO3JIEWCTBUS HA OpPraHbl, PAa3BUTUS OCITOXHEHUN M CTOWKUX HApYIICHUI MOCJe TTIepeHeCeHHOMN
VH(DEKIINN OCTAeTCsl BaXKHOU MTPooeMoil MenuimHbl. C KaXIbIM TOIOM yBEJIUUMBAETCS YMCIIO TIAIUEHTOB
C TIOCTKOBUIIHBIM CUHJPOMOM, HYXIAIOIIMUXCSI B CBOEBPEMEHHOM U MOJIHOLIEHHOU peadwiuTtaiuu. Henas-
HO CTaJlu TIOSIBJISIThCSI €IMHUYHBIE PA0OTHI MO IPUMEHEHUIO UHTEPBAJbHOU TUTTOKCUTEPATIUY JJIST JICUCHUS
MalMEeHTOB ¢ KOpOHaBupycHol uHdekuueil. Llenbio Halllero ucciaegoBaHusl ObLIO BbISIBJIEHUE OTIAJIEH-
HBIX PE3YyJIbTAaTOB BJIUSIHUSI UHTEPBAIbHON TMIIOKCUTEPATUM HAa UMMYHOJIOTUYECKUIN U KOAryJIsIIMOHHBI
cTaTyc MalMEeHTOB Iocje NMepeHeceHHOU kopoHaBupycHoil nHdbekiuu COVID-19. O6cnenosano 170 nma-
LIMEHTOB B Bo3pacTte OT 45 1o 59 jieT nocJje rnepeHeceHHO KOPOHAaBUPYCHOU MHMEKIIMU CpenHel CTeneHU
TSDKECTU 10, MOCJIe U Yepe3 TPU Mecslia Mocjae UHTEepBalbHON rurnokcutepanuu. Onpenensyiocb KojJaude-
CTBO JTUMGOLIMTOB, UMMYHOTI00yIMHOB A, M, G, E n tmtokunon (IL-1B, IL-2, IL-4, IL-6, IL-8, 1L-10,
TNFa) B kpoBU, D-numepa KpoBU, MPOTPOMOUHOBOTO BpeMeHU, (GUOpPUHOTreHa B KPOBU, aHTUTPOMOMHA
111, C-peakTuBHOrO OeJika U (pepputrHa B KpoBU. [IpoBeaeHHBIE UCCIEe0BAHUS BBISIBUJIU U3MEHEHUS UM-
MYHOJIOTUYECKOW PEaKTUBHOCTH TIOCIIE TIepeHeCeHHOU KopoHaBupycHoil nHdekimun COVID-19, tpebyto-
mue koppekimu. MHTepBaibHASI TUTTIOKCUTEPAIUS OKa3ajla UMMYHOMOMIYIUPYIOlliee NeiiCTBUE U MpUBeiIa
K HOpMaJIM3allui OCHOBHBIX MMMYHOJIOTUYECKUX TTOKa3arelieil, KOTOPbIe COXPAaHWINCh Yepe3 TPU Mecslia
MOCje TUIIOKCUTEpanuu: oTMedaaoch goctoBepHoe (p < 0,05) moBblmeHU0 KojinvectBa T-1uMGOLIMTOB
CD3*, T-numdouuto CD4*, T-tumdountsl CD8*. O0 ynydlieHUM UMMYHHOTO CTaTyca TakxKe CBUACTETb-
CTBOBaJIM HOPMaJIM3allMs UMMYHOPETYJISITODHOIO MHAEKCA, MOBBILLIEHUE YPOBHS UMMYHOIJIOOYJIMHOB A U
G. CHUXXeHMEe UMMYHOIIOOYTMHOB E B KpOBU SIBIISIIIOCH TTOKa3aTeJeM YMEHBIIEHUST BBIPAXKEHHOCTH CEH-
cubunuzauuu opranusMa. Kypc runokcurepanuu MpuBe K CHUXKEHUIO COAEPKaHUSI MPOBOCHATUTEIbHBIX
mutokuHoB: IL-1B, IL-2, IL-6, IL-8, TNFo 1 TOBBIIIIEHWIO MTPOTUBOBOCHATUTEILHBIX IIMTOKUHOB: 1L.-4
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u IL-10 B KpoBH, YTO CBUACTEIILCTBOBAJIO O 3aTyXaHUHW BOCITAJIMTEILHOIO Ipoliecca B JIETOYHOUM TKaHU U B
opranmusMe B ejioM. OTMeJaioch CHUZKEHME cofiepKaHUsI (heppUTHUHA B KpOBH Uepe3 3 Mecslia Iocie Kypca
runokcurepanuu. Kak mokasaiau mpoBeIeHHBIC NCCIeA0BaHMUS, 3(P(MEKT OT TMITOKCUTEPAITNH COXPAHSIETCS B
TeJYeHIE TPeX MECSIIeB MociIe Kypca JiedeHUsI. Takm o0pa3oM, MHTepBaJIbHAsI TUTTOKCUTEPAITASI MOXKET OBITh
pPEeKOMEHIOBaHA JIST PeaOMINTAIIUM OOJBHBIX ITTOCJIe TIEPEHECEHHOM KOPOHABUPYCHOM MHMEKIINM CPEIHEH
crerieHu TsokecTu. [ToBTOPHBIN Kype TUITOKCUTEPAITMM MOXKET OBITh IPOBEACH Yepe3 TP Mecslia IToce Tep-
BOI0 Kypca TMIIOKCUTEPAITUH.

