YKpaiHCbKWI PafionoriyHniA Ta OHKOMNOTiYHWA XXypHar. 2024. T. 32. Ne 2. C. 199-215 ISSN 2708-7166 (Print)
Ukrainian journal of radiology and oncology. 2024;32(2):199-215 ISSN 2708-7174 (Online)

DOI: https://doi.org/10.46879/ukroj.2.2024.199-215 @ ®

YIK: 616.24+578.834:612.7

MopdoddyHKLLIOHAABHMU CTAH
reMaToaAbBEOASAPHOro 6ap’epy AereHb xsopux Ha COVID-19
Yy NOPIBHAHHI 3 NAHAEMIYHUM rPUNOM

Nykawosa O.M.", "I https://orcid.org/0000-0002-4518-5104, e-mail: olga.petrovna.Lukashova@gmail.com
Fpaginb I1.2, https://orcid.org/0000-0001-5655-6188, e-mail: gradilgrigoriy@gmail.com

CrapeHbkuin B.IM."2, "7 hitps://orcid.org/0000-0002-6600-3381, e-mail: starenkiy.victor@gmail.com
HacoHoBa A.M.", " https://orcid.org/0000-0002-2786-3311, e-mail: nasonaln@gmail.com

3akpyTbko A.0.2, i hitps://orcid.org/0009-0002-8777-0050, e-mail: zakrutko.anna@gmail.com
TecneHko I.M.", "= https://orcid.org/0000-0001-7011-911X, e-mail: szanjat@gmail.com

[JepxasHa ycmaHosa «IHcmumym medu4Hoi padionoeil ma oHkonoeii im. C.I1. pueop’esa

HauioHanbHoi akademii meQuyHUX HayK YkpaiHu», Xapkie, YkpaiHa

2Xapkiscbkuli HauioHanbHUl MeduyHUl yHisepcumem
Minicmepcmea oxopoHu 300poe’s YkpaiHu, Xapkie, YkpaiHa

The morphofunctional state

of the hematoalveolar barrier of the lungs in COVID-19 patients

compared to pandemic influenza

Lukashova O.P.", https://orcid.org/0000-0002-4518-5104, e-mail: olga.petrovna.Lukashova@gmail.com
Hradil H.1.2, "= https://orcid.org/0000-0001-5655-6188, e-mail: gradilgrigoriy@gmail.com

Starenkyi V.P."2, "/ https://orcid.org/0000-0002-6600-3381, e-mail: starenkiy.victor@gmail.com
Nasonova A.M.", "2 https://orcid.org/0000-0002-2786-3311, e-mail: nasonaln@gmail.com

Zakrutko A.0.%, https://orcid.org/0009-0002-8777-0050, e-mail: zakrutko.anna@gmail.com

Teslenko I.M.", " hitps://orcid.org/0000-0001-7011-911X, e-mail: szanjat@gmail.com

KAto4oBi cAoBa:

COVID-19, rematoanbBeonspHuin 6ap’ep
nerexb, rpun A(H1N1) pdm09, ayToncis,
Mopdbonoris, ynsTpacTpykTypa, TPoM603.

AAS KOPECNOHAEHLI:

Jlykawoea Onbea NempigHa

OepxaBHa ycTaHoBa «IHCTUTYT MeanuHOT
pagionorii Ta oHkonorii im. C.M. Tpu-
rop’eBa HauioHanbHoi akagemii MeamyHnx
Hayk YkpaiHun», naboparopis pagiauinHoi
OHKOFOTil;

Byn. [puropia CkoBopoaun, 06yn. 82,
M. XapkiB, YkpaiHa, 61024;

e-mail:
olga.petrovna.Lukashova@gmail.com

© Jlykawosa O.[1., lpadinb 1.,
CmapeHbkuli B.I1., HacoHosa A.M.,
Bakpymbko A.O., Tecnerko I.M., 2024

State Organization «Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine», Kharkiv, Ukraine
2Kharkiv National Medical University

of the Ministry of Health of Ukraine, Kharkiv, Ukraine

PE3IOME

AkTyanbHicTb. Bigomo, Lo npu Takux BipyCHUX iHEKUiaX, SK naHOeMiYHuiA rpun
A(H1N1) ta COVID-19 BiasHa4yawTbCA NPOsiBM FOCTPOro pecnipaTopHOro AWUCTpec-
CUHAPOMY, SIKUA B OKPEMMX BUMagKax CyrnpoOBOOAXKYETbCA BUCOKOK CMEPTHICTIO.
BcTtaHoBneHo Takox, Wwo sk ans rpuny A, Tak i gna COVID-19, 3aranbHuM € BUpasHe
OndysHe anbBeonspHe nowkomkeHHs (JAMM). MNpote mik umMun iHdeKuisMm BUaBNS-
I0TbCA NeBHi po3bikHOCTI. Ha BigMiHY BiA nmaHAemiyHoro rpuny Hambinbw Yactum
cumntomom  ana  COVID-19 € TpomboemboniyHi  ycknagHeHHs.  [ocnimkeHHs
ayToNCiHOro martepiany nokasaro, Lo, He3BaXakum Ha BENUKY KiNbKiCTb NPOBEAEHNX
[ocnimkeHb, MopdodyHKUIOHaNbHNIA CTaH remartoanbBeonspHoro Gap’epy nereHb
BMBYEHU HEOOCTaTHbO, HE3'ICOBaHMMM 3anuLIalTbCA AEesKi MexaHi3mMu pO3BUTKY
naTonoriYyHMX peakui opraHiamy y Bignosigb Ha Aito BipyciB rpuny A(H1N1) pdm09
Ta SARS-CoV-2. lpoTe nocMepTHa kapTWUHa remaTo-NbBeosnsipHoro 6ap’epy moxe
[O3BOMUTM YABUTU YyCi MonepenHi NaHKU MpOLECiB BipyCHOTO YpaXeHHS mereHb.
Lle y cBol 4epry AONoOMOXe BUPILLMTL NPOONEMU CBOEYACHOI AiarHOCTUKM TSHKKOCTI
3aXBOPIOBaHHSA, MNPOrHO3y, rMoMnepedKeHHA MOoAanbLOoro pPo3BUTKY XBOPOOWM Ta
BigNOBiAHMX 3acobiB Tepanii.

MeTta po6otun — BuBYEHHS ocobnumBocTen pfji Bipycy SARS-CoV-2 Ha mopdo-
(PYHKUIOHaNbHUIN CTaH reMaToanbBeONsiPHOTrO BIAAiNYy fereHb npu ayToncii, LWwo
no3Bornse yTouHuT natoreHes COVID-19, BCTaHOBUTY KPUTUYHI MEXaHi3MW, PO3BUTOK
AKX NPU3BOAUTL A0 haTanbHMX HacniAKiB Ta 3anpornoHyBaTy cTpaTerito Tepanii.
Matepianu Ta metoau. [locnigxeHo 8 3paskiB ayTONCIiHOro maTepiarny NiereHb XBopux
Ha COVID-19. I'pynamu nopiBHAHHS Bynu XBOpi Ha MaHAEMIYHWIA rpun A, BUKIMKaHWN
Bipycom H1N1 (3 ayToncii) Ta 3pa3ku nereHb, OAepXXaHUX Npu onepawii y naujieHTa
3 TpaBMaTW4HMM MHEBMOTOPAKCOM Y BiAdaneHHi Bif OCHOBHOrO BOrHULWA. 3pasku
nereHb 06pobNsAnM 3a ctaHg4apTHUMKM MeTogamu MiaroToBkM GionoriyHoro matepiany
ONsi enekTPoHHOI Mikpockonii. 3 ogepxaHux OnokiB BUrOTOBMANM HaniBTOHKI 3pi3n
TOBLWMHOK 1 MKM, 3abapBnoBanu ix METUIEHOBUM CUHIM, BMBYanu Mig CBITNOBUM
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AAS LUTYBAHHS:

MiKpockornoMm npu 36inblieHHi y 500 pasiB. 3 Hanbinbl iHOPMaTUBHUX AiNstHOK
ogepxyBanu undposi coTtorpadii. YNsTpaToHKi 3pi3n MiCNs KOHTPACTYBaHHA Y COMsX
ypaHy Ta CBUHLIO aHanidyBanu B enekTpoHHOMY Mikpockoni. ObuucnioBanu YacTicTb
BMNagkie Tpombo3y y pocnigkeHux rpynax. CraTuctuyHy o6pobky nposogwnu
3a [0MNOMOroK HenapameTpu4yHOro TOYHOro kpuTtepito diwepa i3 3acTocyBaHHAM
naketa nporpam ans MK «Biostaty.

Pesynbratu Ta ix o6roBopeHHsA. MpoBeaeHi AocnigXeHHs nokasanu, LWo Yy XBOpUx
Ha naHaeMmiYHMI rpun A CNoCTepiraeTbCs BUPaXeHe ypaXeHHs1 anbBeOonsipHoro Bigainy
nereHb 3 NOLLUKOAKEHHAM anbBeONsPHUX NEPETUHOK NereHb Ta NOSIBOKO Y HUX FianiHOBMX
MeMOGpaH. Y 3anoBHEHUX CEPO3HOI PIAMHOI anbBeonax BUSIBMSAIOTLCSH OECKABMOBaHI
MHEBMOLMTUN, EPUTPOLUTU, HENTPOMINbHI NENKOLUTH, Makpodaru Ta 3rycTku gibpuHy.
3 ocobnuBocTel Aaii Bipycy rpuny cnig BiA3HauMTU 36EpEXEHICTb B anbBEONSPHUX
CTiHKaX KNITUHHUX EMNEeMEHTIB, 3BMNKEHHs1 anbBEONSPHUX NEPETUHOK | YTBOPEHHS
3 HUX BEMUKWUX QJiNsHOK, Yy SAKMX BiA3HAYaETbCA BUCOKWN piBEHb HENTPOMinbHOI
Ta MakpodaranbHoi iHBasii. Makpodarn natpynioTb MoMs MOLKOMKEHUX anbBeo-
NSAPHUX NEPETUHOK, BiOKPEMITHOKOUM iX Bif 0TOYYHOYOI TKaHUHWU. HacTynHa ¢ibpotusadis
CBi4YMTb NPO 3aMilLeHHs 3pyNHOBaHOI TKAHUHW NereHb.

