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1. Knniniko-nnaToMop@oJ1oriyHi 0CO6IMBOCTI MOIIKOIPKEHHS [I€YiHKY IPU KOPOHaBIipycHill xBopo6i (COVID-19),
LIyKPOBOMY ZiabeTi 2 TUITy Ta NPy iX MO€IHAHHI.

2. Clinical and pathomorphological features of liver injury in coronavirus disease (COVID-19), type 2 diabetes
mellitus, and their combination.

Pedepar/aHoTanis:

1. TIpoBeieHO KOMIJIEKCHE KJIiHIKO-NaToMop¢osoriuHe gociigxkeHHs 120 jeTanbHUX BUNAAKIB i3 POpMyBaHHIM
TPbOX NopiBHAHHUX rpyn: COVID-19, nykposuii giabet 2 Tumy ta ix komop6igHicTs. liarnos COVID-19
HigTBEPIKyBaIu IOCMEPTHO METOAOM I0JIiIMEPA3HOI JIAHIIOr0BOi peakuii 3 gerekuiero PHK SARS-CoV-2 y TkaHuHi
sereHsb. [IpoBOMBCS PETPOCIEKTUBHUI aHaJli3 MEJUYHMX KapT CTallioHaPHUX XBOPUX Ta IPOTOKOJIIB
[IaTOJIOTOAHATOMIYHOTO AOCiIKEHHS. AHaIi3yBau 6i0XiMiuHI Ta KOaryssiiiHi IOKa3HUKHU, CTPYKTYPY YCKIaJHEHD,
CYITyTHi 3aXBOPIOBAaHHS Ta 6e3rocepeiHi IPUYNHYU CMEPTI. Yriepiue Ha OCHOBI KOMILJIEKCHOTO KJIiHIKO-
[IaTOJIOTOAHATOMIYHOIO aHaJli3y YTOYHEHO BiIMIHHOCTI Y CTPYKTYPi IPUYUH CMEPTi, YCKJIAAHEHD Ta CYIIyTHHOI
natoJiorii npu izosnpoBanomy COVID-19, nykpoBomy fiaberti 2 Tuiy Ta ix Komop6igHocTi. [Tokasano, mo npu COVID-
19 nepeBakae pecnipaTopHa HELOCTATHICTb SIK 6e3rocepenHs npuinHa cMepTi (52,5%), TOZi SIK Ipu IyKPOBOMY

niabeti 2 TUIy OMIHYIOTh IIPOSIBY 10JIIOPraHHOi HEJOCTATHOCTI Ta YPaskeHHSI LIeHTPaJIbHOI HEPBOBOI CUCTEMU.