Karouegvie crosa: koponasupycnas unghekyus, UHmepaanbHas eUNOKCUMEPanust, UMMYHOA0SUMECK UL CIAMYCc, KOA2YASUUOHHbL
cmamyc, peabuaumayusi, NOCMKOBUOHbLI CUHOPOM

PRESERVATION OF THE IMMUNOMODULATORY EFFECT
OF INTERVAL HYPOXYTHERAPY AFTER CORONAVIRUS
INFECTION IN THE LONG-TERM PERIOD

Borukaeva I.LKh. Abazova Z.Kh., Ivanov A.B., Misirova LA.,
Shkhagumov K.Yu., Shavaeva F.V,, Molov A.A,, Kipkeeva T.B,,
Shokueva A.G.

Kh.M. Berbekov Kabardino-Balkarian State University, Nalchik, Kabardino-Balkarian Republic, Russian Federation

Abstract. The new coronavirus infection COVID-19, due to the complex pathogenesis of the disease,
systemic impact on organs, the development of complications and persistent disorders after the infection,
remains an important medical problem. Every year the number of patients with postcovid syndrome in need
of timely and full rehabilitation is increasing. Recently, isolated work began to appear on the use of interval
hypoxytherapy for the treatment of patients with coronavirus infection. The purpose of our study was to identify
the long-term results of the effect of interval hypoxytherapy on the immunological and coagulation status of
patients after suffering coronavirus infection COVID-19. 170 patients aged 45 to 59 years were examined after
a moderate coronavirus infection before, after and three months after interval hypoxytherapy. The number of
lymphocytes, immunoglobulins A, M, G, E and cytokines (IL-1pB, IL-2, IL-4, IL-6, IL-8, IL-10, TNFa) in
blood, blood D-dimer, prothrombin time, fibrinogen in blood, antithrombin III, C-reactive was determined
protein and ferritin in the blood. The conducted studies revealed changes in immunological reactivity after the
coronavirus infection COVID-19, requiring correction. Interval hypoxytherapy had an immunomodulatory
effect and led to the normalization of the main immunological parameters, which remained three months
after hypoxytherapy: there was a significant (p < 0.05) increase in the number of CD3*T lymphocytes,
CD4*T lymphocytes, CD8*T lymphocytes. The improvement in immune status was also evidenced by the
normalization of the immunoregulatory index, an increase in the level of immunoglobulins A and G. The
decrease in immunoglobulins E in the blood was an indicator of a decrease in the severity of sensitization of
the body. The course of hypoxytherapy led to a decrease in the content of pro-inflammatory cytokines: IL-1p,
IL-2, IL-6, IL-8, TNFo and an increase in anti-inflammatory cytokines: 1L.-4 and IL-10 in the blood, which
indicated an attenuation of the inflammatory process in the lung tissue and in the body as a whole. Blood
ferritin decreased 3 months after hypoxytherapy. As studies have shown, the effect of hypoxytherapy persists
for three months after the course of treatment. Thus, interval hypoxytherapy can be recommended for the
rehabilitation of patients after a moderate coronavirus infection. A repeated course of hypoxytherapy may be
performed three months after the first course of hypoxytherapy.

