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Wykaz skrotéow uzytych w pracy

CAC — ang. COVID-19-Associated Coagulopathy, koagulopatia zwigzana z COVID-19

CAR-T — ang. Chimeric Antigen Receptor T-cell therapy, terapia chimerycznymi limfocytami T
COVID-19 — ang. Coronavirus Disease 2019

CRP —ang. C-reactive protein, biatko C-reaktywne

CRS — ang. Cytokine Release Syndrome, zespdt uwalniania cytokin

CXCL-8/IL-8 — interleukina 8

EASIX —ang. Endothelial Activation and Stress Index

GISAID —ang. Global Initiative on Sharing All Influenza Data

HAIs — ang. Healthcare-Associated Infections, zakazenia zwigzane z opieka zdrowotng
HFNOT — ang. High-Flow Nasal Oxygen Therapy, wysokoprzeptywowa tlenoterapia donosowa
IL-18 — interleukina 18

LDH — ang. Lactate Dehydrogenase, dehydrogenaza mleczanowa

LMIC — ang. Low- and Middle-Income Countries, kraje o niskich i srednich przychodach
mEASIX — ang. Modified Endothelial Activation and Stress Index

MERS-CoV - ang. Middle East Respiratory Syndrome Coronavirus, koronawirus

bliskowschodniego zespotu oddechowego

NIV — ang. Non-Invasive Ventilation, nieinwazyjna wentylacja

NLR - ang. neutrophil-to-lymphocyte ratio, wskaznik neutrofilowo - limfocytowy
NPV — ang. Negative Predictive Value, ujemna wartos¢ predykcyjna

OIT — oddziat intensywnej terapii

PHEIC — ang. Public Health Emergency of International Concern, stan zagrozenia zdrowia

publicznego o zasiegu miedzynarodowym

PLT — ang. Platelets, ptytki krwi



PPV —ang. Positive Predictive Value, dodatnia wartos¢ predykcyjna
qCSI —ang. Quick COVID-19 Severity Index
ROC — ang. Receiver Operating Characteristic, krzywa charakterystyki operacyjnej odbiornika

RT-PCR — ang. Reverse Transcription — Polymerase Chain Reaction, reakcja faricuchowa

polimerazy z odwrotng transkrypcja

SARS-CoV-1 - ang. Severe Acute Respiratory Syndrome Coronavirus — 1, pierwszy

koronawirus ciezkiego ostrego zespotu oddechowego

SARS-CoV-2 - ang. Severe Acute Respiratory Syndrome Coronavirus — 2, drugi koronawirus

ciezkiego ostrego zespotu oddechowego

sEASIX — ang. Simplified Endothelial Activation and Stress Index

TK — tomografia komputerowa

VOCs — ang. Variants Of Concern, warianty budzgce obawe

VUMs — ang. Variants Under Monitoring, warianty objete monitorowaniem

WHO - ang. World Health Organization, Swiatowa Organizacja Zdrowia
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. Nota informacyjna — wykaz publikacji wchodzacych w sktad cyklu

Rozprawa doktorska lekarza Aleksandra Zinczuka: , Analiza wybranych parametrow
klinicznych i laboratoryjnych wptywajgcych na ciezkos¢ przebiegu COVID-19” stanowi
zbidr trzech powigzanych tematycznie artykutdw: dwoch prac oryginalnych oraz jednej
przeglagdowej. Badania bedgce podstawg prac oryginalnych zrealizowano po uzyskaniu
pozytywnej opinii Komisji Bioetycznej przy Uniwersytecie Medycznym we Wroctawiu
(uchwata nr KB — 826/2020 z dnia 17 grudnia 2020 r.). Kazdy z artykutéw zostat
opublikowany w anglojezycznych czasopismach naukowych o zasiegu miedzynarodowym.
taczna warto$é wspodtczynnika wptywu impact factor (IF) zbioru prac wynosi 8.1, liczba

punktéw Ministerstwa Edukacji i Nauki (MEiN) 240.

Publikacje wchodzace w skfad zbioru:

1. Zinczuk A., Rorat M., Simon K., Jurek T. (2022). EASIX, modified EASIX and
Simplified EASIX as an early predictor for intensive care unit admission and
mortality in severe COVID-19 patients. Journal of Personalized Medicine, 2022, 12
(7), 1022. IF: 3.4; pkt. MEiN: 70.

2. Zinczuk A., Rorat M., Simon K., Jurek T. (2023). Unpacking the complexity of
COVID-19 fatalities: adverse events as contributing factors — a single-center,
retrospective analysis of the first two years of the pandemic. Viruses, 2023, 15 (7),
1430. IF: 4.7; pkt. MEiN: 100.

3. Zinczuk A., Rorat M., Jurek T. (2023). COVID-19 - related excess mortality - an
overview of the current evidence. Archiwum Medycyny Sqdowej i Kryminologii,

2023, 73 (1), 33-44, pkt. MEiN: 70.

Oswiadczenia wspoétautoréw prac, okreslajgce wktad kazdego z nich, zawarte sg w

zatgcznikach w czesci Xl a.



. Streszczenie

Wstep: Zakazenia spowodowane przez nowy czynnik etiologiczny jakim jest koronawirus
SARS-CoV-2 (ang. Severe Acute Respiratory Syndrome Coronavirus - 2) szybko spowodowaty
globalne zagrozenie dla zdrowia publicznego ze wzgledu na objawy niewydolnosci
oddechowej i powikfania naczyniowe dominujgce w obrazie klinicznym choroby. tatwosc
transmisji oraz ciezki przebieg COVID-19 (ang. Coronavirus disease 2019) doprowadzity do
przecigzenia systemow opieki zdrowotnej na catym sSwiecie i ograniczenia dostepu do
Swiadczen medycznych dla innych pacjentow, co byto jedng z wiodacych przyczyn
wystgpienia zgonow nadmiarowych w trakcie pandemii, czyli réznicy w catkowitej liczbie
zgondw w sytuacji kryzysowej w porédwnaniu do liczby zgonéw oczekiwanych w normalnych
warunkach. Wykazano szereg czynnikdw ryzyka ciezkiego przebiegu choroby, do ktdrych
nalezg: wiek powyzej 65 lat, pte¢ meska, obecnos¢ chordb towarzyszacych (przede wszystkim
choréb uktadu sercowo — naczyniowego, oddechowego i nerek, nowotworéw ztosliwych
i otytosci), stosowanie lekédw immunosupresyjnych. Obok intensywnych dziatan
zmierzajgcych do znalezienia skutecznej terapii oraz profilaktyki, od poczatku poszukiwano
markeréw stuzgcych szybkiej identyfikacji pacjentéw zagrozonych ciezkim przebiegiem
i zgonem w zwigzku z COVID-19. Do tego celu wykorzystywano miedzy innymi wspotczynniki
powstate z kalkulacji parametrow laboratoryjnych, np. NLR (ang. neutrophil-to-lymphocyte
ratio), skale oceny radiogramow klatki piersiowej oraz korelacje czynnikéw demograficznych,

klinicznych i laboratoryjnych, np. qCSI (ang. Quick COVID-19 Severity Index).
Cele:

1. Ocena mozliwosci wykorzystania wspoétczynnikéw opartych na korelacji parametrow
laboratoryjnych — aktywnosci dehydrogenazy mleczanowej (LDH), stezenia kreatyniny, biatka
C-reaktywnego (CRP) oraz liczby ptytek krwi (PLT) pod postacig wspotczynnikdw EASIX (ang.
Endothelial Activation and Stress Index), mEASIX (ang. modified-EASIX), sEASIX (ang.

simplified-EASIX) - jako czynnikdw prognostycznych przebiegu COVID-19.

2. Analiza smiertelnych przypadkéow COVID-19, tj. ustalenie przyczyny sSmierci i czynnikow
ryzyka jej wystapienia, z uwzglednieniem zdarzen niepozadanych, ktére wptynety na zgon

pacjentéw.



3. Okreslenie zjawiska oraz wskazanie przyczyn wystepowania nadmiarowych zgondéw

w trakcie pandemii COVID-19.

Materiat i metody: Analiza retrospektywna, jednoosrodkowa danych medycznych
odpowiednio 370 i 477 pacjentow hospitalizowanych w Wojewddzkim Szpitalu
Specjalistycznym we Wroctawiu od 6 marca 2020 r. do 30 czerwca 2022 r. z rozpoznanym
klinicznie COVID-19. Ocena statystyczna obejmujgca parametry charakteryzujgce pacjentéw,
w tym czas trwania i wariant zakazenia SARS-CoV-2 oraz przebieg hospitalizacji. Przeglad
i analiza literatury dostepnej w bazie Pubmed w dniu 11 maja 2023 r. dotyczacej zagadnienia

zgondw nadmiarowych w okresie pandemii COVID-19.

Wyniki: Wspodtczynniki EASIX, mEASIX, sEASIX wykazujg istotng statystycznie korelacje
z koniecznoscig hospitalizacji w OIT (oddziat intensywnej terapii) (odpowiednio p=0.026,
p=0.019, p=0.001) oraz ryzykiem zgonu (p<0.001). Wysokie wartosci ocenianych
wspotczynnikow (EASIX 22.36, mEASIX >704.03, sEASIX >3.81) charakteryzuje niska czutosé
(240%) przy wysokiej swoistosci (ok. 90%) oraz niskie wartosci NPV (ang. negative predictive
value — ujemna wartos¢ predykcyjna) (ok. 40%) przy wysokich PPV (ang. positive predictive
value — dodatnia wartos¢ predykcyjna) (ok. 80%) w odniesieniu do predykcji zgonu.
W analizie zgondéw w przebiegu COVID-19 wykazano dominacje chorych powyzej 60 roku
zycia (54.3%), z przewagg ptci meskiej (59.3%) oraz pacjentéw obcigzonych chorobami
wspotistniejgcymi (91.4%). Niewydolnos¢ oddechowa jako dominujgca przyczyna zgonu
w przebiegu zakazenia SARS-CoV-2 dotyczyta 88.7% pacjentéow. Powiktania zwigzane
z procesem hospitalizacji (46.1%) i zdarzenia niepozadane z udziatem personelu medycznego

stwierdzono w prawie potowie ocenianych przypadkéw (49.7%).

Whioski: Wspotczynniki EASIX, mEASIX, sEASIX mogg stuzy¢ identyfikacji pacjentéw
zagrozonych ciezkim przebiegiem COVID-19. Hospitalizacja pacjentdw z SARS-CoV-2 wigze sie
z licznymi zdarzeniami niepozadanymi, takimi jak wystgpienie infekcji szpitalnych, powiktan
wentylacji oraz nieprawidtowosciami w postepowaniu personelu medycznego, ktore nalezy
rozpatrywac jako dodatkowy czynnik ryzyka zgonu. Analiza zgonéw nadmiarowych obrazuje
rzeczywisty wptyw pandemii COVID-19 na zdrowie publiczne, wskazujgc na dodatkowe
czynniki, poza samym zakazeniem, ktére zwigzane sg z przecigzeniem systemow opieki

zdrowotnej.



1l. Summary

Background: Infections caused by the novel aetiological agent Severe Acute Respiratory
Syndrome Coronavirus - 2 (SARS-CoV-2) have rapidly created a global public health threat
due to the symptoms of respiratory failure and vascular complications dominating the clinical
picture of the disease. The ease of transmission and the severity of COVID-19 (Coronavirus
disease 2019) led to overloaded healthcare systems worldwide and reduced access to
medical services for other patients, which was one of the leading causes of excess deaths
during the pandemic, i.e. the difference in the total number of deaths in an emergency
compared to the number of deaths expected under normal conditions. A number of risk
factors for severe disease have been demonstrated, which include age over 65 years, male
gender, presence of concomitant diseases (primarily cardiovascular, respiratory and renal
diseases, malignancies and obesity), use of immunosuppressive drugs. In addition to
intensive efforts to find effective therapy and prophylaxis, markers for the rapid identification
of patients at risk of a severe course and death due to COVID-19 have been sought from the
outset, including coefficients derived from the calculation of laboratory parameters, e.g. NLR
(neutrophil-to-lymphocyte ratio), scales for the evaluation of chest radiographs, and the
correlation of demographic, clinical and laboratory factors, e.g. qCSI (Quick COVID-19

Severity Index).
Objectives:

1. To assess the feasibility of using coefficients based on the correlation of laboratory
parameters - lactate dehydrogenase (LDH) activity, creatinine concentration, C-reactive
protein (CRP) and platelet count (PLT) in the form of EASIX (Endothelial Activation and Stress
Index), mEASIX (modified-EASIX), sEASIX (simplified-EASIX) - as prognostic factors for the
course of COVID-19.

2. Analysis of fatal COVID-19 cases, i.e. determining the cause of death and risk factors for

death, including adverse events that influenced the death of patients.

3. Define the phenomenon and identify the causes of excess deaths during the COVID-19

pandemic.

Material and methods: Retrospective, single-centre analysis of medical data of 370 and 477
patients hospitalized at the Wroctaw Regional Specialist Hospital from 6 March 2020 to

9



30 June 2022 with clinically diagnosed COVID-19. Statistical evaluation including parameters
characterizing patients, with duration and variant of SARS-CoV-2 infection and course of
hospitalization. Review and analysis of the literature available in the Pubmed database on

11 May 2023 on the issue of excess deaths during the COVID-19 pandemic.

Results: EASIX, mEASIX, sEASIX coefficients show a statistically significant correlation with the
need for ICU (intensive care unit) hospitalization (p=0.026, p=0.019, p=0.001, respectively)
and risk of death (p<0.001). The high values of the assessed coefficients (EASIX >2.36,
mMEASIX >704.03, sEASIX >3.81) are characterized by low sensitivity (<40%) with high
specificity (approximately 90%) and low NPV (negative predictive value) (approximately 40%)
with high PPV (positive predictive value) (approximately 80%) for the prediction of death.
The analysis of COVID-19 deaths showed a predominance of patients over 60 years of age
(54.3%), with a male predominance (59.3%) and patients with comorbidities (91.4%).
Respiratory failure as the leading cause of death in SARS-CoV-2 infection affected 88.7% of
patients. Complications related to the hospitalization process (46.1%) and adverse events

involving staff were found in almost half of the cases assessed (49.7%).

Conclusions: The EASIX, mEASIX, sEASIX coefficients can be used to identify patients at risk of
severe COVID-19. Hospitalization of patients with SARS-CoV-2 is associated with numerous
adverse events, such as the occurrence of nosocomial infections, ventilation complications
and medical staff malpractice, which should be considered as an additional risk factor for
death. The analysis of excess deaths illustrates the real impact of the COVID-19 pandemic on
public health, pointing to additional factors, beyond the infection itself, that are related to

overburdened healthcare systems.

10



Iv. Wstep

Pierwsze zakazenia nowym wirusem SARS-CoV-2, poczgtkowo okreslane jako ,,pneumonia
of unknown cause”, byty raportowane w chiniskiej prowincji Wuhan 31 grudnia 2019 r. Juz
5 stycznia 2020 r. WHO (ang. World Health Organization) ogtosito wykrycie ogniska zakazen
nieznanym dotychczas czynnikiem biologicznym [1]. Wzrastajgca liczba przypadkdw nowej
choroby w kolejnych tygodniach stycznia, potwierdzenie transmisji zakazenia miedzy ludZzmi
oraz pojawienie sie przypadkéw zachorowan poza Chinami sktonito WHO do ogtoszenia
30 stycznia 2020 r. stanu zagrozenia epidemiologicznego o zasiegu miedzynarodowym (ang.
Public Health Emergency of International Concern [PHEIC]), natomiast 11 marca 2020 r.,
w zwigzku z brakiem kontroli nad zachorowaniami, sytuacje epidemiologiczng zwigzana
z COVID-19 zaklasyfikowano jako pandemie [2], [3]. Jej przebieg wigze sie z wystepowaniem
fal zakazen, co w najwiekszym stopniu zalezy od dominacji okres$lonego wariantu wirusa,
ktéry wypiera poprzednie w efekcie nabywania nowych cech (np. wiekszej zarazliwosci,
nowych manifestacji klinicznych, przetamywania odpornosci nabytej naturalnie lub sztucznie)
[4]. Od stycznia 2020 r. WHO prowadzi monitoring dotyczacy krazgcych wariantéw SARS-CoV-
2. Dotychczas zidentyfikowano 5 VOCs (ang. Variants of Concern) - Alpha, Beta, Gamma,
Delta, Omicron, odpowiedzialnych za fale pandemii [5]. W zwigzku z dominacjg VOC-Omicron
od lutego 2022 r. zaktualizowane 15 marca 2023 r. wytyczne WHO obejmujg nowg grupe
VUMs (ang. Variants under Monitoring) — bedacg w rzeczywistosci podwariantami Omicron

[6].

Choroba wywotana przez SARS-CoV-2 wigze sie z wysokg Smiertelnoscig wsrdd pacjentow
hospitalizowanych. Juz pierwsze chinskie dane epidemiologiczne z poczatku pandemii
wskazywaty na fakt, ze ciezki przebieg zakazenia SARS-CoV-2 dotyczyt okoto 16% chorych,
z czego 3.2% stanowili pacjenci w stanie krytycznym, u ktorych doszto do rozwoju zaburzen
zakrzepowo-zatorowych, sepsy/wstrzgsu septycznego, niewydolnosci wielonarzagdowej
izgonu [7], [8]. Analiza danych pochodzgcych z pierwszych trzech miesiecy pandemii
potwierdzita duzy odsetek ciezkich przypadkéw choroby (22.9%) i s$miertelnosci (5.6%)
w grupie 281 461 pacjentdéw z catego Swiata [9]. Aktualne dane epidemiologiczne z catego
okresu zachorowan (na dzient 31 maja 2023 r.) wskazuja, ze Smiertelnos¢ w przebiegu COVID-
19 u wszystkich zakazonych pacjentdow nie przekracza 1% [10]. Choroba moze manifestowad

sie symptomami z kazdego uktadu i narzadu, jednak dominujgce w obrazie klinicznym sg
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objawy zajecia ukfadu oddechowego i naczyniowego [9]. Patofizjologia ciezkiego przebiegu
COVID-19 zwigzana jest miedzy innymi z uszkodzeniem srédbtonka naczyniowego,
niekontrolowanym uwalnianiem cytokin i czynnikdw prozapalnych oraz zaburzeniami
w sktadzie i funkcji komodrek ukfadu odpornosciowego, co ostatecznie doprowadza do
niewydolnosci wielonarzgdowej [11], [12]. SARS-CoV-2, wigzac sie z komdrkami srédbtonka,
uaktywnia kaskade cytokinowg, ktéra prowadzi do uwalniania czynnikdw prozapalnych
wyzwalajacych proces krzepniecia. W efekcie rozwija sie charakterystyczny dla COVID-19 stan
okreslany jako ,thromboinflammation”, ktdory jest podtozem powiktan zakrzepowo -
zatorowych, sktadajgcych sie na CAC (ang. COVID-19 associated coagulopathy) [13]. Ciezkos¢
zakazenia SARS-CoV-2 i ryzyko zgonu w jego przebiegu zalezy od wielu czynnikéw, sposréd
ktorych za najwazniejsze uznaje sie pte¢ meska, wiek >65 lat, wystepowanie choréb
towarzyszacych, przede wszystkim przewlektych choréb uktadu krazenia, oddechowego
i nerek, nowotwordw ztosliwych, otytosci, cukrzycy i schorzern autoimmunizacyjnych; a takze
wariant wirusa wywotujagcego chorobe [14-16]. Szczegdlnie ciezki przebieg zakazenia
charakteryzowat wariant Delta [17], [18]. Populacjg, ktéra jest najbardziej wrazliwa na
zakazenie jest grupa osOb starszych z wielochorobowoscia, dlatego wskazuje sie,
ze pandemie COVID-19 powinno okresla¢ sie mianem syndemii, czyli synergistycznej

epidemii, w trakcie ktérej wirus powoduje zgony szczegdlnie w populacjach kluczowych [19].