Komop6inHuii nepeo6ir acouiloeTbest 3 6ibll BUPAXKEHUM MYJIbTUOPTAaHHUM YPasK€HHSM, 30KpeMa BUIIOI YaCTOTOIO
remopariyHoi nueBmoHii (90,0% npotu 65,0%; p=0,014) Ta imemidHoi xBopobu cepig (77,5% npotu 60,0% i 42,5%;
p=0,003), a Tako>x 03HaKaMu iMyHHOI gucperyssLii. BctaHoBieHO, 10 6i0XiMi4HI IOKAa3HUKY Y JIETaJIbHUX BUNIAIKaX
COVID-19, nykposoro giabety 2 Tumy Ta ix noegHanHs GOpPMYIOTh BiiMiHHI TPOdisi MyJbTUOPTraHHOI AIUCHYHKII
3aJIe>XXHO Bifg poHOBOI narosorii. Haiibinbm BupaxkeHi 3MiHM XapaKTepHi 1711 KOMOPOigHOTO riepebiry, 1mo
IIPOSIBJISIETHCSI MAKCHMAJIBHOIO YaCTOTOI0 CUCTEMHOI 3anajbHoi Bianosizni (nigsumenHs: C-peakTUBHOTO 6ijika -
100% mipotu 65,0% i 15,0%), rinepriaikemii (97,5% npotu 90,0% i 55,0%), a TaKOX 6iybIl BUPR)KEHUMHU 03HAKAMU
HMPKOBOI IUCQYHKLIi, KOAryJsiiliHUX NOPYLIEHb i KapialbHOrO YHIKOIKEHHS (30KpEeMa MiIBULIEHHS TPOIIOHIHY —
57,5% npotu 25,0%; p<0,05). [Iy1s i3ospoBaHOoro COVID-19 6isbl1 XapakTEePHUMU € LIUTOJIITUYHI Ta KoaryJssiiiHi
3MiHM (NigBUIIEHHS acrapraTaMiHoTpaHcdepasu i D-numepy), ToAi SIK IpyU LyKpOBOMY HiabeTi 2 TUly
[I€PEBAKAIOTh XPOHIYHI MeTab0JIYHi IOPYIIEHH, 30KpeMa TiNnonpoTeiHeMis Ta 3HV>KEHHSI HUPKOBOT'O pe3epBy 0e3
BUPaXEHOI CUCTEMHOI 3alla/IbHOI BiANoBiai. BusHa4eHo xapakTepHi 1abopaTopHO-6ioXimiuHi peHoTUIIN
KPUTUYHOTO Iepedbiry y nanienTis i3 COVID-19, nykpoBuM fiabeToM 2 Tully Ta ix oegHaHHi. BcTaHOBJIEHO, 1110 IPU
isonmpoBanomy COVID-19 nomiHye UIUTOJITUYHAN PEHOTUI i3 IEPEBAKHUM IiIBULIEHHSIM
acrnaprataMmiHOTpaHc(pepas3y Ta O3HAKaMU €HA0TeliaJIbHOTO YIIKOIKEHHS]; TPU LIyKPOBOMY HiabeTi 2 TUILy
dhopmMyeTbCsl METabOJIIYHO-AUCIIPOTEIHEMIYHUI (PEHOTHII, 110 XapaKTepru3yeThCsl 3MiHaMU Oiipy6iHOBUX QpakLiil i
3HIDKEHHSIM HUPKOBOT'O PE3EPBY; HATOMICTb I1py KoMopbigHoMy nepebiry COVID-19 i nykpoBsoro giabety 2 TUILY
PO3BUBAETHCSI CUHEPTiUHNI 3aMlalbHO-KOATryJISILiMHUI (EHOTHUII i3 o€ JHAHMM MiIBULLIEHHSIM MapKepiB CUCTEMHOI
3arnasbpHOi BiANnoBiai, rinepkoaryssuii, rinepriaikemii Ta azotemii. Mopgosioriune gociiKeHHs e4iHKU BUSIBUIIO