Keywords: coronavirus infection, interval hypoxic therapy, immunological status, coagulation status, rehabilitation, postcoronavirus
syndrome

Introduction Every year, the number of patients with postcovid
syndrome after a coronavirus infection who need
which caused a pandemic in 2020, and currently timely and full-fledged reha.bilitat.ion in(IJreases [11].
remains a serious health problem due to the complex ~1he treatment of such patients is a difficult task,
pathogenesis of the disease, systemic effectson organs, since the therapy of a new coronavirus infection
the development of complications and persistent and its complications often causes the development
disorders after infection [1, 14]. of various side effects that make it difficult to help

The new coronavirus infection COVID-19,
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patients. The first target of coronavirus infection is
the lung tissue and complications primarily affected
the bronchopulmonary system with the development
of pneumosclerosis and bronchial obstruction.
Postcovid complications from the cardiovascular
system include specific virus-associated myocardial
damage, accompanied by the development of
arrhythmias, coronary and heart failure. There
are pronounced vascular changes with prolonged
thrombotic ~ microangiopathy and  persistent
hypercoagulation syndrome, as a result, thrombotic
complications develop, which increases the risk of
pulmonary embolism, stroke, heart attack, deep
vein thrombosis. The coronavirus infection caused
cognitive and psychological disorders [1, 6]. All
this has led to the need to search for new, non-drug
methods of treatment and rehabilitation of patients
after a coronavirus infection.

Normobaric interval hypoxytherapy has found
wide application in the treatment and recovery of
many chronic diseases, since properly performed
hypoxytherapy does not cause side effects and
complications [5]. Recent studies have shown that
adaptation to hypoxia during interval hypoxytherapy
has a pronounced effect on the cardiovascular system:
the efficiency and effectiveness of its work increases
due to an increase in the systolic volume of the
heart [10]. On the part of the respiratory system, an
increase in respiratory and minute breathing volumes
provides an improvement in alveolar ventilation and
gas exchange processes in the lung tissue. Adaptation
to hypoxia has a pronounced stimulating effect on
hematopoiesis due to the production of HIF factor
(hypoxia—induced factor), which leads to an increase
in the content of erythrocytes and hemoglobin in the
blood [12]. W.G. Kaelin, G.L. Semenza, P.J. Ratcliffe
for the discovery of HIF factor were awarded the
Nobel Prize in Physiology and Medicine in 2019.
The formation of long-term adaptation to insufficient
oxygen supply to cells is genetically determined and
associated with the expression of a specific protein
factor HIF, which functions as a transcription
activator and a key regulator of various cellular and
systemic responses to hypoxia [8].

Hypoxytherapy has an effect on morphofunctional
changes of the myocardium, manifested by an
increase in the capillary reserve of the myocardium, an
improvement in blood supply and oxygen supply of the
myocardium and an increase in the reserve potential
of the heart muscle [3]. In recent years, there has been
information about the specific effect of HIF factor on
the expression of genes of various types of immune cells
and their effector function. HIF-factor increases the
life expectancy of neutrophils, enhances the synthesis
of various antimicrobial substances and apoptosis [7].
Titova O.N., Kuzubova N.A., Lebedeva E.S. in their
works, they proved that hypoxia, due to the action of
HIF factor, can actively affect inflammatory processes
by regulating oxygen-sensitive signaling pathways
in multiple subtypes of immune cells [13]. All of the

above adaptive mechanisms caused by hypoxia lead to
an improvement in the clinical course of diseases and
emergency rehabilitation.

