Editorial

Dear readers!

This is a special issue dedicated to fighting a new disease, COVID-19, that emerged in
China in December 2019 and spread rapidly worldwide as a pandemic.

The lead article by M.V.Samsonova, A.L.Chernyaev, Zh.R.Omarova et al. “Features of
pathological anatomy of lungs at COVID-19” reports a study of the pulmonary mor-
phological changes in patients who died from COVID-19 in Moscow from March 20
to June 06, 2020. The pulmonary pathomorphological changes in the patients with
COVID-19 have been demonstrated to comply with diffuse alveolar damage during
viral interstitial pneumonia. The article also describes the indirect histological signs
of a coagulation disorder.

The article by L.V.Shogenova, S.D.Varfolomeev, V.I.Bykov et al. “Effect of thermal
helium-oxygen mixture on viral load in COVID-19” presents a method of treating
COVID-19 patients with a thermal helium-oxygen mixture (t-He/O,). The study
aimed to assess the effect of t-He/O, on viral load, markers of inflammation, and
antibody synthesis. When t-He/O, was included in the standard inhalation treatment
regimen for patients with an infectious disease caused by SARS-CoV-2, the viral load
and the levels of inflammation markers decreased.

The aim of a randomized clinical study by K.V.Lyadov, E.S.Koneva, V.G.Polushkina
et al. was to determine the efficacy of the protocol of pulmonary rehabilitation in
patients with an oxygenation index of < 400 and > 200 with spontaneous breath-
ing or oxygen support in comparison with patients who did not undergo the rehabil-
itation. The article “Randomized controlled study on pulmonary rehabilitation in
COVID-19 patients with pneumonia” demonstrates that when patients perform a set
of selected exercises in the acute phase of the new coronavirus infection, the efficacy
of treatment increases due to an early reduction in the need for oxygen support.

The article by L.S.Namazova-Baranova and A.A.Baranov “COVID-19 and children”
presents the latest data on the course, treatment, and outcomes of the new corona-
virus infection in children. For the first time in pediatrics, adults develop a serious
illness and die, while children virtually stay out of the spread of the infection. The
collaboration between scientists and clinicians gave answers to some of the questions.
However, most of the information on the coronavirus’s impact on the child’s body
cannot be introduced into the routine practice so far.

The review by E.L.Nasonov “Coronavirus disease-2019 (COVID-19): value of 1L-6
inhibitors” shows that the development and introduction into clinical practice of
monoclonal antibodies (mAbs) that inhibit IL-6 is one of the major achievements in
the treatment of critical conditions within the scope of “cytokine storm” syndrome,
including COVID-19. The article discusses numerous studies devoted to the efficacy
and safety of mAbs against the 1L.-6 receptor (tocilizumab), etc., which inhibit the
activity of IL-6 in COVID-19.

The article by G.M.Galstyan “Coagulopathy in COVID-19” presents a detailed re-
view of the pathogenesis, clinical manifestations, methods of diagnosis and treatment
of the coronavirus-induced coagulopathy. It is emphasized that hypercoagulability is
detected with the onset of COVID-19; consumption coagulopathy and disseminated
intravascular coagulation are usually observed in the late phases of the disease. The
article provides recommendations for the treatment with low molecular weight hep-
arins.

The article by S.N.Avdeev “Non-invasive ventilation in patients with novel corona-
virus infection COVID-19” summarizes the experience of using non-invasive venti-
lation for hypoxemic acute respiratory failure in patients with COVID-19. This ap-
proach was highly effective.

The published materials show that the new viral infection not only damages the lungs,
heart, liver, kidneys, skin but also induces pronounced anxiety and depression. So the
information on the latest methods of diagnosis, therapy, and rehabilitation of patients
that is provided in this special issue is extremely relevant for the practitioners.

Chief editor 71N Aleksandr G. Chuchalin
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Features of pathological anatomy of lungs at COVID-19
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Abstract

The research aim is to study the morphological features of COVID-19 in the lungs of patients who died in Moscow from March 20 to June 6, 2020.
Methods. Autopsy material of the lungs from 123 deceased (54 women, 69 men) with COVID-19 coronavirus infection (confirmed by PCR) was
analyzed, the median age was 71 (30 — 94) years, and the duration of the disease was 14 (3 — 65) days. In all cases, the patient’s medical records and
autopsy reports were analyzed. Macro- and microscopic changes in the lungs were evaluated in all the observations. Results. The pathology of the
lungs in COVID-19 corresponds to various phases of diffuse alveolar damage (DAD). The exudative phase of DAD was detected in 54 (43.9%), the
proliferative phase — in 21 (14.63%), and their combination — in 51 (41.46%) of the deceased. Histological features of different phases of DAD are
described. Conclusion. An analysis of autopsy material revealed a mismatch between the duration of the course of the disease and the phase of diffuse
alveolar damage. A significant portion of the dead found a combination of exudative and proliferative phases of the disease. Histological signs that
indirectly indicate a violation of the coagulation system during COVID-19 are described.

Key words: COVID-19, viral interstitial pneumonia, pathology, coagulopathy.
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Pesome

Ilenbto cTaTtbu SBUIOCH M3yYeHUE OCOOEHHOCTE MOpPGOJIOrMYecKUX U3MEeHeHUid B jerkux y ymepuux or COVID-19 B MockBe 3a nepuos
20.03.20—06.06.20. Marepuaanl 1 Merombl. [1poaHaIM3MpOBaH ayTONCUMHBIA MaTepuas JETKUX YMEPIIMX OT KOPOHABUPYCHOI WHOEKINU
COVID-19 6onbHbIX (1 = 123: 54 XeHIIMHBI, 69 MyXUMH; cpeaHuii Bo3pacT — 71 (30—94) rox; npomoKUTeIbHOCTh 3a001eBaHust — 14 (3—65)
CYTOK), MOATBEPKAEHHOI METOAOM MOJIMMEpa3Hoii LenHoii peakuuu. [IpoaHanu3nupoBaHbl MEAULIMHCKUE KAaPThl BCEX CTALIMOHAPHBIX OOJBHBIX
U BCE MPOTOKOJBI BCKPBITHiA. [10 MaHHBIM Bcex HAOMIONEHUI OLEHEHBI MaKpO- U MUKPOCKOIUYECKHEe M3MEHEHUs B JIeTKuX. Pe3yabraTsl.
[Maromopdonornyeckrue M3MEHEHUs] B JIETKMX COOTBETCTBOBAIM pPa3iMuHbIM (hazaMm auddy3sHoro anbpeossipHoro mnospexiaeHus (JAIT).
DkceynaruBHas dasa JAIl BoisiBiena y 54 (43,9 %), nponudeparusnas — y 21 (14,63 %), ux couetanue —y 51 (41,46 %) ymepiero. OnvcaHbl
MaTOTUCTOJIOTNIECKIEe OCOOEHHOCTH U3MEHEHUI B pa3Hble a3kl 3aboeBanus. 3aKkmouenne. [1py aHamm3e ayTONCUITHOTO MaTepralia yCTaHOB-
JIEHO HECOOTBETCTBME MEXIY MPOLOJKUTEIbHOCTBIO TeueHUs 3a0oaeBanust U daszoit JAIl. Y 3HaUUTENbHON YacTH yMepLIMX 0OHapyKeHO coue-
TaHUe 9KCCYNATUBHOU U TiponudepatuBHOit hasbl 3a0oneBanusl. OmMrcaHbl TUCTOIOTHYECKUE TTPU3HAKY, KOCBEHHO YKAa3bIBAIOINE HA HAPYIIIe-

HMe cucTeMbl koaryssiumu B TeueHun COVID-19.

KnroueBsie cioBa: COVID-19, BupycHas MHTepCTULIMATbHAS THEBMOHMS, TTATOJIOTMYECKAsI aHATOMMSI, KOATYJIOMAaTHsI.
KongamkT uaTepecoB. ABTOPHI 3as1BJISIIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

Hnst mmtupoBanusi: CamconoBa M.B., YepnsieB A.JI., Omaposa XK.P., Ilepmmna E.A., Mumnes O./1., 3aiipatesnai O.B., Muxanesa JI.M.,
Kanunun I.B., Bapsicun B.B., Tumikesuu O.A., Bunorpagos C.A., Muxaitinuenko K.1O., YepHsak A.B. OcoOeHHOCTH 1MaToJIOrn4eckoit aHaTo-
muu sierkux npu COVID-19. ITyasmononoeus. 2020; 30 (5): 519—532. DOI: 10.18093/0869-0189-2020-30-5-519-532

Information about the epidemiology, clinical features,
prevention, and treatment of the new coronavirus infec-
tion COVID-19 is still limited and is updated almost dai-
ly. In December 2019, an outbreak caused by the new
coronavirus began in Wuhan, Hubei Province, China,
leading to a pandemic declared by the World Health
Organization (WHO) on March 11, 2020 [1]. According
to phylogenetic studies, the pathogen was named se-
vere acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), and the disease was named COronaVIrus
Disease-2019 (COVID-19).

The high infectivity of the coronavirus, the lack of ef-
fective antiviral drugs and vaccines, and the potential-
ly large number of asymptomatic patients have made it
extremely difficult to prevent the spread of COVID-19.
Unfortunately, about 20% of infected patients develop
severe disease. On July 2, 2020, the mortality rate from
COVID-19 in the world was 4.86%, according to the
WHO data [2].

It is known that the most severe clinical manifestation
of a new variant of coronavirus infection is viral interstitial
pneumonia in the form of diffuse alveolar damage (DAD)
(clinically ARDS), less often with the development of
thrombohemorrhagic syndrome and septic shock. The re-
spiratory distress syndrome that develops in patients with
severe COVID-19 may differ from classic acute respirato-
ry distress syndrome (ARDS). However, patients demon-
strated the relatively intact lung mechanics in the presence
of severe hypoxemia, characterized by high respirato-
ry compliance and a high shunt fraction. Therefore, the
pathology and pathophysiology of COVID-19 may differ

from the known ARDS [3]. Dysregulation of the immune
response during COVID-19 is characterized by a pro-in-
flammatory phase with the development of subsequent
immune suppression [4]. Furthermore, it is assumed that
microvascular disorders are a fundamental pathogenetic
aspect leading to death in the most severe course of the
disease [5].

Thus, the pathophysiology of the disease is not well
understood. Data on the pathomorphological features of
the disease are accumulating, but at the moment the num-
ber of such publications is limited.

The purpose of this article is to study the patho-
logical changes in the lungs of those who died from
COVID-19 in Moscow for the period from March 20
to June 6, 2020.

Materials and methods

The autopsy material of the lungs from 123 dead peo-
ple (54 women, 69 men) was analyzed, the median age
of the dead was 71 (30 — 94) years. In all observations,
the inpatient’s medical records and autopsy reports were
analyzed. All these people had a new coronavirus infec-
tion, COVID-19, confirmed in vivo by Polymerase chain
reaction (PCR) of nasopharyngeal smears. The dura-
tion of the disease (from the onset of symptoms to death)
was 14 (3 — 65) days, the duration of hospitalization was
6 (1 — 65) days. Some of the patients underwent me-
chanical ventilation, the median duration of which was
4 (1 — 30) days.
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Table 1

Basic clinical and laboratory findings

Tabauua 1

OcHogHble KauHuYecKue u 1abopamopHvie noKazamenu
Characteristic ‘ Value
Sex, female/male 54/69

+ Age*, years 71(30-94)

. gg:;lr)s.;*g*’(:]la(%oms (RT-PCR - naso-, oropharyngeal 123 (100)
Time from the onset of symptoms to death, days* 14 (3 65)
The duration of hospitalization, days* 6(1-62)
The duration of mechanical ventilation, days* 4(1-30)
Comorbid diseaes™, n (%):

Diabetes mellitus, type Il 39(32,5)
Obesity 19 (15,83)

+ Arterial hypertension 61 (49,59)

+ Chronic ischemic heart disease 30 (24,39)

+ Chronic cerebral ischemia 4 (3,25)

+ Myocardial infarct 3(2,5)

¢ Leukemia, lymphomas 9(7,5)

+ Malignant tumors 5(4,16)

+ Chronic respiratory diseases 15 (12,5)

+ HIV 4(3,33)

¢ Kidney transplantation 1(0,83)

+ Lung tuberculosis 1(0,83)

+ Paraproctitis 1(0,83)

+ Laboratory parameters:

+ Total leucocyte count (x 10°/L)*** 1(1 :i“_tsz:i?
Absolute lymphocyte count (x 10%/L)* 0,6(0-9)

CRP, mg/ml* 170 (15 - 431)

Note: RT-PCR, Polymerase chain reaction in real time; CRP, C-reactive protein; *, median
(minimum-maximum) for normal distribution quantitative variables; **, absolute values (%);

*** mean values t standard deviation (minimum/maximum); reference values: for total number
of leukocytes - (4.0 - 11.0) x 10/, for absolute number of lymphocytes - (1.5 - 4.5) x 10°IL,
and for C-reactive protein concentration - < 5 mg/L.

IMpuMeyaHme: * — meauaxa (MUHUMYM-MaKCUMyM) AnS KONMYECTBEHHBIX NEPEMEHHBIX C HOP-

ManbHbIM pacnpesenetnem; ** — abconiotHble 3Hauerust (%); *** - cpeaHe 3HaueHws £ cTah-

[1apTHOE OTKMOHEHME (MUHUMYM-MaKCUMYM); pedbepeHCHble 3HaueHws: Ang obLuero yuena
neitkouuTo - (4,0-11,0) x 10° / n, ans aGcontotHoro uncna numdpounTos — (1,5-4,5) x 10°/ n,
[NS KOHUEHTpaLuy C-peakTigHoro benka — < 5 mr/ .

Statistical analysis

Parameters with a normal distribution are presented as
mean values * standard deviation, those without a nor-
mal distribution are presented as a median (minimum—
maximum). Qualitative variables are presented in terms
of frequency and percentage distribution. The statistical
software package Statistica, version 13 was used for the
analysis.

At the autopsy a pronounced plethora of internal or-
gans, especially the lungs was revealed; in some patients,
multiple fine hemorrhages in the parietal and visceral
pleura, shock kidneys were observed. The lungs usually
filled the entire chest cavity. The weight of the lungs was
1,450 (700 — 3,200) g. Gross examination revealed a typi-
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Table 2
The frequency of occurrence of histological signs; n (%)
Tabauua 2
Yacmoma ecmpeuaemocmu 2ucmoa02u4ecKux npu3HaKoe;
n (%)
Histological signs ‘ Number of cases
Edema 104 (84,55)
Starch bodies 9(7,32)
Hyaline membranes 99 (80,49)
Cytotoxic pneumocyte changes 63 (51,22)
Bronchial epithelium desquamation 92 (74,80)
Bronchial epithelium metaplasia 35 (28,45)
Pneumocyte desquamation 91 (73,98)
Alveolar metaplasia 60 (48,78)
Megakaryocytes 37 (30,08)
Intraalveolar macrophages 89 (72,36)
Intraalveolar plasmatic cells, lymphocytes 73 (53,35)
Intraalveolar neutrophils 40 (32,52)
Intraalveolar erythrocytes 93 (75,6)
Intrabronchial erythrocytes 15 (12,2)
Siderophages/haemosiderin in alveoli 46 (37,36)
Infarcts/hemorrhages 51 (41,46)
Thrombus in arteries 60 (42,78)
Thrombus in veins 31 (25,20)
Microthrombus (in capillaries, arterioles, venules) 12 (9,76)
Edematous myxoid stroma 11(8,94)
Interstitial inflammation 69 (56,1)
Fibrin in alveoli 80 (65,04)
Fibrin in bronchi 6(4,9)
Fibroblastic tissue 61 (49,59)
Fibrosis of alveolar septae 16 (13,01)
Alveolar capillary congestion 17 (13,82)
Acute swelling 15 (12,20)
Aspiration 3(2,44)
Intraalveolar ossification 7(5,69)
Vasculitis/microvasculitis 10 (8,13)
Bacterial pneumonia 30 (24,39)

cal picture of “shock lungs”: the lacquered appearance of
the dark cherry surface of the lungs, the rubbery density of
the tissue, in the section from dark cherry to brownish red
in color (Figure 1).

A crimson, opaque, thick liquid, which was hardly
squeezed out of the tissue, flowed from the cut surfaces. In
some cases, areas of acute swelling were observed, more
often in the anterior parts of the lungs. One could see at-
electasis (distelectasis), hemorrhagic infarctions, as well
as hemorrhages of various sizes, merging with each other,
sometimes spreading on the whole lobes. In some patients,
obstructing blood thrombi were found in the branches of
the pulmonary arteries and veins. At later stages, the lungs
were compacted; on the incision in these areas, the tissue
was grayish or grayish-yellow in color (Figure 2).
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Figure 1. Gross cross section of the lung. “Shock lung”: red surface with
focal dark red areas (hemorrhage) under the visceral pleura

Puc. 1. Makponpenapar jerkoro. «lllokoBoe» jierkoe: Ha paspeze —
TKaHb C 4YepelOBAaHWEM YYaCTKOB KPACHOTO U TEMHOTO-KPAaCHOTO
1BeTa (KPOBOM3JIUSIHUS) TIOJI BUCLIEPAJIbHOM TUIEBPOI

Histological examination of the lungs revealed signs of
viral interstitial pneumonia in the form of diffuse alveolar
damage (DAP) in its various phases.

The exudative phase of DAP was detected in 54 (43.9%)
deaths, the median duration of the disease in them was
11 (4 — 37) days. Histological examination in this group
showed pronounced intraalveolar edema, hyaline mem-
branes lining the contours of respiratory bronchioles, al-
veolar ducts, and sacs, alveoli in the form of strips of dif-
ferent thicknesses (Figure 3). There was damage to the
epithelium associated with viral exposure desquamation
of bronchial and bronchiolar epithelium, type I and II

Figure 2. Gross cross section of the lung. Organizing pneumonia: large
areas of gray-yellow color

Puc. 2. Makponpenapat Jierkoro. OpraHu3syonasicsi THeBMOHMUSI: 00-
IIVUPHBIE YYACTKU CEPO-3KEJITOTO 1[BETa

pneumocytes, a proliferation of type Il pneumocytes
(Figure 4).

Most of the deceased showed signs of cytopathic dam-
age to the epithelium with the appearance of ugly pneu-
mocytes characterized by a variety of shapes, changes in
the nucleus with the appearance of nucleoli, atypical mi-
toses; in some of the cells, enlightenment around the nu-
cleus in the form of a halo, as well as round particles in
the cytoplasm of cells, were found. In the lumens of the
alveoli, small symplasts were often found, and in some of
the dead multinucleated pneumocytes. Along with chang-
es in the alveolar epithelium, epithelial cells with enlarged

Figure 3. Intraalveolar edema with hyaline membranes lining the alveoli.
H&E, x 100

Puc. 3. BHyTpuanbBeOJSIpHbII OTEK W TMAJIMHOBBbIE MEMOpaHBbI IO
KOHTYpY ajibBeosi. OKpacka reMaTOKCMJIIMHOM U 303MHOM, X 100

Figure 4. Intraalveolar edema, macrophages, desquamation of pneumo-
cytes. H&E, x 200

Puc. 4. BHyTpuanbBeOJSIpDHBII OTEK, IJIACTHI JIECKBAMUPOBAHHOTO
aJIbBEOJISIPHOTO DIUTENUSI U Makpodaru B mpocseTax ajibBeos. Okpa-
CKa reMaTOKCUJIMHOM U 303UHOM, X 200
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Figure 5. Mild intraalveolar edema, macrophages, lymphocytes,
organizing thrombus in the arteriola, congestion of the arterioles.
H&E, x 100

Puc. 5. HeGoJb1110ii BHYTpHAIbBEOIIPHBII OTEK, Makpodaru, TumMdo-
LIMTHI B MPOCBETAX aJbBEOJ, OPraHU3YOLINIICsS TPOMO B apTepuole,
TIOJTHOKpOBUE apTepuoii. OKpacka reMaTOKCUJIMHOM U 303MHOM, X 100

nuclei were observed among the desquamated bronchial
epithelium. In some cases (6 deaths), fibrin was found in
the lumens of the bronchi and bronchioles. Some patients
were found to have blood vessel’s congestion (branches of
the pulmonary arteries and veins, capillaries of the inter-
alveolar septa) with damage and desquamation of endo-
thelial cells, with the sludge of erythrocytes, organizing
and fibrin thrombi (Figure 5), foci of perivascular hemor-
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rhages, erythrocyte accumulation in the bronchial lumen.
A third of the deceased from this group had focal hem-
orrhages and/or hemorrhagic infarctions. In the vascular
endothelium of patients with COVID-19, overexpression
of FVIII was found (Figure 6). Interstitial inflammation in
this phase was represented by lymphoid infiltration of the
interalveolar septa. In some cases, there was a rather pro-
nounced intraalveolar accumulation of lymphocytes and
macrophages. In rare cases, phagocytosed cell fragments
and erythrocytes were observed in the cytoplasm of alveo-
lar macrophages (Figure 7).

The proliferative phase of DAP was detected in 21
(14.63%) dead with a disease duration of 17 (9 — 23) days
and was characterized, along with the changes described
above, by the appearance of intraalveolar fibrin accumula-
tions of varying degrees of maturity; edema of interalveo-
lar septa of varying severity, with their infiltration by lym-
phocytes, plasma cells, macrophages, sparse neutrophils.
In this phase of the disease, some patients were found to
have myxoid edematous stroma in the interalveolar septa
and perivascular spaces. There was a proliferation of fibro-
blasts, as well as deposits of collagen in the walls of the al-
veoli. In some patients, interstitial inflammation was quite
pronounced, which was manifested by an enlargement of
the alveolar septa. In this phase, the organization of fi-
brin was observed with the appearance of scattered fibro-
blasts, a proliferation of fibroblastic polypoid tissue in the
lumens of the alveoli and respiratory bronchioles. In some
patients, starch bodies were found in the alveoli as a result
of prolonged edema.

Figure 6. FVIII expression in endothelium: A, COVID-19 viral pneumonia; B, Control surgical material from the patient operated for lung cancer,
unaffected area). IHC, x 200

Puc. 6. Okcnipeccust FVIII B sHporenuu cocynos: A — nipu BupycHoii maeBMoHun COVID-19; B — B KOHTpOJIbHOM HaGJioaeHnn (OrepamnoH-
HBIIl MaTepual MnalureHTa, ONepUPOBAHHOIO MO MOBOLY paka Jerkoro, HeM3MEHEHHbIN YJ4acTOK TKaH!). UMMYHOTMCTOXMMMYECKOE OKpallnBa-

Hue, x 200
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Figure 7. Intraalveolar accumulation of desquamation of pneumocytes
with cytopathic changes, macrophages, autophagy: cell fragments it the
cytoplasm of macrophages. H&E, x 250

Puc. 7. CkoruieHUs B POCBETaX aJIbBEOJI IeCKBAMUPOBAHHBIX aJIbBEO-
JIOUMTOB C LUTOMATUYECKMMU U3MEHEHUSIMU, Makpodaros, ayroda-
rusi: KJIeTOUHble (hparMeHThl B LIMTOIUIa3Me MakpodaroB. Okpacka
reMaTOKCWJIMHOM UM 303UHOM, X 250

Intraalveolar accumulation of macrophages, lympho-
cytes, and plasma cells, more often found in the exudative
phase, was also detected in some of the deceased in the
proliferative phase of the disease. The last was character-
ized by the presence of reparative changes in the bronchi-
olar and alveolar epithelium in the form of proliferation
of type II pneumocytes and squamous cell metaplasia.
In some patients, focal areas of young connective tissue

Figure 9. Subpleural fibrosis: connective tissue with a small number of
collagen and elastic fibers, smooth muscle proliferation, angiomatosis.
Stained with picrofuchsin by Van Gieson, x 50

Puc. 9. INonmieBpanbHbINi yuacToK (hUOpo3a: COeNUHUTENIbHASI TKAaHb
C HEOOJIBILINM YKMCIOM KOJUTATEHOBBIX M 3JIACTUYECKUX BOJIOKOH, MPO-
nudeparivieii IaaKuX MBI, aHTHoMaTo3. OKpacka MTUKPOo(hyKCUHOM
no Ban I'm3ony, x 50

Figure 8. Intraalveolar fibroblastic tissue in the form of glomeruli, the
focus of lymphoid infiltration. H&E, x 40

Puc. 8. ®ubpobiacTryeckast TKaHb B MPOCBETAX albBEOJ B BUIE KITy-
604KOB, ovar JuMdouaHon nHbUIbTpauu. OKpacka reMaTOKCHUITU-
HOM U1 303UHOM, % 40

in the form of “glomeruli” were found (Figure 8). There
were also areas of fibrotic atelectasis, consisting of delicate
connective tissue with a small number of collagen fibers
and smooth muscle proliferation (Figure 9). However, no
significant fibrosis with collagen deposition was found in
any of the dead. In 7 out of 54 deaths with signs of the
proliferative phase of DAP, fragments of bone tissue were
found within alveoli, with localization in one case among
desquamated and metaplastic pneumocytes.

With COVID-19 infection, a combination of exudative
and proliferative phases of diffuse alveolar damage was of-
ten observed in 48 (39.02%) dead, the median duration
of the disease was 15 (11 — 65) days. So, in these cases,
in some areas of the lung, there was an acute process with
the presence of edema and hyaline membranes, in others,
signs of a proliferative phase were revealed the organiza-
tion of fibrin, foci of organizing pneumonia, sometimes
quite abundant or foci of granulation tissue.

In some patients with a prolonged course of the disease
(more than 15 — 20 days), in areas of the lung with typical
signs of proliferative changes, edema, hyaline membranes
and pronounced desquamation of pneumocytes, includ-
ing those with signs of cytopathic changes, were revealed
(Figure 10). With a long course of the disease, the appear-
ance of siderophages in the alveoli was observed, as well as
the deposition of iron-containing pigment in the endothe-
lium and the vascular wall.

Histological changes, which could indirectly indi-
cate the impairment of coagulation, namely the appear-
ance of intraalveolar hemorrhages, blood clots in pulmo-
nary arteries and veins, were found in all phases of the
disease. Lymphoid infiltration of the vessels with sparse
cells as minimal signs of vasculitis was found in 10 de-
ceased (Figure 11), while acute vasculitis and endothelii-
tis were observed only in cases complicated with bacterial
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Figure 10. Patient 70 years old. SARS-CoV-2+. The duration of the disease is 65 days. The exudative with proliferative phase of diffuse alveolar
damage: A, Computer tomogram of the lungs. Disease progression: foci of heterogeneous “ground-glass” opacity in the lingular of the left lung,
areas of the round shape consolidation in the cortical zones of the right lung, bilateral pleural effusion; B, Fibroblastic tissue, desquamated
pneumocytes with cytopathic changes, macrophages in the lumens of the alveoli, fibrosis of the alveolar septa. H&E, x 100

Puc. 10. IMauuent 70 jger. SARS-CoV-2+. Ipono/KuTeIbHOCTh 3a00sieBaHust — 65 qHei. DKccynaTuBHO-TposindepatiBHas dasza 1udoy3Horo
aJIbBEOJISIPHOTO TTOBPEXIEHNUST: A — KOMITbIOTEpHAst ToMorpacdus jgerkux. [IporpeccupoBanue 3a6oaeBaHus (HEOTHOPOIHBIA yIaCTOK YILUIOTHE-
HMS 10 TUITY HEOJIHOPOIHOTO «MaTOBOTO CTEKJIa» B I3bIYKOBBIX CETMEHTAX JIEBOTO JIEFKOT0, YYaCTKM KOHCOJMAALIMN OKPYIJIONi (pOPMbI B KOPTH -
KaJIbHBIX OT/EJIax MPaBoro JIETKOTO, IBYCTOPOHHMIA TUIEBPAIbHBIN BHITOT); B — hnbpobmacTiueckast TKaHb, 1eCKBAMUPOBAHHBIH alTbBEOJISIPHBII
SIUTEUI C LIUTONMATUYECKUMU M3MEHEHUSIMU, Makpodaru B MpocBeTax ajabBeosi, (UOpo3 MeXaabBEOISIPHBIX Teperopoaok. OKpacka remaro-

KCUJIMHOM U 3031MHOM, X 100

Figure 11. Immune inflammation in the vessel wall: lymphocytes in the
intima and lumen of the branch of the pulmonary artery, reticular fibrin.
H&E, x 100

Puc. 11. UMMyHHOe BocTiajieHre B CTEHKE cocyia: TUMMOILIMTBI B UH-
THME U TIPOCBETE BETBU JIETOUYHOI apTepuu, cetyarbiii hubpuH. Okpa-
CKa TeMaTOKCWJIIMHOM U 3031HOM, X 100

pneumonia. In the capillaries of the interalveolar septa,
megakaryocytes were found in more than one-third of the
observations (Figure 12). In three cases of dead with con-
firmed COVID-19 infection (the duration of their disease
was 4, 27, and 32 days, respectively), only minimal signs of
intra-alveolar edema with single hyaline membranes were
found in the lungs (Figure 13). At the same time, sludges
of erythrocytes were found in the capillaries of the interal-
veolar septa, as well as fibrinous microthrombi or sludge of
erythrocytes with their partial lysis and in the pulmonary
arteries and veins.

Figure 12. Megakaryocytes in the capillaries of intraalveolar septa,
scanty macrophages and filaments of fibrin in the lumen of the alveoli.
H&E, x 100

Puc. 12. MerakaproluThl B KamuisipaX MeXaJIbBEOJSIPHBIX TePero-
PONIOK, eIMHUYHbIE Makpodaru u HUTH (GuOpHUHA B MPOCBETE allb-
BeoJibl. OKpacka reMaTOKCUJIMHOM U 903UHOM, X 100

Discussion

This study analyzed autopsy material of 123 deaths with
a new coronavirus infection COVID-19 for the period from
March 20 to June 6, 2020. At the beginning of our work,
there were only a few descriptions of the lung pathology
caused by the SARS-CoV-2 virus in the literature. To date,
about 30 papers have been published, however, our study
presents the analysis of the largest autopsy material to date.

A severe course of viral infection is characterized by
the development of viral interstitial pneumonia, the typ-
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ical morphological manifestation of which is diffuse al-
veolar damage. Histological changes in COVID-19 are
similar to those previously described in severe acute re-
spiratory syndrome (SARS), Middle East respiratory
syndrome (MERS), and influenza A(HIN1) [7-9].

The most impressive feature of the morphological
manifestations of COVID-19 is, in our opinion, is the
discrepancy between the duration of the course of the
disease and the phase of DAD. So, the changes char-
acteristic of the exudative phase were observed on the
3 — 37t day of the disease, and in some patients, the
signs of proliferation could be detected as early as on the
7t day after the onset of symptoms. The latter fact can
probably be explained by the fact that some patients have
a long period of an asymptomatic or almost asymptom-
atic course of the disease. Besides, in 41.46% of cases,
we identified a combination of exudative and prolifera-
tive phases of the disease. In a study by A. N. Duarte- Neto
et al. a combination of exudative and proliferative phases
of the disease was found in 8 out of 10 deaths [7]. The
authors believe that this is due to the temporal evolution
of the damage, as well as to mechanical ventilation. We
suppose that a distinctive clinical course of the disease
may be a possible explanation for this phenomenon. It is
well known that in some patients a temporary improve-
ment in the condition, as well as clinical and laborato-
ry parameters, is followed by a repeated deterioration,
which is probably associated with the sinuosity of the vi-
rus replication process in the epithelium of the lower re-
spiratory tract and pneumocytes. This can also explain
the fact that in some patients in the late proliferative
phase of diffuse alveolar damage, we observed desqua-
mation of the alveolar epithelium with marked cytopath-
ic changes (see Figure 10). It cannot be ruled out that
this may be due to the long-term persistence of the virus,
which can be detected in the lung tissue for many days
and could be a trigger for repeated lung injury and dis-
ease progression [10, 11]. However, in some patients in
the late phase of the course of the disease, the viral RNA
is no longer detected in the material of nasopharyngeal
smears. In our opinion, this temporal heterogeneity dis-
tinguishes the course of COVID-19 from other types of
viral pneumonia. During the epidemic caused by the in-
fluenza A(HIN1) virus, morphological changes corre-
sponded to the duration of the disease and the phases of
DAD [12].

Cytopathic changes in the epithelium are most likely
due to direct viral cell damage. Bronchiolar epithelium,
pneumocytes I and, predominantly, type II express re-
ceptors for angiotensin-converting enzyme-2 (ACE2),
which allows the virus to enter the cell. The SARS-
CoV-2 virus has been detected in the alveolar epithe-
lium in a number of studies [11, 13]. Multinucleated
pneumocytes are not characteristic of the influenza
virus, they have also not been described in SARS and
MERS, however, some authors indicate their presence
in COVID-19 infection [14, 15]. The appearance of
multinucleated epithelial cells probably reflects an im-
pairment of the process of cell proliferation and normal
epithelial repair. However, such cells were uncommon
in our material.

The issue of viral damage to lymphocytes, main-
ly CD4* T-cells, is discussed in the literature. Although
there are no receptors for ACE2 on lymphocytes, there
is an assumption that the virus can enter the cell through
membrane fusion and endocytosis. As a result, some of
the lymphocytes may die, as is assumed by apoptosis or
pyroptosis [16]. The fragments of cells and erythrocytes
which we identified in the cytoplasm of macrophages may
be indirect evidence of apoptosis of lymphocytes, but this
requires further confirmation. The detection of such mac-
rophages may also be indirect evidence of massive acti-
vation of the macrophage system, partially similar to that
in secondary hemophagocytic lymphohistiocytosis [17].
Previously, signs of hemophagocytosis were found in the
lymph nodes, spleen, bone marrow, heart, and liver [18].
Such changes were revealed in the exudative phase, during
a certain period of which the most pronounced intraal-
veolar accumulation of macrophages, lymphocytes, and
plasmocytes is determined, along with inflammatory in-
filtration of interalveolar septa. It is seeming that this oc-
curs in the phase of the “cytokine storm” accompanied by
a prompt decrease in the absolute number of lymphocytes
in the blood of patients.

A number of morphological studies based on autopsy
material from dead with COVID-19 have demonstrated
a high incidence of thromboembolic events in the lungs.
Thus, in a study by D.Wichmann et al. [19], a high in-
cidence of deep venous thrombosis is indicated, which
amounted to 58% in a group of 12 deaths, in the work of
C.Edler et al. in 40% in a group of 80 deaths [20]. Many
studies have confirmed the high frequency of blood clots
and microthrombi in the lungs [21, 22]. However, in our
opinion, despite the available data on systemic coagula-
tion, in most cases these changes in the lungs should be
regarded as thrombosis, not thromboembolism (except
for clearly identified thromboembolism at autopsy). We
took into account the nature of the intravascular con-
tents from sludge erythrocytes to fibrinous thrombi, as
well as reticular fibrin in the lumens of blood vessels in
some cases. We found the organized fibrinous thrombi
in the pulmonary artery only in two cases. At the same
time, a high frequency of intrapulmonary thrombosis
and microthrombosis is shown in many studies [20, 21].
M.Ackermann et al. depicted the 9 times higher incidence
of capillary microthrombosis in COVID-19 than in in-
fluenza A(HIN1) [20]. Using scanning and convection
corrosion electron microscopy, the authors demonstrat-
ed the presence of viral particles in the vascular endo-
thelium of the lungs, as well as signs of capillary angio-
genesis.

Coagulopathy is common in severe COVID-19.
So, in a study of 191 patients with COVID-19, 50% of
the deceased had signs of thrombotic disorders versus
7% in the survivors. A high concentration of D-dimer
(> 1,000 ug/mL) is an unfavorable prognostic factor as-
sociated with a high risk of death [22]. However, it has
been shown that in patients with COVID-19 there is no
significant decrease in the proportion of platelets and the
concentration of fibrinogen. As a rule, patients with new
coronavirus infection do not develop disseminated intra-
vascular coagulation syndrome (DIC). The latter was de-
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tected in only a small portion of patients in the terminal
stage of the disease. In this regard, coagulation syndrome
in COVID-19 was proposed to be called “diffuse pulmo-
nary intravascular coagulopathy” [17, 23].

Activation of the coagulation system has been de-
scribed for some viral pneumonia, including coronavirus,
as well as those caused by the Ebola virus, HIV, and den-
gue virus [24, 25]. Coronavirus infection can be a trigger
for disturbance of the coagulation system, the pathogenet-
ic mechanisms of which are complex and include endo-
thelial dysfunction characterized by increased production
of von Willebrand factor, systemic inflammation with acti-
vation of 7Toll-like receptors, as well as activation of proco-
agulant factors. It is assumed that the process of thrombus
formation may be associated with hypoxia, which causes
activation of transcription factors, and immune damage
associated with the action of antiphospholipid antibodies
[13, 25—28]. Some authors point to the presence of en-
dotheliitis, including leukocytic, as a cause of endotheli-
al damage [29]. In our observations, in 8.13% of patients,
infiltration with sparse lymphocytes of the blood vessel’s
wall was detected. Thereby, the picture does not fit into
the common picture of vasculitis; apparently, it is worth
talking about immune vascular damage that develops after
viral and cytokine damage [17].

Congestion and microthrombosis of the capillaries
of the alveolar septa are one of the vivid morphological
signs of viral pneumonia COVID-19 [19, 30]. C.Magro
et al., C.Edler et al. showed that in patients with pleth-
ora and microthrombosis of capillaries, the signs of dif-
fuse alveolar damage were less pronounced [3, 20]. Such
changes can be detected already in the early stages of
the disease. However, in our work, in 4 patients, pleth-
ora and microthrombosis of the capillaries of the in-
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teralveolar septa in the presence of a minimal severity
of edema and scarce hyaline membranes were detected
5 — 35 days after the onset of symptoms. In these pa-
tients, CT changes in the lungs indicated the presence
of minimal viral pneumonia (see Figure 13). We assume
that one of the possible causes of death in COVID-19
infection is impaired coagulation in the late stages of the
disease, with almost complete resolution of viral pneu-
monia. The mechanisms of such damage require further
study and clarification.

The appearance of megakaryocytes in the capillaries
of the alveolar septa, in all likelihood, is also a sign re-
flecting an impairment of coagulation. Megakaryocytes
in the capillaries of alveolar septa have been described by
some authorsin infection caused by SARS-CoV-2[11, 13,
17, 31]. In the work of V.V.Kungurova, S.V.Khasanyanov it
was shown that megakaryocytes can be found in the cap-
illaries of alveolar septa and other organs in shock con-
ditions of various etiologies [32], including sepsis [33].
Normally, megakaryocytes rarely leave the bone marrow,
however, under the condition of hypoxia, the appearance
of these cells in the capillaries of the lungs indicates in-
tense hematopoiesis and can lead to local platelet for-
mation. Besides, there are suggestions that some viruses,
including dengue virus, can directly damage megakary-
ocytes, leading to impaired platelet production and
thrombocytopenia [34]. The latter is one of the laborato-
ry signs of COVID-19.

Squamous metaplasia of the bronchiolar and alveo-
lar epithelium has been previously described in other vi-
ral pneumonia SARS, MERS, influenza A(HIN1). Some
authors point to pronounced squamous cell metaplasia in
COVID-19 [7, 22, 31, 35], which is most likely associated
with direct viral damage to the epithelium, as well as with

Figure 13. Patient 34 years old. SARS-CoV-2+. Concomitant disease: dilated cardiomyopathy. Disseminated intravascular dissemination:
A, Computer tomogram of the lungs: Residual effects of viral pneumonia: subpleural site of heterogeneous consolidation in the lower lobe of the
right lung, subpleural linear opacity in the lower lobe of the left lung; B, Minimal signs of intra-alveolar edema, single hyaline membranes, capillary
congestion, erythrocyte sludges in the branches of the pulmonary artery

Puc. 13. [Nauuent 34 net. SARS-CoV-2+. CouetaHHOe 3a00eBaHue: AUIaTallMOHHAsI KaparnomMuonaTsi. CHHAPOM TUCCEMUHUPOBAHHOTO BHY-
TPUCOCYIMCTOTO CBEPThIBAHMUS. A — KOMITbIOTepHast ToMorpadust Jierkux. OCTaTOUHbIE SIBJIEHUsI BUPYCHOM THEBMOHUU: CYOTUIEBPATbHBIN yya-
CTOK HEOJHOPOIHON KOHCOIMIAIIMY B HUXKHEI [I0JIe TPABOTO JIETKOTO, CYOIUIeBPAIbHOE IMHEITHOE YIJIOTHEHUE B HYKHEI [I0J1€ JIEBOTO JIETKOTO;
B — MUHUMaJIbHbIe MPU3HAKU BHYTPUAIBBEOJISIPHOTO OTeKa, eNMHUYHbIE THATMHOBbIE MEMOPaHbI, TOJTHOKPOBHE KAMWLISIPOB MEKaTbBEOJISIP-
HBIX MTEPETOPO/IOK, CIIAKU IPUTPOIIMTOB B BETBSIX JICTOUHOI apTepun
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the effect of oxygen during ventilation in patients with the
severe course of the disease. Previously, it was shown that
the protein E of the coronavirus leads to damage to inter-
cellular contacts [36] and subsequent impairment of re-
pair processes.

In our study, in 5.7%, bone metaplasia was observed
in the lungs during the proliferative phase of diffuse alve-
olar damage in COVID-19. The presence of bone meta-
plasia in the lungs with a new coronavirus infection is
indicated by some authors [15]. The processes of calcifi-
cation and ossification in the lungs can be associated with
an increase in the serum concentration of calcium and
phosphate, the activity of alkaline phosphatase, as well
as with a local disturbance of pH in the tissue. Additional
studies are needed to clarify the possible pathogenetic
mechanisms of such a rapid (within 1 — 1.5 months) for-
mation of calcifications and ossifications in the lungs in
viral pneumonia [37].

In our study, the frequency of detection of histolog-
ical signs of acute pulmonary distention was 12.2%, in
half of the observations with invasive ventilation of the
lungs, and in half in conditions of high-flow mask ven-
tilation with oxygen. Probably, the toxic effect of oxygen
can cause damage to the surfactant lining of the alveoli
with the subsequent focal expansion of the alveoli and
alveolar ducts.

Although the most dramatic changes in COVID-19
occur in the lungs, as a result of viral exposure, as well as
the development of a systemic inflammatory response and
thrombohemorrhagic syndrome, damage to other organs
occurs. However, we did not set out to describe them as
our goal in this work [38].

Conclusion

The pathology of the lungs in COVID-19 corresponds
to viral interstitial pneumonia in the form of DAD. An
analysis of 123 cases revealed a discrepancy between the
duration of the course of the disease and the phase of
DAD. In a significant portion of the patients, a combina-
tion of exudative and proliferative phases of the disease
was found. Histological signs are described that indi-
rectly indicate an impairment of the coagulation system
during COVID-19.
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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.

Key words: thermal helium-oxygen mixture, helium, PCR, immunoglobulin G, immunoglobulin M, COVID-19.
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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.

Kond kT untepecoB. ABTOPHI 3asIBJISTIOT 00 OTCYTCTBUM KOH(MDINKTA MHTEPECOB.

Hnst umtuposanust: LlloreHosa JI.B., Bapdonomees C.J1., beikoB B.U., LlpioeHoBa C.b., Ps6okons A.M., XKypasenb C.B., YTkuna U.U.,
I'aBpwios I1.B., IMerpukos C.C., Uyuanuu A.T., [TanuH A.A. BrusiHre TepMUYECKON TeIii-KUCIOPOMTHON CMeCH Ha BUPYCHYIO HArpy3Ky MTpHu
COVID-19. Iyasmononoeus. 2020; 30 (5): 533—543. DOI: 10.18093/0869-0189-2020-30-5-533-543

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).

534

MynbmoHonorus « Pumonologiya. 2020; 30 (5): 533-543. DOI: 10.18093/0869-0189-2020-30-5-533-543



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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Abstract

Since the beginning of the COVID-19 epidemic, the European cystic fibrosis society (ECFS) has decided to launch a special ECFS-COVID-19
program to collect information on the of COVID-19 characteristics in the patients with cystic fibrosis (CF). The results of the program should help
timely and efficiently provide the patients with CF with the necessary care. Initially, it was assumed that COVID-19 would be severe in CF patients.
The aim. To assess the prevalence and characteristics of COVID-19 in patients with cystic fibrosis (CF) in the Russian Federation (RF). Methods.
6 cases (4 children and 2 adults) of COVID-19 in Russian CF patients were analyzed. Results. There are 405,843 infected with SARS-CoV-2 in
Russia, the incidence of coronavirus infection in Russia was 1.4 cases per 1 thousand people. According to the Ministry of Health of the RF, as of
December 2019, there were 3,931 patients with CF (2,823 children and 1,108 adults). The incidence of COVID-19 was 1.5 per 1000 patients with CF
(1.4 : 1,000 for children and 1.8 : 1,000 for adults). The incidence was not higher than in the General population. The diagnosis of COVID-19 was
confirmed in 4 boys and 2 women, 3 of the patients were infected with Pseudomonas aeruginosa and 2 — with Achromobacter spp. Mild disease was
seen in 5 patients including all the children. Pneumonia was registered in 3 patients. One child with COVID-19 had abdominal syndrome.
2 patients — 1 adult and 1 child — needed in-patient care. Additional antibiotics were given to 4 patients, 2 of them received i/v antibiotics. One adult
patient was on the lung transplantation waiting list. This woman had long-term oxygen therapy and BiPAP noninvasive respiratory support before
the infection with SARS-CoV-2, FEV, was 24%m . Conclusion. Despite the fact that patients with CF are at risk of severe COVID-19, to date, in the
described cases, COVID-19 infection has not led to a significant deterioration of the symptoms of CF. Not a single fatal outcome in Russian patients
with CF has been recorded.

Key words: cystic fibrosis, COVID-19, incidence, pneumonia, antibacterial therapy.
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Pesome

C navana snugemun COVID-19 EBponeiickum o61ecTBoM no MykoBucuunosy (European Cystic Fibrosis Society — ECFS) nnuunuuposaHa cre-
uuanbHas nporpamma Haomonenust ECFS-COVID-19 mis coopa nndopmanuu mo ocobeHHocTsM Tedenns COVID-19 y manneHToB ¢ MyKOBHC-
uumo3om (MB). Oxxunmaertcsi, 4To JaHHasl IporpamMma JI0JKHA ITOMOYb CBOEBPEMEHHO U KaYeCTBEHHO OKAa3bIBaTh HEOOXOMMMYIO TTOMOIIb A~
eHtam ¢ MB. [lepBoHauanbHO npeanonaranaock, 4yto Ha poHe MB COVID-19 npotekats OyzneT Tsikeno. Llensio rcciaenoBanus siBUach OlLleHKa
pacnpoctpaneHHoctd U TedeHuss COVID-19 y nmanuentoB ¢ MB B Poccutickoit ®@eneparnu. Marepuaiabl U Metoabl. [1poaHann3npoBaHbl
6 (4 peberka u 2 B3pocibix) ciaydaeB 3aboneBanuss COVID-19 y poccuiickux namvento ¢ MB. Pesyabtatbl. B Poccuiickoit @eneparin SARS-
CoV-2 nndunmponanbl 405 843 yenoBeka, 3a00J1eBa€MOCTh KOPOHABUPYCHOM MH(DeKIMeit coctaBuia 1,4 ciydas Ha | ThIC. HaceaeHUsl. YUUThIBas
YUCJIEHHOCTh MAIMeHTOB B peructpe MB (1o manHbsiM MuHMcTepCcTBa 3n1paBooxpaHeHust Poccuiickoit @eneparnu, Ha gekadpb 2019 r. B peructp
BkoueH 3 931 manuent: 2 823 pebenka u 1 108 B3pocibix), 3a6oneBaemoctb SARS-CoV-2 cocraBuia okono 1,5 Ha | Teic. mauuentoB ¢ MB
(1,4 : 1 000 — mnst mereidr u 1,8 : 1 000 — mast B3pOCHBIX), UTO HE TPEBBINIACT TAKOBYIO B 00IIel momymsaimu. 3aboneBaemoctb COVID-19
Ha 01.08.20 cpenu manmenToB ¢ MB coctasua 3,8 (0,38 %) Ha 1 Teic. manmenToB (2,1 : 1 000 — mst neteii u 8,8 : 1 000 — my1st B3pocbix). Iuarnos
COVID-19 nonreepawicst y 4 nereil (Bce MaJbuMKH) U 2 B3POCIBIX XEHIIWH, MPU 3TOM 3 OOJBHBIX ObLTM MHGbULMPOBaHbI Pseudomonas
aeruginosa, 2 — Achromobacter spp. B nerkoit ¢hopme 3abosieBaHue MTPOTEKAIO Y 4 U3 6 MallMeHTOB, BKITIOYasi BCeX JAETeil, MTHEBMOHUS 3apeTUCTPU-
poBaHa y 3 mauueHToB. Y onHoro u3 4 aeteii ¢ COVID-19 ormeuascst anoMUHaNIbHbII CUHAPOM MPU OTCYTCTBUM PECITMPATOPHBIX MPOSIBICHUI;
2 marenTa (1 B3pocibiit 1 | peGeHOK) HYXIIUCh B CTAIIMOHAPHOM JIeYeHUW. AHTHOAKTepUaIbHasl Teparnusl Ha3HaueHa 4 manueHTaM, IByM
M3 HUX — BHYTpMBEHHO. OHa B3pociast NalMeHTKa, 00beM (hOPCHPOBAHHOTO BbILOXA 32 1-10 CEKYHJly Y KOTOPO#i cocTasnsn 24 %, . 3aperu-
CTpUpOBaHa B TUCTE OXUIAHUS HA TPAHCIUIAHTALIUIO JIETKUX, M0 3apakeHus: SARS-CoV-2 y Hee MPOBONMINCE [UTUTENbHAST KUCIOPOIOTEPATTHSI
M HeMHBa3uBHasl pecriuparopHasi noaaepxka BiPAP. Ilpu noatBepkieHUM KOPOHABUPYCHOM MH(MEKIIMKU OHA ObljIa BbIMMCAHA U3 OOJBbHUIIBI.
3akmoyenne. HecMOTpst Ha TO YTO manMeHThl ¢ M B HaxomsTes B Tpymie prcka TSKeJIO0ro TeueHUsT 3a001eBaHNsI, Ha CETOMHSIIIHUI IeHb B OMU-
caHHbIX ciyvasix COVID-19 unHbekuust He puBesia K 3HAYUTEbHOMY YXYILIEHUIO COCTOSIHUSI 10 OCHOBHOMY 3a00JI€BaHUIO. Y POCCUIMCKUX
nauueHToB ¢ MB He 3aperucTprpoBaHO HU OHOTO JIETAJIbHOTO UCXOA.

KuroueBsie cioBa: MmykoBuciuno3, COVID-19, 3a6oneBaeMocTb, THEBMOHUSI, aHTUOAKTEpUATTbHAST TePATTHSI.

KondamkT uaTepecoB. ABTOPHI 3asiBJISIIOT 00 OTCYTCTBUM KOH(JIMKTA MHTEPECOB.

Hns uutuposanust: KonapatseBa E.W., Kpacosckuii C.A., Kammpcekas H.1O., Amenuna E.JI., XKekaiite E.K., lllepman B.[1., Cumonosa O.U.,
lopunoga 10.B., boiiioBa E.B., Myxuna M.A., Bytioruna M.H., MakapoBa M.A., MaiaxoB A.b. COVID-19 y 60JIbHbIX MYKOBUCIIMI030M.
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COVID-19 cases have been reported in many coun-
tries around the world since February 2020. WHO de-
clared a pandemic on March 11, 2020 [1]. Isolated cases
of COVID-19 were reported in the Russian Federation as
early as at the end of January 2020. The incidence is grow-
ing steadily from the second half of March.

Patients with cystic fibrosis (CF) are at risk for bacte-
rial respiratory tract infections due to dysfunction of the
CFTR (chloride) channel caused by CFTR gene muta-
tions [2]. By the Decree of the Government of the Russian
Federation No.432 dated April 3, 2020, the routine medi-
cal exams and check-ups were suspended temporari-
ly to ensure patient safety. The Order of the Healthcare
Ministry of Russia No.198n dated March 19, 2020 rec-
ommended the management of healthcare institutions
to postpone the scheduled in-patient medical services, if
possible. In this regard, the health care professionals and
the patient community were extremely concerned about
changes in patient care and the threat of COVID-19. There
was an urgent need to understand the risk of infection and
the clinical course of coronavirus infection in CF patients.
Outpatient CF treatment became highly relevant.

The updated reports from WHO [3] show that most
patients (about 80%) recover spontanecously without
the need for hospitalization. About one in five cases of
COVID-19 is severe and is associated with respiratory fail-
ure or acute respiratory distress syndrome (ARDS), which
can be leathal.

The disorders of the bronchopulmonary system in CF
patients are characterized by airway obstruction, chron-
ic bacterial infection, and inflammation. These processes
damage the lung tissue and lead to bronchiectasis. Almost

all lethal outcomes are caused by respiratory disorders.
The bronchopulmonary conditions increase the predis-
position to Pseudomonas aeruginosa infection, which oc-
curs in 53% of patients with CF [4].

Neutrophils are the primary cells of the inflammatory
process in CF. They infiltrate the airways, damage the lung
tissue, and cause the obstruction. Cytokine inflammation
is also typical for CF [2, 5]. Thus, both CF and COVID-19
are characterized by neutrophilic inflammation and cyto-
kine release, which determine the severity of damage to the
respiratory tract and the vascular system [6].

The diagnostic criteria for the cytokine release syn-
drome in COVID-19 have not been developed yet. It
should be suspected in patients with a rapid deterioration
in lung function in combination with increased levels of
C-reactive protein (CRP) and ferritin, cytopenia (throm-
bocytopenia and lymphopenia), coagulopathy (low plate-
let and fibrinogen levels and increased D-dimer level),
signs of liver damage (increased activity of lactate dehy-
drogenase and aminotransferases) [7]. Dornase alpha is
traditionally used in CF patients to eliminate the extracel-
lular traps and digest the extracellular DNA that is pres-
ent in the viscous bronchial secretions in large quantities.”
Dornase alpha is being studied as a potential component
of combined therapy of COVID-19" [7].

The European Cystic Fibrosis Society (ECFS) laun-
ched the ECFS-COVID-19 surveillance program in April
2020 to collect information on the course of COVID-19 in
patients with CF. It was decided to collect the data through
national registers. In our country, the national register of
CF patients was created in 2011, and its data are included
in the European Cystic Fibrosis Society Patient Registry.

* Voronkova A.Ju. [Clinical efficacy and safety of dornase alfa (“Pulmozyme”) in the treatment of children with cystic fibrosis]: Thesis for a candidate degree in medical sciences. Moscow;

2004 (in Russian).
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Eight data reports have been published already [8]. The
Organizing Committee of the Cystic Fibrosis Patient
Registry in the Russian Federation decided to support the
European surveillance program ECFS-COVID-19.

Initially, COVID-19 was assumed to take a severe
course in patients with CF. However, the studies have
shown that the disease is less common and is often mild
in CF patients.

A multinational report to characterize SARS-CoV-2
infection in people with cystic fibrosis included 40 pa-
tients from 8 countries — Australia, Canada, France,
Ireland, Netherlands, New Zealand, UK, and USA. The
report showed (as of April 13, 2020) that the incidence of
COVID-19 in patients with cystic fibrosis (0.07%) was
lower than the average prevalence in the studied countries
(0.15%) [9].

Another study described 30 cases of COVID-19 in CF
patients (Lombardy (Italy), France, Germany, Spain). No
deaths have been reported by April 15, 2020. The absence
of fatal outcomes among CF patients by April 2020 may be
associated with the relatively low incidence of COVID-19,
the effective self-isolation methods, as well as with the
young age of patients. But it is too early to make any final
conclusions [10].

Study objective: To assess the prevalence and course
of COVID-19 in patients with cystic fibrosis (CF) in the
Russian Federation.

Materials and methods

We analyzed 6 Russian patients with CF (4 children and
2 adults) with COVID-19. Inclusion criteria: diagnosis of
cystic fibrosis, a positive PCR-test for SARS-CoV-2 coro-
navirus RNA (or a positive test by another method), or
a positive enzyme-linked immunosorbent assay for anti-
SARS-CoV-2 IgG immunoglobulin [11]. Exclusion cri-
teria: no laboratory confirmation of COVID-19 and no
signed informed consent. The characteristics of patients
with cystic fibrosis and COVID-19 are shown in Table 1.

Results

Per the study objective, 6 cases of COVID-19 among pa-
tients with cystic fibrosis were analyzed. 2 patients were
over 18 years old.

Case No.1

A boy born in 2015 lives in Moscow and is under the care of
the CF department of the Children’s Clinical Multidisciplinary
Center of the Moscow Region and the Morozov Children’s City
Clinical Hospital. The child was diagnosed with CF at the age
of 3 months based on the positive neonatal screening and the
positive sweat test on a Nanodact device (120 mmol/L against
the upper reference level of 50 mmol/L), confirmed by the ge-
netic testing (a pathogenic homozygous variant of the CFTR
F508del gene). The child had left-sided upper lobe pneumo-
nia at 3 months of age. He was hospitalized for pseudo-Bartter

syndrome at 4 months of age. At 2 years of age, the chest X-ray
showed distorted vascular markings and a peribronchial infil-
tration in the upper medial part of the left lung. The infiltrative
changes were resolved after the treatment. S. aureus (MSSA) and
K. pneumoniae were identified in sputum cultures for a long time.
P. aeruginosa was first identified in August 2017. Inhaled sodium
colistimethate and oral ciprofloxacin were administered to eradi-
cate the bacteria. P. aeruginosa was identified again in September
2018 and 2019. MRSA was first identified in December 2018 and
was detected in the cultures until May 2019, despite the antibi-
otics. P. aeruginosa was detected intermittently since September
2019. The boy received courses of inhalation therapy with so-
dium colistimethate 2 million units 2 times a day, oral cipro-
floxacin for respiratory infection, and an alternate course of
azithromycin. The basic therapy also includes dornase alpha,
pancreatic enzymes, vitamins, ursodeoxycholic acid, and kine-
sitherapy. No severe exacerbations of the chronic bronchopul-
monary process and no hospitalizations were reported last year.
The child was examined by an otolaryngologist for nasal polyps
and by an allergist for allergic rhinitis associated with a history of
sensitization to alder, birch, and house dust.

At the beginning of May 2020, the child developed abdomi-
nal pains, followed by vomiting and fever up to 39.3 °C the next
day. The O, saturation was 98%. The child was examined by a pe-
diatrician, who diagnosed an acute intestinal infection. The fever
and abdominal pain persisted for 2 days. The doctor prescribed
Enterofuril, sorbents, and daily azithromycin. Oropharynx and
nasal swabs for PCR for COVID-19 were taken from all family
members because both parents had malaise and subfebrile body
temperature previously. The child received a positive result the
next day. The second test also turned out to be positive, and the
next two were negative. The child was dismissed after 21 days from
the onset of the illness. The tests of both parents were negative.

Case No.2

A child born in 2018, a resident of the North Caucasus Federal
District, has been under the care of the Clinic of the Research
Institute of Pediatrics of Federal State Autonomous Institution of
the Ministry of Health of the Russian Federation of the Ministry
of Health “National Medical Research Center for Children’s
Health” since August 2018 (the age of 4 months). The diagno-
sis was established by the neonatal screening and sweat test and
confirmed by genetic testing (a homozygous pathogenic variant
ofthe CFTR W1282X gene).

The child has a history of severe pseudo Bartter syndrome.
P. aeruginosa was identified in culture from the upper respiratory
tract, and the child received intravenous antibiotics therapy. The
basic therapy included dornase alpha (inhalation), enzyme re-
placement therapy (Creon), ursodeoxycholic acid, vitamins, and
inhaled colistimethate sodium.

The child had febrile fever for one day with no other symptoms
in mid-May 2020. The SARS-CoV-2 infection was confirmed in
his parents and his 4-month sister. The SARS-CoV-2 infection
was confirmed by PCR in the patient. The chest X-ray showed no
infiltrative changes. The blood lymphocyte level was 58%.

The treatment was outpatient and included azithromycin
10 mg/kg per day for 7 days in addition to the current medica-
tions. The control smears for PCR were taken on May 29 and 31,
and the results were negative.
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Table 1

Characteristics of the patients with cystic fibrosis and COVID-19
Tabauua 1

Xapaxmepucmuxa nayuenmoe ¢ myxosucuudozom u COVID-19

Note: FEV., forced expiratory volume during the 1% second; BMI, body mass index; MRSA, Methicillin-resistant Staphylococcus aureus; CF, cystic fibrosis; GCs, glucocorticoids; ARVI, acute
respiratory viral infection; NSAID, non-steroid anti-inflammatory drugs; NIV, noninvasive ventilation; BIPAP, Biphasic Positive Airway Pressure; CPAP, Constant Positive Airway Pressure; CT,
computed tomography; PCR, polymerase chain reaction.

The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.orgllicenses/by-nc-nd/4.0/




Kondrat’eva E.I et al. COVID-19 in cystic fibrosis patients

Case No.3

A child (boy) born in 2019, living in Moscow, is under the care
of the Morozov Children’s City Clinical Hospital. Cystic fibrosis
was diagnosed at the age of 2 months based on positive neonatal
screening and positive sweat test and was confirmed by genetic
testing (F508del/E92K). The fecal level of pancreatic elastase- 1
was 96 ug/g.

Achromobacter xylosoxidans was identified in one culture at
the age of 3 months. The antibiotic therapy included intrave-
nous meropenem + amikacin + oral ciprofloxacin for 2 weeks,
and inhaled fluimucil-antibiotic IT for 3 months. Only S. aureus
(MSSA) was detected in the subsequent cultures. The basic ther-
apy includes inhaled dornase alpha, 3% NaCl, ursodeoxycholic
acid, and vitamins A. D, E, K. The boy received enzyme replace-
ment therapy at a minimum dosage up to 1 year of age. The ther-
apy was canceled after a repeated fecal level of pancreatic elas-
tase of more than 200 ug/g.

The grandmother had ARVI symptoms 1 week before the
COVID-19 onset in the boy. The grandmother’s PCR test for
COVID-19 was positive. The child had an acute onset of the dis-
ease with a fever up to 38.8 °C. He was examined by a pediatri-
cian the next day, and a swab from the throat and nose was taken
for the PCR test. Cough and hoarseness developed a day later.
The smear was positive, and the child was hospitalized on the
3 day of illness.

His state was of moderate severity upon admission. Pale
skin, symptoms of intoxication, and decreased appetite were
noted. The respiratory system showed difficulty in nasal breath-
ing with mucous discharge and moderate pharyngeal hyperemia.
The cough was rare and unproductive. The child had no dyspnea
at rest. The breathing was harsh, no wheezing. The results of the
total blood counts are shown in Table 2.

Urinalysis: all parameters were within the reference range.
The blood biochemistry showed an insignificant elevation of
AST (40 U/L) and the lipase level of 71 U/L. Other parameters
were within the reference range. The tests for the coronavirus
(COVID-19) were positive on days 4, 11, and 16.

Table 2

Results of the general blood test of a child born in 2019
(clinical observation No.3) in dynamics

Tabauua 2

Pezyavmamut 06wezo anaauza kposu peoenxa 2019 2ooa
poxcoenus (kaunuveckoe nadarooenue Ne 3) 6 ounamuke

‘ Day of the illness

Parameter

‘ 3 (admission) ‘ 8" ‘ 130
Hemoglobin, g/L 116 119 116
Hematocrit, % 37.9 40 39.7
Red blood cells, 10/L 4,58 484 48
White blood cells, 10°/L 7.2 1.5 6.4
Neutrophils, % 13.5 37 18.9
Lymphocytes, % 82.8 92.5 77
Monocytes, % 37 3.8 4.1
Platelets, 10°/L 328 M 450
ESR, mm/h 22 5 2

Note: ESR, erythrocyte sedimentation rate.

The chest X-ray on the 4" day of illness showed a slight het-
erogeneous decrease in pneumatization of the right upper inter-
nal parts without clear contours. The pulmonary vascular mark-
ings were increased and distorted, prominence of the interstitial
pattern was increased. The right root was dilated, poorly struc-
tured, and not visible on the left behind the shadow of the medi-
astinum. The chest X-ray on the 11" day of illness showed no fo-
cal infiltrative changes. The pulmonary vascular markings were
increased and distorted.

Diagnosis: COVID-19, the virus was confirmed. SARS-
CoV-2 infection, moderate right-side pneumonia, RF-0.

IV ampicillin/sulbactam for 9 days, and rectal suppositories
with interferon alpha-2b 500,000 IU/day were prescribed. The
mother had a positive smear on day 18. The child was discharged
with improved symptoms and isolated at home.

Case No.4

A boy born in 2006 and living in the Leningrad Region is under
the care of the Leningrad Regional State Budgetary Health Care
Institution “Children’s Clinical Hospital”.

The diagnosis of cystic fibrosis was established by a posi-
tive sweat test and the reduced level of pancreatic elastase. The
child had recurrent bronchitis from 7 months or age. At the age
of 10 months, he had surgery for congenital heart disease, a ven-
tricular septal defect. S. aureus is identified in the cultures from
2 years of age. In 2019, computed tomography showed bronchi-
ectasis in S 2, 3, 4, 5 of the right lung and S 5 of the left lung.
Spirometry indices were normal: FEV, — 85%; SatO, — 95%.
The child has 3 — 4 exacerbations per year associated with ARVI
and received oral antibiotics. The basic therapy included pancre-
atin, ursodeoxycholic acid, inhaled dornase alpha, vitamins D,
A, E, K, and nutritional support.

The coronavirus disease was mild with symptoms of fever,
pharyngitis, rhinitis, and increased cough. The X-ray revealed
right lower lobe pneumonia. The PCR test for coronavirus by
(COVID-19) was positive. Azithromycin for 5 days and the ce-
fixime for 10 days were prescribed in addition to the basic ther-
apy of CF.

Case No.5

The patient was born in 1987. She has been under the care of
the Research Institute of Pulmonology and the D.D.Pletnev
City Clinical Hospital under the Moscow Department of Health
since 2009.

The patient had bronchitis from early childhood. CF was di-
agnosed at the age of 15 based on the clinical picture. She had
recurrent bronchitis from early childhood. A right-sided upper
lobectomy was performed in 1995. The respiratory tract was in-
fected with P aeruginosa since 1995. The diagnosis was con-
firmed by a positive sweat test (sweat chlorides 62,76 mmol/L).
The genetic testing identified pathogenic variants of the CFTR
gene: CFTRdele2,3 and 3849+10kbC>T. In recent years, the
patient’s condition deteriorated: the number of respiratory epi-
sodes increased, she developed shortness of breath, hemoptysis,
reduced periods of remission after antibiotic therapy, and more
frequent need for such treatment. The patient is on noninvasive
ventilation in a protective mode since the summer of 2015 as the
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part of kinesitherapy. The patient developed hypoxemic respi-
ratory failure in the autumn of 2017 and was prescribed oxygen
therapy. A gastrostomy was installed in January 2019. The pa-
tients gained about 10 kg of body weight within a year of noctur-
nal hyperalimentation. The patient was included in the waiting
list for lung transplantation due to respiratory failure, low respi-
ratory function (FEV, within 20 — 27% of the reference value
since 2016), and more frequent episodes of bronchopulmona-
ry exacerbations in spring 2019. She receives daily inhalations
of dornase alpha, a short-acting bronchodilator, budesonide/
formoterol, and ambroxol, courses of inhaled tobramycin and
colistimethate sodium, ursodeoxycholic acid preparations, ome-
prazole, and azithromycin as anti-inflammatory therapy. She
also receives intravenous antibiotics 3 — 4 times a year and oral
antibiotics every three months.

The cough, hemoptysis, and shortness of breath have brcome
more severe in association with fever, and the volume of puru-
lent sputum has increased to 100 mL/day since the second half of
April 2020. Intravenous antibiotic therapy on an outpatient basis
had no significant effect. This treatment failure, previous contact
with a COVID-19 patient, and the severe baseline condition of
the patient required inpatient treatment.

The general state was of moderate severity upon admis-
sion. SpO, was 85% on room air and 92% with O, — 4 L/min.
The respiratory rate was 24 per minute. The blood pressure was
115/65 mm Hg. The heart rate was 88 per minute. Influenza was
ruled out by the express test immediately upon admission, and
nasal and oropharyngeal swabs were taken to test for COVID-19.
The laboratory tests showed that the lymphocyte level was
15% with the number of leukocytes of 7.6 x 10°, and the level
of C-reactive protein was 83.0 mg/L. The chest CT (Figure 1)
on April 29, 2020 showed that the volume of the right lung is
reduced due to the upper lobectomy. The right upper part (S6)
showed an area of pronounced pneumopleurofibrosis associat-
ed with a bullous transformation with a bulla size up to 52 mm.

The left upper lobe contained bullae up to 16 mm, one of
them with a horizontal content level. Focal pneumosclero-
sis were seen in all parts of both lungs, but more on the right.
Dilation of bronchi of I11/IV degree with cylindrical and saccu-
lar bronchiectasis was reported in association with ground-glass
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opacities, mainly in the middle and lower right lobes, as well as
in the upper and lower left lobes. Bronchiectasis were of various
sizes, with perifocal infiltration, and some contained fluid. The
mediastinum was structurally intact and displaced to the right.
The trachea and the main bronchi were not deformed. The heart
was in the standard location; the configuration was intact. The
heart chamber sizes were regular. The thoracic aorta was intact.
The diaphragm is in the normal location, the contours are even
and clear. The pleural cavities were intact. Lymphadenopathy
was not reported. The soft tissues and chest bone structures were
intact. Conclusion: History of right-sided upper lobectomy. CT
picture of cystic fibrosis. Bullae in both lungs. CT signs of sus-
pected COVID-19 infection (the correlation with clinical and
laboratory data have not been established).

CT scan on May 11, 2020 (Figure 2) showed persistent
ground-glass opacities, primarily in the lower parts of the lungs.
The upper left lobe contained bullae up to 16 mm, no fluid lev-
els were detected. Otherwise, the CT findings were unchanged.
Conclusion: CT signs of viral pneumonia. The intensity of typi-
cal COVID-19 signs complies with CT degree 1 (mild). History
of right-sided upper lobectomy. CT picture of cystic fibrosis.
Bullae in both lungs.

The PCR tests for COVID-19 with smears that were taken
on the day of admission and on May 02, 2020 turned out to be
negative. The patient had a serum test for IgM and IgG antibod-
ies to the virus. The results confirmed COVID viral infection:
IgM was 2.82 U/mL (the reference range is 0 — 0.99), IgG was
143.17 U/mL (the reference range is 0 — 10).

The 14-day therapy included intravenous meropenem, cef-
tazidime, tranexamic acid, and paracetamol; inhaled dornase
alpha, budesonide/formoterol, and sodium colistimethate; oral
azithromycin, ursodeoxycholic acid, omeprazole, and acetylcys-
teine. The patient also received noninvasive ventilation and ox-
ygen therapy. The nocturnal hyperalimentation via the gastros-
tomy was continued.

The patient improved during the treatment. The body tem-
perature steadily returned to normal, the systemic inflammation
regressed, the intensity of purulent-obstructive bronchitis de-
creased, the hemoptysis was resolved, and the severity of respi-
ratory failure decreased (SpO, — 92%).

Figure 1. Computer chest tomography of the patients (case 5) dated
29.04.20

Puc. 1. KomnbiotepHasi Tomorpadusi OpraHOB IpyIHON KJIETKU TMaiy-
EHTKM (KJImHuYeckoe HaboneHue Ne 5) ot 29.04.20

Figure 2. Computer chest tomography of the patients in dynamics
(5 cases) dated 11.05.20

Puc. 2. KoMmblotepHasi ToMorpaMma B TMHaMUKe (KIMHUYECKOE Ha-
omonenue Ne 5) ot 11.05.20

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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Case No.6

The patient was born in 1995. She has been under the care of
the Research Institute of Pulmonology and the D.D.Pletnev
City Clinical Hospital under the Moscow Department of Health
since 2013.

She was diagnosed with cystic fibrosis at the age of 3 years
based on the typical clinical picture (pancreatic insufficiency from
the first weeks of life) and a positive sweat test. The patient had a
respiratory tract infection with P. aeruginosa from 3 years of age,
and Pseudomonas alcaligenes/Achromobacter spp. from 12 years of
age. The patient received outpatient intravenous antibiotic therapy
every three months, and oral antibiotic treatment twice a year. The
patient received daily inhalations with hypertonic NaCl solution,
dornase alpha, inhaled mannitol, budesonide/formoterol, thiam-
phenicol glycinate acetylcysteine, and receives oral prednisolone,
pancreatin, ursodeoxycholic acid, ambroxol hydrochloride, vita-
mins, and alternate azithromycin.

The patient deteriorated in early May 2020. The symptoms
included increased coughing and shortness of breath, and body
temperature of 38.0 °C. COVID-19 was diagnosed in the pa-
tient’s father, who lives with her. The repeated swabs (PCR)
from the nose and oropharynx tested positive and confirmed the
diagnosis of COVID viral infection.

The treatment was outpatient, considering normal oxygen
status (SpO, — 97%), FEV, — 58%, and insignificant symptoms
of intoxication. The therapy included daily azithromycin, cip-
rofloxacin, and minolexin together with inhalations of dornase
alpha twice daily.

The patient improved. The body temperature steadily re-
turned to normal on the 5™ day of therapy, and the respiratory
symptoms improved.

Discussion

405,803 patients with SARS-CoV-2 have been registered
in Russia by May 31, 2020. By this date, 6 CF patients with
COVID-19 were identified. Their medical history is dis-
cussed in this article. 15 cases of the coronavirus infec-
tion were registered in patients with CF (6 children and
9 adults) by August 01, 2020.

3,931 patients (2,823 children and 1,108 adults) with
cystic fibrosis were registered in Russia in the register of
the Ministry of Health of the Russian Federation as of
December 2019. The incidence of COVID-19 among
them was 1.5 per 1,000 patients (0.15%) (1.4 : 1,000
for children and 1.8 : 1,000 for adults), which is higher
than 0.07% in Europe on April 13, 2020, according to
a European study [12].

At first, COVID-19 was reported in children with CF
more often as compared to the adults (4 vs 2). This fact can
be explained with the predominance of children among CF
patients of the Russian Federation [3]. In European coun-
tries, adults account for 50% or more of the CF popula-
tion [8]. The COVID-19 statistics have changed in Russia
by August 01, 2020. The proportion of adults with CF and
COVID-19 is now higher, as it is in other countries.

According to WHO, COVID-19 is rare and milder in
the general pediatric population [13]. This trend is also
observed in patients with cystic fibrosis. The state of 5 out

of 6 patients that are discussed in this publication was mild
(including all children). Pneumonia was diagnosed only
in 3 patients. One of the four children had abdominal syn-
drome, which is typical for children [13]. 2 patients (adult
and child) required hospitalization. 4 patients received an-
tibiotic therapy, 2 of them — intravenously. One adult pa-
tient was on NIV. This patient suffered from hypoxemic
respiratory failure and received long-term oxygen therapy
prior to the infection with SARS-CoV-2. In general, our
findings comply with the reported course of COVID-19 in
CF patients in other countries [9, 10].

According to the data from the European Cystic Fibrosis
Society ECFS-COVID-19 surveillance program as of May
27,2020, COVID-19 cases in CF patients have been report-
ed in 13 out of 35 countries that participate in the data col-
lection. 79 patients were reported, including 72 cases with
a detailed description (34 men and 38 women, 16 children),
including Russian patients. 17 patients were asymptomatic,
27 had mild disease, 7 had severe disease, and 3 were crit-
ically ill. In total, 41 patients were hospitalized. 6 of them
needed intensive care, 2 were ventilated, and 3 died [12].

As of July 29, 2020, 128 cases of the disease were reg-
istered in 18 countries (men : women — 69 : 59) out of
38 European countries that submitted information to
the ECFS-COVID-19 program. These cases included
33 children (https.//www.ecfs.eu/covid-cf-project-europe).
80 patients had mild disease, 6 patients were severe, and
5 patients were critically ill. No other fatal outcomes were
reported, so 3 patients died in total. 22 patients were as-
ymptomatic. 68 patients were hospitalized, 3 were on me-
chanical ventilation, and 1 patient needed ECMO. The
five most common symptoms were fever, cough, fatigue,
increased amount of sputum, and headache.

Conclusion

Thus, both foreign and Russian data show that most pa-
tients with CF develop a mild course of COVID-19. The
incidence of COVID-19 is not higher than in the general
population, which is associated with both the young age of
patients, their early and strict isolation, skills in preventing
infection, and, possibly, with basic therapy. Different re-
searchers suggest that the following drugs protect patients
with CF from the severe course of COVID-19: dornase
alpha, azithromycin used for anti-inflammatory purpos-
es against chronic P. aeruginosa infection, and frequent
courses of antibiotic therapy [9, 10]. Further data will help
to draw more accurate conclusions.
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Abstract

Analysis of COVID-19 features in individuals who regularly practice aerobic training. Methods. Asymptomatic persons and patients with COVID-19
older than 30 years, 293 people (180 men and 113 women), 214 of them — inhabitants of the Moscow region (the beginning of the sampling — 2" de-
cade of April 2020) and 79 — inhabitants of the Belgorod region (the beginning of the sampling — 2™ decade of May 2020), adapted (27 people —
I*tgroup) and unadapted (266 — control group) to aerobic training (AT). Computer tomography of the chest, RNA test for SARS-CoV-2 in smears
from the nasopharynx-oropharynx, the clinical blood sample and level of antibodies to SARS-CoV-2 were studied. The criterion for adaptation to
aerobic loads was considered compliance with the rules of the American Heart Association, 2008. Results. Adapted to AT individuals, in contrast to
the control group, characterized with the prevalence of asymptomatic (p = 0.045) and absence of severe forms of COVID-19, limited cataral simp-
toms of the disease (p < 0.001), rare pneumonia with absence (1) or presence (2) of acute respiratory failure (p, = 0,028; p, = 0,034), along with
lower prevalence of diseases, potentiating this infection (p = 0.03). Conclusion. Patients adapted to AT have less severe course of COVID-19.

Key words: COVID-19, adaptation, aerobic exercise.
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Pesome

Heablo nccnenoBanust siBucs aHaau3 ocooenHocreit teuenust COVID-19 y nui, peryiasipHO MpakTUKYIOIIUX adpPOOHBIN TPEHUHT. MaTepuabl
W MeTofIbl. B rccrienoBaniy mpuHUMAaIH yaacTre auia crapiie 30 jet ¢ 6eccummnroMHoi opmoii u 6ombHbie COVID-19 (17 = 293: 180 Myx4uH,
113 XeHIuMH), xureau (n = 214) MocKOBCKOro permoHa (Hayanao (opmMupoBaHusi BHIOOpKM — 2-s nekana amnpess 2020) u xurenu (n = 79)
Bbenroponckoii o6mactu (Hauano hopMupoBaHus BIOOpKY — 2-51 iekana mas 2020), anantupoBanHble (1-51 rpynma; # = 27) 1 HeamanTUPOBaHHbBIE
(KOHTpOJIbHAsI TpyTa; 7 = 266) K a9pOOHBIM HArpy3KaM. Y BceX MalMeHTOB MPOBOAMUINCH KOMITbIOTEpHAst TOMOTpadusi OpraHOB IPYIHOM KIIET-
ku, tect HAa PHK SARS-CoV-2 B Ma3kax M3 HOCO-, POTOIJIOTKM, OOLIMI aHAIU3 KpoBHU, ornpeneneHue aHtutea Kk SARS-CoV-2. Kpurtepuem
alanTallii K adpoOHBIM Harpy3KaM CUMTAIOCh COOTBETCTBHE TNpaBwiiaM American Heart Association (2008). Pe3ympratsl. Y ananTpoBaHHBIX
K a3pOOHbBIM HArpy3Kam JIML, B OTJIMYKME OT KOHTPOJIbHOM TPYIIIbI, OTMEUYEHBI ITpeodiiaganue 6eccuMmnToMHol (p = 0,045) 1 OTCYTCTBUE TSKETOM
dhopmbr COVID-19, orpannyeHHasi ocTpasi peciupaTtopHasi BUpycHast MHGbEKIMs, KIMHUYeCKUit BapuaHT 6osie3Hu (p < 0,001), HM3Kas yactoTa
CJTyyaeB MHEBMOHMM ¢ OTCYTCTBHEM (1) Miin Hanmmauem (2) ocTpoii bixatesibHOl Hepoctatounoctu (p, = 0,028; p, = 0,034) Hapsiny ¢ MeHbLIEH
PacrpoCTPaHEHHOCTBIO 3a00JIeBaHMIA, TOTCHUMPYIOIIUX AaHHY0 nHbekuuo (p = 0,03). 3akmovenue. [TanMeHTOB, aqanTUPOBAHHBIX K a3p00-
HBIM Harpyskam, oTjanyaer MmeHee Tsexesnoe redueHue COVID-19.
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The significant results of adaptation are improved reli-
ability of biological systems and body as well as increased
resistance to external disturbances [1]. In this regard, the
search for clinical inhomogeneity patterns of COVID-19
should focus on characterisation on initial respiratory sys-
tem fitness, more specifically — adaptation to aerobic ex-
ercise (AE). However, the issue “CoV-2 — adaptation to
AE” is wider than the issue “CoV-2 — sports”, even when
the question is about the so-called cyclic sports (field-
and-track athletics, rowing, swimming, cycling). This
limitation, especially in case of professional sports, is due
not only to the age (sportspeople are relatively young), but
also to the influence of key elements of a sports process
affecting harmonious development: immunomodulating
competitive stress, infection-promoting crowding during
workouts and competitions, and highly commercialised
nature of sports. Therefore, a few researches on the spe-
cifics of COVID-19-pathology in physically trained indi-
viduals, specifically in sportspeople, are not able to resolve
the issue of natural sanitation mechanisms, resulting, in
some cases, in asymptomatic disease and, in some cases,
in severe pneumonia associated with corona virus infec-
tion [2, 3].