Wiedza na temat czynnikdw ryzyka oraz mozliwosci przewidywania ciezkosci przebiegu
zakazenia na podstawie rutynowo wykonywanych badan laboratoryjnych i obrazowych stale
sie rozwija. Dotychczas wykazano, ze nieprawidtowe wartosci wykfadnikédw stanu zapalnego
(biatko C-reaktywne, liczba limfocytéw i neutrofili), a takie parametréw zwigzanych
z uszkodzeniem  komédrek srédbtonka naczyniowego (kreatynina, dehydrogenaza
mleczanowa, liczba ptytek krwi), oznaczone przy przyjeciu, korelujg z ciezkoscig zakazenia
i ryzykiem jego niepomysinego przebiegu [20], [21]. Sugeruje to, ze o ciezkosSci zakazenia
decyduje przede wszystkim nasilenie procesu zapalnego. Globalny charakter pandemii
spowodowat, ze poszukiwano narzedzi uniwersalnych i tatwych do zastosowania
w warunkach duzej liczby zakazen, stuzacych do wczesnej oceny rokowania co do przezycia
i ryzyka progresji stanu pacjenta juz na podstawie wyjsciowych parametrow. Do tego celu
wykorzystywano miedzy innymi wspotczynniki powstate z kalkulacji parametrow

laboratoryjnych: NLR (ang. neutrophil-to-lymphocyte ratio), PLR (ang. platelet-to-lymphocyte
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ratio) i EASIX (ang. Endothelial Activation and Stress Index); skale piecio-
i dwunastopunktowe oceny radiograméw klatki piersiowej oraz korelacje czynnikow
demograficznych, klinicznych i laboratoryjnych — np. qCSI (ang. Quick COVID-19 Severity
Index) lub 4C Mortality Score [22]—[26].

Do dnia 31 maja 2023 r. odnotowano 767 364 883 przypadkdw zakazenia oraz 6 938 353
zgondw w przebiegu COVID-19 [10]. Rzeczywisty globalny rachunek pandemii jest jednak
wiekszy niz wynika to z bezposredniej liczby zgondéw pacjentéw z SARS-CoV-2. Narastajgca
w szybkim czasie duza liczba przypadkdw niewydolnos$ci oddechowej w przebiegu zakazenia,
ktore wymagajg hospitalizacji i leczenia specjalistycznego, w istotnym stopniu ogranicza
zdolnos¢ systemu opieki zdrowotnej do wypetniania swoich dotychczasowych obowigzkéw,
co przektada sie na wystepowanie zgondw nadmiarowych [27]. WHO na podstawie
przeprowadzonych analiz podaje, ze liczba wszystkich ofiar pandemii w 2020 r. wyniosta co
najmniej 3 miliony, co o ponad 1,2 min przekracza raportowang w tym okresie liczbe zgonéw
COVID-19 [28]. Z kolei w najnowszym dostepnym raporcie obejmujacym cate dwa lata
pandemii (1 stycznia 2020 r. do 31 grudnia 2021 r.) stwierdzono, ze liczba nadmiarowych
zgondw wyniosta 14.9 miliondw (95% Cl: 13.3-16.6) [29]. Przyczyny takiego stanu sg ztozone.
Obejmujg przede wszystkim ograniczenie dostepu do opieki zdrowotnej dla pacjentow
z chorobami przewlektymi i ostrymi w zwigzku z przecigzeniem systemu, dodatkowy wptyw
innych zagrozen biologicznych i katastrof naturalnych, a takze niedostatki w zakresie

diagnostyki.

Pojawienie sie nowego zagrozenia biologicznego, ktére szybko stato sie globalnym
problemem wptywajacym na systemy zdrowotne i gospodarki na catym swiecie, wskazuje na
konieczno$¢ dogtebnej analizy kazdego aspektu zwigzanego z zakazeniem SARS-CoV-2.
Uzyskane wyniki badan, ktére stanowia miedzy innymi podstawe niniejszej rozprawy
doktorskiej, moga przystuzy¢ sie w przysztosci poprawie bezpieczenstwa pacjentow
z zakazeniami nowymi czynnikami biologicznymi lub znanymi juz patogenami, ktére nabywaja

czynnikéw zjadliwosci.
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V.

Cele rozprawy doktorskiej

1.

2.

Ocena mozliwosci wykorzystania wspoétczynnikdw opartych na korelacji
parametrow laboratoryjnych (liczba PLT, stezenie kreatyniny, stezenie CRP oraz
aktywnos¢ LDH) pod postacig klasycznego wspotczynnika EASIX (ang.
Endothelial Activation and Stress Index) oraz jego dwdch modyfikacji:
simplified - EASIX (sEASIX) i modified - EASIX (mEASIX) jako czynnikow
prognostycznych hospitalizacji w oddziale intensywnej terapii, zastosowania
wentylacji inwazyjne oraz zgonu wsrdod pacjentow z COVID-19 w ciezkim stanie
klinicznym.

Analiza smiertelnych przypadkéw COVID-19, tj. ustalenie przyczyny Smierci
i czynnikdw ryzyka jej wystgpienia, z uwzglednieniem zdarzen niepozgdanych,
ktére wptynety na zgon pacjentéw.

Okreslenie zjawiska zwigzanego z nadmiarowymi zgonami w trakcie pandemii
COVID-19 — omowienie przyczyn wystepowania, ustalenie wspdlnych punktéw
pozwalajgce na utworzenie spdjnej strategii reagowania na przyszte zagrozenia

biologiczne o charakterze pandemicznym.
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VI. Materiat i metody

Zbidr publikacji stanowig dwie prace oryginalne oraz jedna przeglagdowa. Prace oryginalne
to retrospektywna analiza zanonimizowanych danych medycznych pacjentéw
hospitalizowanych z powodu COVID-19 w oddziatach Wojewddzkiego Szpitala
Specjalistycznego im. J. Gromkowskiego we Wroctawiu od 6 marca 2020 r. W pierwszej pracy
uwzgledniono dane 370 pacjentéw o ciezkim przebiegu zakazenia, hospitalizowanych do
30 czerwca 2021 r. Druga praca obejmuje 477 przypadkdw choroby zakoriczonej zgonem
w okresie do 30 czerwca 2022 r. W obu publikacjach z analizy wykluczono pacjentéw, ktérych
przeniesiono do innych szpitali oraz tych, u ktorych nie byto dostepu do petnej dokumentac;ji

medyczne;j.

U wszystkich hospitalizowanych o0s6b zakazenie potwierdzano poczatkowo testem
molekularnym real-time RT-PCR (ang. reverse transcription — polymerase chain reaction),
nastepnie, w zwigzku z pozyskaniem nowych zwalidowanych metod diagnostycznych, testem
molekularnym real-time RT-PCR lub antygenowym (PanBio COVID-19 Ag Rapid Test Device by
Abbott).

W obu pracach oryginalnych ocenie poddano szereg parametréw charakteryzujgcych
pacjentow - demografie (wiek, ptec), obecnos¢ chordob towarzyszacych, dane dotyczgce
zakazenia SARS-CoV-2 (czas trwania objawdéw przed przyjeciem, wartos¢ saturacji krwi
kapilarnej bez tlenoterapii dodatkowej, wyjsciowy stan zdrowia pacjenta wedtug 4-
stopniowej skali WHO) [30], wyniki badan laboratoryjnych oznaczone przy przyjeciu do
szpitala, rodzaj zastosowanych metod tlenoterapii w trakcie pobytu. W obu pracach
wykorzystano takze wspdtczynnik EASIX, wedtug standardowej formuty podanej przez Luft et
al. (LDH [U/L] x kreatynina [mg/dL] / PLT [G/L]) [31]. Pierwsza praca oryginalna zawiera
dodatkowo zmodyfikowane wspotczynniki SEASIX (LDH [U/L] / PLT [G/L]) i mEASIX (LDH [U/L]
x CRP [mg/dL] / PLT[G/L]) wedtug Pennisi et al. [32].

Ocena przebiegu procesu hospitalizacji jest zasadniczg czescig drugiej publikacji wchodzacej
w sktad cyklu. W pracy tej zastosowano podziat fali pandemii na 3 okresy: pre-Delta
(01.03.2020 — 30.06.2021, Delta (01.07.2021 — 31.12.2021) oraz Omicron (01.01.2022 —
30.06.2022), na podstawie dominujgcych na terenie Polski sekwencji wirusa SARS-CoV-2,

analizowanych w ramach GISAID (ang. Global Initiative on Sharing All Influenza Data [33].
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Uwzgledniono zastosowane leczenie ukierunkowane na SARS-CoV-2 (przeciwwirusowe,
immunomodulujgce), leki przeciwkrzepliwe i antybiotyki z oceng zasadnosci ich wiaczenia.
W kolejnym etapie analizie poddano okreslone zdarzenia niepozgdane: powiktania COVID-19;
zakazenia towarzyszace, pozaszpitalne i szpitalne - HAIs (ang. healthcare-associated
infections) oraz inne zdarzenia medyczne w trakcie hospitalizacji, dla ktérych przyjeto
kryteria zgodne z aktualnym raportem WHO, dotyczagcym bezpieczenstwa pacjenta [34].

Opisano takze przyczyny zgonu pacjentow, wyrdzniajgc przyczyne gtdwng oraz towarzyszgce.

Trzecia publikacja oparta jest na przegladzie literatury wykonanym 11 maja 2023 roku na
podstawie bazy Pubmed przy uzyciu stéw kluczowych COVID-19, SARS-CoV-2, excess deaths

(zgony nadmiarowe), excess mortality (nadmiarowa umieralnosc).

Analizy statystyczne w pierwszej publikacji przeprowadzono przy uzyciu Statistica (wersja
13.3, TIBCO Software Inc.), z kolei w drugiej wykorzystano program R (wersja 4.3) dla systemu
Windows. Statystyki opisowe przedstawiono przy uzyciu srednich, odchylen standardowych,
median i kwartyli dla zmiennych iloSciowych oraz liczby przypadkdow z wartosciami
procentowymi dla zmiennych jako$ciowych. Normalno$é danych oceniono za pomocg testu
Shapiro-Wilka. Zmienne ilosciowe analizowano za pomocg testu chi?, testu Fishera i korelacji
rang Spearmana; zmienne jakoSciowe za pomocg testu Manna-Whitneya, korelacji tau-
Kendalla lub testu Kruskala-Wallisa. W razie potrzeby zastosowano analize post-hoc
z wykorzystaniem pordwnania parami skorygowanego metoda Holma. Optymalne wartosci
odciecia log?-EASIX, log?-mEASIX i log?-sEASIX dla zgonu okre$lono za pomocg wskaznika
Youdena z oceng krzywych ROC (ang. Receiver Operating Characteristic). Wszystkie testy

statystyczne uznano za istotne przy wartosci p<0.05.
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VII.

Podsumowanie wynikow

Czes¢ pierwsza: Ziriczuk A., Rorat M., Simon K., Jurek T. (2022). EASIX, modified EASIX and

Simplified EASIX as an early predictor for intensive care unit admission and mortality in

severe COVID-19 patients. Journal of Personalized Medicine, 2022, 12 (7), 1022. IF: 3.4; pkt.

MEIiN: 70.

Ocena wspodtczynnikéw opartych na korelacji podstawowych parametrow laboratoryjnych, tj.

aktywnosci LDH, stezenia kreatyniny, stezenia CRP oraz liczby PLT w grupie 370 pacjentow

przyjmowanych w ciezkim stanie klinicznym WHO 3 i 4 przyniosta nastepujace wyniki:

wartosci EASIX, mEASIX i sEASIX istotnie statystycznie (p<0.001) korelujg ze zgonem
pacjentéw;

wszystkie trzy wspotczynniki, ocenianie w tej populacji pacjentdéw, cechujg sie niskg
czutoscig (<40%) przy wysokiej swoistosci (ok. 90%) w ocenie ryzyka zgonu;

wysokie wartosci EASIX, mEASIX i sEASIX (powyzej punktéw odciecia) sg bardziej
wiarygodne w ocenie ryzyka zgonu niz przezycia, o czym Swiadczg wyzsze dodatnie
wartosci predykcyjne PPV (ang. positive predictive value) w poréwnaniu do ujemnych
wartosci predykcyjnych NPV (ang. negative predictive value);

jedynie EASIX jest predyktorem koniecznosci zastosowania wentylacji inwazyjnej, ale
nie HFNOT (ang. High-Flow Nasal Oxygenation Therapy) i NIV (ang. Non-Invasive
Ventilation), natomiast wartosci wszystkich trzech wspodtczynnikéw istotnie
statystycznie korelujg z koniecznoscig hospitalizacji w OIT (EASIX p=0.026, mEASIX
p=0.019, sEASIX p=0.001).
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Cze$¢ druga: Zinczuk A., Rorat M., Simon K., Jurek T. (2023). Unpacking the complexity of

COVID-19 fatalities: adverse events as contributing factors — a single-center, retrospective

analysis of the first two years of the pandemic. Viruses, 2023, 15 (7), 1430. IF: 4.7; pkt. MEiN:

100.

W retrospektywnej analizie 477 s$miertelnych przypadkéw COVID-19 wykazano szereg

kluczowych cech charakteryzujgcych pacjentéw oraz przebieg hospitalizacji:

w grupie dominowali chorzy powyzej 60 roku zycia (259 — 54.3%), z przewagg pici
meskiej (283 — 59.3%), obcigzeni chorobami wspotistniejgcymi (436 - 91.4%);
parametry laboratoryjne, oznaczone przy przyjeciu, wykazaty podwyziszone
wyktadniki stanu zapalnego oraz wysokg warto$¢ EASIX (Srednia 6.22; mediana 3.14);
pacjenci w grupie wiekowej powyzej 80 roku zycia byli znacznie czesciej
hospitalizowani i czesciej umierali na oddziatach choréb zakainych (p<0.001)
z powodu niewydolnosci oddechowej (p=0.012), ich pobyty w szpitalu byty krétsze
(p<0.001) i najczesciej nie otrzymywali wysokospecjalistycznego leczenia (p=0.006)
w poréwnaniu do mtodszych pacjentéw;

najczestsze powiktania COVID-19 obejmowaty ostre uszkodzenie nerek u 31.2% (149)
pacjentow i powiktania zakrzepowo-zatorowe u 23.5% (112);

przebieg hospitalizacji byt powiktany zakazeniami zwigzanymi z opieka zdrowotna
(HAIs) w 33.3% (159) przypadkdéw, istotnie czesciej u leczonych barycytynibem
(p<0.001);

poczgtkowe zastosowanie antybiotyku, choé czeste (452 - 94.8%), byto
nieuzasadnione w prawie potowie przypadkéw (215 - 47.6%); ich uzycie istotnie
(p<0.001) spadato wraz z postepem pandemii, z poczgtkowych 97.6% - w okresie pre-
Delta, do 83.5% - w okresie Omikron;

powiktania hospitalizacji (220 - 46.1%) i zdarzenia niepozadane z udziatem personelu
(237 - 49.7%) stwierdzono u prawie potowy pacjentow;

w 88.7% (423) przypadkéw zgon byt spowodowany niewydolnoscia oddechowg
w przebiegu zakazenia SARS-CoV-2.
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Czes$¢ trzecia: Ziniczuk A., Rorat M., Jurek T. (2023). COVID-19 - related excess mortality - an
overview of the current evidence. Archiwum Medycyny Sqdowej i Kryminologii, 2023, 73 (1),

33-44, pkt. MEIN: 70.

Rzeczywisty wptyw pandemii COVID-19 na zdrowie publiczne jest znacznie szerszy niz
rejestrowana liczba zgondéw przypisywana COVID-19. Skale tego zagadnienia oddaje analiza
zgondw nadmiarowych, ktére sg definiowane jako réznica w catkowite] liczbie zgonow
w sytuacji kryzysowej w poréwnaniu do liczby zgonéw oczekiwanych w normalnych
warunkach. Na podstawie przeprowadzonej analizy literatury naukowej za najwazniejsze

przyczyny wystepowania zgondw nadmiarowych w czasie pandemii COVID-19 uznano:

e nieprawidtowos$ci w diagnozowaniu i rejestracji zgondw spowodowanych przez
COVID-19 z ich niedoszacowaniem na poczatku i zawyzaniem liczby zgonow
zwigzanych z zakazeniem wirusowym wraz z postepem pandemii;

o wzgledy polityczne i przekaz medialny, ktdre to czynniki wptywaty na opinie publiczng,
miedzy innymi w zakresie akceptacji szczepien i dostosowywania sie do zalecen
sanitarnych;

e ograniczenie dostepu do Swiadczen medycznych, zardowno szpitalnych jak
i ambulatoryjnych, dla pacjentdw z innymi schorzeniami i potrzebami medycznymi niz
COVID-19;

e przecigzenie systemow opieki zdrowotnej w krajach o niskich i srednich przychodach
(ang. LMIC — low- and middle-income countries), w ktérych wystepowaty problemy
zwigzane z wiasciwg opieka zdrowotng jeszcze przed pandemig;

e wprowadzenie zasad dystansu spofecznego i innych ogranicze zwigzanych z tzw.
slockdown”, co przetozyto sie na zwiekszenie liczby zgondéw z powodu choréb
psychiatrycznych oraz uzaleznien;

e wptyw dodatkowych, niezaleznych czynnikdw o charakterze kleski zywiotowej (susze,

fale upatéw, cyklony tropikalne, huragany, powodzie).
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VIIl. Dyskusja

Pojawienie sie nowego zagrozenia biologicznego, jakim jest SARS-CoV-2, skupito uwage
catego sSwiata. Szybki postep wiedzy przetozyt sie na rozwdj metod diagnostycznych,
terapeutycznych oraz profilaktycznych. Pierwsze terapie opierano na doniesieniach
dotyczacych mechanizméw dziatania poprzednich epidemicznych  koronawiruséw
powodujgcych zakazenia wsrdod ludzi (SARS-CoV-1 i MERS-CoV), wskazujgc na konkretne
punkty uchwyty dla lekdw [35], [36]. Nastepnie stopniowo wprowadzano czgsteczki
ukierunkowane na leczenie przyczynowe SARS-CoV-2 (np. molnupiravir, nirmatrelwir) [37].
Po roku od pojawienia sie pierwszych zachorowan rozpoczeto szczepienia profilaktyczne,
poczatkowo w populacjach kluczowych, nastepnie rozszerzajagc je na kolejne grupy
pacjentow. Zbidr publikacji stanowigcy niniejszg rozprawe doktorskg odnosi sie do chorych
najciezej chorujacych, tym samym stanowigcych najwieksze wyzwanie zarowno dla badaczy
jak i lekarzy praktykow. Przeprowadzone badania pozwalaja na identyfikacje, za pomoca
podstawowych danych klinicznych oraz prostych narzedzi diagnostycznych, pacjentéw
obarczonych wysokim ryzykiem ciezkiego przebiegu, a przede wszystkim zgonu w efekcie
zakazenia SARS-CoV-2. Badania dostarczajg rowniez istotnych informacji na temat
okolicznosci  $mierci pacjentéow z COVID-19, a takie wskazujg przyczyny globalnej

nadumieralnosci w trakcie pandemii.