Y rpyni xsopux Ha COVID-19, Ha BigMiHY Big4 XBOpPUX Ha NaHAEMIYHWUN rpwu,
[OCTOBIPHO ByLLa YacTiCTb BUNaaKiB TpoMO03y CyaMH pisHoro kanibpy. Lie e Hacnigkom
OucemiHOBaHOI iHTpaBacKynspHOi koarynsiuii, sika 4acTto Mpu3BoAUTb A0 dhaTanbHUX
Hacnigkis. EputpounTtn y cyauHHMX Tpombax MaiTb TeHAeHUilo [0 arnoTuHauil,
wo 6inbw BUpakeHO ANsi OHKOMOrYHUX XBOpWX. Ons ycix gocnigxeHux Bunagkis
pYVHYBaHHS eniTenianbHUX NMepPeTUHOK XapakTepusyeTbCs Malke MOBHUM 3arybreH-
HAM eniTenianbHUX KMiTWUH, LWO CYNpPOBOOXKYETbCA OFOMEHHSAM Kaninsapie, y SKUX
BUSIBNSIETLCSI HAKOMUYEHHSI ePUTPOLUTIB, LLO HAAa€e iM BUIMSAY «KPOB'SHUX KOBGACOKY.
lHogi Taki cyauMHuW npuegHaHi Oo rianiHoBUMX MemO6paH, iHoai  po3TalloBYHOTHCS
naHutoxkkamm abo rpynamu. He cnoctepiraetbcsi NOMITHOT HeWTpodinbHOI iHBasii
Ta rpaHynbO3HOro 3ananeHHs.

BucHoBku. NMpoBeaeHi gocnigXeHHs1 nokasanu, Wo Yy XBOpUX Ha NaHAeMiyHun rpun A
CMoCTepiracTbC BUPaXeHe YpaXKeHHsi anbBeOnspHOro Bigdiny nereHb 3 BUCOKUM
piBHeM HenTpodinbHOI Ta MakpodaranbHoi iHBa3ii. MexaHiamu natoreHedy COVID-19
nonsiratoTb y 6e3nocepeaHin pynHiBHin Aii Bipycy Ha enitenianbHinbHi KNiTMHW remaTo-
anbBeonsipHoro 6ap’epy, L0, OYEBWAHO, MPU3BOAUTb OO BMBIMbHEHHSI 3ananbHUX
LMTOKIHIB, SIKi CTUMYIIOIOTb CUCTEMHY peaKLilo BHYTPILUHbOCYANHHOIO 3ropTaHHs KPOBI.
BcTaHoBneHo, WO Ans OHKOMOrMYHWUX XBOPWX, B aHaMHe3i sikux Oyno npoBedeHHs
ximioTepanii, npouecu TpombBo3y Ta pyNHYBaHHS anbBEONSIPHUX MNEPETUHOK Npu
COVID-19 6ynu ogHUMKM 3 BMPasHiLMX YypaxeHb, MOPIBHEHO 3 iHLIMMW XBOPUMM.
OpepxaHi pesynstati 0O3BOMSATb NpUMNyCTUTU, WO datanbHi Hacnigkn COVID-19,
04eBMOHO, MOXHa nomnepeauTn, SKWO BiApady Micns OAepXaHHS MO3UTUBHOIO
giarHody Ha COVID-19, Ta npoBegeHHsi koMmnekcy nabopaTopHux aHanisie ans
OLIHKM TSDKKOCTiI 3axXBOPIOBaHHS, 3aCTOCOBYBaTW TepaneBTUYHI 3axogu, CnpsiMOBaHi
Ha 3HULEHHs Bipycy, OrnokyBaHHs MilleHel AN WOro MPOHUKHEHHSI [0 KMITWH,
pO3puBY NaHLUora BHYTPILUHbOCYAMHHOIO 3ropTaHHi KPOBI i3 3aCTOCYBaHHSIM KOPTUKO-
CTEepOIfiB, aHTUKOArynsHTIB, iHFGITOPOB LIUTOKIHIB TOLLO.

Tlykawosa O.N., Mpagins I.1., CtapeHbkui B.I1., HacoHosa A.M., 3akpyTtbko A.O., TecneHko |.M. MopdodyHKLioHanbHWi
CTaH rematoarnbBeonsipHoro 6ap’epy nereHb xeopux Ha COVID-19 y NopiBHSAHHI 3 NaHAEMIYHUM rpUMoM. YkpaiHcbKul
padionoaidHull ma oHkornoeiyHuli xypHan. 2024. T. 32. Ne 2. C. 199-215. DOI: https://doi.org/10.46879/ukroj.2.2024.199-215
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ABSTRACT

Background. It is known that viral infections, such as pandemic influenza A(H1N1) and
COVID-19, are characterized by acute respiratory distress syndrome, which in some
cases is accompanied by high mortality. It has also been established that diffuse
alveolar damage (DAD) is common to both influenza A and COVID-19. However, there
are some differences between these infections. In contrast with pandemic flu, the
most frequent symptom of COVID-19 is thromboembolic complications. The exami-
nation of the autopsy material showed that, despite the large number of conducted
studies, the morphofunctional state of the hematoalveolar barrier of the lungs has not
been sufficiently studied and some mechanisms of the development of pathological
reactions of the organism in response to the action of influenza viruses A(H1N1) pdm09
and SARS-CoV-2 remain unclear. But the post-mortem picture of the hematoalveolar
barrier can allow us to see all previous links of the viral lung damage process.
This, in turn, will help to solve the problem of timely diagnosis of the disease
severity, prognosis, prevention of further development of the disease and appropriate
methods of therapy.

The purpose of the work was to study the features of the SARS-CoV-2 virus effect
on the morphofunctional state of the hematoalveolar region of the lungs at autopsy,
which allows the pathogenesis of COVID-19 to clarified, critical mechanisms, the

OpuwuriHanbHi 4oCnigpKeHHSs

200 Original research


https://doi.org/10.46879/ukroj.2.2024.199-215

YKpaiHCbKWI PafionoriyHniA Ta OHKOMNOTiYHWA XXypHar. 2024. T. 32. Ne 2. C. 199-215
Ukrainian journal of radiology and oncology. 2024;32(2):199-215

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

For correspondence:

Lukashova Olha Petrivna

State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the
National Academy of Medical Sciences
of Ukraine», Laboratory of Radiation
Oncology;

82 Hryhoriia Skovorody Str.,
Ukraine, 61024;

e-mail:
olga.petrovna.Lukashova@gmail.com

Kharkiv,

© Lukashova O.P, Hradil H.1.,
Starenkyi V.P., Nasonova A.M.,
Zakrutko A.O., Teslenko I.M., 2024

For citation:

development of which leads to fatal consequences, to be established, and a therapy
strategy to be proposed.

Materials and methods. 8 samples of autopsy material of the lungs of patients
with COVID-19 were studied. The comparison groups were patients with pandemic
influenza A caused by the H1N1 virus (3 autopsies) and lung samples obtained during
surgery from a patient with traumatic pneumothorax at a distance from the main focus.
Lung samples were processed according to standard methods of biological material
preparation for electron microscopy. From the obtained blocks, semi-thin sections
with a thickness of 1 ym were made. They were stained with methylene blue, and
studied under a light microscope at a magnification of 500 times. Digital photographs
were obtained from the most informative areas. Ultrathin sections were analyzed
in electron microscope after being contrasted in uranium and lead salts. The incidence
of thrombosis in the studied groups was calculated. Statistical processing was perfor-
med using the Fisher’s non-parametric exact test and the Biostat PC software package.
Results. The conducted studies showed that patients with pandemic influenza A had
a pronounced lesion of the alveolar part of the lungs with damage to the alveolar
walls of the lungs and the appearance of hyaline membranes in them. Desquamated
pneumocytes, erythrocytes, neutrophilic leukocytes, macrophages and fibrin clots
were found in alveoli filled with serous fluid. Among the features of the influenza
virus, the preservation of cellular elements in the alveolar walls, the convergence
of the alveolar septums and the formation of large areas with a high level of neutrophilic
and macrophage invasion should be noted. Macrophages patrol the fields of
damaged alveolar septums, separating them from the surrounding tissue.
The subsequent fibrotization indicates the replacement of the destroyed lung tissue.
The group of patients with COVID-19, in contrast to the pandemic flu, has significantly
higher rates of thrombosis of various calibers. This is the result of disseminated
intravascular coagulation, which often leads to fatal consequences. Erythrocytes in
vascular thrombi have a tendency to agglutination, which is more pronounced
in oncological patients. For all studied cases, epithelial membrane damage is characte-
rized by almost complete loss of epithelial cells, which is accompanied by the
denudation of capillaries, in which there is an accumulation of erythrocytes that
gives them the look of «blood sausages». Sometimes these vessels are attached
to hyaline membranes, sometimes they are arranged in chains or groups. No significant
neutrophilic invasion or granulomatous inflammation is observed.