This paper, initiated during the period of higher un-
certainty and mysteriousness of the new disease for the
Russian healthcare system, is aimed at assessment of
COVID-19 characteristics in individuals adapted to AE.
At the same time, the initial knowledge about the low-
er incidence and relatively good outcomes in younger
population was a prerequisite for sampling patients over
30 years old only.

Materials and methods

The study included asymptomatic individuals and
COVID-19 patients over 30 years old, 293 individuals
(180 men and 113 women), with the median and inter-
quartile age of 54.5 (44 — 65) years old, 214 of them were
citizens of Moscow and Moscow region (sampling initia-
tion: 2" decade of April 2020) and 79 citizens of Belgorod
region (sampling initiation: 2" decade of May 2020).
56 subjects (21.1%) previously visited endemic regions
abroad (including 49 citizens of Moscow and Moscow
Region). COVID-19 was diagnosed in accordance with
The Temporary Guidelines for Prevention, Diagnosis
and Management of a Novel Corona Virus Infection of
the Ministry of Health of the Russian Federation (revi-
sion 4 dated March 27, 2020 and revision 5 dated April 08,
2020), where 3 severity levels (mild: 146 individuals,
moderate: 63 individuals, and severe: 53 individuals) and
6 clinical patterns are identified; only 4 of them were re-
corded in the study: ARVI, pneumonia without respirato-
ry distress (RD), pneumonia with severe RD, acute respi-

ratory distress syndrome (no sepsis and septic shock cases
were recorded). Due to uneven capability (especially in
outpatient settings) to perform a full set of diagnostic pro-
cedures, assessment was based on computer-aided chest
tomography (CT), SARS-CoV-2 RNA smears from the
nasopharynx — oropharynx, clinical blood assay with dif-
ferential white blood cell count, and antibody levels (IgG
and IgM).

Asymptomatic cases included cases (31 patients if the
incubation stage of the disease is excluded) limited to
positive SARS-CoV-2 RNA smear PCR tests and/or in-
creased IgG (over 10 U/mL) and IgM (over 2 U/mL) titre
against SARS-CoV-2 (ELISA). Any other medical history
data, excluding asymptomatic cases, were obtained only
from COVID-19 survivors.

In order to characterise “adaptation to AE”, the mod-
ified American Heart Association criteria (AHA, 2008)
were used, where an individual had highly intensive aer-
obic physical exercises during previous 12 months (min.
150 minutes/week) or combined intensive exercises (min.
75 minutes/week) with moderate exercises (min. 150 min-
utes/week). Intensity levels corresponded to AHA classi-
fication, based on the heart rate (HR) during exercises:
moderate intensive exercises if the HR was 50 — 70% of
the maximum value (HR = 220 — age), intensive ex-
ercises if the HR was > 70% — < 85%, ... However, such
an estimation precision of exercises duration and HR in
clinical settings is rather an aim, not a real possibility, re-
corded only in patients who were aware of and used the
principles of self-control. All other subjects were included
into the group with adaptation to AE if during the pre-
vious 12 months they regularly (at least 5 times weekly)
went running outside or on a treadmill (min. 30 minutes),
stationary bike exercises (min. 40 minutes), stair stepper
exercises (with an overall duration of 30 min.) or inten-
sive nordic walking (60 — 90 minutes). In AHA guidelines
(2008), such aerobic exercises are included into “intensive
exercises”. Eventually, these criteria were met by 27 indi-
vidual (17 men, 10 women), with the median and inter-
quartile age of 54 (42 — 67) years old (group 1). The re-
maining 266 individuals from the main group not adapted
to AE (163 men and 103 women aged 55 (43 — 66) years)
were controls (group 2). As there were no individuals with
markedly depressed immunity (administration of system
glucocorticosteroids, cytostatic agents, exhaustion, etc.)
or persons from close communities (orphanages, retire-
ment homes) in group 1, these characteristics were exclu-
sion criteria in controls as well.

Regular intensive exercises are one of the endur-
ance and stamina features of an individual — determi-
nation, adding to other endurance and stamina fea-
tures: bravery, independence, self-command, etc. For
additional characterisation of patient personality and
determination specification, we used the “persistence”
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scale from the Willed Self-Regulation questionnaire by
A.V.Zverkov — E.V.Eidman [4]. Of note, the objectivi-
ty of results in such an analysis is greatly dependent on
trusted relations between the patients and his/her phy-
sician; and the formal nature of tests with filling out
questionnaires sometimes compromises the method.
This is especially true with COVID-19 patients who had
a psychological trauma. Therefore, in order to maintain
the principles of medical paternalism, the 16 questions
(where pronouns “I”, “My”, “Me” were replaced with
“You”, “Yours”, “For you”) were distributed along the
conversation with the patient, and the operator calcu-
lated the final result after listening to the recorded dia-
logue. The results were processed using variation statis-
tical methods in Statistica 6.0 (StatSoft, Inc., USA) and
Biostatistics for Windows 4,03.

Results and discussion

In the groups of COVID-19 patients from Moscow,
Moscow Region and Belgorod Region, the share of in-
dividuals who regularly do aerobic exercises was 9.2%
(27 individuals). There were 3 patients over 80 years old:
2 men of 81 and 83 years old and a 80-year old woman
who went for 5 — 7 km of nordic walking every day. As
far as disease severity is concerned, individuals adapted to
AE did not have severe pathology; they were mostly as-
ymptomatic (p < 0.05), only 1 patient had a moderate dis-
ease (see Table 1). It is worth mentioning that this reg-
ularity was identified during provisional analysis, when
the groups were formed, during the period of the high-
est uncertainly as to the correct search direction, when
in addition to very limited amount of information about
the infection and lack of experience in COVID-19 patient
management, we have already had some references to se-
vere course of COVID-19 in an individual highly adapt-
ed to AE. It was a 38-year old Italian marathon runner
who spent over 2 weeks on mechanical ventilation, and on
27 February the Daily Mail named him a super-spreader
of the infection in Lombardy [5].

The rate of mild cases in group 1 (excluding asymp-
tomatic cases) was 95%, whereas in group 2 it was 66.5%;
the rate of moderate and severe cases in group 2 was 11.6%
and 21.9%, respectively. This severity ratio is quite dif-
ferent from the currently accepted values for COVID-19
(81, 14 and 5%); this is probably due to a small sample
number, age limitations (individuals under 30 years old
were excluded) and the criterion of no marked immune
depression.

In individuals adapted to AE, very often the disease was
limited to ARVI only (p < 0.001), while pneumonia with se-
vere RD was diagnosed only in 1 patient (a 57-year old man)
who had moderately severe disease. In controls, pneumo-
nia with severe RD was diagnosed in 42.9% (p < 0.05), and
the rate of pneumonia without severe RD was a bit low-
er (44.7%). Also, the unadapted group of patients included
3 men and 1 woman who suffered from ARDS.

Analysis of individual signs in COVID-19 patients
(20 individuals in group 1 and 242 individuals in group 2)
demonstrates fewer symptoms of respiratory abnormal-
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Table 1

Severity structure and clinical variants of COVID-19

in individuals adapted (group 1) and unadapted (group 2)
to aerobic training; n (%)

Tabauua 1

Cmpykmypa majcecmu u KAuHu4ecKue 6apuannivl
COVID-19 y auu, adanmupoeannsix (1-a epynna)

u Headanmupoganuwlx (2-s epynna)

K a3pobnoii nazpysxe; n (%)

Group 1 ‘ Group 2
Characteristics p
‘ n=27 ‘ n = 266 ‘
Mild disease 19 (70.4) 161 (60.5) N/a
Moderate disease 1(3.7) 28 (10.5) Nia
Severe disease - 53 (19.9) 0,042
Asymptomatic disease 7(25.9) 24 (9.0) 0,045
ARVI 14 (51.9) 8(3.0) <0,001
Pneumonia without RD 5(18.5) 153 (57.5) 0,028
Pneumonia with RD 1(3.7) 77 (28.9) 0,034
ARDS - 4(1.5) N/a

Note: ARVI, acute respiratory viral infection; RD, acute respiratory distress; ARDS, acute
respiratory distress syndrome; p confidence for x% N/a, no data available.

TpuMeYaHve: JOCTOBEPHOCTb P MO KpUTEPUIO ).

ities in patients adapted to AE: they had caught, dys-
pnea and chest X-ray abnormalities less frequently (see
Table 2). When all symptomatic cases were excluded, this
group included only 6 individuals with typical CT pat-
tern: 1 man with right unilateral “ground glass” areas in
S6 and 10 (CT stage: 1), 4 patients had bilateral pneumo-
nia stage, and one patient had a bilateral disease with CT
stage I1. In controls, CT changes were recorded in 234 in-
dividuals (p < 0.05), including 22.4% (53 individuals) with
stage 3and 3 — 4 (p = 0.087).

Because of a variable conception of the disease dura-
tion by patients (whether presence of symptoms or dura-
tion of hospitalisation or sick leave), we used fever dura-
tion as a criterion, taking into account that the majority
of patients remembered quite a unique, usually two-phase
ARVI. In adapted patients, the median duration was
2 days shorter than in controls (p < 0.01); the maximum
fever duration in group 1 was 12 days, while in group 2 it
was 27 days.

Regular aerobic exercises did not prevent group 1 pa-
tients from having diseases that potentiate COVID-19;
however, this group included only 7 patients with obesity,
arterial hypertension (AH) and diabetes mellitus (DM),
whereas in controls these conditions were recorded in ap-
prox. 70% (p < 0.05, see Table 3). Intergroup differenc-
es in comorbidity were caused by various combinations of
obesity and DM (p < 0.05), but not AH. Of note, among
individuals adapted to AE there was one individual with
obesity, DM and AH (a 54-year old man). We have been
following this patient up for 2 years; his hyperglycemia is
corrected with a combination of antihyperglycemic agents
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Table 2

Frequency of individual signs* COVID-19 in patients
adapted (group 1) and unadapted (group 2)

to aerobic training; n (%)

Tabauua 2

Yacmoma omoeavruvix npusnarxoe* COVID-19 y 6oabHbix,
adanmuposannvix (1-s epynna) u Headanmupo8aHHbIX
(2-5 epynna) K a3pobnoii nazpyske; n (%)

‘ Group 1 ‘ Group 2 ‘
Characteristics

‘ n=19 ‘ n =242 ‘

Fever 16 (84.2) 241 (99.6) N/a
Fever duration, days, Me (Q1 - Q2) 3 (3-5) 5(3-14) 0,001**
Cough 3(15.8) 227 (93.8) 0,003
Dyspnoe 1(52) 112 (46.3) 0,023
Runny nose 18 (94.7) 181 (74.8) N/a
Impaired olfaction 17 (89.5) 231 (95.5) N/a
Headache 5(26.3) 107 (44.2) =T
Impaired sense of taste 1(5.2) 60 (24.8) ="
Diarrhea - 18 (7.4) ="
Myalgia, arthralgia 6(31.6) 148 (61.2) ="
All CT positive cases 6(31.6) 234(%6.7) 0,025
Severe CT positive cases:

o | 5(26.3) 134 (55.4) Nia

ol 1(5.2) 39 (16.1) N/a

o =1 - 8(3.3) =" -

ol = 50 (20.7) =0

e -1V - 3(1.2) =" -
Lymphocyte depletion _ 28 (11.6)

(lymphocyte count < 20%)

Note: CT, computered tomography; p confidence for x *, for paraclinic signs, when the test
was repeated, we used a result with the highest deviation; **, p confidence for Mann — Whitney
test; Me (Q1 - Q2) - median, quartile 25 - 75%; N/a, no data available.

MpuMeyaHve: * - Ans napakivHUYECKUX MPU3HaKOB NP HEORHOKPATHOCTY BLINONHEHNS 1ccHe-
[0BaHVs VCMIONb30BaH Pe3ynsTar ¢ HanbombLLvM OTKMIOHEHUEM; ** — 0CTOBEPHOCTb P NO KpH-
Tepuio T MaxHa-Yuthu; Me (Q1-Q2) — meguaa, keaptunb 25-75 %.

and a two-component antihypertensive regime, including
ACE inhibitors; also, he has been regularly exercising on a
stationary bike for 14 months (45 — 90 min/day); his dis-
ease was a 5-day ARVI without impaired olfaction.

Analysis of mean values for “persistence”, modified
Willed Self-Regulation questionnaire did not allow re-
vealing a significant difference between patients who regu-
larly exercise and those who do not use aerobic exercises
in their daily life. In group 1, the value was 12 (7 — 13)
points, whereas in group 2 it was 10 (6 — 12) points, with
the difference of 16.7%, just trending towards confidence
(p =0.093), without any statistically significant difference.
A probable reason might be both inadequate specificity of
the method used and a small number of subjects in the test
and control groups.

Without getting into details of effects from adapta-
tion to AE, three mechanisms should be named that can
contribute to favourable COVID-19 course in patients
adapted to physical exercises. On the one hand, long-
term adaptation to AE (or stamina training) has a very
important characteristic: it results in sparing use of regu-
latory respiration elements during regular stress and en-
hanced reserves of the respiratory system, together with
the ability to mobilise more efficiently when required.
Favourable cross effects from such adaptation for anti-
oxidant and immune systems are well known as well [1].
A typical inflammation manifestation is energy deficit in
the inflamed site; frequent sympathicotonia and result-
ing phospholipase activation and lipide peroxidation are
associated with cytopathy. On the contrary, in adapta-
tion to AE, with increase in antioxidant enzyme levels
in tissues (superoxide dismutase and glutathione perox-
idase) and mitochondria genesis, this effect significantly
reduces [6, 7]. Also, aerobic exercises promote improved
density and adrenoreceptor affinity in breathing muscles,
bronchi smooth muscle cells, bronchial arteries, glands
and epithelium. First, it allows improving the rate and
amplitude of inhale and exhale muscle contraction (their
strength) in response to significantly lower (non-toxic)
adrenaline concentrations, synchronising their activity
with other skeletal muscles participating in locomotor
behaviour; second, it efficiently reduces resistance in the
bronchial tree as a result of more marked bronchodila-
tion; and third, it improves the quality of bronchi muco-
sa sanitation due to ciliary activity stimulation and less
viscous secretion passage |1, 6].

Most prominent changes in COVID-19 are found in
the alveolar-capillary membrane (ACM), and the vi-
rus enters the cell through membrane protein — angio-
tensin converting enzyme 2 (ACE II) [8]. In addition to
the growth in the pulmonary capacity, AE are known
to modify the ACM structure and to improve its diffu-
sion capacity. During overall diffusion capacity tests with
carbon monoxide (DL_), trained subjects demonstrat-
ed significantly higher values vs untrained individuals
not only at rest, but specifically during exercises; a sim-
ilar difference was noted for blood volume in pulmo-
nary capillaries (V) and diffusion capacity of membrane
(D,) [9]. In our study, untrained patients were distin-
guished for a large number of cases with high body mass
index and DM. Obesity and DM significantly disturb the
ACM structure and function [10]. For an experimen-
tal model, increased thickness, reduced elasticity and
diffusion capacity both in normal state and in hypoxic
events were proven. Also, in obesity associated with hy-
poxia, the number of type II alveolar epithelial cells and
alveolar macrophage are significantly reduced; oxidised
defective DNA are more numerous, thus promoting im-
paired overall resistivity of ACM [11]. Now it is difficult
to give an unambiguous answer to the question: is it only
the training of the respiratory system that increases the
level of its resistance to coronovirus, or the small number
of comorbid diseases — obesity and diabetes mellitus — is
also important here, presented in this work in the group
of persons adapted to AN. Most likely today, both factors
should be taken into account, but the degree of signifi-

556

Mynbmoxonorus « Pumonologiya. 2020; 30 (5): 553-560. DOI: 10.18093/0869-0189-2020-30-5-553-560



Table 3

Diseases that potentiate COVID-19

in the compared groups; n (%)

Tabauua 3

3aboaesanus, nomenyupyrougue COVID-19
6 cpasrueaemolx epynnax; n (%)

. ‘ Group 1 ‘ Group 2 ‘
Disease
‘ n=27 ‘ n = 266 ‘
Obesity + DM - 53 (19.9) 0.043
Obesity + AH - 16 (6.0) Nia
AH + DM - 3(1.4) Nia
Obesity + DM+ AH 1(3.7) 22(83) =T
Obesity 2(7.4) 52 (19.5) .
DM = 1(0.3) =0
AH 4(14.8) 38 (14.3) =" -
All cases with obesity 3 (1) 143 (53.8) 0.009
All cases with DM 1(3.7) 79 (29.7) 0.031
All mentioned diseases that 7(25.9) 185 (69.5) 0.03

potentiate COVID-19

Note: DM, diabetes mellitus; AH, arterial hypertension; p confidence for y% Na, no data available.
TpvMeYaHue: FOCTOBEPHOCTb P MO KpUTEPUIO X2

cance of each of them must be specified in the course of
a subsequent study with an increase in the volume of the
experimental and control groups.

ACE II, an ACE homolog which differs from ACE in
its physiological effects, is a component of counterregu-
latory axis (ACE II/AT (1 — 7)/MasR). Regular physical
exercises reduce ACE II levels in tissues [12, 13]; there-
fore, they should have facilitated corona virus penetra-
tion to the cell and made COVID-19 more aggressive.
However, clinical and experimental trials of ACE inhib-
itors and angiotensin II receptor blockers (their pharma-
cological mechanism causes increase in ACE II level)
show quite another pattern: administration of medicines
is associated with reduced risks of death of COVID-19
patients; during the experiment, medicines reduced
mortality and prevented acute damages of lungs in mice
challenged with SARS-CoV [8, 14, 15]. Other arguments
for physical exercises and ACE II growth are presented in
a study by D. M. Magalhaes et al. (2020): as exemplified by
physically trained men who were doing highly intensive
aerobic exercises, blood and urine ACE II levels signifi-
cantly rise, and in moderate exercises, renal elimination
of ferment is significantly increased [16]. It is clear that
they are free, unbound (solubilized) protein fractions.
Therefore, it is possible that ACE II split from cell mem-
branes is increased in AE; therefore, in adapted individ-
uals, the probability of virus entering the cell via this re-
ceptor is reduced.

The human and animal immune system is affected by
the overall physical activity and AE [17]. Adaptation to AE
impacts cell and humoral elements of inborn and acquired
immunity: regular exercises modify the ratio of natu-
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ral killer cells increasing the number of younger (CD56-
bright NK) colonies; the neutrophils/lymphocytes ratio
and the density of 7To//- and NOD-like receptors increase;
Thl, Th2, Threg, secretory IgA levels change in upper re-
spiratory tract mucosa, etc. [18, 19]. All these factors im-
prove body resistance to respiratory infections, neoplasms,
toxic and even radiation impacts [1, 6, 20, 21]. Still, there
are negative cross-effects from such adaptation. They re-
sult from excessive exercises (J-effect by D.C.Nieman,
1994), when the risk of respiratory infections increases.
It is true about long AE [22—24]. An additional condition
is physical epithelium damage (bronchial and alveolar) re-
sulting from long-term hyperventilation in case of inad-
equate training conditions [25]. It is likely that all these
conditions were present in references, where COVID-19
in individuals adapted to AE was severe (only 2 cases were
recorded among numerous marathon runners and only
1 among professional cyclists) [2, 3]. Unfavourable con-
sequences from adaptation to AE can be prevented by
following the rules established by the Russian school of
physiology: “prevention... Is first of all sustainable limita-
tion of physical exercises and adequate selection of ontog-
eny stage when exercises can be done (or increased); sec-
ond, use of combined adaptation when the body adapts to
several factors”, thermal (cold water treatment), hypoxic,
etc. regimen [1].

Conclusion

In this study of physically active individuals of 30+ years
old adapted to AE, as opposed to patients who are not
used to aerobic exercises, COVID-19 was mostly asymp-
tomatic or was associated with limited clinical ARVI, rare
pneumonia (or CT positive cases), together with lower
morbidity of rates that potentiate this infection, especially
obesity and DM; the degree of their participation and the
independent role of the adaptation factor to AE in chang-
ing the severity of COVID-19 is planned to be clarified in
the course of a subsequent study.
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The multispiral computed tomography in the early diagnosis
of pneumonia caused by SARS-Coe-g
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Abstract

The high informative value of chest computed tomography in the diagnosis of pneumonia caused by SARS-CoV-2 is generally recognized, but there
is no enough data on the diagnostic capabilities of this method within 5 first days of the clinical manifestations of the disease. The paper presents the
results of chest multispiral (multislice) computed tomography (MSCT) of 56 patients with COVID-19 pneumonia in the early days of the disease.
The aim of the study was to analyze the semiotics of pathological changes in the lungs in the first days of the onset of clinical symptoms of COVID-19
and to clarify the methodology for conducting MSCT. Methods. The data of chest MSCT of 56 patients with clinical symptoms of a new coronavirus
infection SARS-CoV-2 were analyzed. MSCT was carried out in the first 4 — 5 days of the disease. Results. Five variants for the development of the
disease were revealed, including atypical, characterized by the prevalence and CT semiotics of lung damage and apparently due to the different
response of the patients to SARS-CoV-2 infection. The leading signs of COVID-19 pneumonia in the early stages of the disease were foci of ground
glass opacification (GGO), multifocal lesions of the lungs, edema of the interalveolar pulmonary interstitium, which distinguishes it from
pneumonia of another etiology. Conclusion. Comparison of MSCT data and the clinical picture of the disease during the first 5 days suggests with
high confidence the pneumonia associated with COVID-19. A prerequisite for conducting MSCT in case of suspicion of this type of pneumonia is
the implementation of thin 0.5 — 1.5 mm sections, MSCT performance at suspended full inspiration, post-processing of unenhanced tomogram data
in MinIP mode.

Key words: multispiral computed tomography, semiotics, pneumonia, SARS-CoV-2, COVID-19 pneumonia.
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Pesome

Bricokast uHdopmaTuBHOCTb KoMIbloTepHOI ToMOTpaduu (KT) opranos rpyaHoii kietku (OI'K) B imarnoctuke COVID-19-accoumupoBaHHOM
ITHEBMOHUY OOIIEeTIPU3HAHHA, OMHAKO MaHHBIC O MTUATHOCTUYECKHMX BO3MOXKHOCTSIX MU OCOOCHHOCTSIX BBITIOJIHEHUS 3TOTO METO/IA B TIEPBBIC
5 CyTOK KJIMHUYECKMX MPOSIBJICHUI 3a00JIeBaHUSI OTCYTCTBYIOT. B paGore mpencrapieHbl pedysbTathl MynbrucnupaibHoit KT (MCKT) OT'K
nauueHToB (n = 56) ¢ COVID-19-acconnpoBaHoil MHEBMOHUEH B MepBble 4—5 CYTOK pa3BUTHsI CUMIITOMOB 6ose3Hu. Llebio nccaenoBanus
SIBUJIOCH U3yYEeHNE CEMUOTUKH TTATOJIOTUYECKUX M3MEHEHMIA B JISTKUX B TIepBbIe THU MOSIBICHUS KIMHIMYecKux cumntoMoB COVID-19 u onuca-
Hue ocobeHHocteir MeTonuky npoBeneHnst MCKT. Marepuanbt u metoasl. [1poanamusuposanbl nanHeie MCKT OT'K manueHTOB ¢ KInHUYe-
CKOI1 CMMITTOMATUKOIM HOBOI KopoHaBupycHoi nHbekimn SARS-CoV-2. MCKT BbinosiHsIach B riepBbie 4—5 cyTOK 3a00sieBaHus. Pe3yabrarsl.
BrisiBiieHO 5 BapuaHTOB pa3BUTHs 3a00JIeBaHMSI, BKJTIOYAst aTUITMYHBIN, pa3IM4aBIIMXCs pacipocTpaHeHHOCThIO M KT-ceMuoTuKoit nopaxeHust
JIETKUX U O0YCJTOBJICHHBIX, TTO-BUAMMOMY, Pa3IMYHONM peakiiueil opraHn3Ma marreHToB Ha nHdeknio SARS-CoV-2. Benymmmu npusHakaMu
COVID-19-accounnpoBaHHOI THEBMOHUY B PAaHHUE CPOKU 3a00JIeBaHMUSI SIBJSUTUCH OYard «MaTOBOTO CTEKIa», MYJIbTU(DOKATBHOCTD TIOpaXke-
HMSI JIETKUX, OTEK MEXKaJIbBEOISIPHOTO JIETOYHOTO MHTEPCTULIMS, B UeM U cocTosuin oTanuust COVID-19-accolimnpoBaHHO MHEBMOHUY OT TaKO-
BOIi Apyroii atnosiornu. 3akmovenue. CornoctapieHue faHHbIX MCKT u KJIMHMUYECKON KapTUHbI 3200J1€BaHUs B TEUEHUE TEPBBIX 5 CYTOK 3a00-
JIEBaHUSI MO3BOJISIET C BBICOKOI JOCTOBEPHOCTBIO MIPEATIONOXUTh HATMUKME THEBMOHUU, accounupoBaHHoi ¢ COVID-19. HeobxoaumbiM ycio-
pueM mipoBeaeHuss MCKT npu momo3peHur Ha MHEBMOHMIO JIAHHOTO THUMA SIBJsIETCSl BbIMMONHeHUE TOHKUX (0,5—1,5 MM) cpe3oB, KOHTPOJIb
3a TMOJHOTOM BI0OXa MalMEHTa, MOCTIPOLIECCUHTIOBast 00paboTKa JaHHBIX HATUBHOM ToMorpaMMbl B MinlP-pexume.

KiroueBble ciioBa: MyJbTUCTIMpabHAs KOMITbIOTEpHasi ToMorpadusi, ceMruoruka, nHeBMoHMsi, SARS-CoV-2, COVID-19-accormmpoBaHHas
TTHEBMOHMUSI.

KondamkT uHTEpEeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUM KOH(JIMKTA MHTEPECOB.

st uutupoBanus: Kotasipos I[1.M., Cepree H.U., Cononkuii B.A., Conmaros J1.I'. MynbTucnupanbHasi KOMIBIOTEpHast TOMOrpadust B paHHe
JIMarHOCTUKE MMTHEBMOHUU, BbI3BaHHOI SARS-CoV-2. [lyasmononoeus. 2020; 30 (5): 561-568. DOI: 10.18093/0869-0189-2020-30-5-561-568
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On January 26, 2020, the National Health Commission
of the People’s Republic of China registered a total of
2,744 confirmed cases of pneumonia caused by the nov-
el SARS-CoV-2 (2019-nCoV) coronavirus infection from
30 provinces (districts and cities), including 461 severe cas-
es and 80 deaths. Despite the unprecedented measures to
limit the spread of infection that were taken by the Chinese
and International sanitary authorities, the World Health
Organization has announced the COVID-19 pandemic
on March 11, 2020. As of July 7, 2020, over 11.4 million
cases in over 188 countries and territories were registered,
resulting in more than 535,000 deaths; over 5.14 million
people recovered [1—5]. Studies have demonstrated the
high diagnostic efficiency of multispiral computed to-
mography (MSCT) of the chest in pneumonia caused by
SARS-CoV-2 [6—9]. Although this conclusion was ques-
tioned in some publications [10]. However, most publi-
cations are devoted to the MSCT semiotics of lung tissue
damage, assessment of the extent of the process, and its
development. The diagnostic significance of MSCT at the
early stage of COVID-19, recognition and correct inter-
pretation of lung damage within the first 3 days from the
onset of the symptoms have been studied insufficiently.

The aim of the study was to analyze the MSCT se-
miotics of pathological changes in the lungs in the first
days of COVID-19 clinical symptoms and to clarify the
methodology of MSCT in patients with suspected SARS-
CoV-2 pneumonia.

Materials and methods

The single-center, non-randomized prospective study in-
cluded patients (n = 56) with clinical symptoms of the
novel coronavirus infection SARS-CoV-2, who had chest

_dll

A

MSCT for diagnostic purposes during the first 4 — 5 days
of the disease. 29 (51.8%) patients complained of nasal
congestion, sore throat, increased fatigue, low-grade fe-
ver. 27 (48.2%) patients experienced an increase in body
temperature up to 38 — 39 degrees during the first two
days. Subsequently, the diagnosis of COVID-19 was con-
firmed by laboratory tests in all examined patients.
MSCT was performed on days 1 to 5 after the on-
set of clinical symptoms. The scan was performed twice
with an interval of 2 — 3 days in 18 (32.1%) patients. The
MSCT data were evaluated for typical signs of viral pneu-
monia (Cov19Typ), according to the classification in the
Expert Consensus Statement of Radiological Society of
North America [11]. The MSCT findings of lung damage
were compared with the severity of clinical symptoms (fe-
ver, dry cough, nasal congestion, weakness, and others).
2 (3.6%) patients had no clinical signs or symptoms at the
time of MSCT but still showed CT findings of COVID-19
pneumonia and had SARS-CoV-2 confirmed by PCR.

Data analysis

The study results demonstrated there are several rules
to be followed during MSCT in the case of suspected
COVID-19, such as ensuring that the scan is performed
at the complete inhalation. This approach will help avoid
false positives in the form of pseudo ground areas (grav-
ity-dependent atelectasis) associated with an incom-
plete inhalation or exhalation of the patient. The scan-
ning should use thin sections of no more than 1.5 mm.
Post-processing in the mode of minimum image inten-
sity (MinIP) followed the previously described method
[12]. The main goal of the post-processing is to improve
the visual assessment of the native CT data. The MinIP

A

B

Figure 1. Multispiral computed tomography of the chest (I mm slices) on the 2" day of clinical onset of COVID-19 pneumonia: A, Axial slice.
A ground glass opacity in the left lingular segment; B, Sagittal reconstruction in MinIP mode provides clearer visualization of the findings

Puc. 1. MynbTucnvpajibHasi KOMIbIOTEpHas ToMorpadusi opraHoB IpynHoi kjieTku (cpe3 1 MM) Ha 2-ii 1eHb KJIMHMYECKUX TPOSBICHUIT
COVID-19-accolMmpoBaHHOM MHEBMOHUU: A — aKCHaIbHBIN CPE3 — oYar «MaToBOro CTeKJIa» B sI3bIMKOBOM CEIMEHTE JIeBOro Jierkoro; B — ca-
TUTTaJIbHAsI peKOHCTPYKIMs B MinIP-pexxume — Gosiee yeTkasi BU3yaau3alusi U3MEHEHU
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Figure 2. Multispiral computed tomography of the chest (1 mm slices)
on the 3" day of clinical onset of COVID-19 pneumonia; Axial slice —
polisegment two-side micro ground glass opacities

Puc. 2. MynbprucnupanbHas KOMIIbIOTEpHass TOMOrpadusi opraHoB
rpyaHoii Kinetku (cpe3 1 MM) Ha 3-if 1eHb KJIMHUYECKUX TTPOSIBICHUI
COVID-19-accounnpoBaHHON MTHEBMOHUU, aKCUAIBHBII Cpe3: TOIH-
CerMeHTapHasl IByCTOPOHHSIS JIOKAJIM3alUsl MeJIKOOYaroBblX U3MEHe-
HMUIA TIO TUITY «MaTOBOTO CTeKJIa»

program isolates the elements of the air-filled structures
of the lung. This improves the detectability of the ground
glass opacities and allows to assess the state of the bron-
chi. It is an expert method for proving the presence or
absence of ground glass findings, especially with low in-
tensity, in borderline cases. Comparative analysis of the
native MSCT data and the data obtained with a contrast
enhancement demonstrated that contrast enhancement
does not improve visualization of COVID-19 pneumonia.
A contrast agent is optional unless the patient has other
indications for it.

The data analysis identified various early CT signs of
viral pneumonia caused by SARS-CoV-2.

Original studies « OpurHanbHbIe nccnegoBaHUA

Pneumonia with focal lesions and a limited extent of
damage was detected in the first days of the disease in
17 (30.4%) patients. MSCT showed one or more small
ground-glass opacities (up to 30 mm) in I — I1I segments
of one or, less often, both lungs. The lesions had unclear
outer edges and were localized mainly at the periph-
ery (Figure 1, 2). Some ground-glass opacities included
clearly distinguishable areas of high density (Figure 3).
7 out of 17 (41.2%) patients had increased pulmonary
vascularity with a reticular consolidation of the intersti-
tium at the periphery of the lesions. 2 out of 17 (11.8%)
patients with single ground-glass opacities had no clini-
cal signs of COVID-19 at the time of CT scan (the scan
was conducted at the request of the patient due to the
illness of a family member). 3 out of 17 (17.6%) patients
had MSCT performed on the 3™ day of clinical symp-
toms of COVID-19, and the scan did not reveal the typ-
ical findings in the lungs. However, MSCT was repeated
on the 5" day (2 days after the initial examination) in
one patient after a rapid deterioration. The scan revealed
signs of COVID-19 pneumonia in the lung tissue. One of
these cases is described below:

Clinical case

Patient G., 53 years old, reported pain, sore throat, dry cough,
and subfebrile temperature up to 37.4 °C on April 04, 2020. Chest
MSCT was performed on April 06, 2020. The scan showed no
significant pathological findings in the lungs and mediastinum.
On April 07, 2020, the patient’s condition worsened. The body
temperature rose to 39.5 °C in the evening, and the patient re-
ported weakness, headache, myalgia, and intensified cough. The
chest MSCT was repeated on April 08, 2020. Both pulmonary
fields showed multifocal ground-glass opacities, mostly round,
in all segments as compared to the scan on April 06 (Figure 4).
No fluid in the pleural cavity and intrathoracic lymphadenop-
athy were confirmed. Conclusion: The patient’s status wors-
ened as compared to the scan on April 06, 2020. MSCT signs of
COVID-19 viral pneumonia.

- C

Figure 3. Multispiral computed tomography of the chest (1 mm slices) on the 2" day of clinical onset of COVID-19 pneumonia: A, Axial slice. The
pathological ground glass opacities with high density focal findings cover the whole left IV segment; B, C, Axial projection and saggital reconstruction
of the findings in MinIP mode

Puc. 3. MynbTucnupaibHas KOMITbIOTepHasi ToMorpacdusi OpraHoB IrpyaHOI KieTku (cpe3 1 MM) Ha 2-it ieHb KinHn4deckux nposisieHuit COVID-
19-accolMMpPOBaHHOM MTHEBMOHUMM: A — aKCUaJIbHBIN Cpe3 — MaTOJOrMUeCK1e U3MEHEHHUsT «MaTOBOIO CTEKJIa» TIOJHOCThIO oxBaThiBaloT IV cer-
MEHT JIEBOTO JIETKOTO, Ha (DOHE KOTOPOTO BBIICIISIIOTCST OUaXKU BBICOKO# TUIoTHOCTH; B, C — akcuanbHas MpOeKIIUs ¥ CaruTTabHast PEKOHCTPYK-
LM 30HbI U3MeHeHuii B MinlIP-pexume
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Figure 4. Chest multispiral computed tomography, 1 mm axial slices: A, Day 2 of COVID-19 clinical symptoms, no findings that suggest pneumonia;
B, The same patient on day 4 of COVID-19 clinical symptoms. The ground glass opacities appeared in both lungs; C, D, A clearer visualization of
the findings in MinIP mode. COVID-19 pneumonia

Puc. 4. MysnbrucnvpaibHasi KOMITbIOTEpHas TOMOrpadusi OpraHoOB IPYIHOM KJIETKU, aKCUaibHbIe cpe3bl | MM: A — 2-ii IieHb KIMHUYECKHUX MPO-
aeiaeHuit COVID-19, naHHBIX 3a HaJIMYKMe MTHEBMOHUU He ToJy4eHo; B — Ta ke maiueHTKa, 4-ii 1eHb KanHudeckux nposisneHnii COVID-19 —
MosIBJIEHWE B JIEBOM M IIPAaBOM JIEFKMX OYaroB «MaToBoro crekya»; C, D — Gosiee yeTkasi Budyaimsaius usmeHeHuit B MinlP-pexume —

COVID-19-accounnpoBaHHast THEBMOHUSI

Multifocal bilateral ground glass opacities up to 30 —
45 mm in size in 3 to 5 lung segments were found in
15 (26.8%) patients. These lesions had unclear, blurred
outer edges with a pericissuritis type reaction of pleura
and thickening of the interstitium along the periphery of
the foci. This group of patients differed from the previ-
ous one both by the variable macrostructure of the le-
sions and by the chaotic distribution of areas of the af-
fected lung tissue. In total, the findings were observed in
all parts of the lungs, both subpleurally, in the middle
and hilar zones of the lungs, and in the mediastinal pleu-
ra. 2 out of 15 (13.3%) patients showed extensive bilat-
eral findings with polysegmental ground-glass opacities.
Areas of swollen alveolar tissue were visualized against
the opacities (Figure 5).

Polysegmental bilateral lung lesions with a predominant-
ly peribronchial localization were observed in 13 (23.2%)
patients. Several segments (possibly in different lobes)
of the lungs were involved in the process. The entire seg-
ment or part of it was affected. High-density infiltration

was observed against the ground glass opacities in the cen-
tral zone. Other findings included air bronchogram sign,
crazy paving sign, honeycombing of the interalveolar and
pulmonary interstitium, mediastinal lymphadenopathy,
limited pleural effusion in some cases, and dilatation of
the pulmonary veins of the affected area. In contrast to
the previous group, these patients showed predominant-
ly peribronchial localization of the pathological findings,
dilatation, and thickening of the bronchial walls, the air
bronchogram sign, and mediastinal lymphadenopathy.
Some patients showed local pleural effusion, areas of cob-
blestone-like increased pulmonary interstitial pattern,
rough, cord-like consolidation of the interstitium and in-
terlobar pleura. The dense infiltrate was larger in the cen-
tral part of the focal ground-glass opacities. Individual
groups of alveoli were “swelled”. Probably, the respiratory
bronchioles were damaged, and inflammation led to the
ball-valve ventilation of individual groups of alveoli.

7 (12.5%) patients had infiltrative lobar lesions along
with focal changes. The pneumonia was localized in
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Figure 5. Multispiral computed tomography of the chest (1 mm slices)
on the 1% day of clinical symptoms of COVID-19 pneumonia. The
saggital reconstruction in MinIP mode showed extensive lesions in the
left upper lobe and the low intensity ground glass opacities in the upper
and lower lobes of the right lung

Puc. 5. MynbTucnupaibHas KOMIbIOTepHasi ToMorpadusi OpraHoB
IpyIHOM KJIeTKM (cpe3 1 MM) Ha 1-ii IeHb KIMHUYECKUX MPOsIBJICHUIA
COVID-19-accouunpoBanHoii mHeBMOHMM. [Ipu caruTranbHOi pe-
KOHCTPYKLIMU B MinIP-pexume BbISIBJIEHbI OOLIMPHBbIE WM3MEHEHUS
B BEpXHEI J0JIe JIEBOTO JIETKOTO, «MaTOBOE CTEKJIO» HU3KOI1 MHTEHCUB-
HOCTU B HUXKHEH M BEPXHE J0JISIX TPaBOro JIErKOTro

IT — Vlobes of the lungs. The focal ground-glass opacities,
dense infiltrations in the central zone, polysegmental infil-
trations, air bronchogram sign, thickening of the bronchi-
al wall, cobblestone sign in the interstitium, reticular con-
solidation of the interstitium, pleural reactions in the form
of pleural effusion and thickening, mediastinal lymphade-

Original studies « OpurHanbHbIe nccnegoBaHUA

nopathy, and dilatation of the peripheral pulmonary veins
within the lesions (Figure 6) were also found.

4 (7.1%) patients had atypical findings in the lungs.
3 (75.0%) patients had increased pulmonary vascularity
due to diffuse consolidation of the interstitium with dam-
age to both lungs and thickening of the bronchial walls.
No ground-glass opacities were found. 1 (25.0%) patient
had a bilateral lesion. Single ground-glass opacities asso-
ciated with a pronounced infiltration of the left lower lobe,
thickening of the bronchial walls and interstitial tissue,
and dilatation of the pulmonary veins were found.

Discussion

Analysis of the data of patients with suspected COVID-19
pneumonia showed that MSCT is a highly sensitive diag-
nostic method that reveals pathological findings in lung
tissue in the first days of the disease.

The most common signs of pneumonia are variable
ground-glass opacities (infiltration in the central zone,
unclear or blurred outer edges). The pulmonary vascular-
ity is intensified due to the cord-type interstitial edema,
a reticular macrostructure, up to the cobblestone appear-
ance. If the lesion is subpleural, the pleura is consoli-
dated. The most likely reason for the cobblestone sign in
the first days of the disease is the pronounced edema of
the interlobular interstitium associated with the ground-
glass opacities. The findings could be localized in any part
of the lung. The disease affected the alveolar tissue and
caused a reaction of the interalveolar and pulmonary in-
terstitium. We observed these CT signs of pneumonia in
the early days of COVID-19 in 32 (55.6%) patients.

13 (23.2%) patients had extensive infiltrations along
with the ground-glass opacities. The changes were main-
ly peribronchial, the bronchial walls were thickened due
to edema, and mediastinal lymphadenopathy developed.
Our data coincide with the opinion of most researchers
[I—11]. Only one publication did not confirm lymphade-
nopathy in patients with SARS-CoV-2 pneumonia [6].

Figure 6. Multispiral computed tomography of the chest (1 mm slices) on the 4" day of clinical symptoms of COVID-19 pneumonia: A, B, Axial
slices. The saggital reconstruction shows multilobar polysegmental lung damage, pericissuritis, high density lesions associated with the ground glass
opacities, air bronchogram symptom; C, Indurated and enlarged lymph nodes in the aortic window in the region of aortic arch

Puc. 6. MynbrucnupaibHas KOMITbIOTepHasi ToMorpacdusi OpraHoB TpyaHOU KiIeTKu (cpe3 | MM) Ha 4-il NeHb KIMHWYECKUX TPOSIBICHUIA
COVID-19-accounnpoBaHHOi NMHEBMOHUM: A, B — akcuanbHblil cpe3. CaruTrajibHasi peKOHCTPYKLMSI — MHOTO/I0JIEBOE IMOJMCErMEHTapHOe
MOpaXeHUe JIETKUX, TIEPUIIUCCYPUT, YIACTKU BBICOKOU TIOTHOCTU Ha (POHE «MATOBOTO CTEKJIa», CUMITTOM «BO3MYIIHON OPOHXOrpaMMbl»; C —
VIJIOTHEHHBIE, YBEJIUUEHHbIE TUM(aTHUecKue y3jbl B A0PTaIbHOM OKHE, 001aCTH AyTH a0PThI
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7 (12.5%) patients had infiltrative lobar changes along
with the focal findings. These cases of severe pneumonia
were characterized by extensive damage to the lung tissue
and polymorphic MSCT findings in the lung parenchyma,
bronchial wall, interstitium, pleura (in the form of pleural
effusion and thickening), mediastinal lymph nodes, and
peripheral pulmonary veins within the affected area.

Also, 4 (7.1%) patients with COVID-19 had atypical
MSCT findings in the lungs. These findings have not been
described in COVID-19 patients before and included a
pronounced increase in the pulmonary vascularity caused
by an interstitial consolidation (edema) and dilation of the
peripheral pulmonary veins along with the ground-glass
opacities.

The variable prevalence and inter-patient semiotics of
COVID-19 pneumonia indicate a variable response to the
infection. All authors emphasize the need to comply with
specific methodological requirements when performing
MSCT in patients with suspected pneumonia caused by
SARS-CoV-2. In particular, the scan should be performed
with thin slices, since the ground glass can be skipped in
slices of more than 5 mm [12]. However, we did not find
any references to the need for post-processing of native
MSCT data in the mode of minimum image intensity in
the available literature.

Note that MSCT signs of COVID-19 pneumonia can
appear earlier or later than the clinical symptoms. Several
authors report that the pathomorphological changes in the
lungs in the first days of pneumonia associated with SARS-
CoV-2 infection are mediated by dilatation and congestion
in the alveolar capillaries, exudation of fluid into the alveo-
lar cavity, and edema of the interlobular interstitium. These
processes are seen in the MSCT scan as single or multi-
ple ground-glass opacities, reticular consolidation of the
interstitium, fusing of the lesions, and the appearance of
high-density foci against the ground glass opacities [5—9].

Special attention should be paid to the differentiation
between pneumonia caused by SARS-CoV-2 and pneu-
monia of a different etiology. COVID-19 pneumonia
should be distinguished from pneumonia associated with
influenza, parainfluenza, adenovirus, human metapneu-
movirus, respiratory syncytial virus, as well as bacteri-
al and atypical pneumonias (mycoplasma, chlamydia,
and others). Some non-infectious diseases (vasculitis,
dermatomyositis, and organizing pneumonia) can cause
changes in the lung tissue similar to the ones caused by
COVID-19 pneumonia [13—17]. An important differ-
ential diagnostic sign of COVID-19 pneumonia, as op-
posed to the above-mentioned diseases, is that the typ-
ical findings can be located in any part of the lungs, the
changes are multifocal, and the ground glass symptom
can be combined with infiltrative changes and intersti-
tial edema. The breakdown of lung tissue in COVID-19
pneumonia does not lead to the formation of cavities.
The changes that are associated with viral pneumonia
of a different etiology, mycoplasma or chlamydial infec-
tion are localized mainly in the basal or hilar parts of the
lungs. Bacterial pneumonia is usually associated with
infiltrative changes in the alveolar tissue in specific seg-
ments or lobes. The infiltrations are often prone to de-
cay and are typically complicated by exudative pleurisy.

Bacterial pneumonia is not associated with the ground-
glass opacities [ 18].

In our opinion, pneumonia caused by SARS-
CoV-2 can be suggested after the comparison of MSCT
data with the clinical picture and after MSCT monitoring.

Conclusion

« MSCT at the early stages of COVID-19 pneumonia
shows a specific macrostructure that allows for a con-
clusion about the causative agent.

* Thin-section MSCT is a highly effective method for
diagnosing COVID-19 pneumonia and can be used
when patients show clinical signs of the disease or for
monitoring of persons who had contact with an infect-
ed patient.

* Post-processing of the native MSCT data in the mode
of minimum intensity projection provides additional
information about the macrostructure of the findings
and the state of the bronchi.

« MSCT is necessary for patients with suspected
COVID-19 pneumonia, especially in hospitals with
different specialization.
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Abstract

Pulmonary rehabilitation in COVID-19 patients with pneumonia is associated with better treatment outcomes. However, existing protocols have
never been evaluated in randomized control studies. The aim. To evaluate the effectiveness of newly-developed pulmonary rehabilitation protocol
compared to basic Russian COVID-19 guidelines for patients with oxygenation index (OI) between 200 and 400 points without IMV. Methods.
Based on literature reviews and own clinical experience, standard rehabilitation protocol was designed and tailored for specific needs of low-OI
patients. Two clinical centers participated in the study and included total 73 patients in main group. Control group included 73 retrospective patients
based in propensity score; this patients received standard protocol of early pneumonia activation from official COVID-19 guidelines. Ten-days
clinical outcomes were assessed based on parameter distribution type. Results. Evidence show significant difference in required time of continuous
oxygen support in (5.1 £ 3.3 vs 8.0 £ 4.6 days for main and control group respectively. Main group also had mildly better functional. We’ve observed
less mortality in main group, but attribute it not to the program, but for growing experience of health professionals and decreased loads on health
system. Malignancy as comorbidity was considered a significant cofactor also. Conclusion. New pulmonary rehabilitation protocol improves clinical
outcomes in critical COVID-19 patients by decreasing the demand fox oxygen support.

Key words: rehabilitation, COVID-19, breathing exercises, oncology, survival rate.
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Pesome

TTpu UCroNb30BaHUM JIbIXaTEJIbHON peaduauTauMKu MPU MHEBMOHMU, aCCOUMMPOBAHHON C HOBOW KopoHaBupycHoil uHdekuueit (HKW),
OTMEYEHO YJIyUIIeHUE Pe3yabTaToB JiedeHnsA. OMHAKO TUIIOBBIE TIPOTOKOJIBI BIXaTEIbHON peadMINTALINN IS TSKEBIX (hOpM KOPOHABUPYC-
HOM MTHEBMOHUH IT0 TAHHBIM PAaHIOMU3UPOBAHHBIX UCCIIEIOBAHMIA 0 HACTOSIIIIEr0 MOMEHTA He OLIeHUBAINCE. 1lebio paHIOMU3MPOBAHHOTO
KJIMHUYECKOrO MCCIeI0BAHUSI, TIPOBEACHHOIO B 2 KIMHUYECKUX LIEHTPAX, SIBUJIOCH onpeneieHre 3hMeKTUBHOCTH MPOTOKOJIA IbIXaTeIbHON
peabuauTal y OOJIBHBIX ¢ MHAeKCOM okcureHannu < 400 u > 200 mpu caMOCTOSITEIBHOM IBIXaHWH VI KMCJIOPOIHOM MOAIEPKKE IO CPaB-
HEHMIO ¢ MalKMeHTaMHU, Y KOTOPBHIX peabuIuTals He MpoBoaMIach. Marepuaisl M MeToabl. B rccienoBaHUM MPUHSIIN yYacTHe MAalleHThI
(n=146) c IH, oTroGpaHHbIe METOIOM PETPOCIIEKTUBHOM TICEBIOPAHIOMU3AIINU cpelr OOJBHBIX, TPOXOIUBIINX JeueHre paHee. Pa3paboTan
IIPOTOKOJI M3 5 TOCIEI0BATEIbHBIX YIIPAXKHEHUI IbIXaTeIbHOM TMMHACTUKY. [laleHTaM OCHOBHOM TPy (1 = 73) K JIEUEHUIO B TE€UEHUE
10 mHeit moGaBiieHa MccaeayemMasl peabMIMTAalMOHHAasl TIporpaMMa, 3aTeM OLICHUBAIKNCh pe3yabTaThl. PesyabraTel. [loydyeHo TOCTOBEpHOE
pazrure MpOIOJIKUTETIbHOCTH HEPEPBIBHON KMCIOPOAHOMN MomnepKKu Mexmy rpyrnamu (5,1 = 3,3 nus vs 8,0 £ 4,6 nus). [lpu ananuse
B TOATPYIINAaX BaXXHOW CaMOCTOSATEIbHOW KOBapuaTOil MCXOJa 0Ka3aJoCh HalMUMe OHKOJIOTMYECKOro 3abosieBaHus. 3akimwdenue. [1pu
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HCIIOJIb30BAHUU KOMIUIEKCa JieyeOHOM (U3MUECKOil KyJIbTyphl B ocTpoM mepuone teueHuss HKW moBeimaetcst apheKTUBHOCTD JieUeHUsT
32 CUET PaHHEro CHUXXEHHUsI MOTPEOHOCTU B KMCIOPOAHON MOAAEPKKE, YCKOPEHHOI HOpMaliu3aluMd MHAEKCAa OKCUTeHAIMU, MOBBIILICHUS

TOJIEPAHTHOCTH K (DU3NIECKON HArpy3Ke.

Kimouesble ci10Ba: peaOvinTaiusi, HOBasi KOpOHaBUPYCHast MH(MEKLNs, IbIXaTeIbHAsi TMMHACTUKA, OHKOJIOTHSI, BBDKBAEMOCTb.
KondamkT uaTepecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUM KOH(JIMKTA MHTEPECOB.

s uutuposanus: JisinoB K.B., Konesa E.C., [Monywkun B.I., Cynaranos 3.10., Jlykamun M.A. [lpixaTenbHasi peabuautaiust y G0JbHbBIX
BUPYCHOW MTHEBMOHUE Ha (hoHe HOBOW KOpoHaBUPYCHOU nHbekmn. [Tyasmononoeus. 2020; 30 (5): 569—576. DOI: 10.18093/0869-0189-2020-

30-5-569-576

The new COVID-19 infection (NCI) created an un-

precedented challenge to healthcare systems around the

world. The combination of high virulence with a severe

course of the disease, in the clinical picture of which vi-

ral pneumonia phenomena dominate, resulted in a sit-

uation where in-patient departments quickly filled with
patients who have confirmed COVID-19 infection or

suspected of it [1].

Early activation improves the prognosis for the life
of patients with severe pneumonia in an evidence-based
manner [2]. However, clinical practice showed that for
COVID-19 infection, it is relevant to develop specific re-
storative complexes with respect to the extremely high
risk of breathing with resistance and severe astheniza-
tion of patients. In addition, in the context of the NCI
pandemic, the problem of attracting professional exer-
cise therapeutists and instructors for these tasks, the de-
ficiency of which was observed earlier, becomes especial-
ly acute. This makes it desirable to use techniques that
are available to all personnel involved in the treatment of
patients, as well as suitable for their implementation by
patients themselves. Finally, while the researchers pro-
posed several options for rehabilitation protocols for the
new COVID-19 infection, there were no comparative
studies between them — this does not allow making a de-
finitive conclusion about the reasonability of their inclu-
sion in the treatment program [3].

This paper describes a clinical study comparing the ef-
fectiveness of the respiratory rehabilitation protocol devel-
oped by us with the standard treatment of patients with the
NCI complicated by respiratory failure.

The purpose of the study was to evaluate the effective-
ness of the respiratory rehabilitation protocol in patients
with the oxygenation index between 200 and 400 on spon-
taneous breathing or with oxygen support in comparison
with patients without rehabilitation support.

Objectives:

* To create the protocol for the first stage rehabilita-
tion of patients with the COVID-19 infection under
the conditions of respiratory failure based on literature
data and clinical experience.

* To select the treatment group from among patients
who meet the inclusion and exclusion criteria and re-
ceived an appropriate early rehabilitation according to
the protocol.

* To form the comparison group using the pseudo-ran-
domization method from the number of patients who
meet the inclusion and exclusion criteria, but have not
received an appropriate early rehabilitation according
to the protocol.

* To compare clinical results in the two groups.

Materials and methods
Study design

Primary endpoint was the period from the start of treat-
ment to the refusal of oxygen support

Secondary endpoints:

* Frequency of transferring patients to artificial lung
ventilation (ALV)

* Dynamics of the oxygenation index measurement.

« Evaluation of subjective general state according to

SF-36 on the 1*t and 10" days.

* Break-in exercise therapy for 2 or more days.
« Patient survival rate in 10 days from starting exercise
therapy.

In our opinion, the duration of the period from start-
ing the treatment to normalizing oxygenation sufficiently
to terminate the oxygen support is the most adequate in-
dicator of the effectiveness of treatment for assessing the
significance of the proposed protocol.

Endpoints 3 and 4 were ultimately excluded from
the study because of the impossibility of collecting rel-
evant data in the control group due to the lack of this
information in the source medical records. To ensure
data collection, endpoint 3 was replaced with data from
medical records for self-care of patients, who, accord-
ing to the literature, can make an adequate contribution
to the assessment of the program [4]. To assess the in-
dicator, a binary model was used, in which “1” corre-
sponded to patients who were able to get out of the bed
on their own, dress themselves to a limited extent and
move around the ward at the end of 10 days, and “0”
corresponded to those who could not perform any of
these actions.

After releasing several updates to the temporary proto-
col of the Ministry of Health of Russia on the treatment
of the new COVID-19 infection in the course of the study,
as well as an obvious increase in clinical experience, we
decided to put aside the assessment of the survival rate as
an endpoint. In our opinion, a sufficient number of funda-
mental changes were added to the treatment protocol that
directly affects the survival rate. However, we included the
survival rate in the study summary for the interpretation of
the ANOVA data.

Inclusion criteria:

* Age over 18 years old;
» Patients with the 10 < 400 in the ICU.

Exclusion criteria:

» Patients on ALV;
* Patients with the 10 < 200;
« Patients inaccessible to the productive contact;
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+ Patients with the following contraindications (exten-
sive contractures of the extremities; severe pain syn-
drome; ostomy patients; patients with severe decom-
pensation of a concomitant disease);

+ Patients who cannot leave the pron position without
a prolonged (over 2 minutes) cough or a steady de-
crease in oxygen saturation by more than 3%;

+ Patients who did not comply with the protocol during
the study.

Comparison groups. The treatment group consisted of
the patients who met the inclusion criteria, had no exclu-
sion criteria, and underwent the selected rehabilitation
program.

The control group consisted of the patients who un-
derwent pseudo-randomization according to archival
data. The control group was formed by the pseudo-ran-
domization method after assessing the nature of the pa-
rameter distribution using the Kolmogorov—Smirnov
method; parametric distribution was carried out by
Student’s t-test, binary distribution was carried out by
McNamar’s x> test, and non-parametric distribution
was carried out by Mann—Whitney’s U-test. Pseudo-
randomization in the retrospective group was performed
based on the concordance of the sample by the following
parameters:

* Gender;

« Age;

* Oxygenation index at the date of starting the treat-
ment;

» Therapy with tocilizumab;

¢ CIRS (Cumulative Illness Rating Scale) [5].

Analyses in subgroups:

* By gender and age groups;

* By the number of accompanying complications;

+ Bythe APACHE/SOFA index;

* By the frequency and multiplicity factor of the exercis-
es performed,;

+ By routing the start of the exercise therapy (initial ad-
mission to the ICU in compliance with the inclusion
criteria; transferring to the ICU for deterioration and
in compliance with the criteria; transition to exercise
therapy after ALV).

Estimated number of patients

100 people in each of the main and control groups or
reaching the first endpoint.

Patient selection principle

Patients were included in the study on the first day of
admission to the ICU if they met the inclusion criteria and
had voluntary informed consent for participation in the
study. The distribution into groups was carried out ran-
domly. Rehabilitation assistance was provided according
to the protocol specifying the actual number of exercises
performed. The endpoints were assessed for 10 days.

Data analysis

The database was formed based on source medical
records in SPSS Statistics (IBM, USA). The odds ratio
(with a significant difference of 3% and 95% CI) was cal-
culated for the primary endpoint. The ANOVA analysis by
subgroups was carried out for the primary and secondary
endpoints.
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Group recruitment and treatment

The recruitment of groups was carried out on
a multi-center principle with the participation of two clin-
ical centers: City Clinical Hospital No.40 of the Moscow
City Department of Health and Mytishchi City Clinical
Hospital, State Budgetary Institution of Health Care of
the Moscow Region. The selection and rehabilitation
process at the clinical center ware managed by a full-time
exercise physician or the Head of the ICU, and the ac-
tual implementation of patient education was carried out
by doctors, nurses and/or volunteers of the clinical base,
whose competence included control of the frequency and
accuracy of exercises by patients.

Treatment protocol

Protocol development

The protocol was developed based on the analysis of
literature data and our own clinical experience. The work
of Chinese specialists, from which we made three main
conclusions about the factors that directly affect the ef-
fectiveness of the early rehabilitation process, formed a
methodological backbone of the protocol:

» Rehabilitation should begin as early as possible, as
soon as the patient’s condition allows, to prevent the
vicious circle of asthenization, weakening of the respi-
ratory muscles, and worsening respiratory failure.

» There is a high risk of further damage to the lung tissue
with techniques that significantly increase resistance to
expiration or force expiration.

» Rehabilitation techniques in the format of respiratory
exercises, which mainly stimulate the auxiliary respira-
tory muscles, improve the indicators of external respi-
ration function in an evidence-based manner [6—11].
In the Chinese research protocols, traditional Chinese

exercises were mainly used; however, due to the lack of
prior experience working with it, the Chinese exercis-
es were replaced with traditional ones in Russian exer-
cise therapy, with respect to the recommendations for the
muscle groups involved.

In the period from March to April 2020, the protocol
was tested within the separate exercises, performed first
by patients with mild respiratory failure (with the 10 over
400 and breathlessness), and then by individual patients in
the ICUs. During approbation, the initial list of exercises
for ICU patients was reduced to 5, which was close to the
maximum tolerable one-time physical activity on the one
hand and made it possible to quickly train patients and
staff on the other hand.

To ensure the greatest availability of data, the reference
performance of the exercises with comments was recorded
in a video lesson format, which was then posted on a pub-
lic website on the Internet. Given the absence of any data
on how long a patient should do respiratory exercises, we
recommended all patients to continue the exercises until
the health authorities form a procedure for screening and
rehabilitating such patients, and for this purpose, we also
recorded specific videos with the entire complex of exer-
cises and instructions on their own implementation tested
by us.

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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Formalized protocol
For the first time, the exercises shall be performed
jointly by the patient and medical staff; then the medi-
cal staff shall control the patient’s doing exercises him-
self/herself.
The exercises shall be performed only in the presence
of productive contact with a patient, with a properly
operating oxygen saturation sensor put on.
The supine position shall be a starting position.
The exercises shall be repeated 3 to 10 times, in a giv-
en order (Table 1). The frequency of approaches is 4 —
6 per day at a patient’s request, while the range and
number of repetitions performed within one approach
shall not be regulated. If less than four approaches
were performed per day, the mark “no exercises were
performed” was recorded in the research protocol for
such a patient.

The exercises shall be terminated under the following

conditions:

— Ifinitial SaO, > 92: with a decrease in SaO, below
88. If the indicator is restored within 30 seconds or
less, it is possible to continue the exercise.

— Ifinitial SaO, was within the range of 87 — 92: with
a decrease in Sa0, below 80. If the indicator is re-
stored within 30 seconds or less, it is possible to
continue the exercise.

— If initial SaO, < 80 (a sensor malfunction is sus-
pected; the current acid-base balance should be
clarified): the exercises shall be performed only in
the presence of the attending physician.

— In the case of the patient’s complaints of severe fa-
tigue, weakness, dizziness, or nausea, the exercises
shall be terminated at any time.

Table 1

Order and description of program’s excercises
Tabauua 1

Ilopsadok u onucanue ynpasxcnenuii npoepammol

The exercises were performed in the order shown in
Table 1.

Compliance with Ethical standards

The study protocol and the patient’s brochure were ap-
proved by the Protocol No.2 of the Ethics Committee
of the City Clinical Hospital No.40 of the Moscow City
Department of Health, State Budgetary Institution of
Health Care of the City of Moscow, dated May 11, 2020.
All study participants signed informed voluntary con-
sent in accordance with the Declaration of Helsinki.
Patients who refused to participate in the study re-
ceived standard treatment in accordance with the cur-
rent edition of the Interim Methodological Guidelines
for the Prevention, Diagnostics, and Treatment of the
New COVID-19 Infection and (since 21.05.20) in ac-
cordance with the Interim Methodological Guidelines
for Medical Rehabilitation in the New COVID-19 in-
fection.

In total, 146 patients were included in the study: 73 pa-
tients each in the treatment and control groups. The gen-
der and age structure of the patients studied and the in-
dicators selected for calculating the Propensity score are
presented in Table 2.

Results and Discussion

During the study, the primary endpoint was reached with
a significantly lower need for oxygen support in the treat-
ment group. The results were systematized in Table 3.

Table 2

Pseudo-randomization parameters structure
Tabauua 2

Xapaxmepucmuka nayuenmos uccaedyemuix epynn
no napamempam nceedopandomuzayuu

No. Description
Parameter Treatment Control Significance
In the starting position, the patient shall make breathing-in. Then sliding group group of differences
1 the heel along the bed, the patient shall bend his/her leg in the knee and
make breathing-out to painless level Group size 73 73 <0.05
Hands to the shoulders, spread the elbows to the sides - the patient shall 0 <
o make breathing-in. Then lower the elbows, press them against each other Males, % 313 534 0.05
to the chest and bend in the stomach (if possible) - the patient shall make
breathing-out Average age 59.2+144 60.3£15.3 <0.05
Support on the elbows, raise the chest - the patient shall make breathing- BMI 272144 292139 >0.1
3 in. Then straighten the arm diagonally and make a reach for the arm by
tearing off the shoulder blade - the patient shall make breathing-out Average oxygenation index
(“Boxing” exercise) at the date of starting 330436 332454 <005
the treatment
One hand is behind the head. Twist the body in the opposite direction (with
the pelvis staying the same place) and with the other hand clapping Patients receivin
4 himself/herself on the side on the ribs - the patient shall make breathing- tocilizumab. % 9 5.4 6.8 <0.05
in. Then take the starting position with the hand put behind - the patient ’
shall make breathing-out
Cumulative lliness Rating
Being supported by the elbows, raise the chest so that the shoulder blades 31?:;::"2‘2;)(&"?3'6)’ 34123 33:28 <0.05
5 go towards each other - the patient shall make breathing-in. Then relax - g
the patient shall make breathing-out ‘
Note: BMI, body mass index.
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Table 3
Study results
Tabauua 3
Pezyavmamut uccaedosanus
n Treatment Control ;
Endpoint group group Difference
The period from the start -
of treatment to the 51433 80446 S(lgr:lgcoasn)t
refusal of oxygen support ped
Daily average dynamics N
of changes in the £283£300 $£143$323 S('gﬂ'gcoasr;‘
oxygenation index ped
Self-service status Non-significant
assessment IS L (p=0.12)
Fatal outcomes, n (%) 1(14) 4(55) ?;92'3'32?*‘
Transfer to ALV after 2(27) 6 (5.5) Non-significant

treatment, n (%) (p=0.17)

Note: ALV, artificial lung ventilation; *, They were excluded from the study analysis.

As the data in the table show, the study reached the
primary endpoint — there is a significant difference in
mortality rates between the groups. At the same time, the
interpretation of the result requires several clarifications
presented below and related to the peculiarities of patient
selection in studies without the existing standard compar-
ator intervention.

When analyzing the subgroups, no significant differ-
ences were revealed in age and sex. Among concomitant
diseases, the difference in mortality rates in the presence
of an oncological disease detected in 8 patients and ac-
companied by 3 (37.8%) fatal outcomes turned out to be
significant. Moreover, cancer turned out to be a signifi-
cant covariate of another indicator — exercise tolerance in
those patients in whom it was managed to reliably measure
it. At the same time, the ANOVA analysis did not reveal
significant outcome covariates among the parameters en-
tered.

When evaluating data on the mortality rate, it is nec-
essary to take into consideration a combination of or-
ganizational and methodological factors, which, in
our opinion, do not allow us to say about the presence
of a causal relationship between this indicator and the
treatment performed. First of all, most of the patients of
the treatment group entered it in the period from May
to June 2020, when the treatment protocols for patients
with the new COVID-19 infection were well developed,
and doctors gained experience in working with this cate-
gory of patients. In contrast, the majority of the patients
in the control group entered it in the period from March
to April 2020 when many treatment principles were still
being developed. It is necessary to say that during May,
hospital occupancy also began to decrease, which led to
the fact that the medical staff burden became lower, and
they were able to more efficiently allocate time between
patients.
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In addition, attention should be drawn to the fact
that in the existing method of patient selection, the
treatment group definitly consisted of the patient con-
tingent motivated for active prevention, while the con-
trol group, among other things, could have a high pro-
portion of low-active patients with the severe depressive
syndrome, high subjective asthenization, and low cul-
ture of physical activity in general. This is partly sup-
ported by a significantly higher BMI of the patients in
the control group.

With regards the analysis in subgroups, the result is
probably self-evident — the patient group was quite ho-
mogeneous in terms of age and sex composition, while
patients with oncological diseases, especially those who
underwent the course of anticancer therapy, dramatical-
ly stand out against it by the severity of their condition
[12, 13].

The lack of ANOVA analysis results can be explained
by two main classes of reasons having the opposite di-
rection to a certain extent. First of all, probably, there
were too many parameters for the relatively small sam-
ple, even for the minimal list of partition that was used
in the study. And secondly, a large number of factors
that could turn out to be significant covariates were not
taken into consideration: for example, the study did
not involve using the depression scale, recovery moti-
vation scale, assessment of haemocoagulative parame-
ters, interpretation of signs of a systemic inflammatory
response in individual indicators (levels of interleukins,
TNF-a, etc.). Moreover, we used the integral comor-
bidity parameter, while the literature data highlight very
specific and diverse predictors of fatal outcomes de-
pending on the number and nature of the concomitant
disease [14—21].

Providing insight into the prospects for further study-
ing the topic, we consider it reasonable to develop a com-
parator program with conducting a further study on their
comparative assessment in conditions of COVID-19 in-
fection. However, the primary objective is to form the
evidence base for the first stage of rehabilitation in un-
complicated patients, as well as the second and third
stages of rehabilitation. From our point of view, these
objectives are largely related, since only the specification
of the long-term medical and social effects of the new
COVID-19 infection can give a clue to promising reha-
bilitation methods.

The use of larger samples allowing to better estimate
the outcome covariates, in our understanding, is not rea-
sonable, since the presented technique is only an auxilia-
ry tool of the treatment protocol. And in contrast, com-
paring different early rehabilitation protocols as covariates
in large population studies devoted to different complex
treatment protocols can come useful.

In such a way, currently, we can say for sure that the
proposed algorithm of respiratory exercises significantly
accelerates the recovery of patients with severe respiratory
failure against the background of the new COVID-19 in-
fection, and it is associated with a better life prognosis for
them. It is currently impossible to conclude the long-term
effects of rehabilitation, but this assessment is included in
our research strategy.
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Conclusion

Using the complex of exercise therapy in the acute peri-
od of the new COVID-19 infection reduces the need for
oxygen support in patients with respiratory failure and
the oxygenation index of more than 200 and less than
400 against the background of the new COVID-19 in-
fection. This results in a decrease in the inpatient unit
burden under the epidemic conditions, and it was asso-
ciated with an accelerated recovery rate of patients and
reduced rates of transferring to ALV and mortality rates,
for which, however, there were probably more significant
success cofactors.
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Abstract

This publication is devoted to the ultrasound method of lung examination, which has gained particular relevance during the pandemic of the new
coronavirus infection 2019. The lecture discusses the general provisions of lung ultrasound, ultrasonic signs of lung damage, features of ultrasound
semiotics in the viral nature of lung lesions, differences from the bacterial nature of lung damage, presents aspects of the use of lung ultrasound during
the pandemic of the coronavirus infection 2019. The lecture is based on the experience of domestic and foreign researchers, as well as on the authors’
own experience, which demonstrates the value of this method both in intensive care units and in a therapeutic clinic.
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C HOBOW KopoHaBupycHou uHdekumen COVID-19
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Pesome

JlanHasg nmyOauMKauus MoCBsIleHa YJIbTPa3ByKOBOMY METOY MCCIIeIOBaHUS JIETKUX, KOTOPBII Mprobpes 0co0ylo aKTyaJlbHOCTb B IEPUOJ MTaH-
JIeMUU HOBOM KopoHaBupycHoit uHdekiun COVID-19. PaccMoTpeHbl 0011Me TTOJIOXEHUS YIbTPAa3BYKOBOTO MCC/IEIOBAHMS JIETKUX, YJbTpa-
3BYKOBbIE TTPU3HAKU MTOPAXKEHUSI JIETKHUX, OCOOEHHOCTH YJIbTPa3BYKOBOM CEMUOTUKH NPU BUPYCHOM MOPaKEHUU JIETKUX B OTJIMYUE OT OaKTe-
PUMAJILHOTO TOPaXKeHUs JIETOYHOM TKaHU, IMPEACTaBJICHbl aCTeKThl MPUMEHEHUS YIbTPa3BYKOBOTO MCCJIENIOBAHUS JIETKUX TPU MaHIAEMUU
kopoHaBupycHoii uHdexm COVID-19. [Tybaukaiyst ocHOBaHa Ha OTIBITE OTEYECTBEHHBIX M 3apYOEKHBIX UCCIIeIoBaTeNe, a TaKkKe Ha co0-
CTBEHHOM OIIBbITE aBTOPOB, IMPOJEMOHCTPUPOBAHA LIEHHOCTh AAHHOIO METOJA KaK B YCJIOBMSIX OTIEJIEHUS MHTEHCHUBHOMN Teparnuu, Tak
U B TEpPareBTUUYECKON KIMHUKE.

KiroueBble clioBa: yJbTpa3ByKOBOE MCCIENOBAaHUE JIETKUX, YIbTPa3BYKOBbIC apTeaKThl, KOHCOIMIALMS, TOPAXKEHUE JIETKUX, KOPOHABHUPYCHAs
uHbekuus.

KondamkT unTepecoB. ABTOPHI 3as1BJISIIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

st mrtupoBanust: Hexkmonosa I'.B., Anees C.H. YibpTpa3ByKoBoe MCCIENOBAHUE JIETKHUX: BO3MOKHOCTH JUATHOCTUKU ITOBPEXKIECHMSI JIETKHX,
ACCOLIMMPOBAHHOTO ¢ HOBOM KopoHaBupycHou nHbekimeir COVID-19. ITyavmononoeus. 2020; 30 (5): 577—586. DOI: 10.18093/0869-0189-2020-
30-5-577-586

Lung ultrasonography (U/S) has become popular mostly
in intensive care units and emergency departments and
gained acceptance as a useful bedside diagnostic tool for
detecting some thoracic pathologies [1—3]. At present,
doctors more and more often use lung U/S not only in
emergencies, but also in therapeutic divisions as an ad-
junctive tool to diagnose pulmonary disorders, including
pneumonias [4, 5]. R. Copetti made a good point by saying
that it is high time to consider ultrasound the best stetho-

scope in our hands [6], and this modality should be as
widely introduced in our clinical practice as the stetho-
scope, which is the symbol of the medical trade and doc-
tors’ skills. So far, considerable knowledge and experience
has been accumulated suggesting its high diagnostic signif-
icance and safety, which is coupled with its convenience
and ability to provide rapid information. Ultrasonography
can be performed using fixed or portable ultrasound ma-
chines with various degrees of technical sophistication.
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The following types of transducers can be used: standard
convex, micro-convex, and sector transducers with a fre-
quency range of 1 — 6 MHz and linear transducers with a
frequency range of 6 — 12 MHz reserved for evaluation of
superficial structures and the pleura [7, 8]. This examina-
tion can be carried out when the patient is sitting or lying if
there is a possibility to turn him or her to the side opposite
the side being examined.

Depending on the purpose of the examination and
time limitations, ultrasound scanning can be done in each
lung intercostal space, with 72 zones being examined, or
the number of scanned sites can be reduced [9]. It has
been shown that reducing the number of scanned zones to
14 does not significantly influence the examination results
[10]. For intensive care units, some authors [ 11] proposed
the Bedside Lung Ultrasound in Emergency (BLUE) pro-
tocol with only six areas of investigation (three on each
side of the thorax). Such units quite often use a more
comprehensive protocol with 8 — 12 zones of examina-
tion [12, 13].

During the pandemic of the novel coronavirus infec-
tion 2019 (COVID-19), lung U/S stimulated particular
interest and become a promising target for further devel-
opment. Before discussing U/S signs of lung damage in
patients with COVID-19, we will look at the overall po-
tential of ultrasonography for examination of the lungs.

At the time of development and introduction of ultra-
sound diagnostic techniques, doctors avoided using them
for a lung examination. Indeed, in normally aerated lung
tissue the largest portion of an incident ultrasound signal
is reflected from the air. The U/S wave reflection coef-
ficient for air is 750 times higher than for a fluid medi-
um [7]. Thus, unaffected lung tissue cannot be visualised
(Figure 1). However, morphological abnormalities and
thus changes in the physical properties of lung tissue re-
sult in the appearance of acoustic effects that can be de-
tected by ultrasound.

Reduced aeration of lung tissue and its increased den-
sity greatly facilitate the transmission of an ultrasound sig-
nal to deeper layers of lung tissue, and in zones of consol-
idated tissue penetration of ultrasound waves is almost 50

times higher [7]. It is important to note that consolida-
tion can be observed not only in various types of pneu-
monia, but also in other pathologies accompanied by an
increase in lung density, such as atelectasis of various
causes, pulmonary embolism, tumours, and lung con-
tusion [12]. Consolidation appears as a hypoechoic zone
with an ultrasound pattern similar to that of liver (the tis-
sue-like sign). For this reason, this pattern is referred to
as lung hepatisation, which actually means consolidation
[14]. Nevertheless, ultrasonography fails to detect consol-
idations that do not extend to the pleura because, as men-
tioned above, the layer of normally aerated lung tissue re-
flects ultrasound waves.

Consolidations can be of different shape and size,
which is important for differential diagnosis. For exam-
ple, an inflammatory consolidation appears as an area
of irregular shape, which is not true for pulmonary in-
farction, carcinoma, or metastases. The pleural line over
a lung consolidation may be seen as a less well-defined,
fragmented hypoechoic line. Inflammatory lesions are
separated from normal aerated lung tissue by irregular, in-
terrupted, a bit blurred borders with a staircase appear-
ance [14, 15] (Figure 2).

The air bronchogram sign and its severity are import-
ant features of consolidation [14]. This sign is seen as the
presence of acoustically dense hyperechoic structures
appearing as small linear inclusions, small focal lens-
shaped lesions or ramified structures (Figure 2). It is
caused by the presence of air in the small bronchi [16,
17]. Areas of consolidation may show either relatively
even or uneven distribution of these echo-positive struc-
tures. Another possible feature is the dynamic air bron-
chogram, i.e. hyperechoic structures moving with the re-
spiratory cycle, the presence of which is explained by air
movement during inspiration. The dynamic air broncho-
gram is defined as progression of the air bronchogram
in inspiratory time toward the periphery (centrifugally).
The presence of this sign in an area of consolidation is
the most specific sign of pneumonia and rules out pul-
monary atelectasis due to occlusion of a proximal bron-
chus [15, 18].

Figure 1. Ultrasound image of unchanged lung tissue (from the personal
archive of G.V.Nekludova)

Puc. 1. YapTpasBykoBoe n300paxkeHre HEM3MEHEHHOU TKaHU JIETKOTO
(u3 1uuHoro apxuBa I'.B.Hekio10Boit)

Figure 2. Ultrasound image of the lung consolidate (tissue-like sign), air
bronchogram (arrows) (from the personal archive of G.V.Nekludova)

Puc. 2. Ynbrpa3BykoBoe u3o0paxkeHue KoHconunarta (fissue-like sign)
BO3AYLIHOW OpoHXxorpaMmbl (cTpeiaku) (M3 JIMYHOTO apxuBa
I'.B.HekitonoBoii)
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Figure 3. Ultrasound image of blood flow in the lung consolidate. Doppler blood flow analysis in the energy scanning mode shows
increased vascularization, regular vascular pattern (from the personal archive of G.V.Nekludova)

Puc. 3. yﬂpraSByKOBOe 1/1306pa)KCHI/IC KPOBOTOKAa B Y4aCTKE€ KOHCOJIMOAAIN JIETOYHOM TKAHU. ﬂ.Ol’lJ’lepOBCKOC HCCIeaoBaHne
KPOBOTOKA B PE2KMME DSHEPIreTUYCCKOIro CKaHMPOBAaHUS IEMOHCTPUPYET YCUJICHUE BACKYJIsApU3alluH, COCy,L[I/ICTbII‘/’I PUCYHOK pery-

JsipHbIi (13 inaHoro apxusa ['.B.Hexkmonosoit)

Lung ultrasound may also show anechoic tubular flu-
id-containing structures, which represent fluid-clogged
bronchioles, with surrounding consolidated lung. This
phenomenon is referred to as the fluid bronchogram sign
[2, 14]. The presence of this sign and its severity are also
helpful diagnostically in identifying the causes of consol-
idation.

An important step in the evaluation of a consolidation
area is an assessment of its vascularity, which could be in-
creased or reduced with either a normal regular (Figure 3)
or abnormal distorted vascular pattern [19, 20]. Analysis
of these features is important in the differential diagnosis
and the identification of the underlying causes of consoli-
dation.

As the attenuation coefficient of ultrasound in fluids
is minimal, ultrasonography is highly sensitive and high-
ly specific for the detection of fluid in the pleural cav-
ity and is superior in this regard to chest X-ray [21, 22].
Ultrasound can easily detect pleural effusion and, besides
identifying the fluid itself, it can also provide detailed in-
formation about its location and nature, amount of flu-
id, and the condition of the pleural surfaces. It should be
noted that lung U/S is more sensitive than chest X-ray for

detecting not only pleural effusion, but also pneumotho-
rax [23, 24].