W pierwsze] publikacji z cyklu oceniono wspodfczynniki EASIX, mEASIX, sEASIX,
wykorzystujgce korelacje podstawowych parametréow laboratoryjnych (LDH, kreatynina, PLT,
CRP), ktérych odchylenia sg sktadowg obrazu klinicznego mikroangiopatii zakrzepowej [31],
[32], [38]. Luft et al. pierwotnie zastosowat EASIX do oceny rokowania pacjentow
poddawanych procedurze przeszczepienia komorek krwiotwdrczych oraz wykazat,
ze wspofczynnik ten dobrze koreluje ze stezeniem markeréw uszkodzenia srédbtonka, przede
wszystkim CXCL-8/IL-8 oraz wolnej IL-18 [31], [39]. Podobne obserwacje poczyniono
w przypadku COVID-19. W trakcie zakazenia dochodzi do dysfunkcji srodbtonka, ktérego
komorki uwalniajg szereg substancji indukujgcych stres oksydacyjny, co prowadzi do nasilenia
stanu zapalnego, wystgpienia powiktan zakrzepowych i niewydolnosci wielonarzagdowej [40],
[41]. Dysfunkcja $rédbtonka wydaje sie zatem kluczowym czynnikiem patofizjologicznym
ciezkiego przebiegu i powiktan COVID-19, co potwierdzajg wczesne analizy z poczatku

pandemii, wykazujgce wysokie stezenia cytokin prozapalnych, bedgacych markerami stresu
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oksydacyjnego komoérek srodbtonka (angiopoetyna-2 oraz CXCL8/IL8) u zakazonych
pacjentow [42], [43].

Analiza wybranych parametréw laboratoryjnych, w obu przedtozonych pracach
oryginalnych, wskazuje na obecnos¢ nasilonego stanu zapalnego oraz zaburzen ze strony
uktadu naczyniowego juz w momencie przyjecia do szpitala w przypadkach zakazenia SARS-
CoV-2 zakonczonych zgonem, co potwierdza wstepne doniesienia innych autoréw.
Modyfikacje EASIX zastosowano po raz pierwszy w pracy Pennisi et al. - zaproponowano
wykorzystanie simplified-EASIX (sEASIX), gdzie wykluczono stezenie kreatyniny jako
parametru rzadko wykazujgcego odchylenie u pacjentéw z zespotem uwalniania cytokin (ang.
CRS — cytokine release syndrome) oraz modified-EASIX (mEASIX), w ktérej to formule
kreatynine zastgpiono stezeniem CRP [32]. Wykazano, ze oba zmodyfikowane wspdtczynniki
zastosowane przed wigczeniem leczenia chimerycznymi limfocytami T (CAR-T) wsrdd
pacjentéw z nowotworami hematologicznymi wykazujg podobng wartos¢ predykcyjna
wystgpienia CRS, natomiast jedynie mEASIX pozwalat na ocene skutecznosci terapii. Pierwsza
publikacja z cyklu, oceniajgca mEASIX i sEASIX, jest dotychczas jedynym zastosowaniem tych
wspotczynnikdw do oceny pacjentéw z COVID-19. Dla kazdego z nich (takze dla pierwotnego
EASIX) wykazano istotno$¢ statystyczng (p<0.001) w kontekscie predykcji zgonu oraz
koniecznosci hospitalizacji w OIT (EASIX p=0.026, mEASIX p=0.019, sEASIX p=0.001).
Zastosowanie modyfikacji EASIX nie wptyneto istotnie na zwiekszenie zdolnosci predykcyjnej
wspotczynnika w odniesieniu do zgonu (osiggnieto poréwnywalne wyniki analizy PPV, NPV,
czutosci i swoistosci). Podobne wyniki w stosunku do EASIX uzyskano w pracy Kaliciriska et al.
w poréwnaniu pacjentéw obcigzonych nowotworami hematologicznymi w kontekscie
predykcji hospitalizacji w OIT oraz zgonu. Dodatkowo wykazano zwigzek z wystgpieniem
ostrego uszkodzenia nerek i koniecznosci dializoterapii [44]. Uzyskana w pierwsze] publikacji
badaniu wartos¢ cut-off, istotna dla predykcji zgonu w przebiegu COVID-19 dla EASIX (2.36),
jest wyzsza niz w analizach innych badaczy (Kalicinska et al. EASIX >1.6, Luft et al. EASIX
>2.03) [25], [44]. Wptyw na takie rezultaty moze mie¢ charakterystyka analizowanej grupy —
wyselekcjonowani pacjenci w ciezkim stanie, z duzym odsetkiem zgonéw (65.7%).
Kontynuujgc prowadzone badania wspodtczynnikiem EASIX postuzono sie takze w drugiej
publikacji. Tu z kolei wartos¢ EASIX (Srednia 6.22, mediana 3.14) w ocenianej populacji

pacjentow, ktorzy zmarli, byta powyzej punktéw odciecia ustalonych w pozostatych
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publikacjach, analizujgcych ten wspoétczynnik. Na uwage zastuguje fakt, ze dane te s3
poréwnywalne do analizy z pierwszej pracy. W grupie 243 przypadkéw zakonczonych zgonem
sposréod wszystkich 370 ocenianych, uzyskano $rednig 6.66 oraz mediane 3.11 EASIX.

Dodatkowo uzasadnia to jego wykorzystanie do wyjsciowej oceny pacjentéw z COVID-19.

Ocena przebiegu hospitalizacji pacjentéw, ktérzy zmarli w przebiegu zakazenia SARS-CoV-
2, przyniosta szereg istotnych informacji. Na uwage zastuguje fakt, ze publikacja , Unpacking
the complexity of COVID-19 fatalities: adverse events as contributing factors - a single-center,
retrospective analysis of the first two years of the pandemic.” jest jedng z niewielu, ktére
oceniajg zdarzenia niepozgdane wystepujgce w tej grupie chorych. Najwazniejszym wynikiem
analizy jest wykazanie duzego odsetka (prawie 50%) zdarzen niepozgdanych w trakcie opieki
nad pacjentami. Ocena nieprawidtowosci w aspekcie nowego czynnika etiologicznego,
przecigzenia systemu opieki zdrowotnej i braku jednoznacznych wytycznych dotyczacych
terapii stwarza wiele trudnosci, w tym takze natury etycznej. Nieprawidtowosci
w postepowaniu personelu medycznego wykazano w 49.7% przypadkdw. Brak leczenia
specjalistycznego (17.0%) u czesci chorych mdgt w istotny sposdéb przyczynic¢ sie do zgonu.
Czesciej jednak (32.7% przypadkéw) dochodzito do opdinienia w zastosowaniu réznych
metod terapeutycznych, miedzy innymi w wykonaniu intubacji dotchawiczej oraz wtgczenia
leczenia immunomodulujgcego, na co wptyw miat ograniczony dostep do miejsc w OIT oraz
brak dostepu do odpowiednich lekow. Duzym problemem zwigzanym z leczeniem pacjentow
z COVID-19 okazato sie naduzywanie antybiotykow. W analizowanej grupie wyjsciowo
zastosowana antybiotykoterapia dotyczyta az 94.8% pacjentéw, gdzie rzeczywiste wskazania
do jej zastosowania wystepowaty jedynie w okoto potowie przypadkéw. Juz pierwsze
wytyczne WHO z 27 maja 2020 r. zwracaty uwage na koniecznos¢ zastosowania wtasciwej
polityki antybiotykowej wsrdd pacjentéw z COVID-19: odstgpienie od uzycia antybiotykéw w
przypadkach choroby o lekkim przebiegu oraz kierowaniu sie obrazem klinicznymi
i parametrami laboratoryjnymi wskazujgcymi na konieczno$¢ zastosowania dodatkowej
terapii przeciwdrobnoustrojowej wsréd pozostatych pacjentéw [30]. W tgcznosci z tymi
danymi pozostaje analiza infekcji towarzyszacych - jakakolwiek infekcje stwierdzono u ponad
50% pacjentow (57.4%), ktérzy zmarli, w tym u 1/3 pacjentdw (33.3%) byta to infekcja
szpitalna, czesciej u przyjmowanych do OIT. W badaniach innych autoréw czestos¢

wystepowania infekcji towarzyszacych w populacji ogdlnej pacjentéw hospitalizowanych
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z COVID-19 nie przekraczata 7-14%, z duzo wiekszym odsetkiem infekcji nabytych w OIT
(nawet ponad 50%) i duzo wiekszg Smiertelnosciag w OIT wsrdd pacjentéw z koinfekcjami
[45]-[48]. Biorac pod uwage fakt, ze ponad 55% przypadkéw zgondw w ocenianym materiale

dotyczyta OIT, wynik ten jest poréwnywalny z ww. badaniami.

Najczestszym powiktaniem zwigzanym z COVID-19, ktdre zostato przez nas zaobserwowane,
byto ostre uszkodzenie nerek; stwierdzono je u 149 sposréd 477 pacjentéow (31.2%).
Metaanaliza, przeprowadzona przez Yang et al.,, pozwala stwierdzi¢, ze wynik ten jest
poréownywalny do danych swiatowych. W analizie populacji ogdlnej pacjentéw z COVID-19
ostre uszkodzenie nerek wystepuje z czestoscig 12.3% (95%Cl 9.5-16.5%) z duzo wyzszym
odsetkiem wsréd przypadkéw hospitalizowanych w OIT — 39.0% (95%Cl 23.2-57.6%) oraz
zakonczonych zgonem 42.0% (95%Cl 30.3-54.7%) [49]. Powiktania zakrzepowo - zatorowe
wykazano z kolei wsrdéd blisko % pacjentéow (23.5%), najczesciej stwierdzano zylng chorobe
zakrzepowo-zatorowg — 46 (9.6%), dane te jednak mogg byé niedoszacowane, w zwigzku
z brakiem technicznej mozliwosci wykonania badania TK u czesci pacjentéw w ciezkim stanie
z duzym zapotrzebowaniem tlenowym i/lub niestabilnych hemodynamicznie. Dane
literaturowe podajg czestos¢ wystepowania takich zaburzen na poziomie 16.5% (95% Cl 11.6-

22.9) [50].

Szacunkowe dane pochodzgce z USA z okresu przedpandemicznego wskazujg, ze btedy
medyczne mogg by¢ trzecig co do czestosci przyczyng zgonu w tym kraju [51]. W krajach
o wysokich dochodach zdarzenia niepozgdane wystepujg srednio u 1 na 10 pacjentéw [52].
Szacuje sie, ze w krajach o niskich i srednich dochodach nawet co czwarty pacjent odnosi
szkode, a rocznie dochodzi do 134 milionéw zdarzen niepozgdanych, odpowiadajgcych za
2,6 miliona zgondw mozliwych do unikniecia [53]. Nasze dane, cho¢ orientacyjne, ukazujg
zdarzenia niepozadane jako istotny czynnik ryzyka niepowodzen terapeutycznych, ktéry

warto zgtebi¢ w kolejnych badaniach.

Podsumowaniem i rozwinieciem analiz danych dotyczagcych pacjentow
hospitalizowanych jest praca przegladowa,, opisujgca zagadnienie zgonéw nadmiarowych
w skali globalnej. Pojecie to oddaje rzeczywisty wptyw pandemii COVID-19 na zdrowie
publiczne, jest takze dobrym wskaznikiem przygotowania systeméw zdrowotnych do nowego
zagrozenia [54], [55]. Liczne czynniki organizacyjne, braki kadrowe i rozwigzania tymczasowe

zaktdcity funkcjonowanie wiekszosci systemédw na catym sSwiecie [56]. Wykorzystanie
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dotychczasowych srodkéw (personelu i infrastruktury medycznej) do walki z COVID-19
spowodowato ograniczenie w dostepie do witasciwej opieki medycznej dla chorych z innymi
obcigzeniami. Wykazano, ze byto to przyczyng okoto 20% nadmiarowych zgondédw we
Wioszech i Anglii oraz nawet 62% w Grecji w poczatkowych okresach trwania pandemii [57]—
[59]. Gtéwnym powodem byt brak dostepu do opieki ambulatoryjnej i procedur
chirurgicznych. Podobne przyczyny duzej liczby zgondw w okresie pandemii stwierdzane byty
w Polsce [60]. Jakos¢ swiadczen spadta z powodu opdznied we wdrozeniu leczenia zardwno
COVID-19 jak i wszystkich pozostatych schorzen w efekcie braku lub ograniczen w dostepnosci
do ustug. Pacjenci nie otrzymywali standardowej opieki ambulatoryjnej i profilaktycznej
miedzy innymi z powodu pierwszenstwa przyje¢ pacjentéow z COVID-19. Wystgpity tez nowe
rodzaje btedéw diagnostycznych w rézny sposdb zwigzane i niezwigzane z samym zakazeniem
wirusem SARS-CoV-2 [61]. Podkresla sie, ze wptyw pandemii COVID-19 na liczbe
nadmiarowych zgondéw zwigzanych z mechanizmami zachodzacymi w systemach opieki
zdrowotnej moze byc¢ roztozony w czasie i wystepowad takze w kolejnych latach, nie tylko
w okresie rejestracji zgondw, co w oczywisty sposob przetozy sie na wyzszy rachunek szkéd
wywotanych pandemig [62]. Znajomos¢ czynnikéw warunkujgcych ciezki przebieg COVID-19,
analiza przebiegu hospitalizacji oraz wykazanie stabych punktow funkcjonowania systemodw
zdrowotnych, pozwoli poprawi¢ jakos$¢ opieki nad pacjentami, ktorzy w przysztosci moga

doswiadczy¢ nowych zagrozen biologicznych o zasiegu globalnym.
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IX.

1.

Whioski

Wspodtczynniki EASIX, mEASIX, sEASIX wykazujg dobrg korelacje z ryzykiem zgonu oraz
koniecznoscig hospitalizacji w oddziale intensywnej terapii chorych z ciezkim
przebiegiem COVID-19 i mogg stuzy¢ identyfikacji pacjentéw zagrozonych
niepomysinym przebiegiem choroby.

Hospitalizacja pacjentow z COVID-19 jest zwigzana z licznymi zdarzeniami
niepozadanymi, ktére, obok samego zakazenia, nalezy rozpatrywac¢ jako dodatkowy
czynnik wptywajacy na ryzyko zgonu. Zdarzenia te jedynie w czesci sg zalezne od
personelu medycznego, a w duzej mierze majg zwigzek z przecigzeniem systemu
opieki zdrowotnej oraz z pobytem w Srodowisku szpitalnym.

Rzeczywistg miarg wptywu pandemii COVID-19 na zdrowie publiczne sg analizy
zgondw nadmiarowych, ktére poza rejestrowanymi zgonami przypisanymi COVID-19
uwzgledniajg takze dodatkowe czynniki zwigzane z przecigzeniem systemdéw opieki

zdrowotnej.
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Abstract: COVID-19 receives a lot of attention due to its threat to global public health. Research
is ongoing to find universal methods to assess the baseline health status of a patient to determine
prognosis and management strategies. This study aims to assess the predictive potential of the EASIX
(Endothelial Activation and Stress Index) and two of its modifications (mEASIX and sEASIX) in
terms of the need for admission to the ICU {intensive care unit), the use of IMV (invasive mechanical
ventilation) and death due to COVID-19. The medical data of 370 severely ill patients hospitalised in
the COVID-19 departments of the Regional Specialist Hospital in Wroclaw (Poland), including the
ICU, were analysed retrospectively. The mortality rate in the group studied was 65.7% (243 cases).
In the case of all three indices, EASIX, mEASIX and sEASIX, there was a statistically significant
correlation between the need for admission to the ICU (p = 0.026, p = 0.019, p = 0.001, respectively)
and the risk of death (p < 0.001). In terms of the risk of death, the high values of the assessed indices
(EASIX = 2.36, mEASIX = 704.03, sSEASIX > 3.81) were characterised by low sensitivity (<40%),
high specificity (approximately 90%) and low NPV (negative predictive value) (approximately 40%)
with high PPV (positive predictive value) (approximately 80%). Due to the ease of implementation
and the low cost of performing basic laboratory tests, the above-mentioned indices can be used as
an additional, but not universal tool for the initial assessment of the health condition of patients
admitted to the hospital,
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1. Introduction

COVID-19 (coronavirus disease 2019) is a multi-organ disorder that primarily affects
the respiratory system [1,2]. The disease, caused by SARS-CoV-2, is associated with
high mortality among hospitalised patients. The very first Chinese epidemiological data
from the beginning of the pandemic indicated severe SARS-CoV-2 infection in the case of
approximately 16% of patients, of whom 3.2% were critically ill patients who developed
thromboembolic disorders, sepsis/septic shock, multi-organ failure and death [3,4]. A
meta-analysis conducted by Jie Li et al. that involved more than 280,000 patients (based
on data up to 6 April 2020), showed that severe disease occurred in 22.9% of cases and
mortality reached 5.6% [5]. Current epidemiological data shows that the global COVID-19
mortality rate does not exceed 2% (approximately 1.64%) [6].

Knowledge of risk factors and the ability to predict the severity of an infection is
constantly evolving. Data from numerous studies proves the existence of a number of
risk factors for a severe course of the disease and death, such as: older age, male gender,
smoking, pregnancy, use of immunosuppressants, or comorbidities including chronic heart,
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lung, liver and kidney diseases, diabetes, obesity and malignancies [7-11]. The correlation
between the severity of the patient’s condition and the results of routinely performed
laboratory tests (C-reactive protein, lymphocytes, neutrophils, urea, troponin L, bilirubin,
ferritin, D-dimer, creatinine kinase and lactate dehydrogenase), or the intensification of
inflammatory changes in imaging tests was also demonstrated [4,5,12-14]. However,
research is ongoing to find tools that would be universal and easy to use, in the event of a
large number of infections, for early assessment of the risk of deterioration of a patient’s
condition based on baseline parameters.

The pathophysiology of a severe course of COVID-19 is associated with, among other
things, damage to the vascular endothelium, uncontrolled release of cytokines and pro-
inflammatory facters, and abnormalities in the composition and functioning of immune
system cells, which ultimately lead to multiple organ failure [15,16]. By binding to en-
dothelial cells via ACE2 receptors [17], SARS-CoV-2 activates a signalling cascade, which
leads to the release of pro-inflammatory cytokines that trigger the coagulation process.
Consequently, a condition known as thromboinflammation develops, which is the basis of
thromboembolic complications that make up the CAC {(COVID-19 associated coagulopa-
thy) [18]. Thus, endothelial dysfunction appears to be the key pathophysiclogical factor
of a severe course and complications due to COVID-19, as confirmed by early analyses,
performed at the beginning of the pandemic, of laboratory markers in patients infected
with SARS-CoV-2 and the presence of high levels of pro-inflammatory cytokines that are
endothelial stress markers (angiopoietin-2 and CXCL8) [19-24].

The above mentioned discovery justified an attempt to use the EASIX index (Endothe-
lial Activation and Stress Index), which is the correlation between popular laboratory
markers of endothelial dysfunction: lactate dehydrogenase (LDH) activity, creatinine con-
centration and thrombocytes count, for the baseline assessment of the condition of patients.
Initially, the BEASIX index was described by Luft et al. as a predictor of death in patients
with acute graft versus host disease (GvHD) after allogeneic haematopoietic marrow cell
transplantation it correlated well with the concentration of endothelial stress markers,
particularly with CXCL-8/IL-18 and free IL-18 [25,26]. EASIX was also found to be a strong
predictor of the severity of COVID-19 and mortality due to the disease. As in the case of
haematolegical diseases, it shows a significant correlation with the concentration of en-
dothelial and inflammatory markers (ANG2, sTM, ST2, CXCL8, CXCL9, IL-18) [27]. To date,
there are only three publications on such an assessment and in each of them statistically
significant results were achieved justifying further research in that direction [27-29].