Conclusions. The conducted studies showed that patients with pandemic influenza A
had a pronounced lesion of the alveolar part of the lungs with a high level of neutrophilic
and macrophage invasion. The mechanisms of the pathogenesis of COVID-19 are the
direct destructive effect of the virus on the epithelial cells of the hemato-alveolar
barrier, which obviously leads to the release of inflammatory cytokines that stimulate
the systemic reaction of intravascular coagulation. It has been established that for
oncology patients with a history of chemotherapy, the processes of thrombosis
and destruction of alveolar walls during COVID-19 were one of the most pronounced
lesions among the patients. The obtained results suggest that the fatal consequences
of COVID-19 can obviously be prevented if therapeutic measures aimed at destroying
the virus, blocking the targets for its penetration into cells, breaking the chain of
intravascular blood coagulation with the use of corticosteroids, anticoagulants,
cytokine inhibitors, etc. are taken immediately after receiving a positive diagnosis
for COVID-19 and carrying out a set of laboratory tests to assess the severity
of the disease.
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BCTYN

3a OCTaHHiIM Yac 3Ha4YHO 3pocra BipOrigHICTb BUHUK-
HEeHHS1 naHAeMin, 3yMOBMEHUX BipYyCHUMU iHdEeKUigMU.
Tak, Tinbky 3 noyatky XXI cToniTTs NIOACTBO 3a3HaNo BXe
M'ATb TakKMX NaHAEMINA, TPU 3 SKUX BUKIMKAHI KOPOHaBi-
pycom [1]. OBi ocTaHHi Bynu ogHMMK 3 TuX, SKi Manu
datanbHi Hacnigkn. Tak, y 2009-2010 pokax Binbysanacs
naHgemia rpuny A(H1N1), a 3a Heto 3 2019 poky i no
TenepiwHin Yac — naHgemias COVID-19 3 xapakTepHuUm
ONs HUX 3aXBOPIOBaHHAM AMXanbHUX LWNSXiB i nereHb [2].

BcTaHoBneHo, Wwo npu 060X BipyCHWUX iHMEKLUisX Bia-
3Ha4yalTbCs OAHAKOBI KNiHIYHI CMMOTOMW: BUCOKa TEM-
nepartypa, Kallenb, 3aguLika, LWo Moxe OyTu nposisamu
rocTporo pecnipatopHoro aucTtpec-cuHgpomy (FPOC),
SIKUA B OKPEMUX BUMNagKax CYNpOBOOXKYETHCS BUCOKOH
cMmepTHicTIO [3, 4]. BuBYeHHsA ayTonciHoro matepiany
nokasano, Lo sk ans rpuny A, Tak i gna COVID-19, 3a-
ranbHUM € Andpy3He anbBeonsipHe noLwKkomkeHHs (OAMT),
JeckBamalisi anbBeOoNspHOro enitenito, iHBasia piguHn
B anbBeonu, opMyBaHHs rianiHoBMx MembpaH, 3Ha4HuiA
Habpsik nereHeBOl TKaHUHW, anbBEONsIPHi KPOBOBUMMBY,
po3BMTOK NHEBMOHIi [5, 6]. Kpim Toro, npu aii o6ox Bipycis
POC iHoykye nynbMoHapHWi ibpo3, sk po3BuBa-
€TbCs, MOYMHAKOYM 3 MEPLUOro TWXKHSA rocnitanisaui,
i Moxe ByTV NOB’A3aHNI 3 TSXKKICTHO XBOpobu [7, 8].

MpoTe, Mix rpunosHoto iHdekuieto Ta COVID-19 Busie-
NATLCS NEBHI po36ixxHOCTI. Ha BigMiHy Big naHaemiyHoro
rpuny, Hawbinbl YacTMM CUMMTOMOM CTa€ HasiBHICTb
NoLUMPEHOro TPOMBO3y Yy Manux i cepefHix nereHeBux
apTepisix, AKin BUABNAETLCS | B iHWKMX opraHax [9, 10].
Mpu uboMy GinbLL, HiXX Y MOMOBUHM MOMEPNNX CMOCTEPI-
raroTbcsl TpoMboemboniyvHi ycknagHeHHs 11]. MpuynHoto
LbOro BBaXkalTb PO3BUTOK AMCEMIHOBAHOIO iHTpaBacky-
NSAPHOro 3ropTaHHs KPOBi BHACMigoOK ekcnpecii nposa-
nanbHUX UUTOKIHOB, Takux Kak IL-6, IL-13, Ta TNF-a [12].
[HWOW BIAMIHHICTIO MOXYTb OyTW Pi3Hi KNITUHHI MiLIEHi
ans uux sipycis. Bipyc A npoHukae B eniteniansbHi KNiTUHN
BEPXHbOro BigAiny AuvxanbHux wnsaxie, a SARS-CoV-2
3B’A3yeTbCcs 3 peuentopamu Al®-2, posTawoBaHUMMK
Ha MeMbpaHax $IK anbBEONSAPHUX MHEBMOUWTIB, TakK i
eHpoteniouuTie [13]. Mpn ubOMy Bipyc 3a 4OMOMOroH
MEXaHi3aMy eHAoLMTO3y MOoCcTynae Ao uuTonnasmu, ae
i BinOyBaeTbCA MOro pennikadisi, O CynpOBOAXYETLCA
pyMHyBaHHSAM eniTenianbHUX Ta eHgoTenianbHuUX KNiTUH
xassiiHa. Pesynbratom umx npouecis € OAI Ta eHnpgo-
TenianbHa gucdyHkuis [14, 15]. BipycHe ypaxeHHs eHOo-
Tenito Moxe 36inbLUIyBaTN pU3MK akTMBauii TpombouuTis,
YTBOPEHHS TPOMOIB i MYNLTUOPraHHOIO YPaKEHHS, LU0
MOXe npuBoguTn Jo cmepTi [16]. Ak npasuno, ypa-
XKEHHs1 Npu rpyni A 0OMeXyeTbCsa NereHsiMu1, ToAi sk npu
COVID-19 po3BMBaETbCs CUCTEMHA peakuis nigBuLLle-
Horo 3ropTaHHs kposi [17, 18]. lNMpu iMyHHIn Bignosigi
Ha iHdikyBaHHA naHgemivyHui rpun A (H1N1) xapaktepu-
3yetbca BUCOkMMM piBHAMK IL-1RA, TNF-a, CCL3,
G-CSF, APRIL, sTNF-R1, sTNF-R2, sCD30 i sCD163,
Togi sik COVID-19 pemoHCTpye iMyHHWMIA npodinb
3 NigBULLEHHAM piBHS unTokiHiB Th1 (IL-12, IFN-y) i Th2
(IL-4, IL-5, IL-10, IL-13), a Takox IL-1b, IL-6, CCL11,
VEGF, TWEAK, TSLP, MMP-1 i MMP- [19]. 3a pi3H1Mu
MeXaHi3MamMy pO3BMBAOTLCA TaKOX 3anarbHi npouecu
npy umMx BipycHUX iHdekuiax. Onga rpyny A xapakTepHoto
€ BUpaXkeHa HeUTpodifibHa peakLis Ha Tni 4OCTOBIpPHOro
3poctaHHa CD8, o Kopenioe 3 TAXKKICTIO YypaKeHHs
nereHb i TpariyHUMM Hacnigkamn [20], Toai Sk Ans

INTRODUCTION

Recently, the probability of pandemics caused by
viral infections has increased significantly. Only since the
beginning of the XXI century, humanity has already
experienced five pandemics of this kind, three of which
were caused by the coronavirus [1]. The last two were
among those that had fatal consequences. Indeed,
there was an influenza A(H1N1) pandemic in 2009-2010,
and the COVID-19 pandemic with a characteristic disease
of the respiratory tract and lungs has been ongoing since
2019 to the present [2].

It has been established that both viral infections have
the same clinical symptoms: high fever, cough, shortness
of breath, which may be symptoms of acute respiratory
distress syndrome (ARDS), which in some cases is
accompanied by high mortality [3, 4]. The study of the
autopsy material showed that for both influenza A and
COVID-19, diffuse alveolar damage (DAD), desqua-
mation of the alveolar epithelium, invasion of fluid into
the alveoli, the formation of hyaline membranes, signi-
ficant swelling of the lung tissue, alveolar hemorrhages,
and the development of pneumonia were common [5, 6].
In addition, under the influence of both viruses, ARDS
induces pulmonary fibrosis, which develops starting
from the first week of hospitalization and may be related
to the severity of the disease [7, 8].

However, there are some differences between
influenza infection and COVID-19. In contrast to pan-
demic influenza, the most frequent symptom is the pre-
sence of widespread thrombosis in small and medium-
sized pulmonary arteries, which is also found in other
organs [9, 10]. At the same time, thromboembolic com-
plications are observed in more than half of the decea-
sed [11]. The reason for this is considered to be the
development of disseminated intravascular blood coa-
gulation due to the expression of pro-inflammatory
cytokines such as IL-6, IL-1B3, and TNF-a [12 ]. Another
difference may be the different cellular targets for these
viruses. Virus A penetrates the epithelial cells of the
upper respiratory tract, and SARS-CoV-2 binds to
ACE-2 receptors located on the membranes of both
alveolar pneumocytes and endotheliocytes [13]. At the
same time, the virus enters the cytoplasm using the
mechanism of endocytosis, where its replication takes
place, which is accompanied by the destruction of the
host’s epithelial and endothelial cells. The result of these
processes is DAD and endothelial dysfunction [14, 15].
Viral damage to the endothelium can increase the risk
of platelet activation, thrombus formation, and multior-
gan damage, which can lead to death [16]. As a rule,
the damage in influenza A is limited to the lungs, while
in COVID-19, a systemic reaction of increased blood
coagulation develops [17, 18]. In the immune response
to infection, pandemic influenza A (H1N1) is characte-
rized by high levels of IL-1RA, TNF-a, CCL3, G-CSF,
APRIL,sTNF-R1,sTNF-R2,sCD30,and sCD163, whereas
COVID-19 exhibits an immune profile with an increase
in the level of Th1 (IL-12, IFN-y) and Th2 (IL-4, IL-5,
IL-10, IL-13) cytokines, as well as IL-1b, IL-6, CCL11,
VEGF, TWEAK, TSLP, MMP-1 and MMP- [19]. Inflam-
matory processes also develop in these viral infections
by different mechanisms. Influenza A is characterized
by a pronounced neutrophil response against the back-
ground of a reliable increase in CD8, which correlates
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COVID-19 uboro He BinbyBaeTbesi. [Mopsig 3 pyKHiB-
HAMM npouecamy [fesiki aBTopu MOBIAOMMSATL MPO
aHrioreHe3 HOBWUX CyAMH Ta nponidepaLilo NMHEBMOLMTIB
Il Tuny npu iHdekuii COVID-19 [14].