In addition to identifying certain really existing pul-
monary structures, ultrasound scans may show addition-
al ultrasonographic effects representing acoustic arte-
facts. There are two main patterns of artefacts. The first,
called A-lines, is reverberation artefacts that are generat-
ed by multiple reflections of the ultrasound waves at the
pleura and appear as repetitive, horizontal, hyperechoic
lines deep to the pleural line displayed at regular intervals
(Figure 4). This artefact is indicative of normal or exces-
sive amount of air in the alveolar spaces [9].

The most important ultrasound artefact is the one
called B-lines, which are signs of an increased lung densi-
ty and its reduced aeration [3, 11, 25]. On ultrasound scans
they are seen as hyperechoic lines that originate from the
pleural line and traverse the entire ultrasound screen verti-
cally to the opposite edge. These hyperechoic lines extend
radially, appear as a laser beam, and move in synchrony
with lung sliding (Figure 5). B-lines appear when ultra-
sound waves reach the interface between a thickened in-
terlobular septa and air-filled alveoli, i.e. the interface be-
tween two media with very different acoustic impedance,

Figure 4. Unchanged lung tissue. Thin echo-positive pleural line (red arrow), A-lines (yellow arrows) (from the personal archive of
G.V.Nekludova)

Puc. 4. HeusmeHeHHas1 jeroyHasi TKaHb. TOHKasi 3XO-TIO3UTUBHASI TUIEBpajibHAsl JTUHUS (KpacHasi cTpesika); A-JTUHUU (KeIThie
CTpesIKM) (ceBa — KOHBEKCHBII JaTUMK, ClipaBa — JMHEWHBIN 1aT4uK) (13 J1nyHoro apxusa I'.B.HekimonoBoii)
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Figure 5. Ultrasound image of the B-line artifact (arrow) (from the per-
sonal archive of G.V.Nekludova)

Puc. 5. YnbrpasBykoBoe nzodpaxeHue apredakra B-muHun (cTpeska)
(n3 mnuHoro apxusa I'.B.Hexionosoit)

which results in multiple vertical reverberations. This U/S
phenomenon is not a specific sign, but it is characteris-
tic of interstitial changes (interstitial syndrome). For in-
stance, it can be observed in lung atelectasis, pneumonia,
lung contusion, pulmonary embolism, diffuse parenchy-
mal lung diseases, cardiogenic pulmonary oedema, and
acute respiratory distress syndrome (ARDS) [3]. With
progression of interstitial changes, B-lines become more
numerous (Figure 6) and confluent (Figure 7), resulting
in a single hyperechoic area in the most advanced cases.
This phenomenon is referred to as white lung appearance
(or the waterfall sign, which is seen when the transducer is
placed longitudinally, perpendicular to the ribs) and rep-
resents alveolar-interstitial syndrome.

In different cases, depending on the etiology of inter-
stitial syndrome and the severity of the pathogenic pro-
cess, the pleural line can appear normal (not more than
2 mm thick) or thickened and be regular and smooth or
irregular and interrupted [26] (Figures 6, 7).

It should be emphasised that since features and arte-
facts detected by U/S are not highly specific, they need
to be thoroughly and comprehensively assessed together
with clinical and laboratory data as well as findings detect-
ed by physical examination and additional investigations.
This will definitely enlarge the diagnostic potential of so-
nography and improve the quality of diagnostic services
in general.

As mentioned above, it was during the spread of coro-
navirus infection that this imaging diagnostic modal-
ity received enormous attention. What was the reason
for such popularity of lung U/S during the pandemic of
COVID-19?

Chest computed tomography (CT) is indisputably the
tool of choice and the “gold standard” for the diagnosis of
pulmonary damage. However, CT is not always available
in intensive care units. Moreover, there are some limita-
tions to using CT during a pandemic, including a large
number of patients requiring diagnostic testing and treat-
ment, the high infectivity of SARS-CoV-2, risks of trans-
porting patients with hypoxemia and unstable haemody-
namics, and difficulties associated with disinfection of CT
scanners.

Some pilot studies have already demonstrated a cor-
relation between the results of diagnostic CT and ultraso-
nography of the lungs in patients with suspected COVID-
19-associated pneumonia [27, 28].

In turn, ultrasonography is more sensitive than con-
ventional chest radiography for the detection of interstitial
syndrome and subpleural consolidations. Ultrasonography
is able to identify very small consolidations (< 0.5 cm) [29].
Moreover, in patients with COVID-19, pulmonary lesions
strongly tend toward peripheral (subpleural) distribution,
making ultrasonography an acceptable diagnostic tool
for COVID-19-associated pneumonias. Also, ultrasound
machines are affordable and relatively inexpensive devices,
compared to other imaging equipment. Undoubtedly, ul-
trasound scanners are more mobile. Currently, specialists
more and more often use pocket wireless ultrasound de-
vices, which are a lot easier to be disinfected and protect-

Figure 6. Severe interstitial syndrome, multiple B-lines, thickened pleu-
ral line (arrow) (from the personal archive of G.V.Nekludova)

Puc. 6. BblpaxkeHHBII MHTEPCTUIIMATBHBINA CUHIPOM, MHOXECTBEH-
Hble B-nmuHuM, yTomiieHHas rieBpaibHast JUHUs (cTpeska) (U3 Jud-
Horo apxuBa I'.B.HektonoBoit)

Figure 7. Confluent B-lines, “white lung”, thickened, irregular, intermit-
tent pleural line (arrow) (from the personal archive of G.V.Nekludova)

Puc. 7. Cnusatowmecss B-nunuu, dopmupoBaHue «0eaoro Jerkoro»,
YTOJIIEHHAs] HeperyjsipHas TpepbiBUCTasl TUIeBpajbHasl JIMHUS
(cTpenka) (u3 ntuuHoro apxusa I'.B.HektonoBoit)
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Figure 8. Consolidate with air bronchogram (red arrow) on the back-
ground of a pronounced interstitial syndrome, manifested by confluent
B-lines (yellow arrow); a small amount of fluid (effusion) in the pleural
cavity (blue arrow) (from the personal archive of G.V.Nekludova)

Puc. 8. YuacTok KOHCOJMAALIMU C HAJIMYMEM BO3IYIIHOM OpPOHXO-
rpaMMbl (KpacHasi CTpeJika) Ha (hoHe BbIpaXXEHHOTO MHTEPCTULIAIb-
HOro cCuHIApoMa, IMIPOABIAIOLICTOCA CJINBAOIIMMUCA B-nuuusamu
(kesTast CTpesika), He3HAUUTEeJIbHOE KOJIMUYECTBO XUIKOCTU (BBITIOT)
B IUIEBPAJIbHOW TMoOJoCTU (rojydasi cTpesika) (M3 JUYHOTO apxuBa
I'.B.HekutonoBoit)

ed from contamination. An important advantage of ultra-
sonography is its ability to provide valuable information
within a short period of time; besides, it can be used as
a bedside method. Being radiation-free, ultrasound ex-
aminations can be repeated many times and used for fol-
low-up assessment of the lesions detected.

However, as noted above, U/S signs of lung damage
are not highly specific. This raises the question of whether
this method can be helpful in the diagnosis of viral pneu-
monia. Are there any U/S signs specific to pneumonia of
viral etiology?

Earlier studies conducted during the type A (HIN1)
flu pandemic and outbreaks of avian influenza A (H7N9)
analysed specific U/S signs of viral pneumonia and re-
vealed some differences in this regard from bacterial pneu-
monias. A typical and obligatory feature of viral pneumo-
nia is interstitial syndrome, which manifests by such U/S
artefact as B-lines. Another additional sign of viral pneu-
monias is the presence of small subpleural consolidations
[29, 30], while bacterial pneumonias mostly present with
areas of consolidation usually seen as larger opacities with
air bronchogram. Moreover, bacterial pneumonias are
quite often associated with increased vascularity within
consolidated lung. It is important to note another signif-
icant characteristic of viral lung damage that differenti-
ates it from that in bacterial pneumonias, i.e. a multifocal,
mosaic-like (a combination of interstitial syndrome and
consolidations) distribution pattern of U/S signs, which
are more extended and more often bilateral [31].

Are there any U/S signs specific to pulmonary abnor-
malities caused by coronavirus infection and not found in
other types of viral pneumonia? From the accumulated ex-
perience, it is clear that U/S signs as well as CT signs of lung
injury observed in patients with coronavirus infection are
not specific. This means that ultrasonographic signs identi-
fied in patients with COVID-19-associated pneumonia can
also be seen in people with other viral infections.

Lectures o Jlekuum

The most consistent and apparently essential finding
is the presence of interstitial syndrome; and the great-
er extension of B-lines (their number and distribution
along the pleural line) is correlated with more marked
lung involvement as evidenced by morphology and
CT [32]. This was proven by a meta-analysis of seven
studies. This analysis showed that the pooled frequency
of the abnormal B-pattern detected in patients with lung
damage caused by COVID-19 was 97%, with a mini-
mum range of frequency reported in different studies
(90 to 100%).

The next most frequent sign is abnormalities of the
pleural line (its thickening and/or irregularity). The
pooled frequency of this sign was 70%, but its frequency
reported in different studies ranged significantly from 10
to 100%.

Consolidation (Figure 8) was observed less consistent-
ly (its pooled frequency was 39%) and its frequency in dif-
ferent studies varied significantly from 20 to 75%, with
minor subpleural consolidations usually with poor blood
flow being more frequent (Figures 9 and 10) [28]. Of note,
in patients with COVID-19 consolidates are almost al-
ways accompanied by signs of interstitial syndrome (mul-
tiple separate or confluent B-lines). When isolated con-
solidations or locally distributed B-lines associated with
a consolidation lesion are observed, other underlying
causes should be considered.

Pleural effusion is not typical (its pooled frequency
was only 14%). This is especially true of a significant pleu-
ral effusion, which should prompt consideration of other
causes of pleuritis. The same is absolutely true of pneu-
mothorax [33].

These U/S signs, interpreted in combination with clin-
ical data, are quite helpful in detecting lung injury caused
by coronavirus and other viruses and differentiating it
from bacterial pneumonia. Importantly, in terms of the
severity, extent, and nature, U/S findings are correlated
with those detected by high-resolution CT [33].

In clinical practice, loss of lung aeration is assessed
by semiquantitative analysis of U/S signs. In the context
of a pandemic lung examination needs to be performed
as promptly as possible, thus it is feasible to modify an
U/S protocol and limit the number of chest areas to be
scanned to 12 or 14 [31, 34] and in intensive care units
this protocol can be reduced even further. The following
scoring system is used to assess the severity of lung aera-
tion loss in each area: 0 —normal lung aeration (A-lines or
not more than two B-lines), 1 — moderate loss of lung aer-
ation (multiple separated B-lines), 2 —severe loss of lung
aeration (coalescent B-lines or white lung appearance in
the most severe cases and small subpleural consolidations
in some cases), and 3 —consolidation (tissue-like pattern)
[31]. Then the sum of all the areas is calculated to obtain
the overall score for both lungs.

Some researchers use a modified lung ultrasound scor-
ing system developed for interstitial pneumonia [33].

The severity of U/S-detected loss of lung aeration re-
flects the following histological changes: the first stage is
marked by acute lung damage manifesting as exudative
diffuse alveolar damage (DAD), alveolar oedema, forma-
tion of hyaline membranes, haemorrhage, and mixed cel-
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Figure 9. Subpleural consolidate (yellow arrows) on the background of a
pronounced interstitial syndrome (confluent B-lines) (from the personal
archive of G.V.Nekludova)

Puc. 9. CyOruieBpaibHBIil KOHCOMUIAT (XKEJIThle CTpPeIKu) Ha ¢oHe
BBIPaXEHHOTO MHTEPCTULIMATBLHOTO CUHIpOMa (ciuBatouiecs: B-nu-
Huu) (13 tuuHoro apxusa I'.B.Hexionosoit)

lular inflammatory infiltration; the following stage is char-
acterised by early fibroproliferative changes combined
with organisation of exudate, and deposition of loose ex-
tracellular matrix; and the next stage is dominated by fi-
broproliferation [35].

A semiquantitative ultrasound analysis of lung aeration
loss not only allows for a one-time assessment of find-
ings, but also offers the option of their follow-up. It can
be used as a tool to assess the course and development
of the disease, on the one hand, and the efficacy of var-
ious therapeutic interventions, on the other. A.Pagano
et al. [36] used lung ultrasound imaging to assess the
changes in lung aeration in patients with ARDS second-
ary to SARS-CoV-2 with non-invasive continuous posi-
tive airway pressure therapy (CPAP). They demonstrated
that patients who did not reach an improvement in the ox-
ygenation status with CPAP did not show any U/S signs of
improved lung aeration. At the same time, patients whose
oxygenation status improved with CPAP demonstrated
lung recruitment of various degrees, which means that,
besides an increase in lung aeration, in some cases there
are probably other pathophysiological mechanisms result-
ing in the improvement in oxygenation. Thus, lung U/S
provided a more comprehensive pathophysiological pic-
ture of alterations in patients with ARDS associated with
SARS-CoV-2 infection, which helped optimise treatment
protocols.

Initiating and maintaining the prone position (PP) is
a widely used therapeutic strategy in patients with ARDS
associated with COVID-19 [37—39]. PP allows for a more
homogeneous overall lung ventilation and pulmonary
blood flow, contributing to a reduction in ventilation/
perfusion mismatch and improvement in oxygenation
[40]. However, due to the individual dynamics of the dis-
ease not all patients respond equally positively to PP [38].
In patients with COVID-19 hypoxemic respiratory failure
the intensity of positive response to PP is associated with
the rate of intubation [41]. There is an increasing number
of publications describing the potential of sonography to
predict patients’ response to PP. Based on the results of
previous studies and our own experience, we believe that

Figure 10. Subpleural consolidate (yellow arrow) on the background of
alveolar-interstitial syndrome (“white lung”) (from the personal archive
of G.V.Nekludova)

Puc. 10. CyOmieBpanbHblii KOHCOMUAAT (KenTasl cTpesika) Ha ¢oHe
AJTbBEOJISIPHO-MHTEPCTULIMAIBHOTO CUHApPOMa («Oefoe jierkoe») (U3
auuHoro apxusa ['.B.Hexionosoit)

it is important to perform not only an overall assessment
but also local analysis of the reduction in lung aeration,
evaluating it in different regions. The following parame-
ters may be regarded as potential predictors of a positive
response to PP: the intensity of lung aeration loss and the
area of poorly aerated lung tissue in the posterior portions
and the degree of involvement of the anterior portions, as
evidenced by ultrasonography. G.Prat et al. [42] report-
ed that a normal U/S pattern of both anterobasal lung re-
gions in supine position may predict a positive response to
PP in patients with ARDS.

Resolution of the disease and normalisation of lung
aeration is accompanied by the appearance of A-lines.

Conclusion

Thus, lung abnormalities associated with COVID-19
do not have any specific ultrasound signs that would be
helpful in differentiating them from lung damage in oth-
er viral infections. There is, however, a set and combi-
nation of U/S findings that can suggest viral etiology of
lung injury and distinguish it from that caused by bacte-
rial pathogens. Therefore, in the context of a pandemic
the identification of the above described signs may help
raise the rate of early diagnosis and facilitate timely ther-
apeutic decisions.

To summarize, during the COVID-19 pandemic lung
U/S provides useful information for triage of symptomatic
patients (patients with/without pneumonia), assessment
of the severity and extent of lung involvement with subse-
quent identification of critically ill patients and their trans-
fer to an intensive care unit, and monitoring the dynamics
of lung injury with treatment [43].

In conclusion, it is important to emphasise that lung
U/S is not a replacement for CT of the lungs and should
not be viewed as an alternative to the latter. It is a prom-
ising adjunctive modality, useful for detecting lung abnor-
malities, and, in some cases, may substitute for conven-
tional chest radiography, especially when the latter cannot
be performed or when multiple examinations are required.
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An experience of using Laennec in patients at high risk

of a cytokine storm with COVID-19 and hyperferritinemia
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Abstract

The probability of formation of the so-called “cytokine storm” accompanied by an avalanche-like growth of inflammatory markers — interleukins
(IL)-1p, -6, interferon-y, tumor necrosis factor-a, C-reactive protein (CRP), ferritin, etc. is high at a heavy current of COVID-19. In the absence
of adequate treatment in the development of “cytokine storm” increases the risk of death, especially against the background of comorbid pathology.
Methods. In April—May 2020, patients (n = 28: 12 men, 16 women; age 39 — 86 years) with long, chronic COVID-19 course were under observation,
hospitalized on critical days of the disease. All patients reported anosmia, cough with poor sputum, signs of conjunctivitis. The patients had chron-
ic diseases (n = 22: coronary heart disease, diabetes mellitus type 2, scleroderma). All patients were given standard therapy; half (n = 14) were
additionally prescribed Laennec for 3 — 10 days (6 mL per 350 mL of 0.9% NaCl solution, intravenous infusion for the first 3 days, from day 4 —
6 mL per 250 mL of 0.9% NaCl solution) until stable remission is achieved. Results. The majority state (n = 25) stabilized; several patients died in
the control group (n = 3; p = 0.067). In spite of the state stabilization, no reliable positive dynamics was noted in the control group for the tested
parameters. Initially, liver dysfunction (level of alanine aminotransferase (ALT) — 113 £ 121, aspartate aminotransferase (AST) — 90.8 £ 87) was
registered in 71% of patients, 8 U/L) and high risk of “cytokine storm” development (ferritin levels in men — 480 — 1,072 ug/L, in women — 274.7 —
493 ug/L, C-reactive protein — 5.0 — 52.6 mg/L, lymphocytes — < 25%). Positive clinical dynamics, a decrease in the level of ferritin (—282 ug/L —
in men, —80 ug/L — in women; p = 0.039), an increase in blood oxygenation to normal values (p = 0.0029), a decrease in the area of lung injury
according to CT data (on average — 10%); p = 0.0027), increase in relative lymphocyte content (+8%; p = 0.04), normalization of markers of liver
dysfunction (AST, ALT), creatinine and systolic blood pressure (p < 0.05) were observed on prescription of Laennec. All patients who received
Laennec recovered within 3 — 15 days from the start of the drug and were discharged with a negative test for SARS-CoV-2. Conclusion. Health
condition is significantly improved, a wide range of hepatoprotective, immunomodulatory and regenerative effects are observed when the polypep-
tide Laennec is included in the complex therapy in patients with severe COVID-19. Laennec should be used primarily in patients with liver pathol-
ogy, diabetes mellitus type 2, coronary heart disease, including high ferritin levels.

Key words: COVID-19 therapy, comorbid conditions, ferritinemia, Laennec, predictive modeling, intellectual data analysis.

Conflict of interests. The authors declare the absence of conflict of interests.

For citation: Maksimov V.A., Torshin I.Yu., Chuchalin A.G., Lazebnik L.B., Tkacheva O.N., Strazhesko I.D., Gromova O.A. An experience of
using Laennec in patients at high risk of a cytokine storm with COVID-19 and hyperferritinemia. Pul’monologiya. 2020; 30 (5): 587—598 (in Russian).
DOI: 10.18093/0869-0189-2020-30-5-587-598

OnbIT npuMeHeHnsa npenaparta JlaeHHeK y nayneHToB
C BbICOKMM PUCKOM Pa3BUTUA «LUTOKMHOBOTO LUTOPMAY»
Ha poHe COVID-19 u runepdeppuTnHemMun

B.A.Maxcumos ', H.10. Topwun?, A.I. Yywaaun*, JI.b.Jlazeonux, O.H, Txawesa ®, H.J[.Cmpancecko®,
0.4.Ipomoga*>

! QeniepabHoe rocylapeTetHoe OloIKeTHOE 00Pa30BaTebHOE YIPEHKeHHe TOMOHUTEIbHON0 MPO(heccHOHATbHON 00pasoBanus «Poccuiickas MeMIMHCKAS aKATeMIs
HenpepIBHOT0 NpodheccHoRATbHOT0 00pasopanms» Mimictepetsa 3npaooxpanens Poccmiickoii Oenepamm; 125993, Poccist, Mocksa, yi. bappukammas, 2 / 1, ctp. 1

' (enepabHblit HeceoBaTebckHii nentp «ndopmarika u ynpapienue» Poceuiickoii axanemmn nayk: 119333, Pocens, Mocksa, yi1. Basiiosa, 42

3 IlenTp xpaHeHns u aHam3a 00/bimx faHHbIX DeiepaibHOro rocyIapcTBeHHOr0 G10IKETHON0 00pa30BATe/IbHON0 YUpEKIeHHs Bbicuiero 00pasoanns «MocKoBCKHii
rocynapcrennbiii yansepentet mvetn M.B.Jlomorocoar: 119991, Poccust, Mocksa, Jlennrckue Topi, 1

¢ QexepabHoe rocyapcTBeHH0e ABTOHOMHOE 00Pa30BaTelIbtoe yupex/ieHie Bbicuiero 00pasoatust «PoccHiickiii HAUMOHATbHBII HCCIIET0BATENbCKHI MEMIHHCKHIE
yrmepenret mvenn H.V.ITuporosa» Mumnctepcrsa 3npasooxpanetins Poccuiickoii @enepammn: 117997, Pocens, Mocksa, yi. OctposutsHosa, 1

5 QexepabHoe rocyIapcTBenHoe aBTOHOMHOE 00Pa30BaTe/IbHoe yIpex/ieHne Bbicuiero 00pasoanus «MocKOBCKHii rocy1apcTBeHHblii MeTHKO-CTOMATOJIOTHYECKHil
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6 Obocodnennoe cTpykTypHoe noapasnenete «Poccuiickuii repoHTONOTIYECKHiT HAYYHO-KTHHIYecKHil nenTp» eepanbHoro rocyIapeTBeHHOr0 ABTOHOMHOTO 06pa3o-
BATE/TbHOTO YUpexKTIenns Bbicuiero 00pasoarust «Poccuiickuii HAMOHATbHBII HecIeT0BaTebCKHi MemumuHCKHii yrusepentet uvenn H.U. ITuporoar
Munncrepersa 3apasooxpanenus Poccuiickoii ®enepammn: 129226, Pocens, Mocksa, ya1. 1-s Jeonosa, 16

Pesome

[pu tsixenom teueHun COVID-19 Bbicoka BepoSITHOCTh OPMUPOBAHUS T. H. «[ITATOKMHOBOTO ILITOPMa», COMPOBOXAAIOIETOCS JJABUHOOOPa3-
HBIM HapacTaHWeM MapKepoB BocnayieHus: — nHtepieiikuos (IL)-1p, -6, unrepdepona-y, hakropa Hekpo3a onyxonu-a, C-peakTUBHOTO Oeka
(CPB), bepputuna u ap. B oTcyTcTBHE a1eKBATHOTO JIeUeHUsI TIPU PA3BUTUN «IIUTOKUMHOBOTO LITOPMa» MOBBIIIACTCS] PUCK JIETAILHOTO MCXO/A,
0c00eHHO Ha (hoHEe KOMOPOUIHOIM MmaTojioruu. Marepuaisl u MeToabl. B anpene—mae 2020 r. rmox HaGJIOACHUEM HAXOAWINCH MALMEHTHI (1 = 28:
12 my>xuuH, 16 eHIMH; Bo3pacT — 39 — 86 j1eT) ¢ uTeIbHbIM, 3acToiHBIM TeueHueM COVID-19, rocnutann3upoBaHHble B KPUTHYECKUE THU
3a00sieBaHMsl. Y BCeX MAIMEHTOB OTMEYEHBI MOTEePsi OOOHSIHUSI, Kallleb CO CKYIHOI MOKPOTOU, MPU3HAKN KOHBIOHKTUBUTA. Y OOJIbHBIX OTME-
YJaJIuCh XpOHUYecKue 3aboseBanust (n = 22: uieMudyeckas 601e3Hb Cepilia, caxapHblil 1uaber 2-ro Tuma, CKiepoaepmust). Y Bcex MaleHTOB
MPOBOIMIACH CTAHIAPTHAS TEPAIINS; TIOJIOBUHE (1 = 14) MOMOIHUTEIBHO Ha3Havacs rpenapar JlaeHHek B TeueHne 3—10 cyTok (6 M Ha 350 Mt
0,9 % pactBopa NaCl, BHyTpMBEHHO KareIbHO B repBbie 3 aHsl, ¢ 4-ro aHst — 6 Mt Ha 250 mi1 0,9 % pactBopa NaCl) 1o nocTrxeHMsl yCTONYUBOI
pemuccun. Pesymbrarel. CocTosiHue GOIBIIMHCTBA (71 = 25) CTaOMIN3MPOBATIOCH; HECKOJIBKO B TPYITIIE KOHTPOJIS CKOHYAIUCh (n = 3; p = 0,067).
HecMoTpst Ha cTaOMIM3ALMIO COCTOSIHUSI, B TPYIE KOHTPOJISI TOCTOBEPHOM MOJNIOKUTEIbHON AMHAMUKHU 10 KMCCICIOBAaHHBIM MapameTpam
He otMeveHo. MicxomHo y 71 % nanmeHToB oT™MeueHb! AuchyHKIMS eyeHu (YpoBeHb anannHamuHoTpaHcdepassl (AJIT) — 113 £ 121, acniaprar-
amuHotpancdepasbl (ACT) — 90,8 + 87,8 en. / 1) 1 BBICOKMI PUCK Pa3BUTHUSI «IUTOKMHOBOTO IITOPMa» (YPOBEHDb (DEppUTHHA Y MYXUUH —
480—1 072 mkr / 11, y keHuwH — 274,7—493 mkr / 1, C-peaktuBHoro 6eika — 5,0—52,6 mr / 11, tumbonntos — < 25 %). [1pu Ha3HaYeHUU mpe-
napata JlaeHHeK Ha0JI01a1ach MOJOXKUTEIbHAs KJIMHAYeCKast IMHAMKKa, OTMEUEHO CHUXKEeHUE YPOBHS deppuThHaA (—282 MKT / J1 — Y My>X4MH,
—80 MKr / 1 — y xeHmH; p = 0,039), yBenuueHre OKCUTeHALIMK KPOBH A0 HOPMaJIbHbIX 3HaueHui (p = 0,0029), cHuXeHue Io1aam moBpexkae-
HMSI JIETKUX 110 JaHHBIM KOMITbIOTepHOI ToMorpaduu (B cpexteM —10 %; p = 0,0027), mOBbIIIEHNE OTHOCUTEIBHOTO COMEPXKaHMSI TMMMBOLIUTOB
(+8 %; p = 0,04), Hopmanuzauust MapkepoB nuchynkiun nedeHu (ACT, AJIT), kpeaTHHMHA U CUCTOJIMYECKOTO apTePUATbHOTO MaBICHUS
(p < 0,05). Bce maumeHTsl, mojyyaBinue JlacHHEK, BbI3TOPOBEIN B TedeHUe 3—15 qHeil ¢ Havajda MpUMEHEHUs TpernapaTa U ObUIA BbIMTMCAHbI
¢ oTpMIaTeIbHBIM TecToM Ha BUpyc SARS-CoV-2. 3akmouenune. [1py BKIIOUEHUM TIOJUIICIITUAHOTO Mpernapara JIJaeHHeK B KOMILIEKCHYIO Tepa-
MHIO y TALIMEHTOB ¢ TsekedbiM TeueHueM COVID-19 cymiecTBeHHO 061er4aeTcsi COCTOSIHME 3[0POBbsI, HAOMIOAAETCS] ITUPOKUIA CTIEKTP Tenaro-
MPOTEKTUBHBIX, UMMYHOMOYJISITOPHBIX U pereHepaTuBHbIX d(hdeKToB. JlacHHEK cleayeT UCMoIb30BaTh B MEPBYIO OUepeb y MAMEHTOB ¢ aTo-
JIOTUE MeYeHU, CaxapHbIM TMabeTOM 2-TO TUTIA, UIIIEMUYECKOI OOJIe3HBIO Cep/lia, B T. 4. Ha (hOHE MOBBIIIEHHOTO YPOBHsI (heppUTHHA.
Kmouesbie cioBa: tepanus COVID-19, komopounHbie cocTosinus, hepputrHemMusi, JlaeHHEK, MPEeTUKTUBHOE MONIEIMPOBAHUE, MHTEIUIEKTYalb-
HBIi1 aHATU3 TaHHBIX.
KoHpaukT nHTEpecoB. ABTOPHI 3asIBISIIOT 00 OTCYTCTBUM KOH(INKTA HHTEPECOB.

Hns nutupoBanusi: MakcumoB B.A., Topuminn W.1O., Yyyanun A.T'., Jlaze6Huk JI.B., TkaueBa O.H., Crpaxecko WM./., 'pomoBa O.A. OnbiT
MpUMeHeHMs TpernapaTa JlaeHHeK y TalMeHTOB ¢ BBICOKUM PHCKOM Pa3BUTHUS «LIUTOKMHOBOTO IITopMa» Ha one COVID-19 u runepdeppurtu-

Hemuu. [lyaomononoeus. 2020; 30 (5): 587—598. DOI: 10.18093/0869-0189-2020-30-5-587-598

In 2019, the world was faced with COVID-19 — a pre-
viously unknown and highly contagious respiratory vi-
ral infection that implies risks of serious complications

(primarily in patients with chronic diseases in presence

of high levels of inflammation). Unlike other respirato-

ry diseases, COVID-19 can be asymptomatic or relatively

mild in most patients. However, COVID-19 causes severe

pneumonitis and acute respiratory failure in a number of

patients. The main goal of therapy is to prevent death.

Various methods of treating the coronavirus infection are

being currently tested.

Multiple organ pathology is inherent in the COVID-19
infection. In addition to damage to the lung tissue and the
resulting respiratory dysfunctions, there are dysfunctions of
other organ systems, including:

+ impaired blood coagulation profile (including in-
creased D-dimer levels) and disseminated intravascu-
lar coagulation [1];

+ “cytokine storm”, an avalanche-like increase in the
levels of multiple inflammation markers in the blood
(IL-1pB, IL-6, CRP, TNF-a, IFN-v, ferritin, etc.);

* liver dysfunction involving increased levels of AST and
ALT markers, albumin and bilirubin [2] and gastroin-
testinal symptoms (nausea, vomiting, diarrhea);

+ damage to the parenchima of the kidneys, heart and of
the other organs [3, 4].

These multiple organ complications are associat-
ed with severe COVID-19 and a higher risk of death [5].
A faster treatment of these COVID-19 complications re-

quires the use of certain pharmacological medications.
Unfortunately, each of the above complications requires
the use of separate drugs leading to inevitable polyphar-
macy that implies multiple and quite unwanted drug-drug
interactions and an increase in the iatrogenic load on the
hepatobiliary system.

Therefore, it is essential to make the right choice of a
drug for the treatment of patients with COVID-19 in pres-
ence of multiple organ pathology, in order to tackle the
main challenge of COVID-19 therapy, i.e. to decrease
mortality. In our opinion, the polypeptide drug Laennec
(ATX AO05BA Drugs for the treatment of liver diseas-
es, L0O3 Immunostimulants), developed by Russian and
Japanese scientists, has a significant potential in the ther-
apy of COVID-19.

Laennec is registered in Russia as a hepatoprotector
and immunomodulator that increases the functional ac-
tivity of phagocytes and T-cells, and prevents the death of
hepatocytes and other parenchymal cells. Laennec is char-
acterized by a high degree of pharmaceutical standardiza-
tion and a multidirectional therapeutic effect. According
to the nosological classification, Laennec (ICD-10) is
indicated for patients with liver diseases (K76.9 Liver dis-
ease, unspecified, K70.0 Alcoholic fatty degeneration of
the liver, K76.0 Fatty liver degeneration, not classified
elsewhere), viral infections (B00.9 Herpesviral infection,
unspecified) and diseases characterized by an increased
background of in flammation, including allergic (120 Atopic
dermatitis) [6]. Accordingly, Laennec has the potential to
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compensate for the multiple organ pathology associated
with COVID-19.

The purpose of this study is to test the use of Laennec
in middle-aged and elderly patients with a long and stag-
nant course of COVID-19 with liver dysfunction, hyper-
ferretinemia and with a high risk of cytokine storm against
the background of a high comorbid load (chronic diseases
were in 22 (79%) of 28 patients). The patients were fol-
lowed up in April and May, 2020.

Materials and methods

A group of patients with a moderate/severe course of
COVID-19 (n = 28) had been treated at the COVID cen-
ter deployed at the Russian Gerontological Research and
Clinical Center (RGRCC). Patients aged 39 to 86 (12 men,
16 women) were observed; 12 patients suffered from isch-
emic heart disease (IHD), 8 had type 2 diabetes mellitus
(T2DM), one patient had multiple sclerosis, and one pa-
tient had psoriasis. All patients received complex thera-
py in keeping with the 5" version of the Guidelines of the
Ministry of Health of the Russian Federation as of April 08,
2020; full blood cell count and biochemical blood tests were
performed using standard methods; ferritin was determined
spectrophotometrically by enzyme immunoassay.

Patients had liver dysfunction (mean ALT values 113 £
121 U/L, AST 90.8 = 87.8 U/L) and a high risk of cytokine
storm: CRP 5 — 52.6 mg/L, the relative lymphocyte count
less than 25 in 71% of patients; ferritin (men) was 480 —
1,762 mcg/L, ferritin (women) was 274.7 — 493 mcg/L
(given the references intervals of 20 — 250 mcg/L for men
and 10 — 120 mcg/L for women). General and biochem-
ical blood tests were performed using standard methods;
ferritin was determined spectrophotometrically by en-
zZyme immunoassay.

From the first day of the disease, all patients reported
lack of appetite; increasing, overwhelming weakness that
would not subside after sleep; sweating, and muscle pain.
All patients showed loss of smell, cough with scanty spu-
tum, and signs of conjunctivitis. On examination, dyspnea
at rest was noted aggravated by exertion (walking, climb-
ing stairs). The patients were underactive and quickly got
tired. The patients had an increased temperature (37 — 39
degrees during 2 to 5 days), skin pallor, and rapid breath-
ing. The semi-sitting position made breathing easier.

Upon admission to the RGRCC, the patients showed
rapid breathing (28 — 30 per minute), decreased blood ox-
ygenation (SpO, < 90%), decreased partial oxygen pres-
sure (PaO, < 60 mm Hg), and decreased systolic blood
pressure (SBP, less than 100 mm Hg). Six out of 28 pa-
tients required mechanical ventilation (ALV); the rest of
the patients received high-flow nasal oxygenation. Before
Laennec was used, there was no positive dynamics ob-
served during 5 to 7 days.

The severity of COVID-19 in patients was assessed by
computed tomography (CT). Bilateral changes were re-
corded in patients with a predominant lesion of the lower
lobes (more than 3 foci of ground glass compaction with
a maximum diameter of < 3 ¢cm, in combination with fo-
ci of consolidation). According to the CT data, the total
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area of injuries (0 — 100%) and the degree of damage in
points (0 — 5 points) were assessed. The degree of dam-
age was calculated as the average for each of the five lobes
of the Iungs (1 point — < 5% tissue is involved, 2 points —
5 — 25%; 3 points — 26 — 49%; 4 points — 50 — 75%;
5 points — > 75%).

The patients were hospitalized between the 5" and
10* days from the onset of the disease that corresponds to
the stage of progression (Days 5 to 8 of the disease) and
the peak stage of COVID-19 (Days 10 to 13 of the disease).
According to the CT, the stage of progression was charac-
terized by an increase in the prevalence of ground glass
symptoms, local reticular changes, and the appearance of
consolidation foci. At the peak stage, the CT showed the
formation of perilobular compaction.

14 patients were prescribed the polypeptide drug
Laennec (Japan BioProducts Co. Ltd., registration certif-
icate of the Healthcare Ministry of the Russian Federation
No0.013851/01), registered in Russia as a hepatoprotector
and immunomodulator. Depending on the severity of
a patient’s condition, Laennec was used from 3 to 10 days
(the first three days, 6 mL per 350 mL of 0.9% NaCl solu-
tion, intravenously, drip, from Day 4, 6 mL per 250 mL
0.9% NaCl solution daily). Patients were discharged after
achieving a stable remission, with a comprehensive assess-
ment of the general condition, taking into account the da-
ta of blood biochemistry, blood oxygenation, in the stage
of pneumonitis resolution shown in the CT.

The standard processing of the research results includ-
ed the use of methods of mathematical statistics, including
the calculation of the numerical characteristics of random
variables, testing statistical hypotheses using paramet-
ric and nonparametric criteria, and correlation analysis
and ANOVA. The predicted and observed frequencies
of occurrence of the studied features were compared us-
ing the y? test, the Wilcoxon—Mann—Whitney test, and
the Student’s test. The application program Statistica
10.0 and Microsoft Excel spreadsheets were used.

In addition to standard statistical methods, modern
data mining methods were applied in the study, including
the method of analyzing metric condensations in the pa-
rameter space, the method of metric maps [7] and meth-
ods for predicting numerical target variables [8, 9]. The
mathematical details of the methods used (including the
comparison with other approaches and algorithms) are
given in our series of works on topological data analysis
[7—9]. The method of analysis of metric condensations is
highly sensitive and enables the detection of clusters (con-
densations) of points, even if the differences in the point
density do not exceed a few percent.

Results

The condition of 25 patients stabilized; three patients in
the control group died (p = 0.067). Despite the stabiliza-
tion of the state, there was no significant positive dynam-
ics in the studied parameters in the control group. The use
of Laennec resulted in positive clinical dynamics, a de-
crease in ferritin levels, an increase in blood oxygenation
to the normal range, a decrease in the area of lung dam-
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age according to the CT data, an increase in the percentage
of lymphocytes, and the normalization of liver dysfunction
markers (AST, ALT), creatinine and systolic blood pres-
sure (all p < 0.05). All patients who received the medication
achieved a stable remission within 3 to 15 days after the start
of Laennec use and were discharged with a negative test for
SARS-CoV-2 to be followed up by a physician at their place
of residence to secure further rehabilitation.

The use of Laennec facilitated complex changes in the
values of indicators of the patients’ condition that are pre-
sented on the metric map (Figure 1). The metric map of a
clinical trial is a visual diagram showing each of the stud-
ied indicators of the state (for example, the level of fer-
ritin) in correspondence to two points on the plane: the
values of the indicator before and after therapy (“ferritin,
before” and “ferritin, after”). The distance between any

two points of the metric map corresponds to the degree of
the indicators’ association. The condensations (clusters)
of points correspond to indicators with the values closely
interacting with each other.

The metric maps enable both the study of complex re-
lationships between indicators of the patients’ condition
(see, for example, in studies [ 10, 11]) and a comprehensive
assessment of the efficacy of therapy, as well as the choice
of the most informative predictors for predicting the ther-
apy efficacy and responders/non-responders (see below).
With a low efficacy of therapy (considering all the stud-
ied parameters), the positions of the points hardly alter,
and a single cluster of parameters is maintained. An effec-
tive therapy results in a significant rearrangement of the
points corresponding to the studied parameters into sep-
arate clusters.
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Figure 1. Metric card of the present study. The points on the metric map correspond to the indicators of the patient’s condition. The distances be-
tween the points reflect the degree of interaction of indicators: the closer the points, the stronger the associations between the indicators: A, Metric
condensations (clusters) of points on a metric map; B, Representation of the dynamics of treatment as a regrouping of points on a metric map.
Note: ALT, alanine transaminase; AST, aspartate transaminase; CT, computed tomography; SpO,, blood oxygenation level.

Puc. 1. MeTpuueckas kapTa HacCTOSILIErO MccaenoBaHus. TOUKM Ha METPUUYECKOil KapTe COOTBETCTBYIOT MOKA3aTeIsIM COCTOSIHUSI TAllMeHTOB.
PaccrosiHust MeXIy TOYKaMU OTPaXKaloT CTeNeHb B3aMMONCICTBUS TIOKa3aTesleil: 4eM OJIMXKe TOYKU, TeM CHJIbHEee acCOLMAllUUd MEXITy
nokasaTteiasiMu: A — MeTpUYecKHue CryuleHMs (KJacTepbl) TOUeK Ha MeTpUuecKkoil kaprte; B — mpeacraBieHue OUHAMMKU JIEYEHMS] Kak

TeperpyrnimpoBKY TOYEK Ha METPUUECKOI KapTe
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In the present study it was found that the use of Laennec
is associated with a clear division of the metric map into
the cluster of parameter values before the start of thera-
py and into the cluster of parameter values after therapy
(Figure 1A). No such division into clusters was observed
in the control group. In other words, the use of Laennec in
patients with a rather severe course of COVID-19 caused
a coordinated complex change in many indicators of their
condition corresponding to the movement of points “from
left to right” on the metric diagram in Figure 1B. As the
analysis of the individual parameters shows, this complex
change corresponds to clear positive dynamics of the pa-
tient’s condition: a decrease in inflammation, an improve-
ment in the function, and a decrease in markers of liver
and kidney dysfunction. In the control group, however,
there was no clear positive dynamics in ferritin, CRP, AST
and ALT (p > 0.05 according to Student’s test and the rank
criterion) and according to the CT data.

Laennec therapy in patients with COVID-19 primarily
resulted in a significant decrease in the levels of in flammato-
ry markers (ferritin, CRP) and in an increase in the relative
lymphocyte count compared to control (Figure 2). Significant
improvements in these parameters were observed both in
the entire group of patients receiving Laennec, and in the
male and female subgroups. On average, for the entire
group, ferritin decreased from 603 % 205 ug/L to 390 +
124 ug/L (p = 0.039). At the same time, a significant de-
crease in ferritin was observed both in men (from 790 =
249 to 462 + 145 ug/L; p = 0.033) and in women (from
372 + 86 ug/L to 244 + 140 ug/L; p = 0.034).

The levels of C-reactive protein (a protein of the acute
phase of inflammation), decreased from 23.1 £ 18.9 mg/L
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to 9.0 £ 6.8 mg/L (p = 0.014). Although after the end of
therapy, CRP levels reached the upper range of normal
(5 mg/L) in only 4 out of 14 patients; the median CRP
(6 mg/mL) significantly approached the reference interval
compared to the initial median value (14.2 mg/mL).

The relative content of lymphocytes (LYM %) indicat-
ing the state of antiviral immunity, significantly increased
from 20.0 + 10.9% to 27.8 £ 11.6% after treatment with
Laennec (p = 0.042). Before treatment, LYM% values
of more than 25% (the lower limit of the reference inter-
val) were observed in only 3 of 14 patients, and after treat-
ment, in 9 patients. This result corresponds to a signifi-
cant reduction in the risk of LYM % values less than 25%
according to the 2 test (OR, 0.15; 95% CI, 0.03 — 0.81;
p = 0.022), that is, the activation of the antiviral system
in the body.

The positive clinical dynamics corresponded to a de-
crease in inflammation markers during the use of Laennec
(Figure 3): an increase in the degree of blood oxygenation
according to pulse oximetry (SpO,), a decrease in the de-
gree and area of lung damage according to computed to-
mography, and a decrease in complaints of overwhelming
weakness.

Laennec therapy resulted in an increase in the de-
gree of blood oxygenation SpO, from 91.4 + 4.6% to
96.2 + 3.2% (p = 0.0029). SpO, values less than 95%, cor-
responding to respiratory failure, were observed in 11 pa-
tients before the start of therapy and only in 3 patients af-
ter therapy, which corresponds to a 13-fold decrease in the
risk of respiratory failure (OR, 0.07; 95% CI, 0.01 — 0.45;
p =0.0025). It should be noted that already from Day 2 of
Laennec therapy a significant decrease in respiratory rate
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Figure 2. Dynamics of markers of
inflammation/cytokine storm in pa-
tients with COVID-19 during treat-
ment with Laennec. The rectangles
represent the boundaries of 25 — 75%
of the values, the lines within the
rectangles are the median values of
the parameters. Dash-dotted lines
show the boundaries of the reference
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Note: CRP, C-reactive protein.
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Puc. 2. lunamuka MmapkepoB BocHa-
JIEHUsT / «IIMTOKMHOBOTO IITOPMa»
y nmauueHntoB ¢ COVID-19 Ha done
JleyeHust TiperiapatoM JlaeHHeEK.
[TpsiMmoyronbHUKY 0003HAYAIOT Ipa-
HUIBI 25—75%-HbIX 3HaYEHWUA, JIU-
HUU BHYTPU TPSIMOYTOJIBHUKOB —
Me/IMaHHbIe 3HAYEHUS MTapaMeTpoB.
LI TpuX-MyHKTUPHBIMU  JTUHUSMU
MOKa3aHbl TpaHULbl pehepeHCHBIX
MHTEPBAJIOB
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was observed, from 18.9 & 2.4 per minute to 17.5 = 1.2 per
minute (p = 0.029); the patients had improved sleep and
improved mood.

The improvement in blood oxygenation was accompa-
nied by a decrease in the degree of lung damage accord-
ing to the CT data (a decrease in the score from 3.35 =
0.50 to 2.71 = 0.61; p = 0.0027) and a decrease in the ar-
ea of lung damage according to the CT data from 73.4 *
17.2% to 63.1 £ 13.9 % (p = 0.047). Along with the ob-
jective improvement in respiratory function, the patients
complained less of the overwhelming weakness: before
the start of therapy, 9 patients complained of general
weakness, after therapy there were only two such patients
(a 11-fold reduction in risk, OR, 0.09; 95% CI, 0.01 —
0.59; p=0.0068).

The use of Laennec resulted in significant improve-
ments in liver (ALT, AST levels; Figure 4) and kidney
(creatinine levels) markers. The AST levels decreased
from 121.3 = 102.5 U/L to 45.7 = 15.7 U/L (p = 0.050).
Initially, there were elevated AST levels (more than 40
U/L) in 14 patients; after treatment, only in 7 (OR, 0.07;
95% CI, 0.007 — 0.70; p = 0.0091). The ALT levels de-
creased from 164 = 155 U/L to 49 = 28 U/L (p = 0.049).
At the same time, abnormally high ALT levels (more than
41 U/L) were observed in 13 out of 14 patients at the start
of therapy and in 8 patients after using Laennec (OR, 0.10;
95% CI1, 0.01 — 1.00; p = 0.029). On average for the group,

creatinine decreased from 105.3 + 87.8 umol/L to 20.5 =
9.2 umol/L (p = 0.049).

Discussion

Previous studies of the composition of Laennec did in-
dicate considerable feasibility of using the drug in pa-
tients with COVID-19. In fact, peptides-inhibitors of the
IKKB protein that were found in the composition of the
drug do help to reduce systemic inflammation by inhib-
iting the NF-kB cascade. Further, a significant amount
of the immunomodulatory element zinc necessary to ac-
tivate innate antiviral defense systems in COVID-19 [3]
and anti-inflammatory peptides-inhibitors of a number of
kinases in human proteome were also found in Laennec.
Earlier clinical experience with Laennec demonstrated
normalized levels of pro-inflammatory cytokines (IL-6,
TNF-a) and a significant decrease in the levels of AST and
ALT enzymes in Laennec-treated patients [6]. Therefore,
we hypothesized that the anti-inflammatory and anti-viral
effects of Laennec could effectively inhibit the formation
of a life-threatening cytokine storm in patients with severe
COVID-19.

In this work, we considered ferritin, CRP, and the rel-
ative content of lymphocytes as biomarkers of a cytokine
storm. It is known that patients with severe COVID-19
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Figure 4. Levels of liver dysfunction markers
in patients with COVID-19 in the dynamics
of Laennec treatment. Dash-dotted lines
show the boundaries of the reference intervals
Note: ALT, alanine aminotransferase; AST,
aspartate aminotransferase.
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have increased ferritin levels associated with high mor-
tality [5, 12]. Ferritin is an iron-carrying protein found in
virtually all tissues. Normal levels of ferritin in the blood
are 10—120 pg/L in women and 20 — 250 ug/L in men.
Elevated serum ferritin levels are associated with disor-
ders of iron accumulation in the body (hemochromatosis,
etc.); they also indicate inflammation concomitant to se-
vere ARVI, liver dysfunction, autoimmune or tumor dis-
eases, etc.

In patients with COVID-19, ferritin levels dramati-
cally increase both due to the acute phase of inflamma-
tion and through the mass death of red blood cells that
enables the formation of the so-called “catabolic ferritin”.
When performing a biochemical blood test, it is impossi-
ble to distinguish “pro-inflammatory” ferritin from “cat-
abolic” ferritin. Nevertheless, total ferritin is an effective
marker of the severity of coronavirus infection: in patients
with mild COVID-19, lower serum ferritin levels were ob-
served (on average, by 282 ug/L; p <0.001) [13, 14]. In the
present study, a significant decrease in total ferritin was
found in the dynamics of treatment (in men by 386 ug/L,
in women by 80 ug/L).

The use of Laennec resulted in positive dynamics of
C-reactive protein (another marker of the acute phase
of inflammation that is produced in the liver). A me-
ta-analysis that included 16 studies of COVID-19 patients
(n = 3,962) confirmed that patients with less severe dis-
ease had lower levels of CRP (—41.8 mg/L; p < 0.001) and
other markers of inflammation (IL-6, ESR, ferritin) [13].

In this study, the baseline CRP values in all the sub-
jects were quite high (23.1 £ 18.9 mg/L while the refer-
ence interval is 0 — 5 mg/L; CRP levels >5 mg/L were
found in 86% of patients). This indicated to us an ex-
tremely active inflammatory process that predisposes
to the formation of microthrombi in the microvascular
network of the lungs and in other tissues. Accordingly,
a decrease in CRP during therapy to 9.0 = 6.8 mg/L
(p = 0.014) indicates both the extinction of the cytokine
storm and a decrease in the risk of thrombotic complica-
tions of COVID-19.

Elevated CRP levels, leukocytopenia and lymphocyto-
penia are important features of the course of COVID-19
[15]. At the beginning of treatment, the relative content of
lymphocytes (LYM %) was 20.0 = 10.9% and the values
within then reference interval of LYM % (25 — 40%) were
found only in three patients. The course of COVID-19
with decreased contents of lymphocytes in the blood
corresponds to an increased risk of a protracted disease
and a decrease in the rate of rehabilitation. Therapy with
Laennec led to a significant increase in LYM% up to
27.8 £ 11.6% (p = 0.042).

An increase in the content of lymphocytes in the blood
corresponds to the activation of antiviral defense in the
body. As noted earlier, a significant amount of zinc was
found in Laennec that stimulates the body’s interfer-
on defense proteins against single-stranded RNA virus-
es (including SARS-CoV-2) [3]. Also, 14 peptides were
found in the composition of the drug that produce antiviral
effects at all stages of the life cycle of DNA/RNA viruses.
These 14 peptides of Laennec can inhibit the activation
of viruses inside the cell (specific inhibition of the cellu-
lar HCFCI1 protein), fusion of the viral envelope with the
plasma membrane at the stage of infection with the host
cell virus (inhibition of the cellular CD4 protein), viral
replication (inhibition of the CTBP1 protein), maturation
of the virion (inhibition of proteins CRM1, VPS4B, TPR,
proline isomerase), and budding of viral particles from the
cell membrane (inhibition of the NEDD4 protein) [16].
Therefore, an increase in the percentage of lymphocytes
may be associated with the antiviral effect of peptides and
zinc in Laennec.

Overcoming the cytokine storm and activated antiviral
immunity are associated with improved respiratory func-
tion. SpO, blood oxygenation is a non-invasive but fairly
objective method for assessing respiratory failure. The im-
proved blood oxygenation in the dynamics of treatment
with Laennec from 91.4 £4.6% t0 96.2 £ 3.2% (p = 0.0029;
SpO, levels > 95% were achieved in 11 of 14 patients)
should be considered as the restored normal gas exchange
between alveocytes and erythrocytes. The reduction in the
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degree (—0.64 points; p = 0.0027) and the area of lung dam-
age (—10.4%; p = 0.047), assessed using the CT data, cor-
respond to a good rate of lung tissue regeneration as a re-
sult of treatment. This finding is supported by a significant
reduction in patient complaints of overwhelming weakness
(11-fold reduction in risk; p = 0.0068).

We should note that Laennec helps to increase the re-
generative capabilities of the body and is used in the treat-
ment of chronic fatigue syndrome (CFS). In particular,
the positive effects of Laennec in CFS are associated
with the modulation of mitochondrial function. Laennec
contains the peptides PGVSCR, HMVLLH, EALPGPL,
LPGPLNP, etc. that promote:
 inhibition of cell apoptosis under conditions of oxida-

tive/toxic stress (via the activation of the antiapoptotic

protein BcL-2);
* a decrease in hyperinsulinemia (activation of the

PPARA receptor);

* an increase in the intensity of energy metabolism of
mitochondria (inhibition of MAP kinases and kinases

of pyruvate dehydrogenase) [6].

In addition, Laennec contains biologically active pep-
tides that stimulate the regeneration of damaged tissues and
improve the body’s response to stress (fragments of proen-
kephalin A, peptides inhibiting CDK1, IKKB and mTOR
kinases). An experimental study demonstrated geropro-
tective properties of Laennec: the addition of Laennec in-
creased the lifespan of Caenorhabditis elegans under con-
ditions of prolonged oxidative stress by 92% compared to
the control [6].

The use of Laennec resulted in a significant improve-
ment in liver (ALT, AST) and kidney (creatinine lev-
els) markers. It should be emphasized that COVID-19
infection is associated with multiple organ pathology.
First, chronic comorbid diseases aggravate the course
of coronavirus infection. Second, infection with SARS-
CoV-2 stimulates or worsens organ damage.

In COVID-19 patients is noted liver dysfunction (in-
creased levels of AST, ALT markers, albumin, bilirubin)
[2], renal dysfunction (proteinuria, hematuria) [17] and
severe impairment of the blood coagulation profile (in-
cluding an increase in D-dimer and fibrin degradation
products) [1], which is associated with a higher risk of
mortality from COVID-19. Liver dysfunction occurs in 24
to 37% of COVID-19 patients [18]; renal dysfunction oc-
curs in 27 to 44% of patients [17].

In the present study, liver dysfunction was observed in
all patients (AST and ALT levels were elevated). The use of
Laennec resulted in a significant decrease in AST and ALT
in all patients, and the AST/ALT ranges were achieved
in half of the patients. This result is quite expected since
Laennec is registered as a hepatoprotector (ATX A0O5SBA).
In experiment and in clinical practice, it has been shown
that the drug eliminates hemosiderosis (chronic iron over-
load) of the liver, and reduces damage to hepatocytes and
cells of other organs. The experiment demonstrated the
cardioprotective effect of Laennec on the model of adren-
aline damage to the heart and an increase in the antiox-
idant resource of the blood [6]. The molecular mecha-
nisms of the regenerative action of Laennec on various
tissues have been mentioned above.

Creatinine is a biomarker of the state of the renal filtra-
tion system; its elevated levels indicate impairment of renal
filtration function [19]. Acute renal failure is an important
risk factor for mortality in patients with COVID-19 [17].
At the start of treatment, creatinine levels in the patients
examined were above the upper limits of the reference
intervals (62 to 106 umol/L in men, 44 to 80 umol/L in
women) in 5 out of 14 people in the therapy group. The
use of Laennec promoted a significant decrease in cre-
atinine from 105.3 £ 20.5 umol/L to 87.8 =+ 9.2 umol/L
(» = 0.049), i.e. towards the ranges of values correspond-
ing to the reference intervals. Thus, Laennec has contri-
buted to improved kidney function in COVID-19 patients.

We should also note that the analysis of the metric map
(see Figure 1) reflecting the dynamics of the patients’ con-
dition during therapy, enables the design of effective al-
gorithms for predictive modeling of various parameters at
the time of the end of therapy. Such algorithms, based on
the topological theory of pattern recognition [7—9, 20],
facilitate the evaluation of the efficacy of COVID-19 ther-
apy with Laennec based on the initial data in a particular
patient. In particular, models were obtained and verified
(in cross-validation) for predicting the duration of hospi-
tal stay (the correlation coefficient r (c) = 0.73), ferritin
levels (r(c) = 0.49), CRP (r(c) = 0.50), ALT (r(c) = 0.62),
creatinine (r(c) = 0.54), hemoglobin (r(c) = 0.84), plate-
lets (r(c) = 0.57), the relative content of lymphocytes
(r(c) = 0.65) and other important indicators of respira-
tory function such as Spo2 (r(c) = 0.88), respiratory rate
(r(c) = 0.50), the degree of damage using CT (r(c) = 0.51)
and lesions using CT (r(c) = 0.87). The developed algo-
rithms for predictive modeling constitute the subject of
a separate paper.

Here are two clinical cases that clearly illustrate the re-
sults of the treatment of COVID-19 using Laennec.

Case 1

Patient B., 63 years old, had diagnosis of T2DM (E11 MO
ICD-10). The patient referred to the RGRCC with complaints
of dry cough, fever up to 39 °C, air hunger, severe weakness, and
sweating. Respiratory rate was 30 per minute and the patient had
a positive PCR test for SARS-CoV-2 virus. According to the CT
scan, the patient’s lungs were affected by the 3 degree, the le-
sion area was 52%. Baseline SpO, (on room air) was 94%. The
temperature was high during 3 days, then it dropped to 37.6 °C.

Blood biochemistry: ferritin, 1,071.8 mcg/L (normal 20 —
250 meg/L), ALT, 44 u/1 (normal <41 U/L), AST, 44 U/L (nor-
mal < 40 U/L), CRP, 52.6 mg/L (normal 0 — 5 mg/L), crea-
tinine, 143 umol/L (normal 80 — 115 umol/L), hemoglobin,
153 g/L (normal 130 — 160 g/L), leukocytes, 6.1 X 10°/L
(normal 4 — 9 x 10°/L), platelets, 169 x 10°/L (normal 180 —
320 x 10°/L), lymphocytes (LYM %), 26% (normal 25 — 40%).

In view of the fact that the patient had already been in a “cy-
tokine storm” for a day (very high levels of ferritin, C-reactive
protein, borderline lymphopenia), it was decided to prescribe
Laennec i/v (6 mL in 350 mL of isotonic solution, 1 time per
day, no. 10 daily).

The patient’s clinical condition rapidly deteriorated and after
the first use of Laennec by Day 3, the temperature increased to
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38 °C, CRP, up to 64.7 mg/L, SpO, decreased to 89%, lympho-
cytes, to 7.4%. According to the CT data, there was lung lesion
of the 4" degree, the lesion area was 80%. The use of Laennec
continued. By Day 7 there was a decrease in ferritin to 408 ug/L,
CRP, to 9.1 mg/L, and an increase in leukocytes up to 10.9%.
On Day 11 there was a trend towards an increase in SpO, (91%),
the state of the lungs according to CT improved to Grade 3, the
lesion area decreased to 60%. The use of Laennec was stopped.
The patient was followed up for another 5 days. 5 days after com-
pleting the course of Laennec, ferritin levels decreased almost
to the normal range, 210 pg/L, and blood oxygenation SpO, in-
creased to 97%. Respiration rate was 20 per minute. The patient
was discharged in satisfactory condition.

Case 2

Patient A., 54 years old, was admitted to the RGRCC on emer-
gency with complaints of paroxysmal cough with scanty sputum,
hyperthermia up to 39 °C, severe weakness, and shortness of
breath. She fell ill a week prior to being admitted to the RGRCC
with the first symptoms of loss of smell and lack of appetite, af-
ter 3 days the temperature rose to 39 °C, and dry cough started.
An RGRCC examination showed a positive PCR test for SARS-
CoV-2.

The patient was in the RGRCC for three days on compulso-
ry oxygen therapy. The temperature was high during three days,
then dropped to 36.7 °C. Despite the hospital stay, the condi-
tion of the lungs worsened: the SpO, oxygenation in the air de-
creased to 82%, according to the CT data, there was 4" degree
lung damage, the lesion area was 92%. There was a trend towards
the formation of a cytokine storm, with ferritin 493.4 ug/L (nor-
mal 10 — 120 ug/L), a decrease in lymphocytes to 15.3% (normal
25 — 40%) with the developing liver dysfunction (ALT, 42 U/L,
normal < 41 U/L, AST, 64 U/L, normal < 40 U/L). Blood pres-
sure was 148/84 mm. Hg, heart rate was 91 per minute.

The patient was prescribed Laennec i/v (6 mL in 350 mL
of isotonic solution, 1 time per day, no. 8 daily). Starting from
the second day of using the drug, the patient’s condition became
significantly better: blood pressure returned to normal up to
110/80 mm. Hg, her heart rate decreased to 78 beats/min, blood
oxygenation increased to 85%, and respiratory rate decreased
from 20 to 18 per minute. There was a daily positive trend. On
Day 7 SpO, increased to 97%, lymphocytes, up to 31.5% (normal
25 —40%). According to the CT, the degree of lung damage de-
creased to the 3 degree, the affected area was up to 80%, ferritin
levels were up to 398 ug/L, weakness disappeared. The patient
was discharged the next day in a satisfactory condition.

Conclusion

Various approaches to pharmacotherapy for COVID-19
are currently being tested. Decisions on the choice of
pharmacotherapy should take into account all the im-
portant features of COVID-19 and, above all, the severe
course of this coronavirus infection in presence of comor-
bid pathologies. It is well known that most of the drugs
used in the treatment of viral diseases are highly toxic and
cannot always be used in patients with liver dysfunction,
coronary artery disease, T2DM and other chronic diseas-
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es. Therefore, in a severe course of COVID-19, especially
against an unfavorable comorbid background, the require-
ments for the safety of the chosen pharmacotherapy are
paramount.

The polypeptide drug Laennec has a good safety pro-
file, a high degree of pharmaceutical standardization
[21], and is characterized by reliable hepatoprotective,
anti-inflammatory and immunomodulatory properties.
The use of Laennec in the therapy of COVID-19 in pa-
tients with comorbid load (IHD, T2DM), liver dysfunc-
tion (increased AST, ALT by 2 — 3 times) and a high risk
of a cytokine storm (increased CRP, ferritin, decreased
Iymphocyte count) have shown positive clinical dynam-
ics and improvement in almost all studied laboratory pa-
rameters.

It is especially important to note the decreased ferri-
tin levels (p = 0.039), an increase in blood oxygenation
to the normal range (p = 0.0029) and a decreased area of
lung damage according to the CT data (p = 0.0027). The
sustained remission was achieved in all patients between
3 to 15 days after the start of Laennec; the patients were
discharged with a negative test for the SARS-CoV-2 virus.
The collected data allowed the development of algorithms
for predictive modeling of the efficacy of COVID-19 ther-
apy using Laennec.
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Chronic obstructive pulmonary disease and COVID-19:
topical issues

Aleksey M. Shchikota®**, Irena V. Pogonchenkova', Elena A. Turova', Marina A. Rassulova’,
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Abstract

The problem of comorbidity of new coronaviral infection (COVID-19) and chronic obstructive pulmonary disease (COPD) is acute, considering
similarity of clinical manifestations, diagnostic difficulties, the potential severe disease course. Patients with COPD represent a vulnerable group of
infected SARS-CoV-2, with a complicated disease course and frequent adverse outcome. Features of the spread of the virus limit treatment and
diagnosis for patients with COPD, making it difficult to provide medical care during the pandemic. The negative results of some clinical studies of
antiviral drugs for patients with COVID-19 indicate the need for a search for new drugs; for this reason, analysis of the anti-inflammatory effect on
the lungs in infection COVID-19 of drugs of basic COPD therapy is promising.

Key words: COVID-19, chronic obstructive pulmonary disease, SARS-CoV-2, smoking.
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Pesome

AKTYaJTbHOCTb MPOOJIEMbI KOMOPOMIHOCTA HOBOW KopoHaBupycHoil nHbekuun COVID-19 u xpoHnvyeckoir 00CTpyKTUBHOM OONE3HU JIeTKUX
(XOBJI) o0ycnoBiaeHa CXOXKeCTbIO KIMHUYECKUX MPOSIBICHUI, CIOKHOCTBIO AMarHOCTUKH, MOTEHUATBHOM TSIXKECTbIO TEUEHMSI U B3aUMOOTSITO-
meHueM 3Tux naronoruii. bompabie XOBJI, nHbuimposannsie SARS-CoV-2, npencraBisior coboil ySA3BUMYIO TPYIIITY JIUIL C OCJIOKHEHHBIM
TEUEHUEM U YaCTO HeOIaronpUsTHBIM UCXON0M 060J1e3HU. OCOOEHHOCTH PaclpOCTPpaHEHUsT BUPYca HAKJIAAbIBAIOT 3HAUUTEIbHbIE OTPAHUYEHUS
Ha MHOTOYMCJICHHbIE JUarHOCTUYecKue 1 JeueOHble Meponpusitis npu XOBJI, 3aTpyaHsisi okazaHue MEIMLIMHCKOM MOMOLIM OOIbHBIM JaHHOM
KaTeropuy B IEPHOJI MMAHIEMUN Ha BeeX ee aTanax. HeoOXommMocTh MorcKa HOBBIX TeParieBTUIECKUX PEIIEHUI TPOANKTOBAHA OTPUIIATETIbHBIMU
pe3yibTaTaMy TEeKYLIMX KIMHUYECKUX MCCIENOBAHUMI MO n3ydeHuio 3(hGheKTUBHOCTH MPUMEHEHUs psiia mpenapatoB y 6onbHbix COVID-19;
MepCHeKTUBHBIM TpeacTaBisieTcst usydeHue aeiictBust Ha SARS-CoV-2 npemnaparoB 6a3oBoit Tepanuu XOBJI ¢ moka3zaHHBIM TTPOTUBOBOCITAIN-
TEJIbHBIM JIEUCTBUEM Ha OPOHXOJIETOUYHYIO CHCTEMY.

Kmouesbie cioBa: COVID-19, xponnueckast o0cTpykTUBHasI 6071e3Hb Jerkux, SARS-CoV-2, kypeHue.

KoHdumkT uHTEpecoB. ABTOPBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

Jnst uutuposanust: Llukora A.M., [Toronuenkosa M.B., Typosa E.A., PaccynoBa M.A., I'ymeniok C.A. XpoHuueckast 00OCTpyKTUBHas1 60JIe3Hb
serkux 1 COVID-19: akryanmbHBIe BONIPpOCHI. [lyasmononoeus. 2020; 30 (5): 599—608. DOI: 10.18093/0869-0189-2020-30-5-599-608

nicable diseases exclusively in the context of the pandemic.
The coronavirus was named SARS-CoV-2 on February 11,

A new strain of coronavirus emerged in December 2019 in
the Chinese city of Wuhan (Hubei province), spread rap-

idly across the world until the COVID-19 pandemic was
officially announced by the World Health Organization
(WHO) on March 11, 2020. It is a global challenge for
healthcare that forced to consider strategic issues of diag-
nosis, treatment, and rehabilitation of other noncommu-

2020. It enters the human body through the receptors of the
angiotensin converting enzyme type 2 (ACE-2). It can in-
fect type 2 alveolar cells, leading to diffuse alveolar damage
to the lungs which is clinically seen as viral bilateral pneu-
monia and acute respiratory distress syndrome .

! Ministry of Health of the Russian Federation. | Temporary guidelines: Prevention, diagnostics, and treatment of the of novel coronavirus infection (COVID-19). Version 8 (03.09.2020)].
Available at: https.//static-0.minzdrav.gov.ru/system/attachments/attaches/000/051/777/original/030902020_COVID- 19 v8.pdf (in Russian).
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Chronic obstructive pulmonary disease (COPD) re-
mains one of the leading reasons for the decline in the
quality and duration of life. It is an unresolved medical
and social problem, and the urgency has been growing over
the years. According to various authors, the prevalence
of COPD among the adult population ranges from 4 to
10%, which equals to about 210 million people around the
world [1]. According to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD), COPD is “a disease
that can be prevented and treated”. However, the choice
of therapeutic strategies for patients with COPD remains
challenging, and the ability to influence the endpoints and
prognosis of the disease remains limited 2.

Given that both COPD and COVID-19 cause poten-
tially severe lung damage, it is important to study the im-
pact of SARS-CoV-2 infection on the course, complica-
tions, and outcomes of COPD, as well as the impact of the
pandemic on the organization of medical care for chronic
pulmonary patients. The similarities in the pathogenesis
of COVID-19 and COPD make it possible to consider a
number of drugs for basic COPD therapy as a potential
treatment for the new coronavirus infection.

Impact of COPD and smoking on the risk of COVID-19
infection: the relevant pathogenetic features of SARS-
CoV-2. J.M.Leung et al. conducted one of the first stud-
ies on the mutual influence of COVID-19, COPD, and
smoking. Their article in the European Respiratory Journal
highlighted the problem and caused a discussion in the sci-
entific medical press. Professor J. M. Leung et al. examined
smokers with COPD at St. Paul’s Hospital (Vancouver,
Canada) and assessed the expression of ACE-2 in the
bronchial epithelial cells. The patients with COPD and
smokers had increased expression of the ACE-2 gene in
the respiratory tract as compared with the non-smokers
and former smokers. The greatest changes were observed
in the patients with COPD. Based on these data, the au-
thors suggested an increased risk of SARS-CoV-2 infec-
tion in COPD patients and active smokers and presented
immediate smoking cessation as one of the ways to reduce
the risk of infection [2].

This position was also confirmed by the article of
P Russo et al. in the same print edition [3]. The research-
ers have found a significant increase in nicotine expres-
sion of ACE-2 via the a.-nicotine-acetylcholine recep-
tor (a,-nAChR) of human bronchial epithelial cells. They
suggested that exposure to nicotine increases the risk of
SARS-CoV-2 entering lung cells; a.-nicotinic receptors
are found in nerve cells, vascular endothelium, and lym-
phocytes, so smoking can potentially negatively affect the
pathophysiology of COVID-19 in many systems and or-
gans, including the brain, as well as the clinical outcomes.
In aresponse article, Professor J. M. Leung agreed that nic-
otine could act via a,-nAChR receptors and that smokers
with COPD can have increased expression of ACE-2 re-
ceptors and be prone to severe COVID-19 infection. In
this light, he suggested considering selective antagonists of
a,,-nicotine-acetylcholine receptors, such as methyllycac-
onitine and a-conotoxin, as potential antiviral drugs [4].

S.Sharif-Askari et al. indicate transmembrane ser-
ine protease 2 (TMPRSS2) as an entry gate for the vi-
rus, along with ACE-2. They also pointed out a low level
of expression of these receptors in the upper and lower
respiratory tract in children, and the increased expres-
sion in smokers and patients with COPD, which explains
the different course of the disease in these groups and
their different susceptibility to infection [5]. A significant
decrease in the level of ACE-2 with an unchanged level
of expression of TMPRSS2 was also found after infec-
tion with COVID-19. This prompted the authors to sug-
gest serine protease inhibitor (camostat) for treatment of
COVID-19.

On the other hand, a number of publications provide
other data on the effect of smoking, nicotine, and COPD
on the risk of infection with SARS-CoV-2 virus. Several
Chinese studies and their meta-analyzes indicate an un-
usually low prevalence of COPD and tobacco smoking
among COVID-19 patients. J.J.Zhang et al. studied co-
morbidities and allergic status in 140 patients with an aver-
age age of 57 (25 — 87) years old, with verified COVID-19,
who were hospitalized at Hospital No.7 in Wuhan in
January—February 2020. The study sample included only
2 active smokers and another 7 people with a history of to-
bacco smoking (6.4% of the sample). Active smoking and
COPD were reported in only 1.4% of patients [6], which is
lower than the prevalence of COPD and tobacco smoking
in China (COPD occurs in 13.7% among adults over 40;
27.3% of the population are active smokers). These find-
ings correlate with a wider study of the clinical status of
COVID-19 patients in China by W.J.Guan et al. [7]. An
analysis of 1,099 inpatient case histories (552 hospitals in
30 provinces) showed that only 1.1% of the patients had
COPD as a comorbidity, and 12.6% of patients were ac-
tive smokers.

According to a meta-analysis by A. Emami et al. that
was also based on pooled data from Chinese researchers as
of March 2020, the prevalence of COPD among those in-
fected with SARS-CoV-2 was 0.95%. 7.6% of the patients
were active smokers [8]. Nevertheless, the authors of
the meta-analysis name COPD and smoking among the
“common comorbidities” in patients with COVID-19 but,
obviously, the incidence of these conditions is less than in
the general population. Similar data on the relatively low
prevalence of smoking and COPD among COVID-19 pa-
tients were obtained in the United States. Only 5.1% of
393 patients were active smokers with COPD [9]. In June
2020, the European Respiratory Journal published an ar-
ticle by M.Rossato et al. which emphasizes that all epide-
miological data published to date show an extremely low
prevalence of tobacco smoking among COVID-19 pa-
tients [10]. The authors cite their own analysis of hospi-
talizations at the University Hospital of Padua in March-
April 2020. None of 132 patients with COVID-19 were
smoking, 15.2% of patients had a history of smoking, and
the latter did not correlate with the severity of the infec-
tion. At the same time, the percentage of active smokers
in Italy in general and in the Veneto region, to which the

2 Global Initiative for Chronic Obstructive Lung Discase. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease. Revised 2020. Available

at: www.goldcopd.com
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hospital belongs, is high and amounts to 25.7 and 22.7%,
respectively.

T Lupia et al. from Italy performed a meta-analysis of
the data from China. They also showed a low prevalence
of COPD in patients with COVID-19 1 — 2.9%, with a to-
tal prevalence of COPD in China equal to 1.2 — 8.9%.
The results of the meta-analysis did not allow to attribute
COPD to the common comorbidities in patients with the
new coronavirus infection [11]. An article by Chinese au-
thors from Zhejiang University indicates a higher prev-
alence of COPD among 136 elderly patients (> 60 years
old) with COVID-19 as compared with the younger popu-
lation. However, the incidence of COPD in the elderly was
2.21% and cannot be considered high [12].

Professor F Polverino of the Center for Asthma and
Respiratory Diseases at the University of Arizona (USA)
calls the relationship between tobacco smoking and
COVID-19 a «complex interaction». The epidemiological
data clearly put in question active smoking as a risk factor
for COVID-19. At the same time, the author emphasizes
the delicacy and complexity of the topic of the possible
protective effect of nicotine in COVID-19, taking into ac-
count the proven unconditional and diverse negative ef-
fects of cigarette smoke on the lungs [13].

Greek authors K. Farsalinos et al. also argue with
J.M.Leung and P.Russo say that additional research on
the role of nicotine in the pathogenesis of COVID-19 is
required. Their meta-analysis of the prevalence of active
smoking in patients with COVID-19 in China and the
United States showed that nicotine as an agonist of the
cholinergic system can potentially limit the manifestation
of the cytokine storm through o, -nicotine-acetylcholine
receptors. Taking this into account, the authors consid-
er the use of o -nAChR (methyllycaconitine, a-cono-
toxin) receptor antagonists dangerous in patients with
COVID-19 because of the possible growth of the system-
ic inflammation. They did not question the general harm
of tobacco smoking, but still proposed to consider using
pharmacological nicotine-containing drugs in the com-
plex therapy of COVID-19 [14].

J.M.Leung et al. criticized the position of K. Farsalinos
et al. The latter published a response letter in the European
Respiratory Journal and admitted that they were also sur-
prised by the small number of smokers among patients
with new coronavirus infection. The authors suggest
such possible reasons as the underestimated prevalence
of smoking, the potential protective effect of inhalers,
and a lower prevalence of tobacco smoking among the
elderly — the main target population of COVID-19. In any
case, Professor J.M.Leung urges to approach the epide-
miological data with caution and not to consider smok-
ing as a “protection” against COVID-19. He emphasizes
that COPD still remains a factor associated with the severe
disease and high mortality, despite the low prevalence of
smoking and COPD in the infected population [15].

Impact of COPD on COVID-19 severity and outcomes.
In the active discussion of the impact of COPD on the
risk of infection with SARS-CoV-2, most experts agree on
one thing — COPD is an undoubted risk factor for severe
COVID-19 and increases the likelihood of an unfavorable
outcome of the disease. Changes in the local and systemic
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inflammatory response in patients with COPD, a decrease
in the immune status, an imbalance in the microbiota
of the respiratory tract, impaired mucociliary clearance
and bronchial architecture, and the consequences of pro-
longed use of inhaled glucocorticoids are considered the
main pathogenetic grounds for this risk, along with in-
creased expression of ACE-2 receptors in COPD patients
and tobacco smokers [16].

One of the first meta-analyzes by Chinese authors in-
cluded 6 studies (n = 1,558) of patients with COVID-19
and showed that the risk of severe infection in the patients
with COPD is 5.9 times higher than in the patients with-
out COPD. COPD was recognized to be an independent
risk factor for the severe course of the new coronavirus in-
fection along with arterial hypertension, diabetes mellitus,
cardiovascular and cerebrovascular diseases [17].

Naturally, a similar small meta-analysis by Italian au-
thors based on clinical information from China showed
a similar result: COPD increases the risk of a severe course
of COVID-19 by more than 5 times [16]. The authors of
the review conclude that patients with COPD should be
isolated to avoid contact with the virus and should be
monitored carefully if infected.

A nationwide analysis from the People’s Republic of
China [18] assessed the effect of comorbidities on seri-
ous adverse outcomes (death, admission to the intensive
care unit (ICU), the need for mechanical ventilation)
in 1,590 patients COVID-19. 50% patients with COPD
reached the endpoints. If the patient had two or more
comorbidities, the prognosis became even worse. Thus,
COPD can largely determine the unfavorable outcome
of the coronavirus infection, which once again empha-
sizes the vulnerability of chronic pulmonary patients to
COVID-19.

The meta-analysis by V.Jain et al. also confirms this
conclusion. This meta-analysis assessed the prognostic
factors of severe new coronavirus infection and hospi-
talization in the ICU. They analyzed the influence of
various comorbidities on the prognosis in 1,813 patients
in 7 studies that were conducted in China. Despite the
generally relatively low prevalence of COPD among
those infected with SARS-CoV-2, the concomitant
COPD had the strongest prognostic value in relation
to the severe course of COVID-19 (OR 6.42, 95% CI
2.44 — 16.9) and hospitalization in ICU (OR 17.8, 95%
CI 6.56 —48.2) [19].

Patients with COVID-19 who required repeated hos-
pitalization after discharge had COPD as a comorbidity
much more often than those who were hospitalized only
once (6.8% vs 2.9%) [20]. S.Shi et al. studied myocardi-
al injury in COVID-19 and revealed a more frequent in-
crease in markers of myocardial necrosis in patients with
several comorbidities, including COPD [21].

Finally, a systematic review of studies and a meta-anal-
ysis on the impact of COPD on mortality in COVID-19
patients was performed. M. Parohan et al. reviewed the his-
tories of 29,909 patients with confirmed SARS-CoV-2 in-
fection in 14 studies. A total of 1445 deaths were recorded.
According to the review, concomitant COPD is associated
with a high risk of mortality in COVID-19 patients (OR =
3.53,95% CI = 1.79 — 6.96, p < 001). The other risk fac-
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tors were arterial hypertension, cardiovascular diseases,
diabetes mellitus, and age > 65 years [22].

A meta-analysis by Q.Zhao et al., included a large
number of studies (11) and assessed the impact of COPD
and smoking history on the severity of COVID-19 [23].
The presence of COPD was associated with an almost four
times higher risk of severe COVID-19. The conclusions
regarding the active smoking status were contradictory. A
meta-analysis showed a twofold increase in the risk of se-
vere COVID-19 in active smokers. At the same time, the
effect of smoking history on the severity of the infection
became insignificant after one study [24] was excluded
from the analysis.

A few other publications illustrate the impact of
tobacco smoking on the severity and outcomes of
COVID-19 and are largely contradictory to each oth-
er. A team of authors from Tiantan Hospital in Beijing
published the results of a meta-analysis that investigat-
ed the relationship between clinical features and out-
comes of COVID pneumonia. The authors reviewed data
from 12 cohort studies that included 2,445 patients with
COVID-19 and made an unambiguous conclusion that
the severe course of infection is associated with a histo-
ry of smoking. Also, they confirmed a strong relation-
ship between severe COVID pneumonia and concomi-
tant COPD (OR = 5.08, p < 0.001) [25]. Several other
cohort Chinese studies have confirmed the severe course
of the coronavirus infection in smokers. These studies
have showed that current and former smokers have more
pronounced symptoms, are admitted to ICU, and need
mechanical ventilation more frequently [7]. The studies
have also confirmed the relationship between smoking
and the progression of COVID-19 [26].

At the same time, a large cohort study (1,007 patients)
in several hospitals in China confirmed that COPD but
not smoking is a risk factor for progression of mild or
moderate COVID-19 to a severe disease. Moreover, the
proportion of smokers was insignificantly (p = 0.08) low-
er in the COVID-19 progression group as compared to
the group of stable patients [27]. Such conflicting data
undoubtedly indicate the need for further research of the
effect of nicotine and its analogs on the risk of infection
with SARS-CoV-2, the severity and outcomes of the in-
fection.

COVID-19 course in the selected groups of patients
with COPD. A number of publications discuss the course
of the new coronavirus infection in selected cohorts of pa-
tients with COPD. In particular, L. Wang et al. studied the
course and prognosis of COVID-19 in elderly patients.
They followed up 339 patients over 60 years old in Wuhan
and showed that COPD was a predictor of an unfavorable
outcome of the disease, among other comorbidities [28].