BUpaXkeHi BiIMiHHOCTi CTpyKTypHuX 3MiH nipu COVID-19, uykpoBomy niabeti 2 Tumy Ta ix [1oeJHaHHi, 110
BiZJOOPa’KaIOTh Pi3HY CIPSIMOBAHICTb IaTOT€HETUYHUX MexXaHi3MiB ymkomkeHHs. [Ipu COVID-19 nepeBaxaloTb
rocTpi AUCTpOPiUHO-HEKPOTUYHI 3MiHU 3 pO371alaMy TeMOMIKPOLIUPKYJIALi (IOBHOKPIB'S, MiKpOTpOM6031) Ta
IIOMIpHUM CTeaTo30M. JI71s1 IyKpoBoOro IiabeTy 2 TUIYy XapaKTepHi XpOHiYHiI MeTabo1iYHO-IucTpodiyHi mpouecy 3
IIOMiHYBaHHSIM cTeaTo3y Ta Ppibpo3y 3a MiHiMasIbHOI 3ananbHOI akTUBHOCTI. KoMop6inHuit nepebir
CYIIPOBOMKY€ETbCS IO€IHAHHAM LJUX 3MiH i3 (POPMYyBaHHSIM BUPAXEHOTO CTEATO3Y, Pibpo3y, MACUBHOTO HEKPO3Y Ta
nudysHoi 3ananpHOi iHdinbTpanii (p<0,05), o CBiAYNUT PO B3a€EMOTIOTEHIII0I0YMH BILJIMB MATOJIOTI HA CTYIiHb
rerarToLeJoISPHOro YIIKOI)KeHHs. Briepiie NpoBeieHo CUCTEMHUI MOP(OJIOTiYHUI aHali3 [1eYiHKY, 1110 J03BOJIUB
BHOKPEMUTHU TpU crienudiuHi peHoTuny ii nomkokKeHHs. TOKCUKO-MeTaboliYHui (EeHOoTHUII, NpUTaMaHHUN
koMmopb6igHocTi COVID-19 i nykpoBoMy fiabeTi 2 TUIly, XapaKTepU3y€eTbCSI MAKPO- i MIKpOBE3UKYJIIPHUM CTEATO30M,
MAaCHUBHUM LI€HTPOJIOOYJISIPHUM HEKPO30OM, BUPR)KEHUM 3allaJIeHHSIM Ta rporpecyodnm gioposzom. CyauHHO-
TPOMOOTHUYHUI PEHOTHII, IpUTaMaHHu i3o1b0BaHOMy COVID-19, IposiB/sieThCS IOBHOKPIB'SIM CUHYCOIZB,
MHOXMHHHAMU MIKPOTPOMO03aMU Ta LEeHTPOJIOOY/ISIPHUM HEKPO30M 3 BifICYyTHOCTI 3HAYHOTO CTeaTo3y i (pibpoay.
Briepie BCTaHOBJIEHO BUGIPKOBUIL XapaKTeP B3a€MO3B'SI3Ky MK 6i0XiMiYHMMMU Ta KOATyJIsILiTHUMU ITOKa3HUKaMU
KpoBi Ta MOPOJIOTIYHUMY 3MiHAMU NEeYiHKY, 30KpeMa II0Ka3aHo, 1110 IIPY KOMOPOiIHOCTI MapKepy IIUTOJIi3Y,
X0JIeCTa3y Ta CUCTEMHOTO 3aMajIeHHs JOCTOBIPHO 3pOCTAIOTh YK€ Ha PaHHIX CTaflisix MOP(OJIOTiYHOrO YpakeHHs
ab0 3a HAagBHOCTI 3aNayIbHOI iHQiNbTpallii, BUNepenxkawndy CTPYKTypHY Nporpecito 3MiH. Kiodosi ciosa: COVID-19,
KopoHagipyc, SARS-CoV-2, nykpoBuii niabeT 2 Tumy, MopQoJsioriysi 3MiHu, eviHka, TernaToLuTy, JKUpoBa
nyctpodis, HEKPO3, LUPO3, 3allajleHHs!, FeMOMIKPOLIMPKYJISITOPHE Pycilo, 6i0XiMiyHi 1ab0paTOpPHi OKa3HUKH,
Koaryjiorpama.