Interval hypoxytherapy cautiously entered the
rehabilitation of patients after coronavirus infection,
as it caused a lot of controversy about the possibility
of using hypoxytherapy after a coronavirus infection.
Isolated works on the use of hypoxytherapy for the
treatment of patients with coronavirus infection
began to appear, in which the effectiveness of the
use of normobaric interval hypoxytherapy in the
rehabilitation of patients after a coronavirus infection
COVID-19 has been proven [15]. Articles on the
state of the immune system in patients with a new
coronavirusinfectionbegantoappear, however, articles
on identifying the long-term results of the effect of
interval hypoxytherapy on the immunological status
of patients after the COVID-19 coronavirus infection
was not encountered. There is also no information in
the available literature on the persistence of changes
in the coagulation status of patients 3 months after
interval hypoxytherapy.

The aim of the study was to identify the long-term
results (3 months after the course of hypoxytherapy)
of the effect of interval hypoxytherapy on the
immunological and coagulation status of patients
after COVID-19 coronavirus infection.

Materials and methods

The main group consisted of 170 patients aged 45-
59 years after a moderate coronavirus infection. The
control group was represented by 60 patients after
suffering from COVID-19 coronavirus infection,
who underwent standard rehabilitation without
interval hypoxytherapy. Interval hypoxytherapy and
laboratory studies were carried out on the basis of
the University Clinic of the Kabardino-Balkarian
State University named after H.M. Berbekov. Patients
underwent normobaric interval hypoxytherapy in the
mode of alternating hypoxic intervals with normoxic
ones. The hypoxic effect was carried out using the
hypoxytherapy unit “Hypo-Oxy” of the company
“Oxyterra” (Russia), which generated a hypoxic
mixture with different oxygen content. Hypoxytherapy
was performed in the hypoxia-normoxia mode,
including alternating 5-minute hypoxic effects
with 5-minute hyperoxic (20.9% O,). To determine
individual sensitivity to hypoxia and tolerance of
hypoxic mixtures, a hypoxic test was performed for
all patients, after which the optimal oxygen content
in the hypoxic mixture was selected, the duration of
hypoxic effects and the number of procedures were
determined. Usually the course of hypoxytherapy was
15 days. As a result, there was a gradual adaptation to
hypoxia.

All patients before, after and 3 months after
hypoxytherapy underwent a study of D-dimer by
immunoturbidimetry (ACLTOP 750, Instrumentation
Laboratory, USA), prothrombin (thromboplastin)
time — according to the time of plasma recalcification
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with the addition of tissue thromboplastin. INR
was calculated using the formula: INR (INR) = BY
mich(isi), where BY = patient’s prothrombin time /
normal mean prothrombin time. Determination of
activated partial thromboplastin time (APTT) by
the clotting time of decalcified plasma after adding
kaolin-kefalin-calcium mixture to it. To determine
fibrinogen in the blood, the method of detecting lateral
light scattering, determining the percentage at the
endpoint, was used. Determination of antithrombin
111 was carried out by colorimetric method (%). All
studies were carried out on the device coagulometer
analyzer automatic CS-5100 Sysmex (Japan).
Determination of C-reactive protein and ferritin in
the blood was carried out by immunoturbidimetry
on a biochemical analyzer Cobas 6000 (Roche
Diagnostics, Switzerland).