Authors of an article on the increased expression
of ACE-2 receptors in overweight patients with COPD
conclude that there is a risk of a more severe course of
COVID-19 in these patients [29].

The Thoracic Surgery Department of Tongji Hospital
in Wuhan City studied the features of COVID-19 in pa-
tients after thoracic surgery. The highest mortality was
recorded in the group of patients with concomitant
COPD [30].

In general, COVID-19 patients with lung cancer have
a severe course of infection. The authors note that the
markers of an unfavorable outcome of the disease were not
specific features of cancer and its therapy, but the presence
of certain comorbidities, including COPD [30].

Difficulties in diagnosing COVID-19 in patients with
COPD. Several publications point out that diagnosing
the new coronavirus infections in patients with COPD is
challenging. First, there is an obvious similarity between
the clinical symptoms of an exacerbation of COPD and
COPD-19. The most common signs of SARS-CoV-2 in-
fection are cough (up to 80% of cases), fever and intox-
ication (> 90% of cases), and shortness of breath (up to
30% of cases). These same symptoms often accompa-
ny an exacerbation of COPD [23, 31]. Thus, the infec-
tion with SARS-CoV-2 may be clinically unnoticeable
and masked by manifestations of chronic lung pathology
in patients with a relapsed or symptomatic COPD. The
experts [32] recommend using clinical symptoms such
as high fever, anorexia, myalgia, and signs of gastroin-
testinal tract damage for the differential diagnosis, be-
cause they are not pathognomonic for an exacerbation
of COPD.

COPD Foundation experts warn that COPD patients
may experience a sharp deterioration in 6 — 7 days and
develop respiratory failure associated with the suppressed
COVID-19 symptoms. The authors of the publication
propose mandatory testing for SARS-CoV-2 in all patients
with an exacerbation of COPD to avoid delayed diagnosis
of COVID-19 in COPD [31].

An interesting clinical case was presented in the
journal American Family Physician in May 2020 [33].
A 67-year-old patient with long-term COPD and a num-
ber of other chronic diseases (ischemic heart disease, di-
abetes mellitus) had watery diarrhea for 4 days. The pa-
tient did not report an increase in shortness of breath
and cough, did not have a fever, and had stable hemo-
dynamic parameters. Saturation was 92% against the ox-
ygen therapy at home, which was typical for him. The
stool analysis for C. difficile was negative. On the first day
of the hospital stay, his cough intensified, and his body
temperature rose to 38.9 °C, the oxygen saturation of the
blood dropped to 88%, and bilateral interstitial chang-
es were revealed by a CT scan. The COVID-19 test up-
on admission was positive. Mechanical ventilation was
started because the patient deteriorated. This clinical ex-
ample clearly illustrates the difficulties of diagnosing the
new coronavirus infection against the underlying severe
chronic lung pathology, especially with an atypical clini-
cal form of COVID-19.

The difficulties in detecting COVID-19 in COPD pa-
tients are not limited to the clinical picture. Interpretation
of computed tomography (CT) data in these patients is of-
ten also hard. Both false-positive and false-negative diag-
noses are possible [34, 35]. Usually, the typical ground-
glass opacities occur in patients with COPD against the
background of a strongly altered X-ray picture: pulmonary
emphysema, bullae, areas of fibrosis [34].

S.Salehi et al., who studied the features of CT in
COVID-19 patients with various chronic broncho-
pulmonary pathologies, also noted that the CT signs
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of COVID pneumonia in COPD patients are atypi-
cal. In particular, the formation of cavities is not typi-
cal for SARS-CoV-2 lung damage. However, small cen-
trilobular emphysematous bullae are characteristic of
along-term COPD, and ground-glass interstitial chang-
es around them create a picture of “pseudocavities”
[35]. The authors note that the overlapping of corona-
virus pneumonia (interstitial changes and areas of air
space consolidation) and the underlying COPD can also
mimic the CT picture of aspiration pneumonia or lung
atelectasis.

Japanese authors described CT changes in a 78-year-
old smoker with a long history of COPD and confirmed
COVID-19. They noted multiple peripheral round and
irregular ground-glass opacities against the background
of emphysematous changes, which they figuratively call
“Swiss cheese” [36].

Managing patients with COPD during the COVID-19
pandemic. The COVID-19 pandemic has made signifi-
cant adjustments to the provision of health care across
a range of noncommunicable diseases, and COPD is no
exception. The period of self-isolation, the need to com-
ply with restrictive measures during outpatient visits and
inpatient treatment, mutual aggravation of COVID and
COPD altogether have significantly changed the strat-
egies for managing chronic pulmonary patients at all
stages, i.e. prevention, diagnosis, treatment, and reha-
bilitation. In addition, the similarities in pathogenetic
mechanisms of these two diseases require studying the
effect of basic bronchodilator therapy for COPD on the
course of COVID-19 and, vice versa, studying the ef-
fect of antiviral therapy on the clinical status of patients
with COPD. Most of the authoritative national and in-
ternational pulmonary communities have presented their
guidelines and strategies for managing COPD during the
COVID-19 pandemic.

The Global COPD Initiative (GOLD) responded to
the pandemic with a short, patient-centered guide rec-
ommending to comply with all restrictive measures to
prevent infection with SARS-CoV-2, continue the basic
bronchodilator therapy during the pandemic, including
the use of inhaled glucocorticosteroids, use oxygen ther-
apy for standard indications, follow the national guide-
lines for COVID-19, and use the information provided
by WHO [37].

Most national guidelines and medical publications
repeat the basic principles for the management of pa-
tients with COPD listed above [32, 37, 38]. Swiss authors
stressed the need to adhere to standard therapy for COPD
and bronchial asthma during the COVID-19 pandemic.
They also warned of the dangers of spirometry studies and
the use of nebulizer therapy in the infected patients due to
the increased risk of SARS-CoV-2 infection [32].

Experts from the Canadian Thoracic Society (CTS)
have formulated general guidelines for COPD patients
during the pandemic:

+ stay at home as much as possible, including working
remotely at home;

+ follow national guidelines for the sanitary and hygienic
rules, as well as the distance and isolation when going
out;
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» provide for a minimum 30-day supply of necessary
medicines or a reliable channel for their delivery;

« foresee and, if possible, document the plans for
hospitalization and resuscitation in case of severe
COPD, and, accordingly, the potential risk of severe
COVID-19 [38].

General principles of COPD therapy during the pan-
demic. All national and international guidelines do not
recommend changing previously prescribed COPD drug
therapy during the COVID-19 pandemic [31, 32, 37—39].

The article by A.Attaway (USA) discusses the possi-
ble challenges in the treatment of acute respiratory fail-
ure during an exacerbation of COPD. The standard meth-
ods such as nebulizer therapy, high-flow oxygen therapy
through a nasal cannula, and positive pressure non-in-
vasive ventilation (NIV) are associated with a high risk
of SARS-CoV-2 infection. The following solutions are
proposed: the use of individual metered dose inhalers,
dry powder inhalers, and spacers instead of nebulizers;
the personnel should use personal protective equipment
(PPE) that provides maximum protection and use viral
filters if nebulizer therapy and NIV are required; limiting
oxygen consumption during oxygen therapy to 30 L/min.
At the same time, a complete rejection of NIV is not rec-
ommended, given its proven efficacy in the treatment of
respiratory failure in COPD [40]. High-flow oxygen ther-
apy should not be used in patients with hypercapnia [32].
Therefore, the analysis of the gas composition of arteri-
al blood is recommended for all patients with COPD and
signs of respiratory failure [39].

The need for prophylactic therapy with anticoagulants
in patients with a combination of COPD and COVID-19
is emphasized because the coronavirus infection caus-
es coagulopathy while exacerbations and severe course of
chronic obstructive pulmonary disease increase the risk
of venous thromboembolism [41, 42]. Careful monitoring
of the patient’s clinical status, laboratory and instrumen-
tal parameters is required to exclude any thromboembolic
complications [39].

If a patient with COPD uses low-flow oxygen ther-
apy at home, it should be continued. The mode can be
changed only after consultation (including remote) with
the attending physician [38, 39].

Elements of rehabilitation are essential in the man-
agement of clinically severe patients with COPD and
COVID-19. The rehabilitation can take the form of phys-
ical therapy and active nutritional support to correct the
malnutrition and sarcopenia typical for COPD. Weaning
from mechanical ventilation is a complex multistep pro-
cess for the patient and his family because the ventilation
can be still required for COPD.

The COPD Foundation experts emphasize that pul-
monary rehabilitation is essential for patients with COPD
[31]. Given the limited availability of rehabilitation facil-
ities during the pandemic, a number of national and in-
ternational pulmonary organizations offer web-based
platforms for counseling on physical therapy and other
methods of medical rehabilitation at home. When treating
COPD at home, it is advisable to isolate the patient in his
room, ideally, for him/her to have his/her own bathroom.
The door to the room should be closed when the patient
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uses a nebulizer and remain closed for several hours after
the procedure [32].

The overall psychological climate deteriorated during
the pandemic and COPD patients are susceptible to anxi-
ety and depression, so the COPD Foundation has released
a guide to maintaining the emotional well-being of COPD
patients during the COVID-19 pandemic. The guide ex-
plains how to monitor and prevent negative thoughts,
feelings, and reactions — the triggers of anxiety-depres-
sive states. They also gave the recommendations to im-
prove the psycho-emotional background during a pande-
mic [43]. CTS also offers an online resource for educating
COPD patients and self-managing strategies for disease
control and pulmonary rehabilitation during the pande-
mic (https.//cts-sct.ca/covid-19/). Experts emphasize the
importance of telemedicine technologies for monitoring
and education, the importance of maintaining physical
activity and strict implementation of the drug treatment
plan [38].

Experts from the Francophonie Pulmonary Society
(SPLF) believe that the huge harm from the COVID-19
pandemic lies in the suspension of most of the current
clinical research on COPD. This could delay the intro-
duction of innovative treatments for the disease by several
years. In addition, lung transplantation is strictly limited
during the pandemic, including for terminal COPD, ex-
cept for the urgent cases. This may also have delayed ad-
verse effects [39].

Inhaled and systemic glucocorticoids in the treatment of
COPD during the COVID-19 pandemic. The problem of
using both inhaled and systemic glucocorticoids (GCs) in
COPD and COVID-19 is still largely the subject of sci-
entific discussion. Most medical publications like the
GOLD guidelines state no proven negative effect of GCs
on the course of COVID-19. Therefore, infection with
SARS-CoV-2 is not a reason to not prescribe or cancel
these drugs in COPD patients [32, 37—39].

D.M.G.Halpin et al. suggest in their systematic review
that the relatively low prevalence of COPD in those in-
fected with SARS-CoV-2, which was mentioned above,
can be explained, among other things, by the constant use
of inhaled GCs. The analysis of a large number of litera-
ture sources (771 publications in international databases)
regarding the impact of inhaled GCs on the course and
outcomes of COVID-19, SARS, and MERS led to the
conclusion that there is not enough data at the time [44].
A low evidence level study in Japan provides data on sev-
eral cases of a positive effect of inhaled ciclesonide on the
clinical course of COVID-19 in patients receiving oxygen
therapy [45].

At the same time, American authors remind that
GCs increase the viral shedding in MERS-CoV and
SARS-CoV infections. Therefore, it is advisable to lim-
it the dose of the drug and the duration of GCs thera-
py in COVID-19 if possible [32]. A number of previous
studies indicate a higher prevalence of pneumonia and
changes in the airway microbiome in COPD against the

use of inhaled GCs, in particular, fluticasone [46, 47].
Glucocorticoids are believed to suppress the produc-
tion of the antibacterial protective peptide cathelicidin
in the lung epithelium [48]. Experts from the CTS be-
lieve that the benefit of prescribing prednisolone for an
exacerbation of COPD outweighs the potential risk of in-
creased viral shedding. At the same time, the effect of the
drug on the course of COVID-19 is still questioned [38,
39]. The latest WHO Interim Guidance for the Clinical
Management of COVID-19 advise against the use of sys-
temic corticosteroids outside of clinical trials and the
previously approved indications.

Most of the experts interviewed by the COPD
Foundation confirmed that systemic glucocorticoids
should be prescribed to patients with an exacerbation of
COPD and suspected or confirmed COVID-19. A small
number of experts said that the minimum doses should be
used or that GCs should not be used at all. The question
of whether systemic glucocorticoids are recommended for
hospitalized COPD patients with COVID pneumonia and
inflammatory infiltration of lung tissue has become more
complex and controversial. The expert opinions were di-
vided approximately 50/50 [49].

COPD medications with potential benefits for
COVID-19. A large number of drugs of various groups
are used for the complex treatment of COPD. Many of
these medications have systemic and topical anti-inflam-
matory effects. Given the need to limit the massive sys-
temic inflammation in SARS-CoV-2 infected individ-
uals and to target the interstitial lung damage, many of
the treatments for COPD are reviewed in the scientific
literature in light of their potential beneficial effects in
COVID-19.

As noted earlier, information on the effect of in-
haled and systemic GCS in COVID-19 is ambiguous.
S.Matsuyama et al. reported in a preprint the potential
inhibitory effect of ciclesonide on replication of SARS-
CoV-2 RNA in vitro and its cytopathic activity. A similar
effect was found for mometasone [50]. Ciclesonide inhib-
its viral replication by targeting the non-structural protein
NSP15. At the same time, budesonide, beclomethasone,
or fluticasone do not have a similar effect [45]. According
to another laboratory study, budesonide and formoterol
can independently suppress the systemic activation of in-
terleukin IL-6 in the acute lung injury in a mouse model
[51]. B.Lipworth et al. assessed the general prospects for the
use of inhaled GCS against the cytokine storm in patients
infected with SARS-CoV-2. The researchers concluded
that these drugs influence pro-inflammatory mediators
via “crude” non-specific effects. Also, one should not
forget that GCs suppress immune mechanisms and might
increase the viral replication [47]. Several ongoing stud-
ies evaluate the effect of ciclesonide on the rate of erad-
ication of SARS-CoV-2 in patients with mild COVID-19
infection (conducted in South Korea) and on the course
of severe forms of COVID-19 pneumonia (conducted in
Japan).
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In addition, the literature mentions a possible positive
effect of bromhexine on the course of COVID-19, given
that it inhibits penetration of respiratory viruses via the
transmembrane protease TMPRSS2. Also, the use of both
agonists and antagonists of nicotine in the new coronavi-
rus infection is discussed. The theoretical prerequisites for
this treatment are set out in the previous chapter.

A joint publication by authors from the United
Kingdom, Italy, Israel and Canada explores the possi-
bility of using another group of drugs that are prescribed
for COPD, i.e. phosphodiesterase-4 (PDE4) inhibitors.
These drugs are assumed to have an anticytokine effect
in patients with COVID-19, given their pronounced an-
ti-inflammatory effect, which is successfully used in the
treatment of skin and articular manifestations of psori-
asis and other dermatoses, as well as in severe COPD.
The authors discuss the possible positive clinical effect
of apremilast, cilomilast, and roflumilast on COVID-
19-associated pneumonitis and the associated immuno-
thrombosis in elderly patients with the coronavirus in-
fection. The presumed biochemical mechanism is the
ability of PDE4 inhibitors to reduce the activity of key
inflammatory mediators, such as tumor necrosis factor,
interleukin-12, interleukin-17, and a number of chemo-
kines, as well as to influence alveolar macrophages and
neutrophil-mediated reactions. Roflumilast inhibits the
interaction of leukocytes and platelets, as well as the pro-
thrombotic functions of leukocytes. This antithrombot-
ic effect is especially important to treat the COVID-19-
associated coagulopathy.

The authors highlight that the use of roflumilast and
apremilast is not associated with an increase in the in-
cidence of upper respiratory tract infections in patients
with COPD and patients with psoriasis. On the contrary,
numerous animal studies showed the anti-inflammatory
effect of PDE4 inhibitors in respiratory viral infections
(not the coronavirus infection). All this suggests a favor-
able effect of PDE4 inhibitors in COVID-19, especially
in the elderly patients, severe cases, and patients with the
thromboembolic complications. Of course, the hypoth-
esis must be proven by clinical trials [52].

The article by B.L.Yen et al. is also notable. They as-
sessed the potential use of mesenchymal stem cells in
COVID-19 therapy, based on a study on the use of stem
cells in chronic lung pathology — COPD, bronchial
asthma, and idiopathic pulmonary fibrosis. Currently,
the use of mesenchymal stem cells in patients with
COPD is being studied in 10 clinical trials at different
stages. The authors reviewed the theoretical basis for the
use of stem cells and the findings of the in vitro and an-
imal preclinical studies. They suggested that this ther-
apy might limit the systemic inflammatory response
to the coronavirus infection by decreasing the level of
the most active pro-inflammatory cytokines — inter-
leukin-6 and tumor necrosis factor-a. At the moment,
31 studies have been initiated on the use of mesenchy-
mal stem cells in patients with the new coronavirus in-
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fection COVID-19. A potential clinical target for this
treatment method will be severe COVID-19 with ARDS
and cytokine storm [53].

Conclusion

Thus, the need to search for new therapeutic solu-
tions comes from negative results of the current clinical
studies of the efficacy of several drugs in patients with
COVID-19. It seems promising to study the anti-SARS-
CoV-2 therapeutic effect of the basic COPD therapeu-
tics with a proven bronchopulmonary anti-inflammatory
effect.
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Abstract

In December 2019, the world became aware of an epidemic of a very severe infection caused by a new coronavirus. Later, WHO declared a pandem-
ic. The pediatricians were ready for the worst. The novel infection was expected to promptly spread among the most vulnerable population, children.
But the clinicians soon understood that the situation is unbelievable: adults develop severe disease and die, while the children remain almost exclud-
ed from the infection spreading. 9 months have passed in the “new reality”. The humankind was learning to respond to the new infection challenge
by empirical search for the potential therapeutic and diagnostic solutions and conducting wide clinical studies in parallel. A few questions have been
answered because of consolidated and/or isolated actions of researchers and clinicians at the national, regional, and international levels. However,
most aspects of how the new coronavirus affects the humans, including children, is still unclear and our knowledge of these aspects cannot be trans-
ferred in the routine practice. This review presents latest understanding of the course of the novel coronavirus infection in children, its treatment and
outcomes.

Key words: children, COVID-19, SARS-CoV-2, anosmia, hyposmia, ageusia, dysgeusia, decreased cognitive functions, ferritin, D-dimer, Hacl,
troponin, proBNP, creatinine.
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COVID-19 u petun
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1 Hayqﬂo-uccaeuonaTenbcxuﬁ HHCTUTYT NEAUATPHH H OXPAHbI 310POBbA IleTeﬁ (DellepaJII)HOI‘O roCyIapCTBEHHOI0 6]0ll)l(eTH01‘0 YupexacHua «Hempam;nau KJIMHHYE-
ckas Oonbruma Poccuiickoif akazemin Hayk» MuHmcTepcTBa HayKH H Bbiciero odpasoamms Poccmiickoii @enepamm: 119333, Mocksa, y1. @otuesoii, 10, c1p. 1

? (QenepabHoe rocyIapeTBeHHOe ABTOHOMHOE 00Pa3oBaTebhoe yupexKeHne Bbicuiero 06pasoanus «Poccuiickuii HAMOHATbHbII HeCe10BATeNbCKHi MeJHIIHCKHIT
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Pesome

B neka6pe 2019 r. Havasack anuAeMust TSKeN0i MHMEKLMY, BbI3BaHHON HOBBIM MPEICTaBUTENIeM CEMeCTBAa KOPOHABUPYCOB, [103Xe OObSIBICH-
Has BcemupHoii opraHu3anueit 31paBooxpaHeHust nmanaemueid. [lequaTpbl IPUTOTOBUIIMCH K CAMOMY XYIIIeMy — OBICTPOMY PacIpoCTpaHEHUIO
HOBOIT KopoHaBupycHoit nHdekmu (KBW) cpenu cambIxX yI3BUMBIX — IeTel, OMHAKO BCKOPE OCO3HAJM, UTO BIIEPBbIE CTOJKHYJIUCH C HEBEPOSIT-
HOW CUTYyalIMeit, KOTaa TSKeI0 3a00J1eBald M yMUPAJIU JTFOIM B3POC/IbIe, a AETH OCTaBAIMCh MPAKTUYECKU BHE PAaCIpOCTpaHeHUsT MH(MEKIIMOHHO-
ro mpoiiecca. B TeueHre 9 Mec. XKM3HU B HOBOM PealbHOCTH YEJIOBEUECTBO YUMIIOCh PearupoBaTh Ha HOBBIM MH(MEKIIMOHHBINM BBI30B B IPOIIECCE
€ro pa3BUTHS, Yallle SMITMPUYECKH HAILLyTbIBasi BO3MOXHbIE JIeUeOHbIE MJIM TMAarHOCTUYECKME MHTEPBEHLIMU U MapajlieIbHO IUPOKUM (DPOHTOM
OCYIIECTBJISISI KIIMHUYECKHE UCCeqoBaHus. B pe3ynbraTte MHOTIA Pa3pO3HEHHBIX, MHOTIA KOHCOJIMINPOBAHHBIX ACHCTBUI YUEHBIX U KIMHUIIU -
CTOB Ha CTPAHOBOM, PETMOHATIBHOM U MEXIyHAPOIHOM YPOBHSIX Ha HEKOTOPBIE BOTIPOCHI YK€ TTOJTy4eHbI OTBETHI, OMTHAKO OAJIbIIast 4yacTh MH(OpP-
MallMM, Kacallleicsl BO3IeMCTBUS HOBOIO KOPOHABMpYyCca Ha OpraHM3M 4YesioBeKa, B T. Y. peOeHKa, MoKa ellle HeJAOCTYyIHa ISl BHEAPEHUS
B PYTMHHYIO MTPaKTUKY. B maHHOM 0630pe MpeacTaBieHbl COBpEMEHHBIE TIPEACTABICHUS O TEYCHUN, JIeYeHUN U ncxonax HoBoit KBU y neteii.
KmoueBbie caosa: netr, COVID-19, SARS-CoV-2, aHocMus, TMIIOCMMUSI, areB3usi, AMCTeB3Usl, CHUXKEHUE KOTHUTUBHbBIX (DYHKLMM, heppuTH,
D-numep, HAcl, tponionuH, proBNP, KpeaTuHUH.

KondaukT uaTepecoB. ABTOPHI 3as1BJSIIOT 00 OTCYTCTBUM KOH(PJIMKTA MHTEPECOB.
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the United Kingdom was published in the 1960s. Group
1 alpha-coronavirus was identified in this patient. This
coronavirus was first described as B814 isolate but was
later defined as HCoV-229E. Another clinical case de-
scribed US medical students (from the University of

Pediatricians know coronaviruses very well as causative
agents of seasonal viral infections in children [1]. Most
of these infections are caused by group 1 alpha-corona-
viruses (HCoV-229E, HCoV-NL63) or line A group 2 be-
ta-coronaviruses (HCoV-OC43, HCoV-HKU1). Such in-

fections have been described in both children and adults
in the second half of the 20" century and in the begin-
ning of the 21 century. For example, a case of a boy from

Illinois) who had similar symptoms of an acute respira-
tory infection with the same confirmed pathogen. A case
of bronchiolitis in 7- and 8-month infants was published
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in the Netherlands in 45 years. The condition was caused
by the HCoV-NL63 coronavirus from the same sub-
group of group 1 alpha-coronaviruses. In 1967 — 1972,
the US National Institutes of Health reported several
cases of ARI in adults that were caused by HCoV-OC43,
a line A group 2 beta-coronavirus. A case of pneumonia
in a 71-year-old Hong Kong resident caused by HCoV-
HKUI, a line A group 2 beta coronaviruses, was published
in 2004. In general, all the described cases had a mod-
erate course and no lethal outcomes. Most patients were
male [1].

The Russian and foreign pediatricians face a few cases
of coronavirus infections in children with mild acute respi-
ratory symptoms every season in the routine clinical prac-
tice. However, some children with coronavirus infection
may develop a Kawasaki syndrome within 2 — 3 weeks.
This complication is more often observed in Asian pa-
tients (approximately % of the cases) [2]. Veterinarians al-
so regularly treat coronavirus infection in pets. The an-
imals mostly show gastrointestinal symptoms and are
infected with different types of coronaviruses as compared
to humans [3].

Thus, humanity has lived with the idea that coronavi-
ruses do not pose a danger to people, including children,
until the early 2000. In 2003 — 2004, China has seen an
outbreak of atypical pneumonia caused by SARS-CoV,
a line B group 2 beta-coronavirus. This outbreak prompt-
ed a fresh look at this family of RNA viruses. The coro-
navirus infections are considered life-threatening after
the outbreak of Middle East respiratory distress syndrome
8 years later in Saudi Arabia. This syndrome was caused by
MERS, a line C group 2 beta coronavirus. The mortality
rate was about 10% during the first outbreak and reached
40% during the second one. The fatal cases included pa-
tients under 18 years old. Thus, the current pandemic can
be called the “third arrival” of the most dangerous variet-
ies of coronaviruses (lines B and C group 2 beta-corona-
viruses).

The attitude of humankind towards the new epidemic
is different, though. The degree of respect (or fear) of the
new infection is so high that the name of the pathogen and
the disease itself was chosen differently [4]. The atypical
pneumonia of the first outbreak was called SARS (Severe
Acute Respiratory Syndrome), and the coronavirus that
caused it was named SARS-CoV. The second was an out-
break of MERS (Middle East Respiratory Syndrome)
caused by a coronavirus called MERS-CoV. The cur-
rent coronavirus was named SARS-CoV-2 (Severe Acute
Respiratory Syndrome CoronaVirus-2). The new infec-
tion was named nCoV-2019 first and then renamed into
COVID-19 (COronaVIrus Disease that arose in 2019).
And that is an interesting fact.

In the early months of the new outbreak, the main
presentation of COVID-19 was believed to be pneumonia,
so the term “coronavirus pneumonia” was used as a syn-
onym. Today, it is clear that SARS-CoV-2 causes multi-
ple organ damage, so this term should only be used to de-
scribe one of the affected systems or one of the symptoms
of the disease.

The role of the receptor for SARS-CoV-2, a type 2 an-
giotensin converting receptor, or ACE2, is described in

detail in the literature [5]. This receptor is expressed in
various organs and systems — lungs, intestines, kidneys,
blood vessels, as well as in the oral mucosa. This explains
both the multidirectional action of the virus, and the fact
that the inflammation triggered by it affects various target
organs (as mentioned above, not only and not so much
the lungs).

In the first months of the pandemic, some publica-
tions stated that patients taking ACE inhibitors (as well as
statins) may need to switch to other hypotensive drugs be-
cause their current drugs might facilitate the penetration
of the new coronavirus into the host cells [6]. The Russian
cardiologists and therapists published such opinions, as
well. In May 2020, a review was published that ACE in-
hibitors, on the contrary, can protect elderly patients with
hypertension and reduce their risk of hospitalization by
40% |7]. No such protective effect was found for young
patients, including those under 18 years of age, for un-
known reasons.

Bronchial asthma has been named another risk fac-
tor for a severe course of the disease in the beginning of
the pandemic [8]. But clinicians, including Russian pe-
diatricians [9], did not observe the high susceptibility of
children with asthma to the new infection. This was ex-
plained in a publication in Allergy Clinical Immunology in
the end of April 2020 [10]. It said that patients with aller-
gic asthma have reduced expression rate of the ACE2 gene
in their airway cells and are less susceptible to the infec-
tion. Fortunately, asthma has an allergic (atopic) nature in
more than 90% of pediatric cases. This means that chil-
dren are less susceptible to the novel coronavirus disease.

Later other receptors were found that the virus used to
penetrate the host cells. A publication in Allergy Clinical
Immunology [11] on May 7, 2020 confirmed that medi-
ators of T2 inflammation in patients with allergic rhini-
tis or asthma (with high production of T2 cytokines and
expression of their genes) modulate the activity of both
ACE2 and TMPRSS2, which also facilitate the entry of
SARS-CoV-2 into the cells. However, these actions are
multidirectional. One cytokine, IL13 (but not IL-4 and
1L-5), reduces the expression of ACE2 and increases the
expression of TMPRSS2 in epithelial cells of the upper
and lower respiratory tract in vitro (ex vivo). The epithe-
lial cells were sampled during bronchoscopy in pediatric
and adult patients. The genes of these receptors are lo-
cated on different chromosomes, which may explain the
multidirectional action of cytokines. In any case, the re-
sults of this study also partly explain the low incidence of
COVID-19 in children and adults with atopic allergic dis-
eases.

The fact that men were diagnosed with COVID-19
and died more frequently than women was observed in
Wauhan, other Chinese provinces, and in the adjacent and
far away countries even before the pandemic was declared.
The cases of coronavirus infection that were referenced in
the beginning of this article describe mainly male patients.
The ratio of sick men to women was about 2 : 1, and the
risk of dying was significantly higher in men than in wom-
en during the outbreak in China. The mortality was 1.7%
in women and 2.8% in men in China. The risk of intensive
care or death was more than 2 times higher among men
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than among women — 32 and 15%, respectively — in Hong
Kong hospitals. This inequality was also noted in other re-
gions of the world. However, the long-term consequences
are usually worse in women than in men due to the social
and psychological factors. This justifies the need for reha-
bilitation technologies after recovery that will be discussed
at the end of the article. In any case, these facts forced
D.Gemmati et al. to conduct a study, which explained that
double X chromosomes in women are a protection against
the new coronavirus. The gene of one of the receptors that
the virus uses to enter the cell (ACE2, but not TMPRSS2)
is located on the “female” chromosome [12]. In addition,
X chromosome contains the gene that mediates both the
cellular and humoral immunity and inflammation.

Another study clarified the differences in clinical symp-
toms at the onset of the disease. The study was published
by R.Zang et al. and evaluated the expression of receptors
for SARS-CoV-2 — ACE2 and TMPRSS2/TMPRSS4 —
in enterocytes of the small intestine [13]. The authors have
shown that the expression rate of ACE2 in the small in-
testine is maximal as compared to other human organs
and tissues. The expression rate is much higher than in al-
veolocytes of the lungs. This may explain that COVID-19
starts with intestinal symptoms frequently, especially in
children. The authors emphasized that the coronavirus is
inactivated in the large intestine and the feces do not con-
tain active and infectious forms of the virus. However, the
fecal-oral route of infection cannot be excluded, since the
experiment did not study the properties of the virus that is
excreted with feces in the case of frequent stools (whether
it is inactivated fully in a short time).

The epidemiological features of this viral infection
have been analyzed in detail in many publications, includ-
ing the Russian ones [14, 15]. Replication of the pathogen
takes 2 — 3 times longer as compared to the seasonal influ-
enza virus. Therefore, isolation and physical distancing in
compliance with sanitary and hygienic requirements are
highly effective, including for children. “Physical distanc-
ing” is a preferred term over “social distancing” because
social isolation just does not happen in the “new reality”.
People stay connected not a bit less and maybe even more
than before the pandemic thanks to the Internet and oth-
er means of communication. At the same time, the defi-
nition of the safe distance is being discussed today. Is
1.5 meters enough or is it better to maintain a distance of
5 meters or more? A scientific study showed that the min-
imum distance should be 5 — 6 meters. The results were
even published, but then the publication was retracted.
So, this study is not cited here.

An important fact about masks is that children under
3 years old are NOT recommended to wear masks at all.
It is obvious that babies will not be able to describe breath-
ing difficulties or adjust their breathing difficulties caused
by the mask! Moreover, pediatricians agree that only chil-
dren over 6 should wear masks [16].

COVID-19 quickly turned into a nosocomial infection,
and today it is most dangerous for healthcare practitioners
(more than 1,800 doctors from 64 countries have died
already), as well as for adults who work or live in closed
groups (nursing homes, hospitals, and so on), especial-
ly the elderly. At the same time, only one real outbreak
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in a children group have been described. It happened in
a French high school in the first months of the pandemic.

One question has been discussed heatedly from the be-
ginning of the pandemic: are children infected less often
than adults, or are they infected with the same frequen-
cy but have much less pronounced clinical symptoms?
The Chinese researchers wrote from the very beginning of
the outbreak in China that children become infected and
sometimes develop the symptoms, but much more rarely
and milder than adults [16].

The scientists explain the supposed relative resis-
tance of children to SARS-CoV-2 with several factors.
Obviously, from the epidemiological point of view, chil-
dren have a reduced risk of infection due to less travel,
communication, and transportation. The low morbidity
in children might be associated with higher levels of circu-
lating ACE2 or other characteristics of the receptors [17].
Children may also have some features of innate immunity
that disappear with age [18, 19]. Other possible reasons
include a more favorable state of the mucous membrane
of the respiratory tract due to the lower destructive active
effects of cigarette smoke and air pollution, and a small-
er number of chronic diseases, in contrast to adults. The
maturity of the immune system may explain the unfavor-
able type of triggered immune response, which is associat-
ed with the development of acute respiratory distress syn-
drome in adult patients. And finally, the key factor might
be that the children are regularly vaccinated, including live
weakened vaccines that stimulate the innate immunity.

In any case, this fact has not been explained unambig-
uously from a scientific point of view yet.

Previously, it was believed that special attention should
be paid to children of any age, since they play a huge role
in the spreading the disease, including by excretion of the
pathogen with feces [20]. From this point of view, the fe-
cal-oral route of transmission was considered no less im-
portant as compared with the airborne and contact routes
for SARS-CoV-2. This fact was especially relevant in areas
where outbreaks of hepatitis A and rotavirus gastroenteri-
tis are frequent and where wastewater can easily become
a source of an outbreak of the novel coronavirus infection
when it mixes with the groundwater. However, as men-
tioned above, it was found later that the virus is inactivated
at the level of the large intestine and is excreted with feces
in an inactive form [21]. Therefore, the fecal-oral route is
most likely not the principal route in the spread of infec-
tion, but only one of the probable ones.

The opposite can be said about the possibility of chil-
dren spreading the infection as asymptomatic carriers.
The studies of the ways of spreading COVID-19 in Russia
and other countries indicate that children become in-
fected in families, in cluster sites, and not vice versa [9,
22-26]. That is why it is so important to follow the sani-
tary and hygienic measures in everyday life, in families, to
teach the children hygiene from an early age.

COVID-19 is a severe illness in adult patients. Several
authors [27] associate it with early functional depletion
of innate (NK-cells) and acquired (CD8* cytotoxic lym-
phocyte) immunity. Although some researchers do not
agree that the virus induces suppression of innate immu-
nity [28]. Today all agree that the serious illness in adults is
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associated with the so-called “cytokine storm”. This reac-
tion is similar to a pathological immune response in some
rheumatic diseases (the so-called MAS — macrophage ac-
tivation syndrome, or secondary HLH — secondary he-
mophagocytic lymphohistiocytosis, when a systemic in-
flammatory response is activated and damages multiple
organs and systems) [29]. The key phrase above is “sim-
ilar to”, so COVID-19 patients cannot be treated as pa-
tients with a rheumatic disease and hemophagocytic syn-
drome, for example. Therefore, the treatment strategies
for COVID-19 are both similar and different to those used
in adult or pediatric rheumatology. And again, today it is
obvious that not all adults develop the disease, or rath-
er, the clinical symptoms in people of the same age and
lifestyle can be completely different — from asymptomatic
carriage to a critically serious condition. The factors that
determine the course of the disease are still unclear. Some
of these factors have already been described (those associ-
ated with a genetic predisposition) and some are still being
studied.

The following observation also confirms that a cytokine
storm is crucial in people vulnerable to SARS-CoV-2. The
study showed that levels of fecal calprotectin are increased
in patients with diarrhea (but without an inflammatory
bowel disease) associated with COVID-19 [30], regard-
less of the presence of the virus in stool samples. The au-
thors believe that it confirms that SARS-CoV-2 triggers
the systemic inflammatory response and justifies the use
of anti-cytokine therapy. The systemic inflammatory re-
sponse apparently proceeds in 2 steps. The first is active
viral shedding, but without the symptoms. The symptoms
appear in the second step and are determined by the in-
flammatory changes in different organs and systems, i.e.
the “cytokine storm”. The patient is releasing almost no
viral particles at this point. By the way, the ACE2 levels
are sharply increased in patients with active inflammato-
ry bowel disease (without treatment), which makes them
vulnerable to SARS-CoV-2 [31], in contrast to patients
with asthma and allergies.

There is another difficulty regarding the pediatric pop-
ulation. The children were not getting COVID-19 in large
numbers for months, but then frightening messages sud-
denly appeared. On April 27, 2020, the UK Society of
Pediatric Intensive Care issued the PICS Statement [32].
The global pediatric and parenting communities were in-
formed about the increasing number of children with a
new multisystem inflammatory disease associated with
positive tests for SARS-CoV-2 (although not all patients
had this connection confirmed by laboratory tests for the
virus at admission). The disease proceeded as toxic shock
syndrome and atypical Kawasaki disease (with abdominal
pain, gastrointestinal symptoms, and heart damage). The
patients had high levels of CRP, ferritin, troponin, proB-
NP, and red blood cell counts, as well as changes in the
coronary arteries.

On May 6, Lancet |33] published an article describ-
ing 8 children aged 4 — 14 years, mostly boys, who were
admitted to intensive care units in London in mid-April
with Kawasaki-like syndrome. 6 children were of Afro-
Caribbean origin and 2 were Asian. Half of the children
got COVID-19 from their family members. The tests for

SARS-CoV-2 with nasopharyngeal swabs and broncho-
alveolar lavage were negative upon admission. Children
were admitted with high fever (up to 40 °C), various rash-
es, edema, conjunctivitis, pain in the extremities, and se-
vere gastrointestinal symptoms, which quickly led to va-
soplegic shock. They were refractory to resuscitation and
required norepinephrine. Almost all patients (7 out of 8)
required mechanical ventilation to stabilize their cardio-
vascular system (not for the relief of respiratory failure).
Signs of systemic inflammation were also reported, in-
cluding pericarditis, pleurisy, ascites; increased levels of
CRP, procalcitonin, ferritin, triglycerides, and D-dimer.
Other pathogens (adenoviruses and enteroviruses) were
isolated in only one of 8 patients. The ECGs were nor-
mal, but echocardiography showed signs of coronary an-
eurysm one week after discharge in one child. Another
child developed severe arrhythmia with refractory shock,
which required extracorporeal support. The patient died
later from a massive cerebrovascular infarction. The in-
creased levels of myocardial enzymes indicated inflam-
mation of the heart muscle in all patients. All children
received intravenous immunoglobulins (2 g/kg) in the
first 24 hours and antibiotics (ceftriaxone and clindamy-
cin). 6 children also received 50 mg/kg aspirin. 12 more
children were admitted to the ICU in different parts of
London over the next 7 days after this publication, in the
end of April. Again, almost all of them were initially neg-
ative for SARS-CoV-2. The Royal College of Pediatrics
and Child Health in the United Kingdom has promptly
issued RCPCH Guidance, the clinical guidance to treat
such pediatric cases [34].

A week later, on May 4, 2020, the Head of the New
York City Department of Health (Daskalakis) also sent
out a notification about the new disease — Pediatric
Multisystem Inflammatory Syndrome (PMIS), that is po-
tentially associated with SARS-CoV-2 [35].

A fairly large number of publications on multisystem
inflammatory syndrome in children appeared in the next
3.5 months [36—41]. Some of them highlighted the ra-
cial and ethnic differences among the patients. The article
from France states that 57% of the children hospitalized
with this diagnosis in Paris were from African communi-
ties; the average age of these children was 7.9 years [39].
At the onset of the disease, all children had gastrointesti-
nal disorders, 57% had symptoms of shock, and 76% had
myocarditis. All received treatment with intravenous im-
munoglobulins, 48% received steroids. The average dura-
tion of hospitalization was 8 (5 — 17) days. All children
recovered. The absence of the viral RNA in the biological
loci and the presence of IgG antibodies strongly indicated
that the disease develops not at the time of viremia, but af-
ter 2 — 3 weeks from the introduction of infection.

These inter-ethnic differences between the children
with multisystem inflammatory syndrome did not come
as a surprise. Clear inter-ethnic differences have already
been noted in morbidity and mortality from COVID-19
earlier in the United States [42]. For example, Latin
American communities represent 39% of all communities
in California, but they represent more than half (56%) of
cases and 46% of deaths from COVID-19. 8.5% of the fa-
tal cases were African Americans (6% of the state’s popu-
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lation). But Caucasians (37% of California’s population)
contribute less to morbidity (17.5%) and mortality (30%)
as compared to the Latin American communities.

Many children who died from systemic inflammatory
syndrome were African Americans, including those with
obesity. Although many aspects remain unclear. The high-
er morbidity and mortality rates among the ethnic popu-
lation of the United States is explained by the worse eco-
nomic situation, including the lower availability of highly
qualified medical care and a higher incidence of obesity
among the Afro-Caribbean and Latin American citizens as
compared to Caucasians. However, these data contravene
the global statistics, because the morbidity and mortali-
ty from COVID-19 is incomparably higher in developed
countries compared to the developing countries: at the
end of May, when more than 5.3 million cases of the dis-
ease and 350,000 deaths (more than 100,000 in the USA
alone) were recorded worldwide, only 80,000 cases were
confirmed and 2,000 deaths were reported at the African
continent! [43]. Although, according to the authors, the
“economic storm” caused by the new coronavirus in the
emerging economies has led to a much larger number of
mental health issues as compared to physical health. 2%
of the population was suffering from severe depression re-
quiring serious medication in the “precovid period”, and
now this number seems to have increased significantly.
This is clearly confirmed by the study by M. Taquet et al.
that was published in JAMA Psychiatry on July 29, 2020
and describes the change in the mood of 16.5 — 24 year old
students in the Netherlands during quarantine compared
to the pre-quarantine period [44]. The authors noted a
significant decrease in “mood homeostasis”, increased
depression, especially in those students who had a family
history of mental health problems. This again draws atten-
tion to the need for serious rehabilitation, including psy-
chological, of children, youth, people of older age groups
who have survived quarantine, and especially those who
have recovered from COVID-19. Also, the current situ-
ation, when lots of citizens from different countries were
left without the basic means of subsistence, will inevitably
lead to an increase in violence, primarily in families under
the lockdown.

From our point of view, the pediatric systemic in-
flammatory syndrome is the analogue of the COVID-19
disease in adults and occurs in few children around the
world. To date, just over 600 cases have been described.
The mortality rate is about 1 — 2%. This includes three
hundred patients in the United States, mainly 5 — 14 years
old, several deaths, and about 100 cases in the UK and
other European countries. This syndrome is usually re-
ported in children approximately 2 months after the on-
set of the outbreak in the country. In May, we wrote in
our review on the website of the Union of Pediatricians
of Russia (www.pediatr-russia.ru), that there will be such
cases in the Russian Federation in the coming days/weeks.
And so it happened. Over the past weeks, about 25 pa-
tients with systemic inflammatory syndrome have been
admitted to hospitals in Moscow and other regions. The
overwhelming majority of these patients were discharged
home in 2 — 3 weeks, some of them with coronary vasodi-
lation/aneurysm.
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An interesting calculation was presented by F. P.Wilson
from Yale University [45]. Knowing that the incidence
of COVID-19 in the pediatric population is incredibly
low, he made the following calculation: approximately
5% (5,000) of 100,000 children who can become infected
with SARS-CoV-2, will require hospitalization, in theo-
ry. Among them, there may be 733 cases of multisystem
inflammatory syndrome (Kawasaki-like syndrome), in-
cluding 20 deaths (that is, the mortality rate in children
with COVID-19 was estimated at 0.02%). This forecast
was surprisingly accurate and was confirmed fully over
the next months. This syndrome, in contrast to the true
Kawasaki syndrome, is not associated with “raspberry”
tongue and bilateral conjunctival injection. Also, rashes
are less common, and the patients are about 2 times older.
Unfortunately, the clinicians still use the wrong diagno-
sis in some regions of the Russian Federation. They call
this condition “Kawasaki syndrome” or “Kawasaki dis-
ease” instead of “multisystem inflammatory syndrome in
children” (or “Kawasaki-LIKE syndrome”) and there-
fore use the irrelevant protocols for the children with true
Kawasaki syndrome.

The routes of transmission of the pathogen in the
child population are airborne, contact-household, and fe-
cal-oral — the same as in adults.

The virus persists in aerosol form for about 2 hours,
it survives on plastic/metal surfaces for up to 6 — 8 hours
[46, 47], on hair for up to 3 days [48], in the room where
the patient was staying for several days [49]. Although
some scientists doubt these numbers and continue their
research [50].

The virus transmission begins 1 — 2 days before the on-
set of clinical symptoms. The viral RNA can be detected in
nasopharyngeal swabs of children for up to 6 — 22 days of
illness and even longer (!), in feces — from 5 to 28 days and
longer [51-57, 20], although not always in active form.
The main question is whether the detection of a virus in
a biological locus should be defined as a carrier status or
considered a disease? On the one hand, it is obvious that
the presence of a virus without clinical symptoms is just
a coexistence of a microorganism and a macroorganism.
On the other hand, how do we distinguish a disease that
is caused by another pathogen in the presence of the nov-
el coronavirus and the disease caused by this coronavirus,
if the child has any relevant symptoms? Differential di-
agnosis should be mandatory for every pediatric case of
COVID-19 because a child is surrounded by many poten-
tially dangerous pathogens to which he has not developed
the immunity yet.

The research also suggests that masks have advan-
tages over other methods to prevent the spread of SARS-
CoV-2 [58]. An aerosol that is released during a conversa-
tion, including particles with coronavirus, “hangs” in the
air for 14 minutes and can be easily inhaled by other people
during this time [59]. Another group of researchers found
that SARS-CoV-2 continues to replicate in the small intes-
tine but is inactivated in the colon. Most likely, it is inac-
tive in feces [60]. That is, the fecal-oral route is hardly the
main one, but it should not be dismissed so far. For exam-
ple, American scientists also write that the fecal-oral route
of transmission was confirmed in the US [61].
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The viral load and duration of viral shedding does not
correlate with the severity of COVID-19 [53, 54], although
it was initially thought that patients with the severe disease
shed the virus longer. The recent works confirm that viral
shedding is directly related to the disease severity.

Vertical transmission of the virus has not been con-
firmed yet. Not a single case has been published worldwide
that describes isolation of the viral RNA from a newborn,
from the amniotic fluid, or placental tissues. The 2 pub-
lished cases of neonates with SARS-CoV-2 IgM should be
interpreted with caution [62—64].

There is no evidence that the virus is transferred
through human milk [22, 65].

There is another important aspect. Young people (!)
rather than children are the biggest “distributors” of the
infection. It has been shown [66] that young people aged
15 — 34 years (first of all, people of 20 — 24 years old)
make the greatest contribution to the spread of the vi-
rus in comparison with people of 35 — 49 years old and
younger adolescents of 10 — 14 years old. Therefore, the
preventative measures should be different for these age
groups.

The incubation period in children is 4 — 6 days as in
the adult population (with a range from 1 to 14 days or
more). Although some studies show that the average in-
cubation period in children is equal to 3 days with a range
from 0 to 24 days [67].

The data on the actual incidence of COVID-19 in chil-
dren is scarce. The Chinese Center for Disease Control
and Prevention reported that 2.2% of the patients with
the confirmed diagnosis were under 19 years old since the
beginning of the epidemic of the novel coronavirus dis-
ease COVID-19 in China. Among this subpopulation,
the disease was confirmed more often in the patients over
10 years old [68]. These numbers are a bit higher that the
numbers in the first reports from China (0.25% for chil-
dren aged 0 — 18 years) [16] but are still quite insignificant
in comparison with adults. Currently, about 20 million
cases and about 750,000 (3.75%) deaths have been report-
ed worldwide. Children are still rarely mentioned among
the sick and dead [69].

Here are some of the epidemiological data that were
provided by researchers in different parts of the world:

» Switzerland: The morbidity rate in children under
10 years old is 0.4%, 10 — 9 years old — 2.6% of all pa-
tients with COVID-19.

+ Sweden: Up to 10 years — 0.5%, 10 — 19 years — 1.3%
of all cases [70].

» Spain: Children (under 18) — 0.8% of all cases [71].

* India: Children (under 10 years old) — 2.5%, 10 —
19 years old — 5% [72].

* Iceland: The population screening did not reveal any
cases of children under 10 years old and confirmed
0.8% among older children [73].

Most children are infected in their families [9, 23—25,
52,53, 56, 57].

On May 20, 2020, the Reuters news agency drew at-
tention to the latest data from British scientists [74], who
revealed 2 new facts:
¢ Children are less likely to develop symptoms than

adults (about 20%).

* The acquired immunity to the novel coronavirus in-

fection does not last long [75].

To date, all researchers and doctors admit that the dis-
ease is usually asymptomatic or mild in children, in con-
trast to adults [76—90].

As mentioned above, there are very few scientific pub-
lications on COVID-19 in children, but in general they all
agree with the information above. These data were con-
firmed by a study [91] on the epidemiological characteris-
tics of 2,143 pediatric patients with COVID-19. The cas-
es were reported to the China CDC from January 16 to
February 8, 2020. More than 94% children had asymp-
tomatic, mild, or moderate disease. An important aspect
is the number of patients with the severe/critical disease
and deaths. The number of severely ill children among the
2,143 cases was 3 times less than among adults (18.5%).
5.9% of the children were in critical condition, and one
child died (at the end of February). The disease was more
severe among infants and children under 5 years of age
with chronic conditions. However, the Chinese research-
ers emphasize that most of the described severe and criti-
cal cases did not have a positive laboratory test for corona-
virus and could be caused by other pathogens (influenza,
RSV, RY, etc.) in association with the underlying disease.
In addition, there is no data on whether anosmia appeared
in sick children as often as in adult patients. It is still un-
known whether the patten of anosmia was different in
children as compared to adults. Is there a difference in the
course of COVID-19 in children and adults?

Thus, children accounted for a very insignificant part
of the cases. The fatal outcomes were not registered in
China until mid-February. The children had mild symp-
toms or were asymptomatic carriers [82, 90, 92, 93].

The patterns of the “children’s epidemic of coronavi-
rus” in China is repeated in other countries. An analysis
of COVID-19 incidence in children in the United States
from February 12 to April 02, 2020 was published [94].
During this time, more than 890,000 cases of the disease
and more than 45,000 deaths were recorded worldwide,
including over 239,000 cases and almost 5,500 deaths in
the United States, and it was important for American cli-
nicians to analyze the pediatric situation. Children of 0 —
17 years old currently make up 22% of the population in
the United States. If children got sick as often as adults,
the morbidity rate would be the same.

However, only 2,572 cases were described among chil-
dren under 18 years of age (1.7%) out of 149,760 laborato-
ry-confirmed cases of coronavirus disease from February
02 to April 04. Only % of these patients had any symptoms,
such as fever, cough, or difficulty breathing (almost all
adults of 18 — 64 years old, 93%, had symptoms) and on-
ly 5.7% required hospitalization (this number was 2 times
higher, 10%, among adults). 3 lethal outcomes were re-
ported.

According to the Federal Children’s Resuscitation and
Advisory Center of the Russian Federation (operational
data of the Ministry of Health of the Russian Federation),
about 50,000 children in our country were diagnosed with
COVID-19 by the end of June 2020. This equals to about
a half of the patients with the U code (the rest were cases of
pneumonia, the J code). These patients account for 6.6%
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cases with both codes, 4.5% with the U code out of more

than 450,000 infected Russians. About 50 children with a

clinically or laboratory confirmed diagnosis of COVID-19

were treated in intensive care units. In June, the number
of children in the intensive care units increased slight-
ly (on average, up to 60 children were treated in intensive
care throughout the country, some of whom were on me-
chanical ventilation). In July—August, the number of chil-

dren in intensive care decreased to 50 — 40, then to 30.

42 deaths were reported in total (children make up 0.35%

of the 12,000 deaths!).

Thus, the important distinctive features of the course
of COVID-19 in the pediatric population are:

+ the vast majority of pediatric cases are mild or moder-
ate;

* children can be asymptomatic carriers significantly
more often than adults (or COVID-19 is often not as-
sociated with such symptoms as fever, cough, and dif-
ficulty breathing in children);

+ even though most children have a mild illness, there
are those who still need hospitalization, including pa-
tients with obesity, diabetes, and other comorbidities
associated with overproduction of coagulation factors,
but not with allergies and asthma;

* in addition, children can still develop a systemic in-
flammatory response with a “cytokine storm” (fortu-
nately, this is completely different from the classic “cy-
tokine storm” in patients with rheumatic diseases) very
rarely after COVID-19. As we predicted in May 2020,
the systemic inflammatory syndrome was reported in
Russian children in the end of May and during the first
two summer months.

The detailed description of the clinical picture of
COVID-19 in children also differs clearly from adults.
In the first months of the pandemic (from January to April
2020), only a few articles were published in the world de-
scribing cases of COVID-19 in the pediatric population,
mainly from China. Therefore, the patients of this country
will also be mentioned in this review [83—90, 95].

According to the Chinese epidemiological data, the
incubation period in children was 5 — 7 days. All patients
in China had close contacts or were from clusters, includ-
ing family ones. A small part of the patients had fever,
unproductive cough, and signs of “general intoxication”.
The other patients were asymptomatic. An exceedingly
small number of sick children had the upper respiratory
tract symptoms (nasal congestion, rhinorrhea) or gastro-
intestinal disorders (nausea, vomiting, abdominal pain or
discomfort, or diarrhea). Single patients had symptoms of
lower respiratory tract damage (mostly bronchitis and a
few cases of viral pneumonia).

In general, the coronavirus infection was mild in chil-
dren, and they recovered within 1 — 2 weeks. It is note-
worthy that not a single newborn from mothers with es-
tablished COVID-19 infection had a positive test for the
pathogen (this fact refuted the theory of transplacen-
tal transmission of SARS-CoV-2), and no newborn cas-
es were reported until the end of February 2020. By the
beginning of April, one of the first articles on this topic
presented the results of treatment of 55 pregnant women
infected with COVID-19, and 46 newborns with no clear

Reviews « 0630pbl

signs of vertical transmission [96]. Later, publications ap-
peared on a positive test for the RNA of the pathogen in
a newborn 36 hours after the delivery [97]. But the au-
thors of the article themselves are not inclined to consid-
er this an evidence of intrauterine infection (the time in-
terval was too much, and the tissues of the placenta and
umbilical cord did not contain the viral RNA). The same
interpretation was given by the authors who described 10
other newborns with positive tests for SARS-CoV-2 [98]
and by the authors of the newspaper article [99] and in
later publications. Moreover, WHO published a position
statement saying that mothers with confirmed COVID-19
should continue breastfeeding (provided, of course, that
all hygiene rules are observed!), because the virus was not
excreted with milk in any of the women with coronavi-
rus infection [100]. Cases of 33 newborns from mothers
with COVID-19 clinic signs were published on April 07,
2020. 3 (9%) of these children also had a clinical diagno-
sis of coronavirus infection [101]. All three were born by
cesarean section, had low APGAR scores (3/4/5) at 1, 5,
and 10 minutes, the radiographic findings of pneumonia
resolved by the 14" day of antibiotic therapy, and test for
SARS-CoV-2 in nasopharyngeal and anal swabs were pos-
itive on the 2" and 4" day of life and were negative on the
7%, According to the authors, the children were infected
intrapartum, but vertical transmission cannot be ruled out
completely. Later publications, including those in May
and June, described the situation in the same manner.

Of course, the clinical picture of a new infection in the
pediatric population should be closely monitored, and the
clinicians should be able to respond quickly to new facts.
It is noteworthy that child deaths were reported more of-
ten in previous epidemics of coronavirus infection (SARS
and MERS), while the mortality rate of patients of all ag-
es was significantly higher than the current epidemic (ap-
proximately 30 — 40% for MERS and 8.5 — 12% for SARS
versus 3.5 — 5% for COVID-19 at the moment).

Thus, some clinical symptoms of COVID-19 in chil-
dren are much less common and some are much more
common than in adults. Some symptoms have been de-
scribed in adults, but not described in children, and vice
versa.

1. The common clinical symptoms in children include:

* asymptomatic course;

» fever (only in 40 — 56% of the cases);

* cough (about every second child);

« sore throat/pharyngitis (in 40% of the cases);

* mild diarrhea;

» co-infections (influenza A and B, M. pneumoniae,

RSV, RV, etc.).
2. Clinical symptoms that are rarely seen in children:

* rhinorrhea;

* wheezing;

+ fatigue/headache/myalgia.

3. Symptoms that are common in adults and occur with
an unknown frequency in children: anosmia/hyposmia

(is considered a pathognomonic symptom in adults);

» conjunctivitis (RT-PCR+);

» acute kidney damage that requires renal replace-

ment therapy is reported in 36.6% of hospitalized
adults and in 90% of ventilated adults.

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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4. Manifestations that are common in children, but have
not been reported in adults yet:

+ “COVID fingers” in the absence of other symp-
toms of the disease (fingers or phalanges with
signs of cutaneous vasculitis, painful, like frost-
bite, were described in children in Spain, USA).
New publications about this symptom appeared
in Italy and Spain after the May 20. Also, the da-
ta from other countries (including US) say that
this symptom can be used as pathognomonic to
diagnose COVID-19 in children even without the
laboratory confirmation.

Later, papulovesicular rash (as in chickenpox) in pa-
tients of all ages in Italy [102, 103] and neurological
complications (Guillain—Barré syndrome, strokes, poly-
neuropathies, including transient ones), and also psychi-
atric complications (delirium followed by depression, in-
creased anxiety, insomnia, and long-term consequences
of post-traumatic stress) were described. A high burden
of COVID-19 on mental health has been noted for Latin
Americans, primarily those with language difficulties in
the United States [104].

The number of publications on the neurological symp-
toms of the new coronavirus infection has increased in the
last 2 — 2.5 months. The correlation of these symptoms
with the severe symptoms of anosmia/hyposmia and age-
usia/dysgeusia, as well as with the previously proven effect
of SARS and MERS on the central and peripheral ner-
vous systems was explored.

Italian scientists [105] described the neurotrop-
ic effects of SARS-CoV-2 using a clinical example of
a 25-year-old woman who worked with patients in one
of the hospital departments. The patient had a dry cough
for 1 day, as well as loss of smell and taste, fever, and
other symptoms of COVID-19. Her CT-scan and nasal
endoscopy showed no changes in lungs and sinuses, re-
spectively. However, MRI of the head 3 days after the
onset of symptoms showed distinct changes in the form
of hyperintense signals in the area of the right gyrus rec-
tus and olfactory bulba, which disappeared after 28 days.
Based on this, it has been suggested that the virus enters
the central nervous system directly through the eye/optic
nerve. This means that glasses or screens provide addi-
tional protection from the virus.

The fact that IgM antibodies to SARS-CoV-2 (but
not the viral RNA) are detected in the cerebrospinal
fluid may indicate that the pathogen stays in the cen-
tral nervous system at the time of illness, which means
that COVID-19 can indeed take the form of an acute
encephalitis/encephalomyelitis [106]. Animal studies
have confirmed that the virus can enter the brain (after
the injection into the nasal fibers). The authors describe
3 cases (all African Americans), including 2 patients with
encephalitis who recovered and were discharged and
a woman with encephalomyelitis and concomitant sickle
cell anemia who died.

Chinese researchers [107] retrospectively studied
the case histories of 214 patients who received treatment
in 3 specialized centers in Wuhan from January 16 to
February 19, 2020 and described neurological changes in
every third patient (36.4%). These neurological changes

included cerebrovascular disorders, altered conscious-
ness, skeletal muscle damage that was more pronounced
with more severe symptoms of COVID-19 in older people
with comorbidities (hypertension).

A review in JAMA dated May 29, 2020 draws attention
to the fact that the virus can potentially enter the central
nervous system by different routes (transsynaptic trans-
fer directly through the infected neurons, penetration
through the optic nerve or vascular endothelial cells, mi-
gration with leukocytes across the blood-brain barrier).
And the most frequently described neurological symp-
toms are anosmia/hyposmia, ageusia/dysgeusia, head-
ache, as well as stroke, impaired consciousness, seizures,
encephalopathy, etc. [108].

We would also like to cite the publication of American
researchers from the University of Maryland, published
on July 31, 2020 in JAMA Psychiatry [109]. The authors
emphasize that both the impact of the disease itself (the
SARS-CoV-2 virus) and the measures that were taken
to reduce the number of new cases (separation of peo-
ple, quarantine, when families sometimes stayed in very
cramped conditions for a long time, other restrictions
in the everyday life, a significant drop in the econom-
ic indicators in all countries) led to a sharp increase in
both the number of acute psychiatric conditions (delir-
ium, primarily) and delayed psychiatric conditions (in
the form of depression, increased anxiety, post-traumat-
ic stress syndrome). The cognitive impairments caused
by the direct effect of the new coronavirus on the central
nervous system and by the indirect psychological mech-
anisms are even more subtle, but especially relevant for
children. These impairments include, for example, dis-
ruption of the usual world order, fear of death, fear of
“fantastic creatures in spacesuits” for hospitalized chil-
dren, and others. In this regard, the author once again
emphasizes the idea that any active or passive immuno-
modulatory treatment (vaccination, administration of
passive antibodies, steroids, biological agents, and so on)
that reduce the degree of immune inflammation caused
by the virus will significantly improve the mental health
of patients.

The researchers reported from the very beginning of
the pandemic that laboratory diagnosis of COVID-19 in
children is similar to that in adults. However, more recent
publications indicate that leukopenia, lymphopenia, and
thrombocytopenia are uncommon [52, 53, 80], and the
levels of CRP and PCT are normal or moderately elevated
in children in general. At the same time, adults with severe
lung damage have lymphopenia (due to the decreased lev-
els of NK cells and CD8 lymphocytes), an increase in the
level of IL-6 and LDH, CRP > 200, PCT > 0.5, ferritin
> 2,500, D-dimer > 2,500 [110, 111]. As mentioned above,
similar changes are detected in children mainly in associ-
ation with multi-inflammatory syndrome.

On May 19, the Lancet published the results of a new
study (the largest one in the United States). It was a pro-
spective follow-up of 1,150 patients from 2 Presveterian
hospitals in New York [112]. The study showed that mark-
ers of inflammation and thrombosis are predictors of pos-
sible deaths in critical COVID-19 patients who require in-
tensive care (257 (22%) patients of the study cohort). % of
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them needed mechanical ventilation and % needed a re-
nal replacement therapy. A 10% risk of death was noted
for every 10% increase in IL-6 and D-dimer levels. These
data confirm the pathogenetic significance of systemic in-
flammation that damages vascular endothelium and de-
termine the prospects for future research of drugs with im-
munomodulatory and anticoagulant effects. The gender,
racial and ethnic differences were also found. Among the
critically ill patients (67% of them were men), 62% were
Hispanic/Latino, 19% were African Americans, 3% were
Asians, and only 12% were Caucasian. 82% of the patients
(mean age 62 years) had at least one comorbidity, most of-
ten — hypertension (63%) and diabetes (36%). 41% of the
critically ill patients were on mechanical ventilation and
39% died. The previously published data from the UK
(a cohort of almost 11,300 patients) confirm the high mor-
tality rates of patients on mechanical ventilation. In that
cohort, 50% died within a month from the initiation of in-
tensive care. Many researchers also emphasize that mor-
tality is high in patients with both types of diabetes. The
other risk factors include older age, obesity, and uncon-
trolled blood glucose levels (Alc).

Instrumental (radiation) diagnostics of COVID-19 in
children is similar to that in adult patients. All patients
with suspected or established diagnosis of coronavirus in-
fection need chest CT as early as possible. The typical CT-
scans show mono- or bilateral, mono- or multifocal, pe-
ripheral, more often subpleural characteristic changes in
lung tissue in the form of “ground glass” or “watch glass-
es”. The scans show no signs of pleural effusion and intra-
thoracic lymphadenopathy, which indicates that the lung
tissue damage in non-infectious. The chest X-ray is rather
uninformative [53, 87, 113].

The diagnosis of coronavirus infection in children is
established with a positive epidemiological history (chil-
dren who have traveled or live in the site of coronavirus
infection within 14 days preceding the onset of the dis-
ease; children who have been in contact with people with
high fever or respiratory symptoms from the site of infec-
tion; children from families or other sites of the new viral
disease; newborns from mothers infected with the novel
coronavirus infection). The children should also have any
2 of the clinical symptoms with laboratory confirmation:

+ Fever (although many pediatric patients have subfe-
brile or normal body temperature), nonproductive
cough, sore throat, diarrhea, papulovesicular rash,
“COVID-fingers”.

+ Typical changes in the lung CT-scan.

* Normal blood counts at the onset of the disease (leu-
kopenia and/or lymphopenia are also possible).

* Other pathogens that can cause similar clinical symp-
toms cannot be identified.

The diagnosis is confirmed by positive RT-PCR for
SARS-CoV-2 in the samples from the upper respiratory
tract (nasopharyngeal or oropharyngeal swabs) or blood
or tissues of the lower respiratory tract (the urine is not
tested!). RT-PCR for SARS-CoV-2 in samples from the
lower respiratory tract obtained by bronchoscopy is more
informative than nasopharyngeal swabs, especially in crit-
ically ill patients [97], but these samples are very rarely
collected in children.
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It should be noted that since about May 2020, more
and more articles on the topic of “clinical intuition” be-
gan to appear, when the absence of laboratory confirma-
tion of the diagnosis of COVID-19 (American clinicians
report 2 — 30% of such patients) should not mislead the
doctor. At the same time, it is necessary to continue to
follow the treatment protocols. By the way, the US FDA
monitors closely the diagnostics used to test the popula-
tion and regularly recalls test systems from even highly re-
spected manufacturers due to their frequent false negative
or false positive results.

The course of COVID-19 can be different in children.
* The infection can be asymptomatic (that is often seen

in patients of all ages), i.e. children with a positive test

for SARS-CoV-2 and no symptoms.

* COVID-19 in the form of acute viral infection of the
upper respiratory tract (often found in children and
healthy adults) manifests with fever, cough, sore
throat, nasal congestion, headache, fatigue, myalgia,
discomfort, etc., but no radiographic signs of pneumo-
nia or symptoms of a sepsis.

* Children with mild pneumonia (often asymptomatic, or
mild to moderate pneumonia) might have fever, have
respiratory symptoms (cough, etc.), radiological signs
of pneumonia, but no signs of severe pneumonia.

* Severe pneumonia caused by SARS-CoV-2 and requir-
ing mechanical ventilation is very rare in children (iso-
lated cases) and is associated with:

— increasing shortness of breath > 70 per minute for
children in the first year of life, > 50 per minute for
children over a year old when they are not crying
and do not have their peak body temperature;

— decrease in saturation < 92%;

— hypoxia: need for respiratory support (nasal can-
nulas, etc.), cyanosis, intermittent breathing with
episodes of apnea;

— impaired consciousness.

* The critical condition, including patients with the sys-
temic multi-inflammatory syndrome (all patients with
a respiratory disorder who need mechanical ventila-
tion, have shock or damage to other organs and sys-
tems should be transferred to the ICU).

Fatal outcomes in SARS-CoV-2 positive infants and
children have been described, but the main causes of
death have not been found. The first child death was re-
ported in Germany on April 09, 2020. The rates of hos-
pitalizations, transfers to ICUs, and deaths for infants are
published more often. The data from China, Spain, USA,
and Germany were published. The latest publication in
Pediatrics confirms this suggestion [114]. The authors an-
alyzed data on 177 pediatric patients who were treated in
the Washington National Children’s Hospital (33 hospi-
talized and 144 outpatients), the authors concluded that
the smallest (infants in the first year of life) and the old-
est (adolescents over 15 years old) children are hospital-
ized more often than the others. These two age groups ac-
counted for 64% (32% each) of all hospitalized children.
9 children were in critical condition. About 25% of child
deaths in the Russian Federation is accounted for by new-
borns, mainly premature. Their clinical course of the dis-
ease is still unknown.

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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Interesting data have emerged recently regarding some
special groups of pediatric patients and pregnant women.
Turns out, the fears of the relatively high potential mor-
tality of these patients from SARS-CoV-2 are greatly ex-
aggerated.

Children with IDS of different etiology and immuno-
compromised patients:

* PID (Primary Immunodeficiency Disorders): The
COVID-19 cases are rare and no fatal outcomes have
been reported.

* Oncological patients: Several cases of the disease were
described in China, Italy, Spain, and Switzerland. The
results were predictable, no deaths were reported.

+ Patients after organ and tissue transplantation: No se-
vere cases in solid organ recipients have been reported
from Italy [115].

+ Autoimmune diseases: A benign course of the disease
has been described in 8 patients with IBD receiving
immunomodulatory therapy and biological agents.

+ Patients with asthma (with a controlled course of the
disease) rarely become infected and do not develop
the severe disease [116]. It is recommended to con-
tinue inhalation therapy with inhaled glucocorticoids
(but not through nebulizers!) and to replace it with
metered-dose inhalers, including those with spacers.
If the patient is receiving systemic steroid therapy, it
is recommended to continue this therapy. Oral ste-
roids should be used in a short course, if short-acting
beta,-agonists (salbutamol) are unavailable.

Patients with rheumatic diseases who receive TNF-a in-
hibitors have significantly lower risks (60%) of severe course
and hospitalization with SARS-CoV-2 infection, as was
shown by the Global Rheumatology Alliance COVID-19
Registry [117]. At the same time, the patients who received
10 mg or more of prednisolone per day, had 2 times high-
er (105%) risk of hospitalization compared with those
who did not receive steroids. The registry was launched on
March 24, 2020 and contained data on more than 1,300 pa-
tients, collected by 300 rheumatologists from 40 countries
by the May 12. The analysis of data from the first 600 pa-
tients in the registry showed that 46% were hospitalized and
9% died. The risk factors for the severe course and hospi-
talization were the same as in the rest of the population and
included age and comorbidities (diabetes, obesity, arterial
hypertension, diseases of the cardiovascular system, kid-
neys, and lungs).The use of hydroxychloroquine (or other
antimalarial drugs) did not affect the hospitalization rate.
Notably, patients with systemic Iupus erythematosus (SLE)
had a higher risk of hospitalization (80%), in contrast to pa-
tients with rheumatoid arthritis (RA).

Analysis of data from 17 million UK residents, includ-
ing 885,000 patients with RA, SLE, and psoriasis showed
a 23% higher hospitalization rate in patients with existing
comorbidity [118].

The new publication describes 347 patients with mul-
tiple sclerosis (IMS) [119] from the Francophone regis-
try who had COVID-19 from March 01, to May 21, 2020.
Only 248 patients received disease-modifying thera-
py (DMT) for MS. Some of the patients (21%) suffered
from a moderate disease (were hospitalized, but without
mechanical ventilation) or severe disease, 12 (3.5%) pa-

tients died. The proportion of patients, who did not re-
ceive DMT, had the worst scores on the EDSS scale, were
older, and had obesity, was significantly higher among the
moderate to severe cases and the fatal cases.

Pregnant women

Most published cases describe pregnant women in the
third trimester without any complications that would have
been typical only for pregnant women [120].

According to the recent publications, the severity of
COVID-19 is significantly lower than that of HINI flu.
Follow-up of 86,293 pregnant women from March 1 to
April 15, 2020 showed that the hospitalization rate due
to severe COVID-19 disease was 4.9 per 1,000 pregnant
women (2 times more pregnant women are hospitalized
with flu, 8 per 1,000). Only 427 (0.5%) women were hos-
pitalized due to the severity COVID-19.

The vertical transmission of the virus has not been doc-
umented yet [121—125].

Newhorns

An asymptomatic course of infection (with a normal CT
scan of the lungs) has also been described in newborns
[113, 124, 126].

3 cases described newborns with early but rapidly ter-
minated viral shedding.

Complications in the perinatal and postnatal period
in uninfected infants from mothers with COVID-19 have
been described [125].

Once again: COVID-19 viral infection (including pneu-
monia) in children is usually mild. Sometimes the disease
causes the typical changes in the lung CT-scans that should
be monitored over time. As children rarely have a posi-
tive PCR test for coronavirus RNA (for various reasons),
the changes in the lung CT-scan should be the reason for
managing the child as having COVID-19 infection and
early initiation of adequate therapy. On the other hand,
the decision-making based on the CT data alone can
lead to overdiagnosis of COVID-19, especially if there is
a co-infection or the disease has a similar clinical picture,
but a different etiology.

As noted above, the COVID-19-like symptoms in chil-
dren should be differentiated from the following infec-
tions:

* Influenza;

* Parainfluenza;

* Adenovirus infection;

* RSVinfection;

* RVinfection;

*  Human metapneumovirus infection;

*  SARS coronavirus infection;

* Other viral infections;

» Infections caused by Mycoplasma pneumoniae and

Chlamydia pneumoniae;

* Bacterial pneumonia.

At the end of May and the beginning of June, 2 import-

ant documents were published that described the princi-
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ples of diagnosis, treatment, and rehabilitation of patients
with a new coronavirus infection, both in adults and chil-
dren. WHO published a document on May 27, 2020 (avail-
able through a link on the WHO website Atps.//www.who.
int/publications/i/item/clinical-management-of-covid- 19),
and CDC published a protocol on June 11 (https.//www.
covid 19treatmentguidelines.nih.gov) [127].

The WHO document introduced a “traffic light” sys-
tem for the guidelines that helps visually comprehend
what is proven and therefore should be applied in clini-
cal practice (“green checkmarks”), what should be avoid-
ed (“red crosses”), and what can be used only in specific
circumstances (“yellow exclamation marks”). In addition,
the WHO guideline covered the principles of screening
and triage, laboratory diagnostics, therapy of patients
with mild, moderate, and severe pneumonia, acute dis-
tress syndrome, septic shock, principles of prevention of
severe complications of mechanical ventilation, the use of
drugs with antiviral, immunomodulatory, and antibacte-
rial effects, steroids, treatment of acute and chronic in-
fections in patients with COVID-19, management of pa-
tients with neurological and mental problems, chronic
noncommunicable diseases, rehabilitation of those who
have recovered, as well as separate management of women
during pregnancy and after childbirth, care and feeding of
newborns and babies from mothers with coronavirus in-
fection, caring for elderly patients, palliative care, ethical
issues of the optimal organization of care during the pan-
demic and clinical trials, and the guidelines for reporting
deaths.

It was emphasized that drugs such as chloroquine/
hydroxychloroquine (with or without azithromycin), an-
tivirals (lopinavir/ritonavir, remdesivir, umifenovir, favi-
piravir), immunomodulatory agents (tocilizumab, inter-
feron-f3-1a), and convalescent plasma should be avoided
in the prevention and treatment of COVID-19 (outside of
clinical trials!).

It is not recommended to use glucocorticoids for the
routine treatment of viral pneumonia. They should be re-
served for special cases (septic shock, antenatal prevention
of miscarriage, etc.).

Antibiotics are strictly not recommended for the pre-
vention and treatment of mild or moderate disease (on-
ly for severe cases of COVID-19) when therapy must be
started within the first hour after the blood sampling for
the initiation of antibacterial therapy.

It was emphasized that individualized rehabilitation
of patients should begin in the in-patient settings (includ-
ing in intensive care) and that psychological rehabilitation
should be considered a priority, especially in patients with
signs of disadaptation (sleep disturbance, etc.).

The mode of delivery should not be chosen based
on the pregnant woman’s COVID-19 status but should
be solely determined by the state of the mother and her
child. At the same time, pregnant women or women who
have given birth and are feeling normal should not be
hospitalized but must be monitored at home and admit-
ted to a specialized hospital if necessary. All women with
suspected or confirmed positive status for COVID-19 are
recommended to initiate or continue breastfeeding of
their babies.
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A randomized, placebo-controlled clinical trial involv-
ing 821 patients shown that administration of hydroxy-
chloroquine within 4 days after contact with an infected
patient had no preventative effect [128]. In addition, sev-
eral studies have re-emphasized the potential dangers of
hydroxychloroquine (especially in combination with azi-
thromycin) in patients with preexisting prolongation of
the QT interval.

There were 3 important updates in the CDC man-
ual: a special section dedicated to children was added,
new data on the antiviral therapy were added, and in-
formation on kidney damage in COVID-19, laboratory
diagnosis of the disease, oxygen therapy and mechanical
ventilation, and the use of IL-1 and IL-6 inhibitors were
updated.

The pediatric section focuses on the multisystem in-
flammatory syndrome. There are still no officially rec-
ommended treatment regimens for this condition. Most
American centers propose to treat the syndrome with in-
travenous immunoglobulin and steroids, anticoagulants
and antiaggregants, and other immunomodulatory agents
(inhibitors of IL-1 and IL-6).

The guidelines on the use of remdesivir vary. It is
recommended for hospitalized severe patients with
COVID-19 with saturation less than 94% and non-com-
pulsory oxygen support (Al) for 5 days (Al), on mechani-
cal ventilation or ECMO (BI). If no improvement is seen
within 5 days, the therapy can be extended to 10 days
(CIII). This drug should not be used to treat mild or mod-
erate disease. Chloroquine/hydroxychloroquine (also in
combination with azithromycin) should not be used to
prevent or treat COVID-19 (Al — AIII).

Lopinavir/ritonavir and other HIV/AIDS medications
are not recommended for the treatment of COVID-19 (Al,
AlII).

General principles for treatment of children
with COVID-19

Bed rest, sufficient nutrition and adequate hydration,
control of electrolyte balance and homeostasis, monitor-
ing of vital functions and oxygen saturation, monitoring
of the patency of the respiratory tract, and oxygen therapy
(mostly non-invasive), if indicated, monitoring of blood
and urine tests (CRP, electrolytes, liver and myocardial
enzymes, renal parameters, and coagulogram) are recom-
mended. Blood gases test and repeated X-ray of the lungs
should be performed if indicated. To date, there are no
clinical studies on the efficacy and safety of individual drugs
in children with COVID-19!

Symptomatic treatment

Physical methods of cooling and paracetamol at age-ap-
propriate dosages should be used in patients with the body
temperature > 38.5 that causes discomfort. The recom-
mendations to avoid NSAIDs (ibuprofen, etc.) are not
supported by the EMA, WHO, and the expert communi-
ty [129]. Anticonvulsants should be used in severe patients
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(do not confuse with muscle twitching as a symptom of
the disease!).

Oxygen therapy

Start oxygen therapy through a nasal tube or mask imme-
diately in case of signs of hypoxia. High-flow oxygen ther-
apy, non-invasive or invasive mechanical ventilation, and,
if indicated, forced ventilation should be used in excep-
tional cases.

Antiviral therapy

At the moment, 3 drugs have a proven in vitro antiviral
activity against SARS-CoV-2: remdesivir [130], a com-
bination of lopinavir/ritonavir [131] and hydroxychloro-
quine [ 132]. But these drugs have also been excluded from
the guidelines.

The results of one clinical trial of remdesivir in severe
patients (without a control group) are available. The respi-
ratory function improved by 68% [133]. The clinical trials
of remdesivir are ongoing.

The clinical trials of lopinavir/ritonavir have shown its
inefficacy [132].

At the beginning of the epidemic, studies appeared on
the high efficacy of hydroxychloroquine (with or without
azithromycin) in patients with COVID-19 [134, 135], as
well as the reviews of its potential use that took into ac-
count its in vitro and in vivo antiviral activity [136]. An in-
creasing number of publications in the last weeks showed
absence of positive results in the treatment of COVID-19
with hydroxychloroquine. Moreover, the number of severe
patients and patients with heart failure is reported to be
growing, especially among those receiving hydroxychloro-
quine in combination with azithromycin. Therefore, hy-
droxychloroquine was excluded from the latest guidelines
(WHO, CDC).

Oseltamivir and other anti-influenza drugs are recom-
mended only for the treatment of influenza. Oseltamivir and
other influenza drugs should only be used in patients with
the influenza virus. Influenza A or B viruses were most of-
ten detected in Chinese children with COVID-19 (an ex-
ceedingly small percentage of the Chinese population, in-
cluding children, is vaccinated against influenza).

Umifenovir and interferon preparations have been
used in Chinese patients with COVID-19, but there is no
evidence of their effectiveness and safety in specially orga-
nized clinical trials.

Antibiotics

Unjustified use of antibiotics, especially broad-spectrum
ones, should be avoided. Children with a co-infection,
signs of a bacterial or fungal infection should be moni-
tored. When the pathogen is identified, antibacterial or
antifungal therapy is prescribed. Azithromycin prolonged
the QT interval in patients with COVID-19, so it is used
only in hospital and with caution.

Glucocorticoids

The decision to start glucocorticoids (GCs) is based on the
severity of the systemic inflammatory response, the degree
of dyspnea (with or without signs of respiratory distress syn-
drome), changes in the X-ray picture of the lungs. GCs are
prescribed for a short course of 3 — 5 days. The dosage of
methylprednisolone should not exceed 1 — 2 mg/kg/day.

GCs were included in the guidelines at the very be-
ginning of the pandemic because many patients had
high blood levels of pro-inflammatory cytokines (IL-6,
TNF-q, etc.).