HesBaxaroumn Ha BENUKY KinbKiCTb NpoBeAeHUX Jocnia-
XEHb, 3anuLLalTbCsl HE3'sICOBAHMMWN acnekTu BiAHOCHO
MOPdOdYHKLIOHANbLHOTO CTaHy remMaToanbBeOoNnsipHOro
Gap’epy nereHb Ta MexaHi3mMiB PO3BUTKY NaTOMOriYHUX
peakuii opraHiamy Ha [ilo naHgeMmiyHoro Bipycy rpuny
Ta COVID-19. BcTtaHoBNeHH MexaHi3miB Aii BipyciB rpu-
ny A (H1N1) pdm09 A ta SARS-CoV-2 Ha pi3HUX piBHSIX,
[O03BONSE BUPILUMTU MPOBNEMU CBOEYACHOIO MPOrHO3Y,
nonepeaXeHHs NoAanbLLIOro po3BuTKY XBopobu, aiarHoc-
TUKW TSKKOCTI, Tepanii Ta NMOBHOTM OAYXaHHSA Bid LMX
3aXBOPOBaHb. Tak, BUBYEHHSI MOCTKOBIAHOINO CUHAPOMY
nokasano HasiBHiICTb HU3KW CUMMTOMIB, SIKi BUSIBNSAOTLCA
Yy pekoHBanecueHTiB Yepe3 4—6 MicsUiB nicns ofy»kaH-
HA [21]. Lle moxe maTu 3HaYeHHs Ans noganbLuoro icHy-
BaHHA Ta XUTTEOIANbHOCTI OCIO, SKi nepexBopinu Ha
rpuvn A tTa COVID-19 B aHaMHe3i, 0coBnnBo As1 OHKOJO-
riYHUX XBOPUX, SIKi NOTPEOYOTb NOAANBLUIONO NiKyBaHHS.

MeTa po60Tu — BMBYEHHS ocobnuBocTer Aii Bipycy
SARS-CoV-2 Ha MopdodyHKLIOHaNbHUI CTaH remaTo-
anbBeOonsipHOro BiAAiny nereHb Npu ayToncii, Wo A03BO-
nsie ytouHuTn natoreHe3 COVID-19, BCTaHOBUTU KPUTUYHI
MEXaHi3Mu, PO3BUTOK SKUX MPU3BOAUTL A0 daTanbHUX
HacnigkiB Ta 3anponoHyBaTuK cTparerito Tepanii.

MATEPIAAU TA METOAU AOCAIAXKEHHA

HocnigkeHo 8 3paskiB ayToncinHoro Mmatepiany
nereHb xBopux Ha COVID-19. pyna xBopux Habupanacs
BMMNAgKOBUM YnHOM 6e3 Byab-akoro Biabopy. JocnimkeHi
nauieHTn 3a cTaTTio, BIKOM Ta CynyTHIMW 3axBOpPHOBaH-
HAMW PO3NOAINANMCS, K NPeACTaBneHo y Tabnuui 1.

with the severity of lung damage and tragic consequen-
ces [20]. This does not happen for COVID-19. Along with
the destructive processes, some authors report on the
angiogenesis of new vessels and the proliferation of
type Il pneumocytes during the infection of COVID-19 [14].

Despite the large number of conducted studies,
aspects regarding the morphofunctional state of the
hematoalveolar barrier of the lungs and the mechanisms
of the development of pathological reactions of the
body to the action of the pandemic influenza virus and
COVID-19 remain unclear. Establishing the mechanisms
of action of influenza A(H1N1) pdm09 A and SARS-CoV-2
viruses at different levels allows the problems of timely
prognosis to be solved, further development of the
disease to be prevented, severity to be diagnosed,
therapy and complete recovery from these diseases
to be performed. Thus, the study of post-covid syndrome
showed the presence of a number of symptoms that
appear in convalescents 4—-6 months after recovery [21].
This can be important for the life of people with a history
of influenza A and Covid-19, especially for cancer patients
who need further treatment.

The objective of the work was to study the features
of the SARS-CoV-2 virus effect on the morphofunctional
state of the hematoalveolar region of the lungs at
autopsy, which allows the pathogenesis of COVID-19
to be clarified, critical mechanisms, the development
of which leads to fatal consequence, to be established,
and a therapy strategy to be proposed.

MATERIALS AND METHODS

8 samples of the lung autopsy material of patients
with COVID-19 were studied. The group of patients was
recruited randomly without any selection. The studied
patients were distributed according to sex, age and
comorbidities, as presented in the table 1.

Ta6nuua 1. Po3nogin xsopux Ha COVID-19 3a Bikom, cTaTTio Ta CynyTHiMU xBopobamm
Table 1. Distribution of patients with COVID-19 by age, gender and comorbidities

N | % N | % N | %
Bik / Age

50-60 6174 75iBuwe / 75 and above

2 | 25 2 | 25 4 | 50

Crtatb / According to gender

Yonosikn / Men

XKiHkn / Women -

4 | 37,5 4

| 62,5 - | -

CynyTHi xBopobu / According to accompanying diseases

Atepocknepos / Atherosclerosis

Onkonorig / Oncology

linepToHis / Hypertension

5 | 62,5 2

| 25,0 1 | 12,5

[IBOE XBOpUX Ha aTepocKnepo3 CTpaxganu TaKox
Ha LyKkpoBuI AiabeT. Mpynamu MopiBHSAHHA Oynu xBopi
Ha MNaHgemivyHun rpyn A, BukNukaHwuin Bipycom H1N1
(3 ayToncii) Ta 3pa3ku nereHb, ogepxaHux nNpu onepauii
y naujieHTa 3 TpaBMaTUYHUM MHEBMOTOpakcom 6es 3a-
nanbHUX O3HaK y BiAAaneHHi Bi OCHOBHOIO BOrHULLA.

EnekTpoHHOMIKPOCKOMIYHI  AOCHigKEHHA npoBoAUN
3a cTaHgapTHUMKW metoamkamn [22]. Kycoukm TKaHWHU
nereHb BUTPUMYBanu crnodvatky y rriotapanbaerigHomy
dikcatopi 3a KapHOBCbKMM, a MOTIM Yy PO34MHI YOTU-
pbOXOKMCY ocmito 3a Manage. Micna gerigpatadii B eTa-

Two patients with atherosclerosis also suffered from
diabetes. The comparison groups were patients with
pandemic influenza A caused by the H1N1 virus (3 auto-
psies) and lung samples obtained during surgery from
a patient with a traumatic pneumothorax without inflam-
matory signs at a distance from the main focus.

Electron microscopic studies were performed accor-
ding to standard methods [22]. At first, pieces of lung
tissue were preserved in the Karnovsky's glutaral-
dehyde fixative, and then in a solution of the Palade’s
osmium tetroxide. After dehydration in ethanol of incre-

OpuwuriHanbHi 4oCnigpKeHHSs

203

Original research



YKpaiHCbKVI pafionoriyHWm Ta oHKONorivyHWM xypHan. 2024. T. 32. Ne 2. C. 199-215
Ukrainian journal of radiology and oncology. 2024;32(2):199-215

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

HOMi 3pOCTalyoil  KOHUEHTpauii martepian 3anueanu
Yy CyMill enokcuMaHuUX cmon (enoH-apanguT) Ta nonive-
pusyBanu npotsarom 36 roavH npu Temnepatypi 56°C.
3 opepxkaHux 6nokiB Ha yneTpamikpotomi YMTI-4
Cymcbkoro BupobHuyoro ob’egHanHa (BO) «EnekTpoH»
BUrOTOBMSANM HaMIBTOHKI 3pi3n TOBLUMHOK 1 MKM, 3a-
6apentoBanu 1% MeTuneHoBMM CuHIM Ha 1% TeTpaboparTi
HaTpilo Ta BMBYaNW nNig CBITIIOBUM MIKPOCKONOM Mpu
36inbweHHi y 500 pasiB. 3 Hanbinbw iHMopMaTUBHUX
AinsHOK ofepxyBanu uudposi doTorpadii. Ynerpa-
TOHKI 3pi3y BUrOTOBMANW Ha TOMY > YNbTpaMikpo-
TOMI, KOHTPacTyBanu y CONsX ypaHy Ta CBUHLIO i nepe-
rngaany B enekTpoHHomy Mikpockoni EM-125 Cymcbkoro
BO «EnektpoH». O6GuucnioBanu uYacTicTb Bunagkis
Tpomb0o3y y gocnigkeHux rpynax. CtatmctuyHy o6pobky
npoBOAWNM 3a [JOMNOMOIOK HEMapaMeTpuyHoOro Tou-
Horo KpuTepito ®Piwepa i3 3acTocyBaHHSM MakeTa
nporpam gns MK «Biostaty.