The aim of this study is to assess the possibility of using the conventional EASIX
index andl its two modifications, the simplified EASIX (sEASIX) and the modified EASIX
(mEASIX), as predictors of the need for admission to the ICU (intensive care unit), the
use of IMV (invasive mechanical ventilation) and death among patients with COVID-19
in a severe clinical condition. To our knowledge, this is the first publication on the use of
modified indices (mEASIX, sEASIX) to assess the condition of such patients.

In terms of the management of healthcare systems with limited access to intensive care
units, which also applies to Poland, the identification of patients who are at risk of severe
illness, in particular those at risk of death from COVID-19, is of key importance. Providing
such patients with appropriate specialist monitoring will increase their chances of survival
thanks to timely and appropriately targeted treatment. The use of a simple teol, such as the
EASIX index, in combination with other popular diagnostic methods to assess the risk of an
unfavourable course of the disease is a good opportunity to achieve the above-mentioned
goal. The hypothesis of the study is that high values of EASIX and the modified sEASIX
and mEASIX coefficients are correlated with the undesirable clinical outcome (death, ICU
admission and invasive mechanical ventilation).

2. Materials and Methods

Retrospective analysis of the medical data of patients with severe COVID-19 hospi-
talised in the period from 6 March 2020 to 30 June 2021 in a specialist hospital dedicated
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to the treatment of patients with COVID-19 in Lower Silesia (Poland). The study covered
370 consecutively admitted patients (out of a total of 2407 patients hospitalised during that
time) with SARS-CoV-2 infection confirmed by a real-time RT-PCR (reverse transcription-
polymerase chain reaction) or rapid antigen test (PanBio COVID-19 Ag Rapid Test Device
by Abbott), who developed severe (WHO 3 and 4) disease at different times of hospitalisa-
tion, regardless of their condition upon admission, so they could be admitted with WHO
1 or 2 at baseline [30]. Patients with a mild to moderate (WHO 1 and 2) course of the
disease, those who were transferred to other hospitals and their survival /non-survival
status unknown or those who died before the first basic laboratory tests on admission to
the hospital were performed, were excluded from the study.

Demographics (age and gender), presence of comorbidities, the time from onset of
symptoms to the time of admission to the hospital, baseline blood saturation measured
with the use of room-air pulse oximetry, course of hospitalisation (length, day of admission
to the ICU, duration of ICU stay) were taken into account in the study. With regard to
the laboratory tests, the values of the parameters on the 1st day of hospitalisation were
considered: C-reactive protein (CRT), procalcitonin (PCT) and ferritin concentration, lac-
tate dehydrogenase (LDH) activity, white blood count (WBC), neutrophils count (NEU),
lymphocytes count (LYM), haemoglobin (HGB), platelet count (PLT), D-Dimer and cre-
atinine concentration, international normalised ratio (INR), aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) activity. The baseline condition of the patient
was assessed using the 4-point WHQ scale (1-mild disease, symptomatic COVID-19 pa-
tients without evidence of viral pneumonia or hypoxia; 2-moderate disease, clinical signs
of pneumonia (fever, cough, dyspnoea, fast breathing), no signs of severe pneumonia,
Sp(h = 80% on room-air; 3-severe disease, clinical signs of pneumonia plus one of the
following: respiratory rate > 30/min, severe respiratory distress, SpOa < 90% on room-
air; 4-critical disease, ARDS, sepsis or septic shock) [30]. The study also considered the
method and duration of individual oxygen therapy (oxygen therapy using a mask with
a reservoir at a minimum flow of 10 L/min, HFNO-high flow nasal oxygenation, NIV-
non-invasive ventilation, IMV-invasive mechanical ventilation). In the absence of specific
recommendations on the application of different types of oxygen therapy in the period
assessed, qualification for treatment was performed individually by the attending physi-
cian based on the results of blood saturation measurements taken using a pulse oximeter,
blood gas tests, imaging studies and general mecdlical condition. The decision to intubate
and perform invasive mechanical ventilation was made by an anaesthesiclogy and ICU
specialist. Disease progression was defined as meeting the severe case criteria according to
the WHO classification (>3). If the status of the admitted patient was considered to be 3
according to WHO, progression was assessed as the moment the method of oxygen ther-
apy was changed-the need for escalation. Overall, 369 out of 370 patients had laboratory
tests performed on admission, which were necessary for the calculation of: EASIX accord-
ing to the standard formula by Luft et al. (LDH [U/L] « Creatinine [mg/dL]/platelet
count [G/L]) and modified sEASIX (LDH [U/L]/platelet count [G/L]) and mEASIX
(LDH [U/L] % CRP [mg/dL]/platelet count [G/L]) according to Pennisi et al. [26,31]. In
this study, a different unit of CRP was used, which is commonly used in Poland and
worldwide-(mg/L) was used instead of (mg/dL) and the mEASIX index was assessed
without conversion to that unit.

The study was conducted according to the guidelines of the Declaration of Helsinki,
and approved by the Bioethics Committee of Wroclaw Medical University (Decision no.
KB-826,/2020, dated 17 December 2020). The requirement to obtain informed consent from
the patients to use their medical data was waived by the bicethics committee. To perform
the retrospective study, data was anonymised before being entered into the database
and analysed.
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3. Statistical Analysis

Descriptive statistics were presented: for quantitative variables as mean values with
5D (standard deviation) or/and median with IQR (interquartile range), for qualitative
variables as absolute count with percentage. Quantitative variables {including EASIX,
mEASIX, sEASIX) were transformed and analysed using logp, For this, Spearman’s rank—
order correlation was used. Qualitative variables were compared using the Mann-Whitney
test and tau-Kendall correlation. Optimal logz-EASIX, log;-mEASIX and logy-sEASIX
cut-off values for death were determined by the Youden Index.

The T-test with Cox-adjustment was used for univariable analysis. The optimal cut-off
point for quantitative variables was calculated using the Youden Index. Receiver operating
characteristics (RCC) curves analysis was performed to assess the effectiveness of said
points (sensitivity, specificity, area under the ROC curve (AUC)).

Analysis was performed using Statistica (version 13.3, TIBCO Software Inc., Pale
Alto, CA, USA) for Windows. All statistical tests were considered significant with the
p-value < 0.05.

4. Results

The characteristics of the study group divided into subgroups in terms of clinical
cutcome are presented in Table 1. Overall, 243 patients out of 370 (65.7%) died. The
main cause of death among patients was respiratory failure (86.4%), and other disorders
preclominated in the remaining cases (13.6%), but respiratory failure accompanied them
(septic shock in the course of secondary bacterial infection, progression of neoplastic
disease, decompensated liver cirrhosis, ischaemic or haemorrhagic stroke, subarachnoid
haemorrhage, post-surgery multi-organ failure, sudden circulatory arrest, haemorrhagic
stroke and acute renal failure).

Patients who died were older (p < 0.001, cut-off > 72 years), more frequently burdened
with circulatory system diseases {(p = 0.009), malignant neoplasms {p = 0.046), and chronic
renal failure {(p = 0.001). They were also characterised by higher LDH activity (p = 0.026),
elevated levels of D-dimer (p = 0.018) and creatinine (p = 0.016) at the time of admission.
They required more frequent application of NIV (p <0.001) and IMV {p < 0.001), and less
frequent application of HFNO (p < 0.001) for a shorter period. Furthermore, the disease
progression was faster in the group of non-survivors—those patients required earlier
admission to the hospital {calculated from the onset of the symptoms) compared to patients
from the group of survivors (p = 0.026).

Parameters (quantitative variables) determined on admission to the hospital, showing
a statistically significant correlation in the context of prediction of mortality, were analysed
in terms of the ability to explain the risk of death. None of the parameters achieved
AUC > 0.7—the data is presented in Table 2.

The cut-off values relevant for the prediction of mortality (determined by the Youden
Index) were specified for the individual factors being assessed: logp-EASIX 2.36, loga-mEASIX
704.08, logy-sHASIX 3.81. Patients were divided into <cut-off and >cut-off groups, and the
p-value was determined for each parameter—the characteristics of the assessed groups are
presented in Tables 51-53 {available in Supplementary Materials). The ability to explain the
values of the factors satisfying the Zcut-off criterion (referred to as high BASIX, high mEASIX,
high sEASIX) is presented in Table 3 and Figures 1-3.
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Table 2. AUC, cut-off, senaitivity and specificity for pradicting mortality ina patient with COVID-19
according to parameters assessed on admission with p <0.05 (datermined by Youden Index).

p-Value Cut-0Off AUC 05% C1 Sensitivity Specificity
Wariable
Age 0,001 =72 0.662 0,603-0.720 0.44 .80
Duration of
o i‘;mpfm 0.026 <7 0.581 0.520-0.642 0.72 0.40
adinission, days
Lab test parameters
LDH 0026 1) 0.540 0.482-0.5%9 0.34 0,56
D-dimer 0018 >1714 0.634 0.576-0,6%6 0.53 0.68
Creatinine 0016 =143 0.642 05850653 0.44 0.85

Table 3. Sensitivity, specificity, PPV (positive pradictive value}, NPV (negative predictive value],
AUC for predicting mortality in patients with COVID-19 according to EASIX, mEASIX and sEASIX

cut-offs.
AUC 95% C1 Sensitivity Specificity rev NEV
High E45Ix 0,644 0.535-0.702 040 0.27 0.8 0.43
High mEASIX 0,566 0.507-0.628 ubeld 050 0.83 n.38
High sE A8 0586 05270644 032 0.8 [IR=<] 041
ROC curve (EASIX value vs death)
Youden Index = 0.27
cut-off: 2.36
1.0 ' 3
08}
2.362 0,127 0,3951
06
>
2
w
c
@
04
02¢t
AUC = 0.646; 95% CI = 0.585-0.702
00t ;
0,0 0.2 04 0,6 08 10
1-Specificity

Figure 1, ROC curve (effact of EASIX value on death) = EASIX cut-off,
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ROC curve (MEASIX value vs death)
Youden Index =0.17

cut-off: 704.05
1.0
0.8
[704.049 0,1024 0,2675]
> 0,6
2
€
3 04
0,2
AUC = 0.566; 95% CI = 0.507-0.626
0,0 :
0,0 0,2 04 06 08 1,0
1-Specificity

Figure 2. ROC curve (effect of mEASIX value on death} = mEASIX cut-off.

ROC curve (sEASIX value vs death)
Youden Index =021
cul-off: 3.81

10
08t
3.8110,1102 0,3169
> 06+
5
&
04t
02t
AUC = 0.586; 95% CI = 0.527-0.644
00 i i i :
0,0 0,2 04 0,6 08 1.0

1-Specificity

Figure 3. ROC curve (effact of SEASIX value on death) = sSEASIX cut-off.
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In the group of patients with high EASIX, compared to those with low EASIX values,
there were more male patients, more cases of circulatory system diseases and chronic
renal failure, a greater frequency and shorter time of application of IMV, and significant
differences in CRP, procalcitonin, ferritin, LDH, platelets, D-dimer, INR, AST and creatinine
values. The high mEASIX and high sEASIX groups were characterised by a lower frequency
and shorter time of application of HFNO, more frequent application of IMV and significant
differences in CRP, procalcitonin, ferritin, LDH, lymphocytes, platelets, D-dimer, AST, ALT
and creatinine values. Furthermore, higher INR values were observed in the high mEASIX
group, which were not observed in the high sEASIX group. In turn, the high sEASIX
group was also characterised by significant differences in the neutrophils count. In both
modified coefficient groups (high mEASIX and high sEASIX), a shorter period between
admission to the hospital and admission to the [CU was observed, while there were no
differences with regard to the presence of comorbidities. For all coefficients being assessed,
a significantly lower S5pOy value, shorter period of use of non-rebreather mask 10-15 L /min
and a greater frequency of admission to the [CU were observed in the “high” groups. In
turn, the patient’s age and haemoglobin concentration were not statistically significant in
any of the groups, neither was diabetes, obesity and respiratory diseases. Males dominated
the high EASIX and high mEASIX groups.

In the subsequent assessments of the course of hospitalisation, the values of the
coefficients analysed were determined in the context of forecasting the use of particular
methods of oxygen therapy. A significant correlation (p < 0.001) was only observed for
IMV in the context of EASIX values with a cut-off point of 4.1 (Table 4, Figure 4). For the
modified coefficients, the correlation was statistically insignificant.

Table 4. Correlation of EASIX values {cut-off, AUC, sensitivity, specificity) with regard to the need to
apply particular methods of oxygen therapy.

EASIX
Effect of: P Cut-Off AUC 95% CI Sensitivity Specificity
HFNO 0,622
NIV 0.271
IMV <0.001 4.10 0.613 0.556-0.671 0.39 080
ROC curve (EASIX value vs IMV)
Youden Index =0.19
cul-off: 4.10

1.0

08

0.6
)
-
]
2
@
“ 04
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AUC = 0.613; 95% CI = 0.556-0.671
0,0
00 02 04 06 08 1.0
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Figure 4, ROC curve (effect of EASIX value on IMV),
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5. Discussion

This study proves that all three indices, EASIX, mEASIX and sEASIX, are correlated
with SARS-CoV-2 infection clinical outcomes, death and need for admission to the ICU.
As they are not strong predictors in the group of severe COVID-19 patients, we do not
recommend using them solely, but in addition to other more sensitive factors. Only for
EASIX we observed a correlation with a risk of IMV treatment. We are the first to have
analysed the above-mentioned indices in a selected group of patients with a severe course of
infection. To our knowledge, this work is also the first publication to evaluate the usefulness
of the modified coefficients (mEASIX and sEASIX) when it comes to assessing the risk
of death in patients with COVID-19. The most important results of our study include:
(i) the values of EASIX, mEASIX and sEASIX statistically significantly correlate with patient
mortality, (i) all three indices assessed for the population of patients with severe COVID-19
are characterised by low sensitivity (<240%) with high specificity (approximately 90%) with
regard to the assessment of the risk of death, (iii) high values of EASIX, mEASIX and
sEASIX are more reliable in the assessment of the risk of death than survival, as evidenced
by greater PT'V compared to NPV, (iv) only EASIX is a predictor of the need to use IMV,
but not HENO and NIV; however, all three indices correlate with the need for admission to
the ICU.

The high effectiveness of EASIX with regard to the stratification of COVID-19 patients
was demonstrated in the study by Garcia et al. where, with the use of a retrospective
analysis of more than 3000 patients, it was shown that the age-adjusted coefficient (aEASIX-
COVID) has an even higher predictive value for mortality. [t was also proved that, based on
the values of both indices, EASIX and aEASIX, the chances of patient survival rather than
death can be assessed more reliably, as illustrated by the significantly higher NPV (negative
predictive value) compared to PPV (positive predictive value) [29]. In other words, with low
values of EASIX and aBEASIX, there is a greater probability of patient survival than death
with high values. An equally significant (p < 0.001) correlation between EASIX and mortality
in the course of COVID-19 was demonstrated in the study by Kalicinska et al., where two
groups of patients were compared—a group of patients with haematological malignancies
and patients with no haematological diseases. In addition, according to the study, EASIX
is a strong predictor of the occurrence of acute kidney injury and hospitalisation in the
ICU and, in the group of haematological patients, also of sepsis [28]. A similar correlation
between EASIX and the need for the patient to be admitted to the ICU was determined in
our study (p = 0.026).

According to the literature on the subject, there are further modifications of the EASTX
index which, based on two studies—in groups of haematological patients with LBCL
(large B-cell lymphoma) and B-ALL (B-cell acute lymphoblastic leukaemia)—proved to be
significant predictors of complications after the application of CAR T-cell therapy {chimeric
antigen receptor T-cells) in the form of CRS (cytokine release syndrome) and [CANS
(immune effector cell-associated neurotoxicity syndrome). In their publication, Pennisi et al.
used simplified EASIX (s-EASIX), where creatinine was excluded as a parameter that rarely
showed a deviation in CRS patients, and modified-EASIX (m-EASIX), in which creatinine
was replaced with CRP [31]. It turned out that all formulae applied prior to the treatment
had a similar predictive value with regard to the occurrence of both complications, while
only mEASIX allowed assessment of the effectiveness of the therapy. In the study by
Greenbaum et al.,, EASIX was correlated with the concentration of ferritin (EASIX-F) and, in
another case, with the concentration of ferritin and CRP (EASIX-FC) [32]. In this study, the
modifications also had a positive effect and there was an increase in the predictive value in
terms of the occurrence of complications due to the therapy.

In our study, we focused on the population of patients with severe COVID-19 and, alsc
for this specific group of patients, we demonstrated predictive ability of EASIX, mEASIX
and sEASIX in the context of mortality. Statistical significance was demonstrated for each
parameter (p < 0.001). It should be noted, however, that for the established cut-offs (EASIX
2.36, mEASIX 704.05; sEASIX 3.81) the AUC are below 0.7, the sensitivity of the coefficients
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did not exceed 40% and they were characterised by high specificity (87%, 90%, and 89%,
respectively). The values of PPV were also significantly greater than those of NPV, which
should be understood as a greater probability of death with high values of the indices than
the probability of survival with their low values. This is a somewhat surprising statistic,
especially in the context of the publication by Garcia et al., in the case of which the obtained
results are completely opposite (NPV higher than PPV) [29]. The cut-off value obtained
in our study, which is significant for the prediction of death in the course of COVID-19
for EASIX (2.36), is greater than the one in the studies conducted by other researchers
(Kaliciniska et al. EASIX > 1.6, Luft et al. EASIX = 2.03) [27,28]. Such results may be
influenced by the characteristics of the group of patients being assessed-patients in a critical
condition, with a high probability of death (65.7%).

All three indices, EASIX, mEASIX and sEASIX, are not only predictors of mortality
but also of the need for admission to the ICU (p = 0.026, p = 0.019, p = 0.001, respectively).
Similar results with respect to EASIX were obtained in the research by Kaliciriska et al. [28].
As part of our research, we also assessed the oxygen therapy methods applied, and only for
EASIX was a statistically significant predictive value obtained for the use of IMV (cut off >
4.1, p < 0.001). Some of the patients being assessed who received IMV were hospitalised
outside the ICU, which may have affected the statistical results. As for the mortality
prediction, also in the context of that method of treatment, the sensitivity of that parameter
was low (39%) with rather high specificity (80%). No similar correlation was observed for
the other methods of oxygen therapy and for the modified indices.

Patients in the high EASIX (>2.36), high mEASIX {>704.05) and high sEASIX (=3.81)
groups compared to the “low” groups had significantly lower 5pQ; values, shorter time of
use of a non-rebreather mask 10-15 L /min, which resulted from disease progression and
the need to intensify the treatment as well as the differences in the values of inflammatory
parameters. The results of our analysis, in terms of laboratory parameters, are consistent
with the results of studies by other researchers—they correspond to the pathology of the
endothelium, which is associated with an intense inflammatory and thrombotic process in
patients with severe COVID-19 [27-29,33-35]. Significantly, the modified indices (mEASIX
and sEASIX) showed no differences when the “high” and “low” groups were compared
with respect to comorbidities, and sEASIX also with respect to gender. The abovementioned
results are very promising, although they need to be confirmed with further studies. They
indicate the universality of the analysed coefficients and, ahove all, their independence
from the gender of patients (sEASIX) and comorbidities (mEASIX, sEASIX).