The determination of the number of lymphocytes
was carried out by flow cytofluorimetry on the XN-
9000, Sysmex (Japan), immunoglobulins A, M,
G by immunoturbidimetry on the Cobas 6000,
Roche Diagnostics (Switzerland); the content of
immunoglobulins E and cytokines (IL-1p, IL-2,
I1L-4, 1L-6, IL-8, IL-10, TNFa) in the blood
was determined by electrochemiluminescent im-
munoassay on the Cobas 6000 apparatus, Roche
Diagnostics (Switzerland). Studies were conducted
only after obtaining the personal consent of patients
in accordance with ethical principles.

Statistical processing of the results was carried out
in accordance with the rules of mathematical statistics
using the program “Microsoft Excel” and “Statistica
6.0” for “Windows”. During the parametric analysis,
the paired and unpaired Student’s t-test was used.
The nonparametric Mann—Whitney criterion was
used to assess the reliability of intergroup differences.
All numerical data in the form of the arithmetic
mean and the standard error of the mean M+m, and
with the nonparametric nature of the distribution of
quantities — in the form of a median indicating the
25Mand 75" quartiles: Me (Q,,5-Q,.+5). The differences
were considered statistically significant at p < 0.05.

Results and discussion

Coronavirus infection had a significant impact on
the coagulation system of patients, which is consistent
with the data of many authors |2, 4]. In patients, there
was a moderate decrease in the platelet content in the
blood (165.41£10.22 x 10°/L), which, apparently,
was associated with increased consumption due to
damage to the vascular wall and the action of the virus
[9]. On the part of coagulation hemostasis, there was
a statistically significant (p < 0.05) decrease in APTT,
INR, antithrombin III, an increase in the Quick

prothrombin index, fibrinogen, D-dimer, which
indicated an increased tendency to thrombosis in
patients.

After the course of hypoxytherapy, the coa-
gulogram indicators normalized and approached
the indicators of the control group. Three months

after the course of hypoxytherapy, the preservation
of changes in the hemostasis system was noted: the
platelet count increased statistically significantly
(p < 0.05) to 223.63%£11.42 x 10°/L and remained
at the level of 237.54%+13.36 x 10°/L three months
after hypoxytherapy. Activated partial thromboplastin
time significantly (p < 0.05) increased to 25.89+1.46
sec after hypoxytherapy and remained at the level of
26.15%1.12 sec 3 months after hypoxytherapy. INR
significantly (p < 0.05) increased to 0.82+0.04 after
hypoxytherapy and remained at the achieved level
after 3 months.

There was a statistically significant (p < 0.05)
increase in the content of antithrombin III in the
blood 3 months after hypoxytherapy (87.57%+3.15%).
The prothrombin index for Quick decreased to
125.61£3.15% after hypoxytherapy and remained
at 124.84+3.57% 3 months after hypoxytherapy.
The reduced fibrinogen content in the blood
was noted 3 months after hypoxytherapy and
amounted to 9.52+1.03 g/L. An important result
of hypoxytherapy was a decrease in the content of
D-dimer in the blood serum after hypoxytherapy
and 3 months after its implementation at the level of
1.52+0.03 mg/L. The revealed changes testified to
the normalization of coagulation hemostasis after the
course of hypoxytherapy and the preservation of these
changes 3 months after hypoxytherapy. A statistically
significant (p < 0.05) persistent decrease in C-reactive
protein in the blood indicated the suppression of the
inflammatory process and the preservation of the
effect of hypoxytherapy in the long term.

The conducted studies of immunological reactivity
after coronavirus infection revealed changes in cellular
immunity, manifested in a decrease in the number of
CD3*T lymphocytes to 48.6 (37.3-57.5) %, the level
of CD4*'T helper cells to 28.4 (20.8-40.8) %, which
led to a violation of humoral and cellular immunity.
There was also a significant (p < 0.05) decrease in
CDS8'T lymphocytes to 14.5 (10.3-19.8) %. The
number of B-lymphocytes was not significantly
changed and was 19.6 (12.7-24.2) %.