The idea of using biological agents, for example, tocili-
zumab, was based on the same fact. Over the past months,
biological agents were proven to be effective against
COVID-19 (they arrest the “cytokine storm”) and reduce
the risk of hospitalization and severe disease for patients
with various inflammatory diseases (rheumatic diseases,
IBD, etc.). Many children with systemic inflammatory
syndrome recovered without the biological agents in the
Russian Federation.

Another option is zinc pyrithione, which has been
proven to inhibit the activity of coronavirus in vitro [137].
The data on the use of vitamin D show that it reduces the
likelihood of severe disease and hospitalization in the risk
groups. Vitamin D was included in many clinical guide-
lines for adult patients.

Heparin

Heparin is indicated for all patients with blood coagu-
lation disorders and with a family history of tendency to
thrombosis or thrombosis. This drug should be used with
coagulogram monitoring.

Immunoglobulins

These agents were used in severe patients at the beginning
of the pandemic. Their effectiveness was not proved, and
they were excluded from the latest guidelines. A new in-
terest has emerged in recent weeks in connection with the
systemic inflammatory syndrome in children.

Respiratory support

Non-invasive ventilation is preferred. Invasive ventilation
should be used in life-threatening cases, and ECMO is
indicated when the invasive mechanical ventilation is in-
effective. Many studies show that fatal outcomes are re-
ported more often in the patients who were mechanically
ventilated. Fatal outcomes in ventilated children were re-
ported in the Russian Federation.

Support of blood circulation

Monitor the volume of injected fluids, improve microcir-
culation, use vasoactive drugs, and hemodynamic moni-
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toring, if needed. There is evidence that state of many pa-
tients worsened after the administration of unnecessarily
large volumes of fluids (!).

Psychotherapy

Counseling is essential for a speedy recovery. Active psy-
chological support and treatment is indicated for older
pediatric patients, especially with sings of phobias, anxi-
ety, and psychological disorders. In general, about 30% of
children and adolescents show a decrease in cognitive
functions. Primarily these are patients with pre-existing
problems. That is why the psychological rehabilitation is
necessary for all children after COVID-19, including mild
and asymptomatic disease. The rehabilitation is described
in detail in the guidelines of the Ministry of Health of the
Russian Federation [15].

Prophylaxis

Do not stop the routine vaccination! On the contrary, it
is necessary to continue the routine primary vaccination
of infants to prevent the outbreaks and epidemics of such
diseases as measles and poliomyelitis (WHO). Vaccination
is described in detail in the corresponding section of the
guidelines by Healthcare Ministry of Russian Federation
and on the website of the Union of Pediatricians of Russia.
For example, the United States CDC recommended strict
adherence to the routine immunization schedule for chil-
dren, especially the first 24 months of life, on March 24,
2020. On May 8, the CDC published a report [138] on the
current situation with vaccination of children, that includ-
ed an analysis of the number of vaccines ordered by doc-
tors to immunize children from early January to late April
2020 (compared to the same period in 2019). The report
assessed all vaccines recommended for children (except
for influenza vaccines, which are seasonal), including a
separate data on vaccines against measles-rubella-mumps
(the use of which is calculated separately for children un-
der 2 years of age and for children from 2 to 18 years old).
The decrease in the number of ordered vaccines for the
specified period amounted to hundreds of thousands and
millions: more than 3 million children less were vaccinat-
ed in 2020 as compared to 2019, including 400,000 less
against measles-rubella-mumps, primarily at the expense
of children aged 2 — 18 years. Data from India indicate
a 69% decline in measles-rubella-mumps vaccination
among children [139].

Additional disappointing facts that indicate a signifi-
cant decrease in the vaccination rate in 2020 as compared
to 2019 were reported in different US states. The aver-
age decrease was 33%. The decrease by 60.5% was not-
ed in people aged 19 — 49-years and by 83.1%, in those
who are 65 and older [140]. The summer months should
be used to restore the wide vaccination coverage. Priority
should be given to vaccination of pregnant women against
diphtheria-pertussis-tetanus (T dap) with acellular vac-
cines, immunization against measles-rubella-mumps in
adults, seasonal flu vaccination in late summer 2020, as
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well as against pneumococcus and Haemophilus influen-
zae type b.

Of course, immunization should be carried out in con-
ditions that prevent the spread of coronavirus infection.

The primary immunization regimens in infancy, pre-
dominantly using combination vaccines, in strict accor-
dance with the national immunization schedule and with
standard guidelines should be a priority in the pediatric
population. For people over 18 years old, it is important
to vaccinate the susceptible individuals and patients from
risk groups against pneumococcal infection, hemophilic
infection type b, and seasonal flu before the autumn rise
in the respiratory morbidity.

Supporting the immunity

A balanced diet, adequate physical activity, regular visits to
the attending doctor, and avoidance of excessive physical
exercise, as well as emotional stability and mental activity
prevent the infection effectively. Recent works [ 141] put for-
ward a hypothesis that “fermented vegetables” (sauerkraut,
for example) and other fermentation products (homemade
curdled yogurts, kefir, and kvass produced with homemade
cultures, etc.) help reduce the morbidity and mortality from
COVID-19. Vaccination is an effective way to prevent in-
fection. The vaccines are being developed.

Information sources and the people’s knowledge

Professor J.Bousquet et al. from Montpellier processed
big data on queries in the Google search engine about the
SARS-CoV-2 virus and such symptoms of COVID-19 as
anosmia/hyposmia and ageusia/dysgeusia. They then su-
perimposed these curves on the plots of new cases of coro-
navirus disease in different regions of the world. The re-
searchers came to the surprising conclusion that the wave
of inquiries anticipated the wave of cases by several days
(unpublished data). Thus, Internet resources can kind
of predict an “infectious tsunami”, which, of course, is
COVID-19today. A bit more about the mass media. Indian
researchers [142] surveyed 1,246 respondents (744 medi-
cal workers and 502 non-medical citizens). More than
94% of the respondents were ethnic Hindus. 80% of the
doctors and 82% of the citizens were afraid of getting the
novel coronavirus infection, and more than 90% of both
groups took appropriate measures to protect themselves
from the virus. 98% of the medical workers and 97% of
the citizens considered “difficulty breathing” the main
symptom of COVID-19. 28.9% of the healthcare practi-
tioners and 26.5% of the citizens knew that there is no tar-
geted antiviral therapy available. But the respondents drew
the information from completely different sources: doc-
tors, from official medical websites (WHO, CDC, NIH,
NEJM, etc.); other people, from the media (from TV
and from social networks such as WhatsApp, Instagram,
Telegram, and TikTok).

This raises the relevant question of sources of reliable
information on COVID-19, both in adults and children,
for our citizens.
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Conclusion

This review covers the latest views on the course, clini-
cal manifestations, treatment, outcomes, and prevention
of the new coronavirus infection in children and other
groups of patients. However, the emerging further infor-
mation about this disease should be carefully monitored
and analyzed while the pandemic is ongoing.
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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has drawn attention to new clinical and fundamental issues in the immunopathology of human
diseases. Since in COVID-19 it is the “‘hyperimmune’’ response, called cytokine storm syndrome, which forms the basis of the pathogenesis of acute
respiratory distress syndrome (ARDS) and multiorgan dysfunction in COVID-19, special attention is drawn to the possibility of “repurposing” (drug
repurposing) of some widely used for treatment immune-mediated inflammatory rheumatic diseases (IMIRDs) anti-inflammatory drugs, including
glucocorticoids (GC), disease-modified anti-rheumatic drugs (DMARDs), biologic agents and ‘‘targeted’” DMARDs. In the spectrum of cytokines
involved in the pathogenesis of cytokine storm syndrome in IMIRDs and COVID-19, great importance is attached to the pro-inflammatory cyto-
kine, interleukin IL-6. The development and introduction into clinical practice of monoclonal antibodies (mAbs) that inhibit the activity of IL-6
are among the major advances in the treatment of IMIRDs, and in recent years, critical conditions within the framework of the cytokine storm
syndrome, including in COVID-19. The review discusses the materials of numerous studies devoted to the problems of the efficacy and safety of
mADbs to the IL-6 receptor (tocilizumab) and other mAbs that inhibit the activity of this cytokine in COVID-19. Despite the effectiveness of inhi-
biting IL-6 in patients with severe COVID-19, many theoretical and clinical problems of immunopathology and pharmacotherapy of this disease
require further study.
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Pesome

[Mangemust KopoHaBupycHoil 60e3un-2019 (COVID-19) npusiekia BHUMaHKe K HOBBIM KJIMHUYECKUM U (yHIAMEHTAIbHBIM MpobieMam
VMMYHOTIATOJIOTHH 3abojieBaHuii yenoBeka. [Tockonbky mpu COVID-19 MMEHHO TUTIEpUMMYHHBII OTBET, TOTYYUBINNAN HAUMEHOBAHUE CHH-
JIPOM «LIMTOKMHOBOTO ILITOPMa», COCTABJsIET OCHOBY MaTOreHe3a OCTPOTro PECUPAaTOPHOTrO AMCTPECC-CUHAPOMA U MYJIbTUOPTaHHON AMCHYHK-
uuu ipu COVID-19. Tlpu 5TOM 0cOOEHHO MPUBIEKATENLHON SIBISETCS BO3MOXHOCTb PEMO3ULIMOHUPOBaHUs (drug repurposing) HEKOTOPBIX
IIUPOKOMTPUMEHSIEMBIX JIJIsT JIEYSHHSI UMMYHOBOCTIAJIUTEIbHBIX peBMaTUIeckux 3adoseBanuii (M BP3) mpoTuBoBoCTIATUTEIbHBIX JIEKAPCTBEHHBIX
MpenaparoB, BKJIIOYasi IIIOKOKOPTUKOCTEPOUIbl, Ga3MCHbIE TPOTUBOBOCIIAIUTEIbHBIE TIPENapaThl, FEHHO-MHXEHEPHbIe OMoIornyeckue npemna-
paThl U TapreTHbIe 0a3uMCHBIC TIPOTUBOBOCTIAIUTENLHBIC TTPeaparbl. B criekTpe MMTOKMHOB, MPUHUMAIOIINX yYacTUe B TMaTOTeHe3e CMHApOMa
«IUTOKMHOBOTO 1mTopma» mpu MBP3 u COVID-19, Gosblioe 3HaYeHUE TPUAAETCS TPOBOCIATUTEILHOMY IMTOKMHY MHTepieikuny (IL)-6.
Pa3paboTka u BHeipeHNE B KIIMHUYECKYIO MTPAKTUKY MOHOKJIOHATBHBIX aHTUTe] (MAT), MHIMOUPYIONINX aKTUBHOCTD [L-6, OTHOCHUTCS K YUCITy
KPYITHBIX TOCTHXeHUii B JieueHun MBP3, a B mocienHue rogabl — KPUTUYECKUX COCTOSIHUI B PaMKax CUHIPOMA «IIMTOKMHOBOTO IITOPMa»,
B T. 4. mpu COVID-19. B 0630pe 06cyxnaioTcsi MaTepraibl MHOTOUMCIEHHBIX MCCIeI0BAHUI, MOCBSLIEHHBIX MpobaeMaM 3¢ deKTUBHOCTU
u 6e3omacHoct MAT Kk peuentopy IL-6 (toumnuszyma6) u npyrux MAT, MHTMOMPYIOIIMX aKTMBHOCTBH 3TOro mutokuHa npu COVID-19.
Hecmortpst Ha acddekTrBHOCTS MHTMOUpoBaHust 1L-6 y manueHToB ¢ TspkenbiM TedeHreM COVID-19, TpeGyetcst nanbHeiiee M3ydeHue MHOTHX
TEOPETUIECKUX U KITMHUYECKUX TTPOOIeM UMMYHOTIATOIOTUY U (hapMaKOTepanuu 3TOro 3a00JIeBaHMS.

Kouesbie ciioBa: COVID-19, uMMyHOBOCTIAJTUTEIbHBIE PeBMAaTHUECKUE 3a00JIeBAaHMS, MHTEPJICHKUH-6, TOIIN3YMa0.

KoHndumkT uHTEpecoB. ABTOD 3asiBJISIET 00 OTCYTCTBUMU KOH(DIMKTAa UHTEPECOB.

st uutupoanusi: Haconos E.JI. KoponaBupycHast 605e3Hb-2019 (COVID-19): 3HaueHue nnrubutopos 1L-6. [lyasmononoeus. 2020; 30 (5):
629—644. DOI: 10.18093/0869-0189-2020-30-5-629-644

The global pandemic of the Coronavirus Disease 2019 mechanisms of human diseases. The data that was accu-
(COVID-19) [1, 2] has drawn attention to the novel clin- mulated during the research of pathogenic mechanisms of
ical and fundamental issues of immune and pathological inflammatory rheumatic diseases (IRDs) can help us un-
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derstand the nature of pathological processes that underly
severe and potentially fatal complications of COVID-19.
Advances in pharmacotherapy of IRD could improve the
treatment of the novel coronavirus disease [3, 4]. The hy-
perimmune response, rather than the cytopathic effect of
the virus alone, causes acute respiratory distress syndrome
(ARDS) and multiple organ dysfunction in patients with
COVID-19 [5]. So there is a promising possibility to repur-
pose some anti-inflammatory drugs that are widely used
in rheumatology [6], including glucocorticoids (GCs),
disease-modifying anti-rheumatic drugs (DMARDSs), bi-
ologic agents, and targeted DMARDs [3, 4, 7].

The pathogenetic mechanisms of COVID-19 were
summarized in several reviews [8, 9]. COVID-19 is caused
by the SARS-CoV-2 virus (severe acute respiratory syn-
drome coronavirus-2) that infects primarily type II pneu-
mocytes and other cells expressing angiotensin-convert-
ing enzyme 2 (ACE II), which acts as the virus receptor.
Replication of SARS-CoV-2 has a cytopathic effect on the
target cells. The virus causes pyroptosis (a pro-inflamma-
tory form of programmed cell death — apoptosis), which
in turn induces the production of interleukin-1 (IL-1) and
other pro-inflammatory cytokines by myeloid cells in the
course of coordinated activation of innate and acquired
immune responses. At the same time, SARS-CoV-2 sup-
presses the production of interferon (IFN) type 1 (IFN-a
and IFN-f) and thereby weakens the antiviral immune
response [10]. This promotes uncontrolled replication of
the virus, and, as a consequence, the progression of the
immune-inflammatory process that climaxes as the cyto-
kine storm syndrome [11—14]. The clinical manifestations
of the cytokine storm syndrome include primary and sec-
ondary hemophagocytic lymphohistiocytosis (HLH) [15],
macrophage activation syndrome [16—18], and cytokine
release syndrome as a complication of CAR-T-cell therapy
(Chimeric Antigen Receptor T-Cell) of oncological dis-
orders [19]. On the one hand, this syndrome is one of the
most severe complications of some IRDs. On the other
hand, it can be a consequence or stage of COVID-19 and
manifests itself as ARDS, coagulopathy, and multiple or-
gan dysfunction [20—22].

The pathogenetic basis of the cytokine storm syn-
drome is dysregulated production of a wide range of cy-
tokines (both pro-inflammatory, immunoregulatory, and
anti-inflammatory) and chemokines caused by the abnor-
mal activation of innate and acquired immunity (Th1 and
Th17 types). These substances include IL-1, IL-2, IL-6,
IL-7, IL-8—10, IL-12, IL-17, IL-18, granulocyte colo-
ny-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), tumor necrosis
factor-a (TNF-a), IFN-y-inducible protein 10, mono-
cyte chemotactic protein 1 (MCB1), macrophage inflam-
matory protein-la (MBBI1a), and chemokines (CCLI,
CCL3, CCL5, CXCLS8, CXCL9, CXCL10, and others). A
pronounced increase in the concentration of these cyto-
kines (to varying degrees and in different combinations) is
characteristic of severe and especially of critical course of
COVID-19 [23-26]. The immune abnormalities typical
to the severe COVID-19 include profound lymphopenia,
a decrease in the peripheral blood levels of CD4* T-cells,
CDS8" T-cells, T-regulatory cells, B-cells, monocytes, eo-

sinophils, and basophils, overexpression of the exhaustion
markers (NKGA2, and others) on the membrane of nat-
ural killer (NK) cells and CD8" T-cells. The peripheral
blood tests identify biomarkers that indicate the activation
of the Th17-type immune response, namely the expan-
sion of pathogenic CCR4" CCR6* Th17-cells [27, 28], as
well as T-cells that produce GM-CSF. The latter activates
CDI4* CD16" monocytes and induces the production of
IL-6 and other pro-inflammatory mediators [29].

Interleukin-6 (IL-6) is considered to play a cru-
cial role in the development of cytokine storm syn-
drome in patients with inflammatory rheumatic diseases
(IRD) [30, 31] and COVID-19 [32, 33]. IL-6 is an au-
tocrine, paracrine, and hormone-like regulator of var-
ious ‘normal’ and pathological biological processes (in-
flammation, metabolism, psychosomatic reactions, and
others) (see the figure). Biological effects and molecular
mechanisms of action of this cytokine are based on its
ability to activate target genes that regulate differentia-
tion, survival, apoptosis, and proliferation of various im-
mune and non-immune cells in the human body [34—36].
Pleiotropism of 1L-6 is mediated by a unique signaling
system that includes 1L-6 receptors (IL-6R) and down-
stream signal molecules. IL-6R consists of two sub-
units — an IL-6-binding chain (IL-6Ra) and a trans-
membrane signal-transducing receptor gp130 (130 kDa
glycoprotein, IL-6Rf). The membrane-bound IL-6Ra
(mIL6R) is expressed by a limited range of cells (mac-
rophages, neutrophils, CD4 T-cells, hepatocytes, podo-
cytes, megakaryocytes, and specific intestinal epithelial
cells). On the other hand, gp130 (IL-6Rp) is present on
almost all human cells. Binding of the 1L-6-IL-6R com-
plex to two gp130 proteins initiates the IL-6 signal cas-
cade. Dimerization of gp130 induces activation of Janus
kinases (JAK) 1 & 2 and phosphorylation of tyrosine res-
idues in the cytoplasmic region of gp130. As noted above,
most human cells do not express mIL-6R and are there-
fore resistant to the biological effects of IL-6. However,
soluble (s) IL-6Ra can be found in the blood plasma and
tissues. This soluble form is released during proteolysis of
the membrane-bound form by Zn?>' metalloproteinases
ADAM (A Disintegrin and Metalloproteinase domain) 10
and 17. sIL-6-Pa protects IL-6 from enzymatic cleavage,
increases its serum lifespan. Most importantly, sIL-6-Pa.,
in combination with IL-6, can bind to gp130 and activate
cells that do not express mIL-6Pa. This process is called
trans-signaling, while cell activation that is mediated by
the interaction of 1L-6 with mIL-6P is defined as classi-
cal (cis-) signaling. It is believed that trans-signaling me-
diates the pathogenic effects of IL-6 to a greater extent as
compared to the classical signaling. At the same time, the
classical signaling is also involved in the acute phase re-
sponse, production of pathogenic Th17- and Th22-cells,
and the suppression of T-regulatory cells. Recently, a new
mechanism of 1L-6 signaling has been characterized. It is
called trans-presentation. IL-6 binds with IL-6Pa on the
membrane of specific dendritic cells and is presented to
the gp130 homodimer, which is expressed on the surface
of adjacent T-cells. Researchers believe that this is how
IL-6 induces the generation of a “pathogenic” subpopu-
lation of Th17-cells [37].
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The assumed important role of IL-6 in the immu-
nopathogenesis of COVID-19 is supported by numerous
studies that indicate an increase in the serum concen-
tration of this cytokine in vivo [23, 38—40]. According to
a meta-analysis, the level of IL-6 was 3 times higher in pa-
tients with severe COVID-19 (n = 1,302) as compared to
patients with mild/moderate disease (p < 0.001). The base-
line concentration of IL-6 correlates with bilateral lung
damage (p = 0.001) and the intensity of fever (p = 0.001)
[41]. Another meta-analysis [42] (n = 1,426 patients)
showed that the mean baseline 1L-6 concentration in se-
vere COVID-19 was significantly higher than in non-se-
vere COVID-19 (p < 0.001) and was significantly associat-
ed with increased mortality (p =0.03). SARS-CoV-2 RNA
(RNAmia) is detected in the serum of patients with severe
COVID-19 pneumonia and is associated with a substan-
tial increase in the IL-6 level [43]. This is consistent with
the concept of viral sepsis as the leading cause of cytokine
storm syndrome in COVID-19 [44].

One of the major advances in the treatment of IRDs
[31, 35, 45—47] was the development and introduction
into clinical practice of monoclonal antibodies (mAbs)
that inhibit all IL-6 signaling pathways. In recent years,
these drugs were approved for the treatment of criti-
cal conditions caused by the cytokine storm syndrome
[48], including COVID-19 [39, 49, 50]. mAbs include
(Table 1): tocilizumab (TCZ; Tocilizumab, Actemra,
Roche, Switzerland), sarilumab (SAR; Sarilumab, Kev-
zara, Sanofi-Aventis, France) and, lately, siltuximab
(SLT). A Russian drug, olokizumab (Artlegia, R-Pharm),
has been registered for the treatment of RA recently.
Olokizumab blocks IL-6, not IL-6R. A phase II rando-

mized controlled trial of a Russian drug levilimab (BCD-
089, BIOCAD) in RA is about to be completed. Levilimab
isa human anti-1L-6R mAb. The IL-6 inhibitors have not
been approved for use in COVID-19 yet, but these drugs
(mainly TCZ) are used off-label to treat the most severe
patients, often in a life-threatening condition.

Tocilizumab
Noncomparative studies (single arm) of Tocilizumab

The study by P.Luo et al. [51] included 15 patients. The
TCZ doses varied from 80 to 600 mg (single intravenous
injection). Three critically ill COVID-19 patients died on
day 6 (n =2) and day 7 (n = 1). The disease progressed in
one patient. All other patients stabilized or improved, in-
cluding three of the seven critical patients and all patients
with moderate to severe disease. Notable, fatal outcome
was associated with no positive changes in the concentra-
tion of CRP and IL-6. X.Xu et al. [52] presented a retro-
spective analysis of treating 21 patients with COVID-19
with TCZ. 18 patients received a single infusion of TCZ;
three patients received two infusions within 12 hours.
All patients showed normal body temperature, improved
general symptoms, lesser need in mechanical ventilation
(within 5 days in 75% of the patients), the disappearance
of ground glass opacities on the CT-scans (# = 19), nor-
mal lymphocyte and CRP levels (84.2%) one day after the
TCZ infusion. On average, the patients were discharged
from the hospital after 15.1 days. The authors conclud-
ed that the treatment with TCZ should be started as early
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Characteristics Tocilizumab

Antibody type Humanized, 1gG1

Therapeutic target sIL-6R, mIL-6R

Suppression of the signaling Cis-, trans-signaling

Mode of administration Intravenous and subcutaneous

8 mglkg per month intravenously,

B 162 mg once a week subcutaneously

Timeof C_ 2,8 days after subcutaneous injection

Volume of distribution, L 6,4 after subcutaneous injection

Elimination half-life, days <12

Rheumatoid arthritis, systemic and polyarticular
juvenile idiopathic arthritis, giant cell arteritis,
and cytokine release syndrome induced by chimeric

Approved indications for use

antigen receptor T-cell (CAR-T) therapy

as possible if the disease progresses from moderate to se-
vere, the patient shows ground glass opacities in the lungs
and the increase in IL-6. S.Scarscia et al. [53] conducted
a prospective multicenter study of TCZ, which included
63 patients with severe COVID-19. The administration
of TCZ caused PaO,/FiO, (oxygenation index) to change
from 152 £ 52 t0 283.73 & 115.8 after 7 days and to 302.2 &
126 after 14 days (p < 0.05). The overall mortality was 11%
and was associated with high levels of basal D-dimer, but
not IL-6. Initiation of TCZ therapy in the first 6 days af-
ter hospitalization increased the probability of survival
(HR=2.2;95% CI: 1.3 — 6.7; p < 0.05).

The retrospective study by R.Alattar et al. [54] that in-
cluded 25 patients with COVID-19 showed that TCZ treat-
ment was associated with normalization of body tempera-
ture, a decrease in CRP level from 193 mg/L to less than
6 mg/L (p = 0.0001), and positive changes in lungs in 44%
of the patients after 7 days and in 68% of the patients after
14 days. The number of patients on mechanical ventilation
decreased from 84 to 60% after 7 days and to 28% after
16 days (p = 0.001). 9 (36%) patients were discharged, and
three patients died during the follow-up period. B.B.Uysal
et al. [55] noted a pronounced positive trend in 10 out of
12 patients with COVID-19 pneumonia after the infu-
sion of TCZ. The positive effect was seen as normalization
of the oxygen saturation (from 87.58 + 3.12% to 94.42 +
1%), body temperature, and CRP levels. The patients were
discharged from the hospital within 18 days. R.Marfella
et al. [56] found the patients with COVID-19 and hyper-
glycemia who received TCZ had significantly worse out-
comes as compared to the patients with normoglycemia
(p < 0.009). V.Morena et al. [57] assessed the efficacy of

Table 1
Comparative characteristics of IL- 6 inhibitors
Tabauua 1
Cpasnumeavnasn xapaxmepucmura uneuéumopos IL-6
Sarilumab Siltuximab
Human, IgG1 Humanized, IgG1x
sIL-6R, mIL-6R Circulating IL-6
Cis-, trans-signaling Cis-signaling
Subcutaneous Intravenous

150 or 200 mg subcutaneously once

every 2 weeks 11 mglkg once every 3 weeks

2 - 4 days after subcutaneous injection No data available

8,3 after subcutaneous injection 45

<10 20.6

Multicentric Castleman’s disease
(MCD) in patients who are human
immunodeficiency virus (HIV)
negative and human herpesvirus-8
(HHV-8) negative

Rheumatoid arthritis

TCZ 51 patients with severe COVID-19 pneumonia (need
for high nasal oxygen flow or mechanical ventilation, CRP
> 40 mg/L; oxygen saturation < 93%). A significant de-
crease in the intensity of fever, CRP levels, and an increase
in the level of lymphocytes was reported within 7 days after
the intravenous infusion of TCZ (p < 0.001). After 34 days,
67% of the patients showed a decrease in the severity of
pneumonia, 31 patients were discharged, 17 (33%) patients
experienced deterioration, and 14 (27%) patients died. The
risk of death was significantly higher in patients who need-
ed mechanical ventilation at baseline (83.3%) as compared
to the patients who needed the non-invasive oxygen sup-
port (20%) (p = 0.0001). The most common ADRs were
an increase in the liver enzymes (29%), thrombocytopenia
(14%), and fungal infection (27%). These data show the
limited efficacy of TCZ in patients with a critical course
of COVID-19 pneumonia who require mechanical ven-
tilation and have a high risk of infectious complications.
P.Toniati et al. [58] presented a prospective observation of
100 patients with COVID-19 and severe ARDS who need-
ed mechanical ventilation: 43 patients received TCZ infu-
sions in the ICU, and the remaining 57 received TCZ in
the therapeutic department. 37 (65%) out of 57 patients
showed improvement and switched to non-invasive venti-
lation, 7 remained stable, and 13 (23%) experienced a de-
terioration (10 patients died, three were transferred to the
ICU). In the group of 43 ICU patients, 32 (74%) showed
improvement (17 were weaned), two patients remained
stable, and 10 died. Status of 77 (77%) patients improved
or stabilized within 10 days. The ground glass opacities
were no longer identified in the CT-scans of 66 of these pa-
tients. 15 patients recovered and were discharged from the
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clinic. The condition of 33 (33%) patients worsened. 20 of
them died. According to C.C. Price et al. [59], patients with
severe COVID-19 who were prescribed TCZ (n = 153)
had a higher survival rate (83%), equal to the survival rate
(91%) in patients with the non-severe disease (p = 0.11).
75% of the patients, who needed mechanical ventilation
and received TCZ, survived. No severe ADRs were asso-
ciated with TCZ.

Comparative studies of Tocilizumab
(as compared to the standard treatment)

M. Roumier et al. [64] administered TCZ to 30 patients
with COVID-19 pneumonia and a rapid increase in pul-
monary insufficiency. The comparison group included
29 patients. The groups were matched by the main de-
mographic characteristics and severity of the disease.
There was a decrease in the need for mechanical ventila-
tion (odds ratio (OR) 0.42; 95% confidence interval (CI)
0.20—0.89; p = 0.025), as well as mortality (OR 0.25;
95% CI10.05 —0.95; p = 0.04) in the main group as com-
pared to the control group after 8 days (6.0 — 9.75 days).
The risk of subsequent transfer to the ICU decreased for
the patients who did not need the intensive care at base-
line (23 patients in the main group and 16 patients in the
control group) (OR 0.17; 95% CI 0.06 — 0.48; p =
0.0001). TCZ was tolerated well. Only one patient
showed an increase in the hepatic enzymes, and one pa-
tient developed moderate pneumonia. A retrospective
analysis of 111 patients was published. 42 received TCZ
treatment, and 69 received standard therapy [65]. All pa-
tients in the TCZ group (n = 42) received antiviral thera-
py, and 40% of them received GC. 62% of patients in the
TCZ group were mechanically ventilated. Three patients
died (on average, after 17.8 days of follow-up). 7 of 26 re-
mained mechanically ventilated, and 17 of 26 developed
a bacterial superinfection. No deaths or bacterial infec-
tions were reported in the standard therapy group. At the
same time, the basal concentration of CRP, IL-6
(p <0.001), and neutrophils (p = 0.04) was significantly
higher in the TCZ group. The levels of lymphocytes
(p <0.0001) were significantly lower in patients who were
mechanically ventilated as compared to those who did
not need it. An open-label case-control study included
86 patients. 21 of them received TCZ. It was found that
TCZ was associated with a 75% reduction in the risk of
death (RR 0.25; 95% CI1 0.07 — 0.90) [66]. E.C.Somers
et al. |67] studied the efficacy of TCZ in patients with
COVID-19 who needed mechanical ventilation (n = 78).
The comparison group included 76 patients who did not
receive this drug. The average duration of follow-up was
47 days (28 — 67 days). The risk of death reduced signifi-
cantly in the TCZ group (RR 0.54; 95% CI 0.02 — 1.00).
The mortality rate was 18% vs 36%, respectively
(p =0.01). Important pieces of evidence of the efficacy of
TCZ were an increase in the number of discharged pa-
tients (56% vs 40%; p = 0.04) and a decrease in the num-
ber of patients who required mechanical ventilation
during the follow-up period (18% vs 47%). At the same
time, the TCZ group showed a 2-fold increase in the risk

Reviews « 0630pbl

of superinfection (54% vs 26%; p < 0.001), mostly in the
form of ventilator-associated pneumonia (45% vs 20%;
p <0.001). The pneumonia was associated with Staphy-
lococcus aureus in most cases in both groups. Notably,
the superinfection did not affect the mortality in the
TCZ group (22% vs 15%; p = 0.42). R.Carpa et al. [68]
assessed the outcomes of COVID-19 pneumonia in
85 patients. 62 patients received TCZ in combination
with the standard therapy (GC, lopinavir and ritonavir),
and 23 patients received only the standard therapy.
Administration TCZ (on average, in 4 days after the ad-
mission) led to a significant improvement in the survival
as compared with the control group (HR 0.035; 95% CI
0.004 — 0.347; p = 0.004), adjusted for the initial severity
of the condition. 2 of 62 patients died in the TCZ group
and 11 of 23 patients died in the control group. 92% and
42.1% of patients recovered (i.e., were discharged), re-
spectively. Improvement of the lung function was noted
in 64.8% of patients in the TCZ group who stayed in the
hospital. All patients of the control group showed deteri-
oration of the lung function and needed mechanical ven-
tilation. No infectious complications were reported in
both groups. T. Klopfenstein et al. |69] found a decrease in
mortality and the need for transfer to the ICU in patients
treated with TCZ (n = 20) as compared to the control
group (n = 25) (25% vs 75%; p = 0.002). Interestingly,
the TCZ group included patients with more severe course
of COVID-19, aswas shown by the Charlson Comorbidity
Index (5.3 vs 3.4; p = 0.014), the oxygen therapy (13 L/min
vs 6 L/min; p <0.001, lymphopenia (676/mm? vs 914/mm?;
p = 0.037), and CRP levels (158 mg/L vs 105 mg/L;
p = 0.017). Recently, the results of a large observational
study were reported. The study included 1,229 patients
(10,673 patients/years) who were followed up in Spain.
260 (21%) patients received TCZ and 969 patients who
did not receive TCZ [70]. The administration of TCZ to
the patients with the baseline CRP levels over 150 mg/L
was associated with a decrease in mortality (RR 0.38,
95% CI 0.16 — 0.72; p = 0.005) and the combined out-
come (need for transfer to ICU and mortality)
(HR =10.38,95% CI 0.19 — 0.81; p = 0.011). This trend
was not confirmed for the patients with the baseline CRP
levels below 150 mg/L. The propensity score matching in
21 patients with COVID-19 treated with TCZ and 21 pa-
tients on standard therapy was performed in the
SMACORE study (SMAtteo COvidl9 Registry) [71].
The preliminary analysis showed that TCZ does not re-
duce the need for transfer to ICU (OR = 0.11; 95% ClI
0.00 — 3.38; p = 0.22) and mortality within 7 days after
drug infusion (OR =10.78, 95% C10.06 — 9.34; p =0.84).
T.Kewan et al. [72] conducted a retrospective analysis of
the outcomes of 51 patients with COVID-19. 28 (55%) of
the patients received TCZ treatment, and the rest re-
ceived the standard therapy. Note that the patients on
mechanical ventilation (regardless of the TCZ treat-
ment) received systemic GC therapy (81% and 82%, re-
spectively) and GC in combination with azithromycin
(93% and 96%, respectively). Initially, the TCZ group
included patients with a more severe condition as com-
pared to the standard therapy group. So the TCZ group
had a higher need for mechanical ventilation both at
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baseline (68% vs 22%, respectively) and during the hos-
pitalization (75% vs 48%, respectively). Nevertheless,
the clinical state of the TCZ patients on mechanical ven-
tilation improved faster (HR = 1.83, 95% CI1 0.57 — 5.84)
as compared to the control group. The clinical state of all
TCZ patients also improved faster (HR = 1.14, 95% CI
0.55 — 2.38), regardless of the need for mechanical ven-
tilation. The average duration of vasopressor therapy and
mechanical ventilation was 2 days and 7 days in the TCZ
group and 5 days and 10 days in the control group
(p = 0.039 and p = 0.11, respectively). The incidence of
infectious complications (18% and 22%) was similar.
R.M.Petrac et al. |73] presented the results of a retro-
spective analysis of a multicenter study, which included
145 patients. 123 (84.8%) received one TCZ infusion,
and 22 (15.2%) received 2 TCZ infusions. The overall
mortality was 28.3%. At the same time, each additional
day of delay in the administration of TCZ increased the
risk of mechanical ventilation by 21% (p = 0.002) and did
not depend on the use of GC (p = 0.965). The early ad-
ministration of TCZ was associated with a decrease in
mortality (13.5%) as compared to the later start of treat-
ment (68.2%) (p < 0.001). The early administration of
TCZ was also associated with a higher rate of discharge
(59.5% vs 18.2%; p < 0.001). Late administration of TCZ
was associated with a higher (17.8 times) mortality as
compared to the early administration of the drug
(p < 0.001). Thus, the early administration of TCZ re-
duced the need for mechanical ventilation and increased
the possibility of recovery. Preliminary results indicate
an improvement in lung damage during subcutaneous
use of TCZ in patients with severe COVID-19 pneumo-
nia (n = 12) and the absence of severe manifestations of
cytokine storm syndrome [74]. The retrospective analy-
sis of the TESERO (The Tocilizumab in Patients with
Severe COVID-19 Pneumonia) study [75] is of great in-
terest. This study enrolled 1351 patients with COVID-19,
including 544 (40%) patients with severe COVID-19
pneumonia. All patients received the standard therapy
(oxygen support, GC, azithromycin, antiviral therapy,
low molecular weight heparin). 179 of 544 patients with
COVID-19 pneumonia received TCZ (91 subcutaneous-
ly, 88 intravenously) in combination with the standard
therapy, and 365 patients received the standard therapy
only. Mechanical ventilation was initiated in 57 (16%) of
365 patients in the standard therapy group as compared
to 33 (18%) of 179 patients who received TCZ (p = 0.41),
regardless of the form of the drug (18% of those who re-
ceived the intravenous injections and 19% of those who
received the subcutaneous injections). Fatal outcomes
were reported in 20% of patients in the standard therapy
group and in 7% of patients who received TCZ
(p <0.0001). The mortality in the TCZ did not depend
on the TCZ dosage form. It was 7% for the patients who
received the intravenous injections and 8% for the pa-
tients who received the subcutaneous injections. TCZ
was associated with a significant reduction in the morta-
lity (RR = 0.61, 95% CI 0.40 — 0.92; p = 0.02) adjusted
for gender, age, duration of symptoms, and the
Subsequent Organ Failure Assessment Score (SOFA).
However, the incidence of infectious complications in

patients receiving TCZ (13%) was higher than in patients
receiving standard therapy (4%) (p < 0.0001). F Perrone
et al. [76]. presented preliminary results of a prospective
multicenter study TOCIVID-19 (phase Ila), which in-
cluded 301 patients. 180 (59.8%) of them received TCZ
(8 mg/kg, up to 800 mg). The null hypothesis said that
mortality would be 20% (after 14 days) and 35% (after 30
days). TCZ decreased this outcome after 30 days (22.4%;
p <0.001), but not after 14 days (18.4%; p = 0.52). The
efficacy of TCZ was higher in patients who did not re-
quire mechanical ventilation at baseline. R. Rossotti et al.
[77] summarized the results of a retrospective analysis of
the effectiveness of TCZ in 84 patients with COVID-19
(the majority of patients, 69.8%, were critically ill) in
comparison with the control group (n = 184), who did
not receive TCZ. The groups were matched by sex, age,
severity, and comorbidities (Charlson Index). TCZ treat-
ment was associated with improved survival (RR 0.499,
95% CI 0.262 — 0.952; p = 0.035), but longer hospital
stay (HR 1.658, 95% CI 1.088 — 2.524, p = 0.019). The
latter was primarily associated with the increased ADR
rate. L.M.Canziani et al. [78] conducted a study that in-
cluded 64 patients with COVID-19 who received TCZ.
Another 64 patients were included in the control group.
The mortality rate (27% and 38%, respectively) and the
risk of death (RR 0.61, 95% CI 0.33 — 1.15) (within
30 days) did not differ between the groups. TCZ was as-
sociated with a decrease in the need for mechanical ven-
tilation (RR 0.36, 95% C1 0.16 — 0.83, p = 0.017) and did
not affect the risk of thrombosis, bleeding, and infection.
N. De Rossi et al. [79] presented an analysis of a cohort
study that included 158 patients with COVID-19 pneu-
monia at an early stage of pulmonary failure. 90 of these
patients received TCZ (400 mg IV or 324 mg SC) along
with the standard therapy. The mortality rate was 7.7%
(7 out of 90 patients) in the TCZ group and 50% (34 out
of 68 patients) in the comparison group. TCZ was asso-
ciated with a significant reduction in the risk of death
(HR:0.057,95% CI1 0.017 — 0.0187), independent of the
dosage form. Treatment with TCZ was not associated
with infectious complications and other ADRs.
C.Campochiaro et al. [80] assessed the outcomes of
65 patients with COVID-19 pneumonia. 32 of these pa-
tients received TCZ therapy. After 28 days, clinical im-
provement was noted in 69% of the TCZ patients and in
61% of the patients who received the standard therapy
(»p = 0.61). The mortality was 15% and 33%, respectively
(p = 0.15). In the TCZ group, the predictor of mortality
was older age, and the predictor of clinical improvement
was a high basal PaO,/FiO, ratio. The incidence of in-
fectious complications did not differ between the groups
(13% and 12%, respectively). V.Carvalho et al. |81] com-
pared the efficacy of TCZ in 28 patients with severe
COVID-19 who were in the ICU. Another 24 patients
were enrolled in the control group. Despite the more se-
vere condition at baseline (the need for GC, mechanical
ventilation, a pronounced decrease in the gas exchange),
there was no increase in mortality (p = 0.3) and the inci-
dence of infectious complications in the TCZ group.
On the contrary, CRP levels (p = 0.009), lymphocyte
levels (p = 0.02), and lung function returned to normal
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faster. M. Mikulska et al. [82] conducted an observational
single-center study, which included 196 patients with se-
vere COVID-19 pneumonia. 130 patients received
anti-inflammatory therapy. 29 of them (22.3%) received
TCZ (8 mg/kg, intravenously or 162 mg, subcutaneous-
ly), 45 (34.6%) received methylprednisolone (1 mg/kg
for 5 days, intravenously) and 56 (43.1%) received TCZ
and methylprednisolone (MP) in combination the with
standard therapy. The other patients received the stan-
dard therapy only. It was found that the early prescrip-
tion of TCZ (within 3 days after hospitalization) and/or
MP was associated with 86.5% and 80.8% (after 14 and
30 days) survival rate as compared to the standard thera-
py (64.1%). This higher survival rate associated with
a significant decrease in the risk of treatment failure
(HR=10.48,95% C10.23 —0.99, p = 0.049). A large ob-
servational study indicated the ineffectiveness of GC (as
monotherapy or in combination with azithromycin)
concerning mortality in patients with COVID-19
(n=2512) [83]. The patients in the TCZ group (n = 134)
showed a trend to a higher survival (HR 0.76, 95% CI
0.57 — 1.00) within 30 days — 46% as compared to 56%
in the group of patients who did not receive TCZ.
N.Wadud et al. [84] found that the survival rate of
COVID-19 patients who received TCZ (n = 44) was sig-
nificantly higher than in the control group (n = 50)
(61.36% vs 48.0%, p < 0.00001). G.Rojas-Marte et al.
[85] assessed mortality in 193 patients with COVID-19.
96 of these patients received TCZ, and 97 received the
standard therapy. In general, the mortality rate did not
differ between the groups (52% vs 62%, p = 0.09).
However, TCZ patients who did not require mechanical
ventilation showed lower mortality as compared to the
control group (6% vs 27%, p = 0.024). A prospective
study by S.Ramino et al. [86] enrolled 86 patients with
COVID-19 who received TCZ and 86 patients in the
control group. All patients received high doses of meth-
ylprednisolone (250 mg on the first day and 80 mg on
days 2 — 5) and had clinical and laboratory signs of the
cytokine storm syndrome. These signs included rapid
progression of the respiratory failure and at least 2 out of
3 abnormal laboratory tests (an increase in the levels of
CRP > 100 mg/L, ferritin > 900 ug/L, d-dimer > 150 ug/L).
The indications for the use of TCZ (8 mg/kg, intrave-
nously) were the progression of the lung function disor-
der within 2 days, despite the use of methylprednisolone.
TCZ was associated with an increased likelihood of im-
proved lung function and hospital discharge (RR 1.8,
95% CI 1.2 —2.7) (on day 7), a 65% decrease in morta-
lity (RR 0.35, 95% CI1 0.19 — 0.65), and lesser need for
mechanical ventilation (HR 0.29,95% CI1 0.14 — 0.65) as
compared to the control group. The incidence of ADR
was similar between the groups. The only exception was
the increase in the incidence of pulmonary embolism in
the TCZ group (p = 0.0590). E. Moreno-Garcia et al. [87]
evaluated the use of TCZ in 77 patients with COVID-19
with ARDS in comparison with the control group
(n =94). TCZ treatment was associated with a decrease
in the need for transfer to the ICU (10.3% vs 27.6%),
p = 0.005), the need for mechanical ventilation (0 vs
13.8%, p = 0.001), as well as the combined outcome
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(transfer to the ICU and death) (OR 0.03, 95% CI
0.007 — 0.10, p = 0.0001).

Meta-analyzes of Tocilizumab use

2 meta-analyzes [88, 89] summarized most of the above
studies of the efficacy of TCZ in patients with COVID-19.
A meta-analysis by A.Kaye et al. [88] included 9 com-
parative studies [64, 68, 69, 71, 75, 80, 83—85]. Overall,
these studied enrolled 618 patients who received TCZ and
1,057 patients in the control group. The mortality rate was
26.1% in the TCZ group and 41.5% in the control group
(OR 0.492, 95% CI 0.326 — 0.713, p < 0.001). The mor-
tality rate among the patients treated with TCZ was 13.5%
in 12 uncontrolled studies (n = 803) [51, 53—55, 57—61].
Another meta analysis [89] was based on the results of
13 retrospective [64—66, 68—70, 72, 75, 80, 83—85, 87] and
3 prospective studies [67, 71, 82], which included 2,488 pa-
tients who received the standard therapy and 1,153 pa-
tients who received TCZ. The mortality in the TCZ group
(22.4%) was significantly lower than in the control group
(26.21%) (OR 0.57,95% C1 0.36 — 0.92, p = 0.02).

Sarilumab and siltuximab

E.Gremese et al. [90] presented the data on SAR in 53 pa-
tients with severe COVID-19 pneumonia. 39 patients
(66.7%) were administered SAR (1 infusion) in the ther-
apeutic department, 14 patients (26.4%) were received it
in the ICU (92.6% received 2 infusions). In the therapeu-
tic department, 89.7% patients showed a significant clin-
ical improvement (46.7% of the patients after 24 hours,
61.5% — after 3 days), 85.7% of patients no longer need-
ed respiratory support, and 70.6% were discharged. 62.4%
of those in the ICU were transferred to the therapeu-
tic department, 35.8% remained in the ICU. The over-
all mortality rate was 5.7%, including 2.5% (1 patient) in
the therapeutic department and 14.4% (2 patients) in the
ICU. E.Della-Torre et al. [91] evaluated 28 patients with
COVID-19 pneumonia who received SAR (400 mg, in-
travenous) and 28 patients in the comparison group.
After 28 days, the clinical status improved in 61% of pa-
tients in the SAR group. The mortality rate was 7% in the
SAR group. No significant differences were reported be-
tween the groups (64% and 18%, respectively) (p > 0.05).
Predictors of clinical improvement in the SAR group were
a basal PaO,/FiO, ratio > 100 mm Hg and the lung lesion
area < 17% in the CT-scan. Notably, the clinical status of
patients with lung lesion area < 17% improvement fast-
er (on average after 10 days) in the SAR group as com-
pared to the standard therapy (on average after 24 days)
(p = 0.01). M.Benucci et al. [92] noted an improve-
ment in the lung function (SpO,/FiO, ratio) in 7 out of
8 COVID-19 pneumonia patients treated with TCZ. The
improvement was associated with an increase in lympho-
cyte levels and a decrease in the IL-6 and CRP concen-
trations. At the same time, preliminary results of a mul-
ticenter RCT (phase II / I1I) of SAR are disappointing.
The study included 400 COVID-19 patients in a severe or
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critical state (need for mechanical ventilation, high-speed
nasal flow, and/or ICU) [93]. An interim analysis (within
the phase II) did not reveal significant differences in the
efficacy of SAR therapy at a dose of 400 mg intravenously
(n = 145) as compared to the control group (n = 77) for all
analyzed endpoints — mortality (23% vs 27%), the need
for continued mechanical ventilation (23% vs 27%), clin-
ical improvement (59% vs 41%), discontinuation of high-
speed nasal flow procedures (58% vs 41%), and discharge
(53% vs 41%). The exception was a more pronounced de-
crease in the concentration of CRP in the SAR group as
compared to the control group (—79% vs —21%).
Preliminary results of the efficacy and safety of SLT in
21 patients with COVID-19 complicated by ARDS were
reported [94]. In general, the efficacy is satisfactory. All
patients showed normal CRP levels within 5 — 7 days.
% patients showed improved or stable lung function.
Nevertheless, the state of 5 patients worsened. All of them
required mechanical ventilation, and one of them died.

Conclusion

Numerous uncontrolled studies show the efficacy of
IL-6inhibitorsin patients with severe COVID-19 pneumo-
nia (with and without the cytokine storm). Nevertheless,
the fundamental theoretical and clinical issues of immu-
nopathology require further studies [95—97]. The most
pressing issues are related to the true place of IL-6 in com-
plex pathogenetic mechanisms that differ at different stag-
es of this disease. Let us consider just a few of these issues.
The serum levels of IL-6 in severe COVID-19 that is com-
plicated by cytokine storm syndrome is significantly lower
(from 7 to 627 pg/mL) [98—102] than in ARDS caused
by other viral infections (578 — 1,618 pg/mL) [103—105].
The serum levels of 1L-6 reached 10,000 pg/mL in pa-
tients with cytokine release syndrome caused by CAR-T-
cell therapy [106]. The IL-6 level can exceed 50 pg/mL
during active inflammation in patients with IRDs in the
absence of ARDS and other manifestations of cytokine
storm [107—110]. Moreover, the administration of recom-
binant human IL-6 to patients with cancer at a dose of
10 ug/kg to 20 ug/mL leads to a pronounced increase in
the serum levels of IL-6 (> 4,000 pg/mL). However, it is
not accompanied by severe lung damage or multiple or-
gan failure [111]. This suggests that the development of
COVID-19 pneumonia is associated with severe local in-
flammation (that may be dependent on IL-6), rather than
with the systemic hyperimmune response characteristic
of ARDS associated with other viral infections. On the
other hand, there is evidence of the “protective” antivi-
ral and antimicrobial effects of IL-6 in the early phase of
infections [112]. This evidence is consistent with the nu-
merous studies that showed an increased risk of infectious
complications during the treatment of rheumatoid arthri-
tis with TCZ and SAR [31, 34, 45—47]. The data of the
RECOVERY study (Randomized Evaluation of COVid-19
thERapY) are important when considering the poten-
tial use of 1L-6 inhibitors in the treatment of COVID-19.
This study showed efficacy of dexamethasone therapy
(6 mg per day for 10 days) in reducing mortality (within

28 days) in patients with COVID-19 (n = 2,104) who were
mechanically ventilated (from 40% to 28%; p = 0.0003)
or needed oxygen support (from 25% to 20%; p = 0.0021)
as compared to the control group (n = 4,321). Notably,
the higher efficacy of dexamethasone was not reported in
patients who do not require oxygen support (p = 0.14) as
compared to the control group [113]. These data can prob-
ably be extrapolated to other GCs and draw special atten-
tion to the negative results of RCTs (phase 11 / I1I) regard-
ing the use of SAR in severe COVID-19 [93]. Preliminary
results of the COVACTA RCT were presented. The TCZ
treatment (as well as SAR) was not more effective than
placebo in patients with severe COVID-19, as to most
“primary” and “secondary” endpoints: improvement of
clinical status (p = 0.36), mortality within 4 weeks (19.7%
vs 19.4%; p = 0.94), the number of days without ventila-
tion (22 days vs 16.5 days; p = 0.320) and the incidence of
infectious complications (38.3% vs 40.6%) and severe in-
fections (21.0% vs 25.9%). Although the time to discharge
(or “readiness for discharge”) was less (20 days) in the
TCZ group than in the placebo group (28 days) (p =0.03),
these differences were not statistically significant [114].
From a clinical point of view, all these results are not con-
clusive regarding the choice of therapy in patients with
COVID-19. However, they emphasize the heterogeneity
of the pathogenic immune mechanisms of critical con-
ditions as a manifestation of cytokine storm syndrome.
In this regard, attention should be paid to the unique po-
sition of GCs in the control of inflammation. GCs block
the synthesis of not only IL-6 but a wider range of patho-
genetically important pro-inflammatory cytokines (in-
cluding IL-1a/B, IL-12, IL -17, IFN-y, TNF-a, and oth-
ers) [115]. Overproduction of these cytokines is associated
with a poor prognosis in COVID-19 pneumonia.

Suppression of hyperinflammation in COVID-19 (as
in other immunoinflammatory diseases in humans) can-
not be based on GC alone in the 21 century. Numerous
studies aim to find new therapeutic targets for the devel-
opment of personalized immunomodulatory therapy for
COVID-19 [116, 117] based on the concept of “taxono-
my” of cytokine-dependent diseases [7, 118]. Efficacy of
inhibition of various pro-inflammatory cytokines, other
than IL-6, is being studied (or discussed): IL-1[119, 120],
TNF-a [121], GM-CSF [122], IL-17 [123], IL-18 [124],
cytotoxic terminal products of the complement system ac-
tivation, etc. [125]. A promising area of immunopharma-
cotherapy for COVID-19 is associated with the repurpos-
ing of JAK (Janus kinase) inhibitors, primarily baricitinib
(BARI). BARI is a targeted basic anti-inflammatory drug
that is widely used to treat RA, and more recently, other
immune-inflammatory diseases [126—128]. BARI inhib-
its the activity of JAK1 and JAK2 and thereby suppresses
signaling of a wide range of pro-inflammatory cytokines,
including IL-6 and GM-CSF. BARI also has an antivi-
ral effect because it prevents infection of target cells with
SARS-Cov-2 and intracellular assembly of the virus [129,
130] (Table 2).

In a short time, many scientific and clinical research
studies were started and conducted to explore the issue
of the cytokine storm syndrome in COVID-19. These
studied dived into the abnormal immune mechanisms
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Drugs

Corticosteroids

Aminoquinoline agents
(chloroquine,
hydroxychloroquine)

IL-6 inhibitors

IL-1 inhibitors

Colchicine

Janus kinase inhibitors
(baricitinib, ruxolitinib)

Complement inhibitors

* mAb to C5a

(eculizumab)

+ Low molecular weight
C3a inhibitor (AMI-101)

GM-CSF inhibitors:

+ mAb to GM-CSF

Intravenous
immunoglobulin

Mechanism

Suppression of inflammation
and immune response [115]

Moderate anti-inflammatory

and immunosuppressive effect:

production of IL-6
and TNF-a |

Suppression of inflammation
(see the text)

Suppression of inflammation
[119]

Suppression of inflammation
[147]

Suppression of inflammation
[126,127], prevention
of infection of lung cells
with SARS-CoV-2
[128, 129]

Suppression of complement-
dependent inflammation [156]

Suppression of inflammation
[159]

Modulation of the immune
response [164, 165]

Table 2

Anti-inflammatory therapy for COVID-19

Tabauua 2

Ilpomusosocnasumeavnas mepanus npu COVID-19

Use in COVID-19

Advantages

Decrease in mortality of
COVID-19 patients on
mechanical ventilation

[113]

Reduced viral load [133]

Reduced mortality

Reduced mortality,
improved lung function
[120, 134 - 142]

Effective against fever,
skin lesions and
myopericarditis

[148,149]

Improvement in COVID-19

pneumonia [150-152]

Improvement in COVID-19

pneumonia [157, 158]

Improvement in COVID-19

pneumonia [160-162]

Improvement in COVID-19

pneumonia [166, 167]

Disadvantages

Slowing the virus RNA
clearance [131]

Development of ADR [132]

Efficacy was not proven; ADRs
were reported [133]

The efficacy was not confirmed
in the RCT [113, 114],
ADRs were reported (risk
of infections, and others)

The efficacy was not
confirmed in the RCT, ADRs
were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(risk of infections, etc.)

The efficacy was not
confirmed in the RCT, ADRs
were reported
(risk of infections, etc.)

The efficacy was not confirmed
in the RCT, ADRs were reported
(acute lung damage,
thrombosis)

‘ Use in IRD

RA, SLE, SS, SV, other
inflammatory diseases

RA, SLE, SS, SV, other IRDs

See Table 1

Autoinflammatory diseases [119];
sepsis [143], secondary HLH
[144,145] and MAS [146]

Autoinflammatory diseases, gouty
arthritis [147]

RA, PsA, UC, psoriasis, secondary
HLH (ruxolitinib) [153-155]

Atypical HUS

Paroxysmal nocturnal
hemoglobinuria

Myasthenia gravis

Optic neuromyelitis

RA (phase Ill) [163]

IRD (off-label)

Note: ADR, adverse drug reactions; RCT, randomized controlled trial; HUS, hemolytic uremic syndrome; RA, rheumatoid arthritis; PsA, psoriatic arthritis; UC, ulcerative colitis; SLE, systemic
lupus erythematosus; SV, systemic vasculitis; SSS, systemic scleroderma; 1M, idiopathic inflammatory myopathies; HLH, hemophagocytic lymphohistiocytosis; IRDs, inflammatory rheumatic

diseases.
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and treatment of human immunoinflammatory diseas-

€s.

One can hope that the efforts of scientists and phy-

sicians around the world will improve the prognosis for
COVID-19, generate new knowledge for successful con-
trol of epidemics of viral infections that humanity may
face in the future, and will improve the pharmacotherapy
of widespread IRDs.
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Abstract

Hemostatic disorders play an important role in the pathogenesis and clinical manifestations of COVID-19. The purpose of the research was
a detailed consideration of the pathogenesis, clinical manifestations, and methods of diagnosing and treatment of coronavirus-induced coagulopathy
(CIC). At the onset of COVID-19, hypercoagulability is detected, and consumption coagulopathy and disseminated intravascular coagulation
(DIC) syndrome are usually observed at later stages of the disease. In the pathogenesis of hypercoagulation in patients with COVID-19, pro-
inflammatory cytokines, hyperfibrinogenemia, increased blood levels of von Willebrand factor, factor VIII, neutrophilic extracellular traps, platelet
activation, production of antiphospholipid antibodies, microvesicles are of importance. Laboratory findings show increased plasma concentrations
of D-dimer, fibrinogen, a longer prothrombin time and a decrease in the number of platelets. The cumulative incidence of thrombotic complications
ranges from 21 to 31%. Thrombosis risk factors are intensive care unit stay, leukocytosis, and a high plasma D-dimer concentration. Differential
diagnosing of CIC should be carried out with disseminated intravascular coagulation, sepsis-induced coagulopathy, antiphospholipid,
hemophagocytic syndromes, thrombotic microangiopathy, and heparin-induced thromocytopenia. CIC may be complicated by sepsis,
antiphospholipid syndrome, hemophagocytic syndrome, thrombotic microangiopathy, and heparin-induced thrombocytopenia.

The main therapy is low molecular weight heparins treatment. Treatment recommendations are provided.
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Koarynonartus npu COVID-19

I M.Iaacman

DenepabHoe rocy1apeTenroe OromkeTHOe yupexenue «Hammona bHblil MeHIMHCKHI HCCTe0BATe bCKHT IEHT] reMaToorin» MuHHCTEpCTBA 31PABOOXPAHEHNS
Poccmiickoii ®enepammn: 125167, Poccuss, Mocksa, Hobiii 3bikosckuii npoe3n, 4

Pesome

HapyuieHus reMocTaza UrpaioT BaXXHYIO poJib B MaToreHe3e U KiamHuyeckux rnposisieHusx COVID-19. Lenbio paboThl IBUJIOCH MOIPOOHOE pac-
CMOTpEHUeE TIaToTeHe3a, KIIMHUYECKUX TIPOSIBIIEHUI, METOIOB TUATHOCTUKH U JIeUeHUsI KOPOHABUPYC-UHAYLMpoBaHHO# koarynonatun (KUK).
IIpu ne6rotre COVID-19 BbIsiBAsIeTCSl TUIIEPKOATYIISILMS, a KOAryJomnaTusi MoTpebaeHusl, CUHIPOM IUCCEMUHUPOBAHHOTO BHYTPUCOCYAUCTOTO
ceepTbiBaHus (JIBC) peructpupytorcst 0ObIYHO Ha MO3AHUX cTanusix 3adojeBanus. B natoreHese runepkoarysnsiuu npu COVID-19 urpatot posb
TIPOBOCTIATIUTEIbHbBIE LINTOKUHBI, TUTIepUOpUHOTEHEMYISI, TIOBBIIIIEHHOE colepkaHue B KpoBU (akTopa Bumnedpanna, dakropa VIII, Heiitpo-
(bMIBHBIX BHEKJIETOYHBIX JIOBYLIEK, aKTUBALMsI TPOMOOLIMTOB, BbIpaOOTKA aHTU(HOCHOIUITUAHBIX aHTUTE, MUKPOBE3UKYJIbI. B J1aGopaTopHbIX
TOKAa3aTelIsIX BBISBISIIOTCS TMOBBINICHHBIE TUIA3MEHHbIe KOHIIEHTpauuu D-numepa, ¢bubpuHOTeHa, yBEeIMYeHUE MPOTPOMOMHOBOIO BpEMEHU
Y YMEHBIIIEHUE KOJIMYeCTBa TPOMOOIMTOB. KyMyIsiTMBHASI 4acTOTAa TPOMOOTHUYECKUX OCTIOXHeHUiT Kosiebiercst oT 21 no 31 %. dakropamu prcka
TPOMOO30B SIBJISIIOTCSl MIpeObIBAHUE B OTAEICHMM MHTEHCUBHON Tepamuu, JIEHKOLMTO3 M BbICOKAs KOHLEHTpauus D-aumepa B Iiasme.
Huddepenumanbubiit nuario3 KUK cnenyer nposoauts ¢ IBC-cuHApOMOM, CeniCUC-UHIYLIMPOBAHHON KoaryjonaTtueil, aHtudochoaunuma-
HBIM, TeMOGarolnTapHbBIM CUHAPOMAMU, TPOMOOTUYECKOI MUKPOAHTHOMATUEN, TeMapuH-UHAYIIUPOBAHHOW TPOMOIUTONIeHHe. Bo3MoxHO
couetanue KWK c cencucom, aHTUGHOCHONMUITUAHBIM CUHIPOMOM, reMo(arouMTapHbiM CUHIPOMOM, TPOMOOTHUYECKOM MUKpPOAHTHOIATUE,
rernaprH-uHIYHIUPOBAHHON TPOMOOIIUTOTICHUEIH.

OCHOBHOU Teparnuel SIBIsSIeTCs JieueHue HU3KOMOJIEKYISIPHBIMY TerapuHaMu. [IpuBoasITCsS peKOMEHAAUY TI0 JISYEHUIO.

KnioueBbie ciioBa: kopoHaBupycHas nndexuus 2019, renmapus, koaryisiuusi, D-numep, GubpuHOreH, mpoTpoMOMHOBOE BpeMsl.
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The novel COronaVIrus Disease 2019 (COVID-19) is an
infection caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), an enveloped RNA re-
combinant virus (genus Betacoronavirus) between the
bat coronavirus and an origin-unknown coronavirus.
The genetic sequence of SARS-CoV-2 is up to 79% sim-
ilar to that of SARS-CoV [1, 2]. The first outbreak of
this infection was reported in the Chinese city of Wuhan
in December 2019, and as early as March 11 2020 the
World Health Organisation (WHO) declared this out-

break as a pandemic. The world entered a “war to the
knife”, as was underscored by Italian specialists [3],
which is not figurative, but literal. The infection starts
when SARS-CoV-2 enters target cells expressing an-
giotensin-converting enzyme-2 (ACE2), a membrane
receptor. ACE2 receptors are expressed in respiratory,
renal, and cardiac cells as well as in the oesophagus,
bladder, ileum, and central nervous system. However,
type II alveolar cells are the major target, which is rap-
idly reached by the virus.
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Viral infection of these cells leads to diffuse alveolar
damage, which clinically manifests as acute respirato-
ry distress syndrome (ARDS). This syndrome has been
reported in 41.8% of patients, half of which died [4].
Nevertheless, if we continue comparing the fight with
COVID-19 to a war, we can say that it is at least a two-
front war: lung damage is the most evident clinical man-
ifestation of COVID-19, but there is a second, often
“invisible”, front in this war, i.e. coagulation abnormal-
ities, which are frequently inapparent and left undetect-
ed. Coagulopathies not only lead to clinically significant
thrombotic events, but are also implicated in the patho-
genesis of coronavirus infection, including lung injury.
Alteration in microcirculation caused by microthrombi
may significantly worsen acute respiratory failure in pa-
tients with COVID-19. Therefore, treatment protocols
for COVID-19 must include therapies for haemostatic
disorders. Evaluation of mechanisms underlying corona-
virus-induced coagulopathy (CIC) helps not to only bet-
ter understand the pathogenesis of the disease, but also
improves the accuracy of its diagnosis and opens up new
horizons for treatment.

The objective of this paper is to describe the pathogen-
esis and clinical manifestations of CIC and discuss meth-
ods used to detect and treat this condition.

Pathogenesis of coronavirus-induced coagulopathy

Cell penetration of SARS-CoV-2 is mediated by its spike
(S) protein, which binds to the receptor on the surface of
the host cell. This receptor is ACE2 on the surface of type
IT alveolar cells. Single-cell RNA-sequencing revealed that
expression of the ACE?2 gene is limited to a small popula-
tion of type II alveolar cells and that endothelial cells and
alveolar macrophages do not have ACE2 [5]. Receptor-
mediated endocytosis results in release of the viral nucle-
ocapsid into the cytosol, where the viral RNA serves as
an mRNA for the synthesis of the ppla and pplab poly-
proteins, of which, in the next replication/translation pas-
sage, a copy of the virus RNA is formed, as well as 8 sepa-
rate mRNA templates for virus proteins that generate them
indefinitely [6]. Released cytokines provoke interstitial in-
flammation, endothelial damage, and blood coagulation
activation. Tissue factor is crucial in the pathogenesis of
blood coagulation activation. It is exposed by monocytes
and by damaged endothelial cells or those activated by the
cytokines’ burden.

The final result is thrombin production and conse-
quent thrombosis of alveolar capillaries [7]. Although
inflammation and coagulation are the key factors in the
pathogenesis of CIC, the mechanisms underlying coag-
ulation disturbances are different from those involved in
disseminated intravascular coagulation (DIC) and sep-
sis-induced coagulopathy (SIC) [8].

The procoagulant response in sepsis involves dam-
age-associated molecular patterns (DAMPs) and patho-
gen-associated molecular patterns (PAMPs) [8]. Sepsis is
associated with release of proinflammatory cytokines such
as interleukin (IL)-1p3, 1L-6, tumor necrosis factor, and
complement system proteins, all of which induce coagu-

lopathy [9]. In addition, tissue factor expression on mono-
cytes and macrophages, neutrophil activation, and release
of neutrophil extracellular traps (NETs) also produce ac-
tivation of coagulation and thrombosis [10, 11]. NETosis
is a type of programmed death of neutrophils. During this
process necrotic neutrophils release a mixture of filaments
mainly consisting of DNA, histone proteins, and nucle-
osomes, which also exhibit procoagulant activity and in-
crease the risk of thrombosis. Such thromboinflammation
leads to endothelial damage and an increased generation
of thrombin [12]. SIC/DIC is associated with inhibition
of fibrinolysis caused by an increased production of plas-
minogen activator inhibitor 1, which is accompanied by
thrombosis and organ dysfunction [13]. To detect these
abnormalities, the following parameters were included in
the DIC criteria: severity of thrombocytopenia, elevated
plasma levels of fibrin degradation products, including
D-dimer, increased prothrombin time, and hypofibrino-
genaemia [14]. The following parameters are the SIC cri-
teria: increased prothrombin time, severity of thrombocy-
topenia, and severity of the patient’s condition, as assessed
by the Sequential Organ Failure Assessment (SOFA) [15].
Both DIC and SIC are associated with a reduced plasma
activity of natural anticoagulants (antithrombin III and
protein C) [16].

CIC occursthrough other mechanisms. Several research
groups have reported that coagulation profiles of patients
with COVID-19 reflect severe hypercoagulation, but not
consumptive coagulopathy or DIC [17, 18]. Consumptive
coagulopathy is a typical manifestation of DIC/SIC, but it
does not develop at the onset of COVID-19. In COVID-19
interleukin-1 and interleukin-6 may cause thrombocyto-
sis and hyperfibrinogenaemia in patients with SARS-CoV-
2-associated ARDS [19]. In early stages of COVID-19, in-
flammation and hypercoagulation are mainly observed in
the Iungs and DIC develops only if the diseases progress-
es to multiorgan dysfunction. Significantly elevated plas-
ma levels of D-dimer are explained by impaired regulation
of local alveolar fibrinolysis via urokinase-type plasmino-
gen activator released from alveolar macrophages. These
events lead to viral interstitial pneumonia, ARDS, and
death of patients with coronavirus infection [19]. SARS-
CoV-2 invasion of endothelial cells, which widely express
the ACE2 receptor (receptor for SARS-CoV-2), results in
massive release of plasminogen activator [20]. In healthy
conditions, ACE2 enhances anticoagulant properties of
vascular endothelium. SARS-CoV-2 binding to ACE2 in-
duces expression of tissue factor and inhibits the protein C
system [20].

As the severity of COVID-19 increases, procoagulant
activity leads, over time, to fibrin generation, an increase in
blood fibrinogen levels, and platelet activation. Damaged
endothelial cells release von Willebrand factor and plas-
minogen activator inhibitor 1, which causes increased clot
formation in pulmonary capillaries. Plasma activity of fac-
tor VIII, an acute-phase protein, is three times higher and
concentrations of von Willebrand factor antigen are five
times higher than those in healthy subjects [18].

As in sepsis, NETs have proven to be involved in
COVID-19 Analysis of blood samples obtained from
50 patients with COVID-19 and 30 healthy subjects
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showed that patients with coronavirus infection had high-
er levels of the following key markers of NETosis: cell-free
DNA, myeloperoxidase(MPO)-DNA complexes, and ci-
trullinated histone H3 Elevated blood levels of cell-free
DNA associated with higher platelet levels. Plasma from
individuals with COVID-19 added to neutrophils trig-
gered NETosis of these cells in vitro [21]. Through electro-
static interactions, neutrophil extracellular traps activate
the intrinsic (contact) phase of coagulation [22]. As com-
pared with controls, patients with COVID-19 and throm-
bosis had higher blood levels of markers of NETs Levels of
these markers were evaluated in a retrospective, case-con-
trol study of 11 patients with COVID-19 who developed
thrombosis as compared with gender- and age-matched
COVID-19 patients without clinical thrombosis [23].
Compared to the control group, patients with thrombosis
had significantly higher blood levels of markers of NETs
(cell-free DNA, MPO-DNA complexes, and citrullinated
histone H3) There was a strong association between mark-
ers of NETs and D-dimer levels.

Production of antiphospholipid antibodies is another
mechanism of involvement of haemostasis in the pathogene-
sis of COVID-19. Chinese authors [24] reported three cas-
es of COVID-19 patients who developed thrombotic events
(arterial thrombosis in the limbs and ischaemic stroke) on
days 33, 10, and 18 from disease onset. More detailed test-
ing showed the presence of anti-3,-glycoprotein I IgA and
IgG antibodies as well as anticardiolipin IgA antibodies.
French researches [25] studied 56 patients with verified
COVID-19 and reported that 25 (45%) of them had lupus
anticoagulant, whereas anticardiolipin and anti-f3,-glyco-
protein I antibodies were detected in only five of 50 tested
patients (10%). In another study 50 (87.7%) of 57 tested
COVID-19 patients had positive lupus anticoagulant [26].
In COVID-19 the insidiousness of lupus anticoagulant is
that, on the one hand, patients have increased activated
partial thromboplastin times (APTT) and, on the other,
suffer from thrombotic events. Moreover, APTT cannot
guide therapeutic decisions regarding heparin therapy in
lupus anticoagulant-positive patients.

Some authors [18] focus considerable attention on the
role of microvesicles in the development of hypercoagu-
lation in COVID-19. These moieties are cytoplasmic mi-
croparticles stemming from platelets or monocytes and
exhibit procoagulant properties.

Change in haemostatic parameters in coronavirus-
induced coagulopathy

Apparently, a consideration of the pathogenic path-
ways is needed to understand what happens in CIC. In the
pandemic environment, however, clinicians treating pa-
tients with COVID-19 need simple diagnostic criteria that
would make it possible to detect CIC and choose appro-
priate therapy.

Plasma levels of D-dimer. The degree of increase
in blood levels of D-dimer reflects the severity of pa-
tient’s condition. A study of data regarding 1,099 pa-
tients with laboratory-confirmed COVID-19 from more
than 550 hospitals in China showed that 260 (46.4%) out
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of 560 patients had plasma levels of D-dimer higher than
0.5 mg/L. Of note, elevated D-dimer levels were observed
only in 43% of patients with mild disease and in 60% of
patients with severe disease [27]. C. Huang et al. [28] noted
that at the time of presentation patients with COVID-19
who required admission to an intensive care unit (ICU)
had higher plasma D-dimer levels than those who did
not: median D-dimer level 2.4 mg/L (0.6 — 14.4 mg/L)
vs 0.5 mg/L (0.3 — 0.8 mg/L), p = 0.0042). N.Tang et al.
[29] showed that higher plasma D-dimer levels in pa-
tients with COVID-19 were a predictor of death: mean
D-dimer level 2.12 ug/mL (interquartile range 0.77 —
5.27 ug/mL) in non-survivors vs 0.61 ug/mkL (interquar-
tile range 0.35 — 1.29 ug/mL) in survivors (p < 0.001)
(normal value < 0.50 ug/mL). Fibrin degradation prod-
uct (FDP) levels, another marker of activation of coagu-
lation and fibrinolysis, had the same predictive value. The
mean FDP level was 7.6 ug/mL (interquartile range 4.0 —
23.4 ug/mL) in non-survivors vs 4 ug/mL (interquartile
range 4.0 — 4.3 ug/mL) in survivors (p < 0.001) (normal
value < 5.0 ug/mL). Italian authors [30], who measured
plasma D-dimer levels in 388 patients with COVID-19
every three days (on days 1 — 3, 4 — 6, and 7 — 9 after
admission), reported a tendency toward elevation of this
parameter in more severe patients, which was more evi-
dent in patients transferred to an ICU. These levels were
always higher in non-survivals than in survivals, indicating
greater severity of their condition. In patients who were
not transferred to an ICU elevation of D-dimer was not
very high (median D-dimer level increased from 329 to
472 ng/mL in survivors and from 868 to 1,093 ng/mL in
non-survivors), while in ICU patients these values were of
different magnitude (median level increased from 615 to
3,137 ng/mL in survivals and from 1,022 to 7,746 ng/mL
in non-survivals). N.Tang et al. [29] reported that patients
had significantly high plasma D-dimer and FDP levels
in the first days of COVID-19, but starting from day 10
this difference became especially pronounced. In a study
of 201 patients with COVID-19, Coxregression anal-
ysis showed that elevated plasma D-dimer levels were
a risk factor associated with the development of ARDS
(hazard ratio [HR], 1.03; 95% confidence interval [CI],
1.01 — 1.04), p < 0.001 and death (HR, 1.02; 95% CI,
1.01 — 1.04), p <0.002 [4]. In a study of 343 patients, ROC
analysis showed that plasma D-dimer concentrations of
> 2.0 ug/mL on admission in hospital, i.e. 4 times higher
than normal, predicted in-hospital mortality with a sensi-
tivity of 92.3% and a specificity of 83% [31]. Elevated plas-
ma levels of D-dimer are not, however, pathognomonic
only for COVID-19: comparison of haemostatic param-
eters of 449 patients with SARS-CoV-2 pneumonia and
acute respiratory failure and those of 104 patients with
pneumonia of the same severity and respiratory failure
caused by other etiologic agents did not show any signifi-
cant difference in their D-dimer levels [32].

APTT. This parameter does not significantly change
in COVID-19. Nevertheless, prolonged APTT in patients
with COVID-19 may be caused, as mentioned above, by
the presence of lupus anticoagulant. It did not signifi-
cantly differ between COVID-19 patients who required
ICU treatment and those who did not (26.2 [22.5 —
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33.9] s vs 27.7 [24.8 — 34.1] s, p = 0.57) [33] as well as
between survivors and non survivors (41.2 [36.9 — 44.0] s
vs 44.8 [40.2 — 51.0] s, p = 0.096) [29]. APTT was not
a significant risk factor for ARDS (HR, 0.97 [95% CI:
0.94 — 1.01), p = 0.13) or death (HR, 0.96 [95% CI,
0.91 — 1.01], p = 0.06) [4].

Prothrombin time. Prolonged prothrombin time is not
a disease-specific sign of COVID-19 [26]. This parame-
ter did not significantly differ in patients with pneumonia
induced by SARS-CoV-2 and non-SARS-CoV-2 pneu-
monia [32]. However, prolonged prothrombin time is
associated with higher severity of COVID-19 and acts
as a risk factor for the development of ARDS: (HR,
1.56 [95% CI, 1.32 — 1.87], p < 0.001) [4]. In patients
with COVID-19 longer prothrombin times were ob-
served in those who required ICU treatment compared
to those who did not (12.2 [11.2 — 13.4] s vs 10.7 [9.8 —
12.1] s, p = 0.012) as well as in non-survivors compared
to survivors (15.5 [14.4 — 16.3] s vs 13.6 (13.0 — 14.3) s,
p <0.001). Of note, although these differences are sta-
tistically significant, the absolute difference is just a few
seconds, and if INR is measured and prothrombin time
is not, these differences may not ne noted. A dynamic
evaluation revealed prolongation of prothrombin time in
non-survivors compared to survivors starting from day 10
after admission [29].

Plasma levels of fibrinogen. While DIC is associat-
ed with hypofibrinogenaemia, which is considered one
of its diagnostic criteria [14], COVID-19 is more often
associated with hyperfibrinogenaemia. In the study of
183 patients with COVID-19 conducted by N.Tang et al.
[29] the median plasma fibrinogen level was 4.55 g/L
(3.676 — 5.17 g/L), with the normal range being 2.0 —
4.0 g/L. Fibrinogen levels did not significantly differ in
survivors and non-survivors, while a dynamic assessment
showed that on days 10 and 14 from the onset of the dis-
ease non-survivors had higher fibrinogen levels than sur-
vivals [29]. Fibrinogen is an acute-phase protein, whose
concentration increases in inflammation. This can explain
a strong correlation (R, = 0.506) between plasma levels of
fibrinogen and IL-6 in COVID-19 patients [34].

Antithrombin ITI. Unlike in sepsis, in COVID-19 plas-
ma activity of antithrombin III was not reduced and in
most patients it remained within the reference range or
slightly decreased [18, 26, 29]. In general, activity of anti-
thrombin III did not significantly differ between non-sur-
vivals and survivals [29]. However, daily monitoring
showed that after the first week of hospital stay non-sur-
vivals had lower activity of antithrombin III (still generally
within the reference range) than survivals [29]. This could
be explained not only by consumption of antithrombin II1
due to infection, but also by heparin therapy, which itself
causes depletion of antithrombin III.

Coagulation factor VIII. This coagulation factor is ac-
tually an acute-phase protein, thus in most patients with
COVID-19 its plasma activity is 3 — 4 times higher than
normal [18, 26].

Von Willebrand factor. In most patients with COVID-19
levels of von Willebrand factor antigen were 4 — 6 times
higher than normal [18, 26], which reflected the severity
of endothelial damage resulting in its release.

Platelets. At the onset, COVID-19 is typically as-
sociated with moderate thrombocytopenia. In a study
of 1,099 patients with COVID-19, the median platelet
level was 168 x 10°/L. On admission, thrombocytope-
nia, which was defined as platelet count < 150 x 10°/L,
was present in 36.2% of patients [27]. In pneumonia
caused by SARS-CoV-2 thrombocytopenia is less severe
than in those of other etiologies [32]. A meta-analysis in-
cluding nine studies with 1,779 COVID-19 patients [35]
showed that severe COVID-19 was associated with more
significant thrombocytopenia than mild disease: weight-
ed mean difference (WMD) was 31 x 10°/L, this number
shows how much lower the platelet count was. A subgroup
analysis comparing patients by survival showed WMD of
48 x 10°/L. Moreover, thrombocytopenia was associated
with five-fold enhanced risk of severe disease (odds ratio
[OR], 5.1; 95% ClI, 1.8 — 14.6) and mortality in patients
with COVID-19 [35].

Thus, the following parameters should be measured
in all COVID-19 patients: plasma levels of D-dimer, pro-
thrombin time, platelet count, and plasma levels of fibrin-
ogen (specified in descending order of diagnostic value).
The frequency of measuring D-dimer and fibrinogen lev-
els, prothrombin time, and platelet count depends on the
severity of COVID-19. Both an increase, and a decrease in
these parameters are important changes. In hospital, the
recommended frequency of measurements is every four-
five days for patients with mild disease, every two days
for those with moderate disease, and every day for those
with severe disease. If the infection worsens, additional
unscheduled testing for these parameters should be per-
formed [36]. It can help triage COVID-19 patients by se-
verity. The results of these tests have prognostic value [37].

Another option is integral diagnostic tests for COVID-
19-associated haemostatic disorders. Some authors have
reported using thromboelastography (TEG) in COVID-19
patients and showed that this method, as well as clotting
tests, can detect hypercoagulation [18]. Another useful
method is rotation thromboelastometry (ROTEM). The
ROTEM panel includes INTEM, EXTEM, and FIBTEM
tests which are able to detect hypercoagulation. In non-sur-
vivals the signs of hypercoagulation, as assessed by ROTEM
tests, were most significant [17]. TEG and ROTEM can al-
so be used to monitor treatment with heparin [38].