PE3YABTATU TA iX OBFOBOPEHHS

Bigomo, wo rematoanbBeonspHuin 6Gap’ep (FAB)
nereHb, y SIkOMy BiaOyBaeTbCsl ra30006MiH MixX KpPOB't0 Ta
NOBITPSAM, CKIaAaeTbCa 3 OKPEMUX anbBeOorT, 3aNOBHEHNX
MOBITPAM Ta PO3QINEHUX MiXKanbBEONAPHUMMU CTiHKaMM
(nepetuHkamm) (puc. 1).

asing concentration, the material was poured into
a mixture of epoxy resins (Epon-Araldite) and poly-
merized for 36 hours at a temperature of 56°C. From the
obtained blocks, semi-thin sections with a thickness
of 1 ym were made on the UMTP-4 ultramicrotome
of the Sumy Production Association (PA) «Electron»,
stained with 1% methylene blue in 1% sodium tetrabo-
rate and studied under a light microscope at a magnifi-
cation of 500 times. Digital photographs were obtained
from the most informative areas. Ultrathin sections were
made on the same ultramicrotome, contrasted in uranium
and lead salts, and viewed in an electron microscope
EM-125 of the Sumy PA «Electron». The incidence of
thrombosis in the studied groups was calculated.
Statistical processing was performed using the Fisher’s
non-parametric exact test and the Biostat PC soft-
ware package.

RESULTS AND DISCUSSION

It is known that the hematoalveolar barrier (HAB)
of the lungs, in which gas exchange between blood
and air occurs, consists of individual alveoli filled with
air and separated by interalveolar walls (septa) (Fig. 1).

Puc. 1. 3aranbHuii BUrnag rematoanbBeonsipHoro 6ap’epy nereHb nauvieHta 3 TpaBMaTuYH1M NMHEBMOTOPAKCOM:
A — anbBeonspHumn npocTip, AC — anbBeonsipHa cTiHka, M® — anbBeonspHui makpodar
Fig. 1. General view of the hematoalveolar barrier in the lungs of a patient with traumatic pneumothorax:
A — alveolar space, AC — alveolar wall, M® — alveolar macrophage

[MoBepxHO anbBeONsiPHUX CTIHOK, 3BEPHEHMX [0 alb-
BEOr, CTBOPIOKOTL eniTenianbHi  KNiTUHKM, NHEBMOUUTH
I Ta Il Tuny ((MU-1, AU-IT) (puc. 2, 3)). MuesmouunTy 1l TMNY,
KinbkicTb sknx cknagae 10-20% Big 3aranbHOi KinNbKOCTI
NMHEBMOUUTIB, MICTATb CypdakTaHT. BiH TOHKMM Lapom
PO3MNOAINAETLCA MO NOBEPXHI anbBEONSPHOI CTiHKW | CTBO-
plOE MOBEPXHEBE HATAMHEHHS ANS NIATPUMKA anbBeon
y Hanpy>XeHoMy cTaHi. AnbBeonspHa nepeTuHka MiCTuTb
TakoxX KaninapHi cyauHi, a MiX eniteniem Ta eHgoTerniem
3HaxXoAUTbCS iHTepCTULianbHUI NPOCTIp 3 enemMeHTamu
Cnonyy4Hoi TkaHuHK (puc. 2). B anbBeonax 6ins anbBeo-
NAPHUX NEPETUMHOK BUSIBNSIOTLCA arnbBeONsApHi MaKpo-
darn (M®) 3 yncneHHnmn nizocomamuv y LMTONNasMu.
®yHkuieto M € harounTos YyKopiaHUX pevoBuH (puc. 4).

The surface of the alveolar walls facing the alveoli
is formed by epithelial cells, type | and Il pneumocytes
(PC-l, PC-ll) (Figs. 2, 3). Type Il pneumocytes, the
number of which is 10-20% of the total number of all
pneumocytes, contain surfactant. It is distributed over
the surface of the alveolar wall and creates surface
tension to keep the alveoli in a state of tension.
The alveolar septum also contains capillary vessels,
and there is an interstitial space with connective tissue
elements between the epithelium and the endothelium
(Fig. 2). Near the alveolar septa, alveolar macrophages
(MP) with numerous lysosomes in the cytoplasm
are found. The function of MP is phagocytosis of foreign
substances (Fig. 4).
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Puc. 2. AnbBeonspHa nepeTuHKa nereHb nauieHTa
3 TpPaBMaTMYHUM NMHEBMOTOPAKCOM:

Mu-I — nHeBmouuT | TNy, A — agpo, Kan — kaninspHa cyouHa,
IMN — iHTepcTnitHMn npocTip, KB — konareHoBi BonokHa, x 8 Tuc.
Fig. 2. Alveolar septum of the patient’s lung
with traumatic pneumothorax:

Mu-I — pneumocyte of the | type, A — nucleus, Kan — capillary,
IMN — interstitial space, KB — collagen fibers, x 8 thousand

b A

Puc. 3. MHeBmouut Il Tvny 6ins anbBeonspHOT NepeTUHKM
nauieHTa 3 TPaBMaTUYHUM NMHEBMOTOPAKCOM:
MU-1I — nHeBMoumT Il TUNY, C® — rpaHynu cypdakTaHTy, X 8 Tuc.
Fig. 3. Pneumocyte Il type near the alveolar membrane
of a patient with traumatic pneumothorax:
MU-Il — pneumocyte Il type,
Co® — surfactant granules, x 8 thousand

Puc. 4. Makpodpar 3 YncrneHHUMM NEPBNHHNMU Ni30COMaMK B anbBeoni NaLjieHTa 3 TpPaBMaTUYHUM MHEBMOTOPAKCOM:
M® — makpodoar, J1 — nisocomu, x 8 Tuc.
Fig. 4. Macrophage with number of primary lysosomes in alveoli of patient with traumatic pneumothorax:
M® — macrophage, J1— lysosome, x 8 thousand

MpoBeneHe pocnigXeHHs nokasano, Wo Yy BUNagkax
naHOEeMiYHOro rpuny CrnocTepiraloTbCa BUPaXeHi npo-
LeCU YLLKOMKEHHS anbBeOSIIPHUX NEPETUHOK, SKi 3aryo-
NIOKOTb CBOO 3BUYaAlHY CTPYKTYPY (puc. 5, 6). Mpu ubomy
BiAOyBaeTbCA pAeckBamauis MNHEBMOUUTIB 3 MOBEPXHi
anbBEONAPHNX CTIHOK, YaCTKOBO PYMHYKOTbCA KanindpHi
CyavHM, iHodi BioOyBaeTbCA 3aMiHa 4acTMHM anbBeo-
NSIPHOI CTiHKM KONareHOBMMW BONTOKHaMK Ta rianiHoBMMM
mMembpaHamn. B anbBeonax HaKONMMYyeTbCA Cepo3Ha
piguHa 3 6e3niyylo Pi3HOMAaHITHUX KIITUH, cepen SKNMX
3a CBOE YNETPACTPYKTYPOR iOEHTUIKYIOTECA epUTpO-
UnTM Ta iX cnagxi, NMHEBMOUUTU, HEUTPOMINbHI Nenko-
unTK, Makpodharn, a Takox 3ryctku ¢ibpuHy (puc. 6-9).
Y KOXHOMY 3 [OCHiIKEHVMX BMNagKiB BMICT anbBeos
BapiloeTbCH. Y OEesKMX 3 HUX MepeBaxaloTb Makpodaru,
Y iHLIMX — epUTPOLNTH, B OKPEMUX — MHEBMOLIUTH.

Hocute vacto BioOyBaeTbCa 30MMKEHHSA anbBeo-
NSIPHUX NEPETMHOK Ta YTBOPEHHSA NOiB, SIKi CKNaaaTbes
3 KOMMOHEHTIB anbBeonsApHUX nepeTuHok (puc. 10, 11).

he conducted study showed that in cases of pandemic
flu, pronounced processes of damage to alveolar walls
are observed, which lose their usual structure (Figs. 5, 6).
At the same time, desquamation of pneumocytes from
the surface of the alveolar walls occurs, capillary
vessels are partially destroyed, and sometimes a part
of the alveolar wall is replaced by collagen fibers and
hyaline membranes. Serous fluid accumulates in the
alveoli with many different cells, among which erythro-
cytes and their sludges, pneumocytes, neutrophilic
leukocytes, macrophages, as well as fibrin clots can be
identified by their ultrastructure (Fig. 6-9). In each of the
studoed cases, the content of the alveoli varies. In some
cases, macrophages predominate, some cases are
characterized by predominance of erythrocytes, and
in a number of cases, pneumocytes predominate.

It is quite common that alveolar membranes con-
verge and fields are formed, which consist of compo-
nents of alveolar septa (Figs. 10, 11).
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Puc. 5. YucneHHi eputpouutapHi cnagxi
B anbBeONSAPHOMY NMPOCTOPI Ta NOLUKOOXKEHi anbBeoNsapHi
nepeTuHKN XBOPOI Ha NaHAaeMmiYHun rpun: E — eputpoumnTn
Fig. 5. Numerous erythrocyte sludges in the alveolar space
and damaged alveolar of a patient with pandemic flu:
E — erythrocytes

Puc. 6. MowkomkeHi anbBeonspHi NepeTuHKY,
4YaCTKOBO 3aMilLieHi KonareHoBMMW BONIOKHaMu
Ta rianiHoBumu membpaHamu. Cepo3sHa piguHa Ta pisHi KNiTuHW
3 nepeBaXkaHHsIM Makpodparis B anbBeOnsspHOMY NPOCTOpi
XBOPOI Ha naHaemiyHun rpun: CP — ceposHa piguHa,
KB — konareHoBi BonokHa, " — rianiHoBa meMbpaHa
Fig. 6. Damaged alveolar septums, partially replaced by
collagen fibers.and hyaline membranes. Serous fluid and
various cells with a predominance of macrophages in the
alveolar space of a patient with pandemic influenza:
CP - serous fluid, KB — collagen fibers, ' — hyaline membrane

Puc. 7. CeposHa piavHa, eputpoumTn Ta ibpunH B anbBeoni

XBOPOI Ha naHaeMmiuHuii rpun: ® — pibpumH. x 12 TUC.
Fig. 7. Serous fluid, erythrocytes and fibrin in the patient’s
alveolus for pandemic flu: ® — fibrin. x 12 thousand