The use of EASIX modification did not significantly increase the predictive capacity of
the coefficient with respect to mortality (comparable results of the PPV, NPV, sensitivity and
specificity analyses were achieved). Therefore, it seems that EASIX, mEASIX and sEASIX
can be complementary used to assess patients with COVID-19 or other conditions with
similar pathophysiclogy related to endothelial damage. Referring to the results of the study,
EASIX in terms of patients death has an AUC that is closest to 0.7 {0.646) of all three indices
and is the only ona that relates to the necessity of an IMV, so it should be preferred to use,
but even for this one his power is not sufficient. Due to the ease of implementation and the
low cost of performing basic laboratory tests, those indices can be one of the tool for the
initial assessment of patients admitted to the hospital, and thus facilitate and speed up the
decision-making process with regard to the treatment of the patient, which may be crucial
for prognosis. [t is advisable to assess different variants of EASIX in a wider population
of patients to find the most optimal one, that is to say the one with high specificity and
sensitivity with regard to predicting mortality due to COVID-19.

This publication also has some limitations. The analysis is a retrospective one and it
applies only to severely ill patients from the same institution; there is no control group and
reference of the results to the group of patients with a mild course of the infection, which is
the result of missing and impossible to obtain data. Therefore, the cut-off value achieved for
EASIX is higher than the one reported in the previous publications and higher in relation
to the expected values in the general population of patients infected with SARS-CoV-2.
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In the case of mEASIX and sEASIX, this is the first publication to assess those indices in
the context of COVID-19, so the cut-off value cannot be compared to the previous results.
Furthermore, this publication does not attempt to assess vaccination status and the course
of hospitalisation, including methods of pharmacological treatment.

6. Conclusions

The EASIX, mEASIX, and sEASIX indices show a correlation with the risk of death
and the need for admission to the ICU in patients with severe COVID-19. In the group of
patients studied, in terms of the prediction of death, the high values of the three indices
(EASIX = 2.36, mEASIX > 704.03, sEASIX > 3.81) are characterised by low sensitivity
(=140%) and high specificity (approximately 90%). The highest AUC value (0.646) was
achieved for EASIX. The research revealed that all three indices are not optimal diagnostic
tools in to severely ill patients, but they might be used additionally to other more sensitive
predictors. High values of EASIX, mEASIX and sEASIX are more reliable in assessing the
risk of death than the probabhility of survival and, additionally, EASIX is a predictor of the
need to apply IMV (invasive mechanical ventilation).

Supplementary Materials: The following supporting information can be downloaded at: https:
£ fwwwomdpicom /article /10.33%0/jpm12071022/51, Table 51: Correlation of EASIX with variables
being assessed and characteristics of patients with high EASIX (= 2.36) and low EASIX {<2.36]; Table
52: Correlation of mEASIX with the variables being assessed and characteristics of patients with high
mEASIX {>704.05) and low mEASIX (<704.05); Table 53: Correlation of sEASIX with variables being
assessed and characteristics of patients with high sEASIX (>3 .81} and low sEASIX (<3.81).
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Abstract: In a retrospective analysis of 477 fatal COVID-19 cases hospitalised at a single medical
centre during the period from 6 March 2020 to 30 June 2022, several factors defining those patients
atadmission were assessed, as well as the course of the hospitalisation and factors contributing to
death. There was a predominance of men (59.3% (283)) burdened by comorbidities, with increased
inflammation at admission. Patients aged = 81 years were significantly more likely to be admitted
to and die in infectious diseases units (IDU) due to respiratory failure, their hospital stays were
shorter, and they were most likely not to receive specialist treatment. The most common COVID-19
complications included acute kidney injury in 31.2% (149) patients and thromboembolic complications
in 23.5% (112). The course of hospitalisation was complicated by healthcare-associated infections
(HAI) in 33.3% (159) of cases, more often in those treated with baricitinib (p < 0.001). The initial use of
an antibiotic, although common (94.8% (452})), was unwarranted in almost half of the cases (47.6%
(215)). Complications of hospitalisation (46.1% (220)) and adverse events involving staff (49.7% (237))
were found in almost half of the patients. In 88.7% (423) of the cases, death was due to respiratory
failure in the course of SARS-CoV-2 infection. Adverse events during hospitalisation should be
considered as an additional factor that, in addition to the infection itself, may have influenced the

death of patients.

Keywords: SARS-CoV-2; death; mortality; treatment; ARDS

1. Introduction

SARS-CoV-2 infection has become a global public health threat within a short time of
the appearance of the first cases. The pandemic, which has lasted more than three years,
resulted in more than 676 million confirmed cases of COVID-19, including more than 6.8
million deaths from the disease—data from 2 May 2023 [1]. The sudden emergence of a
large number of patients with severe disease caused by the new coronavirus variant, which
was associated with its high infectiousness and ability to cause severe respiratory failure
and other complications, led to the overloading of healthcare systems and the occurrence
of many excess deaths worldwide as also caused by reduced access to healthcare for
patients with other medical conditions [2]. The severity of SARS-CoV-2 infection and the
risk of death in its course depends on many factors, the most important of which are
considered to be male sex, age > 65 years, the presence of comorbidities, primarily with
chronic cardiovascular, respiratory and renal diseases, malignancies, obesity, diabetes and
autoimmune conditions, and the variant of the virus causing COVID-19 disease [3-6]. The
World Health Organization (WHO) has been monitoring circulating SARS-CoV-2 variants
since January 2020, and so far, five VOCs have been identified—variants of concern (Alpha,
Beta, Gamma, Delta and Omicron)—that are responsible for the pandemic waves [7].

Viruses 2023, 15, 1430, https:/ /doi.org /10,3390 /v15071430 https:/ /fwww.mdpi.com /journal / viruses

45



Viruses 2023, 15, 1430

2of 17

The severity of the infection and mortality varies according to the VOCs that cause the
infection, with particularly significant differences found between the Delta and Omicron
variants [8,9].

The onset of the COVID-19 pandemic was particularly difficult for healthcare person-
nel, and the risk of adverse events during the provision of healthcare services, including
those resulting in death, was particularly high [10]. The rapidly spreading infection quickly
exposed the inadequacies of healthcare systems worldwide, including shortages of staff,
equipment and funding. An urgent search began for the therapeutic and preventive mea-
sures necessary to stop the avalanche of infections, Initially, in a haphazard manner and
without adequate scientific research, the treatment used included existing antiviral ther-
apies, antibiotics and drugs used for rheumatic conditions (e.g., azithromycin, lopinavir,
ritonavir, oseltamivir, amantadine and chloroquine). Such interventions not only failed
to provide benefits but proved to be detrimental to patients in some cases [11]. Subse-
quently, the efficacy of the following drugs and substances were evaluated: convalescent
plasma; remdesivir, a drug designed to treat EBOV (Ebola virus) infection; and drugs with
immunomodulatory effects (e.g., dexamethasone, tocilizumab) [12,13]. As the pandemic
continued, subsequent recommendations from scientific societies were based on reports
containing increasingly better scientific data. The next step in the fight against infection
was the introduction of vaccines and new therapies targeted directly against SARS-CoV-2
(monlupiravir, nirmatrelvir/ritonavir) [14-16]. Knowledge of the course of COVID-19, the
mechanisms of action of the virus and the complications associated with it has evolved
rapidly due to the very high number of new publications; from the beginning of the pan-
demic until 1 April 2023, more than 350,000 publications appeared in the PubMed database
under the keyword “COVID-19”. Epidemiological data from the entire pandemic period
show that severe infection can affect approximately 20% of patients, and mortality does not
exceed 2% [1,17]. Patients with a severe course of the disease are most often hospitalised
and are the first at risk of dying from COVII-19, encouraging the conduct of research in
this group to reduce mortality. On the other hand, a detailed assessment of the course of
hospitalisation makes it possible to detect factors that are not directly related to the virus
itself but significantly increase the risk of death.

This retrospective study’s main objective is to analyse fatal COVID-19 cases to deter-
mine the risk factors and causes of death, including adverse events.

2. Materials and Methods

The retrospective analysis included the medical data of 477 fatal COVID-19 cases out
of a total of 2671 patients hospitalised from 6 March 2020 to 30 June 2022 in the infectious
diseases units (IDU) and intensive care unit (ICU) of the |. Gromkowski Specialist Regional
Hospital in Wroctaw (Poland). From the beginning of the pandemic, this hospital was
dedicated to patients with suspected and confirmed SARS-CoV-2 infection. In all patients,
infection was initially confirmed by a real-time molecular RT-PCR (reverse transcription-
polymerase chain reaction) test. Then, due to the acquisition of new validated diagnostic
methods, the infection was confirmed by a molecular test or antigen test {(PanBio COVID-19
Ag Rapid Test Device by Abbott). Patients admitted from or transferred to other hospitals
were excluded from the analysis when their full medical records were not available. A
division of the pandemic wave into three periods was used: pre-Delta {1 March 2020
30 June 2021), Delta (1 July-31 December 2021) and Omicron (1 January-30 June 2022),
which was based on the dominant SARS-CoV-2 virus sequences in Poland as analysed by
GISAID (Global Initiative on Sharing All Influenza Data) [8,18].

The baseline assessment of patients included the following demographic data: age,
sex and comorbidities (cardiovascular diseases, respiratory diseases, diabetes, obesity,
kidney diseases, malignancies). During SARS-CoV-2 infection, the following data were
assessed: duration of symptoms before admission (days) and capillary saturation [19]. An
evaluation of the following laboratory parameters were included in the baseline charac-
teristics: C-reactive protein (CRP), procalcitonin (PCT), D-dimer, creatinine and ferritin
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levels, white blood count (WBC), platelet count (PLT), lactate dehydrogenase (LDH) activity
and endothelial activation and stress index (EASIX). The formula proposed by Luft et al.
(LDH [U/L] = creatinine [mg/dL]/platelet count [G/L]) was used for the calculation of
EASIX [20].

The course of hespitalisation was extensively analysed as follows: length of hospitalisa-
tion, oxygen therapy used (oxygen therapy, high-flow nasal oxygenation therapy (HENOT),
non-invasive ventilation (NIV), invasive mechanical ventilation (IMV)); treatment admin-
istered, such as antivirals (RDV, remdesivir; MPV, molnupiravir), immunomodulatory
(dexamethasone, tocilizumab, baricitinib), convalescent plasma, the type of combination
therapy used at the beginning of the pandemic (chloroquine and LPV/r—lopinavir boosted
with ritonavir) and the use of low-molecular-weight heparin (LMWL) {enoxaparin or
nadroparin) in a prophylactic or therapeutic dose. In the next step, events that occurred
during hospitalisation were assessed: coinfections, such as community-acquired infections
and healthcare-associated infections (HAls), which were divided into bloodstream infec-
tions (BSIs), urinary tract infections (UTls) and ventilator-associated pneumonia (VAF).
HAIs were diagnosed as defined—an infection that occurred during the provision of med-
ical services and was not present during hospital admission [21]. Questionable culture
results that bore the hallmarks of sample contamination (numerous cultured bacteria, or-
ganisms that are a component of human microbiota and are detected in only one sample)
were excluded from the analysis. The appropriateness (clinical signs, laboratory parameters,
microbiological results) of the antibiotic therapy used was analysed in detail. Adverse
events were assessed using criteria in line with the current WHQ Patient Safety Report,
where an adverse event is an event that results in avoidable harm to the patient [22]. The
adverse event included both COVID-19 complications (the occurrence of thrombotic com-
plications, such as venous thromboembolism, ischaemic stroke, myocardial infarction and
limb ischaemia; bleeding and other complications, such as acute kidney injury (AKI), exac-
erbation of chronic heart disease and decompensation of liver function) and complications
unrelated to the infection but resulting from hospitalisation (HAls, emphysema and other
ventilator-associated complications, trawma or falls; personnel malpractice, such as a lack
of or delay in specialist treatment as assessed on an individual basis in accordance with
the national or global recommendations for the treatment of COVID-19 patients) [23-25].
Finally, the causes of death of the patients were assessed by distinguishing between the
main cause of death and other concomitant causes of death.

The study was positively approved by the Bioethics Committee of the Wroclaw Medical
University {Decision no. KB-826,2020 dated 17 December 2020). The retrospective nature of
anonymised medical data meant that informed consent from patients was not required.

3. Statistical Analysis

Descriptive statistics were presented using means, standard deviations, medians and
quartiles for quantitative variables and counts with percentages for qualitative variables.
The normality of the data was assessed using the Shapiro-Wilk test. Due to the non-
normality of the data, non-parametric tests were used. The relationship between qualitative
and quantitative variables was assessed using the Mann-Whitney U test or the Kruskal-
Wallis test for two or three groups, respectively. The qualitative analysis was performed
using Fisher’s exact test. When necessary, the post hoc analysis using Holm-corrected
pairwise comparison was applied. The correlation between two continuous variables was
calculated using Spearman’s correlation coefficient.

All analyses were performed in R for Windows, version 4.3 [26]. The p < 0.05 was
selected as the threshold of significance.

4. Results

The analysed group of patients who died of COVID-19 comprised 477 patients aged
2799 years. The group was predominantly male (283—59.3%). The full age structure is
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shown in Figure 1. Detailed data on the characteristics of the overall group are included in

Table 1.

age of patients (years)

<50; 21; 4.4%

| >81; 151; 31.?%|

|?160i£§525.8%

m <50 w51-60 = 61-70 =71-80 w281

Figure 1. Age of patients (years).

| 51-60; 46; 9.6% |

|51-m; 131; 27.5%

Table 1. Group characteristics. Quantitative parameters and variables are presented as mean val-
ues (standard deviation—5D) and median [interquartile range—IQR], while qualitative variables
are presented as frequency/number. Normal laboratory parameters are given in brackets next to

each value,
Variable N =477
Age (years}) 73.43 (12.43), 74 [6-83]
female 194 {40.7%)
Sex
male 283 (39.3%)
[CU 56 (11.7%)
Ward of admission
IDU 421 (88.3%)
ICUT 264 {55.3%)
Ward where the patient died

1IDU 213 (44.7%)
Length of hospitalisation (days) 13.87 (10.87), 11 [6-19]

Duration of symptoms before admission (days) 7.3 (4.62), 7 [5-9]

Sp: at admission (%)

81.33 (13.5), 85 [74.75-91]

Severity of illness at ad mission acc. to WHO

1—14 (2.9%)
2—115 (24.1%)
3—236 (49.5%)

4112 (23.5%)
Comorbidities: 436 (91.4%)
Cardiovascular diseases 367 (76.9%)
Respiratory diseases 68 (14.3%)
Diabetes 160 (33.5%)
Malignant neoplasm 90 {18.9%:)
Chronic kidney disease 58 (12.2%)
Obesity 92 (19.3%)
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Table 1. Cont.

Variable N =477
Laboratory results at admission
CRP (>6 mg/L) 128.2 (95.76), 105.44 [54.07-180.67]
D-dimer (500 ng/mL) 421,07 {9138), 1766 [1055-3278]
Ferritin (>274.66 ng/mL) 2279.94 (3887.55), 1292.69 [613.75-2690.47]
Creatinine (>1.15 mg/dL) 1.58 (1.63), 1.10 [0.82-1.67]
WBC (4-10 G/L) 9.58 (10.78), 7.64 [5.25-10.92]
PLT (150-420 G/L) 206 (100), 188 [136-248]
PCT (>0.05 ng/mL) 2.33(10.18), 0.32[0.12-0.97]
LDH {>220U/L) 578.78 (304.16), 510 [368-703]
EASIX 6.22(11.19), 3.14[1.89-6.07]
Treatment during the entire hospitalisation
Low-dose oxygen therapy > 10 L/min 431 (90.4%)
HFNOT 265 (55.6%)
NIV 132 (27.7%)
IMV 273 (57.2%)
Antiviral treatment (RDV, MPV) 94 (19.7%)
Chloroquine + LPV/r 29 (6.1%)
COVID-19 convalescent plasma 81 (17%)
Dexamethasone 381 (79.9%)
Tocilizumab 95 (19.9%)
Baricitinib 49 (10.3%)
Low-molecular-weight heparin none—21 (4.4%)

prophylactic dose—353 (74%),
therapeutic dose—103 (21.6%)

Coinfections 274 (57 .4%)
Healthcare-associated infections 159 (33.3%)
Predominant cause of death—COVID-19 423 (88.7%)

respiratory failure

All patients required supplemental oxygen therapy, while 46 (9.6%) patients received
baseline HFNOT or IMV. Twenty-one (4.4%) patients did not receive LMWH during the
entire hospitalisation, five patients (1%) did not receive any anticoagulant treatment, while
the remaining patients took oral medication (dabigatran, rivaroxaban, acenocumarol or
warfarin). For those patients who received the therapeutic dose, the dosage change was
mostly due to an increase in D-dimer levels (66 patients, 64.1%) or confirmed thromboem-
bolic disease (24 patients, 23.3%). In the remaining patients (13, 12.6%), the reason for the
dosage change was unknown.

4.1. Coinfections

More than half of the patients, 274 (57.4%), suffered from concomitant bacterial or fun-
gal infections. In 159 (58%) of these patients (33.3% of all patients), HAIs were responsible
(BSI, VAT, UTI). Fungal pathogens were responsible for 10.2% (28) of the coinfections. In
blood cultures, the following were most commonly cultured: CNS—coagulase-negative
Staphyloceccus, including MRCNS, methicillin-resistant coagulase-negative Staphylococcus
was 23.0% (38); Klebsielln pneumonine ESBL (extended-spectrum beta-lactamases) 15.8% (26);
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Acinetobacter baumanii (most commonly, MBL, metallo beta-lactamases), 8.5% (14); and
additionally, Staphylococcus aureus, including MRSA (methicillin-resistant Staphylococcus
aureus), Staphylococcus haemolyticus, Staphylococcus lugdunensis, Staphylococcus sinulans and
Staphylecoccus capitis, as well as enterococci, such as Enterococciss faecalts, including HLAR
(high-level aminoglycoside resistance) and VRE (vancomycin-resistant Enterococcus), En-
terecoccus faecium and Enterococcus cloneae; Pseudomonas aeruginosa; Propionibacterium acnes
and the fungi Candida glabrate and Candidn krusei.

In the cultures of bronchial secretions, the fellowing were most commonly cultured:
A. baumanii {including MER /IMI—meropenem /imipenem resistance and MBL) at 35.3%
(61), K. preumonige ESBL at 10.4% (18), P geruginosa at 6.9% (12) and, additionally, 5. aureus
(including MRSA), 5. haemolyticus, S. simulans, Staphylococcus hominis and CNS (including
MRCNS), as well as Streptococcus agalactine, E. faecalis (including HLAR and VRE), E. fae-
cium, Escherichia coli ESBL, Stenetrophomonas maitophilia, Serratia marcenses, Kocuria kristinge,
Pantoen agglomerans, and the fungi C. glabrata, Candida albicans and Candida tropicalis.

In contrast, the following urine cultures were most commonly cultured: A. baumanii
(including MER/IMI and MBL)—19.0% (23), Candida spp. (C. albicans, C. glabrata, C.
parapsilosis)—12.4% (15), E. faecium—8.3% (10) and, in addition, E. faecalis (including HLAR
and VRE), Str. agalactine, P. aeruginosa, E. coli (including ESBL), K. preumoniae (including
ESBL and MBL). An analysis of the structure of coinfections and antibiotic use is shown in
Table 2.

Table 2. Characteristics of coinfections.