Clinical manifestations of coronavirus-induced
coagulopathy

Whatever laboratory signs of haemostatic disorders are,
what is most important is their clinical manifestations.
Among 92 patients with COVID-19 who were admitted
to an ICU, forty percent experienced thrombotic events,
including venous (79%) and arterial (21%) thrombosis.
Nineteen (21%) of these patients experienced haemor-
rhagic events [39]. Haemorrhagic events in COVID-19
may be caused by a direct effect of the virus, thrombocy-
topenia and DIC in severe cases, or anticoagulation ther-
apy. In one study [40], these events were observed in 3%
of individuals who received anticoagulants and in 1.9% of
those who did not receive this treatment (p = 0.2).
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Different authors report different data about the fre-
quency and incidence of thrombotic events because these
parameters are highly dependent on the examinations per-
formed. Undoubtedly, some conditions are difficult to de-
tect, such as pulmonary embolism (PE) in patients with
ARDS, asymptomatic deep-vein thrombosis, or isch-
aemic stroke in patients on mechanical ventilation who
are undergoing a medically induced sedation to an uncon-
scious state.

In a study of 184 patients with verified COVID-19, PE
was diagnosed in 13.6%, deep-vein thromboses and cath-
eter-related thromboses in 1.6%, and ischaemic stroke in
1.6% of the patients. A cumulative incidence of throm-
boses was 31% [41]. These authors [41] emphasised that
thrombotic events were especially difficult to detect in pa-
tients on mechanical ventilation.

In a study of 362 patients with COVID-19 who were
treated an academic hospital in Milan, the rate of throm-
botic events was 7.7%, corresponding to a cumulative rate
of 21.0%, despite the fact that all patients had received
thromboprophylaxis with low-molecular-weight hepa-
rin (LMWH) starting from day 1 of hospital stay. A cu-
mulative rate of thromboembolic events was significant-
ly higher for ICU patients (27.6%) compared to that for
patients who were treated in general wards (6.6%). Most
thrombotic events were diagnosed within 24 h of hospita-
ladmission. Overall, PE was detected in 1.2%, deep-vein
thromboses in 1.4%, catheter-related deep-vein throm-
boses in 2.1%, ischaemic cerebral stroke in 2.5%, and
acute coronary syndrome in 1.1% of patients. These da-
ta were obtained not in the whole population of hospital-
ised COVID-19 patients but only in those who had un-
dergone relevant examinations that are able to detect the
above-mentioned complications. This may explain great
differences in the rate of thrombotic events because their
detection was highly dependent on the examination pro-
tocol adopted in a hospital. In another study, contrast-en-
hanced computed tomography (CT-angiography) was
performed in all 106 patients with COVID-19 and re-
vealed PE in 32 (30%) patients [42]. Other authors per-
formed ultrasound examination in all COVID-19 pa-
tients on mechanical ventilation and observed thrombotic
events in 22.2% of cases, including deep-vein thrombo-
ses in 14.8%, three-fourths of which were catheter-relat-
ed, and a thrombus attached to the tricuspid valve [43].
Therefore, regular CT-angiography and ultrasonography
in all COVID-19 patients receiving hospital treatment will
increase detection rates for thrombotic events, and longer
hospital stays will be associated with higher rates of these
complications. This was confirmed by a study conduct-
ed by S.Middeldorp et al. who reported that [44] 39 (20%)
out of their 198 COVID-19 patients admitted in hospital
were diagnosed with thromboembolism, despite throm-
bosis prophylaxis. The cumulative incidences of thrombo-
ses at 7, 14 and 21 days of hospital stay were 16, 33%, and
42%, respectively. For symptomatic thrombotic events,
these were 10, 21, and 25%, i.e. almost 1.5 times lower.
This once again proves that all patients with COVID-19
should be evaluated for thrombotic events irrespective of
the presence of their clinical symptoms. The incidence of
thromboses was significantly higher in ICU (26, 47, and
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59% at 7, 14 and 21 days) than in general wards (5.8, 9.2,
and 9.2% at 7, 14, and 21 days). In addition to ICU stay,
leukocytosis and high plasma D-dimer levels were also
risk factors for thrombotic events. Patients with thrombot-
ic events had a 2.4-fold increased risk of death (HR, 2.4;
95% CI, 1.02 — 5.5) [44].

French authors compared CT-angiography data in
106 patients with ARDS secondary to COVID-19 and
54 patients with ARDS who did not have COVID-19.
Pulmonary embolism was detected in 32 (30%) patients
with ARDS secondary to COVID-19 and only in 6 (11%)
out of 54 patients with ARDS without COVID-19, i.e.
three times less often [42]. Thus, patients with ARDS
secondary to COVID-19 develop PE significantly more
often than those with ARDS of other etiologies. Eighty-
two percent of patients with COVID-19 infection and
D-dimer levels of > 5,000 ug/L had pulmonary embolus,
while 78% of patients without pulmonary embolus had
D-dimer levels < 5,000 ug/L [42].

CT pulmonary perfusion showed that early in the
course of COVID-19, when D-dimer levels are below
500 ng/mL, there are multiple bilateral perfusion deficits
due to microvascular obstruction. Pulmonary embolism
is highly likely to occur at later stages of the disease and
should be suspected if the person develops haemoptysis,
unexplained tachycardia, or signs/symptoms of deep-vein
thrombosis or have D-dimer level above 500 mg/L [45].

Autopsy of 12 patients who died of COVID-19 re-
vealed thrombi in the deep veins of the lower extremities
in 7 (58%) patients in whom thrombosis was not detected
before death; pulmonary embolism was the direct cause of
death in 4 (33%) out of these 12 patients [46].

Differential diagnosis of coronavirus-induced
coagulopathy

Foremost, differential diagnosis of CIC should include
DIC and septic coagulopathy. Unlike CIC, DIC and sep-
tic coagulopathy are more often accompanied by the fol-
lowing signs, which are also more severe in these disorders:
thrombocytopenia, consumption of natural anticoagulants
(protein C and antithrombin III), hypofibrinogenaemia,
increased APTT, and prothrombin time (Table). Does it
mean that COVID-19 cannot be accompanied by DIC?
Research has shown that, although in most cases the onset
of the disease is really marked by non-DIC hypercoagula-
tion disorders, DIC may develop later, as the disease pro-
gresses and multiorgan dysfunction, infectious complica-
tions or sepsis appear. Thus, while in COVID-19 survivors
DIC was reported only in 0.6% of cases, in those who died
it was observed already in 71.4% of cases [29].

COVID-19 can be complicated by antiphospholipid
syndrome, resulting in the appearance of such additional
clinical and laboratory signs as venous and arterial throm-
bosis and increased APTT (Table).

Haemophagocytic syndrome (HFS) is characterized
by hyperactivation of immune cells (macrophages, natural
killers, and cytotoxic T-cells) and cytokine storm, which
is similar to the pathogenesis of COVID-19 [47, 48]. HFS
can be caused by various factors, including viral infections,
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Parameter ‘ CIC ‘ DIC/SIC ‘ APS

Microthrombosis,

Venous/arteri

Tabl
Changes in hemostatic parameters in patients with various diseases and syndro‘:nei
Tabauua

H3menenus napamempos eeMocmasa npu pazAudHoix 3a004€6aHUAX U CUHOPOMAX

HFS HUS ‘ TTP ‘ HITII
Thrombosis venous Microthrombosis thrombosis yeiflz)oljg ro.rnbosis, y;;;a&g;:$??sis, y;ﬁzoutglr:r.rgl:?sis, Xm‘:‘:’gg‘:ri

thrombosis thrombosis thrombosis thrombosis

Platelets - I ! ! ! U U
D-dimer 1 ) 1 - - - 1
APTT - 1 " - -
PT 1 1 - - -
Fgn 1 W = = = = =
Antithrombin Ill - 1 - - - - -
APS-antibodies + No +t No No No No
Complement activation + No No No +Ht No No
\r:]our;t?l\nl]i!?sbrand factor No No No No e et No
Schizocytes No No No No +++ +++ No
ADAMTS-13, % >10 >10 >10 >10 >10 <10 >10
HiT-antibodies No No No No No No ++

Note: CIC - coronavirus-induced coagulopathy; DIC - disseminated intravascular coagulation; SIC - sepsis-induced coagulopathy; aPL Ab - antiphospholipid antibodies; APS - antiphospholipid
syndrome; HFS - haemophagocytic syndrome; HUS - haemolytic uraemic syndrome; TTP - thrombotic thrombocytopenic purpura; HIT - heparin-induced; thrombocytopenia; APTT - activated

partial thromboplastin time; PT - prothrombin time; Fgn - fibrinogen; AT - antithrombin.

and may have similar clinical manifestations (Table) [47].
In one study 35 patients with COVID-19 were reported
to have signs of haemophagocytosis in their bone marrow
aspirate samples, two-line cytopenia, and hyperferritinae-
mia, which misled the authors to interpret their condition
as HFS [48]. This led to objections of other researches,
who believe that hyperinflammation and hypercytokinae-
mia in the acute phase of severe COVID-19 infection are
not caused by HFS, but reflect the severity of ARDS and
lung injury [49].

Atypical haemolytic uraemic syndrome (aHUS) and
thrombotic thrombocytopenic purpura (TTP) are throm-
botic microangiopathies and constitute a group of con-
ditions with different pathogenesis but a similar clinical
presentation of microvasculature damage, nonimmune
microangiopathic haemolytic anaemia, consumptive
thrombocytopenia, and ischaemic organ injury (Table).
aHUS is caused by impaired regulation of the complement
system, which leads to its uncontrolled activation [50, 51].
The pathophysiology of TTP involves reduced activity of
ADAMTSI3 (A Disintegrin And Metalloprotease with
ThromboSpondin type 1 motif), a plasma protein regu-
lating interaction of von Willebrand factor with platelets.

Inactivity or reduced activity of ADAMTS13 leads to con-
sumption of platelets in developing microthrombi that
obstruct arterioles and capillaries and cause intravascu-
lar mechanical haemolysis and clinical manifestations of
TTP [52]. These conditions are not typically associated
with impairments in the plasma haemostasis system; they
are defined by the following signs:
* multimers of von Willebrand factor circulating in
blood;
* normal plasma levels of von Willebrand factor antigen;
* ablood smear showing a large number of schistocytes
due to mechanical haemolysis.

In TTP microthrombi are found most extensively in the
heart, brain, kidneys, and pancreas, whereas aHUS most
commonly affects kidneys [52]. A group of authors [53]
reported five cases of microvascular injury and thrombosis
due to complement activation in patients with COVID-19
and respiratory failure. All patients had thrombocytopenia
accompanied by such histological characteristics as fibrin
deposits within vascular lumens and deposition of termi-
nal complement components C5b-9 (membrane attack
complex), C4d, and C3d7 in the skin and lungs, which is
similar to HUS. These authors did not report nonimmune
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haemolytic anemia or schistocytes in blood. They be-
lieve that SARS-CoV-2 affects the proximal complement
via the lectin and classical pathways as well as the termi-
nal components of the complement system via inflam-
mation, activation of platelets and endothelial cells, and
white blood cell recruitment [54]. Like other researchers,
we have never seen schistocytes in blood or haemolysis
[54] in our patients, and all of them had plasma activity of
ADAMTSI13 above 10%.

Type II heparin-induced thrombocytopenia (HIT)
(see Table) is caused by antibodies against complex-
es of heparin and platelet factor 4 containing in platelet
a-granules. The resulting complexes consisting of 1gG,
platelets, and platelet factor 4 bind platelet Fc receptors.
This causes platelet activation, aggregation, and destruc-
tion, resulting in the release of procoagulant phospho-
lipids [55]. Clinical manifestations of type Il HIT appear
about 5 — 14 days after the onset of heparin treatment and
include thromboses and thrombocytopenia. Type II HIT
is diagnosed based on the platelet count < 100 X 10°/L or
50% reduction of the platelet count from baseline, which
appears between days 5 and 10 after the onset of heparin
treatment; the appearance of arterial or venous throm-
boses; and exclusion of other causes of thrombocytope-
nia [55]. The incidence of HIT in patients receiving un-
fractionated heparin (UFH) and those receiving LMWH
was 4.8 per thousand patients and 0.48 per thousand pa-
tients, respectively [56]. Coagulopathy is not typical for
type II HIT. However, as most patients with COVID-19
receive heparin, the risk of type II HIT cannot be ful-
ly ruled out. A group of American authors [57] reported
that the cumulative incidence of positive HIT immuno-
assay assay (positive antibodies to complexes of heparin
and platelet factor 4) was 12% at 25 days. For all patients
with positive antibodies, heparin treatment was replaced
by argatroban.

Thus, CIC should be differentiated from other syn-
dromes and disorders complicated by thrombotic events.
It must, however, be kept in mind that, on the one hand,
COVID-19 may be associated with other preexisting dis-
orders, such as antiphospholipid syndrome (APS), TTP,
etc., and on the other hand, these disorders may compli-
cate the course of COVID-19, for example, lead to the ap-
pearance of lupus anticoagulant, type II HIT, sepsis, etc.
In such cases CIC is accompanied by other haemostatic
disorders.

Treatment of coronavirus-induced coagulopathy

LMWH is the main and widely available treatment for

CIC [37]. There are several targets for heparin in CIC.

In addition to its anticoagulant properties, heparin exhib-

its a number of other positive effects:

+ in the lungs it reduces inflammation and clot forma-
tion, decreases the severity of ARDS, and improves
oxygenation,;

* in the heart it reduces clot formation in the coronary
arteries and cardiac chambers, decreases the severity
of cardiomyopathy and cardiac dysfunction caused by
ischaemic hypoxia in the subendothelial tissue;
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* in other organs it also reduces the severity of microvas-
cular ischaemia, multiorgan dysfunction, the intensity
of oedema and capillary leakage.

The anionic nature of heparin allows it to bind to sev-
eral proteins and thus act as an effective inhibitor of vi-
ral attachment [58]. In an experimental model, hepa-
rin (100 ug/mL) reduced the number of infected cells
in sputum of patients with SARS-CoV-2 pneumonia by
50% [59]. Moreover, the SARS-CoV-2 S1 protein recep-
tor-binding domain interacts with heparin [60].

According to the International Society on Thrombosis
and Haemostasis (ISTH) guidelines, prophylactic dose
heparin should be considered in all patients (includ-
ing non-critically ill) who require hospital admission
for COVID-19 infection, in the absence of any contra-
indications (active bleeding and platelet count less than
25 x 10°/L) [37]. Below is the treatment strategy for CIC
based on a summary of guidelines on heparin therapy es-
tablished by various communities (ISTH [37], Chinese
experts [38], the Swiss Society of Hematology [61], and
Russian guidelines [36]):

An assessment of haemostatic disorders in patients
with severe COVID-19 infection should include medical
history (congenital disorders of coagulation, thrombo-
philia, platelet dysfunction, treatment with anticoagulants
or anti-platelet agents, etc.).

Prophylaxis of deep-vein thromboses of lower extrem-
ities/PE should be considered in COVID-19 patients who
are quarantined and being treated at home if they are at
high risk of venous thromboembolic events, but at low risk
of haemorrhage and are not receiving anticoagulants for
other indications. With regard to this, special attention
should be given to patients with limited mobility, a histo-
ry of thrombotic events, or malignancies, especially those
who have additional risk factors of thrombosis.

LMWH, at least in prophylactic doses, should be given
to ALL hospitalised patients and not discontinued at least
until discharge. There is no evidence showing the superi-
ority of a particular LMWH agent over others. If LMWH
is not available or contraindicated, UFH can be used.

Routine monitoring of blood anti-Xa activity in pa-
tients receiving parenteral anticoagulants is not required.
It can be considered in patients at higher risk of haem-
orrhage and/or thrombosis. The target levels of anti-Xa
activity are 0.2 — 0.6 anti-Xa units/mL for preventive
treatment and 0.6 — 1.0 anti-Xa units/mL for therapeutic
treatment. In patients receiving LMWH, blood samples
for anti-Xa activity are taken between four and six hours
after drug administration (preferably after three-four in-
jections), in patients receiving subcutaneous UFH it is do-
ne in the intervals between injections, and in those receiv-
ing intravenous (IV) infusions of UFH six hours after each
dose adjustment.

After discharge prolonged prophylaxis (preferably
with LMWH) can be in considered for COVID-19 pa-
tients if they are still at higher risk of venous thrombo-
embolic events, but at low risk of haemorrhage and do
not require therapeutic doses of anticoagulants for other
indications.

Contraindications to the use of prophylactic doses of
LMWH/UFH include continued bleeding, the platelet
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count < 25 X 10°/L, and severe renal failure (for LMWH).
Prolonged prothrombin time and APTT are not contrain-
dications for the use of LMWH/UFH.

Patients with thrombotic events should receive thera-
peutic doses of LMWH/UFH. Administration of LMWH/
UFH in therapeutic doses can also be considered in pa-
tients with clinical signs suspicious for thrombotic events
when the diagnosis cannot be verified. In ICU patients
with significantly elevated plasma levels of D-dimer, se-
vere inflammation, renal or hepatic dysfunction, or respi-
ratory failure should receive therapeutic doses of LMWH/
UFH. Possible causes of heparin resistance include high
levels of acute-phase proteins (C-reactive protein, fibrino-
gen, and factor VIII) or von Willebrand factor, low plasma
antithrombin I activity, and type IT HIT.

In patients with fluctuations in the platelet count and/
or heparin resistance, type II HIT should be excluded.
In patients with type II HIT, venous thromboembolic
events should be prevented and treated with fondaparinux
sodium. Unlike LMWH/UFH, fondaparinux sodium
does not produce potentially beneficial pleiotropic effects,
but it does not cause heparin-induced thrombocytopenia.

LMWH and fondaparinux sodium should not be used
in patients with severe renal failure or rapidly changing re-
nal function.

There is no information about the use of direct oral anti-
coagulants in COVID-19. If patients with mild COVID-19
are receiving oral anticoagulants for other indications,
they can continue this treatment. In case of unaccept-
able drug interactions with medications for COVID-19
(lopinavir/ritonavir) as well as severe COVID-19, patients
should be switched to therapeutic doses of heparin (pref-
erably LMWH).

In non-bleeding patients with consumptive coagu-
lopathy, the platelet count should be maintained above
20 x 10°/L and plasma levels of fibrinogen above 2 g/L.
In patients with bleeding, the platelet count should be
maintained above 20 X 10°/L, plasma levels of fibrinogen
above 2 g/L, and prothrombin ratio below 1.5. Fibrinogen
levels of < 1.5 g/L, or FFMA < 10 mm (as measured by
TEG), or MCFFIBTEM < 6 mm are indications for
cryoprecipitate therapy. For non-bleeding thrombocy-
topenic patients, the threshold for platelet transfusion is
20 x 10°/L and for bleeding patients and those awaiting
lumbar puncture it is 50 X 10°/L. If bleeding persists, re-
combinant activated factor VII can be used.

Patients with a creatinine clearance > 30 mL/min
must receive LMWH. For patients with body weight above
100 kg, an increase in dose should be considered in ad-
vance.

Patients with a creatinine clearance < 30 mL/min must
receive UFH either subcutaneously two or three times
a day or as a continuous intravenous infusion.

Anti-Xa activity should be monitored in patients with
renal failure who are receiving LMWH.

It is not necessary to monitor plasma antithrombin I11
activity, but it must be monitored in individual cases (in
patients with DIC, sepsis or heparin resistance).

In patients with COVID-19, UFH therapy can be mon-
itored using TEG with heparinase or ROTEM (INTEM
and HEPTEM tests). Comparison of data obtained by

TEG and ROTEM with and without heparinase helps
evaluate the effectiveness of heparin therapy. The rec-
ommended parameters include the ratio of the R time in
the control tube (without heparinase) to the R time in the
heparinase tube (R/Rh ratio) or ROTEM (CTINTEM/
CTHEPTEM ratio) data.

In COVID-19 patients receiving renal replacement
therapy, UFH/LMWH should be used for systemic an-
ticoagulation. If UFH is used for anticoagulant thera-
py, dose titration should be based on TEG (R/Rh ratio)
or ROTEM (CT INTEM/CTHEPTEM ratio) data. If
LMWH is used, it is administered as an intravenous bolus
injection (60 — 80 IU/kg) 20 — 30 minutes before the pro-
cedure and additionally at a dose of 30 — 40 IU/kg every
4 — 6 hours. Anti-Xa activity should be maintained at
0.3 IU/mL. Systemic anticoagulation should not be used
in patients undergoing citrate dialysis.

Patients undergoing extracorporeal membrane oxy-
genation should receive UFH with the aim of reaching
activated clotting time of 180 — 220 s, or APTT 1.5 times
higher than normal, or R/Rh ratio as measured by TEG,
or anti-Xa activity of 0.3 — 0.7 IU/mL. Heparin therapy
can improve treatment outcomes in COVID-19 patients.
Comparison of treatment results in a group of patients
(n = 449) with COVID-19, only 99 of whom received
heparin (mainly LMWH) for 7 days or longer, did not
show any difference in 28-day mortality between hep-
arin users and nonusers (30.3% vs 29.7%, p = 0.910).
However, the heparin treat was associated with lower
28-day mortality in patients with SIC score > 4 (40.0%
vs 64.2%, p = 0.029) and in patients with D-dimer ex-
ceeding 6-fold of upper limit of normal (32.8% vs 52.4%,
p=0.017) [62].

The study conducted by L.Ayerbe et al. [63] includ-
ed patients with COVID-19, admitted in 17 hospitals in
Spain. Among them, 1,734 people received heparin and
285 did not. Among the heparin users 242 (14.0%) peo-
ple had died, and among the nonusers 59 (20.7%) pa-
tients had died. Heparin was associated with lower mor-
tality when the model was adjusted for age and gender,
with OR (95% CI) 0.55 (0.37 — 0.82), p = 0.003. This
association remained when hypoxaemia (SaO, < 90%),
and fever (temperature > 37 °C) were added to de mod-
el with OR (95% CI), 0.54 (0.36 — 0.82), p = 0.003.
1. Paranjpe et al. [40] conducted a study of 2,773 patients
with verified COVID-19, only 786 (28%) of whom re-
ceived systemic anticoagulation. In-hospital mortality
did not significantly differ in patients who were treated
with anticoagulants and those who were not (22.5% vs
22.8%). Patients who received anticoagulation were sig-
nificantly more likely to require mechanical ventilation
(29.8% vs 8.1%; p < 0.001), which can be explained by
more severe disease in this subgroup. In patients who re-
quired mechanical ventilation, anticoagulation improved
prognosis (mortality was 29.1% with a median survival
of 21 days for those treated with anticoagulation as com-
pared to 62.7% with a median survival of 9 days in pa-
tients who did not receive anticoagulation (HR, 0.86;
95% CI, 0.82 — 0.89, p < 0.001).

Nevertheless, besides systemic heparin therapy, there
have been other attempts to treat CIC. A new trial of
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inhalation therapy with heparin and N-acetylcysteine
(nebulized Heparin-N-acetylcysteine in COVID-19
Patients by Evaluation of pulmonary function, HOPE) is
being currently developed. The theoretical rationale for
this type of therapy is that the SARS-CoV-2 virus has
a Spike Protein that interacts with three molecules on
the surface of lung cells: heparin sulfate, furin, an en-
zyme required for processing, and an ACE2 receptor
[64]. These interactions are needed for the virus to infect
cells. The combination of heparin and N-acetylcysteine
impairs this interaction. Laboratory experiments showed
that heparin and N-acetylcysteine interfere with SARS-
CoV-2 infection in vitro. Both drugs are currently ap-
proved for use by injection and N-acetylcysteine is al-
so approved in an inhalation formulation. The objective
of the HOPE trial is to demonstrate that inhalation of
heparin and N-acetylcysteine improves the pulmonary
function and allows for elimination of mechanical ven-
tilation [64].

Antifibrinolytics represent another attempt to treat
haemostatic disorders in CIC. Authors have reported us-
ing tissue plasminogen activator (Alteplase) for treatment
of three patients with COVID-19-associated acute respi-
ratory failure [65]. Initially, all patients had severe acute
respiratory failure (oxygenation index (PaO,/FiO,) 72, 73,
and 82, respectively) and were placed on mechanical ven-
tilation. For all these patients Alteplase was indicated be-
cause of their significantly high plasma levels of D-dimers
(> 50,000 ng/mL, 20,293 ng/mL, and > 33,328 ng/mL,
respectively). The drug was administered at a dose of
25 mg over 2 hours, followed by a 25 mg infusion over the
subsequent 22 hours. Following thrombolysis, the oxy-
genation index in all patients increased up to 150, 135, and
125, respectively, but despite this treatment all of them
died later.

Another treatment opportunity is eculizumab, a drug
used to treat HUS, which is also associated with throm-
botic events, resulting in multiorgan dysfunction. A group
of authors reported using eculizumab in four patients with
confirmed SARS-CoV-2 pneumonia. Eculizumab was
administered once a week at a dose of 900 mg. Patients
were also treated with enoxaparin 4,000 1U/day via sub-
cutaneous injection, lopinavir 800 mg/day + ritonavir
200 mg/day, hydroxychloroquine 400 mg/day, ceftriax-
one 2 g/day IV, and vitamin C 6 g/day for 4 days, and
were on non-invasive continuous positive airway pres-
sure. All patients survived and showed improvement in
the lung disease. Normally, all candidates for eculizum-
ab therapy should receive a meningococcal vaccine [66].
Because it was impossible for patients with rapidly devel-
oping COVID-19 infection, all of them received prophy-
laxis with ceftriaxone. It should be pointed out that in
these cases eculizumab was used not to treat COVID-19-
associated HUS, but to inhibit the complement system
in infectious patients, i.e. as an anti-inflammatory agent.
Some trials of eculizumab in patients with COVID-19
have even been announced on ClinicalTrials.gov. One is
an open-label, multicenter trial that is being prepared by
Alexion. It will include patients with a confirmed diagno-
sis of SARS-CoV-2 infection and severe pneumonia. They
will receive up to seven (at least five) doses of eculizumab.
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The total duration of the programme will be 4.5 months.
Another trial announced on ClinicalTrials.gov is being
conducted by Hudson Medical. In this trial all patients
with SARS-CoV-2 infection will receive eculizumab
at a standard dose of 900 mg IV over 30 minutes every
7 days and ceftriaxone IV as an alternative prophylactic
antibiotic covering infection caused by Neisseria menin-
gitis. Complement blood levels will be measured every
72 hours. The duration of therapy will be determined by
the investigator. Patients will be followed up at days 7, 14,
and 28 after discharge from hospital. The recorded as-
sessments include mortality, time in the ICU, and time
on a ventilator.

Finally, a third trial will evaluate the use of ravuli-
zumab (Ultomiris) for the treatment of COVID-19.
Ravulizumab is a new drug developed by Alexion for the
treatment of HUS. It is a humanized monoclonal anti-
body that binds specifically and with high affinity to the
scomplement protein C35, thereby inhibiting its activi-
ty. In fact, ravulizumab is an improved version of ecu-
lizumab with a higher specificity and a longer duration
of action. The company plans to conduct a randomized,
controlled trial of 270 patients with COVID-19. The fol-
lowing parameters will be assessed: survival at day 29,
number of days free of mechanical ventilation at day 29,
change from baseline in SpO,/FiO, at day 29, duration of
intensive care unit stay at day 29, change from baseline in
SOFA score at day 29, survival at day 60 and day 90, and
duration of hospitalisation.

Conclusion

In summary, treatment of CIC is an integral and necessary
part of a combination treatment strategy for COVID-19.
The effectiveness of CIC treatment influences the severity
of COVID-19 infection and its prognosis.
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Imaging of lung pathology in COVID-19
(literature review and own data)
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Abstract

Novel coronavirus infection is predominantly manifests as lung tissue damage. Imaging methods, particularly, chest X-Ray and computed
tomography, are of great importance for detecting pulmonary changes and differentiate them with other diseases (mainly other viral pneumonias).
In the early disease stages the disease presents on CT with ground glass opacities, consolidations, crazy paving symptom. With time course, they
can gradually decrease, evolve into organizing pneumonia or stay stable and even increase in volume with the spread of consolidation and
formation of several signs of organizing pneumonia. Although radiological methods show high sensitivity in the detection of pulmonary changes,
their specificity and prognostic ability are not so good today. Novel coronavirus infection can be complicated with pulmonary embolism,
development thrombosis in situ in pulmonary small vessels, acute heart failure and subsequent development of cardiogenic pulmonary edema,
bacterial superinfection, exacerbation or worsening of chronic lung disease and several iatrogenic issues (pneumothorax, pneumomediastinum,
hematomas).
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Busyanusauma uameHeHUn B nerkux npu KOPOHaBUPYCHOM
UHekunn (0630p nuTepaTypbl M COOCTBEHHDLIE AaHHbIE)

H.E.Tropun**, A,J1.Cmpymoincras

(egepabHoe rocyapcTBeRHOE OIOKETHOE 00pA30BATEbHOE YUPEXKIEHHE JONOHATELHOTO HpodheccHoHaIbHoro 0dpasoatus «Poccuiickas MeMIMHCKAS aKazieMiis
HempepbIBHOT0 MpodheccHonaTbHOr0 00pasobanms» MummcTepctsa 3apaBooxpanenus Poccmiickoii ®enepammi; 125993, Poceus, Mocksa, yi. bappukammas, 2 / 1, crp. 1

Pesiome

OnHUM U3 IJIaBHBIX TIPOSIBIIEHUIT HOBOM KopoHaBupycHO# nHdekunu (KBW) siBasieTcst mopakeHue JIETOYHOM TKaHU, TTPU 3TOM ISl BBISIBJICHUS
M3MEHEHMI1 BJIErKUX U UX A depeHIIMalbHOM IMarHOCTUKY C IPYTUMU 3a00J1eBaHUSIMU (TTPEUMYILIECTBEHHO MHBIMU BUPYCHBIMU THEBMOHUSIMU )
OOJIBIIIYIO POJIb UTPAIOT METONIbI BU3yaIM3alluK, B TIEPBYIO ouepedb — 0030pHasi peHTreHorpadus U KoMmIibloTepHasi Tomorpadusi. B Hauane
3a00JieBaHUS B OOJIBIIMHCTBE CAy4YaeB ONpeAesisieTcsl YIUIOTHEHUE JIETOYHOM TKaHU TI0 TUITY «MaTOBOTO CTEKJIa» WM KOHCOIMAALUN, CUMITTOM
«OyJIBIKHOM MOCTOBOIM». JITaHHBIE U3MEHEHMSI TIPY IMHAMUUYECKOM MCCJIEJOBAHUM MOTYT YMEHBILUTHCSI B 00bEME C MOCTENEHHBIM BOCCTAHOBJIEHUEM
BO3IYIIHOCTH JIETOYHOM MapeHXUMbI WJIM HapacTaHWeM KOHCOJUIALMU U (DOPMUPOBAHUEM TUITUYHOM KapTUHBI OPTaHU3YIOLIEHCS] THEBMOHUU.
OHU MOTYT COXPAHSITBCSI M XK€ YBEJIUYMBAThCS C HAapacTaHUEM KOHCOJIMAAIUH, TIOSIBJICHUEM TUITUYHOM KaPTUHBI WJIM OTAETIbHBIX PU3HAKOB
opraHusyoleiicss THeBMOHMU. OTHAKO NP BbICOKOW YyBCTBUTEIbBHOCTH METO/IOB JIyY€BOI TMAarHOCTUKM Ha CETOMHSIIHUIA IeHb UX crieluduy-
HOCTb M TIPOTHOCTHYECKAsi CITOCOOHOCTb OCTAIOTCSI He CTOJIb BhIcOKMMU. OcnoxkHeHusmu KBU sBsitiorest TpoM003MO011sT JIETOYHOM apTepuH,
pa3BUTHE TPOMOO30B JIETOYHBIX COCYIOB i Sifu, OCTpasi cepeYHasi HEIOCTATOYHOCTh C Pa3BUTHEM KapAMOTeHHOTO OTeKa JIETKUX, OaKTeprualbHast
cyrnepuH@eKiusi, 000CTpEHUE WM YXYILIEHUE XPOHUYECKOro 3aboJieBaHUsl JIETKUX M TMOCJIEACTBUSI MPOBOAMMOI Tepanuu (MHEBMOTOPAKC,
ITHEBMOMEIMACTUHYM, TeMaTOMBI).

KuroueBble cioBa: HoOBasi KOpOHAaBUPYCHast MH(EKIINS, KOMITbIOTepHast ToMorpadusi, tuddy3Hoe aabBeoISIPHOE TTOBPEXKICHNUE, OPraHU3YIOLIAsICS
IMTHEBMOHMUSI, OCJIOXKHEHHE.

KongaukT uaTepecoB. ABTOPHI 3as1BJSIIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

st untuposanusi: Tropun U.E., CtpyreiHckast A.Jl. Busyanuzaius usMeHeHU B JIETKUX TIPU KOPOHABUPYCHOI MHOEKITNY (0030p JTUTEPATyphl
1 cobCTBeHHbIe TaHHbIe). [Tyasmononoeus. 2020; 30 (5): 658—670. DOI: 10.18093/0869-0189-2020-30-5-658-670

The world has been affected by the novel coronavirus in-
fection (COVID-19) since December 2019, when the
coronavirus SARS-CoV-2 was first isolated from patients
in the Chinese city of Wuhan. Since then, the number of
new cases worldwide has been increasing steadily. Lung
damage is the main manifestation of this infection, which
is seen almost in all cases and defined as “viral pneumo-
nia”. The need is clear for timely and accurate assessment

of abnormal chest findings, appropriate assessment of
these changes over time, and evaluation of the prognos-
tic value of the main radiographic signs of organ damage.
Imaging techniques are particularly important for detect-
ing pulmonary changes caused by SARS-CoV-2, differen-
tiating them from those caused by other disorders, assess-
ing the severity of abnormal findings and changes in them
over time, and evaluating the efficacy of treatment.
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Imaging techniques

Imaging techniques used to detect pulmonary abnormal-
ities in patients with COVID-19 include plain chest X-ray
and chest computed tomography (CT), and, in some cas-
es, pulmonary and pleural ultrasound. Magnetic reso-
nance imaging and radionuclide imaging have no diag-
nostic significance for acute respiratory infections and are
not used to detect lung damage in COVID-19.

During the first days of the disease, the sensitivity of
routine X-ray for early changes in the Iungs (ground-glass
opacities) is relatively low, and this technique cannot be
used to exclude COVID-19 during this period [1, 2]. At lat-
er stages, however, the diagnostic value of X-ray signifi-
cantly increases as the disease becomes more generalised
and pulmonary consolidation progresses. This method re-
liably detects severe viral lung disease and pulmonary oe-
dema of various etiologies. Portable chest X-ray obtained
using mobile units is the main diagnostic imaging modal-
ity for chest abnormalities in resuscitation and intensive
care units. This type of X-ray is recommended in most
clinical guidelines as the most readily available and epide-
miologically safe imaging technique.

Computed tomography is the most sensitive tool to de-
tect radiographic signs of COVID-19. CT is feasible for
initial chest evaluation in patients with severe, progres-
sive disease and patients with clinical signs of acute viral
respiratory infections and evident risk factors for a severe
course of infection. Also CT is necessary for differential
diagnosis of the findings revealed and, in some cases, for
follow-up evaluation. The main drawback of CT is its low
specificity, which rarely exceeds 60%, as it reveals multiple
unequivocal lesions, such as small ground-glass opacities
or reticular lesions. The specificity of CT also depends on
the prevalence of infection in a particular area [1, 3—6].
The higher percentage of people are infected, the more
specific CT becomes, and vice versa. The specificity of CT
scanning is also highly dependent on the probability of
the disease in an individual patient. The lower the clinical
probability is, the less specific CT findings are.

Due to their low specificity, none of imaging modal-
ities is recommended as a screening tool to detect respi-
ratory problems in asymptomatic persons and patients
with mild disease. In addition, imaging techniques cannot
identify the etiology of the disease and, therefore, cannot
replace routine laboratory tests.

Ultrasonography is an adjunctive imaging tool, which
does not replace or exclude CT scanning and X-ray. When
its technique is well respected and the examination is per-
formed by a qualified specialist, ultrasonography is highly
sensitive for the detection of subpleural interstitial chang-
es and consolidations in lung tissue, pleural effusion, and
pneumothorax [7—9].

The role of ultrasound in assessing pulmonary abnor-
malities in COVID-19 patients is controversial. Despite
their high sensitivity, ultrasound data are not helpful in
assessing the actual extent of lung injury. Ultrasound
findings do not always correlate with X-ray and CT da-
ta. Finally, ultrasonography is not a standard diagnostic
tool to diagnose pneumonia and not included in clinical
guidelines for the diagnosis and treatment of communi-
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ty-acquired pneumonia. Therefore, its diagnostic value
depends largely on the experience and qualifications of
physicians in a particular facility.

Comparison of radiographic morphological features

It has been established that SARS-CoV-2 binds to an-
giotensin-converting enzyme 2 (ACE2), a membrane re-
ceptor expressed mainly on the surface of nasal epithelial
cells, lower airway cells, particularly type II alveolar cells,
as well as cells in the upper third of the oesophagus, en-
terocytes of the colon, cholangiocytes, cardiomyocytes,
and epithelial cells in the proximal renal tubules and the
bladder. Therefore, the airway epithelium serves as the
standard entry point for this infection; from there the vi-
rus moves to the blood and affects the most susceptible
organs and tissues [ 11—13].

Viral exposure in the lungs usually triggers diffuse al-
veolar damage (DAD). This term is used to describe char-
acteristic changes in all layers of the alveolar-capillary
membrane, including its basal membrane [13—17]. DAD
typically is a biphasic process, and includes exudative (oe-
dematous) and proliferative phases.

The exudative phase develops within the first few days
and manifests as inflammation in the area damaged by the
virus. This is accompanied by breaches in alveolar epithe-
lium and, in some cases, sloughing of alveolar epithelial
cells from the basal membrane. Some histochemical reac-
tions and the loss of the integrity of the alveolar-capillary
barrier result in exacerbation of interstitial oedema and
filling of the alveoli with a fluid rich in proteins, particu-
larly fibrin. An important step of this process is the forma-
tion of hyaline membranes, one of the main morphologi-
cal markers of DAD, in the alveolar spaces.

Partial filling of the alveoli with exudate, cellular de-
bris, and hyaline membranes is responsible for ground-
glass opacities, the earliest and the most typical sign of vi-
ral lung damage detected by various imaging modalities.
As abnormal contents continues to accumulate in the al-
veolar spaces, images start to show consolidations, areas
of completely airless lung parenchyma, which are usually
surrounded by a peripheral ring of ground-glass opacity
(halo sign).

Viral damage to the alveolar-capillary membrane may
spread throughout the interstitial compartment and af-
fect pulmonary capillary endothelial cells. Breakdown of
capillary endothelial lining cells and those anchored to
the basal membrane results in the following two conse-
quences: damage to the capillary wall (basal membrane)
and an outpouring of haemorrhagic exudate directly into
the alveolar spaces and the interstitial compartment, on
the one hand, and thrombosis of small pulmonary ves-
sels [17].

Radiographically, accumulation of haemorrhagic ex-
udate in alveoli also manifests as ground-glass opaci-
ties, which relatively rapidly develop into consolidation.
Ground-glass opacity lesions often have areas of reticu-
lar abnormality seen as polygonal structures 5 to 15 mm
in diameter, which are actually thickened intralobular or
interlobular septa (Figure 1). This is the well-known crazy
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paving sign. It is not specific for viral lung damage. It can
also be seen in a number of other infections, as well as in
neoplasms, interstitial disorders, pulmonary oedema of
various etiologies, pulmonary haemorrhage, and in case
of blood aspiration in patients with pulmonary bleed-
ing [18—20]. Some studies showed that the crazy paving
sign predicts a poor prognosis for coronavirus infection,
which has been reflected in many recent guidelines [5].

On radiographic images, bleeding into the alveoli or
blood accumulation in the alveolar spaces, on the one
hand, and cellular debris with hyaline membranes in the
alveoli, on the other, manifest identically, i.e. as ground-
glass opacity and consolidation. Radiography does not
provide reliable evidence to distinguish between these
morphological changes. However, the prognostic value of
these imaging signs and clinical features associated with
them turn out to be completely different, even in patients
with similar extent of lung injury. Haemorrhagic suffusion
of lung tissue is often a harbinger of acute respiratory dis-
tress syndrome. Some authors believe that haemorrhagic
oedema is the cause of exceptionally fast progression of
pulmonary abnormalities in patients with an initially small
area of lung involvement [21—24].

On a chest radiograph, thrombosis of small pulmonary
vessels is seen as dilation of these vessels in areas of in-
creased density with the ground-glass pattern, but not in
consolidation areas, where vessels are not seen on a back-
ground of airless lung. This sign is most evident in the cor-
tical lung zones within the first few days (see Figure 1).

)

4D
Figure 1. Variants of manifestation of COVID-19 (computed tomography
on the 5 — 7" days of the disease): A, bilateral subpleural and peribroncho-
vascular ground glass foci (1) of irregular shape; B, bilateral ground glass
foci (1) with small consolidation areas (2) located subpleurally and in the

central areas of lungs; C, bilateral subpleural confluent round areas of
consolidation (2); D, crazy paving sign (3) in the upper left lobe

Puc. 1. Bapuantsl Mmanudecrauun COVID-19 (KoMIibloTepHasi TOMO-
rpacdust BBITIOTHEHA Ha 5—7-€ CYyTKM OT Havasia 3a0oyieBaHus1): A — Ou-
JlatepajibHble CyOrieBpajibHble U TIepUOPOHXOBACKYISIPHBIE YYACTKU
«MatoBoro crekia» (1) HempaBuiabHOU opmbl; B — OunarepaabHble
y4acTKM «MaTOBOro cTekia» (1) B coueTaHUM ¢ HEOOJIBIIMMU ydyacT-
KaM¥ KOHconmumanuu (2) okpyrmioil (opMbl, pacronoXeHHbIE CyO-
TUIEBPAJIbHO U B LIEHTPAIBHBIX oTaesnax Jerkux; C — ounarepaibHble
CJIMBHBIE YIACTKU KOHCOMUAAIUN (2), pacTiONOXXKeHHbIE TPEUMYIIIECT-
BEHHO CYyOIIeBpaibHO; D — cUMNTOM <«OyJIbIKHOM MOCTOBOI» (3)
B BepXHEIl 10JIe JIEBOTO JIETKOTO

The proliferative phase of DAD becomes more prom-
inent over the second or third week of the disease. This
period is marked by dissolution of hyaline membranes,
formation of immature connective tissue in the alveolar
spaces and respiratory bronchioles, hyperplasia of type 11
alveolar cells, and migration of fibroblasts, monocytes,
and macrophages to damaged alveoli. Morphologically,
this process is usually viewed as an organising pneumonia.
In this phase, the course of the disease depends on the
volume and depth of the affected parenchyma and the in-
tegrity of the alveolar-capillary membrane [18, 20]. When
all components are involved and the basal membrane is
degraded, which is typically seen in COVID-19, the con-
valescence phase is almost unavoidably manifests as orga-
nizing pneumonia (OP). When lung tissue is not so deeply
affected, complete restoration of lung parenchyma is pos-
sible without elements of OP, similar to how it happens in
common bacterial pneumonia [18, 20].

The radiographic findings of OP are well established
and frequently described in literature (Figure 2). These
often include signs of cryptogenic OP and OP of known
etiologies, such as drug exposure, viral and other infec-
tions, radiation damage, and systemic connective tissue
diseases [24—27]. A typical imaging sign of this disorder
is the presence of multiple patchy ground-glass density
lesions combined with consolidations. They can be lo-
cated in subpleural, perilobular, or peribronchial regions.
An obligatory feature is the air bronchogram sign, i.e. the
phenomenon of air-filled bronchi being made visible by

Figure 2. Common computed tomography signs of organizing pneumo-
nia: A, perilobular reticular pattern; B, reticulation; C, linear consolida-
tion; D, peribronchovascular consolidation; E, atoll sign (reversed halo
sign); F, fibrous band parallel to pleura

Puc. 2. TunuyHble KOMITbIOTEPHO-TOMOTpadUIecKie MpU3HAKK Opra-
HU3YIOLIEHCS THEBMOHUM: A — MepuoOyJISIpHBIN PETUKYJISIPHbIiA
natrepH; B — petukynspueriii martepH; C — TuHeTHAsS KOHCONMUIALINS;
D — nepuOpoHXUaIbHBIN y4acTOK KoHconauaaluuu; E — cumnrom
00paTHOTO 000Ka («CUMIITOM atosuiar); F — ¢hbubposHbIil TSK, mapari-
JICJIbHBI TUIeBpe
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the opacification of surrounding tissue. However, the
key, but not disease-specific, sing of OP is the reversed
halo sign, characterised by a central ground-glass opacity
surrounded by a ring of consolidation. It was earlier of-
ten referred to as the atoll sign due to its appearance sim-
ilar to that natural structure. It is typical to visualize on
plain radiographs a gradual relocation of opacities from
the visceral pleura towards deeper zones of lung paren-
chyma and apparent lung hyperinflation along the tho-
racic wall [26]. In some cases, it gives a false impression
of emerging cavitating lesions or emphysematous bullae
in the cortical regions.

So far, no evident temporal distinction has been de-
termined between the DAD phases in the coronavirus
infection. In many cases, it is just possible to note the
predominance of a particular pathological process at a
certain time point. Another specific feature of this in-
fection is a paradoxical prolongation of any phase up to
several weeks. Therefore, accurate evaluation of radio-
graphic findings is very meaningful in practice, including
in prognosis assessment.

In some patients SARS-CoV-2 specifically affects the
immune system, causing uncontrolled and, in most cases,
irreversible autoinflammatory response. This is accompa-
nied by a rapid progression of the exudative phase of lung
injury [22, 28, 29]. An X-ray examination reveals a rapid
increase in lung involvement coupled with a fast progres-
sion of consolidation toward subtotal lung involvement
(Figure 3) [30]. Pleural effusion is a frequent accompa-
nying sign. Clinically, these findings are associated with
acute respiratory distress syndrome (ARDS).

Prevalence of the primary radiographic signs

The radiographic signs of lung damage in COVID-19 pa-
tients have been described in many studies published in re-
cent months, including large systematic analyses [31, 32].
Evaluation of CT data of more than 1,000 patients with
verified coronavirus infection revealed the following most
typical changes: ground-glass opacities (88.0%), bilateral
lung involvement (87.5%), peripheral distribution in lung
parenchyma (76.0%), and multilobar involvement (dam-
age to more than one lobe) (78.8%) (Table 1). Isolated
ground-glass opacities or accompanied by consolidation
were the most common feature of the disease. Other, less
common features, included intralobular and interlobular
septal thickening, bronchiectasis, and pleural thickening.
Pleural effusion, pericardial effusion, lymphadenopathy,
cavitation, the halo sign, and pneumothorax were signifi-
cantly less common (Table 2).

Changes in the radiographic signs over time

In their study Y. H.Jin et al. |34] described CT findings ob-
served during five stages of COVID-19 infection, which
they defined as ultra-early stage, early stage, progres-
sion stage, consolidation stage, and dissipation stage: In
the ultra-early stage, one or two weeks after contraction,
when patients usually had no clinical manifestations, CT
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Figure 3. Patient S. 67 years old. Severe COVID-19 complicated by
ARDS on the 20" day of the disease. Computed tomography, axial
slices, 14" (A, B) and 20" (C, D) days of the disease; A, B, bilateral
consolidation (1) and ground glass (2) foci and linear consolidation
parallel to pleura (3); total lung involvement is more than 50%; C, D,
total bilateral ground glass (2) spread with air bronchogram (4); dam-
aged pulmonary area reaches 100%

Puc. 3. [Mauwment C., 67 ner. Tsoxenoe Teuenne COVID-19 ¢ pa3su-
THEM OCTPOTrO PECHUPATOPHOTrO MUCTpecc-cuHApoma Ha 20-e CyTKu
3a00JIeBaHMsI. AKCHATbHbIE KOMITbIOTEPHO-TOMOTpadrIecKue cpe3bl
Ha: A, B — 14-e cytku 3a6oneBanusi; C, D — 20-e cyTku 3a00j1eBaHus;
A, B — IBYCTOpOHHUME y4yacTKM KOHcoauaauuu (1) u «MaToBoro cre-
KJ1a» (2), TMHEWHBIN YYaCTOK KOHCONUAALIUU BIOJb IUIEBPHI (3); CyM-
MapHasl TUIOLIaab ITOPaKeHUs JIErOYHOI mapeHxumMsl > 50 %; C, D —
TOTAJILHOE PACIPOCTPAaHEHUE «MATOBOTO CTEKJa» (2) ¢ CUMIITOMOM
«BO3/IYIIHOW OpoHxorpaduu» (4); cyMMapHasi IUIOIIAAb MOPaKEHUs
JIETOYHOM TapeHxuMbl focturaet 100 %

scanning showed single or multiple ground-glass opaci-
ties, and patchy consolidations or nodules surrounded by
ground-glass opacities. In the early stage (early clinical
manifestations, 54% in this study), CT revealed single or
multiple ground-glass opacities, combined with the crazy
paving pattern. In the progression stage (3 — 7 days after
the onset of clinical symptoms), the disease manifested on
CT as large-scale consolidation with air bronchogram in-
side. In the consolidation stage (the second week of clin-
ical manifestations), CT features may include consoli-
dations in slighter density and smaller range. About two
or three weeks after the onset of symptoms, CT scanning
may show patchy consolidation, linear opacities, bronchi-
al wall thickening, and interlobular septal thickening.

F.Song et al. [35] showed that CT data reflect progres-
sion of the disease, including a higher incidence rate of
consolidations. Y. Pan et al. [36] examined 63 patients and
assessed their follow-up CT obtained 3 — 14 days after the
initial CT scans. In more than 85% of patients, they found
radiographic signs of disease progression, including larger
areas of ground-glass opacity and consolidation and inter-
lobular septal thickening. In some patients with lung le-
sions on the initial CT scans, re-examination CT showed
that the lesions increased and enlarged, and some of them
merged.
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Table 1

Frequent symptoms and distribution of changes

on computed tomography Images of patients (n = 919)
with coronavirus infection [32]

Tabauua 1

Yacmole cumnmombt u pacnpeoeienue KOMHbIOMEPHO-
momoepaghuueckux usmenenuil y nauuenmoe (n = 919)
¢ KoponaeupycHoil ungexuuerti [32]

S Fndngs | lcuions | cases () | of paints
Bilateral involvement 12 435 (87.5) 497
Peripheral distribution 12 92 (76.0) 121
e t wma s
Multilobar involvement 5 108 (78.8) 137
Ground-glass opacities 22 346 (88.0) 393
Consolidation 10 65 (31.8) 204

FPan et al. [37] reviewed the changes in CT find-
ings over time in 21 patients with confirmed COVID-19.
In most patients, CT performed at early stages revealed
more ground-glass lesions and involvement of fewer pul-
monary lobes than follow-up CT scans obtained at later
stages. However, when patients were re-examined some
time later, their CT showed progression of reticular chang-
es (increase in the crazy-paving pattern), involvement of
more pulmonary lobes, and consolidations. On average,
the CT features were most prominent on day 10 from
symptom onset. After day 14 positive changes were ob-
served in 75% of the patients and included involvement of
fewer pulmonary lobes, disappearance of the crazy-pav-
ing pattern, and resolution of consolidation.

Following the initial examination, the radiographic
features of viral lung damage can evolve in several ways,
including the following (Table 3) [3—5, 33, 39—42]:

* Reduction in lung involvement accompanied by im-
provement in pulmonary aeration and dissipation of
consolidations into ground-glass opacities and subse-
quent complete recovery of aerated lung volume. This
process is reminiscent of the typical resolution stage of
community-acquired pneumonia.

* Reduction in lung involvement accompanied by more
prominent consolidation and appearance of a typical
organising pneumonia pattern.

+ Stability or even an increase in lung involvement ac-
companied by more prominent consolidation and ap-
pearance of a typical organising pneumonia pattern or
separate signs of organising pneumonia.

The first variant is the most favourable because it indi-
cates resolution of viral lung damage usually without any
residual abnormalities. The second variant indicates a typ-
ical reparative process manifested by signs of organising
pneumonia that appear in the second phase of DAD. It is
a longer process, which may lead to residual pulmonary
abnormalities. The long-term prognosis for patients with

Table 2

Variants of radiological manifestation

of novel coronavirus infection [33]

Tabauua 2

Bapuanmut penmeenoaoeureckoli Kapmunol HOBOU
Kkoponasupychoil ungexuyuu [33]

Typical ‘ Equivocal ‘ Atypical

Multiple bilateral peripheral

(subpleural) ground-glass opacities: Lltet TRl

+ including those accompanied Ezgﬁuﬁf lotr;,i tree-in-
by consolidation bud sign)g

Space-occupying
lesions. Lung
cavitation and areas of
consolidation

and/or

Signs of pulmonary
oedema: uniform
interlobular septal
thickening and pleural
effusion

+ the crazy paving sign

Multiple bilateral rounded ground-
glass opacities deep in the lung -
parenchyma:

Subpleural reticulation
(a mesh pattern)

+ including those accompanied
by consolidation

Lymphadenopathy
without lung lesions

and/or

+ the crazy paving sign

Signs of organising pneumonia:

areas of increased density (ground-

glass opacities combined with -
consolidation) and the reversed

halo sign

such abnormalities is now difficult to predict due to little
evidence and requires further research. Until these radio-
graphic findings keep improving on follow-up CT scans,
they should not be interpreted as “fibrosis” or “sclerosis”,
i.e. disease resolution with sequelae. As in community-ac-
quired pneumonia, the duration of resolution of lung ab-
normalities is not limited and does not correlate with the
clinical manifestations of the disease.

The third variant of the evolution of radiographic find-
ings may cause difficulty in differentiating positive and neg-
ative changes (Figure 4). If the previous examination was
performed before the disease peaked, the time when peak
lung involvement is reached, a follow-up image may mis-
lead to a conclusion of disease progression. Clinical man-
ifestations are the key to the interpretation of radiographic
findings, which can be accurately assessed only in combina-
tion with the clinical picture. If respiratory failure does not
become more severe, it indicates regression of the disease,
even if the changes in radiographic findings seem to be neg-
ative. Radiographic signs have some value too. The signs
of OP may be suggestive of disease regression. Worsening
of ground-glass opacities, consolidations, reticular chang-
es, and, in many cases, pleural effusion without sings of OP
more likely suggests negative evolution.
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Figure 4. Patient N., 61 years. Moderate COVID-19. Computed tomog-
raphy, axial slices; A, B, 8", and C, D, 15" days of the disease. Clinically
the patient is stable. A, B, few subpleural inhomogeneous ground glass
foci (1) with sporadic secondary lobules with preserved aeration (2).
Damaged pulmonary area is about 40%; C, D, multiple confluent areas
of increased attenuation (3) predominantly on the periphery; crazy pav-
ing symptom (4), perilobular reticular pattern (5), dilated segmental
bronchi (6). The lung involvement is about 70%

Puc. 4. IMaumentka H., 61 rox. Cpennersixenoe Teduenre COVID-19.
KommnblotepHo-ToMorpaguueckre akcuaibHble cpesbl: A, B — 8-¢, C,
D — 15-e cyrku 3abosieBaHust. KIMHUYECKN COCTOSIHME MAllMEHTKU
cTabwibHoe. A, B — HeMHOrouucieHHble CyOrieBpaJbHble HETOMO-
TeHHbIE yYaCTKU «MaTOBOTO CTeKa» (1) ¢ eIMHUYHBIMY BTOPUYHBIMU
TOJTbKaMU C COXPAaHEHHO BO3MYLTHOCTBIO (2) B ux crpykrype. [1io-
aab MOpaXeHUsl IeTOYHOU TapeHXuMbl — okouto 40 %; C, D — MHO-
JKECTBEHHBIC CIMBHBIE (DOKYCHI CHVKEHUS BO3MYIIHOCTU JIETOYHOM
napeHxumsbl (3), MpeuMyIIeCTBEHHO B repudepruyeckrx OTaeax Jer-
KHUX; CUMIITOM «OYyJIbIKHOM MOCTOBOI» (crazy paving) (4), yIlOTHeHue
MEPUIOOYASIPHOTO MHTEpCTULIUsS (5), paclUIMpeHHbIe MPOCBETHI Cer-
MeHTapHbIX OpoHXx0B (6). Iliomanb MmopaxkeHus JIETOUHOW IapeH-
XuMbI — okoJio 70 %

Assessment of the extent of lung involvement

From the prognostic point of view, it is important to as-
sess not only the nature of radiographic findings, but al-
so their extent Assessment of the extent of lung involve-
ment in patients with coronavirus infection can be based
on:

* imaging data;

» data obtained using various semiquantitative scales;

+ data collected using software for lung density analysis
and generation of maps of lung density distribution,
including computer-aided design (CAD) and artificial
intelligence software solutions.

The literature describes a number of similar scales,
developed to improve the early diagnosis of the corona-
virus infection and assess its severity more accurately
(Tables 4, 5). These scales are almost identical in terms
of content and differ only in the total score [36, 40, 42].
It is worth noting that they do not usually consider the
type of lung abnormalities (ground-glass opacities and
consolidation), except for a 64-point scale developed by
F. Feng et al. [44]. Their practical application is, however,
hindered, because there is an increasing number of pub-
lications suggesting the absence of a direct correlation be-
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tween the severity of clinical manifestations and the na-
ture and extent of lung injury as assessed by CT [45, 46].
It should also be emphasised that such scoring systems are
based on the experience of individual researchers, which
leads to some inaccuracy of the results when using them in
the general population.

Such semiquantitative assessment of the severity (vol-
ume and extent) of CT-diagnosed lung abnormalities as-
sociated with COVID-19 is possible, but it is not man-
datory. These scales can be used by medical facilities as
part of an agreed and approved treatment protocol for
COVID-19 patients.

A group of Dutch researchers has proposed an as-
sessment scheme for analysing pulmonary findings in
patients with suspected COVID-19, using likelihood
ratios (CO-RADS), and presented it on the Radiology
Assistant website [47] (Table 6). It was developed as
an analogue to previously existing scoring systems
(PI-RADS, BI-RADS, etc.), which aim to standardise
the assessment of likelihood of a certain diagnosis.
Since the CO-RADS is not well known to practitioners
and not widely used in inpatient facilities, it has no ad-
vantages over semiquantitative scales for assessment of
lung abnormalities.

Correlation between imaging findings
and infection severity

CT does not assess the severity of the disease and can only
provide indirect indicators of its prognosis. Although spe-
cialists widely use such terms as “severity of CT findings”,
“severity grading of CT findings”, and “severity grades
of CT features, such as CT0, CT1, CT2, CT3, CT4, and
sometimes CT5”, these data primarily reflect the extent of
lung involvement. They poorly correlate with the clinical
assessment of the severity of the patient’s condition at the
time of CT examination, including such key parameters as
the severity of respiratory failure and the degree of desat-
uration [45, 46].

Multiple publications have reported that patients
with severe disease more often have more widespread
lung involvement and more frequently develop certain
symptoms, for example, reticular changes or pleural ef-
fusion. This does not, however, mean that patients with
extensive CT or X-ray abnormalities are in critical con-
dition. Importantly, lung lesions can also be found in
a considerable number of asymptomatic patients. In the
study conducted by S. /nui et al., of 104 cases of corona-
virus infection, 76 (73%) were asymptomatic, 41 (54%)
of which had pneumonic changes on CT [49]. Our pi-
lot analysis of radiographic and clinical manifestations
of 92 patients with COVID-19 showed that two patients
(6.9%) with mild infection had extensive lung lesions on
a follow CT with > 50% lung involvement, while they
did not demonstrate any clinical signs of respiratory
failure.

In addition, our own unpublished data demonstrate
that bronchodilation on CT obtained at presentation
(6.7 = 2.8 days from onset of the disease) was the on-
ly sign that was strongly correlated with the severity
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Table 3

Typical dynamics of pulmonary X-Ray and Computed tomography changes COVID- 19 pneumonia [33]

Tabauua 3

Tunuunvte uzmenenus penmeenozpaguueckoil u momozpaguueckoll KapmMuHvl 1e2KUX 6 OUHAMUKEe PA36UMUS NHeGMOHUU,

Evolution of changes

Early signs observed in the first
few days

Improvement of changes (stable
disease)

Progression of changes
(worsening)

Respiratory distress syndrome

obycaoeaennoti COVID-19 [33]

Radiographic and CT features
Multiple bilateral peripheral (subpleural) ground-glass opacities, including those accompanied by consolidation

and/or
the crazy paving sign

Multiple bilateral rounded ground-glass opacities deep in the lung parenchyma, including those accompanied by consolidation
and/or the crazy paving sign

Areas of increased density (ground-glass opacities combined with consolidation) and the reversed halo sign

Development of ground-opacities into consolidation (an increase in density of the affected lung tissue) without evident increase in
total lung involvement (extent of disease)

Emerging signs of organising pneumonia

Reduction in size of lung opacities
Progressive changes (Figure 1):

+ expansion of ground-glass opacities (extent and volume of lung involvement)
+ appearance of new ground-glass lesions

+ fusion of some ground-glass opacities into larger lesions and progression to subtotal lung involvement in the most severe
cases

+ ground-glass opacities are still more extensive than consolidations
+ Development of new signs of other pathologies:
+ left ventricular failure (cardiogenic/hydrostatic pulmonary oedema, bilateral pleural effusion)
+ respiratory distress syndrome (pulmonary oedema)
+ bacterial pneumonia
+ lung abscess and multiple septic emboli
+ pneumothorax and pneumomediastinum
+ other
Common features include:
+ Bilateral subtotal opacities (consolidations and ground-glass opacities)
+ Involvement of the upper and middle lung zones
+ Hyperinflation of basal segments
+ Gradients in lung density, depending on the patient’s position (supine, prone)
+ The air bronchogram sign
The following signs are usually absent (in the absence of circulatory failure):
+ Kerley lines, peribronchial cuffs
+ Enlargement of the left heart and increased vascular pedicle width

+ Pleural effusion

Resolution Radiographic signs include:

+ Reduction in size of consolidations and ground-glass opacities (the signs of organising pneumonia may not be present)

+ Appearance of typical CT signs of organising pneumonia and changes in the size and configuration of ground-glass opacities

and consolidations

Additional signs:

+ Radiographic signs of resolution should correlate with the evolution of clinical manifestations

+ Radiographic features of lung damage may persist significantly longer than clinical manifestations of the infection

+ The presence of residual lung opacities cannot guide the duration of treatment for this infection and do not constitute an
indication for continued treatment if not accompanied by clinical signs of acute inflammation
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Table 4

Lung Severity Score scale [42]

Tabauua 4

Illkanra cmenenu nopasxcenus aeexux [42]

Degree of lung involvement, % Score

0 0
1-25 1
26 - 50 2
51-75 3
76 - 100 4

Table 5

Chest computed tomography severity score scale [43]

Tabauua 5

Ilxkara maxcecmu nopasxcenus aeekux no OAHHbIM
KomnvtomepHoi momoepaguu [43]

Findings Score
Normal attenuation 0
Ground-glass attenuation 1
Consolidation 2

20 segments (modified classification: 19 lung segments, with one segment
being divided into two)

Maximum total score: 40 points (20 x 2)
Interpretation:

The total score of 19.5 or above was predictive of a severe course with a 83.3%
sensitivity and a 94% specificity

Table 6

CO-RADS scale [47, 48]

Tabauua 6

1llkasa kamezopuaavroli cxemobl KOMNLIOMEPHOU

momozpaghuu 045 nauuenmos c nodosperuem
na COVID-19 [47, 48]

|
1 Very low Normal or non-infectious abnormalities
2 Low {\bnor.malities consistent with

infections other than COVID-19

3 Indeterminate Unclear whether COVID-19 is present
4 High Ql:ngavrtl)i-t:;s suspicious
5 Very high Typical COVID-19
6 PCR*
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of COVID-19 (p < 0.001), worsening of clinical status
(p <0.001), and an increase in the extent of pulmonary
involvement (p < 0.001). Other CT findings revealed at
initial examination (ground-glass opacity, consolida-
tion, and crazy paving sign) did not show any correla-
tion with the severity of clinical status and had no prog-
nostic value for predicting the worsening of the clinical
status. This is indirectly confirmed by some clinical ob-
servations of patients with radiographic patterns of simi-
lar nature and extent showed different clinical course of
COVID-19.

In literature, there is no consensus regarding the prog-
nostic value of separate CT findings. P.Lyu et al. showed
that the volume of areas with consolidation and the ex-
tent of the crazy-paving pattern were significantly great-
er in severe cases than in mild cases of COVID-19 [50].
The study by F Liu et al. demonstrated the prognostic
value of the extent of ground-glass opacities for predict-
ing the worsening of clinical status. The most common
sign reported in this study was a combined pattern (any
combinations of ground-glass opacities and consolida-
tion) [51].

Correlation between polymerase chain reaction results
and chest computed tomography findings

In most studies, CT findings were generally correlated
with PCR results [1, 4—6, 52]. There have been, howev-
er, some publications reporting positive CT findings de-
spite the negative result of the initial screening PCR test.
In the study by X. Xie et al. [52], five out of 167 patients
with negative initial PCR tests had typical CT features of
COVID-19 pneumonia. In all these five patients PRC be-
came positive 2 — 8 days after CT examination. In contrast,
seven out of the 167 patients had a normal initial CT, de-
spite a positive initial PCR. Within five days after the ini-
tial CT, imaging signs of viral pneumonia were observed in
one of these patients, while the follow-up data of the other
six patients were not reported. Similarly, M.Chung et al.
[40] reported that in their study three of 21 patients with
a confirmed diagnosis did not have ground-glass opacities
or consolidation on their initial CT scans but at the time
of re-examination two of them demonstrated positive CT
findings. No information was reported about the results of
their confirmatory laboratory tests.

H.Kim et al. [53] performed a meta-analysis to evalu-
ate diagnostic values of chest CT and PCR. For chest CT
scans, the positive predictive value (PPV) ranged from 1.5
to 30.7%, and the negative predictive value (NPV) ranged
from 95.4 to 99.8%. For PCR, the PPV ranged from 47.3
to 96.4%, whereas the NPV ranged from 96.8 to 99.9%.
The authors reported that the pooled sensitivity was 94%
for chest CT and 89% PCR. The pooled specificity for
chest CT was only 37% (95% CI: 26, 50%). The authors
suggested that considering a low specificity of CT there is
a large gap between PPV levels of chest CT and PCR in
low-prevalence regions, especially in areas with a preva-
lence less than 10%.

These data suggest a high probability of false posi-
tive CT findings. This obviously dictates the need for fol-
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Figure 5. Patient A. 48 years. Moderate COVID-19, complicated by
bacterial superinfection. Computed tomography, axial slices,
14" day of the disease. Bronchopneumonia features: tree-in-bud
sign (1) in the upper left lobe, segmental consolidation with air
bronchogram (2). COVID-19 features: bilateral round-shaped foci
of ground glass (3)

Puc. 5. MMauuent A., 48 ner. CpenHersixenoe tedyeHue COVID-19,
OCJIOKHUBIIIEECS IPUCOENUHEHNEM OaKTepuaibHOM nHMekmn. Kom-
MbIOTepHasl TOMOrpaMMa, akCUalbHble cpe3bl, 14-e cyTKu 3aboneBa-
HUSI: TIPU3HAKKU OPOHXOTTHEBMOHUY — CUMIITOM «JIepeBO B moukax» (1)
B BEpPXHeEii 1071€ JIEBOT'O JIETKOT0; YYaCTOK KOHCOIUIALIMY C BO3AYIIHOMN
oponxorpammoii (2). IlpusHaku COVID-19 — OwunarepanbHble
YUYacCTKM «MaTOBOT'O CTEKJIa» OKpyrioi hopmbl (3)

low-up examinations of people with confirmed discase,
resulting in higher healthcare costs and an increasing bur-
den on the healthcare system, as well as growing anxiety
on the part of each individual patient and the general pop-
ulation. Moreover, patients with chest CT findings that
are only suspicious of COVID-19 could be placed in quar-
antine, which may cause household problems, difficulties
arranging care for children, disabled individuals, or elderly
people, or delays in scheduled medical appointments and
procedures.

Imaging and etiological diagnosis

Imagining modalities have a high sensitivity for lung in-
volvement in cases suspected for COVID-19. Nevertheless,
all of them, including CT, show a low specificity because
the same findings can be observed in different lung in-
fections. Certain radiographic findings and their com-
binations (Table 2) suggest the presence of COVID-19
with a certain probability [33]. The differential diagnosis
should primarily include other types of viral pneumonia
caused by other coronaviruses (SARS and MERS) and
adenoviruses [2, 54, 55].

Pneumonia caused by influenza viruses, adenoviruses,
and pneumoviruses (respiratory syncytial virus and hu-
man metapneumovirus) may have CT features similar
to those of COVID-19. However, they rarely manifest by
subpleural lesions. In addition, due to certain pathogenet-
ic factors ground-glass opacities or consolidations can de-
velop in the centrilobular regions [55].

Complications of the novel coronavirus infection
(COVID-19)

The following complications of COVID-19 that should
be kept in mind while interpreting chest CT findings in-
clude: pulmonary embolism (PE), in situ thrombosis of
pulmonary vessels, acute heart failure with cardiogenic
pulmonary oedema, bacterial superinfection (Figure 5),
exacerbation or worsening of chronic lung disease, and
treatment complications (pneumothorax, pneumomedi-
astinum, and hematomas) (Figure 6).

Figure 6. Consequences of the therapy in several patients with severe COVID-19: A, patient T. 74 years, in the
intensive care unit department, mechanical ventilation in prone-position. Clinically there is a hematoma at the
anterior wall of the right hemithorax. CT, axial slices, 9" day of the disease. Right thoracic muscles are increased
in volume (1); stranding and oedema of the anteriolateral subcutaneous fat tissue (2); B, patient K. 74 years, in the
intensive care unit department on the mechanical ventilation. CT, axial slices, 2" day of the disease. Pneumome-
diastium (1), subcutaneous emphysema (2). Subtotal increased attenuation of the lung parenchyma (3)

Puc. 6. ITocneacTtBusi MpoOBOAMMON Teparuy Yy HEKOTOPBIX MAlMEHTOB ¢ TspKeIbIM TedeHneM COVID-19: A —
nanueHt T., 74 JeT, HaXOAUTCS B OTIACICHUN PeaHMMAIlUA U MHTEHCUBHOM TepaIvu, TPOBOIUTCS UCKYCCTBEH-
Hasl BEeHTUJISILIMSL JIETKUX B IPOHABbHOM mo3uinu. OOBeKTUBHO y MAIIMeHTa OTpeiesisieTcs] O0LIMpHasi reMaToMa
MPaBOI TIOJIOBUHBI TPYIHOU KiIeTKU. KoMIbIoTepHast ToMOTpaMMa, aKCUaJIbHBII cpe3, 9-¢ CYTKU OT Havasa 3a-
0oJeBaHuUs: MPpaBble IPYIHbIC MBILILBI YBEIUUYEHbI B 00beMe (1); MOIKOXHO-KMPOBasi KIeTyaTka nepeaHenare-
paJbHOI TTOBEPXHOCTHU MPABOi MTOJOBUHBI TPYIHON KJIETKU OoTevHa, Tskucta (2); B — mauuenr K., 74 ner, Ha-
XOMIUTCS B OTACICHUM PeaHUMAllMU U UHTEHCUBHOI Tepanuu, MPOBOAUTCSI UCKYCCTBEHHAsT BEHTUIISILIMS JIETKUX.
KowmribioTepHast TomorpaMMa, akCHalIbHBIN cpe3, 2-¢ CYyTKM OT Hauajia 3abosieBaHus. [THeBMoMmenuactTuHym (1),
sMmbuzema MArKux TkaHei (2). CyoToTajbHOE YIJIOTHEHME JIETOUHOM MapeHXUMBbI (3) MO TUITy «MaTOBOTO CTe-

KJIa» 1 KOHCOJIMaalunn
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Pulmonary embolism and in situ thrombosis are as-
sociated with endothelial damage, systemic inflammato-
ry reaction, and, as a consequence, hypercoagulation [24,
56]. Suspected PE is an absolute indication for CT angi-
ography. It is, however, rather difficult to suspect throm-
boembolism in the absence of its typical clinical signs
because markers of clot formation are eclevated due to
COVID-19.

Conclusion

Cardiogenic oedema is another complication of COVID-19.
Its manifestation can be associated both with a direct cy-
totoxic effect of the virus on the myocardium and vascu-
lar endothelium and exacerbation of chronic heart failure
[57—59]. CT findings include bilateral subtotal consolida-
tions and ground-glass opacities with air bronchogram lo-
cated in the middle and upper lung zones and intralobular,
interlobular, and peribronchovascular interstitial thicken-
ing. There are also gradients in lung density, depending on
the patient’s position (supine, prone) and hyperinflation
of basal segments. As circulatory failure progresses, pul-
monary abnormalities also become more prominent, pa-
tients develop plural effusion (unilateral or bilateral), and
enlargement of the left heart becomes visible by imaging
modalities [33, 60].
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Abstract

A literature review of the main issues of ultrasound diagnosis during the period of the SARS-CoV-2 coronavirus infection pandemic. The review
shows the key aspects of ultrasound, the experience of foreign colleagues, reflecting the basic principles of ultrasound diagnostics when working with
infected patients, the methodology of the distribution of people into the streams with their increased admission to hospitals in a pandemic.
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[pencraieH 0630p JUTEPATYPhI 10 OCHOBHBIM aCIEKTaM MPOBEAEHHUS YIbTPAa3ByKOBOIO UCCIEIOBAHMS JIETKUX Y OOJbHBIX B IEPUOJL NAHIEMUU
kopoHaBupycHoi nHbekimn SARS-CoV-2, oCHOBaHHBIM Ha OIbITE BEIYLIMX HAayYHBIX LIEHTPOB pa3HbIX cTpaH. [IpogeMoHCcTpupoBaHa nep-
CMEKTUBHOCTh MPUMEHEHUST JAHHOTO MeTOa Y OOJIbHBIX C MATOJIOTUEH JIETKUX, OCOOEHHO B YCIOBUSIX MOAOOHOI MAaHAEMUMN.

KnioueBble c10Ba: yabTpa3ByKoBasi AMarHOCTHKA, KOPOHaBUPYCHast UHGEKLUsI, YIbTpa3ByKoBoe ucciaenosanue jgerkux, COVID-19, nueBMoHMs,
TTaHIEeMUSI.
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B YCJIOBMSIX HOBOW KopoHaBupycHoM nHdekmu SARS-CoV-2. [Myavmononoeus. 2020; 30 (5): 671—678. DOI: 10.18093/0869-0189-2020-30-5-

671-678

It is hard to imagine current real-life clinical practice
without a wide use of imaging diagnostic techniques, par-
ticularly ultrasonography (U/S). In recent years, suspect-
ed pulmonary abnormalities have been considered as in-
dications for this examination. This method has a whole
range of attractive features, such as availability, non-inva-
sive nature, painfulness, absence of direct contraindica-
tions, relative easy to use, lack of need for patient prepa-
ration, safety, and harmlessness due to its free-radiation
nature, demonstrated in a number of studies. These fea-
tures make it possible to use lung U/S in a wide range of
patients, including pregnant and lactating women, adults,
children, and patients with implanted pacemakers, metal
implants, and other foreign bodies. This modality has be-

come especially popular in these days, when the world is
being affected by a “novel” infection and the number of
hospitalised patients has risen dramatically.

Itiswell known that multiple cases of pneumonia of un-
known etiology were first reported in workers of the Huanan
Seafood Market selling meat and fish, in the Chinese city
of Wuhan, in December 2019. On 1 December 2019 the
Chinese authorities reported the spread of pneumonia
of unknown etiology to the World Health Organisation
(WHO). On 30 January 2020 WHO declared multiple cas-
es of coronavirus infection as a public health emergency
of international concern. On 11 February 2020 the disease
was named COVID-19, which states for coronavirus dis-
ease-2019. The International Committee on Taxonomy of
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Viruses (ICTV) announced “severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)” as the name of the
virus causing this infection [1].

Coronavirus infection is an acute viral disease with
a primary lesion of the upper respiratory tract caused by
single-stranded, positive-sense RNA virus, belonging to
Betacoronavirus of the family Coronaviridae. It has been
spreading around the world in 2019 and 2020, and has
been responsible for a huge number of deaths and enor-
mous economic losses [2].

Of note, the identified pathogen was first described as
early as the middle of the 20" century. By January 2020,
Coronaviridae was already viewed as a separate family of vi-
ruses including 40 species of enveloped RNA viruses. This
family is organised in two sub-families of viruses which
infect humans and animals. These viruses are named for
the large club-like spikes protruding from their envelope
like the spikes of a crown. The latter mediates coronavirus
entry through the cell membrane by mimicking molecules
to which transmembrane cell receptors bind [1, 2].

At present, there are four known coronaviruses cir-
culating in the human population (HCoV-229E, HCoV-
0C43, HCoV-NL63, and HCoV-HKU1), which are al-
ways reported among pathogens causing acute respiratory
viral infections (ARVI) and are often responsible for mild
or moderate respiratory disease. This virus has been clas-
sified as a hazard group (HG) 3 pathogen (which corre-
sponds to HG2 in the Russian classification). The virus
enters the human body through epithelium in the upper
respiratory tract, stomach and intestine. The pathophys-
iology involves an increased permeability of cell mem-
branes and enhanced outflow of albumin-rich fluid into
alveoli caused by the virus. This leads to degradation of
surfactant, resulting to alveolar collapse and acute respi-
ratory distress syndrome. Concomitant immunosuppres-
sion contributes to the development of opportunistic bac-
terial and fungal respiratory infections [2].

Computed tomography (CT) is the most informative
and highly accurate imaging modality that produces the
most detailed images possible of thoracic organs and al-
lows for staging of the disease (classifying it into one of the
five stages). It is used in the second step of the diagnostic
pathway to confirm the diagnosis after an initial chest ra-
diography has been performed [3].

The high number of infected people in the Russian
Federation (as of 8 June 2020 there were 476,658 doc-
umented cases) [4] and the resulting enormous burden
on the healthcare system suggest the need for the devel-
opment of additional optimal diagnostic algorithms for
pneumonia. The list of mandatory diagnostic examina-
tions. provided in the 2019 Russian Clinical Treatment
Guidelines for Pneumonia, does not include ultraso-
nography (U/S). The provision related to performing
lung ultrasonography in 2020 during the COVID-19
pandemic has, however, been modified by including
a provisional guidance allowing specialists to use ultra-
sound to detect pneumonia in the COVID-19 environ-
ment [5]. The greatest advantages of this technique in-
volve the following:

+ it can be used as a bedside method and in resuscitation
divisions;

* it is radiation-free;

» ultrasound devices are easy to disinfect.

There is general agreement that U/S is not acceptable
for assessment of lung parenchyma because of a high vol-
ume of air in the alveoli and the fact that ultrasound waves
are largely scattered in air media. This is, however, true
for normal lung tissue, but pathological processes, for ex-
ample pulmonary oedema, are associated with changes in
pulmonary resistance, leading to the appearance of typical
structures visualised by ultrasound [6].

The first reports about visualization of lung tissue in
pneumonia were made by the Russian scientist Y. Bogin
as early as fifty years ago [7]. At that time, visualisation
of the chest was possible by applying transducers along
the standard lines. On ultrasound images pneumonia ap-
peared as inhomogeneous opacities in lung parenchy-
ma [7]. At present, ultrasonography easily differentiates
tissues from fluid-filled structures, which appear as diffuse
opacities on radiographic images.

Diagnostic ultrasonography can be helpful in obtain-
ing the following clinically important information:

* to detect pleural effusion, to determine the amount
of fluid and its relationship to the chest wall, and to
choose the optimal puncture point for thoracentesis;

* to detect pleural empyema (its location and extent);

* to detect pneumonia (determine the location, extent,
and patterns of pneumonic lesions, identify potential
complications, and assess residual abnormalities in the
lungs and pleura after achievement of clinical cure);

* to carry out dynamic follow-up of pulmonary and pleu-
ral disorders and evaluate the efficacy of treatment;

» to perform differential diagnosis between malignant
and benign tumours of the lungs and pleura;

* to monitor the status of the pleural cavity, the degree
of lung expansion, and the development of fibrothorax
following surgical procedures on the lungs and pleura;
and to assess the outcomes of surgical treatment [8].
Ultrasound diagnosis of pneumonia is mainly based

on the use of the BLUE (Bedside Lung Ultrasound in

Emergency) protocol. In fact, it is a bedside lung ultra-

sound protocol for emergency situations, which was pro-

posed by D.A. Lichtenstein in 2008. This protocol was de-
veloped as a 3-minute screening tool to identify the causes
of acute respiratory failure in intensive care unit patients.