P T

Puc. 8. HelnTpodpinbHuiA nevikount Ta pibpuH B anbeeoni
XBOPOI Ha NaH4eMiYHUA rpun:
H® — HenTpodpineHun nenkoumt, x 12 Tuc.
Fig. 8. Neutrophil leukocyte and fibrin in alveoli for pandemic
influenza: H® — neutrophilic leukocyte, x 12 thousand

IR

X ¥

Puc. 9. Makpodar 3 YncneHHnumu fisocomamu y LuTonnasmi B anbBeoni XBOpoi Ha naHAEeMiYHUIA rpun. X 8 Tuc.
Fig. 9. Macrophage with numerous lysosomes in the cytoplasm in the alveolus of a patient with pandemic flu. x 8 thousand
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Puc. 10. 36nuxeHHs NOLLKOAXKEHUX anbBEONAPHUX CTIHOK
XBOPOroO Ha NaHAeMiYHWUI rpun
Fig. 10. Convergence of the damaged alveolar walls
of a patient with pandemic flu

EnekTpoHHOMIKPOCKONIYHO Yy Takmx AinsiHKax BUSIB-
NATbCA KaninapHi cyanHu, nHesmoumntu | Ta Il nopsiaky,
okpeMmi HenTpodpinbHi nenkoumtn (puc. 12-14). lMosiea
OCTaHHIX MOXe CBiOYMTW NpO Mo4YaToK MpoueciB 3ana-
NEHHs1, pe3ynsTaToM 4Yoro CTae Aerpagauis KniTMHHOro
maTtepiany. Lle, y cBol u4epry, 3anyyae [o npouecis
3ananeHHst Makpodparu, siki OTouvylTb MOAiOHI AiNsHKM
Ta GepyTb yyacTb y (barouuTosi 3pyMHOBaHOro mare-
piany (puc. 15).

Puc. 11. lNone 3 KOMNOHEHTIB anbBeONSIPHUX NEPETUHOK
XBOPOro Ha NaHAEMIYHWI rpun
Fig. 11. Field of components of alveolar sepnums
of a patient with pandemic influenza

Capillary vessels, type | and Il pneumocytes, and
individual neutrophilic leukocytes are detected electron
microscopically in these areas (Figs. 12—14). The emer-
gence of the latter may indicate the beginning of
inflammatory processes, the result of which is the degra-
dation of cellular material. This, in turn, involves macro-
phages, which surround such areas and participate
in phagocytosis of destroyed material, in the inflamma-
tory process (Fig. 15).

Puc. 12. KaninspHa cygvnHa Ta nHeBMouuT | Tuny B noni
3 anbBeONAPHMX NEPETUHOK XBOPOro Ha NaHAeMiYHUIA rpun. X 8 Tuc.
Fig. 12. Capillary vessel and type | pneumocyte in the field of
alveolar septums of a patient with pandemic influenza. x 8 thousand

Puc. 13. MNMHeBmoumT Il TNY y noni 3 anbBeoNspHUX NEPETUHOK
XBOPOI Ha NnaHgemivHun rpmn. x 12 Tuc.
Fig. 13. Type Il pneumocyte in the field of alveolar septums
of a patient with pandemic influenza. x 12 thousand

Puc. 14. KaninapHa cyavHa Ta HenTpodinbHWA NENKOLMT y NONi 3 anbBEONSAPHMX MEPETUHOK XBOPOro Ha NaHAEMIYHUIA rpun. X 8 Tuc.
Fig. 14. A capillary vessel and a neutrophilic leukocyte in the field of alveolar septums of a patient with pandemic influenza. x 8 thousand
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Puc. 15. YncneHnHi makpodary, Lo OTo4yOTh AiNSHKY 3 eNeMeHTamy anbBeOosISPHUX NEPETUHOK XBOPOro Ha NaHAEMIYHWUIA rpun
Fig. 15. Numerous macrophages surrounding the area with elements of the alveolar septums of a patient with pandemic flu

HactynHum etanom 3ananeHHs € @ibpos, Ha Lo
BKa3ye MosiBa TOHKUX KONareHOBWX Ta enacTUYHKX
BOJIOKOH, MoniB pibpo3Hoi TkaHnHW (puc. 16, 17) Ta ginsaHok
rpyboi CnonyyHoi TKaHWHK, Y AKUX 3pigKka BUSBNAETLCA
iHbinbTpauis HenTpodinbHMMKM nerikoumTamm (puc. 18).

The next stage of inflammation is fibrosis, which is
indicated by the emergence of thin collagen and elastic
fibers, fields of fibrous tissue (Fig. 16, 17) and areas
of rough connective tissue, in which infiltration by neutro-
philic leukocytes is occasionally detected (Fig. 18).

Puc. 16. KonareHoBi Ta enacTuyHi BONOKHa cepes KNiTMHHOro
[OETpUTY XBOPOi Ha NaHAEMiIMHWA rpuyn: [ — KNiTuHHWIA eTpuT. X12 Tuc.
Fig. 16. Collagen and elastic fibers among the cellular detritus
of a patient with pandemic flu: [1 — cellular detritus. x 12 thousand

Puc. 17. KonareHoBi BonokHa, ki 3amilllytoTb 3pyinHoBaHuii TAB
XBOPOi Ha NaHAEeMIYHWUIA rpun
Fig. 17. Collagen fibers that replace the destroyed GAB
of a patient with pandemic flu

Puc. 18. [HdinsTpauis HerTpodinbHUMK NeriKoumMTamm AiNsHKU 3 efleMeHTaMu anbBeONsPHUX NEPETUHOK XBOPOro Ha NaHAEMIYHUIA rpun
Fig. 18. Infiltration by neutrophilic leukocytes of the area with elements of the alveolar septums of a patient with pandemic flu
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TakMM 4MHOM, NpPOBeAEHe AOCNIMKEHHS Mokasano,
WO NpY MaHAEMIYHOMY rpuMi XapaKTEPHUM € YpaXKEHHS
anbBeONSIPHUX MNEPETUHOK flereHb 3 (hopMyBaHHAM
rianiHoBUX mMemOpaH, 3anoBHEHHSI arnbBeON CEPO3HOH
PiAMHOIO, Y SAKi PO3TALLOBYIOTLCA KMITUHM MOLUKOMKEHOT
anbBEONSIPHOI CTiHKW, EPUTPOLUTI, HENTPOMINbHI NENKo-
unTK, Makpodaru Ta 3ryctku ibpuHy. IHoai anbBeonsipHi
NepeTUHKN MOXyTb 36epiraT CBOI KOMMOHEHTW, a iHoAi
BinOyBaeTbCcs 3aMillleHHs1 KOnareHoBUMW  BOITOKHaMW
Ta rianiHoBumMu MembpaHamu. CrnocTepiracTbCsl TaKoX
306MNMKEHHST anbBEONSPHUX MEPETUHOK | YTBOPEHHSI
3 HUX BENUKMX AINAHOK. Y BiOMNOBiAb Ha YypaKeHHs
pO3BMBalOTLCSI MPOLECU 3anarieHHsi, Ha WO BKa3sye
HasIBHICTb rpyn nenkoumTiB Ta TKaHWHHUX Makpodaris
y umx gingHkax. Cnig Big3HauuTy, WO Yy [OCRiAXEHUX
BMNagkax MaHZEMIYHOro rpuny akTUBHY pornb Yy 3ana-
NEeHHi rpaloTb Makpodarn. BoHn HakonuyyTbCst B anb-
Beonax Ta MNaTpyrniokTb MOMs MOLUKOOAXKEHUX arnbBeo-
NSAPHUX NEPETUHOK, BIJOKPEMIoYM iX BiA OTOYYHOYOI
TKaHWHW, BHACMIOOK YOro 3anarneHHst HabyBae rpaHyno-
maTo3Hoi dopmu. HactynHa pibpoTusauis cBigunTb
Npo 3aMileHHs 3pYMHOBaHO| TKAHUHW NereHb.

Mepwe, wWo 3BepTae Ha cebe yBary Npu BUBYEHHI
rematoansBeonsipHoro 6ap’epy xBopux Ha COVID-19,
ue CTaH CyauMH y nereHsx. Y 7-mu XBOopux 3 8-mu
CNOCTEepIiraeTbCsl HaKOMUYEHHS epUTPOLUTIB Yy CyamMHax
Ta TpoMbO3 cyauH pi3Horo kanibpy, iHogi 3 arnoTuHa-
Lielo epuTpoLMTIB, a Lie B OOHOMY BUSIBNSIETHCS TiNbKu
HasiBHICTb TPOMOGIB y Kaninsapax anbBeonsipHUX NepeTu-
Hok (puc. 19, 20). MopibHe sBULE He BiA3Ha4YaeTbCHA
B XOOHOMY i3 TpbOX BMNaAKiB NaHAEeMiYHOro rpuny.
CratuctnyHo 6yno poBefeHo, WO 4acTicTb Tpombosy
cyavH y xBopux Ha COVID-19 gocTtoBipHO BuMLLa, HiX
y nauieHTiB 3 naHaemMiyHum rpunom (P = 0,024).

Thus, the conducted study showed that the charac-
teristic features of pandemic flu were the damage to
the alveolar septa of the lungs with the formation of
hyaline membranes and the filing of the alveoli with
serous fluid, in which the cells of the damaged alveolar
wall, erythrocytes, neutrophilic leukocytes, macrophages
and fibrin clots were located. Sometimes the alveolar
walls can retain their components, and sometimes they
are replaced by collagen fibers and hyaline membranes.
Convergence of alveolar septa and the formation of
large areas from them is also observed. Inflammatory
processes develop in response to damage, as indi-
cated by the presence of groups of leukocytes and
tissue macrophages in these areas. It should be noted
that in the studied cases of pandemic flu, macrophages
play an active role in inflammation. They accumulate
in the alveoli and patrol the fields of damaged alveolar
septa, separating them from the surrounding tissue,
as a result of which the inflammation acquires a granulo-
matous form. The subsequent fibrotization indicates
the replacement of the destroyed lung tissue.