Variable N =477

Coinfection 274 (57.4%)
Healthcare-associated infection 159 (33.3%; 58% of all infections)

BSIs (bloodstream infections) 165 (34.6%)

VAP (ventilator-associated pneumonia) 173 (36.3%)

UTls {urinary tract infections) 121 {25.4%)

Use of antibiotics from the beginning of hospitalisation 452 (94.8%)

Inclusion of an antibiotic without medical indication 215 (47.6%)

Coinfections were more common among patients who were initially admitted to the
ICU compared to the IDU (N = 46; 82.1% vs. N = 228; 54.2%; p < 0.001). There was also
a higher prevalence of nosocomial infections in that group (N = 32; 57.1% vs. N =127;
30.2%; p < 0.001). HAT was observed statistically significantly ( < 0.001) more often in the
youngest patients compared to the =81 years group (N =15, 57.1% vs. N = 24; 15.9%)—
Table 51. The use of an antibiotic at the beginning of hospitalisation did not significantly
affect the difference in the incidence of nosocomial infection (p = 0.7)—seven (28.0%)
patients in the non-antibiotic group and 152 (33.6%) in the group treated with an antibiotic.
The analysis of COVID-19 therapies revealed that the use of baricitinib was associated with
a higher incidence of nosocomial infections (p < 0.001) (Table 3).

Table 3, The relationship between COVID-19 treatment administered and the eccurrence of nosoco-
mial infection.

COVID-19 Therapy Hospital-Acquired Infection [N (%), p-Value]
Anti-viral treatment (RDV, MPV) (N = 94) 27 (28.7%), p=10.3
Chloroquine + LEV /r (N = 29) 12(41.4%), p=04
Dexamethasone (N = 381) 117 (30.7%), p = 0.052
Tocilizumab (N = 95} 32 (33.7%), p > 0.9
Baricitinib (N = 49) 33 (67.3%), p < 0.001
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4.2. COVID-19 Complications
Table 4 provides data on COVID-19 complications, which are divided into three
groups: thrombotic complications, bleeding complications and other complications.

Table 4. COVID-19 complications.

Variable N =477
Thrombotic complications: 112 {23.5%)
Venous thromboembolism 46 (9.6%)

[schaemic stroke 29 (6.1%)
Myocardial mfarction 22 (4.6%)
Limb ischaemia 16 (3.4%)
Bleeding complications 71 (14.9%)
Other: 261 (54.7%)
Acute kidney injury (AKI) 149 (31.2%)
Exacerbation of chronic heart disease 100 (21%)
Decompensation of liver function 12(2.5%)

One patient with saddle pulmonary embolism also had an ischaemic stroke.

4.3. Complications Unrelated to COVID-19

This group assessed events that were related to the patient’s hospital stay, including
medical personnel malpractice (Table 5). A lack of adequate specialist treatment was highly
likely to contribute to patient death, while a delay in specialist treatment was one of the
additional factors likely to influence death.

Table 5. Adverse events during hospitalisation of COVID-19 patients.

Variable N=477

220 (46.1%), including more than one
complication in 22 patients (4.6%})

Complications of hospitalisation

Healthcare-associated infection 159 (33.3%)
Emphysema and otlhel" complications of 36 (7.5%)
ventilation
Trauma, fall 25 (5.2%)
Personnel malpractice 237 (49.7%)
Lack of specialist treatment 81 (17.0%)
Delay in specialist treatment 156 (32.7%)

Personnel malpractice included the failure or delay in intensifying treatment for
respiratory failure, including delayed intubation, transfer of the patient to the ICU, failure
to administer immunomodulatory drugs in case of signs of a “cytokine storm”, failure to
administer antibiotic therapy in the face of a confirmed bacterial infection and inappropriate
anticoagulant treatment.

4.4. Causes of Death

Respiratory failure due to SARS-CoV-2 infection was the predominant cause of death
in 423 (88.7%) patients, with a significant advantage {p = 0.003) in the group admitted in
the WHO's stage three and four (318—91.4%) compared to stage one and two (105—81.4%).
Qut of 54 (11.3%) cases in which the predominant cause of death was not respiratory
failure, 47 (87.0%) cases presented with sudden cardiac arrest (SCA) without preceding
severe respiratory failure or signs of hypoxaemia. Figure 2 shows the analysis of other
concomitant causes of death. The sum of the cases from Figure 2 does not equal 54 {11.3%)
because some of the patients who died of COVID-19-associated respiratory failure also had
additional relevant factors that influenced this and could not be omitted.
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Other - concomitant causes of death of patients with SARS-CoV-2 infection (n; %

of total)
70 64;13.4%
o 41;8.6%
40
30
20 15;3.1% 17;3.6%
- L]
0 [
malignant sudden cardiac surgical lack of specialist septic shock other
neoplasm arrest complications treatment
Figure 2. Other—concomitant causes of death of patients with SARS-CoV-2 infection (N; % of total).

In terms of the other concomitant causes of death (Figure 2), cases in which the patient’s
underlying condition (e.g., chronic renal failure on dialysis or malignant neoplasm on sys-
temic therapy) could not be adequately treated due to SARS-CoV-2 infection were included
in the “lack of specialist treatment” group. Cases in which ICU treatment was not provided
due to the lack of places or low priority for such treatment were also collected under this
section. Cases that could not be categorised included: upper gastrointestinal bleeding in a
patient with decompensated cirrhosis and hepatocellular carcinoma, pulmonary oedema
without an established clear cause, aspiration pneumonia, severe ischaemic and haemor-
rhagic strokes, subarachnoid haemorrhage, neuroCOVID with myoclonus syndrome and
AIDS with pulmonary tuberculosis.

In a further analysis of the collected material, comparisons were made between the
different age groups of patients without distinguishing between the sexes (in Table 51} and
virus variants in Table 6 and Figure 3. Therapies that were only used in the first pre-Delta
pandemic phase (COVID-19 convalescent plasma and chloroquine + LPV /1) were not
assessed in the analysis of virus variants.

Table 6. The characteristics of selected parameters according to virus variant quantitative parameters
and variables are presented as mean values (standard deviation—SD) and median [interquartile
range—IQR], while qualitative variables are presented as frequency /number.
Variable Pre-Delta (N = 288) Delta (N = 110 Omicron (N =79) p-Value
, 72.34 (11.9), 74.71 (13.23), 75.63 (12.86),
Age fyeae) 72 [65-82] 76 [66-85.75] 77 [69-85.5] dad
Sex 0.065
Men 183 (63.5%) 57 (51.8%) 43 (54.4%)
Women 105 (36.5%) 53 (48.2%) 36 (45.6%)
Duration of symptoms 6.94 (4.44), 7.44 (3.53), 8.83 (6.32), 0.093
before admission (days) 7 [4-8] 7 [5-9] 7 [4.25-14] ’
Length of hospitalisations 14.01 (11.17), 13.99 (9.90), 13.16 (11.17), 05
(days) 12 [6-20] 11.5 [7-19] 11 [5-16] ’
Comorbidities 266 (92.4%) 97 (88.2%) 73 (92.4%) 0.4
Cardiovascular diseases 219 (76.0% 81 (73.6%) 67 (84.8% 0.15
Respiratory diseases 42 (14.6%) 9 (8.2%) 17 (21.5%) 0.031
Diabetes 113 (39.2%) 29 (26.4%) 18 (22.8%) 0.004
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Table 6. Cont.

Variable Pre-Delta (N = 288) Delta (N =110) Omicron (N =79) p-Value
Malignant neoplasm 57 (19.8%) 15 (13.6%) 18 (22.8%) 0.2
Chronic kidney disease 41 (14.2%) 9 (8.2%) 8 (10.1%) 0.2
Obesity 71(24.7%) 16 (14.5%) 5 (6.3%) <0.001
BASIX 7 (191624 238 (2054 265 [1.66.4.65) 03
Treatment
sntiviralireatmient (REY, 67 (23.3%) 16 (14.5%) 11(13.9%) 0.054
MPV)
Dexamethasone 208 (72.2%) 107 (97.3%) 66 (83.5%) <0.001
Tocilizumab 51 (17.7%) 29 (26.4%) 15 (19.0%) 0.2
Baricitinib 2(0.7%) 30 (27.3%) 17 (21.5%) <0.001
Antibiotic use 281 (97.6%) 105 (95.5%) 66 (83.5%) <0.001
nclusion of an antbiotic. 133 (47.0%) 58 (55.2%) 24 (36.4%) 0.051
Coinfection 166 (57.6%) 65 (59.1%) 43 (54.4%) 0.8
COVID-19 complications
Pulmenary embolism 22 (7.6%) 14 (12.7%) 10 (12.7%) 0.2
Ischaemic stroke 17 (5.9%) 5 (4.5%) 6 (7.6%) 07
Myocardial infarction 13 (4.5%) 5 (4.5%) 4 (5.1%) >0.9
Limb ischaemia 7(2.4%) 2 (1.8%) 7 (8.9%) 0.028
Bleeding complications 39 (13.5%) 17 (15.5%) 15 (15.0%) 05
Acute kidney injury 86 (29.9%) 33 (30.0%) 30 (38.0%) 04
Exac‘ile’:;io(ﬂszii‘ronm 60 (20.8%) 29 (26.4%) 11 (13.9%) 011
Recompensation tEIVEL 5. (1.7%) 1(0.9%) 6 (7.6%) 0.011
function
Complications of hospitalisation
Hospital-acquired infection 91 (31.6%) 42 (38.2%) 26 (32.9%) 0.5
Emphysema and other
complications of 21 (7.3%) 12 (10.9%) 3 (3.8%) 0.2
ventilation
Trauma, fall 8(2.8%) 9 (8.2%) 8 (10.1%) 0.005
Predominant cause of
death—COVID-19 252 (87.5%) 103 (93.6%) 63 (86.1%) 0.15
respiratory failure
Other causes of death
Malignant neoplasm 10 (3.5%) 2 (1.8%) 3 (3.8%) 0.7
Sudden cardiac arrest 33 (11.5%) 10(9.1%) 13 (16.5%) 0.3
Surgical complications 5(1.7%) 2 (1.8%) 0(0%) 0.7
Lack of specialist treatment 38 (13.2%) 14 (12.7%) 12 (15.2%) 0.9
Septic shock 14 (4.9%) 16 (14.5%) 11 (13.9%) 0.002
other 8(2.8%) 3 (2.7%) 6 (7.6%) 0.14
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Figure 3. SARS-CoV-2 virus variants in the analysed group.

5. Discussion

The analysis of 477 cases of SARS-CoV-2 infection resulting in death revealed that
this group was dominated by elderly men with multimorbidity, who were admitted in a
severe or very severe course of the disease according to the WHO classification, with low
saturation values (<90%) and laboratory abnormalities indicating the presence of increased
inflammation and organ damage. Patients aged > 81 years were significantly more likely to
be admitted to and die in infectious diseases units due to respiratory failure, their hospital
stays being shorter, and they were most likely not to receive specialist treatment. More than
half of the patients suffered from concomitant bacterial and fungal infections, and one-third
had HAIs, and the initial use of an antibiotic, although common, was unwarranted in
almost half of the cases. The inclusion of baricitinib significantly influenced the occurrence
of HAIs, which was not found for the other COVID-19 therapies. The use of dexamethasone
was significantly more frequent when the Delta variant was predominant. In terms of
COVID-19 complications, AKI and thrombotic complications were the most common. In
almost half of the cases, complications of hospitalisation not directly related to COVID-19
were found, and a similar proportion was of medical personnel malpractice. A cause of
death other than respiratory failure affected more than 10% of patients.

The currently known risk factors for severe COVID-19 and death from COVID-19 show
a clear association with an age > 65 years, male sex, comorbidities and the viral variant
being Delta [6,8,9,27-30]. In the analysed group, the results were obtained and are in line
with reports by other authors. More than half of the cases were patients aged >70 years. The
presence of comorbidities was common (91.4%) and were mostly cardiovascular diseases
(76.9%) and diabetes (33.5%). Given the age structure of the patients, such results are not
surprising. The male predominance was significant (59.3%) but decreased with age (in
the <50-year-old group, the male proportion was 76.2%, while in the >80-year-old group,
it had already dropped to 51%), which may be influenced by the hormonal differences,
ACE2 protein expression and a change in immune function with age. Similar relationships
were described in publications on infection with other coronaviruses (SARS—severe acute
respiratory syndrome; MERS—Middle East respiratory syndrome) [31-33].

The analyses of selected laboratory parameters indicate the presence of increased
inflammation and vascular abnormalities already at the time of hospital admission—this is
illustrated by the high mean CRF, PCT, ferritin and D-dimer levels, as well as creatinine
and LDH levels, and the high mean and median EASIX that was identified as an inde-
pendent prognostic factor for a severe course of COVID-19 and risk of COVID-19-related
death [34-36]. This factor is derived from the calculation of LDH, creatinine and PLT, whose
abnormal values reflect, among other things, vascular endothelial cell damage, which is
one of the most significant processes leading to microangiopathy, thrombotic complications
and organ failure in severe COVID-19 [37-40]. In the material evaluated, the mean (6.22)
and median (3.14) EASIX values were above the cut-off points set in other publications
analysing this factor in the light of its predictive ability of ICU hospitalisation and death,
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including one of our publications (Luft et al. EASIX > 2.03, Kalicinska et al. EASIX > 1.6
and Zidczuk et al. EASIX = 2.36) [34-36].

Another significant finding of the analysis is the higher prevalence of coinfections and
HAIs in younger age groups (p < 0.001). Coinfections were found twice as often in the
<50-year-old group compared to the >81-year-old group (71.4% vs. 35.8%), and HAls were
more than three times as common (57.1% vs. 15.9%). It is possible that such a relationship
is related to more frequent hospitalisations in the ICU, where microbiological tests are
performed more frequently, and the risk of additional infections is higher than in the
IDU [41]. The nearly two-fold shorter duration of hospital stays in the =81-year-old group,
with a mean of 9.72 days (median 8 days (4-14), compared to the <50-year-old group, is
also significant. A study by Contou et al. found that the median survival in critically ill
patients with COVID-19 was 14 days after admission to the ICU (9-23) [42]. Our analysis
provides data on the overall hospital length of stay of patients, with a median length of
stay of 11 days (6-19) over the entire time interval analysed, which is a significantly worse
result; however, it is difficult to identify a single reason for this.

A comparison of the course of the pandemic, according to the predominance of a
particular viral variant in the Polish setting, is hampered by the lack of capacity to sequence
SARS-CoV-2 genetic material in most healthcare institutions. Some publications on the
evaluation of individual variants used the GISAID database, which provided reliable data
on the dominance of specific viral sequences in a given region at a specific time [18]. In
analogy with other publications from the Polish region, there was a division into periods
of dominance of the pre-Delta, Delta and Omicron variants [8,9]. The analysis revealed a
higher mean age of patients as the pandemic progressed (p = 0.015) when comparing the
pre-Delta and Omicron variants (Table 6).

The analysis of the infection data produced results confirming the high importance
of this problem in COVID-19 patients. A coinfection was found in more than 50% of the
patients (57.4%) who died, including one-third of patients (33.3%) who suffered from HAITs,
and more often in those who were admitted to the [CU (Table 2). In studies by other authors,
the prevalence of coinfections in the general population of COVID-19 patients was less than
7-14%, with a much higher proportion of [CU-acquired infections (even more than 50%)
and a much higher ICU mortality rate among patients with coinfections [43—46]. Given that
more than 55% of the deaths in our evaluation of the material were in the ICU, this finding
may be comparable with those studies. However, the results obtained should be assessed
with caution, as each time, the decision to perform cultures of biclogical material was
assessed by an attending physician and thus was not part of the standard management of a
SARS-CoV-2 infected patient in IDU; therefore, differences in terms of the number, timing
and type of cultures performed are difficult to compare. Importantly, the vast majority
of cultures were from patients in the most severe condition—those hospitalised in the
ICU. This determines the expected higher frequency (up to five-fold for stays >1 week) of
bacterial isolation, including drug-resistant pathogens [43]. The type of pathogens isolated
is in agreement with data on the profile of isolated pathogens in ICUs [47-49].

The overuse of antibiotics proved te be a major problem in the treatment of COVID-19
patients. In the analysed group, up to 94.8% of patients were initially treated with antibi-
otics, while according to our own evaluation of the medical records, indications for the
actual use of antibiotics only cccurred in approximately half of the cases. A positive aspect
of the discussed issue is that as the pandemic progressed and more studies discussing the
issue became available, there was a significant (p < 0.001) decrease in antibiotic use, from
the initial 97.6% for the pre-Delta period to 83.5% during the Omicron period (Table 6).
The WHOQ guidelines (current as of 13 January 2023) indicate the need for an appropriate
antibiotic policy among COVID-19 patients: refraining from using antibiotics in cases of
mild disease and being guided by the clinical picture and laboratory parameters indicating
the need for additional antimicrobial therapy among the remaining patients [25].

From the very beginning of the pandemic, there was a search for therapeutic ap-
proaches focused on the causal treatment of SARS-CoV-2 infection. The first therapies
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were based on reports concerning the mechanisms of action of previous epidemic coro-
naviruses causing infections among humans (SARS and MERS), identifying specific tar-
gets for drugs [50-52]. In the pre-Delta period, convalescent plasma, chloroquine plus
lopinavir/ritonavir and remdesivir were used as part of the clinical trial. With the ex-
ception of remdesivir, the other therapies were discontinued in subsequent waves of the
pandemic. Immunomodulatory treatments included dexamethasone, tocilizumab and
baricitinib. Dexamethasone was the most widely used drug—almost 80% of the patients
received it during their hospital stay, with a significant (p < 0.001) prevalence during the
Delta variant-dominant period (97.3%) (Table 6). Numerous randomised trials, which
were also evaluated in meta-analyses, produced results supporting the validity of gluco-
corticosteroid use among COVID-19 patients [53,54]. The frequency of use of other drugs
among the cases evaluated in this study did not depend on the pandemic phase, except
for baricitinib (p < 0.001). The therapies used against SARS-CoV-2 mostly did not affect
the risk of HAIs, with the exception of baricitinib (Table 3), an inhibitor of the enzymatic
activity of the JAK1 and JAK2 kinases, which conferred a significantly higher (p < 0.001)
risk of HAIs. Contradictory to this result, however, is the data from the RECOVERY study
and an additional meta-analysis of nine randomised trials on the use of JAK inhibitors in
the treatment of COVID-19—no higher infection rate was found in the group of patients
receiving these drugs compared to the standard therapy [55]. The differences may be due
to the use of baricitinib in our setting in patients with severe respiratory failure who were
no longer eligible for ROV therapy or who had completed it.

All patients had supplemental oxygen therapy modalities; however, the oxygen ther-
apy was not, in all cases, the least invasive oxygen therapy at baseline, involving the use
of an oxygen mask with an oxygen flow of at least 10 L /min. In approximately 10% of
the cases (9.6%), HFNOT was implemented, or endotracheal intubation and mechanical
ventilation were performed immediately after the patient was admitted to the emergency
room—this concerned the most severely ill patients with profound respiratory failure. This
management, dictated by necessity, is also justified by the available literature—patients in
whom standard oxygen therapy is ineffective should have HFNOT implemented, resulting
in fewer ventilation complications and the need for intubation [25,56-58].

A severe SARS-CoV-2 infection is associated with cytokine abnormalities and over-
stimulation of the inflammatory response, termed a cytokine storm [59]. Complications
that are directly related to this viral infection are thus most often the result of vascular
endothelial damage, which results in a higher risk of thromboembolic disorders and, at a
later stage, organ damage [60]. In the evaluated group, such complications were confirmed
in 112 patients, representing less than 25% of cases. Yenous thromboembolisin was the most
common, found in 46 patients (9.6%). However, these figures may be underestimated due
to the lack of technical feasibility of performing a CT in some patients in severe conditions
with high oxygen demand. The literature data placed the prevalence of such disorders
at 16.5% (95% CI 11.6-22.9) [61]. The most common COVID-19 complication that was
observed in this study was AKI, found in 149 patients (31.2%). The meta-analysis by Yang
et al. concludes that this result is comparable to global data. In a general population
analysis of COVID-19 patients, AKI occurs at a frequency of 12.3% (95% CI 9.5-16.5%), with
a much higher rate among cases hospitalised in the ICU being 39.0% (95% CI 23.2-57.6%)
and those ending in death being 42.0% (95% CI 30.3-54.7%} [62].