It allows for the differentiation between some pathologies,

such as pneumothorax, pulmonary oedema, pulmonary

embolism, pneumonia, chronic obstructive pulmonary

disease, and asthma [6].

To be able to detect abnormal lung parenchyma on
ultrasound scans, it is necessary to have a good under-
standing of the normal ultrasound lung pattern. In Russia,
ultrasound diagnostic procedures are allowed to be per-
formed by doctors specialising in ultrasound diagnos-
tics [9], anaesthesiology and resuscitation [10], emergen-
cy medicine [11], or cardiology [12]. The accuracy of the
examination depends on the correct choice of a transducer
for a particular area of interest. There are three types of
transducers: linear with a frequency range of 5 — 15 MHz
and the maximum depth of penetration of 10 cm, stan-
dard convex with a frequency range of 2 — 7.5 MHz and
the maximum depth of penetration of 25 cm, and sector
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with a frequency range of 1.5 — 5 MHz. These types have
different ratios of the frequency and depth of penetration.
Convex and sector transducers can be used to visualise
deep structures, while linear transducers are suitable for
visualisation of the pleura [13].

Ultrasound examination is most often performed in
supine position, but can also be done in semi-recumbent
or lateral positions. Each lung is divided into three zones
(anterior, lateral, and posterior) delineated by the para-
sternal, anterior axillary, posterior axillary, and paraver-
tebral lines.

The ultrasound transducer is placed longitudinally
over a lung intercostal space (LIS). Scanning begins ante-
riorly cranially and progress down to the diaphragm along
the parasternal line, with each LIS being scanned. The an-
terior axillary, posterior axillary, and paravertebral areas
are examined in the same way. If any abnormalities are
detected in any LIS, this space should be examined more
thoroughly.

Key landmarks

The pleural line: a thin line representing the pleura, which
is seen as a hyperechoic line below the ribs and moves with
breathing (Figure 1).

A-lines: repetitive, horizontal, linear arterfacts located
at regular intervals behind the pleural line and accompa-
nied by lung sliding; these are signs of the normal lung
pattern. A-lines not accompanied by lung sliding are in-
dicative of pneumothorax. Lung sliding (demonstrated in
B-mode) represents motion of the visceral pleura. This
sign is indicative of the normal lung pattern and the ab-
sence of pneumothorax (Figure 2).

B-lines: single (< 3 in one LIS) hyperechoic vertical
artefacts that originate from the pleural line and appear
as a comet tail. They move in synchrony with lung slid-
ing and look like a laser beam. B-lines are indicative of
normal lung (Figure 3); however, an increased number of
B-lines (> 3 in one LIS) is a marker of pulmonary oe-
dema (interstitial syndrome) (Figures 4, 5). Of note, the
detection of B-lines is not 100% specific to COVID-19-
associated pneumonia [5].

Figure 1. Pleural and A-lines: 1, pleural line; 2, A-line (changes, [14])

Puc. 1. IlneBpanbHas u A-nuHumn: 1 — ruieBpasibHasi, 2 — A-JMHUKU
(c uzm., [14])
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Figure 2. Symptom of pneumothorax of the lung [14]
Puc. 2. [Ipu3znak mHeBMOTOpakca jerkoro [14]

Figure 3. Normal lung [14]
Puc. 3. HopmanbsHoe nerkoe [14]

Figure 4. A sign of interstitial pulmonary edema. The arrows indicate
B-lines [ 14]

Puc. 4. I1pu3HaK MUHTEPCTULIMAIBHOTO OTeKa Jierkoro. Crpejakamu

ykazaHbl B-nmunuu [14]
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Three B-lines

One B-line

Two B-lines

Five B-lines

Full white screen = 10 B-lines

Figure 5. Single and multiple presence of B-lines in the ultrasound picture of the lung [14]

Puc. 5. ETMHUYHbBIE 1 MHOXECTBEHHbIC B-JIMHUM TTPU yJIbTPa3BYKOBOM MCCJIEIOBAHUY JIETKOTO [ 14]

The «sea coast» (Seashore Sign) (demonstrated in
M-mode) is indicative of normal lung sliding and rules
out pneumothorax (Figure 6).

Figure 6. Sign of the “sea coast” in M-mode [14]
Puc. 6. I[IpusHak «Mopckoro 6epera» B M-pexume [14]

Figure 7. Barcode sign in M-mode [14]

Puc. 7. [IpusHaxk «1tpuxxkona» B M-pexume [14]

The barcode sign (demonstrated in M-mode) indicates
the absence of lung sliding and the presence of pneumo-
thorax (Figure 7).

The quad sign (The Quad Sing) (demonstrated in
B-mode) is indicative of pleural effusion. It consists of
lines representing the parietal pleura (pleural line), viscer-
al pleura (lung line), and ribs on both sides (Figure 8).

The sinusoid sign (a sign of pleural effusion demonstrated
in M-mode) indicates the movement of the lung line to-
ward the pleural line on inspiration (Figure 9).

The tissue-like sign, also known as lung hepatisation,
indicates lung consolidation (Figure 10). On ultrasound
scans, lung tissue takes the appearance of liver tissue.

The shred sign, also known as the fractal sign, con-
sists of an irregular (shredded) deep border (fractal line)
of an area of consolidation. It appears as a hyperechoic
border between the consolidated and normal lung tissue
(Figure 11).

Figure 9. Pleural effusion in M-mode:
1, pleural line; 2, line of the lung;
3, fluid (changes, [14])

Puc. 9. I1neBpaibHbIil BBINTOT

B M-pexume: 1 — rieBpanbHast
JINHUS, 2 — JIMHUSI JIETKOTO,

3 — KuakocTh (¢ u3M., [14])

Figure 8. Pleural effusion
in B-mode: 1, pleural line;
2, line of the lung
(changes, [14])

Puc. 8. [1neBpanbHbIil BBITTOT
B B-pexxume: 1 — ruieBpasib-
Hasl JIUHUS, 2 — JTMHUS
JIerkoro (¢ usm., [14])

674

Mynbmoxonorus « Pumonologiya. 2020; 30 (5): 671-678. DOI: 10.18093/0869-0189-2020-30-5-671-678



Figure 10. Lung consolidation [14]
Puc. 10. Konconuupanus nerkoro [14]

Figure 11. The arrows indicate an uneven, torn line (changes, [14])

Puc. 11. Crpesikamu yKazaHa HEpOBHasl, pBaHasi JIMHUA (C U3M., [14])

The key ultrasound signs of COVID-19-associated
pneumonia include:

» Irregularity, thickening, and fragmentation of the
pleural line and absence of the pleural line along the
border of consolidation;

+ Appearance of B-lines in a variety of patterns (single,
multiple, confluent, i.e. white lung appearance);

* Appearance of A-lines during recovery phase;

* Pleural effusion: uncommon and usually not abun-
dant. It can be of various shape and size, which de-
pends on the amount and distribution of fluid in the
pleural cavity;

* Various types of consolidation lesions: local cortical,
extended cortical, segmental or lobar [15].

The ultrasonographic features of SARS-CoV-2 pneu-
monia are related to the stage of disease, the severity of
lung injury, and comorbidities. The predominant pattern
is varying degrees of interstitial syndrome and alveolar
consolidation, the degree of which is correlated with the
severity of the lung damage. A recognized limitation of
lung ultrasonography is that it cannot detect lesions that
are deep within the lung, despite the potential of modern
transducers, i.e., the abnormality must extend to the pleu-
ral surface to be visible with on ultrasonography examina-

Reviews « 0630pbl

tion. Chest CT is required to detect pneumonia that does
not extend to the pleural surface [15].

International experience with lung ultrasound

Italian specialists developed a primary assessment proto-
col to evaluate the health status of people with suspect-
ed coronavirus infection. They recommended scanning
14 areas in each patient for 10 s [16], making these scans
covering the widest possible surface area. Each area was
scored on a 0 — 3 scale, as follows: A score of 0 is giv-
en when the pleural line is continuous and regular, with
the presence of horizontal artefacts, usually referred to as
A-lines. A score of 1 is given when the pleural line is in-
dented, with vertical areas of white visible below. A score
of 2 is given when the pleural line is broken and there are
small to large areas of consolidation (darker areas) under
the broken site with associated arcas of white below (white
lung pattern). An area is given a score of 3 when the scan
shows dense and largely extended white lung tissue, with
or without bigger consolidations.

Bedside ultrasound allowed for faster examina-
tion, which helped timely assess the need for hospital-
isation. This examination was performed in more than
60.000 patients with signs of inflammation (fever and
cough) to rule out pneumonia. One of such studies in-
cluded twelve patients with flu-like symptoms and sus-
pected COVID-19 (nine men and three women; mean age
+ standard deviation, 63 % 13 years old, who were admit-
ted to the Guglielmo da Saliceto Hospital over a period
of 4 — 10 days. In two patients ultrasonography detected
pulmonary emphysema without concomitant respiratory
failure, and three patients had posterior subpleural con-
solidations. Chest CT scan was performed in all patients
and showed a strong correlation with U/S: Five of 12 pa-
tients had a crazy-paving pattern, i.e. a combination of
ground-glass opacity and interlobular septal thickening.
Organizing pneumonia was confirmed in four patients.
Lung ultrasound was done by two physicians: one was re-
sponsible for the technical procedure, and the other in-
terpreted the images obtained, which also contributed to
faster detection of abnormalities [17].

A similar procedure was introduced in a paediatrics
department for the evaluation of children with suspect-
ed COVID-19, based on the use of lung ultrasound by
one paediatrician and another assistant. The paediatri-
cian prepared the ultrasound pocket device, which com-
prised a wireless probe and a tablet. The probe and tablet
were placed in two separate single-use plastic covers. The
paediatrician used the probe and did the lung ultrasound,
the assistant held the tablet and froze and stored the imag-
es, touching neither the patient nor the surrounding ma-
terials. The stethoscope was not used because there was
a probability to mistakenly touch the patient’s mucous
membranes with it. This ultrasound procedure was there-
fore substituted for lung auscultation and significantly re-
duced doctors’ risk of exposure [18].

The National Health Service in England did not even
mention lung ultrasound in its clinical guidelines on triage
of patients with COVID-19, specifying instead chest X-ray
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and CT as the first-line diagnostic imaging tools for equiv-
ocal cases [16].

Experts of the People’s Republic of China (PRC) have
recommended performing early chest CT before clinical
manifestations for screening suspected patients. However,
the high contagiousness of SARS-CoV-2 and the risk of
transporting unstable patients with hypoxemia and hemo-
dynamic failure made chest CT a limited option for the
patient with suspected or established COVID-19. This ex-
plained the introduction of lung ultrasound, which is still
an important diagnostic tool even if it has not yet been
fully evaluated [15].

Chinese specialists reported that lung ultrasonogra-
phy gives the results that are similar to those of chest CT
and superior to standard chest radiography for evaluation
of pneumonia and/or adult respiratory distress syndrome
with the added advantage of ease of use at point of care,
repeatability, absence of radiation exposure, and low cost.
It is useful for rapid assessment of the severity of SARS-
CoV-2 pneumonia, detecting the signs of disease progres-
sion, and assessing the need for extracorporeal membrane
therapy and ventilatory support.

A comparative study of lung U/S and chest CT on a
group of 20 patients with COVID-19 demonstrated spe-

Table

Computed tomography and ultrasonographic features of
COVID- 19 pneumonia [15]

Tabauua

Ocobennocmu nneemonuu COVID-19

npu KoMnbIOMeEPHOU momozpaguu

U yabmpa3zeykoeom ucciedosanuu aeexux [15]

Lung CT Lung ultrasound

Thickened pleura Thickened pleural line (can be observed in
interstitial syndrome due to the appearance
of artefacts in the initial stage of

pneumonia)

Ground-glass shadow (loss of
lung aeration and partial collapse
of the alveoli) and effusion

B-lines (multifocal or confluent)

Pulmonary infiltrates (lung
consolidation due to
accumulation of fluid)

Confluent B-lines (in case of the
development and progression of alveolar
oedema)

Subpleural consolidation Small consolidation

Both non-translobar and translobar
consolidation

Translobar consolidation

Pleural effusion is rare Pleural effusion is rare

More than two lobes affected Multilobar distribution of abnormalities

Atypical in lung CT images in the
early stage, then diffuse
scattered with the progress of
the disease, further lung
consolidation

B-lines are the main feature in the early
stage, mild infection, and in convalescence
period; alveolar interstitial syndrome is the
main feature in the progressive stage and
in critically ill patients; pleural line
thickening with uneven B-lines can be seen
in patients with pulmonary fibrosis

cific features that can be detected by each of these imaging
modalities (see Table) [15].

Conclusion

To summarize, accumulated clinical experience with
lung ultrasonography suggests that it is quite a promising
and informative method, allowing for a rapid detection
of structural lung abnormalities. Expertise of specialists
from different countries demonstrates that the results of
completed studies made it possible to view lung ultra-
sound as an important component of primary diagnos-
tic workup for lung damage in patients with COVID-19
infection. It is explained by a number of its advantag-
es, including its availability, ease of use, and high infor-
mative value. In addition, it makes it possible to reduce
the number of healthcare professionals working in the
COVID-19 environment and limit direct contact with
patients. However, there is no doubt that further clinical
trials are required to evaluate the potential of this tech-
nique in different clinical settings.
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Non-invasive ventilation in patients with novel coronavirus
infection COVID-19
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Abstract

In the early stages of the COVID-19 pandemic, many guidelines for the management of patients with new coronavirus infection did not include

recommendations for the use of non-invasive ventilation (N1V) due to the concerns that NIV could be accompanied by high tidal volumes that could

cause lung damage. In addition, there was an opinion that NIV increases the risk of spreading bioaerosol containing the SARS-CoV-2 virus. At the

same time, NIV was widely used in real clinical practice in the management of severe patients with COVID-19 (in some countries, up to 60% of all

respiratory support methods). The accumulated experience demonstrates that when applying NIV, the risk of contamination with viral infections is

minimized with adequate use of personal protective equipment. To date, the results of a limited number of studies about effectiveness of NIV
in hypoxemic acute respiratory failure (ARF) in patients with COVID-19 are available. In most studies, the need for tracheal intubation and hospi-
tal mortality, were on average, 20 — 30%, that suggests a fairly high effectiveness of NIV in ARF in patients with COVID-19.

Key words: coronavirus infection SARS-CoV-2, COVID-19, acute respiratory failure, non-invasive ventilation, continuous positive airway pressure.
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HenHBa3uBHas BeHTUNALMNSA NErkux
npu HOBOW KopoHaBupycHon nHdekumu COVID-19
C.H.Asoees"?
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T (enepalibHoe TocyapcTBennoe OiomKeTHOe Yupeknenne « Hayuro-mecnenoate bCKuii HECTHTYT myabMoHotorii» DexepanbHoro MeauKo-0HO0THIeCKOro areHTCT-
Ba: 115682, Poccus, Mocksa, Opexobiii Oy:ibsap, 28

Pesome

Ha navanpnbix atanax nanaemuun COVID-19 Bo MHOTMX PYKOBOICTBAX MO BEAECHUIO MAlMEHTOB C HOBOW KOPOHABUPYCHOU MHMEKIIUEH OTCYT-
CTBOBAJIM PEKOMEH/IAIIMY 1O MCTIOIb30BAHMIO HEMHBA3UBHOM BeHTUIsIK Jierkux (HBJI) 3 omaceHuii, 4To MOCIESIHSIST MOXKET COIMTPOBOXKIATHCS
BBICOKMMM JbIXaTeIbHBIMM 00beMaMu, CIIOCOOHBIMU BBI3BaTh MOBpeXAeHUe erkux. Kpome toro, cymecrBoBaio Muenue, uro npu HBJI moBbi-
LIaeTcsd PUCK pacrpocTpaHeHust Ouoasposons, conepxauiero supyc SARS-CoV-2. B to xe Bpemsi HBJI goctatouHo IMPOKO UCIONB3YETCS
B peasibHOM KJIIMHUYECKON MPaKTUKe MPU BeAeHUU TskebiX nmanueHToB ¢ COVID-19 (B HekoTOpbIX cTpaHax — 10 60 % Bcex METOIOB pecrupa-
TOPHOU TOMNEepXKK). HaKoTuleHHBII OMBIT MMOKa3bIBaeT, uto npu padore ¢ HBJI puck KoHTaMUHALIMKM BUPYCHBIMU MHMEKIUSIMUA CBOTUTCS
K MUHUMYMY TP aIeKBATHOM MCIOJIb30BAaHUU CPENCTB MHAMBUIYATbHOM 3amuThl. K HacTosIIIieMy BpeMeHU TOCTYITHBI Pe3yJbTaThl HeOOJbIIIO-
TO YHMCJia UCCIe0BaHul, MOCBALEeHHBIX 3¢ dekTruBHOCT HBJI mpu rumokceMuyueckoil ocTpoil AbIXaTelbHON HEAOCTATOYHOCTH y MAlIMEHTOB
¢ COVID-19. IMo pe3ynbrataM OOJBIIMHCTBA UCCAENIOBAHUI MOKA3aHO, YTO MOTPEOHOCTh B MHTYOALIMU TPaxeu W rOCMUTaIbHas JIETAIbHOCTh
B cpenHeM cocTabiisiioT 20—30 %. DTo Mo3BoJIsIeT cliesiaTh BBIBOJ O TOCTATOUHO BbICOKOIT achdexktnBHOCTH HBJI 1ipn ocTpoii IpixatebHOi Heao-
craToyHocTH y nauueHtoB ¢ COVID-19.

KioueBbie ciioBa: kopoHaBupycHast nH(pekius SARS-CoV-2, COVID-19, octpast abixarejbHasi HeIOCTaTOYHOCTb, HEMHBAa3MBHAsI BEHTWIISILIMST
JIETKUX, TIOCTOSTHHOE TOJIOKUTEILHOE IaBICHUE B AbIXaTeIbHBIX MYTSIX.

KoHndumkT uHTEpecoB. ABTOp 3asiBIsieT 00 OTCYTCTBUY KOH(DIMKTA UHTEPECOB.

Nnsa mutupoBanus: ABneeB C.H. HewHBa3uBHasi BEHTWISIIIUS JIETKUX TPU HOBO# KopoHaBupycHoil nHdekiuu COVID-19. [lyasmononoeus.
2020; 30 (5): 679—687. DOI: 10.18093/0869-0189-2020-30-5-679-687

Viral pneumonia and acute respiratory distress syndrome  ARF was the leading cause of mortality in 88% of patients

(ARDS) are the most common complications of the new
SARS-CoV-2 coronavirus infection (COVID-19), lead-
ing to hypoxemic acute respiratory failure (ARF), in
most cases requiring oxygen therapy and respiratory sup-
port [1-3]. Hypoxemic ARF is the leading cause of death
in patients with severe COVID-19 referred to intensive
care units (ICU). Thus, study by Ruan et al., showed that

suffering COVID-19 [4].

Traditionally, early intubation and mechanical ventila-
tion (MV) were considered to improve survival in patients
with ARDS [5]. However, recently published studies from
UK, USA, and China, including COVID-19 patients,
showed an extremely high mortality rate (65 — 92%)
among patients receiving mechanical ventilation [6—8].
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Currently, there is increasing interest in non-invasive re-
spiratory modalities, e.g., high-flow nasal oxygen thera-
py (HFNO) and non-invasive ventilation (NIV).

NIV is a respiratory support method where the main
interfaces (mask or helmet) can be easily applied and
thereafter easily disconnected from the patient air-
ways [9]. NIV has significant advantages over traditional
mechanical ventilation, as the application of artificial air-
ways (endotracheal tube, tracheostomy) is not required,
thus increasing patient comfort, reducing the need for
sedatives, preserving eating and swallowing functions, and
most importantly, significantly reducing the risk of respi-
ratory tract direct injuries and the risk of nosocomial in-
fections [10, 11].

Most often in patients with ARF, the following NIV
modes are used: Continuous Positive Airway Pressure
(CPAP) and pressure support (PS) or a close similar
mode — Bilevel Positive Airway Pressure (BiPAP) [11, 12].
CPAP provides a constant flow of oxygen at a given pres-
sure, which remains constant during inspiration and expi-
ration [11, 12]. PS mode is an assissted mode-in response
to the patient’s inspiratory effort, the ventilator creates
a predetermined level of positive pressure in the airways
during the inspiration phase [11, 12].

The role of NIV in COVID- 19 patients with hypoxemic
AREF is a subject for discussion and debate. Consensus
guidelines issued by the Intensive Care Society, the
Association of Anesthesiologists and the Royal College of
Anesthesiologists states that the use of non-invasive mo-
dalities “should be avoided”, and also states “There is no
survival benefit compared to conventional oxygen therapy,
and the risk of environmental viral contamination may be
higher” [13]. The guideline “Surviving Sepsis Campaign”
recommends attempting NIV only in cases where “high-
flow oxygen therapy is not available and there is no urgent
indication for tracheal intubation”, and under the close
monitoring and frequent assessment for progression of
respiratory failure [14]. The World Health Organization

(WHO) recommends to use NIV only in selected patients
with hypoxemic respiratory failure, under close monitor-
ing by experienced medical staff who can perform tra-
cheal intubation in case of rapid deterioration or no im-
provement after a short trial period [15]. The National
Health Service (UK) recommendations consider NIV as
the first line respiratory support for COVID-19 patients
with hypoxemic ARF [16]. A similar approach was also
adopted in the recommendations from Italy, Spain and
Russia [17-20].

On the other hand, in real clinical practice NIV for se-
vere COVID-19 is widely used almost everywhere. The
proportion of patients requiring non-invasive respirato-
ry support in published studies varies greatly, from 11%
to 96%, with higher rate in China (62% on average) and
lower in North America (20%) [21]. According to a sur-
vey including 1,215 Italian doctors, most of the respond-
ers (62%) used NIV (CPAP and BiPAP) as a first-line
therapy for patients with hypoxemic ARF associated with
COVID-19; 60% of doctors considered indications for
endotracheal intubation (EI) and mechanical ventila-
tion only 1 — 8 h after no response to NIV therapy [22].
A summary of non-invasive respiratory modalities use is
presented in Table 1 [21].

Bioaerosols and protection of healthcare professionals

It is generally accepted that SARS-CoV-2 spreads main-
ly through airborne droplets or through direct contact,
and nosocomial virus transmission from the patient to
medical professionals can be a serious challenge [23].
Biologically hazardous aerosols are usually formed as a
result of so-called aerosol-generating procedures, such
as nebulizer therapy, oxygen therapy, including HFNC,
NIV, tracheotomy [24], and these procedures can expose
health care workers (HCWs) to viral pathogens that cause
acute respiratory infections. According to published data,

Table 1

Respiratory support in cohort studies of SARS-CoV-2 infection

Tabauua 1

Pecnupamopnas nodoepicka ¢ kozopmruuix uccaedosanusx no ungexuyuu SARS-CoV-2

Study ‘

‘ Respiratory ‘ Non-invasive support methods, n (%)

Author Edition, year ‘ Sy ‘ - ‘ AL ‘ support, n (%) ‘ HFOT ‘ NIV ‘ NIRS
Wang D. JAMA, 2020 China  Retrospective SC 138 36 (26) 4(11) 15 (42) -
Arentz M. JAMA Netw. Open, 2020  USA Retrospective SC 21 20 (95) 1(5) 4(20) -
Grasselli G.  JAMA, 2020 Italy Retrospective MC 1,591 1,287 (99) - 137 (11) -
Huang C. Lancet, 2020 China  Prospective 4 14 (34) - - 10 (71)
Wang K. Ann. Intensive Care, 2020 China  Retrospective 318 27 (8) 17 (63) 9(3)

Zhou F. Lancet, 2020 China  Retrospective MC 191 99 (52) 41 (41) 26 (26)
Guan W. NEJM, 2020 China  Retrospective MC 1,099 67 (6.1) - 56 (83)
Liao X. MedRixv, 2020 China  Retrospective MC 81 63 (77) 31(49) 22 (35)
Zheng Y. MedRixv, 2020 China  Retrospective SC 34 34 (100) 18 (53) 1(3)

Xu Yang MedRixv, 2020 China  Retrospective MC 69 5(7) - 3 (60)
Xu Yonghao MedRixv, 2020 China  Retrospective MC 45 39 (86) 13 (33) 6 (15)

Note: SC, single-center; MC, multi-center; HFOT, high-flow oxygen therapy; NIV, non-invasive ventilation; NIRS, non-invasive respiratory support methods
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3.8% of Chinese HCWs were infected with SARS-CoV-2
virus [25]. 63% of these cases occurred in Wuhan city;
Italian data are even worse — 14% of HCWs were infect-
ed [26]. How can we reduce the exposure of bioaerosols
on HCWs? The basic protective measure is the wearing
of effective personal protective equipment (PPE) such as
FPP,/N95 respirators, medical suits, gloves, and eye and
face shields [27].

As it was reported by K. E.Remy et al., the risk of virus
spreading in living patients (and not in surrogate inanimate
body models) on NIV has not been studied [28]. In fact,
a number of studies was carried out in healthy volunteers,
using smoke laser lighting techniques on patient simulators,
showing changes and increase of droplet dispersion along
with increasing NIV flow rate [29]. Droplets are particles
> 5 um in diameter that quickly fall to the ground due to
gravity; therefore, they are only transmitted over a limit-
ed distance (e.g. < 1 meter). On the other hand, airborne
transmission refers to the presence of microbes in droplet
cores, which are particles less than 5 um in diameter that
can remain in the air for a long time and can be transmitted
to other people over distances of more than 1 m [30].

D.S.Hui et al. [31] measured airflow using smoke as
a marker, and confirmed the difference between ventilat-
ed and non-ventilated masks by measuring maximum ex-
haled air distances using various oxygen therapy devices:
nasal cannula, Venturi mask, and reservoir mask. The hel-
met has been demonstrated to be the preferred NIV inter-
face in reducing patient aerosol leakage (with dual circuit
NIV configuration) [32]. These authors also demonstrat-
ed that exhaled air dispersion during NIV using various in-
terfaces, including the oronasal mask, is also significant-
ly limited, provided that the mask fits well to the patient
face [33]. In a real human model (control group of healthy
volunteers, patients with catarrhal symptoms and patients
with an acute infectious exacerbation of chronic obstruc-
tive pulmonary disease) A.K.Simonds et al. demonstrat-
ed that NIV using a vented mask produced large fraction
droplets (> 10 wum) compared to baseline amount of drop-
lets (without any intervention) [34]. Such an increase in
the number of large drops was not observed in case of NIV
when using unvented mask and in-line filter in the circuit.

The maximum distance values of exhaled air spread-
ing for different procedures and devices are presented in
Table 2.

A more prominent diffusion and contamination by the
exhaled air is likely in units not equipped with negative
pressure rooms. If negative pressure rooms are not avail-
able, it is recommended to use rooms with natural ventila-
tion with an air flow of at least 160 L/s per patient, as well
as High Energy Particulate Arresting (HEPA) filters [35].

In an observational study by M. Oranger et al., the pro-
portion of HCWs infected with SARS-CoV-2 was simi-
lar before and after the introduction of CPAP therapy in
the COVID-19 department (6% vs 10%) [36]. In a Wuhan
study investigating ingress of infection in HCWs, the
SARS-CoV-2 infection rate was only 1.1% of the total
hospital staff [23], where with most healthcare worker in-
fections occurring in the early stages of the COVID-19
outbreak, resulting from the absent awareness of the high
contagiousness of coronavirus infection, and, therefore,
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Table 2

Maximum distance of spread of exhaled air when using
various procedures and devices

Tabauua 2

Maxcumaavhas ducmanyus pacnpocmpanenus
6bL0bIXAEM020 6030yXa NPU PA3AUMHBIX NPOUCOYPAX

U UCNOAB30GAHUN MeX UAU UHBIX YCMPOUCME

Maximum distance of

Sl exhaled air spread, cm
Nasal cannula oxygen 5 L/min 100
Face mask oxygen 4 L/min 40
Venturi mask oxygen FiO, 40% 33
Oxygen through mask with reservoir 12 L/min <10
CPAP using oronasal mask 20 cm H,0 Minimal
CPAP through nose cones 33
HFOT 60 L/min 17
NIV through full face mask: IPAP 18 cm H,0, EPAP 92
5¢mH,0
NIV through a helmet without a tight fit: IPAP 20 97
c¢m H,0, EPAP 10 cm H,0
NIV through a tight-fitting helmet: IPAP 20 cm H,0, Minimal

EPAP 10 cm H,0

Note: NIV, non-invasive ventilation; HFOT, high-flow oxygen therapy; CPAP, continuous positive
airway pressure; IPAP, inspiratory positive airway pressure; EPAP, expiratory positive airway
pressure.

not sufficient use of individual protection at that time.
Infections in HCWs can be avoided with appropriate per-
sonal protection, even when working with patients on NIV.
As evidenced by only a few cases of infection of healthcare
workers in the later period of the pandemic [37].

Thus, even when using NIV in patients, the risk of
contamination with viral infections is minimized in case
of adequate use of PPE.

Benefits of non-invasive ventilation in hypoxemic
acute respiratory failure patients

Despite controversial recommendations, NIV is regularly
used in hypoxemic ARF patients [38]. Study by G. Bellani
et al., showed that NIV was used in 14.4% of patients with
ARDS (436 of 3,022), and 69% of them (300 of 436) were
treated only using exclusively NIV [39].

In hypoxemic ARF, the main goals are to improve ox-
ygenation, reduce the work of breathing, and reduce dys-
pnea [40]. The first goal can usually be achieved by using
higher levels of positive end-expiratory pressure (PEEP)
to recruit non-ventilated or poorly ventilated alveoli [41].
Increased PEEP may help to keep the alveoli open, lead-
ing to increased functional residual capacity, to decreased
ventilation-perfusion imbalance and shunt, and hence to
an improved oxygenation [40]. In addition, PEEP sta-
bilizes the airway and reduces the heterogeneity of lung
volumes distribution [42]. NIV also decreases respirato-
ry muscles load. The main component reducing the work
of breathing in NIV is a positive pressure on inspiration
(pressure support) [40, 43].
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Recently, a physiological randomized crossover study
concluded that patients with PaO,/FiO, < 200 mm Hg the
use of NIV with a helmet is preferable to HFCN in terms
of optimizing oxygenation and reducing inspiratory effort,
especially in patients with more severe hypoxemia and
a higher work of breathing [44].

In patients with severe community-acquired pneumo-
nia, NIV significantly improved arterial blood oxygen-
ation compared to standard oxygen therapy [45]. In addi-
tion, it was shown that the use of CPAP therapy in patients
with pneumonia and severe hypoxemic ARF, compared to
oxygen therapy, leads to a decreased risk of endotracheal
intubation and invasive mechanical ventilation [46].

The use of NIV in patients with some types of ARF,
including ARDS, reduces the need for EI and mechanical
ventilation. Meta-analysis by R.Agarwal et al., showed that
NIV can improve oxygenation and reduce the risk of EI in
patients with mild ARDS (PaO,/FiO, > 150 mm Hg) [47].
In a recent meta-analysis by B.L.Ferreyro et al., includ-
ing 25 studies with 3,804 hypoxemic ARF patients, it was
shown that NIV using helmets (risk ratio [RR] 0.26) and
face masks (RR 0.76) was associated with a lower risk of
EI compared to standard oxygen therapy [48]. NIV using
both helmets (RR 0.40) and face masks (RR 0.83) was also
associated with a lower risk of hospital mortality.

Limitations of non-invasive ventilation in hypoxemic
acute respiratory failure patients

In contrast to patients with invasive mechanical venti-
lation, for whom there are established protective ven-
tilation protocols, there are currently no ventilation
protocols for NIV aimed at reducing the risk of venti-
lator-associated lung injury. This is possibly one of the
main challenges using NIV in hypoxemic ARF patients.
Consequently, unsafe settings are usually used. For ex-
ample, in the recent European cohort of hypoxemic
ARF patients in more than half of cases tidal volumes
greater than 10 ml/kg of ideal body weight were used
[49]. In this study, tidal volumes greater than 9.5 ml/kg
were a strong predictor of NIV failure, indicating that
close monitoring of tidal volume is necessary. In patients
with persistently high tidal volumes, early invasive ven-
tilation may be a reasonable option to reduce the risk of
ventilator-induced lung injury.

Often too high inspiratory pressures are used for NIV
in severe ARDS patients, leading to an increased transpul-
monary pressure (the difference between end-inspiratory
pressure and intrathoracic pressure). Increased transpul-
monary pressure, on the one hand, can lead to excessive
overdistension of alveoli in non-gravity-dependent areas
of the lungs, and on the other hand, it can cause a signif-
icant increase in dead space. Excessive pressure support
can lead to barotrauma and lung biotrauma [50]. A recent-
ly published study by R.Tonelli et al., showed that hypox-
emic ARF patients with NIV failure had higher transpul-
monary pressure levels (39.5 cm H,O vs 30.5 cm H,0),
and decreased esophageal pressure fluctuations (APes)
during NIV were a clear indicator of NIV success and im-
provement of lung X-ray pattern [51].

The main risk of using NIV in hypoxemic ARF may be
associated with the delayed intubation despite indications
present [52]. Early signs of NIV failure include a higher
score when assessing condition severity using scales (e.g.,
APACHE or SAPS II), and also the absence of improve-
ment in patient condition 1 hour after starting NIV [53].
Studies have shown that the NIV failure is an indepen-
dent risk factor for death in this patient population. But
this risk possibly may be decreased via careful selection of
patients for NIV [54].

First data on the use of non-invasive ventilation
in COVID-19

To date, only a small number of studies are avail-
able on NIV efficacy in hypoxemic ARF patients with
COVID-19 [36, 55—61] (Table 3).

All the published studies were open-label, observa-
tional. And until today there are no randomized con-
trolled clinical trial. And this can be explained by only
a short period of time that NIV was used in COVID-19
clinical practice.

It should be pointed out, that only one of the stud-
ies presented included patients from the intensive care
unit (ICU) [61], and all the other studies were conducted
not in ICU, but in emergency department, pulmonolo-
gy department, specialized departments for patients with
COVID-19 and in intermediate care units (non-invasive
respiratory support department).

This practice reflects modern tendencies, according
to which, as experience accumulates, the use of NIV is
possible not only in the ICU, but also at a “lower level”
units, i.e. in units with less monitoring capacity and a low-
er nurse-to-patient ratio [62]. In addition, today the use
of NIV in acute cases is not limited only to in patient de-
partments, but is successfully applied at earlier stages, for
example, in the emergency department [63].

In published studies, in the majority of COVID-19 cas-
es, the CPAP mode was used (average pressure about 10 cm
H,0), which is explained by its high efficiency in hypoxemic
ARF, and, by the fact that this mode can be implemented
using simpler equipment-flow generators (and not neces-
sarily ventilators). An example of such a flow generator is
the UCL — Ventura Breathing Aid, developed by Mercedes
AMG High Performance Powertrains, specifically for
CPAP therapy in critically ill patients with COVID-19 [64].

Either face masks (oronasal masks) or helmets were
used as the main interfaces in the abovementioned stud-
ies. Potential advantages of the helmet are the possibility
of airtight fastening of this interface in patients with virtu-
ally any facial shape, exclusion of any damage to the facial
skin, and greater comfort for patient [65]. In a study by
B.K. Patel et al. helmet use in patients with ARDS com-
pared to facial masks was associated with a lower need
for EI (18.2% vs 61.5%) [66]. Another helmet advantage
when working with COVID-19 is the minimal bioaero-
sol spreading [27, 32]. Given the fact that helmets are still
rarely used in our medical institutions, it should be em-
phasized that non-vented facial masks are also effective
interfaces for NIV in severe COVID-19 patients.
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Study Design ‘ Patients ‘ Department ‘ PaO,/Fi0,
Observational
s ! Pulmonology
Oranger etal. historical 38 (NIV) ?
it department
14
(control)
Observational, Emergency 131 mm Hg
btz el retrospective E department (CPAP)
87 mm Hg
(NIV)
Pagano et al. Observat_|onal, 18 COVID-19 153 mm Hg
prospective department
BT ciel Observatiqnal, 28 COVID-19 NA
retrospective department
Nightingale Observatiqnal, 2% COVID-19 122 mm Hg
etal retrospective department
n—_— Observational,
Aliberti et al. prospective 157 HDU 142 mm Hg
Observational, 330 Respiratory 151 mm Hg
RENDEE, retrospective (CPAP) Disease Units (CPAP)
138 mm H
177 (NIV) V) g
Observational,
Mukhtar et al. retrospective 39 ICU 170 mm Hg
CoGcTBeHHble  Observational, COVID-19
DaHHble retrospective e department I
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Table 3
Studies on the effectiveness of non-invasive ventilation in COVID-19
Tabauua 3
Hccaedosanus no sgppexmuenocmu neunsasuenoil genmuaauuu aeekux npu COVID-19
Respirators ‘ Interfaces ‘ Regimens Duration Outcomes
Portable NIV Facial . 5
respirators masks CPAP:10cmH,0  5(2-7.5)days EI-23%
Died - 0%
NA Helmets CPAP (n=T1) NA Failure - 88%
NIV (n=7) El - 33%
Died - 74%
NA Helmets CPAP:10cmH,0  NA Died - 61%
CPAP (n = 23): o
NA Masks 12721 cmH0 5 days Died - 50%
BiPAP (n = 5): IPAP
22.4:46.0 cm H,0/
PEEP 10.2 +2.9 cm
H,0
portable NIV Non-vented CPAP 8.75 (7.5 - _
respirators masks 10) cm H,0 TR e
Died - 21%
Flow CPAP 10.8 %23 cm Failure -
generators, RETES H,0 §(3-10)days 4 gy,
El-21.7%
Died - 22.9%
Flow
generators, Helmets, ~ CPAP10.2£1.6 cm NA El - 24.8%
portable NIV masks H,0 (CPAP)
respirators
271.7% (NIV)
NIV: IPAP 17.3 £ n 0
3.0 cm H20/ PEEP %f,j'\;)m“’
95+22cmH,0
NA NA NA 2(2-5)pHen  EI-23%
Died - 26%
NIV Non-vented CLAP (1=55:10.0 4063 410 ,
. (10.0 - 12.2) cm El-27.9%
respirators masks HO days
2
NIV (n = 6): PS 10.0
(8.0-121)cmH,0/ .
PEEP 10.0 (10.0 - RIS
10.3) cm H,0

Note: NIV, Non-invasive Ventilation; ICU, intensive care unit; HDU, high dependency unit; CPAP, continuous positive airway pressure; IPAP, inspiratory positive airway pressure; PS, pressure

support; PEEP, positive end-expiratory pressure; El, endotracheal intubation; NA, not available.

All of these studies included COVID-19 patients with
severe hypoxemic ARF, who met Berlin classification
criteria for moderate-to-severe ARDS [67]: the mean
baseline PaO,/FiO, ratios ranged from 87 to 170 mm Hg,
i.e., according to the classical canons, these patients had
indications for invasive mechanical ventilation. The effi-
cacy of NIV in hypoxemic ARF patients with COVID-19
can be assessed using data on the proportion of intubated
and deceased patients. Of course, the results presented
are rather heterogeneous — patient mortality ranged 0 to

74%, and the need for EI ranged from 22 to 38%. The
highest mortality rate (74%) was observed in emergency
department patients with severe hypoxemia (PaO,/FiO,
87 mm Hg) in Bergamo (Italy). But these results are ex-
plained by the extreme shortage of hospital beds in the
Italian ICUs during the explosive increase of COVID-19
incidence [55]. In general, in most studies, the need for
EI and hospital mortality rates, on average, were 20 —
30%, thus suggesting a fairly high NIV efficacy in ARF
patients with COVID-19.
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Interestingly, previous experience with NIV in hy-
poxemic ARF patients with severe community-acquired
pneumonia and ARDS is difficult to transfer to patients
with COVID-19. For example, according to general-
ly-accepted concepts, the PaO,/FiO, ratio below 150 mm
Hg is regarded as a reliable predictor of NIV failure, i.e.,
it is a direct indication for immediate EI [47, 53]. On the
other hand, it is most likely that baseline PaO,/FiO, ra-
tio in COVID-19 patients, is not a predictor of NIV suc-
cess or failure. For example, in a study by S.Aliberti et al.,
including 157 patients, baseline PaO,/FiO, values in the
success group were even lower than in the failure group
(136 vs 152 mm Hg) [59]. And in the study by C.Franco
et al., including 507 COVID-19 patients, there was also
no difference in mortality among patients with baseline
PaO,/FiO, rations of 201 — 250, 151 — 200 and 101 —
150 mm Hg (20.3, 25.2 and 24.2%, respectively); mortal-
ity was higher (45.5%) only at PaO,/FiO, below 50 mm
Hg [60].

Experience gained in managing COVID-19 patients
showed that NIV may not be a sufficient universal respi-
ratory support method for absolutely all patients with se-
vere COVID-19. In some patients, NIV can temporari-
ly improve oxygenation and respiratory work, but has no
influence on natural disease progression, and ultimately
does not prevent the need for EI and invasive ventilation.
Unfortunately, today we don’t have yet any reliable mark-
ers of disease progression in NIV patients. In a study by
W.Wang et al., including a nationwide cohort of critically
ill COVID-19 patients from China, an elevated D-dimer
level (> 1.5 mg/L) on admission was an indicator of a high
probability of a ventilator requirement [37]. These results
are consistent with evidence that increased D-dimer lev-
els in COVID-19 patients are associated with disease pro-
gression [68].

Large randomized controlled trials are current-
ly in progress to assess the NIV efficacy in critically ill
COVID-19 patients [69—70]. And results of these studies
will help to improve our knowledge of optimal respiratory
support in new coronavirus infection patients.

Conclusion

In the early stages of the COVID-19 pandemic, most
of guidelines for the management of patients with new
coronavirus infection did not contain recommendations
for the use of non-invasive ventilation, due to concerns
that NIV may require high tidal volumes that could cause
lung damage. And also there was an opinion that NIV
increases the risk of bioaerosol spreading, containing
the SARS-CoV-2 virus. At the same time, NIV is wide-
ly used in real clinical practice for the management of
severe COVID-19 patients (up to 60% of all respiratory
support methods in some countries). The accumulated
experience showed that when working with NIV, the risk
of contamination with viral infections is minimized with
adequate use of personal protective equipment. To date,
there are available results of a limited number of stud-
ies on NIV efficacy in hypoxemic ARF patients with
COVID-19. In most studies, the need for endotracheal

intubation and hospital mortality rates, on average, were
20 — 30%, thus suggesting a fairly high NIV efficacy in
ARF patients with COVID-19.

References / [lutepatypa

1. Zhu N., Zhang D., Wang W. et al. A Novel coronavirus from
patients with pneumonia in China, 2019. N. Engl. J. Med.
2020; 382 (8): 727—733. DOI: 10.1056/NEJMo0a2001017.

2. Huang C., Wang Y., Li X. et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet. 2020; 395 (10223): 497—506. DOI: 10.1016/S0140-
6736(20)30183-5.

3. Wu Z., McGoogan J.M. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19) out-
break in China. JAMA. 2020; 323 (17): 1239—1242. DOI:
10.1001/jama.2020.2648.

4. Ruan Q., Yang K., Wang W. et al. Clinical predictors of
mortality due to COVID-19 based on an analysis of data of
150 patients from Wuhan, China. Intensive Care Med. 2020;
46 (6): 1294—1297. DOI: 10.1007/s00134-020-06028-z.

5. Bellani G., Laffey J.G., Pham T. et al. Noninvasive ventila-
tion of patients with acute respiratory distress syndrome:
Insights from the LUNG SAFE study. Am. J. Respir. Crit.
Care Med. 2017; 195 (1): 67—77. DOI: 10.1164/rccm.201606-
13060C.

6. Intensive Care National Audit & Research Centre
(ICNARC). ICNARC report on COVID-19 in critical care,
10 April 2020. Available at: https.//www.icnarc.org/Our-
Audit/Audits/Cmp/Reports

7. Richardson S., Hirsch J.S., Narasimhan M. et al. Presenting
characteristics, comorbidities, and outcomes among 5700 pa-
tients hospitalized with COVID-19 in the New York City area.
JAMA. 2020; 323 (20): 2052. DOI: 10.1001/jama.2020.6775.

8. Hua J., Qian C., Luo Z. et al. Invasive mechanical ventila-
tion in COVID-19 patient management: the experience with
469 patients in Wuhan. Crit. Care. 2020; 24 (1): 348. DOI:
10.1186/s13054-020-03044-9.

9. Rochwerg B., Brochard L., Elliott M.W. et al. Official ERS/
ATS clinical practice guidelines: noninvasive ventilation for
acute respiratory failure. Eur. Respir. J. 2017; 50 (2): 1602426.
DOI: 10.1183/13993003.02426-2016.

10. Avdeev S.N. [Noninvasive ventilation in acute respiratory
failure: from clinical guidelines to the real clinical practice:
Commentary on Clinical guidelines on use of noninvasive
ventilation in patients with acute respiratory failure].
Pul’monologiya. 2018; 28 (1): 32—35. DOI: 10.18093/0869-
0189-2018-28-1-32-35 (in Russian). / ApneeB C.H. Heun-
Ba3WBHAsl BEHTWISILIMS JIETKUX TIPU OCTPOU IbIXaTeJIbHOMI
HEIOCTATOYHOCTH: OT KIIMHUUYECKUX PEKOMEHIAIN! — K pe-
aJTbHOM KIIMHUYECKOM TpakTuke. [lyasmoronoeus. 2018; 28
(1): 32—35. DOI: 10.18093/0869-0189-2018-28-1-32-35.

11. Avdeev S.N. [Non-invasive ventilation in acute respiratory
failure]. Pul’monologiya. 2005; (6): 37—54 (in Russian). /
AsneeB C.H. HenHBasuBHas BEHTWJISAIUS JIETKUX TIPH
OCTPOIl AbIXaTeIbHOU HENOCTaTOYHOCTU. [lyabmoHon02Us.
2005; (6): 37—54.

12. Avdeev S.N. [Non invasive ventilation in patients with
chronic obstructive pulmonary disease in a hospital and at
home]. Pul’monologiya. 2017; 27 (2): 232-249. DOI:

684

MynbmoHonorus « Pumonologiya. 2020; 30 (5): 679-687. DOI: 10.18093/0869-0189-2020-30-5-679-687



13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

10.18093/0869-0189-2017-27-2-232-249 (in Russian). /
AsneeB C.H. HeuHBa3uBHas BEHTWISLMS JETKUX Y MalM-
€HTOB C XPOHWYECKOU OOCTPYKTUBHOU OOJIE3HBIO JIETKUX
B CTallMOHApe W JOMAIIHUX YCIOBUSIX. [lyavmononocus.
2017; 27 (2): 232—249. DOI: 10.18093/0869-0189-2017-27-
2-232-249.

Faculty of Intensive Care Medicine, Intensive Care Society,
Association of Anaesthetists and Royal College of
Anaesthetists. Critical care preparation and management in
the COVID-19 pandemic. Available at: https.//www.icman-
aesthesiacovid- 19.org/critical-care-preparation-and-manage-
ment-in-the-covid- 19-pandemic (Accessed: March 25, 2020).
World Health Organization. Clinical management of severe
acute respiratory infection (SARI) when COVID-19 disease
is suspected: interim guidance, 13 March 2020. Available at:
https.//apps.who.int/iris/handle/10665/33 1446 >show=full
Alhazzani W., Muller M.H., Arabi Y.M. et al. Surviving sepsis
campaign: Guidelines on the management of critically ill adults
with coronavirus disease 2019 (COVID-19). Crit. Care Med.
2020; 48 (6): e440—469. DOI: 10.1097 /ccm.0000000000004363.
NHS. Guidance for the role and use of non-invasive respi-
ratory support in adult patients with COVID-19 (confirmed
or suspected). 6 April 2020, Version 3. Available at: https.//
www.england.nhs.uk/coronavirus/wp-content/uploads/
sites/52/2020/03/specialty-guide- NIV-respiratory-sup-
port-and-coronavirus-v3.pdf

Vitacca M., Nava S., Santus P. et al. Early consensus man-
agement for non-ICU ARF SARS-CoV-2 emergency in
Italy: From ward to trenches. Eur. Respir. J. 2020; 55 (5):
2000632. DOI: 10.1183/13993003.00632-2020.

Troosters T. Managing the respiratory care of patients with
COVID-19: Italian recommendations. European Respiratory
Society; 2020, Mar. 23. Available at: https.//www.ersnet.org/
covid- 19-blog/sharing-italian-recommendations

. Cinesi Goémez C., Pefiuelas Rodriguez O., Lujan Torné M.

et al. Recomendaciones de consenso respecto al soporte
respiratorio no invasivo en el paciente adulto con insuficien-
cia respiratoria aguda secundaria a infeccion por SARS-
CoV-2. Arch. Bronconeumol. 2020; 56 (2): 11-18. DOI:
10.1016/j.arbres.2020.03.005.

Avdeev S.N., Tsareva N.N., Merzhoeva Z.M. et al. [ Practical
guidance for oxygen treatment and respiratory support of pa-
tients with COVID-19 infection before admission to intensive
care unit]. Pul’monologiya. 20; 30 (2): 151-163. DOI:
10.18093/0869-0189-2020-30-2-151-163 (in Russian). /
AsneeB C.H., Ilapea H.A., MepxoeBa 3.M. u np.
[MpakTyeckrue peKOMEHIALMU I10 KHCIOPOIOTepariuu
U pecnupaTopHOil moamepxke mamueHToB ¢ COVID-19
Ha fopeaHUMallMOHHOM aTane. [Iyasmornonoeus. 2020; 30 (2):
151—163. DOI: 10.18093/0869-0189-2020-30-2-151-163.
Crimi C., Noto A., Cortegiani A. et al. Noninvasive respira-
tory support in acute hypoxemic respiratory failure associat-
ed with COVID-19 and other viral infections. medRxiv
[Preprint. Posted: 2020, May 26]. DOI: 10.1101/2020.
05.24.20111013.

Attanasi M., Pasini S., Caronni A., Pellegrino G.M. et al.
Inpatient care during the COVID-19 pandemic: A survey of
Italian physicians. Respiration. 2020; 99 (8): 667—677. DOI:
10.1159/000509007.

Lai X., Wang M., Qin C. et al. Coronavirus disease 2019
(COVID-2019) infection among health careworkers and

Reviews « 0630pbI

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

implications for prevention measures in a tertiary hospital in
Wuhan, China. JAMA Netw. Open. 2020; 3 (5): €209666.
DOI: 10.1001 /jamanetworkopen.2020.9666.

Tran K., Cimon K., Severn M. et al. Aerosol generating pro-
cedures and risk of transmission of acute respiratory infec-
tions to healthcare workers: A systematic review. PLoS One.
2012; 7 (4): €35797. DOI: 10.1371 /journal.pone.0035797.

Wu Z., McGoogan J.M. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19) out-
break in China: summary of a report of 72314 cases from the
Chinese Center for Disease Control and Prevention. JAMA.
2020; 323 (13): 1239. DOI: 10.1001/jama.2020.2648.
Niederman M.S., Richeldi L., Chotirmall S.H., Bai C.
Rising to the challenge of COVID-19: Advice for pulmonary
and critical care and an agenda for research. Am. J. Respir.
Crit. Care Med. 2020; 201 (9): 1019—1022. DOI: 10.1164/
rccm.202003-0741ED.

Ferioli M., Cisternino C., Leo V. et al. Protecting healthcare
workers from SARS-CoV-2 infection: practical indications.
Eur. Respir. Rev. 2020; 29 (155): 200068. DOI: 10.1183/
16000617.0068-2020.

Remy K.E., Lin J.C., Verhoef P.A. High-flow nasal cannula
may be no safer than non-invasive positive pressure ventila-
tion for COVID-19 patients. Crit. Care. 2020; 24 (1): 169.
DOI: 10.1186/s13054-020-02892-9.

Lyons C., Callaghan M. The use of high-flow nasal oxygen
in COVID-19. Anaesthesia. 2020; 75 (7): 843—847. DOI:
10.1111/anae.15073.

Stetzenbach L.D., Buttner M.P., Cruz P. Detection and
enumeration of airborne biocontaminants. Curr. Opin.
Biotechnol. 2004; 15 (3): 170—174. DOI: 10.1016/j.cop-
bi0.2004.04.009.

Hui D.S., Chan M.T.V., Chow B. Aerosol dispersion during
various respiratory therapies: a risk assessment model of
nosocomial infection to health care workers. Hong Kong
Med. J. 2014; 20 (Suppl. 4): 9—13.

Hui D.S., Chow B.K., Lo T. et al. Exhaled air dispersion
during noninvasive ventilation via helmets and a total face-
mask. Chest. 2015; 147 (5): 1336—1343. DOI: 10.1378/chest.
14-1934.

Hui D.S., Chow B.K., Lo T. et al. Exhaled air dispersion
during high-flow nasal cannula therapy versus CPAP via
different masks. Eur. Respir. J. 2019; 53 (4): 1802339. DOLI:
10.1183/13993003.02339-2018.

Simonds A.K., Hanak A., Chatwin M. et al. Evaluation of
droplet dispersion during non-invasive ventilation, oxygen
therapy, nebuliser treatment and chest physiotherapy in
clinical practice: implications for management of pandemic
influenza and other airborne infections. Health Technol.
Assess. 2010; 14 (46): 131—172. DOI: 10.3310/hta14460-02.
Raoof S., Nava S., Carpati C. et al. High flow, non-invasive
ventilation and awake (non-intubation) proning in patients
with COVID-19 with respiratory failure. Chest. [Preprint.
Posted: 2020, Jul. 15]. DOI: 10.1016/j.chest.2020.07.013.
Oranger M., Gonzalez-Bermejo J., Dacosta-Noble P. et al.
Continuous positive airway pressure to avoid intubation in
SARS-CoV-2 pneumonia: a two-period retrospective
case-control study. Eur. Respir. J. 2020; 56 (2): 2001692.
DOI: 10.1183/13993003.01692-2020.

Wang T., Tang C., Chen R. et al. Clinical features of coro-
navirus disease 2019 patients with mechanical ventilation:

The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.org/licenses/by-nc-nd/4.0/

685



Avdeev S.N. Non-invasive ventilation in patients with COVID-19

A nationwide study in China. Crit. Care Med. 2020; 48 (9):
€809—812. DOI: 10.1097/CCM.0000000000004473.

lot study. Am. J. Respir. Crit. Care Med. 2020; 202 (4):
558—567. DOI: 10.1164/rccm.201912-25120C.

38. Schnell D., Timsit J.F., Darmon M. et al. Noninvasive me-  52. Brochard L., Lefebvre J.C., Cordioli R.L. et al. Noninvasive
chanical ventilation in acute respiratory failure: trends in use ventilation for patients with hypoxemic acute respiratory
and outcomes. Intensive Care Med. 2014; 40 (4): 582—591. failure. Semin. Respir. Crit. Care Med. 2014; 35 (4): 492—500.
DOI: 10.1007/s00134-014-3222-y. DOI: 10.1055/s-0034-1383863.

39. Bellani G., Laffey J.G., Pham T. et al. Epidemiology, patterns ~ 53. Antonelli M., Conti G., Moro M.L. et al. Predictors of fail-
of care, and mortality for patients with acute respiratory dis- ure of noninvasive positive pressure ventilation in patients
tress syndrome in intensive care units in 50 countries. JAMA. with acute hypoxemic respiratory failure: a multi-center
2016; 315 (8): 788—800. DOI: 10.1001/jama.2016.0291. study. Intensive Care Med. 2001; 27 (11): 1718—1728. DOI:

40. I’Her E., Deye N., Lellouche F. et al. Physiologic effects of 10.1007/s00134-001-1114-4.
noninvasive ventilation during acute lung injury. Am. J. 54. Demoule A., Chevret S., Carlucci A. et al. Changing use of
Respir. Crit. Care Med. 2005; 172 (9): 1112—1118. DOI: noninvasive ventilation in critically ill patients: trends over 15
10.1164/rccm.200402-2260c. years in francophone countries. Intensive Care Med. 2016; 42

41. Morais C.C.A., Koyama Y., Yoshida T. et al. High positive (1): 82—92. DOI: 10.1007/s00134-015-4087-4.
end-expiratory pressure renders spontaneous effort non-in-  55. Duca A., Memaj 1., Zanardi F. et al. Severity of respiratory
jurious. Am. J. Respir. Crit. Care Med. 2018; 197 (10): 1285— failure and outcome of patients needing a ventilatory support
1296. DOI: 10.1164/rccm.201706-12440C. in the emergency department during Italian novel coronavi-

42. Navalesi P., Maggiore S.M. Positive end-expiratory pres- rus SARS-CoV-2 outbreak: Preliminary data on the role of
sure. In: Tobin M.J., ed. Principles and practice of mechan- helmet CPAP and non-invasive ventilation. EClinical-
ical ventilation. 3 ed. New York: McGraw Hill Medical, Medicine. 2020; 24: 100419. DOI: 10.1016/j.eclinm.2020.
2013: 253—302. 100419.

43. Olivieri C., Costa R., Spinazzola G. et al. Bench compara- 56. Pagano A., Porta G., Bosso G. et al. Non-invasive CPAP in
tive evaluation of a new generation and standard helmet for mild and moderate ARDS secondary to SARS-CoV-2.
delivering non-invasive ventilation. Intensive Care Med. Respir. Physiol. Neurobiol. 2020; 280: 103489. DOI: 10.1016/j.
2013; 39 (4): 734—738. DOI: 10.1007/s00134-012-2765-z. resp.2020.103489.

44. Grieco D.L., Menga L.S., Raggi V. et al. Physiological com-  57. Nightingale R., Nwosu N., Kutubudin F. et al. Is continuous
parison of high-flow nasal cannula and helmet noninvasive positive airway pressure (CPAP) a new standard of care for
ventilation in acute hypoxemic respiratory failure. Am. J. type 1 respiratory failure in COVID-19 patients? A retro-
Respir. Crit. Care Med. 2020; 201 (3): 303-312. DOI: spective observational study of a dedicated COVID-19
10.1164/rccm.201904-08410c. CPAP service. BMJ Open Resp. Res. 2020; 7 (1): e000639.

45. Cosentini R., Brambilla A.M., Aliberti S. et al. Helmet con- DOI: 10.1136/bmjresp-2020-000639.
tinuous positive airway pressure vs oxygen therapy to im- 58. Burns G.P., Lane N.D., Tedd H.M. et al. Improved survival
prove oxygenation in community-acquired pneumonia: following ward-based non-invasive pressure support for se-
A randomized, controlled trial. Chest. 2010; 138 (1): 114— vere hypoxia in a cohort of frail patients with COVID-19:
120. DOI: 10.1378 /chest.09-2290. retrospective analysis from a UK teaching hospital. BMJ

46. Brambilla A.M., Aliberti S., Prina E. et al. Helmet CPAP vs. Open Resp. Res. 2020; 7 (1): ¢000621. DOI: 10.1136/bmjre-
oxygen therapy in severe hypoxemic respiratory failure due sp-2020-000621.
to pneumonia. Intensive Care Med. 2014; 40 (7): 942—949.  59. Aliberti S., Radovanovic D., Billi F. et al. Helmet CPAP
DOI: 10.1007/s00134-014-3325-5. treatment in patients with COVID-19 pneumonia: a multi-

47. Agarwal R., Aggarwal A.N., Gupta D. Role of noninvasive center, cohort study. Eur. Respir. J. 2020: 2001935.
ventilation in acute lung injury/acute respiratory distress [Preprint. Posted: 2020, Aug. 3]. DOI: 10.1183/13993003.
syndrome: a proportion meta-analysis. Respir. Care. 2010; 55 01935-2020.

(12): 1653—1660. 60. Franco C., Facciolongo N., Tonelli R. et al. Feasibility and

48. Ferreyro B.L., Angriman F., Munshi L. et al. Association of clinical impact of out-of-ICU non-invasive respiratory sup-
noninvasive oxygenation strategies with all-cause mortality port in patients with COVID-19 related pneumonia. Eur.
in adults with acute hypoxemic respiratory failure. A system- Respir. J. 2020: 2002130. [Preprint. Posted: 2020, Jan.].
atic review and meta-analysis. JAMA. 2020; 324 (1): 57. DOI: 10.1183/13993003.02130-2020.

DOI:10.1001 /jama.2020.9524. 61. Mukhtar A., Lotfy A., Hasanin A. et al. Outcome of non-in-

49. Carteaux G., Millan-Guilarte T., De Prost N. et al. Failure of vasive ventilation in COVID-19 critically ill patients: A ret-
noninvasive ventilation for de novo acute hypoxemic respira- rospective observational study. Anaesth. Crit. Care Pain Med.
tory failure: Role of tidal volume. Crit. Care Med. 2016; 44 [Preprint. Posted: 2020, Jul. 28]. DOI: 10.1016/j.ac-
(2): 282—290. DOI: 10.1097/CCM.0000000000001379. cpm.2020.07.012.

50. Frat J.P., Ragot S., Coudroy R. et al. Predictors of intuba-  62. McLaughlin K.M., Murray I.M., Thain G. et al. Ward-
tion in patients with acute hypoxemic respiratory failure based noninvasive ventilation for hypercapnic exacerbations
treated with a noninvasive oxygenation strategy. Crit. Care of COPD: a “real-life” perspective. QJM. 2010; 103 (7):
Med. 2018; 46 (2): 208—215. DOI: 10.1097 /ccm.00000000 505-510. DOI: 10.1093/gjmed/hcq063.

00002818. 63. Hess D.R., Pang J.M., Camargo C.A. Jr. A survey of the use

51. Tonelli R., Fantini R., Tabbi L. et al. Inspiratory effort as- of noninvasive ventilation in academic emergency depart-
sessment by esophageal manometry early predicts noninva- ments in the United States. Respir. Care. 2009; 54 (10):
sive ventilation outcome in de novo respiratory failure: A pi- 1306—1312.

686 MynbMoHonorus - Pumonologiya. 2020; 30 (5): 679-687. DOL: 10.18093/0869-0189-2020-30-5-679-687



64.

65.

66.

67.

COVID-19 Research. UCL-Ventura breathing aid (CPAP) —
Design and manufacturing package. Available at: https.//
covid 19research.uclb.com/product/ucl-cpap

Antonelli M., Conti G., Pelosi P. et al. New treatment of
acute hypoxemic respiratory failure: noninvasive pressure
support ventilation delivered by helmet: a pilot controlled
trial. Crit. Care Med. 2002; 30 (3): 602—608. DOI: 10.1097/
00003246-200203000-00019.

Patel B.K., Wolfe K.S., Pohlman A.S. et al. Effect of non-
invasive ventilation delivered by helmet vs face mask on the
rate of endotracheal intubation in patients with acute respi-
ratory distress syndrome: A randomized clinical trial.
JAMA. 2016; 315 (22): 2435—2441. DOI: 10.1001 /jama.2016.
6338.

Force A.D.T., Ranieri V.M., Rubenfeld G.D. et al. Acute
respiratory distress syndrome: The Berlin definition.
JAMA. 2012; 307 (23): 2526—2533. DOI: 10.1001 /jama.2012.
5669.

Author Information / UHcpopmauusa o6 aBTope

Sergey N. Avdeev — Doctor of Medicine, Professor, Corresponding
Member of Russian Academy of Sciences, Head of Pulmonology Department,
1.M.Sechenov First Moscow State Medical University, Healthcare Ministry
of Russia (Sechenov University); Head of the Clinical Department, Federal
Pulmonology Research Institute, Federal Medical and Biological Agency of
Russia; tel.: (495) 708-35-76; e-mail: serg_avdeev@list.ru (ORCID: http.//
orcid.org/0000-0002-5999-2150)

ABpeeB Ceprest HukonaeBuv — 1. M. H., mpodeccop, WieH-KOpp.
Poccuiickoii akaneMuu Hayk, 3aBeayloLIuil Kadeapoil MmyJIbMOHOJIOTUU

Reviews « 0630pbI

68.

69.

70.

Wu C., Chen X., Cai Y. et al. Risk factors associated with
acute respiratory distress syndrome and death in patients
with coronavirus disease 2019 pneumonia in Wuhan, China.
JAMA Intern. Med. 2020; 180 (7): 934. DOI: 10.1001/ja-
mainternmed.2020.0994.

ClinicalTrials.gov. HFNC and NIV for COVID-19 compli-
cated by respiratory failure. Available at: https.//clinicaltrials.
gov/ct2/show/results/NCT04452708 view=results

Perkins G.D., Couper K., Connolly B. et al. RECOVERY —
respiratory support: Respiratory strategies for patients with
suspected or proven COVID-19 respiratory failure;
Continuous positive airway pressure, high-flow nasal oxy-
gen, and standard care: A structured summary of a study
protocol for a randomised controlled trial. 7Trials. 2020; 21
(1): 687. DOLI: 10.1186/s13063-020-04617-3.

Moctynuna 11.08.20
Received: August 11, 2020

(benepasbHOro rocy1apCTBEHHOTO aBTOHOMHOTO 06PA30BATENILHOTO yupe-

XKIeHusl Bbicuiero obpasoBaHust «[lepBblii MOCKOBCKMiII rOCyn1apcTBEH-

HBIII MEAUIIMHCKUI yHUBepcuTeT uMeHu M.M.CeyeHoBa» MuHUCTEPCTBA
3npaBooxpaHeHus Poccuiickoit @enepary (CeueHOBCKUI Y HUBEPCUTET);
PYKOBOAUTENIb KIMHUYECKOTO OTAesNa (eAepalbHOro rocylapCTBEHHOTO
GromKeTHOTrO yupexneHus: «HayuHo-uccnenoBateabcKuii MHCTUTYT ITyJlb-
MoHoJsorun» PenepaqbHOTO0 MEIUKO-OHMONIOTMYeCKOro areHTCTBA; Tel.:
(495) 708-35-76; e-mail: serg_avdeev@list.ru (ORCID: https.//orcid.
org/0000-0002-5999-2150)

The article is licensed by CC BY-NC-ND 4.0 International Licensee https://creativecommons.org/licenses/by-nc-nd/4.0/

687



Bubnova M.G. et al. COVID-19 and cardiovascular diseases

https://doi.org/10.18093/0869-0189-2020-30-5-688-699 ‘ M\uGheciciorundaies

COVID-19 and cardiovascular diseases:
from epidemiology to rehabilitation

Marina G. Bubnova™, David M. Aronov

National Research Center for Preventive Medicine, Healthcare Ministry of Russian Federation: Petroverigskiy per. 10, build. 3, Moscow, 101000, Russia

Abstract

The article is devoted to a review of data on the prevalence and impact of cardiovascular diseases on the course and outcomes of the new coronavirus
infection COVID-19. The review examines the relationship between COVID-19 and the functioning of the renin-angiotensin-aldosterone system,
the pathophysiological mechanisms of their mutual influence. The analysis of the latest literature data on the safety of taking angiotensin-converting
enzyme inhibitors and angiotensin II receptor blockers is presented. The causes and pathophysiological mechanisms of the development of acute
myocardial damage in COVID-19 are discussed. The issue of organizing rehabilitation assistance for patients who have undergone COVID-19 is
being considered. The main components and features of the COVID-19 rehabilitation program are presented.
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COVID-19 n cepaeyHo-cocyaucTble 3adoneBaHus:
OT ANMAEMUONOrun A0 peabunuraumu
M.Iby6nosa’*, J.M.Aponos

DeiepatbHoe rocyIapcTBerHoe OlomKeTHOE yupexente « Hamuona bHblii MeTHIMHCKMIT HecAe10BATe bCKHI IEHT] MPOGHIAKTHIECKOIl MeTvIHb MuHHCTEPCTBA 31paBo-
oxpanennst Poceniickoii @eneparmm: 101990, Pocenst, Mocksa, ITetpoepirckuii nep., 10

Pesome

Crarbsi OCBsileHa 0630py JaHHBIX O PACTIPOCTPAHEHHOCTH M BIMSIHUM CEPIIeYHO-COCYIUCTBIX 3a00JIeBAHUI Ha TeYEHHUE U UCXOIbl HOBOI KOpPO-
HaBupycHoil nundekuun COVID-19. B 0630pe pasdupaercs cBsg3b mexay COVID-19 u hyHKIMOHUPOBAHUEM PEHUH-aHTMOTEH3UH-aJIbI0CTe-
POHOBO#1 CUCTEMBI, MATOGhU3NOJOTNYECKIE MEXaHU3MBI MX B3aUMHOTO BiusiHUs. [IprBeaeHbI pe3ybTaThl aHATM3a MMOCIEAHNX TaHHbIX JIUTEepa-
Typbl O 0€30IMaCHOCTU MpHUeMa WHIMOMTOPOB aHTMOTEH3MHIIpeBpallalero (GepMeHTa M 0JOKATOPOB PELENTOPOB K aHrMoTeH3uHy II.
OO6cyXnmaloTcsi MPUIUHBI U TATODU3NOJOTUISCKUE MEXaHM3Mbl Pa3BUTHUSI OCTPOrO MMOKapAauajibHOro moBpexaeHus mnpu COVID-19.
PaccmarpuBaeTcst Bompoc opraHu3alvy peabMINTallMOHHON oMol 601bHbIM, nepeHectinv COVID-19. [IpencraBieHbl OCHOBHBIE KOMIIO-
HEHTBI U OCOOEHHOCTH MporpamMmbl peaduiutanyu npu COVID-19.

Kmouebie cioBa: kopoHasupyc, COVID-19, SARS-CoV-2, cepaeuyHo-cocynucTbie 3a00JeBaHUs, UHTUOUTOPbI aHTMOTEH3UHITPEBPAILIAIOLLETO
(epMeHTa, aHTATOHUCTHI PELIENITOPOB AHTMOTEH3MHA, apTepUaIbHasi TMIIEPTEH3UsI, OCTPOE MUOKAapAUaTbHOE TTOBPEXACHNE, PeabMIUTALIVS.
KoHdumkT uHTEpecoB. ABTOPBI 3asIBJISIIOT 00 OTCYTCTBUU KOH(JIMKTA UHTEPECOB.

Ins uutupoBanus: byoHosa M.T., ApoHos I.M. COVID-19 u cepaeyHO-cocyaucThie 3a00IeBaHUS: OT 3MUASMUOJIOTUN 10 peadbuIuTaluu.
Iyavmononoeusn. 2020; 30 (5): 688—699. DOI: 10.18093/0869-0189-2020-30-5-688-699

Coronavirus infection COVID-19 (COronaVIrus Disecase  diseases (CVD) and cardiovascular risk factors e.g. obesity

2019) caused by novel coronavirus species — SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2) has led
to high morbidity and mortality all over the globe [1].
Despite SARS-CoV-2 tropism in lungs, COVID-19 re-
sults in a high risk of multiple organ failure, including due
to cardiovascular system (CVS) involvement.

Epidemiological aspects
Approximately 50% of SARS-CoV-2 patients have multi-

ple morbidity and its rate rises to 72% in severe COVID-19
[2, 3]. Very often COVID-19 patients have cardiovascular

and diabetes mellitus (DM).

According to one retrospective analysis (n = 1,590
from 575 Chinese hospitals), 25% of COVID-19 pa-
tients had comorbidities [4]. Arterial hypertension (AH)
was recorded in 16.9%, other CVS — in 53.7%, and
DM — in 8.2%. In an Italian cohort of COVID-19 pa-
tients (n = 22,512, including 355 lethal cases) comorbid
ischemic heart disease (IHD) was recorded in 30%, atri-
al fibrilation — in 24.5%, a history of stroke — in 9.6%,
and DM — in 35.5% [5]. An analysis of the database of
5,700 COVID-19 patients hospitalised to 12 New York
hospitals showed AH in 56.6%, IHD in 11.1%, obesity in
41.7%, and DM in 33.8% [6].
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A retrospective analysis of clinical and demographic
parameters of 1,007 COVID-19 patients hospitalised to
in-patient clinics (resuscitation and intensive care unit,
ICU) in the Russian Federation with acute respiratory
distress syndrome (ARDS) demonstrated that 61.4% of
patients had CVD [7]. Most common were AH (56.3% of
patients) and IHD (16.3%), followed by a history of stroke
(7.1%) and atrial fibrillation (9.3%). Obesity and type
2 diabetes were recorded in 26.1% and 25% of patients,
respectively. The incidence of CVD was age-dependant,
reaching 80% in the group of patients > 60 years old.

Impact of comorbid CVD on the course
and outcome of COVID-19

Patients with CVD and/or standard cardiovascular risk
factors (elderly age, men, AH, DM, obesity) are the most
vulnerable cohort; they usually have severe COVID-19
and high hospital mortality [8, 9]. A meta-analysis of
6 trials (n = 1,558) allowed identifying independent pre-
dictors of severe COVID-19 (with ARDS) [9]. These are
the following comorbid diseases: AH (hazard ratio (HR)
2.29, p <0.001), other CVD (HR 2.93, p < 0.001), cere-
brovascular disease (HR 3.89, p = 0.002), DM (HR 2.47,
p < 0.001), and chronic obstructive pulmonary disease
(HR 5.97, p < 0.001). With THD the probability of severe
COVID-19 rises 2.5-fold [10].

S.Tai et al. studied the impact of CVD on the risk
of severe COVID-19 in patients (# = 332, mean age:
51 years) with mild infection [11]. Comparison of two
groups of patients “with CVD” (n = 48, 14.5%) and
“without CVD” (n = 284, 85.5%) demonstrated that
patients with CVD were older (mean age: 56 years vs
50 years, p = 0.007), they complained of fatigue (28.3%
vs 11.1%, p = 0.002), chest tightness (40.0% vs 6.0%,
p <0.001) and myalgia (13.0% vs 2.6%, p = 0.001) more
often; they had DM (8.3% vs 2.5%, p < 0.05) and pul-
monary diseases (8.3% vs 1.1%, p < 0.05), and were hos-
pitalised to ICU more often (47.9% vs 12.4%, p < 0.001).
Intensive care was required for patients with AH (44.7%
vs 13.9% with other CVD, p < 0.001) and IHD (90.9% vs
15.0%, p < 0.001, respectively). A multivariate analysis
demonstrated that comorbid CVD are an independent
risk factor for severe COVID-19 (odd ratio (OR) 2.652,
95% confidence interval (CI) 1.019 — 6.899) [11].

A viral infection can de-stabilise the heart condition,
significantly increasing the risk of comorbid CVD. In the
trial [12] the risk of death with CVD was 2.4-fold higher
(p = 0.019). An analysis of 44,672 cases with confirmed
COVID-19 from the Chinese Centre for Disecase Control
and Prevention showed high mortality in patients with
CVD (10.5%), AH (6.0%), and DM (7.3%), whereas the
overall mortality was 2.3% [13].

A multivariate Cox regression analysis of 1,590 pa-
tients hospitalised with COVID-19 showed the follow-
ing predictors of death: patient age > 75 years (HR 7.86;
95% CI 2.44 — 25.35) and 65 — 74 years (HR 3.43; 95%
CI 1.24 — 9.5), coronary artery disease (HR 4.28; 95% CI
1.14 — 16.13), cerebrovascular diseases (HR 3.1; 95% CI
1.07 — 8.94), dyspnea (HR 3.96; 95% CI 1.42 — 11.0), pro-
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calcitonin level > 0.5 ng/mL (HR 8.72; 95% CI 3.42 —
22.28), and aspartate transaminase activity > 40 U/L (HR
2.2;95% CI 1.1 —6.73) [14].

Thus, very often concomitant CVDs are associat-
ed with severe COVID-19 with patient hospitalisation to
ICU and worse prognosis. Therefore, all patients, even
with moderate and even mild COVID-19 should be sub-
ject to a cardiac examination and follow-up.

COVID-19, arterial hypertension
and renin-angiotensin-aldosterone system

According to various studies, AH is recorded in 15 — 40%
of COVID-19 patients [ 15, 16]. AH is prevailing in patients
with severe COVID-19; e.g. in the study by W.J.Guan et al.
23.7% of patients had AH (vs 13.4% with mild disease)
[17]. It is reported that COVID-19 mortality in patients
with AH is 2.6 times higher [10]. Possible mechanisms of
AH correlation with poorer COVID-19 outcome can re-
late to the role of type 2 angiotensin converting enzyme
(ACE2) [18].

ACE?2 is an essential component of the renin-angio-
tensin-aldosterone system (RAAS) participating in patho-
genesis of AH and other CVDs. It is known that ACE2 is
a type I transmembrane protein expressed in lungs (high
ACE2 expression is seen on the surface of type II alveo-
lar cells), heart, kidneys, vascular endothelium, liver, tes-
ticles, and intestine [19]. ACE2 can be present in a free
form as well (in blood).

The physiological role of ACE?2 is primarily related to
angiotensin I (ATI) cleavage to inactive AT 1 — 9 peptide,
which then turns into AT 1 — 7 with the help of ACE or oth-
er peptidases, and to ATII degradation to AT 1 — 7 binding
to Mas receptors (Figure 1). AT 1 — 7 ensures vaso- and
cardioprotection, antiproliferative, antiinflammatory and
natriuretic effect. When cleaving ATII, ACE2 mitigates
negative effect of the latter (vasoconstriction, cytokine-like
activity, sodium retention and development of fibrosis).

SARS-CoV-2 virus binds to ACE2 receptors on tar-
get cell surfaces with the help of glycoprotein (peplomer),
known as a spike protein (S-protein) [20]. S-protein of
SARS-CoV-2 virus mimics ACE2. Then the virus and
ACE2 transmembrane domain penetrate cells (endocy-
tosis). SARS-CoV-2 virus causes imbalance in the ACE2
system associated with reduction in AT 1 — 7 levels to-
gether with increase in ATII and ACE-ATII-AT -receptor
path activation. As a result, acute damages to lungs, myo-
cardium, vessels and other organs initially caused by
SARS-CoV-2 can worsen.

Another possible mechanism of AH association with
severe COVID-19 is related to synergistic immune re-
sponse [16]. Poor blood pressure (BP) control promotes
overactivation of the immune system causing chronic
inflammation in the vessel walls and tissues of kidneys.
In a study with “mendelian randomization”, patients
with AH had a correlation between AH and circulating
Iymphocytes and monocytes [21]. Experimental, pro-
spective and intervention studies demonstrated inter-
action of some cytokines with AH regulating systems
(RAAS, sympathic nervous system) and AH develop-
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Figure 1. The role of angiotensin-converting enzyme 2 (ACE2) in the rennin-angiotensin-aldosterone system
Note: ACE, angiotensin-converting enzyme; ATR, angiotensin receptors; MASP, Mas protection; | — decrease; 1 — increase.
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ment. For instance, interleukin-6, a predictor of poor
COVID-19 outcome, is one of the key cytokines in ini-
tiation of inflammatory immune response in AH [18].
In another study on animal models, the relation between
AH and circulating CD8" T-cells was identified [22].
In SARS-CoV-2 infection, a high rate of circulating
cytotoxic CD8" T-cells facilitates hyperproduction of
proinflammatory cytokines [18].

It can be believed that, while ensuring better AH con-
trol, RAAS inhibitors can mitigate immune system imbal-
ance in AH [16]. During a virus infection, patients with
AH should have their AH and cardiovascular risk moni-
tored.

COVID-19 and RAAS inhibitors

The main activity of ACE inhibitors (ACEi) is related to
reduction in ATII formation, while ATII receptor inhibi-
tors (ARI) inhibit the interaction between ATII and type
1 angiotensin receptors (AT, receptors). ACE2 is not the
target for RAAS inhibitors, despite the fact that an exper-
iment on animals demonstrated that administration of
RAAS inhibitors can increase ACE2 expression on cell
surface [23, 24]. Therefore, there appeared a hypothesis:
administration of RAAS inhibitors will promote SARS-

CoV-2 internalization to lungs, heart, etc., thus increasing
the risk of COVID-19 infection and severity [25]. It pro-
voked a hot discussion.

Unlike experimental studies, COVID-19 patients did
not demonstrate sound evidence of increase in ACE2 ex-
pression on target cell surface, therefore no increase in
the viral load with ACEi/ARI administration [26]. It is
obvious that increase in ACE?2 activity with RAAS in-
hibitor therapy does not necessarily cause an increase in
patient’s susceptibility to infection [18, 27]. To penetrate
the host cell, SARS-CoV-2 uses other receptors as well,
e.g. transmembrane glycoprotein CDI147, transmem-
brane protease serine 2 (TMPRSS2), acting as a co-fac-
tor of S-protein activation for efficient cell invasion by
the virus [28]. After virus internalization in the cell and
virus RNA release in the cell cytoplasm, ACE2 expres-
sion on the cell surface reduces (including alveolar cells).
Loss of functional ACE2 (and reduced AT 1 — 7) asso-
ciated with excessive ATII accumulation promotes lung
damage [29]. Studies demonstrated a direct correlation
between ATII blood level, viral load and lung damage se-
verity [30]. The protective action of ACE2 in acute lung
and myocardium damages has been proven on animal
models [31].