The first thing that draws attention when studying
the hematoalveolar barrier of patients with COVID-19 is
the state of the vessels in the lungs. In 7 out of 8 patients,
the accumulation of erythrocytes in vessels and throm-
bosis of vessels of various calibers, sometimes with
agglutination of erythrocytes, were observed (Fig. 19).
In one patient, only the presence of blood clots in the
capillaries of the alveolar septa was detected (Fig. 20).
A similar phenomenon was not observed in any of
3 cases of pandemic flu. It was statistically proven
that the frequency of vascular thrombosis in patients
with COVID-19 was significantly higher than in patients
with pandemic flu (P= 0.024).

Puc. 19. Beaniy eputpoumTis Ta ix cnagxis y Benukiv cyauHi,
TpomM603 Kaninapis Ta pyHyBaHHS anbBEONSPHUX NEPETUHOK
xBopoi Ha COVID-19
Fig. 19. Many erythrocytes and their sludges in a large vessel,
capillary thrombosis and destruction of the alveolar septums
of a patient with COVID-19

OcobnmBo AEMOHCTPaATUBHO € HasiBHICTb Kaninspi.,
SIKi LLiNbHO 3anoBHEHI epuTpouMTaMy Ta MakTb BUIMISA,
«KPOB’SIHMX KOBOACOK». Y [BOX XBOPUX BUSIBNEHO BEMUKI
KPOBOBUIMBU B anbBEONSIPHUIA MPOCTIp Ta OTOuYykoudy
TKaHuHy (puc. 21). Ou4eBMOHO, MacuMBHWI TPOMOGO3

Puc. 20. Tpom603 Ta arnoTMHaLis epuTpoLmTiB
y BEnuIKivi CyauHi Ta Kaninspax anbBeonspHUX NepeTUHOK,
AKi 3ary6niotoTb enitenianbHWn Nokpue, xsopoi Ha COVID-19
Fig. 20. Thrombosis and agglutination of erythrocytes
in a large vessel and capillaries of alveolar septums,
which destroy the epithelial cover, in a patient with COVID-19

The presence of capillaries that are densely filled
with erythrocytes and have the appearance of «blood
sausages» is especially demonstrative. Two patients
had large hemorrhages in the alveolar space and the
surrounding tissue (Fig. 21). Obviously, massive throm-
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CYOVH BUKIUKaE MOPYLUEHHSI KpOBOOBIry B nereHsix, Lo,
MOXINBO, | CTae NPUYMHOK CMEPTI.

bosis of blood vessels causes a violation of blood circu-
lation in the lungs, which may be the cause of death.

Puc. 21. KpoBoBunuB Ta arntoTuHaLis epuTpoLuTiB B anbBeonspHOMy npoctopi xBopoi Ha COVID-19
Fig. 21. Hemorrhage and agglutination of erythrocytes in the alveolar space of a patient with COVID-19

MpuunHoto nopibHOro sBMLLA BBaXakTb PO3BUTOK
npu COVID-19 Tak 3BaHOr0 «LMTOKIHOBOTO LLITOPMY», OMK-
CaHoro y 4ncneHHux pocnigxeHHax [23-25]. Bigomo,
O BMBINbHEHHSI LUMUTOKIHIB 3 ypaXeHUX TKaHWH 4epes
akTuBaUito rinotanamo-rinodisapHo-HagHUPHMUKOBOI CUC-
TEMW BMWKAE CUCTEMHY iHnamaTopHy BignoBigb (cuc-
TEeMHY HecneuundiyHy 3axucHy peakuito rocTpoi dasmu
(Pr®)) [26]. KniHiyHi aHanian niaTBepaXylTh HasBHICTb
uiei peakuii COVID-19, Ha WO BKasye MiaABULLEHHA
KOHLIEHTpaUil B KPOBi LIMTOKIHIB, NPOTEIHIB rOCTpoi gasu,
Taknx sik C-peakTmBHUIA Ginok Ta ¢ibpuHoreH [26-28].
OpHieto 3i cknagoBux PId € nigBuULLIEHHS 3ropTaHHS
KPOBi, NMpO L0 CBiAYNTb 3POCTaHHSA TaKMX MOKa3HWKIB,
sk D-gmumep, npoaykT aerpapadii ¢ibpuHoreHy, Ta pis-
Hux GiomapkepiB koarynsuii [23].

IHWot xapakTepHol pucok i Bipycy COVID-19,
AK | Mpu naHgemMiyHoOMy rpuni, € pyNHyBaHHSA anbBeo-
NAPHUX MNEPETUHOK Ta HAKOMUYEHHSI CEPO3HOI PiguHU
B anbBeonspHomy npoctopi (puc. 19). lMpu uboMy
nowkomkeHHa MAB gewo iHakwi, HK npu naHgemiy-
HOMY rpuvni. |HoAi anbBeonspHi CTIHKM po3nagarTbcs
Ha OKpeMi eneMeHTU 3 pPyMHYBaHHAM SK eniTenito, Tak
i eHpoTenito, a 6e3niy KNITMHHUX KOMMOHEHTIB 3pYNHO-
BaHMX anbBEONSIPHMX CTIHOK OMUHSIIOTLCS B anbBeonax
(puc. 22). YacrTiw 3a Bce NHEBMOLMTM MOBHICTIO 3aryb-
NOKTLCS, a anbBeonspHi CTiHkM 6e3 eniTenianbHoro
MOKPOBY 3aMiLLylOTbCSl KonareHoBumun abo rianiHoBumm
BONMOKHaMu, A0 SKUX KpiNNATbCA OeHyaoBaHi KaninsapHi
CYOVHM 3 epuTpoumTapHUMn Tpombamu (puc. 23), Togi Sk
npwv rpuni A anbBeonsipHUIA eniTenin YacTKoBO 36epexe-
Hui. Lle moxe GyTu noB’si3aHO 3 MexaHi3MOM MPOHUK-
HeHHsi Bipycy SARS-CoV-2 [o anbBeonsipHUX KIiTUH,
OCKifTbKM MilLEHHIO ANna Hboro € peuentopyn Ald-2
Ha nHeBmouuTax. TiMbkM B OKPEMMX BUMNagKax BUSB-
NSATbCS OAMHWUYHI BiAHOCHO 36epexeHi anbBeonsipHi
CTiHKM (puc. 24).

Y [ocnigXeHWx nereHsix crocrepiralTbCs Mnpouecu
ibpo3sy, NpyyoMy BiH 3HAYHO BUPA3HIWNKA Y HAWBINbL
noctpaxpanux ginsHkax MAB. Tak, B ogHoMmy BuUNagky
PyVHYBaHHS anbBEONAPHUX MNEPETUHOK CYNpOBOOXKY-

The cause of this phenomenon is considered
to be the development of the so-called «cytokine storm»
in COVID-19 described in numerous studies [23-25].
It is known that the release of cytokines from the
affected tissues stimulates a systemic inflammatory
response (the systemic nonspecific protective acute
phase reaction (APR)) due to the activation of the hypo-
thalamic-pituitary-adrenal system [26]. Clinical tests
confirm the APR presence in COVID-19, as indicated
by an increase of acute phase proteins, such as
C-reactive protein and fibrinogen, and cytokines con-
centration [26-28]. One of the components of this
reaction is an increase in blood coagulation. Increased
blood coagulation is indicated by an increase in such
parameters as D-dimer, a product of fibrinogen degra-
dation, and various biomarkers of coagulation [23].

Another characteristic feature of the effect of the
COVID-19 virus, as in pandemic flu, is the destruction
of alveolar septa and the accumulation of serous fluid
in the alveolar space (Fig. 19). At the same time, the
damage to the GAB is somewhat different than
in pandemic flu. Sometimes the alveolar walls disin-
tegrate into separate elements with the destruction of
both the epithelium and the endothelium, and many
cellular components of the destroyed alveolar walls
end up in the alveoli (Fig. 22). Most often, pneumocytes
are completely lost, and alveolar walls without
an epithelial cover are replaced by collagen fibers or
hyaline membranes, to which denuded capillary vessels
with erythrocyte thrombi are attached, while in influ-
enza A, the alveolar epithelium is partially preserved
(Fig. 23). This may be related to the mechanism of
penetration of the SARS-CoV-2 virus into alveolar cells,
since its target is ACE-2 receptors on pneumocytes.
Single alveolar walls are preserved in few cases
only (Fig. 24).

Fibrosis processes are observed in the examined
lungs, and it is much more pronounced in the most
affected areas of the GAB. Thus, in one case, the
destruction of the alveolar septa is even accompanied
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€TbCS HaBiTb MOSABOK B anbBeonax 6€3CprKTypHI/1X

CMONYy4YHOTKaHUHHMX Mac (puc. 22).

by the emergence of structureless connective tissue
masses in the alveoli (Fig. 22).