2. A comprehensive clinical and pathomorphological study of 120 fatal cases was conducted with the formation of
three comparable groups: COVID-19, type 2 diabetes mellitus, and their comorbidity. The diagnosis of COVID-19
was confirmed postmortem by polymerase chain reaction with detection of SARS-CoV-2 RNA in lung tissue. A
retrospective analysis of inpatient medical records and autopsy protocols was performed. Biochemical and
coagulation parameters, the structure of complications, comorbid diseases, and immediate causes of death were
analyzed. For the first time, based on a comprehensive clinical and pathological analysis, differences in the
structure of causes of death, complications, and comorbid pathology in isolated COVID-19, type 2 diabetes
mellitus, and their comorbidity were clarified. It was shown that in COVID-19 respiratory failure predominates as
the immediate cause of death (52.5%), whereas in type 2 diabetes mellitus manifestations of multiple organ failure



and central nervous system damage dominate. The comorbid course is associated with more pronounced
multiorgan damage, particularly a higher frequency of hemorrhagic pneumonia (90.0% versus 65.0%; p=0.014) and
ischemic heart disease (77.5% versus 60.0% and 42.5%; p=0.003), as well as signs of immune dysregulation. It was
established that biochemical parameters in fatal cases of COVID-19, type 2 diabetes mellitus, and their
combination form distinct profiles of multiorgan dysfunction depending on the background pathology. The most
pronounced changes are characteristic of the comorbid course, manifested by the maximum frequency of
systemic inflammatory response (elevated C-reactive protein — 100% versus 65.0% and 15.0%), hyperglycemia
(97.5% versus 90.0% and 55.0%), as well as more pronounced signs of renal dysfunction, coagulation disorders, and
cardiac injury (in particular elevated troponin - 57.5% versus 25.0%; p<0.05). Characteristic laboratory and
biochemical phenotypes of critical illness in patients with COVID-19, type 2 diabetes mellitus, and their
combination were identified. It was established that isolated COVID-19 is dominated by a cytolytic phenotype with
predominant elevation of aspartate aminotransferase and signs of endothelial injury; type 2 diabetes mellitus forms
a metabolic-dysproteinemic phenotype characterized by changes in bilirubin fractions and reduced renal reserve;
whereas in the comorbid course of COVID-19 and type 2 diabetes mellitus, a synergistic inflammatory-coagulation
phenotype develops with combined elevation of markers of systemic inflammatory response, hypercoagulation,
hyperglycemia, and azotemia. Morphological examination of the liver revealed pronounced differences in
structural changes in COVID-19, type 2 diabetes mellitus, and their combination, reflecting different directions of
pathogenetic mechanisms of injury. In COVID-19, acute dystrophic-necrotic changes with hemomicrocirculatory
disturbances (congestion, microthrombosis) and moderate steatosis predominate. Type 2 diabetes mellitus is
characterized by chronic metabolic-dystrophic processes with predominance of steatosis and fibrosis with
minimal inflammatory activity. The comorbid course is accompanied by a combination of these changes with the
formation of pronounced steatosis, fibrosis, massive necrosis, and diffuse inflammatory infiltration (p<0.05),
indicating a mutually potentiating effect of the pathologies on the degree of hepatocellular injury. For the first
time, a systemic morphological analysis of the liver was conducted, which made it possible to distinguish three
specific phenotypes of liver injury. The toxic-metabolic phenotype, inherent to the comorbidity of COVID-19 and
type 2 diabetes mellitus, is characterized by macrovesicular and microvesicular steatosis, massive centrilobular
necrosis, pronounced inflammation, and progressive fibrosis. The vascular-thrombotic phenotype, characteristic
of isolated COVID-19, manifests as sinusoidal congestion, multiple microthromboses, and centrilobular necrosis in
the absence of significant steatosis and fibrosis. For the first time, the selective nature of the relationship between
biochemical and coagulation blood parameters and morphological changes in the liver was established. In
particular, it was shown that in comorbidity, markers of cytolysis, cholestasis, and systemic inflammation
significantly increase already at the early stages of morphological injury or in the presence of inflammatory
infiltration, preceding the structural progression of changes. Keywords: COVID-19, coronavirus, SARS-CoV-2, type
2 diabetes mellitus, morphological changes, liver, hepatocytes, fatty degeneration, necrosis, cirrhosis,
inflammation, hemomicrocirculatory bed, biochemical laboratory parameters, coagulogram.
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TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisSIIBHOCTI

Xypakiscbka Okcana fIpocasiBHa

JKypakiBcbka OkcaHa fIpocrnaBiBHa

Kynnnwny I'anist borpaHiBHa

FOpuenko TersiHa AHaToJiiBHA

Opuenko TersiHa AHaToJIiBHA