It can be assumed that increase in ACE2 expression
together with inhibition of proinflammatory ACE2 activ-
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ity and “ACE2/AT1 — 7-Mas-receptor” signalling asso-
ciated with administration of RAAS inhibitors will have
a protective effect in SARS-CoV-2 infection [32].

In their study of 1,178 patients hospitalised with
COVID-19 in China, J.Li et al. demonstrated the lack of
correlation between ACEi/ ARI administration and se-
vere infection and mortality [33]. G.Mancia et al., who
conducted a case-control analysis on an Italian cohort of
COVID-19 patients (n = 6,272, mean age: 68 * 13 years),
did not find any negative impact of ACEi/ARI on the risk
of complications, including severe cases [34].

There are first evidences of declining hospital mortal-
ity when using RAAS inhibitors in COVID-19 patients
[35, 36]. According to a retrospective analysis [36], 2,877
(29.5%) patients with AH hospitalised with COVID-19
had higher mortality rates than patients without AH (4.0%
vs 1.1%, HR 2.12, 95% CI 1.17 — 3.82, p = 0.013) and
needed invasive lung ventilation (4.6% vs 1.3%, p < 0.001).
Hospital mortality in patients with AH who did not take
any antihypertensive medications was 2.17 times high-
er than in those who took medications (95% CI 1.03 —
4.57, p = 0.041). There are no differences between hospi-
tal mortality with administration of RAAS inhibitors and
other medications (betablockers, calcium antagonists and
diuretics).

Currently, global communities are unanimous: with-
drawal from ACE inhibitors or ARI in COVID-19 patients
can increase the risk of cardiovascular complications, es-
pecially in patients with AH, chronic cardiac failure (CF)
and/or a history of myocardial infraction (MI) [37, 38].
Further studies will allow clarifying some mechanisms of
RAAS activation and inhibition in COVID-19.

Cardiological manifestations of COVID-19

We have an evidence that COVID-19 negatively impacts
de novo cardiovascular pathology development [12].
N.S.Hendren at el. proposed a new term to describe cardi-
ological manifestations of COVID-19: acute COVID-19-
associated cardiovascular syndrome (ACovCS), describing
a wide range of cardiovascular and thrombotic complica-
tions from coronavirus infection [39]. Acute COVID-19-
associated cardiovascular syndrome includes arrythmia
(atrial fibrillation, ventricular tachycardia and ventricu-
lar fibrillation), acute myocardial injury, fulminant myo-
carditis (a risk factor for cardiac failure), pericarditis with
effusion, cardiac tamponade, arterial and venous throm-
botic disorders — acute coronary syndrome (ACS), stroke,
pulmonary artery thromboembolia (PATE), deep venous
thrombosis (Table). A majority of patients have signs of
pulmonary hypertension.

Cardiac manifestations can be a primary phenome-
non in COVID-19 (according to some researchers, this is
a “cardiac phenotype” of the disease); however, they can
be secondary to pulmonary damages (mixed pulmonary
and cardiac phenotype) [41]. Of note, symptoms of CVD
can be diagnosed at any stage of patient hospitalisation,
but usually the risk increases from day 15 after fever ini-
tiation (or manifestation of other symptoms of a viral in-
fection). Cardiovascular complications often appear after
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stabilisation and/or improvements in patient’s respiratory

status [41].

There are no clear explanations of the variability of
cardiological manifestations of COVID-19 and it is un-
known why some patients have their cardiovascular sys-
tem affected. Possible mechanisms of SARS-CoV-2-
induced myocardium damages are associated with
increased ACE2 expression in heart and vascular endo-
thelium (Figure 2) [20]. Various pathophysiologic mech-
anisms of cardiovascular complications in COVID-19 [8,
39] have been discussed:

» direct noci-influence of SARS-CoV-2 virus on peri-
capillary cells (high ACE2 expression on their sur-
face), cardiomyocytes and fibroblasts [42];

+ indirect influence of SARS-CoV-2 virus on myocar-
dium during a “cytokine storm” (release of exces-
sive inflammatory mediators and cytokins/chemok-
ines) [42, 43];

+ direct noci-influence of SARS-CoV-2 virus on vascu-
lar endothelium causing its dysfunction [44, 45];

* hypercoagulation resulting from endothelial dysfunc-
tion, increased activity of platelets and von Willebrand
factor, increased expression of type 1 antioxidant tis-
sue-type plasminogen activator inhibitor, and reduced
tissue-type plasminogen activator production which
causes thrombolysis, blood flow disturbances and mi-
cro- and macrothrombosis [44];

* marked hypoxaemia resulting in anaerobic processes
activation, intracellular acidosis and oxidative stress
(direct influence of virus on hematoglobulin causing
reduction in blood oxygen capacity) [44];

* imbalance between myocardium oxygen demand and
oxygen supply caused by virus-induced inflammation,
hypoxia, oxidative stress, endothelial involvement
and hypercoagulation, resulting in acute myocardium
damage, atheroma instability and rupture associated
with coronary artery thrombosis [16];

* sympathic nervous system activation and stress-in-
duced release of catecholamines into the blood flow,
causing vasospasm, myocardium hypoperfusion/isch-
emia and life-threatening arrythmias [46];

» electrolyte imbalance (in severe COVID-19) promot-
ing tachyarrythmia; hypokalaemia is a result of SARS-
CoV-2 impact for RAAS [44].

However the exact mechanism of acute myocardi-
um damage in COVID-19 needs further elaboration.
Therefore, COVID-19 can provoke acute myocardium
damage with poor prognosis for the patient. Prompt myo-
cardium damage identification upon patient admission
into hospital and inpatient management is of great im-
portance. Autopsy results demonstrated that cardiotropic
viruses, like SARS-CoV-1, can remain in myocardium tis-
sue for several weeks and even months [47]. The informa-
tion on previous infection caused by SARS-CoV-1 virus
makes it possible to assume that COVID-19 survivors may
have more cardiovascular complications in future.

COVID-19 and myocardial/cardial damages. Acute
myocardial damage in COVID-19 can be associated with
anon-ischemic cause (myocarditis, cytokine- or stress-in-
duced cardiomyopathy, etc.) or with myocardial ischemia
resulting from coronary artery atherothrombosis [40].
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Table

Cardiac manifestations in COVID- 19 (acute COVID- 19 cardiovascular syndrome) and possible mechanisms (ad. [39, 40])

Tabauua

Kapouaavnote nposeaenus COVID-19 (ocmpuuii COVID- 19-accouuuposannstii cepoeuno-cocyoucmuiii CUHOpOM)

Pathology Symptoms

Acute myocardial injury
(without intracoronary thrombosis)

Acute coronary syndrome
(STEMI and non-STEMI)

Cardiac failure

Arrythmia conduction trouble

Increased cardiac troponin |, including additional clinical
symptoms and instrumental test results

Precordialgia, increased troponin, typical ECG changes

De novo left ventricular systolic dysfunction, myocarditis
or pericarditis, cytokine-/stress-induced cardiomyopathy

Supraventricular arrhythmia, ventricular tachycardia or

U 603MOJYCHBIE MexaHu3mol pazeumus (adoanm. us [39, 40])

Mechanisms/Comments

Mechanisms:

+ direct viral damage to myocardium
¢ systemic inflammation

+ imbalance between myocardium oxygen demand
and supply

Possesses prognostic value
Mechanisms:
+ atheromatosis plaque rupture (bursting)

(also resulting from inflammation)

+ intracoronary thrombosis; intramural hematoma
in damaged atheroma

+ attack of previous IHD
Mechanisms:

+ hypoxaemia, dehydration, hypoperfusion
+ abnormal response to a cytokine storm
+ direct effect of virus

Any cause of myocardium dysfunction causing acute
cardiac failure

Chronic cardiac failure decompensation resulting
from increased metabolic needs
Mechanisms:

* hypoxia
¢ hypokalaemia
¢ disturbed metabolism

+ sympathic nervous system activation and increased
blood catecholamines

Note: STEMI, ST elevation myocardial infarction; Non-STEMI, non-ST elevation myocardial infarction; IHD, ischemic heart disease, ECG, electrocardiography; CF, cardiac failure.

Manifestations of acute myocardial damage are in-
crease in specific cardiobiomarkers, typical abnormal
ECG changes or instrumental test results. T- and I-tro-
ponins are known risk factors of poor outcomes in acute
cardiovascular pathology. Highly-specific cardiac tropo-
nin I levels of over 99" percentile of the upper reference
limit are an evidence of acute myocardium damage in
COVID-19 [8, 40].

In a series of COVID-19 patients from China, acute
myocardium damage was recorded in 10 — 30% [2, 10,
48]. In 20 — 40% of cases, symptoms of acute myocar-
dium damage are chest pain (myocardial ischemia), CF
augmentation (also caused by myocarditis), arrythmia,
and cardiac death [16, 49]. Increased myocardial dam-
age markers in COVID-19 are a sign of severe disease and
poor outcome [2]. A meta-analysis of 6 trials (n = 1,527)
demonstrated a high probability of severe COVID-19 (with
ARDS) associated with acute myocardial injury (risk ratio
(RR) 13.48,95% CI 3.60 — 50.47, p = 0.0001) [50].

In a study of 187 COVID-19 patients by 7.Guo et al.,
35% had concomitant CVD (AH, IHD or cardiomyopa-

thy), 28% were diagnosed with acute miocardial damage
(troponin T > 99t percentile of the upper limit) after con-
tact with the virus [51]. Hospital mortality with normal tro-
ponin T in patients without CVD was 7,62%, while where
patients had concomitant CVD, hospital mortality was
13.33%; with increased troponin T, the value was 37.50%
and 69.44%, respectively (the highest value in this group).

In a study by S.Shi et al. (n = 671), 75.8% of casualties
had acute myocardium damage (vs 9.7% in COVID-19
survivors, p < 0.001) [52]. Where troponin I was
>0.026 mg/mL (a cut-off point), the risk of hospital mor-
tality was 4.56 higher (95% CI, 1.28 — 16.28, p = 0.019).
A multivariate analysis demonstrated that the risk of acute
myocardial damage in COVID-19 increased: a 10-year
increase in the age — 1.64-fold (95% CI 1.28 — 2.10,
p <0.001), concomitant AH — 3.3-fold (95% CI 1.77 —
6.14, p <0.001), chronic IHD — 2.92-fold (95% CI 1.32 —
6.48, p = 0.008), and chronic obstructive pulmonary dis-
ease — 4.01-fold (95% CI 1.28 — 12.61, p = 0.018).

In a series of studies of COVID-19 patients, acute
myocardial damage was associated with high levels of
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Figure 2. Possible mechanisms for the effect COVID-19 disease on the cardiovascular system (ad. [20])
Note: AT, angiotensin; ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome; SNS, sympathetic nervous system; HR, heart rate;
ROS, oxygen free radicals; MASP, MAS protection; CF, cardiac failure; |, decrease; 1, increase.
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D-dimer, N-thermal pro-B-type natriuretic peptide (NT-
pro-BNP), C-reactive protein and interleukin-6 [42, 48,
51, 52]. It proves the association between acute myocar-
dial injury in COVID-19 and marked inflammation and
cardiac dysfunction.

COVID-19 and cardiac failure. Viral infection can pro-
voke decompensation of chronic CF, if the patient has co-
morbidies, and a shock. The incidence of CF in patients
who died of COVID-19 was 52%, while in survivors this
value was 12% (p < 0.0001) [10]. The incidence of new CF
cases in COVID-19 patients was aprox. 23% [10].

Acute CF associated with viral infection seems to be
a consequence of a prior systolic dysfunction, ARDS and
cardiovascular pathology de novo (acute myocardial ische-
mia, MI, tachyarrythmia, myocarditis or cardiomyopa-
thy). First COVID-19 cases in the USA described cardio-
myopathy in 33% cases [49]. E.Argulian et al. found that
right ventricle dilatation seen at echocardiography is asso-
ciated with a high risk of hospital mortality in COVID-19
patients [53]. COVID-19-associated pulmonary hyper-
tension caused by lung damage and hypoxia or PATE
leads to increased right ventricle load and cardiomyocyte
damage.

Daily diuresis monitoring, reasonable water schedule,
continued scheduled base therapy, including ACEi and
ARI, are all very important for COVID-19 patients with
chronic CF decompensation [8§].

COVID-19 and myocarditis. The incidence of myo-
carditis in COVID-19 patients is about 8 — 12% [16].
In a high viral load, cases of fulminant myocarditis were
recorded (approx 7% of patients) [54]. Myocarditis pa-
tients can complain of moderate chest discomfort and
palpitations; clinical manifestations are systolic cardiac
dysfunction, conduction trouble and tachyarrythmia [16].
Clinically, miocarditis is diagnosed 2 weeks after corona-
virus symptoms appear.

COVID-19, acute and chronic coronary syndrome.
COVID-19 can trigger atheromatosis plaque instability
and cause MI [39, 51], significantly increasing the risk of
mortality among infected patients. Acute MI mortality is
40% of the overall COVID-19 mortality rates [2].

Patients with COVID-19-associated pneumonia can
have acute type 1 MI (resulting from coronary athero-
thrombosis associated with atheroma rupture (bursting),
epicardial coronary artery occlusion); but usually they
have type 2 acute MI (because of imbalance between
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myocardium oxygen need and oxygen supply, metabolic
stress) [39, 40]. Acute myocardial damage interpreted as
acute type 2 MI is recorded in 7 — 30% COVID-19 pa-
tients [2].

In pathogenic terms, ACS in SARS-CoV-2 is associat-
ed with marked microvascular inflammation, endothelial
dysfunction, thrombothic disorders, and haemodynamic
changes [39]. It is known that circulating interleukin-6,
a biomarker of high COVID-19 mortality, is one of the
key inflammatory factors of atherothrombosis [16]. ACS
can be promoted by inadequate control of associated car-
diovascular risk factors. To verify the diagnosis of ACS
in COVID-19 patients, a thorough examination is re-
quired [8].

In patients with chronic IHD, SARS-CoV-2 aggra-
vates the disease because of atheroma destabilisation and
high risk of atheroma rupture [8, 39, 51]. COVID-19 pa-
tients who underwent invasive cardiovascular procedures
or surgery are at higher risk of stent or bypass thrombosis.

L.N.Fovino et al. conducted a retrospective analy-
sis of clinical COVID-19 outcomes (a combined end-
point was hospital mortality and need in intensive care)
(n = 45, mean age: 65.3 = 14.6 years) with subclinical
coronary artery disease. They assessed coronary calcium
score (CCS) levels using chest high-resolution comput-
ed tomography (HRCT) [55]. The combined endpoint
was recorded in 75% of patients with marked athero-
sclerosis (CCS > 400 Agatston units) vs 20% of patients
(p = 0.004) with minimal/moderate signs of atheroscle-
rosis (CCS < 400 Agatston units); hospital mortality was
50% vs 8.9%, respectively (p = 0.003). CCS > 400 units
was a marker of poorer outcomes in patients hospitalised
with COVID-19: OR was 7.86 (95% CI 1.16 — 53.01,
p = 0.034) in an age- and gender-adjusted model, OR
10.7 (95% CI 1.19 — 68.01, p = 0.035) in a model with
age and oxygenation.

In pandemic settings, an exact routing and transporta-
tion of patients with suspected ACS should be strictly fol-
lowed. In general, a widely accepted strategy for manage-
ment of such patients should be adhered to [8]. In severe
COVID-19 and lung damage, when the patient is hospi-
talised to with respiratory support, conservative strategy is
preferable, including in MI1 cases (if an invasive proce-
dure is contraindicated).

COVID-19 and arrythmia. In a series of observa-
tions of COVID-19 patients (n = 138) in China, supra-
ventricular and ventricular arrythmia was diagnosed in
16.7% |2]. In severe COVID-19, arrythmia was record-
ed = 5 times more often than in mild cases. Recurrent
paroxysmal atrial fibrillation was found in 23 — 33% of
patients with severe COVID-19 (sepsis or ARDS), new-
ly diagnosed paroxysm were diagnosed in 10% [2]. In a
recent report from Italy, atrial fibrillation was recorded
in 24.5% of 355 deaths (mean age: 79.5 years, including
30% of women) [56].

Prognosis depends on the type of heart rhythm dis-
order and COVID-19 severity (more favourable prog-
nosis with mild or moderate infection) [8]. There have
been reports of arrythmia in COVID-19 patients result-
ing from proarrhythmic effect of medications (prolonged
QT interval and a higher risk of torsade de pointes) [8].

Therefore, standard 12-lead ECG, transthoracic echo-
cardiography, and blood potassium level measurement
are mandatory.

ECG monitoring should be started next day after anti-
viral therapy initiation. In initially congenital or acquired
long QT-syndrome, brachycardia (< 50 bpm), ECG mon-
itoring is required 4 hours after first antiviral medication
administration. Prior to antiviral medication prescription,
plasma potassium should not be < 3.5 mmol/L. In pa-
tients with atrial fibrillation, heart rhythm and ventricu-
lar contraction rate should be monitored and thromboem-
bolic disorders should be prevented with anticoagulants,
taking into account possible interaction of oral anticoagu-
lants with antiviral therapy.

Cardiopulmonary rehabilitation in COVID-19 patients

COVID-19 survivors with cardiovascular complications,
especially in moderate and severe cases, need medical
rehabilitation. Currently rehabilitation programs are be-
ing prepared for such patients. Then these programs will
be tested in randomised clinical trials. As COVID-19 is
a multi-system disease, rehabilitation programs should be
based on syndromic-pathogenetic approach. It will en-
sure that an adequate number of rehabilitation methods/
techniques will be used to correct pathological changes in
a specific patient.

Rehabilitation of COVID-19 survivors aims at recov-
ery of functions of external respiration, oxygen transport
and utilization by functioning tissues/organs; reduction
in dyspnea; cardiovascular system support and minimisa-
tion of the risk of cardiovascular complications; improved
quality of life; psychological status normalisation; daily
activities recovery, and active life.

Key principles of medical rehabilitation of COVID-19
patients: staggered and personalised approach, early ini-
tiation (when acute COVID-19 is over and after patient’s
clinical condition has stabilised), multidisciplinarity, con-
tinuous monitoring of patient’s condition during reha-
bilitation (first of all, respiratory and cardiovascular pa-
rameters), comprehensive approach to the rehabilitation
program.

Any rehabilitation intervention should take into ac-
count disease severity, rate of cardiorespiratory decom-
pensation and other organs involvement (kidneys, neuro-
cognitive, psychiatric, musculoskeletal systems), fatigue,
asthenia, risk of thromboembolic disorders, and comor-
bidities. For patients who had severe COVID-19, rehabil-
itation should consider nutrition status, total body weight
and muscle mass. Most promising for pulmonary rehabil -
itation are first two months after acute coronavirus infec-
tion; this is a therapeutic window [57]. During physical
rehabilitation COVID-19 patients should have access to
oxygen therapy (as required), especially patients with clin-
ical indications or those patients who did not have any re-
spiratory support.

In the novel coronavirus infection, rehabilitation
starts in and continues in a specialised inpatient unit —
this is stage 1 of early rehabilitation. This is an important
stage because it allows preventing or minimising com-
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plications of a viral disease and detrimental effect from

immobilisation; ensuring prevention of critical condi-

tions, joint stiffness and contractions, thrombotic com-
plications; and, if possible, recovery of physical and psy-
chological state of the patient. For patients with severe

COVID-19 early rehabilitation is not recommended; it

can be considered only after the acute stage, vital func-

tions stabilisation, with positive dynamics evidenced by
computer-aided tomography or ultrasound examina-

tion [58].

Attention should be paid to exercises of weakest and
most important muscles involved in verticalization and
locomotion of the patient. Methods of physical rehabil-
itation comprise: patient positioning (“positioning” re-
habilitation, also with the help of the prone position),
early mobilisation (passive, partially passive and active
motions in all joints with more and more physical ac-
tivity), verticalization, respiratory manoeuvres, neuro-
muscular electrical stimulation of lower limbs (for cer-
tain groups of patients), dynamic physical activities with
low-intensity, low amplitude and slow pace (a bedside
stationary bike can be used), moderate resistance exer-
cises (to reduce muscle mass losses and to strengthen the
muscles), physical exercises for imbalance correction (if
any) [59].

In one therapeutic exercise session (either passive, or
passive-active mode) should last for 5 to 15 minutes 3 and
more times daily (with the overall duration of at least
30 minutes a day). Once the patient is moved to inpatient
setting, therapeutic exercises should last for 10 — 15 min-
utes 2 — 3 times daily.

Stage 2 of rehabilitation (early inpatient rehabilita-
tion in a specialised inpatient rehabilitation unit) should
be arranged in accordance with the antiepidemic pro-
visions. It includes in-ward patient isolation, no group
therapy, minimum staff involved into rehabilitation, re-
mote communication between the patient and multidis-
ciplinary team members, use of video, booklets and oth-
er telerehabilitation techniques for patient education [60].
At stage II, rehabilitation procedures should last for at
least 3 hours 5 times a week.

Physical rehabilitation at stage 11 means early activa-
tion of patient’s physical activity, use of various meth-
ods of pulmonary and -cardiological rehabilitation:
diaphragm breathing, exercises for inhale muscles (in-
spiratory training devices can be used), vibration and
compression therapy and acoustic exercises together
with drain-activating exercises (where indicated), ex-
ercises for general strength, dynamic physical exercises
with low intensity (including aerobic exercises on a stat-
utory bike), low-intensity resistance loads (to train main
groups of muscles).

Physical exercises in COVID-19 patients with CVD
has some features:

» they start with low-intensity loads (exercise stress in-
tensity < 3 points on modified Borg Dyspnoea Scale
or laboured breathing < 3 on Borg Dyspnoea Scale);

 intensity increases gradually, initially at the account of
exposition (duration), then at the account of more in-
tensive exercises (with adequate response to exercises);

 strict state monitoring during exercises.
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» power loads in COVID-19 should be based on MRC,

UK Medical Research Council.

Special attention should be paid when prescribing
physical exercises to patients, whose coronavirus infection
was complicated with acute myocarditis, cardiomyopathy,
postinfectious cardiac failure [61]. In such cases, rehabili-
tation should be started after acute period (taking into ac-
count contraindications), when the clinical condition is
stable and CT, ECG and ultrasonic cardiography results
demonstrate positive dynamics.

Stage 3 of rehabilitation is late outpatient rehabilita-
tion (in outpatient settings). Physical rehabilitation of
COVID-19 survivors with CVD involves continuation of
exercise therapy in order to recover respiratory and car-
diovascular system, and transition to more lengthy exer-
cises (statutory bike and/or step exercises). Physical ex-
ercises are supervised by medical professionals (also via
telerehabilitation). Then patients are recommended to do
exercises at home. At home, patients can walk on a flat
surface, step up, etc. At this stage it is very important to
teach the patient to self-control the condition and ensure
safe exercises.

A significant aspect of rehabilitation of COVID-19
patients at all three stages is awareness of the healthy life
style (no bad habits, anti-atherosclerotic diet and stress
tolerance), explanation why it is important to follow
doctor’s recommendations, take medications and par-
ticipate in rehabilitation. Psychological support should
be offered almost to all patients with coronavirus infec-
tion [62]. Anxiodepressive disorders are managed as re-
quired.

Three-stage cardiorehabilitation of COVID-19 pa-
tients complicated with ACS (myocardial infraction) or
coronary artery bypass grafting should be based on the rec-
ommendations of the Russian Society of Cardiosomatic
Rehabilitation and Secondary Prevention [63, 64].

Conclusion

The impact from SARS-CoV-2 and other pathogens with
toxic, proinflammatory and procoagulation effects can
cause decompensation of concomitant CVD and increase
hospital mortality rates. The new role of ACE2 as a re-
ceptor for SARS-CoV-2 can partially explain the patho-
physiological association between the viral infection, im-
mune system and CVD. The novel coronavirus infection
can provoke acute myocardial damage and other cardio-
logical complications. As some medications used to treat
COVID-19 have cardiotoxic effect, continuous haemody-
namic monitoring, ECG and ultrasonic cardiography (as
indicated) are mandatory.

As the association between administration of RAAS
inhibitors (ACEi and ARI) and a higher risk of infection
with more severe COVID-19 has not been yet proven,
patients with CVD should keep on taking these medica-
tions. COVID-19 survivors should take part in rehabil-
itation programs for faster and better recovery of their
functions (first of all, of respiratory and cardiovascu-
lar systems), better quality of life and lower risk of dis-
ability.
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Abstract

The lack of specific vaccines against SARS-CoV-2, as well as chemotherapy, significantly affected the spread of infection and the number of adverse
outcomes of COVID-19. With the discovery of the pathogenesis of coronavirus infection, especially immune mechanisms, the important role of the
innate immunity system in interacting with the virus is obvious. The presence of comorbid conditions, as well as the aging of the body, lead to
disturbances in the immune response mechanism, low interferon induction, depletion of CD8"-lymphocytes and natural killers and suppression of
the effectiveness of both innate and adaptive immunity. The review discusses various mechanisms of antiviral activity associated with the induction
of interferon (IFN) production, the use of direct IFN therapy, the use of antiviral drugs, and immunotropic therapy (synthetic immunomodulators),
as promising in the prevention and treatment of COVID-19.
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Pe3iome

OrcyrerBre crienuyeckux BakiH MpoTuB SARS-CoV-2, kak 1 XMMUOIIpernapaToB, B 3HAYUTEILHOM CTETIEHW CKa3aJoCh Ha pacrpocTpaHe-
HUM MHOEKIMU U KoaudecTBe HebmaronpusitHeIx ncxomnoB COVID-19. C packpbITeM IMaToreHe3a KOpOHaBUPYCHOW MHMEKIINU, 0COOEHHO
MMMYHHBIX MEXaHU3MOB, OUEBUIHA BaXKHasl POJIb CUCTEMbI BPOXKICHHOTO MMMYHHUTETA TIPU B3aUMOJECTBUU ¢ BUpYcoM. KoMopOUIHBIE COCTO-
STHUSI, TaK e KaK U CTapeHue OpraHu3Ma, IMPUBOIAT K HAPYIICHUSIM MEXaHU3MOB MMMYHHOTO OTBETa, CHUXKEHUIO MHTePHEPOHOMHIYKITUH,
ucromeHnto CD8"-muMdOOINTOB 1 eCTECTBEHHBIX KIJUIEPOB U MOAaBIeHUIO 3(h(hEKTUBHOCTH KaK BPOXKIEHHOTO, TaK U aIallTABHOTO MMMYHUTE-
Ta. B 0030pe paccMaTpuBaloTCs paziMyHbIE MEXaHU3Mbl IPOTUBOBUPYCHOTO NEICTBUS, CBSI3aHHBIE C WHAYKIIME BBIPAOOTKM MHTepdhepoHa
(IFN), ucnionb3oBanuem mnpsimoii IFN-Tepanuu, npuMeHeHueM MPOTUBOBUPYCHBIX MPENapaToB, a TaAKXKe MMMYHOTPOITHOM Tepanuu (CUMHTETH-
YeCKMX UIMMYHOMOJYJISITOPOB) KaK MePCHeKTUBHBIX CPENCTB AJ1sl MpodmnakTuku u gedennss COVID-19.

Kmouesbie cioBa: SARS-CoV-2, natorene3, COVID-19, BpoxXaeHHbIIT UMMYHHUTET, TPUOOPETEHHbII UMMYHUTET, UHTePGhEpOHOTepausl.
KoHdumkT HHTEpEecoB. ABTOPBI 3asIBJISIIOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.

s mutupoBanusi: Kocrunos M.I1., Mapkenosa E.B., Cautuu O.A., [Moauniyk B.b. UMMmyHHbIe MexaHu3Mbl SARS-CoV-2 1 noteHuua bHbIe
nipemnapars uist ipoduaaktuky u gedenuss COVID-19. ITyasmononoeus. 2020; 30 (5): 700—708. DOI: 10.18093/0869-0189-2020-30-5-700-708

Due to epidemiological and clinical characteristics of the
new coronavirus infection COVID-19, we have to con-
tinuously analyze the information on the pathogenesis of
this infection. This is also important due to the absence
of aetiotropic therapy and due to that the only option is a
pathogenetic treatment.

Interaction of the virus and the human immune sys-
tem includes the following two stages: internalization of
the virus into the cell, virus multiplication with concur-
rent suppression of interferons (IFN) synthesis, induc-
tion of a systemic inflammatory response and “cytokine
storm”.
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Each stage is characterized by its own distinctive key
mechanisms that determine disease progression. The clin-
ical aspect of COVID-19 disease is determined not only
by a direct viral effect, but also depends on the individual
response of the human body, thus determining broad dis-
ease variety in the population — varying from asymptom-
atic course of the disease or asymptomatic carrier state to
severe course with a high probability of death.

The aim of our work was to analyze current under-
standing of new coronavirus infection COVID-19 patho-
genesis in order to assess the perspectives for use of im-
mune therapy in non-specific prevention and treatment of
patients with COVID-19.

Like other respiratory coronaviruses, the prima-
ry route of COVID-19 transmission is airborne, but also
the fecal-oral route cannot be excluded. In order to en-
ter the cell the virus interacts with angiotensin-converting
enzyme 2 (ACE2) receptor and membrane-bound serine
protease 2 (TMPRSS2) required for protein S priming.

After binding of protein S to ACE2, direct fusion of the
viral and cell membranes takes place, after which the pro-
tein undergoes partial cleavage and becomes active. The
viral RNA enters the cell cytoplasm, where after its trans-
lation the active replication of the viral genome begins. Its
interaction with the Golgi complex allows viral particles to
be released into the blood plasma, thus continuing the cy-
cle of the virus spreading throughout the body [1].

Considering the decreased ACE2 expression during
COVID-19 infection, we can expect renin-angiotensin
system failure, with subsequent dysregulation of blood
pressure and water-electrolyte balance. At the same
time, we cannot exclude that the observed change in
ACE2 receptors expression can play an important role in
COVID-19 pathogenesis itself [2]. Analysis of statistic da-
ta for COVID-19 cases among people living in highland
areas showed a milder disease compared to residents of flat
land areas. According to the authors’ opinion [3], this may
be due to both a decreased virus viability under low atmo-
spheric pressure conditions, and due to decreased ACE2
expression in hypoxic environmental conditions.

Researchers demonstrate a lack of consensus on
the role of ACE2 receptors in the disease pathogene-
sis. Experimental data showed a decreased viral load
and replication in ACE2-mutant mice [2]. On the other
hand, based on the similarity of lung damage observed in
COVID-19 and in H5N1 avian influenza virus infection,
one can assume a protective effect of exogenous ACE2
administration preventing acute respiratory distress syn-
drome (ARDS) development.

Mortality gender difference in COVID-19 was also at-
tributed to ACE2, which is lower in women. It is presum-
ably due to either genetic dimorphism, because the ACE2
gene is located on the X-chromosome, or due to different
immunoregulatory effects of estrogens compared to tes-
tosterone [4].

At the stage of virus penetration into the cell, the vi-
ral antigen is presented to antigen-presenting cells (APC)
and the virus is recognized by the innate immunity recep-
tors. In the case of SARS-CoV-2 virus, like for all RNA-
viruses, pathogen-associated molecular patterns (PAMP)
are recognized by endosomal RNA-receptors, Toll-like
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receptors (TLR3 and TLR7), as well as by cytoplasmic
receptors of RIG-I family (Retinoic-Acid-Inducible
Gene I) and cytoplasmic helicase MDA-5 (Melanoma-
Differentiation-Associated Protein 5, protein 5 associat-
ed with melanoma differentiation) [5]. Receptor activa-
tion should lead to a cascade response through the NF-kB
transcription factor and IRF3 (regulatory IFN transcrip-
tion factor), followed by the expression type I IFN and
other pro-inflammatory cytokines. In addition to PAMP,
damage-associated molecular patterns (DAMP), which
respond to fragments of damaged cells produced as a re-
sult from the intense pyroptosis — characteristic manifes-
tation of COVID-19, also play an important role.

A different response of pulmonary endothelial cells
to damage is also linked to the role of DAMP [2]. Mice
experiments demonstrated a different response to a pro-
tein belonging to a group of nuclear non-histone pro-
teins HMGB1 (high-mobility group protein B1), which
is a damage marker that can activate RAGE receptor
(receptor for advanced glycation end products) active-
ly expressed in the lung tissue. Researchers found in vitro
necrosis of cells obtained from male animals, and apop-
tosis of cells from female animals. Results of experimen-
tal studies have already been presented on the efficacy of
HMGBI/RAGE antagonists and TLR4 antagonists (also
a functional HM GBI receptor) in the treatment of severe
lung damage-associated diseases [6].

Successful activation of interferon-producing cas-
cade should limit the viral replication and suppress SARS-
CoV-2 dissemination during the stage of disease onset [7].
However, given the inhibitory effect of the viral NSP1
(nonstructural RNA-binding protein) and rp6 (ribosomal
protein S6) proteins, a low efficiency of interferon induc-
tion can be assumed, especially at the stage of active viral
replication, while direct IFN therapy should demonstrate
an adequate therapeutic effect. [8]. The work [9] presents
a hypothesis of IFN production activation, associated with
the level of intracellular ATP (adenosine triphosphate), the
decrease of which, according to the authors opinion, plays
one of the key roles in COVID-19 pathogenesis.

One of the most probable reasons for insufficient and
tardy innate immunity response in COVID-19 disease is
the possible immune evasion (escape) that is characteris-
tic of this virus. Virus replication within cellular organelles
prevents the virus from being recognized by cytoplasmic
receptors. There is also evidence of a long “lag-period”
(microorganisms growth initial phase), which leads to the
retarded activation of the IFN cascade, that is too late to
prevent viral dissemination. At the same time, a late in-
crease of type I IFN level can potentiate the development
of a “cytokine storm”, thus prompting us to investigate
the role of other IFNs with antiviral activity, e.g., IFN-A.
There is a variety of opinions regarding their role. On the
one hand, there are published data [3] that a mutation
of the IFNL4 gene (TT-type), leading to the absence of
this subtype, results in a faster and more complete viral
load elimination. The authors suggest that this phenom-
enon results from deactivation of desensitization mecha-
nism, which in other circumstances reduces IFN-a activ-
ity. On the other hand, IFN-A, due to its organ-specificity
effects, does not cause such a pronounced pro-inflamma-
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tory response as type I IFN, and its presence in the ear-
ly stages of the disease is able to suppress viral replication
without the development of IFN-a lag-syndrome and
without induction of “cytokine storm” [10]. In the case
of innate immunity mechanisms failure, elements of the
adaptive immune system are recruited as a defense, with
the development of antibodies and a specific cellular im-
mune response.

Hyperactivation of the innate immune response with-
out a concomitant transition to an adaptive immune re-
sponse is the important part of this infection pathogenesis.
Patients with a severe course of the disease demonstrate
a predominance of neutrophils, in contrast to the expect-
ed lymphocytes increase. This may be due to the ability of
the virus to increase the expression of the membrane re-
ceptor of type 2 NK-cells (NKG2A), thus leading to func-
tional depletion of CD8* lymphocytes and natural killer
cells and leading to a suppression of both innate and adap-
tive immunity effectiveness [1]. The age-related dimor-
phism of symptoms may be associated with a change in the
functional activity of the immune system. Aging-related
T-cell lymphopenia, a decreased neutrophil and mac-
rophage activity, a shift in the cytokine balance towards
a pro-inflammatory response — all these factors aggravate
the course of coronavirus infection. In addition, the phe-
nomenon of antibody-dependent infection enhancement
(ADE) suggests that in case of retarded period of antibody
titer rise, which is typical for older people, the viral genet-
ic shift can happen changing its antigenic structure, which
leads to the accumulation of non-protective antibodies fa-
cilitating the viral penetration into cells. These data sug-
gest that the virus, leading to a decrease in the number
of ACE2 receptors, continues to spread via other mech-
anisms and pathways independent of the initial main en-
trance receptor [11].

In the case of adequate T-cell response, T-cells recruit-
ed to the site of infection exert a protective effect and limit
the replication and spread of the virus. However, in the case
of immune evasion, this accumulation of T-lymphocytes
in the tissue leads to a hyperactive reaction, mainly type 1
reaction, with subsequent damage of organ tissues and the
possible development of a “cytokine storm™ [4], which is
characterized by overproduction of pro-inflammatory cy-
tokines such as TNF-a, IL-6, IL-1B. The increased levels
of chemokines CXCL10, CCL7, an antagonist of the IL-1
receptor, are associated with increased viral load and loss
of lung function [12]. Given the fact that the “cytokine
storm” is probably the primary cause of body damage and
death, a number of therapeutic strategies associated with
inhibition of this process was proposed. The high-priori-
ty agents are probably monoclonal antibodies. However,
other factors such as adequate vitamin D levels may also
be important in achieving the control of this infection [6].

Haemodynamic disorders associated with both sys-
temic inflammatory response and hypoxia are essential
in the pathogenesis of COVID-19. Concurrently with the
decrease in the level of functioning ACE?2 responsible for
vasodilation, vasoconstriction develops in the lungs with
the resulting hypoxia. Hypoxia, in turn, affects the en-
dothelium and provokes a pro-inflammatory response.
In the setting of these processes, hypercoagulation is trig-

gered, related to the release of the von Willebrand factor
and to a high expression of tissue factor (TF). As a result,
together with the activation of NETosis (the formation of
extracellular neutrophil traps — that is a powerful neutro-
phil function, which is supposed to contribute to the de-
velopment of multiple organ failure and lead to death),
coagulation is initiated and the TF/VIla pathway is acti-
vated. Subsequent microthrombosis in the Iungs, which
develops in the setting of hypercoagulation state, endo-
thelial damage, and slowed blood perfusion, becomes
a pathophysiological substrate for the development of
ARDS [13]. Results of autopsies of patients who died from
COVID-19 also confirm the presence of coagulation dis-
order: more than 70% of these cases were diagnosed with
disseminated intravascular coagulation syndrome [6].
Consequently, in the pathogenesis of COVID-19, ac-
tivation of innate immunity mechanisms, a cascade of in-
terferon-producing reactions can facilitate the control of
viral replication and suppression of SARS-CoV-2 dissem-
ination during the onset of the disease and promote the
involvement of the adaptive immune system with the for-
mation of antibodies. Despite the different opinions re-
garding the spectrum of therapeutic strategies available,
the immunotropic strategy among others is considered as
promising for the prevention and treatment of COVID-19.

Synthetic immunomodulators

The synthetic immunomodulator azoximer bromide is
one of the potential agents to be used at the early stages
of COVID-19 infection development. It is characterizes
by the complex mechanism of action — immunomodula-
tory, detoxifying and anti-inflammatory. Based on clini-
cal studies results, we can discriminate three main roles
of this agent in the immunopathogenesis of inflammatory
diseases: it increases the effectiveness of innate immuni-
ty; it acts as an adjuvant in the development of a humoral
immune response; it provides a pronounced pathogenet-
ic and clinical effect in patients with severe inflammatory
diseases.

The results of the study showed that incubation of cells
with azoxymer bromide increased the expression of innate
immunity receptors, including MDA-5 [14—17]. High ex-
pression of MDA-5 ensures recognition of the virus at an
early stage of infection — this is a prevention strategy; at
a later stage, a strategy for activating a specific immune re-
sponse is implemented. It is known that circulating plas-
macytoid dendritic cells (pDCs) significantly prevent the
spread of the virus in the body, and in particular viremia.
These cells, when activated, produce type 1 IFN, thus
blocking viral replication. It was found that an azoxymer
bromide-containing vaccine was significantly superior to
nonadjuvant vaccines in increasing the number of pDC in
blood plasma [18]. In addition, the drug increased the ac-
tivity of NK-cells and CTLs — the main cells that provide
the killing of virus-infected cells.

Azoxymer bromide induces DC maturation, also in-
creasing the expression of co-stimulating molecules
CD80*/86", ICOSL, required for the subsequent acti-
vation of T-follicular cells. These in turn are the key link
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for the production of specific high-affinity antibodies by
B-cells [19, 20]. Therefore, azoximer bromide provides
a phase transition from innate to adaptive immune re-
sponse — a step that is impaired in patients with severe
COVID-19. The incorporation of this agent into a com-
plex therapeutic strategy for patients with severe infectious
pathological conditions (pneumonia, acute pancreatic ne-
crosis, sepsis, etc.) was associated with a decrease of dis-
ease severity and a decrease in mortality; it provided a de-
crease of IL-6 concentration, an increase of lymphocytes
count, and an increase in phagocytosis activity 2 [21—
25]. Decreased disease severity observed in the studies de-
scribed above may also be due to the ability of azoxymer
bromide to suppress NETosis, thus localizing the focus of
inflammation and preventing the development of hemody-
namic disorders, associated with blood clot formation and
damage to the vascular endothelium. Thus, there is a ra-
tionale to consider azoximer bromide an effective compo-
nent for therapeutic strategies in COVID-19 patients, that
is effective both at the initial stage of infection and at the
stage of systemic inflammation development. Currently,
the drug has already been clinically tested in the setting of
a new coronavirus infection and is included in the clini-
cal guidelines in Slovakia for the treatment of COVID-19
patients aged > 65 years [26]. Elderly patients are at high
risk of COVID-19 infection with a poor outcome. The
physiological aging process also affects the immune sys-
tem functioning. Aging slows down the timely response
of nonspecific body defense mechanisms responsible for
the recognition and removal of foreign agents. Studies in
elderly and senile people have shown that the inclusion
of azoxymer bromide into the treatment scheme for these
categories of patients increased the relative and absolute
content of T-lymphocytes with the CD3* and CD4" phe-
notypes, increased the ratio of CD4*/CD8* lymphocytes,
increased serum levels of immunoglobulins A and G, and
normalized white blood cell counts [27—30]. This means
that the drug can reduce the clinical manifestations of sec-
ondary immune deficiency by modulating immune mech-
anisms, which are essential in avoiding lymphopenia, sup-
pression of type 1 INF, “cytokine storm”, and systemic
inflammatory response.

Interferons

Currently, nine types of interferons were isolated in hu-
man, and according to their ability to interact with three
types of receptors, they are grouped into three families:

* I—IFN-a, IFN-B, IFN-¢, IFN-x%, IFN-w;

* II—IFN-y;

» IIT — IFN-AL, IFN-A2, IFN-A3.

IFN-a is widely used in medicine due to its pro-
nounced antiviral, immunomodulatory and indirect an-
tibacterial affect. IFN-a as a regulatory protein, enhances
the synthesis of major histocompatibility complex mole-
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cules by antigen-presenting cells, securing the proper pro-
cess of antigen presentation to immunocompeten T-cells.
Interferon provides the expression of CD4*/CD8" mole-
cules on T-cells, which enables them to recognize the an-
tigen and participate in the immune response. IFN-a, is
the factor that enhances the expression of not only MHC
molecules, but also other surface molecules. It increases
the number of Fc receptors on the surface of immunocom-
peten T-cells, enabling the normal process of phagocyto-
sis [31—33]. In Russia, a lot of IFN-a medicinal products
are used in clinical practice [34—40]. The appropriateness
of using IFN-f injectable forms in combination with anti-
viral drugs is also currently being discussed. However, the
results of these studies have not yet been published [41].
In addition to IFN-a, the possibility of using IFN-A is al-
so discussed, as it has an antiviral effect distinct from that
of type I IFNs. Unlike type I IFNs, IFN-A exerts more
organ-specific effects and participates in the maintenance
of epithelial cells protective function, particularly in the
respiratory tract [42]. Given the low rate of side effects as-
sociated with this therapy compared to type I and I inter-
ferons, the use of this therapy is potentially appropriate for
the prevention of COVID-19.

Interferon inducers are substances of natural or syn-
thetic origin that can induce type I and II IFNs synthesis
in the body; they are characterized by immunomodulato-
ry, antiviral, and anti-inflammatory activity [43, 44]. The
main producers of IFN in response to the administration
of IFN inducers are epithelial intestinal cells, hepato-
cytes, T-lymphocytes, neutrophils, and granulocytes. The
mechanism of antiviral action is due to induction of IFN
synthesis and, as a result, due to inhibition of virus-specif-
ic proteins translation in infected cells. Ultimately this re-
sults in virus reproduction suppression. Natural and syn-
thetic IFN inducers are also able to induce the production
of other cytokines: TNF-a, IL-1, IL-6, IL-8, 1L-10, and
colony stimulating factors. They are indicated in various
infectious diseases, primarily viral diseases [45, 46].

Immunomodulatory drugs (for example, contain-
ing a polysaccharide complex obtained from a purified
Solanum tuberosum shoots extract) may have a potential
in COVID-19 prevention. An experimental animal study
showed its activity against coronavirus, both in terms of
clinical improvement and in reducing the estimated viral
load. Panavir immunomodulatory activity is due to its ef-
fect on macrophage system, and due to induction of IFN
synthesis, thus reducing viral infective activity and in-
creasing the viability of the affected cells [47—49]. We are
looking forward to clinical trials evidence.

Antiviral medicinal products. Imidazolyl ethanamide
pentandioic acid (IEPA) is an original antiviral drug used
in Russia, for treatment and prevention of influenza and
other acute respiratory viral diseases. It was found that
IEPA, being not an interferonogenic agent, increases [FN
receptor (IFNAR) synthesis and enhances cell sensitivi-
ty to IFN signaling, which are initially suppressed by the

I Reshetnikov D.I. [ Diagnostics and treatment of liver failure in acute destructive pancreatitis]: Thesis for a candidate degree in medical scienc-
es. Jakutsk; 2009. Available at: http.//medical-diss.com/medicina/diagnostika-i-lechenie-pechenochnoy-nedostatochnosti-pri-ostrom-destruktiv-

nompankreatite#ixzz6JWFUG68RU (in Russian).

2 Borovkova N.V. [Secondary immunodeficiency in case of purulent-septic complications of surgical diseases|: Thesis for a candidate degree in

medical sciences. Moscow; 2011 (in Russian).
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influenza virus pathogenicity factor (non-structural pro-
tein NS1). The drug is able to stimulate the synthesis of
antiviral effector proteins PKR and Mxa in infected cells,
thus offsetting the suppressive effect of influenza virus on
the IFN system. Theoretical assumptions of IEPA clini-
cal efficacy were confirmed by the data regarding the ef-
fect on the innate immunity system under viral infection
conditions [50, 51]. Clinical trials are needed to assess its
efficacy in terms of new coronavirus infection treatment.
Theoretical rationale is not sufficient in this setting.

Numerous studies, carried out both in the Russian
Federation and in foreign laboratories, have shown that
the medicinal product Umifenovir acts in the early stag-
es of viral reproduction by inhibiting the fusion of the vi-
ral lipid envelope with intracellular membranes, thus pre-
venting virus penetration into the cell. But the medicinal
product does not affect viral transcription and transla-
tion, and it has no effect on neuraminidase (NA) activity
and virus adsorption [52—54]. Umifenovir virus-specific
mode of action differs from that of other anti-influenza
drugs used: Amantadine and Remantadine are ion chan-
nel blockers, and Zanamivir and Oseltamivir are NA in-
hibitors. Umifenovir antiviral activity was confirmed in
numerous in vitro and in vivo studies carried out in Russian
core research centers and in independent laboratories in
the USA, Great Britain, Australia, France, China, and
other countries [55, 56]. In early February 2020, Chinese
experts reported the possible efficacy of this medicinal
product against coronavirus, but so far there is no confir-
mation from clinical studies.

Another antiviral and immunomodulatory agent is the
sodium salt of the copolymer (1-4)-6-0-carboxymethyl-[3-
D-glucose, (1-4)-B-D-glucose and (21-24)-2.3,14,15,21,
24,29,32-octahydroxy-23-(carboxymethoxymethyl)
-7,10-dimethyl-4,13-di(2-propyl)-19,22,26,30,31-penta-
oxaheptacyclo[23.3.2.216.20.05.28.08.27.09.18.012.17|do-
triaconta-1,3,5(28),6.8(27),9 (18),10.12 (17),13,15-decae-
ne. The primary mode of action of the drug is to induce
IFN synthesis. In addition, it induces in the human body
the synthesis of the so-called late IFN, which is a mixture
of IFN-a and IFN-f, which possesses high antiviral ac-
tivity. The drug induces IFN synthesis in almost all cells
populations involved in the antiviral response of the body:
T- and B-lymphocytes, macrophages, granulocytes, fibro-
blasts, and endothelial cells [57, 58]. There is still no con-
firmation of this drug effectiveness from clinical trials with
COVID-19 patients.

Boceprevir is another potentially effective medicinal
product. It is an inhibitor of 3CL protease (the main pro-
tease MP), which is important for the viability of the virus.
Like other antiviral drugs with a similar effect (GC-376,
calpain II and XII inhibitors), this drug suppressed viral
replication in experimental studies. However, the clinical
use of these agents is currently a subject of discussion [59].

The use of janus kinase inhibitors (JAKi) is also an is-
sue in question.

The efficacy of these drugs in the treatment of patients
with severe COVID-19 was confirmed in a number of ran-
domized clinical studies. However, due to the possibility
of further deterioration of coagulation disorders specific
to COVID-19 patients, these drugs should be used with

caution, after careful risk assessment for adverse effects of
such a therapy [60, 61].

However, not only JAKi are able to block the virus
internalization, but also inhibitors of CD147 receptor,
which is, like JAK, the gateway for COVID-19. This
mechanism among others is a target for azithromycin ac-
tion. The antiviral effect of azithromycin was previous-
ly described in a series of scientific works. At the same
time, cyclosporine capable of interaction with CD147
can also be used, or its analogs lacking immunosuppres-
sive activity, such as cyclophilin A [62, 63].

Conclusion

The SARS CoV-2 pandemic has prompted researchers
and medical practitioners to urgent search for drug ther-
apies suitable for non-specific prevention and treatment
aiming to reduce the incidence of adverse disease out-
comes. The accumulated knowledge on SARS-CoV-2
immunopathogenesis, data from studies by our scientists
searching the effective immunotropic drugs and inves-
tigating their mode of action, can serve as a theoretical
background for experimental and clinical studies ulti-
mately yielding treatment programs for patients suffering
from COVID-19.
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An unusual course of COVID-19 infection with late increase
in C-reactive protein (clinical case reports)

Svetlana Yu. Chikina ", Mikhail Yu. Brovko, Valeriy V. Royuk, Sergey N. Avdeey
L.M.Sechenov First Moscow State Medical University (Sechenov University), Healthcare Ministry of Russia: ul. Trubetskaya 8, build. 2, Moscow, 119991, Russia

Abstract

Clinical signs of COVID-19 infection are non-specific and diagnosis is typically based on comprehensive evaluation of the patient’s history, clinical
status, radiological and laboratory findings. A common finding in COVID-19 patients is increased C-reactive protein (CRP), though in some
patients, CRP remains within normal range notwithstanding the presence of other criteria of severe disease. We describe two clinical cases of
COVID-19 with severe bilateral pneumonia and late increase in CRP. Similar cases re quite challenging for making the diagnosis and indicating the
antiinflammatory therapy.
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HeTunnyHoe TeyeHne HOBOW KOPOHABUPYCHOW MH(EKLUK
COVID-19 ¢ no3gH1M noBbileHnem ypoBHA C-peakTMBHOrO
benka (knuHUYeckue HabnogeHus)

C.10. Yukuna ", M.IO.bposxo, B.B.Porok, C.H.Asdees

DenepanbHoe rocyapeTBeHHOE ABTOHOMHOE 00pa30BaTeNbHOE YupexKeHHe Bbiciero 0dpasoarns «[Tepsbiii MocKoBCKHil T0CyIAPCTBEHHbIi MeTMIMHCKHIl YHHBECHTET
umetn 1.M.Ceuenoa» Munnctepcrsa 3npaBooxpanenns Poccuiickoii @enepamm (Ceveroscxmii Yamepeuter): 119991, Pocenst, Mocksa, yn. Tpyoenkas, 8, ctp. 2

Pesome

Kinmnnueckue nposisieHust COVID-19 Hecnieun@uyuHbl, IpU 3TOM OCHOBY AMAarHOCTMKU COCTABJSIET KOMILJIEKCHAsl OLleHKa AaHHbIX. OTHUM
U3 XapaKTepHbIX Ja0OPATOPHBIX MPU3HAKOB, OTpaxarolux Tskectb TeueHuss COVID-19, sgpnsiercst noseliieHre ypoBHS C-peakTUBHOTO OeKa
(CPB). OnHako B HEKOTOPBIX ciiydasix ypoBeHb CPB B TeueHMe IIUTEIbHOTO BPEMEHU MOXET OCTAaBaThCsl B MIpeesiax HOPMaJIbHBIX 3HAYCHU,
HECMOTPsI Ha MPUCYTCTBUE APYTUX MPU3HAKOB TSDKEJIOro TeueHus 3abojeBaHus. B cTaTbe npeacTaBieHbl ABa KIMHUYECKUX HAOTIONEHUS TSKe-
JIOTO TeYeHUs NIBYCTOPOHHEN MHEBMOHUU, accounupoBaHHoit ¢ COVID-19, y naiiueHToB ¢ no3nHuM nosbiieHueM ypoBHsi CPb. Takue 6051b-

HbIE MOTYT TPEACTABIATh OMPEAEICHHbBIC TPYIHOCTH MPU OLEHKE TSKECTH TEUCHUS U TTOA00PE MaTOTeHETUYECKOM Teparuu.
Kmrouebie cioBa: COVID-19, C-peakTUBHbII 010K, «IIUTOKMHOBBII IITOPM», KOPOHABUPYCHAasl MHGbEKIIMSI.
KongamkT uaTepecoB. ABTOPHI 3as1BJSIIOT 00 OTCYTCTBUM KOH(MIMKTA UHTEPECOB.

st mutuposanust: Yukuna C.10., Bposko M.10., Porok B.B., Anees C.H. HetunuuHoe TeueHue HOBOI KopoHaBupycHoi nHbekimu COVID-
19 ¢ nmo3gHuUM mnoBbILIeHHEM ypoBHsSI C-peakTMBHOro Oenka (KIMHUuYecKue HadmoneHust). [lyasmononoeusn. 2020; 30 (5): 709—714. DOI:

10.18093/0869-0189-2020-30-5-709-714

The novel coronavirus infection COVID-19 has been in-
vestigated worldwide since December 2019. The disease is
caused by SARS-CoV-2 virus. Clinical signs of COVID-19
infection are non-specific and the diagnosis is typically
based on the comprehensive evaluation of clinical, labora-
tory, and CT findings. One of the most typical laborato-
ry signs of COVID-19 is increased level of C-reactive pro-
tein (CRP). According to international data, CRP strongly
correlates with severity of the disease, the extension of lung
injury based on CT findings, prognosis and progression of
COVID-19 [1—4]. CRP is produced by the liver and, ac-
cording to G.Ponti et al., CRP can be associated with sys-
temic angiitis in COVID-19 patients [1]. Other laboratory
markers of the disease are lymphopenia [5, 6] that can re-
flect immune defense abnormalities [6]; thrombocytopenia

associated with disseminated intravascular coagulation [5,
6]; increased D-dimer related to coagulation activation [5,
6]; and increased serum interleukin-6 (IL-6) and ferritin
reflecting the severity of systemic inflammation. Excessive
release of various cytokines, such as IL-6, IL-1p, 1L-18,
interferon gamma, and tumour necrosis factor-alpha, is
called as “cytokine storm”. The key markers of “cytokine
storm” in real clinical practice are CRP and ferritin [1, 7].
CRP is increased in 75 — 93% of COVID-19 patients in
the first days of the disease [8] and is used by physicians as
one of the most significant markers of the disease severi-
ty [9]. Nevertheless, CRP can grow more slowly in some
COVID-19 patients and remains within the normal range
for a long time despite the presence of other signs of se-
vere course of COVID-19. Thus, physicians could be chal-
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lenged while assessing the disease severity and choosing the
therapy for such patients. We describe two clinical cases of
COVID-19 with late CRP increase.

Case 1

32-year old male who lived in Moscow was admitted to a hospital
on the 4" of May, 2020, with fever for past 5 days, diarrhea and
vomiting for past 3 days. At home, the patient took paracetamol
and aspirin. Previously, he had a history of gastroesophageal re-
flux disease, pollinosis (allergic rhinitis and allergic conjunctivi-
tis during birch pollution) and angioedema after eating nuts. The
patient is a current smoker of hookan quite daily during past 3
or 4 years; he was not exposed to other hazards. He did not have
the history of drug intolerance. The patient did not have a close
contact to anyone infected by SARS-CoV-2 virus during the pre-
vious two weeks.

At presentation, he was febrile to 38.3 °C. Vital signs at
the time of presentation revealed normal respiratory rate (RR,
18/min), mild tachycardia (heart rate, 90/min), normal blood
pressure (BP, 130/80 mm Hg), normal oxygen saturation (SpO,,
95%) at the room air; no peripheral oedema, no cyanosis. Lung
auscultation was not performed.

Initial laboratory data showed lymphopenia (0.92 X 10°/L)
with normal white cell (WBC) count (5.79 x 10°/L); moderately
increased aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) to 62 and 84 U/L, respectively; and moder-
ately increased creatinine (133 umol/L). The baseline CRP was
2 mg/L. Chest computed tomography (CT) demonstrated bilat-
eral multifocal, mostly bronchocentric ground glass opacities; an
overall right lung involvement score was < 25 %; an overall left
lung involvement score was 25 to 50% (CT-2 [9]) (Figure 1A).
Nasal and oropharyngeal smears for SARS-CoV-2 virus were
positive.

The initial therapy included mefloquine (7 days, the stan-
dard regimen), oral azithromycin 500 mg daily, oral lopinavir/ri-
tonavir 400/100 mg daily, paracetamol, fraxiparine 0.4 mg daily.
The fever remained at 38.5 °C. On day 3 of admission, the di-
arrhoea worsened and a sharp increase in hepatic transaminas-
es (AST, 233 U/L; ALT, 234 U/L; gamma-glutamyl transpepti-
dase (GGT), 112 U/L) and lactate dehydrogenase (LDH) (up to
1,069 U/L) was revealed. By this reason, azithromycin, meflo-
quine, and ritonavir/lopinavir were withdrawn. From day 5 of ad-

mission (day 10 from disease onset), the temperature decreased
to 37.5 °C, but hypoxia occurred with the decrease in SpO, to
94 — 91% at room air. Supplemental oxygen therapy was initiat-
ed via nasal prongs followed by a face mask because the oxygen
flow gradually increased to 8 — 10 L/min. Dexamethasone 24 mg/
day i.v. was added. Repeated chest CT (day 10 after disease onset)
showed further extension of ground glass opacities and the appear-
ance of consolidation areas in both Iungs. The total lung involve-
ment increased to 50 — 75% for each lung (Figure 1B).

CRP remained low during first 12 days of the disease (1.9 —
5.27 mg/L) and increased to 42.7 mg/L by day 13. Serum ferri-
tin remained normal as well (127 — 166 ug/L; normal value is
> 200 ug/L). IL-6 was measured on day 13 and was 2.5 times
higher than normal (15.4 pg/mL; normal value is > 6 pg/mL).

On day 13 of admission, the low-grade fever remains; the
patient had mild respiratory failure (SpO, 80 — 84% at room
air with the increase to 96% when using supplemental oxygen
6 L/min via a face mask).

Considering the respiratory failure, slow but progressive in-
crease in CRP level and the liver damage with unsuccessful treat-
ment with previous drugs including systemic steroids, sarilumab
(human anti-I1L-6R monoclonal IgG1 antibody) 200 mg was ad-
ministered. This was followed by a rapid decrease in CRP to 10 —
16 mg/L and in the body temperature to 36.4 °C. SpO, improved
until after the physical rehabilitation was started. To day 21 of the
disease, SpO, reached 92% at room air and the supplemental ox-
ygen flow was reduced to 3 L/min via nasal prongs. The changes
in key markers of systemic inflammation, such as CRP, fibrino-
gen, IL-6, and lymphocytes, were shown in Figure 2. AST, ALT,
GGT and LDH reduced gradually, but were still increased at the
patient’s discharge from the hospital.

The patient was discharged on day 20 of hospitalisation (day
25 from disease onset) with normal body temperature and SpO,
0f 95% at room air. Chest CT follow-up in a month after the dis-
charge showed mild ground glass opacities and no consolidation
(Figure 1C).

Case 2

39-year old male who lived in Moscow was admitted to a hospi-
tal on the 30" of April, 2020, on day 6 of disease onset with fever
(39 °C), diarrhea, and sore throat. The initial treatment before
admission with hydroxychloroquine 200 mg b.i.d. and azithro-

T T
3 Y

Figure 1. Computer tomogram of the patient’s lungs (clinical observation No.1): A, on the 5" day from the onset of the disease (upon admission to
the hospital); B, on the 22" day from the onset of the disease (upon discharge from the hospital); C, 1 month after discharge from hospital

Puc. 1. KoMmbioTepHasi ToMorpamMmMa JIeTKUX 60JIbHOTO (KIMHUYeckoe Habmonenue Ne 1): A — Ha 5-e cyTKu oT Havasia 3a00s1eBaHust (ITpU TIOCTYTI-
JIEHUM B cTallMoHap); B — Ha 22-e cyTku oT Havasa 3aboseBaHus (IIpU BhITUMCKe U3 cTalioHapa); C — yepe3 | Mec. mociie BBIMUCKU U3 CTalloHapa
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mycin 500 mg q.d. was unsuccessful. The patient did not have
previous chronic diseases or hazardous exposure. No history of
allergic reactions or drug intolerance.

At admission, the patient was febrile to 38.7 °C. He was
overweight with body mass index of 30.9 kg/m?2. Vital signs at
the time of admission revealed normal RR (19/min), moderate
tachycardia (heart rate, 101 beats/min) and slightly decreased
BP (108/66 mm Hg). SpO, was 96% at room air at rest. No pe-
ripheral oedema and no cyanosis were found. Lung auscultation
was not performed.

Laboratory data at baseline showed low WBC (3.1 % 10°/L),
lymphopenia 0.7 X 10°/L, and mild thrombocytopenia (118 X
10°/L). CRP was increased to 32 mg/L. Liver transaminases were
within normal ranges. Chest CT at baseline showed multiple bi-
lateral diffusive ground glass opacities with reticular changes. The
overall lung involvement was 25 to 50% in both lungs (CT-2 [9]).
Nasal and oropharyngeal smears for SARS-CoV-2 were positive.

Therapy with lopinavir/ritonavir 800/200 mg/day, inter-
feron-f-1b, and enoxaparin was started at admission. Hydro-
xychloroquine 400 mg/day was continued. On day 4 after ad-
mission, the patient was still febrile with the body temperature
of 39 °C and SpO, fell to 92% at room air. CRP grew from 32 to
48 mg/L. Supplemental oxygen 6 L/min was initiated via nasal
prongs resulting in the SpO, improvement to 96%.

On day 5 of hospitalisation (day 11 of disease), the fever be-
came low-grade, but dyspnea worsened. SpO, reduced to 87 —
88% at room air. This required to increase the oxygen flow up
to 10 L/min with improvement in SpO, to 91 — 92%. CRP con-
tinued growing to 82 — 113 mg/L. Leukopenia and lymphopenia
worsened to 2.9 X 10°/L and 0.34 x 10°/L, respectively. There
was an increase in LDH to 1,253 U/L, AST to 244 U/L, ALT
to 552 U/L, total bilirubin to 21.8 umol/L, and fibrinogen to
5.73 g/L (the normal value is < 4.00 g/L). Chest CT demon-
strated further extension of ground glass opacities to 50 — 75% in
each lung corresponding to CT-3.

The patient was transferred to intensive care unit (ICU) on
day 5 of hospitalisation (day 11 of disease onset) for non-inva-
sive ventilation (NIV) with CPAP mode (10 cm H,0, FiO, 50%).

Notes « 3amMeTku U3 NPaKTMKK

Given the growing CRP, progressive respiratory failure and liv-
er damage, tocilizumab 480 mg was administered i.v.; the dose
of enoxaparin was increased to 0.8 mL b.i.d.; lopinavir/ritonavir
and hydroxychloroquine were withdrawn.

The temperature dropped to 37.4 °C several hours after to-
cilizumab infusion and became normal a day later. CRP reduced
to 47 mg/L in the next day after tocilizumab infusion with further
decrease to 8 — 5 — 2 mg/L. NIV allowed to keep SpO, at 95 —
96%. Liver transaminases also reduced, but had not reached the
normal level to the time of the patient’s discharge from the hos-
pital (Figure 2).

On day 8 of hospitalisation, the patient was weaned from
NIV to supplemental oxygen 10 L/min via a face mask and was
transferred from ICU to a general ward. The patient was dis-
charged on day 19 of hospitalisation after clinical and laborato-
ry stability was achieved. Chest CT at the end of hospitalisation
showed linear and patchy consolidation; the overall right lung
involvement reduced to 25% and the overall left lung involve-
ment reduced to 25 — 50% compared to the baseline; this corre-
sponded to CT-2 [9].

Discussion

Clinical cases of COVID- 19 with severe bilateral pneumo-
nia were described in this article. A particular feature of
these cases was late increase in CRP. The respiratory fail-
ure worsened together with CRP growth.

Development of “cytokine storm” requires adminis-
tration of monoclonal antibodies against ILs or IL recep-
tors. Clinically, these drugs should be used in patients with
significant lung injury (50 — 75%) and at least two of the
following signs: low SpO,, CRP as high as > 60 mg/L or
3-fold growth in CRP on days 8 — 14 of disease; fever of
> 38 °C during 5 days, WBC < 3.0 x 10°/L, blood lympho-
cyte count < 1 X 10° /L and/or < 15% [9]. However, phy-
sicians are often guided by CRP level and underestimate
these clinical criteria.
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Figure 2. Dynamics of the main laboratory parameters (clinical observation No.1)

Puc. 2. OcHOBHBIE JTabOpaTOpHBIE TIOKA3aTeIM B TUHAMUKE (KIMHUYecKoe HabmoneHue Ne 1)
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Figure 3. Dynamics of the main laboratory parameters (clinical observation No.2)

Puc. 3. OcHoBHbIe JJabOpaTOpHbIE TTOKA3aTeIM B AMHAMUKE (KJIMHUYECKOoe HaboieHre Ne 2)

Both patients described were febrile and had low blood
lymphocyte count. The patient 2 had also low WBC count.
However, the lung involvement in both patients was not
extensive enough to suspect the “cytokine storm”. When
the lung involvement enlarged, the fever, another import-
ant clinical sign of “cytokine storm”, surprisingly reduced
to low-grade level.

In patient 1, CRP has not reached the threshold of
60 mg/L during all the course of the disease and 3-fold
growth was found on day 13 only (from 5.27 to 42.7 mg/L)).
Dexamethasone did not impact significantly on the clin-
ical presentation. In patient 2, CRP exceeded 60 mg/L to
day 11 of disease only and 3-fold increase in CRP level oc-
curred much more later (Figure 3).

Therefore, “cytokine storm” is not always associat-
ed with contemporary CRP growth to high values in real
clinical practice. The measurement of another marker of
“cytokine storm”, IL-6, is not available everywhere.

Of note, both patients had significantly increased liv-
er transaminases. A rise of liver transaminases could be
seen in 20 — 35% of COVID-19 patients; this could reflect
acute liver injury associated with COVID-19 [10—12].
Liver damage can be caused by SARS-CoV-2 virus itself
that binds to angiotension-converting enzyme (ACE II)
receptor in order to enter an epithelial cell. ACE II recep-
tors are expressed on epithelial cells of bile ducts in he-
patic tissue and, to a lesser extent, on hepatocytes [10,
11]. An increase in liver transaminases was demonstrat-
ed to correlate directly with COVID-19 severity [10, 12].
On the other hand the majority of drugs used to treat the
novel coronavirus infection COVID-19, such as ritonavir/
lopinavir and hydroxychloroquine, can damage the liver.
Both patients received aminoquinolines (mefloquine or
hydroxychloroquine) and lopinavir/ritonavir from day 1 of
admission. Therefore, it is hard to say whether the increase
in transaminases level was associated with COVID-19 se-
verity (in this case, high AST and ALT, similarly to CRP,
are features of disease severity) or with drug-induced liver
injury. The former thesis is supported by the fact that the
liver transaminases begun rising three days after the thera-

py was started and remained at a high level for 2 — 3 weeks
after drugs had been withdrawn.

CRP is produced in the liver [1], therefore, It could
be assumed that virus-induced liver damage could dysreg-
ulate synthetic liver function followed by lowering CRP
level. However, some authors report that an increase in
liver transaminases was associated with more severe sys-
temic inflammation in COVID-19 [13, 14]. Q.Cai et al.
found that hospitalized COVID-19 patients are at high-
er risk of drug-induced liver injury, primarily due to
use of lopinavir/ritonavir which increases this risk in
4 times [15]. Many authors describe a direct association
between the increase in liver transaminases and the sever-
ity of COVID-19 [13, 15, 16].

Conclusion

In conclusion, COVID-19 patients with higher liver trans-
aminase level should be considered as patients with po-
tentially severe course of COVID-19, even if CRP is
normal or slightly increased. We suppose that increased
liver transaminases in a patient with chest CT typical for
COVID-19 and long-lasting fever should be considered as
an indication for administration of anti-IL monoclonal
antibodies.
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Pulmonary rehabilitation of patients with coronavirus
infection COVID-19, clinical examples
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Abstract

At the end of 2019, an outbreak of a new coronavirus infection was identified in the People’s Republic of China centerd in the city of Wuhan. The
official name COVID-19 (COronaVIrus Disease 2019) was assigned to the infection caused by the novel coronavirus by the World Health
Organization on February 11, 2020. The International Committee on Taxonomy of Viruses assigned the name to the causative agent of the infec-
tion — SARS-CoV-2 on February 11, 2020. The bilateral pneumonia is currently known to be the most common clinical manifestation of the variant
of coronavirus infection. The development of acute respiratory distress syndrome was found in 3 — 4% of patients. As a result of pneumonia, patients
develop ventilation and perfusion disorders, weakness of skeletal muscles. To recover patients after viral pneumonia, methods of pulmonary rehabi-
litation should be applied. This article represents the methods of pulmonary rehabilitation aimed to improve the blood circulation in the lungs, the
ventilation-perfusion ratios, and to the restoration of the skeletal muscles.

Key words: new coronavirus infection COVID-19, SARS-CoV-2 infection, community-acquired pneumonia, pulmonary rehabilitation.
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JleroyHas peabunurauma naymeHToB,
nepeHecwnX KOpoHaBUPYCHYHO MHPekumwo COVID-19
(KMMHNYeckKue npwmepbly

H.H.Mewepaxosa >, A.C.beaesckuii’, A.B. Kytemos*
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Pesiome

B konue 2019 rona B Kuraiickoit HaponHoit Pecry6nuke mpou3olniuia BCIbIIKA HOBOM KOPOHABUPYCHON MHMEKLINU C STMULEHTPOM B TOPOLIE
YxaHb. BcemupHas opranuzanus 3apaBooxpanenusi 11.02.20 npucounia opunmaibHoe Ha3BaHUe MHMEKIMK, BBI3BAHHOM HOBBIM KOPOHABUPY-
coMm, COVID-19 (COronaVirus Disease-2019). MexayHapoIHbIii KOMUTET 110 TaKcCOHOMKY BUPYcoB 11.02.20 mprcBomI Ha3BaHKe BO3OYIUTEITIO
nHpexkunn SARS-CoV-2. B HacTos1iee BpeMsl U3BECTHO, YTO Haubosee pacinpoCTpaHEHHBIM KIMHUYECKHM MPOSIBJICHUEM BapMaHTa KOPOHABU -
PYCHO#1 MH(bEKLNY SIBJISIETCSI IBYCTOPOHHSISI THEBMOHUS, Y 3—4 % MalMeHTOB 3aperuCTPUPOBAHO Pa3BUTHE OCTPOTO PECITMPATOPHOTO TUCTPECC-
cuHapoma. [1py MTHEBMOHWY y TIAIIMEHTOB Pa3BUBAIOTCSI BEHTUJISITUOHHO-TIephy3MOHHbIe HApyIIeHMsI, CJTA00CTh CKEJIETHOM MYCKYIaTyphl. st
BOCCTAaHOBJICHUSI MAIIMEHTOB TIOC/Ie BUPYCHON MTHEBMOHUM HEOOXOAMMa JierouHasi peabuiuraiivsi. B taHHO ctathe MpUBEIEHBI METOIbI JICTOY-
HOI1 peabuIMTaliy, HalpaBJIeHHbIE Ha YIIydIlIeHue KPOBOOOPAIEHHUSI B JIETKMX, BEHTUJISILIMOHHO-TTep(dy3MOHHBIX OTHOILIEHUIA, BOCCTAHOBJICHUE
PabOThI CKEJIETHOI MYCKYJIaTypHl.

Karouessie coBa: HoBast KopoHaBupycHas uHbekuus COVID-19, undeximst SARS-CoV-2, BHeOOTbHUYHASI THEBMOHMSI, JIETOYHAST PEaOUTUTALINS.
KoHdumkT uHTEpecoB. ABTOPBI 3asIBJISIIOT 00 OTCYTCTBUM KOH(JIMKTA UHTEPECOB.

Ins untuposanust: Mewepsikosa H.H., benesckuit A.C., Kyneuios A.B. JlerouHas peabuinMTauys nalMeHTOB, NEPEHECIINX KOPOHABUPYCHYIO
unpekunio COVID-19 (kmuanveckue npumepst). [Iyasmonosoeus. 2020; 30 (5): 715—-722. DOI: 10.18093/0869-0189-2020-30-5-715-722

At the end of 2019, an outbreak of a new coronavirus in-
fection occurred in the People’s Republic of China with
an epicenter in the city of Wuhan.

On February 11, 2020, the World Health Organization
assigned the official name to the infection caused by the
new coronavirus, COVID-19 (Coronavirus Disease 2019).
On 11 February 2020 the International Virus Taxonomy
Committee assigned the name to the causative agent of
the infection, SARS-CoV-2 [1].

It is now known that bilateral pneumonia is the most
common clinical manifestation of the coronavirus infec-
tion variant; in 3 — 4% of patients the development of
Acute Respiratory Distress Syndrome (ARDS) was re-
corded [1].

The epithelium of the upper respiratory tract and intes-
tinal epithelial cells are the entrance gates of the pathogen.
The initial stage of infection is the penetration of SARS-
CoV-2 into target cells that have Type II Antiotensin
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Converting Enzyme receptors (ACE2). ACE2 receptors
are found on the cells of the respiratory tract, kidneys,
esophagus, urinary bladder, ileum, heart, and central ner-
vous system. However, the alveolar cells of type 11 (ACE2)
of the lungs constitute the main and rapidly attainable tar-
get that determines the development of pneumonia. In the
lungs in the early stage of the disease, the prevailing signs
are acute bronchiolitis, the alveolo-hemorrhagic syn-
drome (inside alveolar hemorrhage); edema is an integral
part of diffuse alveolar damage. A histological examina-
tion of this pathological process reveals the intra-alveolar
edema; hyaline membranes line the contours of the alve-
olar passages and alveoli; the layers of cells of the alveolar
epithelium are desquamated; accumulated fibrin can be
found in part of the cavities of the alveoli; in a significant
part of the cavities of the alveoli there is accumulation of
red blood cells and there are signs of inflammation in in-
terstitial cells the form of lymphocytic infiltration. Starting
from Day 7 from the onset of the disecase, at a later stage,
single hyaline membranes, and fibrin and polypoid fibro-
blastic tissue in the lumens of the alveoli can be observed;
the same can be observed in the part of the respiratory and
terminal bronchioles (bronchiolitis obliterans organizing
pneumonia, BOOP), squamous cell metaplasia alveolar
epithelium; in the lumens of the alveoli there are accumu-
lations of siderophages. Atelectasis and sometimes fibro-
atelectasis may occur [2, 3].

The interalveolar septa are characteristically thickened
due to lymphoid infiltration and proliferation of type II al-
veolocytes. This causes further lung pathologies [4].

The formation of thrombus and changes in the rheolog-
ical properties of blood leading to pathology of the cardio-
vascular system play an important part in the development
of the disease. This is an essential aspect in the treatment
and development of rehabilitation measures for patients.
In addition, patients develop adynamia as they hardly ever
move in hospital, and many patients have to be in a prone
position to improve breathing. Prone positioning is neces-
sary for patients to increase the surface of the lungs engaged
in breathing. In this position, the lungs expand, and oxy-
gen enters the parts of the lungs that were previously poorly
ventilated. However, this position of the body causes even
greater adynamia, damage to the skeletal muscles and (very
importantly), the respiratory muscles [5, 6]. Pulmonary re-
habilitation methods adopted according to clinical guide-
lines [7] can resolve the patients’ problems.

The concept of pulmonary rehabilitation

Patients who have wundergone a new coronavirus
(COVID-19), community-acquired pneumonia, need re-
habilitation measures in order to recover the consequenc-
es of the disease [8].

In recent years, pulmonary rehabilitation methods
have become a standard addition to drug therapy in pa-
tients with lung disease. The use of pulmonary rehabilita-
tion methods improves the functioning of patients, reduc-
es shortness of breath, improves the quality of life (QOL)
of patients and reduces the number of hospitalizations and
length of stay (the level of evidence A); the methods also

improve exercise tolerance and patient survival, and in-
crease the bronchodilatory effect (the level of evidence B).
Initially, pulmonary rehabilitation methods were devel-
oped for patients with chronic obstructive pulmonary dis-
ease. Further study of pulmonary rehabilitation methods
has shown that the same principles apply to patients with
other lung conditions. At present, it is impossible to pro-
vide full-fledged medical care for patients with lung dis-
eases without the use of methods of pulmonary rehabil-
itation [9, 10].

The definition of pulmonary rehabilitation by the
American Thoracic Society (ATS) Board of Directors given
in December 2005 and the European Respiratory Society
(ERS) Executive Committee in November 2005 is funda-
mental: pulmonary rehabilitation accompanies the main
treatment of patients, and includes education, changes in
the patient’s lifestyle; it improves the physical and mental
state of the patient with chronic respiratory diseases and
contributes to long-term health improvement. The pulmo-
nary rehabilitation program includes patient assessment,
physical training, patient education, nutritional adjust-
ments and psychological support. In a broader sense, pul-
monary rehabilitation is a range of treatment strategies for
patients with chronic lung disease throughout the patient’s
life; it involves active collaboration between the patient,
their family and health care workers [11].

Pulmonary rehabilitation for patients with
a new coronavirus infection (COVID-19),
community-acquired pneumonia

The goal of rehabilitation in patients who have under-
gone a new coronavirus infection (COVID-19), com-
munity-acquired pneumonia, is to improve respiratory
function, relieve symptoms, reduce possible anxiety and
depression, reduce the likelihood of complications, and
normalize the work of the respiratory and skeletal mus-
cles, and nutritional status.

The assessment of the patient’s condition before re-
habilitation is based on a general clinical assessment,
(especially functional evaluation), including respiratory
function, cardiac status, and the assessment of physical
activity. It is necessary to control the state of the respi-
ratory system, including the assessment of the functional
activity of the lungs, and the amplitude of the diaphragm.
It is important to evaluate the pathology of the cardiovas-
cular system, the circulatory system and the nutritional
status of the patient.

Methods of pulmonary rehabilitation
Inspiratory training

In coronavirus pneumonia, due to damage to the alveo-
li, it is necessary to influence the inspiratory muscles in
order to reduce perfusion disturbances and decrease tidal
volumes, in order to improve the ventilation capacity of
the lungs. In training exercises, it is most important to in-
fluence all mechanisms of the respiratory system. The in-
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spiratory muscles are active in the act of breathing and af-
fect all aspects of pulmonary ventilation. By affecting the
breathing pattern, the stress on the alveoli can be reduced
by reducing the resistance in the bronchi and improving
ventilation. This is especially important for patients who
have to be prone positioned when the inspiratory muscles
suffer. In order to restore the respiratory muscles, exercis-
es can be used aimed at training the diaphragm: diaphrag-
matic breathing and exercises with training inhalation that
should be done long enough (one-two-three) to improve
ventilation and exhale with little resistance through closed
lips (one-two-three-four) [11—13].

The use of training devices aimed at inspiratory mus-
cles training (IMT), improves and restores lung function,
and more intensively affects the restoration of the ventila-
tion capacity of the lungs [14—16].

The use devices providing threshold resistance to the
IMT is the most common approach to training the respi-
ratory muscles. The devices used for training inspirato-
ry muscles are Threshold IMT, Respironics (USA), and
Powerbreathe Classic and Plus, Gaiam Ltd (UK).

The devices have a spring, a valve and a metered load.
The valve opens only when the inspiratory pressure gen-
erated by the patient exceeds the resistance of the spring,
and the exhalation occurs unimpeded through the expi-
ratory movable valve. Stepped resistance is created in the
devices that can be gradually increased during the train-
ing. The exercise increases lung capacity and improves
lung function [17—19].

Various studies have been conducted to examine the
efficacy of IMT, where IMT was used alone or combined
with body training. A meta-analysis of IMT studies com-
paring with placebo or low resistance, showed that less
t