Puc. 22. 3pyinHoBaHi anbBeonsipHi CTiHKK nereHi Ta 6e3cTpyKTypHi Cony4YHOTKaHWHHI Macy B anbeeoni xBoporo Ha COVID-19
Fig. 22. Destroyed alveolar walls of the lung and structureless connective tissue masses in the alveoli of a patient with COVID-19

Puc. 23. AnbBeonsipHa nepeTuHka 3 NOBHOK BiACYTHICTIO
nHeBmouuTiB y xBopoi Ha COVID-19. KaninapHi cyamHu
y BUMMAAi «KPOB’siHUX KOBBACOK», NpueaHaHi A0 rianiHoBux
Memb6paH. Mopsaa 3pyriHOBaHi anbBeonsApHi NEPETUHKN
Fig. 23. Alveolar septum with a complete absence
of pneumocytes of a patient with COVID-19. Capillary vessels
in the form of «blood sausages» attached to hyaline
membranes. Nearby are destroyed alveolar membranes

Cnig Takox 3a3HauuTW, WO npouecu Tpombosy Ta
pyViHYBaHHS anbBEONSAPHUX MEPETUHOK Y rpyni nomep-
nux Big COVID-19, 6ynu ogH1MK 3 BUpa3HILLMX YpaXKeHb
cepeq iHWMX XBOpUX. Tak, XapakTepHUM Afsi HUX €
arnTyHaUis epuTpouMTIB Y CyOUHaX, HAKOMUYEHHST epu-
TPOUMTIB Yy anbBEONsAPHOMY MPOCTOPi Ta MOBHE PYMNHY-
BaHHS anbBeOSsPHNUX NEPETMHOK, Big SKUX 3anmwatoTbCs
nvLe Kaninsapw, 3anoBHEHI 3aTUCHYTUMU B HUX €pUTPO-
untamm (puc. 20). Kpim Toro y gocnigkeHux Bunagkax
He BWSIBMSAKOTBCA XapaKTepHi Ans Audy3HOro anbBeo-
NSIPHOrO MOLUKOPKEHHS TianiHOBi MeMOpaHu, MOXIUBO,
BHACNIOOK MOBHOIO PyMHYBaHHSA anbBeONsiPHUX NepeTu-

Puc. 24. AnbBeonsipHa nepeTuHka, sika 36epirae MHEBMOLUTU
y CBOEMY CKrafi Ta anbBeona, 3arnoBHeHa pisHUMU KNiTUHamu,
y xBoporo Ha COVID-19. Y crnonyyHiin TKaHWHiI ABi cyavHn
3 epuTpouuTapH1uMmn TpoMbamu
Fig. 24. The alveolar wall, which preserves pneumocytes
in its composition, and the alveolus, filled with various cells,
of a patient with COVID-19. In the connective tissue,
there are 2 vessels with erythrocyte thrombi

It should also be mentioned that the processes
of thrombosis and destruction of alveolar walls in the
group of those who died from COVID-19 were one of
the most pronounced lesions among other patients.
Thus, they are characterized by agglutination of erythro-
cytes in vessels, accumulation of erythrocytes in the
alveolar space and complete destruction of alveolar
septa, leaving only capillaries filled with erythrocytes
trapped in them (Fig. 20). In addition, the hyaline mem-
branes, which are characteristic of diffuse alveolar
damage, are not found in the studied cases, possibly
due to the complete destruction of the alveolar walls
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HOK 3 iIHTEPCTULIEM BKMOYHO, KOMMOHEHTU sIKOro GepyTb
y4yacTb B YTBOPEHHI LIMX CTPYKTYP.

[NpoBeneHi gocnigXeHHs nokasanu, wo daranbHi
Hacnigkm COVID-19 noB’sisaHi 3 ABOMa rONOBHUMM
MEXaHi3aMaMu YPaKeHHs!, OIMH 3 SIKUX MONsirae y pynHiB-
Hin aii Bipycy Ha eniTenianbHi Ta eHaoTenianbHi KNITUHK-
Hocil 1oro cneundiyHnx MiweHen (AMN®-2). 3aBasku
uboMy BiOOyBaeTbCs pennikauisa Bipycy Ta 3arvbenb
KNiTUHM-Xa3diHa. |HWKMM MexaHi3MOM € pPO3BUTOK CUC-
TeMHOi peakLii ANCeMIiHOBaAHOro BHYTPILLIHbOCYAUHHOIO
3ropTaHHs KpOBi, L0 BMACHO i NpM3BOAUTL 4O MYNbTU-
OpraHHOro YpaxXeHHs Ta CMepTi.

PekoHcTpykuis obcTtaBuH, ski nepegyBanu cmepTi
Big COVID-19, pno3sonsic 3po6GUTN BUCHOBKW, CTOCOBHO
3axoniB, siki MOTPIOGHO NpoBOAUTM NiCNsi BCTAHOBIEHHS
giarHosy Ha Bipyc SARS-CoV-2. Baxnusiwvm npu
UbOMY € [fiarHOCTMKa TSDKKOCTI 3axBOPIHOBAHHSA, Ans
4oro NPUOATHUMKU € SIK PadioNnoriyYHi AOCHIOKEHHS, Tak i
KoMnnekc nabopaTtopHUx MeTopiB, 30KpeMa BU3HAYEHHS
PiBHS LMTOKIHIB, peakTaHTiB roctpoi ¢asu, D-gnmepy.
TepaneBTWYHI 3axoaM MOBUHHI ByTu cnpsimoBaHi Ha
3HULLEHHS Bipycy, Onokagy MiweHe KHoro [JocTyny
00 KNiTUH-Xa3aiB Ta nepepuBaHHA npouecy pennikauii
BipyCy, MNpUWrHidyBaHHSA npos3ananbHUX UUTOKIHIB, pO3-
puvBYy naHLlora peakuii ypOmKeHOro iMyHiTeTy, 3acTto-
CYBaHHSs1 aHTMKoarynsuiiH1x npenaparis ToLO.

BUCHOBKHU

lMpoBeneHi AocnigkeHHs nokasanu, Wo Yy XBOpUX
Ha naHgemMiyHui rpun A, CMNOCTepiraeTbCa BUPaXKEHe
ypaKeHHs1 anbBEONAPHOro BiAAiINY NereHb 3 BUCOKUM
piBHEM HENTPOIiNLHOI Ta MakpodaranbHoi iHBasil.

MexaHiamu natoreHesy COVID-19 nongratoTb, no-
nepLue, y 6esnocepenHin pyrHiBHin Aii Bipycy Ha eniTeni-
anbHi KNiTMHW remaTtoansBeonsapHoro 6ap’epy i, no-gpyre,
y CTUMYnNSLii CUCTEMHOI peakuii BHYTPILUHbOCYANHHOIO
3ropTaHHs KpoBi.

MokasaHo, o AN OHKONOrYHMX XBOPUX, B aHaAMHE3i
sakux 6yno npoeedeHHs xiMmioTepanii, npouecn Tpombo3y
Ta pyNHyBaHHA anbBeonspHuUxX nepetuHok npu COVID-19
Oynv BUPa3sHILLMMK, HIX Y iHLLNX XBOPUX.

OpepxaHi pesynstaT cBigyaTb, WO aTtanbHi Ha-
cnigkm COVID-19, oueBMOHO, MOXHa nonepeauTy,
AKWO CBOEYACHO 3aCTOCOBYBATU TepaneBTUYHI 3axoaw,
CnpsiMOBaHi Ha 3HULLEHHA BipyCy, B6NOKyBaHHS MilleHen
ONs MOro NMPOHMKHEHHSA A0 KNiTWH, 3aCTOCYBaHHS iHribi-
TOpIB LMTOKIHIB, PO3pVBY naHutora BHYTPILUHLOCYANH-
HOro 3ropTaHHi KpOBi 3a AOMOMOrOK aHTUKOarynsHTIB
TOLLO, Kepyluucb Mnpu LbOMYy pesynstatamu nabopa-
TOPHWX aHanisiB 4ns giarHOCTUKN TSHKKOCTI iHGpekuii.
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including the interstitium, the components of which
participate in the formation of these structures.

The conducted studies showed that the fatal conse-
quences of COVID-19 were associated with two main
mechanisms of damage, one of which was the destruc-
tive effect of the virus on the epithelial and endothelial
cells that carried its specific targets (ACE-2). Due to this,
the replication of the virus and the death of the host cell
occurred. Another mechanism was the development of
a systemic reaction of disseminated intravascular coa-
gulation, which itself led to multiorgan damage and death.
The reconstruction of the circumstances that preceded
the death from COVID-19 allows us to draw a number
of conclusions regarding the measures that should be
taken after establishing a diagnosis of the SARS-CoV-2
virus. The diagnosis of the severity of the disease is
more important. Both radiological studies and a set of
laboratory methods, including determination of the level
of cytokines, acute phase reactants, and D-dimer can be
used to establish a diagnosis. Therapeutic measures
should be aimed at destroying the virus, blocking the
targets of its access to host cells and interrupting the
process of viral replication, suppressing pro-inflamma-
tory cytokines, breaking the chain of innate immunity
reactions, using anticoagulant drugs, etc.

CONCLUSIONS

The conducted studies showed that patients with
pandemic influenza A had a pronounced lesion of the
alveolar part of the lungs with a high level of neutrophilic
and macrophage invasion.

The mechanisms of the pathogenesis of COVID-19
are the direct destructive effect of the virus on the epi-
thelial cells of the hematoalveolar barrier, which obviously
leads to the release of inflammatory cytokines that sti-
mulate the systemic reaction of intravascular coagulation.

It has been established that for oncology patients with
a history of chemotherapy, the processes of thrombosis
and destruction of alveolar walls during COVID-19 were
one of the most pronounced lesions among the patients.

The obtained results suggest that the fatal conse-
quences of COVID-19 can obviously be prevented if
therapeutic measures aimed at destroying the virus,
blocking the targets for its penetration into cells, breaking
the chain of intravascular blood coagulation with the use
of corticosteroids, anticoagulants, cytokine inhibitors, etc.
are taken immediately after receiving a positive diag-
nosis for COVID-19 and carrying out a set of laboratory
tests to assess the severity of the disease.
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Prospects for further research

Further research on the effect of SARS-CoV-2 and
A(H1N1) pdm09 viruses by studying the utltrastructure of
the hematoalveolar barrier of oncological patients is important.
It will allow mechanisms of lesion to be established and the
measures of prevention of development of fatal consequences
to be developed.
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