The atternpted analysis of adverse events yielded a surprising result—in almost half
of the CQOVID-19 deaths assessed, adverse events in the course of hospitalisation could
be identified. The unwarranted use of antibiotics, as discussed above, was one of those
adverse events. The assessment of this type of event, in terms of a new aeticlogical agent,
overload of the healthcare system and a lack of clear treatment guidelines, poses many
difficulties. Based on the available data, it was not possible for us to establish the root
cause of the events that occurred or, in many cases, assess the real impact on survival.
An unambiguous analysis of the processes leading up to the incident would require a
much larger study using incident reports [63]. Many therapeutic failures are certainly not
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described in the medical records. Our data, although indicative, show adverse events
as an important risk factor for therapeutic failures, which is worth exploring in further
studies. Medical personmel malpractice was found in a total of 49.7% of cases. Lack of
specialist treatment (17.0%) in some patients may have contributed significantly to death.
However, there was a more frequent (32.7% of cases) delay in the use of various therapeutic
meodalities, including endotracheal intubation and immunomeodulatory treatment, which
was influenced by the limited access to places of hospitalisation in the ICU and a lack of
medication. The literature data on medical errors and adverse events in the era of the
COVID-19 pandemic are limited. Prior to the onset of SARS-CoV-2-related morbidity,
estimates from the USA in 2017 indicated that medical errors may be the third predominant
cause of death in the country [64]. In high-income countries, adverse events occur, on
average, in 1 in 10 patients [65]. Estimates for low- and middle-income countries indicate
that up to one in four patients are harmed, and 134 million adverse events occur annually
and are responsible for 2.6 million preventable deaths [66]. As many as 60% of deaths in
these countries can be attributed to a failure to maintain safety in the delivery of health
services and a poor quality of care [67].

Working under the strain of a new, hitherto unprecedented situation faced by the
medical staff who were directly involved in the fight against the pandemic may have led
to the occurrence of more errors, especially with the scarcity of adequate infrastructure
and resources. A large number of severely ill patients requiring mechanical ventilation
confronted the physician with the choice of which patient had a higher priority for such
treatment [68]. During the COVID-19 pandemic, patient safety became a particular chal-
lenge. Numerous organisational factors, staff shortages, redeployment and temporary
solutions distrupted the operation of most healthcare systems worldwide. The quality of
services declined due to the delays in the implementation of treatment for both COVID-19
and all other conditions due to the lack of or limitations in the availability of services. There
were also new types of diagnostic errors that were variously related and unrelated to the
SARS-CoV-2 virus infection itself [69].

The WHO, in a document dated 7 June 2020, provided details on defining a COVID-19
death: it is considered to be “a death resulting from a clinically compatible illness, in a
probably or confirmed COVID-19 case, unless there is a clear alternative cause of death
that cannot be related to COVID disease” [70]. The evaluation of our patient group found
that respiratory failure in the course of infection represented the vast majority of deaths
(88.79), while the remaining 11.3% deaths were of other causes representing conditions
that resulted directly from infection (mainly SCA without preceding hypoxaemia) but also
deaths in patients “with COVID-19 not due to COVID-19". This group included, among
others, patients who, due to a positive test for SARS-CoV-2 infection {without symptoms
of respiratory failure), could not have continued specialist therapy in the absence of an
adequately prepared infrastructure, e.g., dialysis, surgery or the systemic treatment of
cancer. In the few available publications evaluating the causes of death, the results were
comparable to ours. A retrospective single-centre study by Cobos-Siles et al. found that in
15% out of 128 patients, death was due to another cause with SARS-CoV-2 infection without
developing ARDS or other complications directly associated with the viral infection. This
group of patients was older (median 88 years) and had a higher multimorbid burden [71].
In contrast, Slater et al,, in their report evaluating 162 deaths from one hospital in Leeds,
indicated that SARS-CoV-2 infection was the direct cause of death in 93% of patients
(“deaths due to COVID-19"); data were based on medical reports without defining a
COVID-19 death to the end. It was indicated that 92% of patients had pulmonary infiltrates,
and 97% required oxygen therapy [72]. Discrepancies in the correct classification of death
during the pandemic may be due to the problem of over-estimation at the start of the
pandemic and under-estimation of COVID-19 deaths as the pandemic progressed. It is
emphasised that the COVID-19 pandemic is actually a syndemic, where the majority of
deaths occur in patients with additional disease burdens, and sometimes determining
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which factor actually led to a patient’s death can be difficult, especially with the decline in
the number of autopsies performed [73-75].

The analysis we performed has several limitations. Firstly, this analysis is retrospective
and concerns only COVI-19 cases that ended in death, with no comparison to the group
of patients who survived. Secondly, this is not a multicentre study, which means that local
conditions, such as the standard of care, access to specific drugs and therapies, and the
profile of patients admitted, may differ from the population average (as the standard of care
is higher in a centre specialising in infectious diseases than in some hospitals). The analysis
only used available medical records, which could also provide an erroneous assessment of
the eventin question, especially in the case of a delay or lack of specialist treatment, as well
as in determining the final cause of death and the type of complications of hospitalisation.

6. Conclusions

COVID-19 is a disease that causes deaths mainly among elderly patients with multiple
disease burdens. Respiratory failure due to SARS-CoV-2 infection is the most common
mechanism of death, while sudden cardiac arrest and deaths due to thromboembolic
complications occur less frequently. The hospitalisation of patients with severe COVID-19 is
associated with numerous adverse events, which were only, in part, dependent on medical
personnel and were largely related to the shortcomings of the healthcare system or resulted
from a stay in a hospital setting. In light of possible future pandemics caused by similar
viruses, it should be noted that mechanisms need to be developed for an efficient health
system response to the rapidly increasing care needs of critically ill patients, including
the elimination of preventable deaths, the implementation of appropriate management
standards and an increase in patient safety.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/ article/10,3390/v15071430/51, Table §1: Characteristics of selected parameters in
different age groups.

Author Contributions: Conceptualisation, A.Z. and M.E.; methodology, M.R. and T].; resources,
AZ. and MR.; writing—original draft preparation, A.Z.; writing—review and editing, M.R., K.5.
and T.|.; supervision, M.R. and T.]. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was carried out according to the subject register in Simple System SUBZ.A120.23.071
and supported by a statutory subsidy granted by the Ministry of Science and Higher Education in Poland.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Wroclaw Medical University (protocol code
Mo, 826/ 2020 from 17 December 20200,

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
this work.

Data Availability Statement: Data are available from the authors of the publication.

Conflicts of Interest: The authors declared no conflict of interest within the scope of this work.

1.  Dong, E; Du, H; Gardner, L. An interactive web-based dashboard to track COVID-19 inealime. Lancef Infect. Dis. 2020, 20,

533-534, [CrossRef]

2. Wang, H.; Paulson, K.R; Pease, 5.A.; Watson, 5.; Comfort, H.; Zheng, F; Murray, C.]. Estimating excess mortality due to the
COVID-19 pandemic: A systematic analysis of COVID-19-related mortality, 2020-2021. Lancet 2022, 399, 1513-1536. [CrossRef]

3. Zheng, Z,; Peng, F; Xu, B,; Zhao, |; Liu, FH.; Peng, |.; Li, Q.; Jiang, C.; Zhou, Y; Liu, §; et al. Risk factors of critical & mortal
COVID-19 cases: A systematic literatureeview and meta-analysis. [. Infect. 2020, 81, 16-25.

4, Rahman, A ; Sathi, N.J. Risk factors ofhe severity of COVID-19: A meta-analysis. Ini. J. Clin. Praci. 2021, 75, e13916. [CrossRef]

[PubMed]

5. Ouchetto, O; Dirissi Bourhanbour, A. Risk Factors of COVID-19 Patients, Disaster Med. Public Health Prep, 2022, 16, 1300-1302.

[CrossRef] [PubMed]

58



Viruses 2023, 15, 1430 150f 17

10.

11.

12.

13.

14.

15.
16,

17,

18,

19,
20.

21.

22,

23,

24

25.

26,

28.

29,

Zhang, | .; Dong, X.; Liu, G,; Gao, Y. Risk and Protective Factors for COVID-19 Morbidity, Severity, and Mortality. Clin. Ren. Allergy
Immnnol. 2023, 64, 90-107. [CrossRef]

Tracking SARS-CoV-2 Variants. 2023, Available online: hitps: / /www.who.int/en/ activities / tracking-SARS-CoV-Z-variants
{accessed on 1 April 2023},

Flisiak, R;; Rzymski, I; Zarebska-Michaluk, I.; Ciechanowski, F.; Dobrowolska, K.; Rogalska, M.; Jaroszewicz, |.; Szymanek-
Pasternak, A.; Rorat, M.; Kozielewicz, [); et al. Variability in the Clinical Course of COVID-1% in a Retrospective Analysis of a
Large Real-World Database, Viruses 2023, 15, 149, [CrossRef]

Dobrowolska, K.; Bradek, M.; Zarebska-Michaluk, D.; Rzymski, P.; Rogalska, M.; Moniuszko-Malinowska, A.; Flisiak, R.
Differences between the course of SARS-CoV-2 infections in the periods of the Delta and Omicron variants dominance in Poland.
Fol. Arch. Infern. Med. 2023, 2023, 16403, [CrossRef]

Karlinsky, A.; Kobak, D. Tracking excess mortality across countries during the COVID-19 pandemic with the World Mortality
Dataset. Elife 2021, 10, e69336. [CrossRef]

Elavarasi, A.; Prasad, M.; Seth, T; 5ahoo, R.K.; Madan, K.; Nischal, N.; Soneja, M,; Sharma, A.; Maulik, 5.K,; Shalimar; et al.
Chloroquine and Hydroxychloroquine for the Treatment of COVID-19: A Systematic Review and Meta-analysis. J. Gen. Infern.
Med. 2020, 35, 3308-3314. [CrossRef] [PubMed]

dos Santos, W.G. Natural History of COVID-19 and Current Knowledge on Treatment Therapeutic Options, Biomed. Pharmacoiher.
2020, 129, 110453, [CrossRef] [PubMed]

Singh, B.; Ryan, H.; Kredo, T; Chaplin, M,; Fletcher, T. Chloroquine or hydroxychloroquine for prevention and treatment of
COVID-19, Cochrane Databnse Syst. Rev. 2021, 2, CD013587. [CrossRef]

Panahi, Y.,; Gorabi, A.M,; Talaei, 5; Beiraghdar, F; Akbarzadeh, A.; Tarhriz, V.; Mellatyar, H. An overview on the treatments and
prevention against COVID-19, Virol. J. 2023, 20, 23. [CrossRef] [PubMed]

Yuan, ¥.; Jiao, B.; Qu, L; Yang, D.; Liu, R. The development of COVID-19%reatment. Froni. Impumol. 2023, 14, 1125246, [CrossRef]
Najjar-Debbiny, R.; Gronich, N.; Weber, G.; Khoury, [.; Amar, M.; Stein, N.; Goldstein, L.H.; Saliba, W. Effectiveness of Paxlovid in
Reducing Severe Coronavirus Disease 2019 and Mortality in High-Risk Patients. Clin. Infect. Dis. 2023, 76, 342-349. [CrossRef]
Li, |.; Huang, D.Q; Zou, B; Yang, H.; Hui, W.Z.; Rui, F; Yee, N.T.S; Liu, C.; Nerurkar, S.N.; Kai, ].C.Y,; et al. Epidemiclogy of
COVID-18: A systematiceview and meta-analysis of clinical characteristics, risk factors, and outcomes. [. Med. Virel. 2021, 93,
14491458, [CrossRef]

Hadfield, |.; Megill, C.; Bell, 5.M.; Huddleston, | .; Potter, B.; Callender, C.; Sagulenko, P.,; Bedford, T.; Neher, R.A, NextStrain:
Real-time tracking of pathogen evolution, Bioinformatics 2018, 34, 4121-4123, [CrossRef] [PubMed]

WHO: Clinioal Management of COVID-19; WHO: Geneva, Switzerland, 2020,

Luft, T; Benner, A; Jodele, S.; Dandoy, C.E,; Storb, R.; Gooley, T.; Penack, O. EASIX in patients with acute graft-versus-host
disease: Aetrospective cohort analysis. Lancet Haemaiol. 2017, 4, 414-423. [CrossRef]

Sikora, A.; Zahra, K. Nosocomial Infections. StatPearls. 2023. Available online: https:/ /www.nebinlmanih.gov /beoks /NBK55931
2/ (accessed on 10 April 2023).

Conceptual Framework for the International Classification for Patient Safety Yersion 1.1: Final Technical Report |anuary 2009,
2023. Available online: http:/ /apps.who.int /iris /handle /10665 /70882 (accessed on 10 April 2023).

Flisiak, R.; Horban, A.; Jaroszewicz, |.; Kozielewicz, D.; Pawlowska, M.; Parczewski, M.; Zarebska-Michaluk, . Management of
SARS-CoV-2 Infection: Recommendations of the Polish Association of Epidemiclogists and Infectiologists. Pol. Arch. Intern. Med.
2020, 130, 557-558. [CrossRef]

Flisiak, R.; Horban, A.; Jaroszewicz, |.; Kozielewicz, D.; Mastalerz-Migas, A.; Owczuk, R.; Zargbska-Michaluk, D. Management of
SARS-CoV-2 infection: Recommendations of the Polish Association of Epidemiclogists and Infectiologists as of February 23, 2022,
Pol. Arch. Intern. Med. 2022, 132, 16230. Available online: https:/ /pubmed.ncbinlmmnih.gov /35352546 (accessed on 2 May 2023).
[CrossRef]

Living Guidance for Clinical Management of COVID-19. 2023. Available online: hitps: / /www.wheo.int/publications/i/item/
WHO-2019-nCoV-clinical-2021-2 {accessed on 2 May 2023},

R Core Team. European Environment Agency. 2020. Available online: https:/ /www.eea.europa.eu/data-and-maps/indicators /
oxygen-consuming-substances-in-rivers / -development-core-team-2006 (accessed on 12 May 2023).

Pijls, B.G.; Jolani, 5; Atherley, A.; Derckx, R.T,; Dijkstra, 1.1; Franssen, G.H.,; Zeegers, M.P. Original research: Demographic risk
factors for COVID-1% infection, severity, ICU ad mission and death: A meta-analysis of 539 studies. BMJ Open 2021, 11, e044640.
[CrossRef] [PubMed]

Li, ¥; Asheroft, T.; Chung, A.; Dighero, I; Dozier, M.; Horne, M ; Mc Swiggan, E.; Shamsuddin, A,; Nair, H. Risk factors for poor
outcomes in hospitalised COVID-19 patients: A systematic review and meta-analysis. [. Glob. Healfi 2021, 11, 10001. [CrossRef]
[PubMed]

Modes, M.E.; Directo, M.P.; Melgar, M.; Johnson, L.R.; Yang, H.; Chaudhary, ; Chen, P. Clinical Characteristics and Outcomes
Among Adults Hospitalized with Laboratory-Confirmed SARS-CoV-2nfection During Periods of B.1.617.2 (Delta) and B.1.1.52¢
(Omicron) Variant Predominance—COne Hospital, California, July 15-September 23, 2021, and December 21, 2021-January 27,
2022, MMWR Recemm. Rep. 2022, 71, 217-223.

59



Viruses 2023, 15, 1430 160f 17

30.

31,

32

33,

34

36,

37.

38.

39,

40,

41,

42,

43,

44

45,

46,

47

48,

49,

50,

51.
52,

Nyberg, T.; Ferguson, N.M.; Nash, 5.G,; Webster, H.H; Flaxman, 5.; Andrews, N.; Thelwall, 5. Comparative analysis ofheisks of
hospitalisation and death associated with SARS-CoV-2 omicron (B.1.1.529) and delta (B.1.617.2) variants in England: A cohort
study. Lancef 2022, 398, 1303-1312 [CrossRef] [FubMed]

Alwani, M.; Yassin, A.; Al-Zoubi, R.M.; Aboumarzouk, O.M.; Nettleship, J.; Kelly, I.; Shabsigh, R. Sex-based differences in
severity and mortality in COVID-19. Ren. Med. Virol. 2021, 31, 31. [CrossRef] [PubMed]

Karlberg, |.; Chong, D.5.Y; Lai, W.Y.Y. Do Men Have a Higher Case Fatality Rate of Severe Acute Respiratory Syndrome than
Women Do? Am. J. Epidemicl. 2004, 159, 229. [CrossRef]

|ansen, A.; Chiew, M.; Konings, F; Lee, C.-K; Li, A. Sex matters-a preliminary analysis of Middle East respiratory syndrome in
the Republic of Korea, 2015. Western. Pac. Surveill. Response . 2015, 6, 68. [CrossRef]

Kalicinska, E.; Biernat, M.; Rybka, |.; Ziriczuk, A.; Janocha-Litwin, |.; Rosiek-Biegus, M.; Morawska, M.; Waszczuk-Gajda, A.;
Drozd-Sokotowska, |.; Szukalski; et al, Endothelial Activation and Stressndex (EASIX) as an Early Predictor for Mortality and
Overall Survival in Hematological and Non-Hematological Patients with COVID-19: Multicenter Cohort Study. [, Clin. Med.
2021, 10, 4373, [CrossRef]

Ziriczuk, A.; Rorat, M.; Simon, K ; Jurek, T. EASIX, Modified EASIX and Simplified EASIX as an Early Predictor for intensive Care
Unit Admission and Mortality in Severe COVID-19 Patients. [. Pers. Med. 2022, 12, 1022. [CrossRef]

Luft, T; Wendtner, C.M.; Kosely, F.; Radujkovic, A.; Benner, A,; Korell, F,; Merle, U. EASIX for Prediction of Qutcome in
Hospitalized SARS-CoV-Intected Patients. Front. Immuinel. 2021, 12, 1-9. [CrossRef]

Chang, R.; Mamun, A.; Dominic, A.; Le, N.T. SARS-CoV-2 Mediated Endothelial Dysfunction: The Potential Role of Chronic
Orxidative Stress. Front. Physiol. 2021, 11, 605908, [CrossRef]

Smadja, D.M.; Guerin, C.L,; Chocron, R; Yatim, N.; Boussier, |.; Gendron, N; Khider, L.; Hadjadj, ].; Goudot, G.; Debuc, B; et al.
Angiopoietin-2 as a marker ofndothelial activation is a good predictor factor for intensive care unit admission of COVID-19
patients. Angiogenesis 2020, 23, 611-620. [CrossRef] [PubMed]

Gavriilaki, E.; Anyfanti, P; Gavriilaki, M.; Lazaridis, A.; Douma, 5,; Gkaliagkousi, E. Endothelial Dysfunction in COVID-19:
Lessons Learned from Corenaviruses. Curr. Hypertens. Rep. 2020, 22, 1-12. [CrossRef]

Koh, G.; Varga, Z.; Flammer, A ].; Steiger, I’; Haberecker, M.; Zinkernagel, R.A.A.S; Mehra, M.R; Schuepbach, R.A.; Ruschitzka,
F; Moch, H. Faculty Opinions recommendation of Endothelial cell infection and endothelittis in COVID-19. Lancet 2020, 395,
1417-1418,

Vincent, ].L.; Rello, |.; Marshall, |.; Silva, E.; Anzueto, A.; Martin, C.D,; Epic Il Group of Investigators. International study othe
prevalence and outcomes of infection in intensive care units, JAMA 2009, 302, 2323-2329, [CrossRef] [PubMed]

Contou, I; Cally; R.; Sarfati, F.; Desaint, ; Fraissé, M,; Planteféve, G, Causes and timing of death in critically ill COVID-19
patients. Crit, Care 2021, 25, 1-4. [CrossRef]

Garcia-Vidal, C.; Sanjuan, G.; Moreno-Garcia, E.; Puerta-Alcalde, P; Garcia-Pouton, N.; Chumbita, M.; Fernandez-Pittol, M.;
Pitart, C; Inciarte, A.; Bodro, M,; etal. Incidence of co-infections and superinfections in hospitalized patients with COVID-19:
Retrospective Cohort Study. Clin. Microbiol. Infect. 2021, 27, 83. [CrossRef]

Soriano, M.C.; Vaquero, C.; Ortiz-Fernandez, A; Caballero, A; Blandino-Ortiz, A.; de Pablo, R. Low incidence of co-infection, but
high incidence of CU-acquired infections in critically ill patients with COVID-19, . Infect. 2021, 82, 20, [CrossRef] [PubMed]
Lansbury, L.; Lim, B.; Baskaran, V,; Lim, W.S, Co-infections in people with COVID-19: A systematic review and meta-analysis.
J. Infect. 2020, 81, 266-275. [CrossRef]

Rawson, T.; Moore, L.; Zhu, N.; Ranganathan, N.; Skolimowska, K.; Gilchrist, M,; Satta, G.; Cocke, G.; Holmes, A, Clinical
Infectious Diseases Bacterial and Fungal Coinfection in Individuals with Coronavirus: A Rapid Review to Support COVID-19
Antimicrobial Prescribing. 2023. Available online: https:/ /academic.oup.com /cid /article /71/9 /2459 /5828058 (accessed on
2 May 2023).