There was a significant (p < 0.05) decrease in
the level of immunoglobulins A and M. Reduction
of immunoglobulin A levels to 0.88 (0.67-0.98) g/L
resulted in decreased resistance to various infections
against the background of developing lymphopenia
after a coronavirus infection COVID-19. The results
of our studies revealed a significant (p < 0,01) increase
in the content of immunoglobulins E to 97.43 (78.7-
121.5) IU/L, which indicated increased sensitization
of patients. There was a statistically significant
(p < 0.05) increase in the content of circulating
immune complexes to 96.57 (86.4-99.5) standard
units and the immuno-regulatory index up to 2.08
(2.05-2.20) standard units as a result of increased
immunological reactivity. A decrease in the content
of CD3*T lymphocytes, CD4*T helper cells, the level
of immunoglobulins A and an increase in the content
of immunoglobulins E and circulating immune
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complexes led to a change in the immunological
status of patients after a coronavirus infection and
the maintenance of the inflammatory process in the
bronchopulmonary system even during recovery.
Interval hypoxytherapy had an immunomodulating
effect and led to the normalization of the
main immunological parameters. There was a
significant (p < 0.05) increase in the number
of CD3*T lymphocytes to 59.3 (37.5-67.1) %
after hypoxytherapy and to 60.1 (45.3-68.4) %
3 months after hypoxytherapy. The increase in
CD4*'T lymphocytes after hypoxytherapy persisted
3 months after hypoxytherapy at the level of 41.7
(29.6-49.6) %. Normalization of cellular immunity
was also observed in the long-term periods after
hypoxytherapy; the number of CD8*T lymphocytes
was 24.4 (13.7-28.5) % 3 months after hypoxytherapy.
The improvement of the immune status was
evidenced by the normalization of the immune
regulatory index to 1.77 (1.83-1.91) units, an increase
in the level of immunoglobulins A to 1.37 (1.11-
1.55) g/L and immunoglobulins G to 9.64 (6.32-
12.68) g/L, which increased the body’s resistance to
re-infection. The retention of a statistically significant
(p < 0.05) decrease in immunoglobulin E to 289.45
(272.4-374.3) IU/L in the blood indicated a decrease
in the sensitization of the body. These changes per-
sisted 3 months after the course of hypoxytherapy.
Thestudyofthe cytokinestatusoftheblood revealed
changes even during the period of convalescence.
The increased content of pro-inflammatory and
decreased anti-inflammatory cytokines remained,
which indicated the depletion of sanogenectic
mechanisms and contributed to the maintenance of
the inflammatory process in the bronchopulmonary
system and in the body. Hypoxytherapy had a positive

References

effect on the cytokine profile of the blood: in the long-
term periods (after 3 months), there was a significant
(p < 0.05) decrease in the content of proinflammatory
cytokines: IL-1B to 3.46+0.84 pg/mL, IL-2 to
3.32+0.04 pg/mL, IL-6 to 3.72+0.11, IL-8 to
4.33+£0.13 pg/mL, TNFa to 9.51£0.15 pg/mL and
an increase in anti-inflammatory cytokines: 1L-4 to
5.83+1.23 pg/mL, 1L-10 to 8.63+0.11 pg/mL in the
blood, which indicated the activation of sanogenetic
mechanisms.

Conclusion

An important result of hypoxytherapy was the
preservation of the ferritin content in the blood 3
months after the course of hypoxytherapy at the level
of 86.25+5.07 mcg/L, which, along with a decrease in
the content of pro-inflammatory interleukins and an
increase in anti-inflammatory interleukins, indicated
the attenuation of the inflammatory process in the
lung tissue and in the body as a whole. Studies have
shown that the effect of hypoxytherapy persists for 3
months after the course of hypoxytherapy, which is
consistent with the literature data on the effectiveness
of hypoxytherapy. Thus, interval hypoxytherapy can
be recommended for the rehabilitation of patients
after a moderate coronavirus infection. A second
course of hypoxytherapy can be carried out 3 months
after the first course of hypoxytherapy.
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