Litwin, A_; Fedorowicz, O.; Duszynska, W. Characteristics of Microbial Factors of Healthcare-Associated Infections Including
Multidrug-Resistant Pathogens and Antibiotic Consumption at the University Intensive Care Unit in Poland in the Years
2011-2018. Int. |. Enviven. Res. Public Health 2020, 17, 6943, [CrossRef]

Bogossian, E.G; Taccone, ES;; Izzi, A;; Yin, N,; Garufi, A;; Hublet, 5; Njimi, H,; Ege, A.; Gorham, [.; Byl, B.; et al. The Acquisition
of Multidrug-Resistant Bacteria in Patients Admitted to COVID-1% Intensive Care Units: A Monocentric Retrospective Case
Control Study. Microorganisms 2020, 8, 1821. [CrossRef] [PubMed]

Fatel, A; Emerick, M.; Cabunoc, M.K.; Williams, M.H.; Preas, M.A.; Schrank, G.; Rabinowitz, R.; Luethy, P; Johnson, | K.; Leekha,
S. Rapid Spread and Control of Multidrug-Resistant Gram-Negative Bacteria in COVID-19 Patient Care Units. Emerg. Infoct. Dis.
2021, 27, 1234-1237. [CrossRef]

Khan, M.; Adil, S.F; Alkhathlan, H.Z.; Tahir, M.N ; Saif, 5.; Khan, M.; Khan, 5.T. COVID-1%: A Global Challenge with Old History,
Epidemiology and Frogress So Far. Molecules 2020, 26, 39. [CrossRef] [PubMed]

Shaffer, L. 15 drugs being tested to treat COVID-19 and how they would work. Nat. Med. 2020; ahead of print.

Gavriatopoulou, M,; Ntanasis-Stathopoulos, 1.; Kotompoki, E ; Fotiou, D.; Migkou, M,; Tzanninis, 1.-G.; Psaltopoulou, T ; Kastritis,
E.; Terpos, E.; Dimopoulos, M.A. Emerging treatment strategies for COVID-19 infection. Clin. Exp. Med. 2020, 21, 167-179.
[CrossRef] [PubMed]

60



Viruses 2023, 15, 1430 17 of 17

53.

54,

55.

56.

57.

59,

60,

61.

62,

63,

64,

65.

66,

67,

68,

69,

71,

72

73

74,
75.

Chaudhuri, D; Sasaki, K.; Karkar, A.; Sharif, 5.; Lewis, K.; Mammen, M.].; Alexander, P; Ye, Z.; Lozano, L.E.C.; Munch, M.W; et al.
Corticosteroids in COVID-19 and non-COVID-19 ARDS: A systematic review and meta-analysis. Infensive Care Med. 2021, 47,
521-537. [CrossRef]

Cochrane Haematology Group; Wagner, C.; Griesel, M,; Mikolajewska, A.; Mueller, A.; Nothacker, M,; Fichtner, F. Systemic
corticosteroids for the treatment of COVID-19. Cochirane Database Syst. Rev. 2021, 8, CD0O14963.

RECOVERY Collaborative Group. Baricitinib in patients admitted to hospital with COVID-19 (RECOVERYE A randomised,
controlled, open-label, platform trial and updated meta-analysis. Lapcet 2022, 400, 359-368. [CrossRef] [FubMed]

Alhazzani, W.; Evans, L; Alshamsi, E; Maller, M.H.; Ostermann, M,; Prescott, H.C.; Arabi, Y.M.; Loeb, M.; Gong, M.N.; Fan,
E.;etal Surviving Sepsis Campaign Guidelines on the Management of Adults With Coronavirus Disease 2019 (COVID-19) in the
ICU: First Update. Crit. Care Med. 2021, 49, e219-e234. [CrossRef]

Rochwerg, B.; Einav, 5; Chaudhuri, D.; Mancebo, |.; Mauri, T.; Helviz, Y; Goligher, E.C.; Jaber, 5; Ricard, ].-D.; Rittayamai,
N.; et al. The role for high flow nasal cannula as a respiratory support strategy in adults: A clinical practice guideline. Intensive
Care Med, 2020, 46, 2226-2237. [CrossRef]

Rorat, M; Szymariski, W; Jurek, T.; Karczewski, M.; Zelig, J.; Simon, K. When Conventional Oxygen Therapy Fails-The
Effectiveness of High-Flow Nasal Oxygen Therapy in Patients with Respiratory Failure in the Course of COVID-19. [ Clin. Med.
2021, 10, 4751, [CrossRef]

Ye, ().; Wang, B.; Mao, |. The pathogenesis andreatment of the ‘Cytokine Storm” in COVID-19, |. Infect. 2020, 80, 607-613.
[CrossRef]

Conway, E.M.; Mackman, N.; Warren, R.Q; Welberg, A.S.; Mosnier, L.O; Campbell, R.A; Gralinski, L.E,; Rondina, M.T; van de
Veerdonk, FL,; Hoffmeister, K.M.; et al. Understanding COVID-1%-associated coagulopathy. Nat. Rew. Intmunol. 2022, 22, 639-649.
[CrossRef] [PubMed]

Suh, Y.[; Hong, H;; Ohana, M.; Bompard, F; Revel, M.-P,; Valle, C.; Gervaise, A;; Poissy, |.; Susen, 5.; Hékimian, G.; et al.
Pulmonary Embolism and Deep Vein Thrombosis in COVID-19: A Systematic Review and Meta-Analysis. Radiology 2021, 293,
E70-E80. [CrossRef] [FubMed]

Yang, X.; Tian, S.; Guo, H. Acute kidney injury and renal replacement therapy in COVID-19 patients: A systematic review and
meta-analysis. Inf. Inmunopharmacel. 2021, 90, 107159, [CrossRef]

World Health Organization. Patient Safety Incident Reporting and Learning Systems. In Technical Report and Guidance; WHO:
Geneva, Switzerland, 2020; pp. 1-51.

Anderson, J.G.; Abrahamson, K. Your Health Care May Kill You: Medical Errors, Stud. Health Technol. Inform. 2017, 234, 13-17.
[PubMed]

The Economics of Patient Safety: Strengthening a Value-Based Approach to Reducing Patient Harm at National Level | OECD
Health Working Papers | OECD iLibrary. 2023. Available online: https://www.cecd-ilibrary.org /social-issues-migration-health/
the-economics-of-patient-safety_5a%858cd-en (accessed on 23 May 2023).

Crossing the Global Quality Chasm: Improving Health Care Worldwide. Crossing the Global Quality Chasm. 2018, Available
online: hitps: / /pubmed .ncbinlm.nih.gov /30606296, (accessed on 23 May 2023).

E Kruk, M.; Gage, A.[D.; Arsenault, C.; Jordan, K,; Leslie, HH.; Roder-DeWan, 5; Adeyi, O.; Barker, P.; Daelmans, B.; Doubova,
5.V, et al. High-quality health systems in the Sustainable Development Goals era: Time for a revolution. Lancet Glob. Health 2018,
6, e1196-01252, [CrossRet]

Cohen, G.; Crespo, A M.; White, ID.B. Potential Legal Liability for Withdrawing or Withholding Ventilators During COVID-19:
Assessing The Risks and Identifying Needed Reforms. JAMA 2020, 323, 1901-1902. [CrossRef] [PubMed]

Ensuring a Safe Environment for Patients and Staff in COVID-19 Health-Care Facilities: A Module from the Suite of Health Service
Capacity Assessments in the Context of the COVID-19 Pandemic. 2023. Available online: hitps:/ /www.who.int/publications-
detail-redirect/WHO-2019-nCoV-HCF_assessment-5afe_environment-2020.1 (accessed on 23 May 2023).

Medical Certification, C1D Mortality Ceding, and Reporting Mortality Associated with COVID-19. 2023, Available online:
https: / /www.who.int/publications /i/item / WHO- 2019-nCoV-mortality-reporting-2020-1 (accessed on 2¢ April 2023},
Cobos-Siles, M.; Cubero-Morais, P; Arroyo-Jimenez, I.; Rey-Hernandez, M,; Hernandez-Gomez, L.; Vargas-Parra, D.].; Corral-
Gudino, L. Cause-specific death in hospitalized individuals infected with SARS-CoV-2: More than just acute respiratory failure or
thromboembolic events. nfern. Emerg. Med. 2020, 15, 1523, [CrossRef]

Slater, TA.; Straw, 5.; Drozd, M.; Kamalathasan, 5.; Cowley, A.; Witte, K.K. Dying ‘dueo” or ‘with’ COVID-19: A cause of death
analysis in hospitalised patients. Clin. Med. 2020, 20, 189. [CrossRef]

Salerno, M.,; Sessa, F; Piscopo, A;; Montana, A; Torrisi, M.; Patang, F; Murabito, P; Volti, G.L,; Pomara, C. No Autopsies on
COVID-19 Deaths: A Missed Opportunity and the Lockdown of Science. [, Clin, Med, 2020, 9, 1472. [CrossRef]

loannidis, | P.A, Over- and under-estimation of COVID-19 deaths. Eur. J. Epidemiol. 2021, 36, 581. [CrossRef] [PubMed]

Horton, R. Offline: COVID-19 is not a pandemic. Lancel 2020, 396, 874, Available online: http:/ /pme/articles/ PMC7515561 /
{accessed on 29 April 2023). [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and /or the editor(s). MDPI and /or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, mstructions or products referred to in the content.

61



Archiwum Medycyny Sadowe] i§ Kryminologii
Archives of Forensic Medicine and Criminology

COVID-19-related excess mortality
- an overview of the current evidence
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przeglad aktualnych informacji
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Abstract

Analysis of excess deaths, defined as the difference in the total number of deaths inan emergency compared ta the number of deaths
axpected under normal conditions, allows a more reliable assassment of the impact on health systems caused by the global threat of
SARS-Cov-2 (Severe Acute Respiratory Syndrome Coronavirus2). So far, data for the two years of the pandemic{2020-2021) Indicates the
orourrence of 149 million excess deaths according to WHO (World Health Grganization) estimates. The purpese of the analysis conduc-
ted was to define the concept and identify the causes of excess mortality during the COVID-13 pandemic. Inconsistent and unreliable
death registration systems; overburdened health systems in low- and middla-income countrias reduced access 1o medical services for
patients with health prablems other than COVIDA19; the introduction of sacial distancing and lockdown rules, which translated into in-
creased deaths from psychiatric linesses and addictions; political considerations and media messages thatinterfered with vaccination
acceptance and adherence; and the additional impact of nther natural disasters (hurricanes, floods, drought) were identified as the
most Important reasons for excess deaths occurrence. The correct identification of country-specific factors and the correct response
and countermeasures taken appear crucial in terms of limiting the negative impact of the current pandemic, but also of future threats
of asimilar natura, in arder to reduce exress deaths.

Keywords
SARS-CaV-2, death, global mortality, pandamic
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Streszczenie

Analiza zgnndw nadmiarowych definlowanych jako réinica w catkowite] liczbie zgondw w sytuac)i kryzysowe] w pordwnaniu do liczby
zgondw oczekiwanych w normalnych warunkach, pozwala bardzig] wiarygodnie ccenic wplyw globalneso zagrozenia jakim ckazat sig
nowy koronawirus SARS-CoV-2 {Severe Acuite Respiratery Syndrome Coronaviruse-2) na systemy opieki zdrowotne]. Dotychczasowe
dane dotyczace dwich lat pandemii (2020-2027) wekazuja na wystapienie 145 miliona zgondw nadmiarowych wedtug szacunkow WHO
{World Health Organization). Celem przeprowadzonaj analizy byto zdefiniowanie pojecia oaz wskazanie prayezyn wystepowania nad-
miamowych zgondw w trakcie pandemil COVID-19, Jako najwaznielsze prayczyny Ich pojawienia sie nalezy uznad nieszpdjne | mato wia-
ryendne systamy rojestradi zsondw; przeciazenie systemdw oplekl zdrowotne] w kralach o niskich 1 dradnich dochodach; neraniczenie
daostepu do swiadczen medycznych dla pagentow z innymi niz COVIDA1S problemami zdrowotnymi; wprowadzenie zasad Cystansu
spotecznego oraz lockdownu, co przetoryio sie na zwiekszenie liczby zgondw z powodu chordb paychiatrycznych 1 uzaleznier; wzsledy
nolityczne | przekaz medialny, kidre ingerowaty w akcéptacje szczepien | stosowanie sie do zalecef; dodatkowy wptyw innych klesk
zywiotowych (huragandw, powodzl, suszy). Wiasciwa ldentyfikacja caynnikdw wystepulacych w danym kraju oraz prawidtowa reakgja |
nodjgte srodki zaradoze wydaja sig kluczowe w aspekcie ograniczenia negatywnych skutkdw aktualng] pandemil, ale takze preyszhych

zagrozen o pedobnym charaklerze, w celu ograniczenia liczby nadmiarcwych zgondw.

Stowa kluczowe
SARS-CoV-2, zgon, globalna smiertelnosd, pandemia

Introduction

[nfections with the new Severe Acute Respiratory Syndrome
Corenavirus-2 (SARS-CoV-2), Tnitially referred to as pneumonia
of unknown cause, ware first reported on 31 December 2009 by
the China Country WHO Dffice. As garly as on 5 January 2020,
WHO oficially announced the detection of a cluster of infec-
tions with an unknown biological agent [1]. Initial ohservations
of the mechanism of spread of the infection and the clinical
picture of the disease it causes indicated similarities with
SARS-Cov-1 (Severe Acute Respiratory Syndrome Coronavi-
rus-1) and MERS-CoV (Middle East Respiratory Syndrome Coro-
navirus). The increasing number of infections, confirmation of
hiuman-to-human transmission and emergence of new cases
in other countries prompted WHO to declare a Fublic Health
Emergency of International Concern (PHEIC) on 30 January
2020, while on 11 March 2020, due to the lack of control of the
disease, COVID-19 {Coronavirus disease 2019) was classified as
a pandemic [2], [3].

Analyzing the impact of a pandemic on public health is crucial
for any national health system 1o identify links that are not
functioning properly. Proper evaluation of the causes of death
and their circumstances in the context of preventable deaths
is a task that unites epidemiologists, clinicians and patholo-
gists {including forensic pathologists) who determine the
pathogenesis of death. All over the world, the first cases of
COVID-19 deaths were subjected 1o past-moriem diagnosis [4],
and further studies allowed rapid understanding of the etio-
pathogenesis and course of the disease, refining ways to diag-
nose and treat it [5], [6].

34

Ruring the pandemic, there was a tendency for COVID19
deaths to be diagnosed in almast every case of positive antl-
gan o PCR (Polymerase Chain Reaction) test, significantly af-
fecting epidemiclogy and mortality statistics. Inferring the
cause of death is based on establishing causation. Not every
abnormality s necessarily impartant in the pathogenesis of
death, not every positive test result means active infection,
much less disease. Lack of diagnostic insight leads to a false
assessment of the mortality structure with omissien of its im-
portant elemants not directly related to coronavirus disease
incidence. This could be very important for learning from the
effects of the pandemic and, in the event of further global
threats, for increasing the number of deaths that could have
been avoided. For this reason, in the authors’ opinion, it is
necessary to present many different aspects of mortality
during the COVID-19 pandemic.

The rapidly increasing number of cases of respiratory failurein
the course of SARS-CoV-2 infection, which regquired hospital-
ization and specialized treatment, significantly limited the ca-
parity of the health rare system to provide services to other
patients in need. Initially, enly selected centers, particularly
infectious diseases wards/hospitals, provided care for pa-
tients with COVID-15. Lack of knowlaedge about the mecha-
nisms of virus transmissien and actien; organizaticnal chaos
due to lack of recommendations, limited access 1o personal
protective eguipment, and unpreparednass of medical entl-
ties for an epidemiclogical disaster; coupled with fear of the
medical personnel, resulted in greatly impaired access 1o
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many procedures and specialists. All this had an obvious Im-
pact on the number of deaths, because in addition to the cas-
es causerd by SARS-CoV-2, there were also deaths that were an
indirect effect of the pandemic (so-called non-COVID victims
of the pandemic), This is an Issue that is difficult io assess, as
it also involves a critical assessment of the correctness of
medical personnal's conduct and systemic errors made by
health care managers.

The analysis of the available data on excess moriality related
to the COVID-18 pandemic aims 1o define the issug, identify
the causes of their occurrence, and establish common areas 1o
create a coherent strategy for responding to future pandemic
biological threats. The literature review was performed on 11
May 2023 In the Pubmed database using the keywords:
COVID-18, SARS-CoV-Z, excess deaths, excess mortality.

Excess Deaths

Exress deaths are considerad to be “the difference in the total
number of deaths in a crisis compared to those expected un-
der normal conditions” [7], [8]. This is a concept used to assess
the Impact of a threat on the number of deaths duringa crisis,
taking into account intermediate elements such as the restric-
tions implemented or the overloading of the health care sys-
tem, which mare reliably reflects the true scale of the problem
[8], [10]. Assessing excess deaths is also an indicator to show
how prepared a country’s health system is for a mass event,
and to indicate social inegualities, such as those related to
gender, age, wealth, ethnicity [110. It should be neted that ax-
cess death rates report aggregate numbers of deaths due 1o
variolls causes, such as an increase as a result of lack of ac
cass to health care, but alse a decrease due toa reduction in
traffic accidents after the introduction of movement restric-
tions due to the pandeamic [10]. The COVID-19 pandemic 15 not
the first glebal event to use this parameter. The impact of the
so-called “Spanish flu” pandemic in 1918 and other mass di-
saster-type events (Hurricane Maria in Puerto Rico) was previ-
ously evaluated in this way [12], [13]. In practice, excess deaths
are the difference between observed deaths and those ex-
pected based on the averages from previous years.

Excess Mortality

Exress mortality Is the ratio of the number of observed deaths
to expected mortality in percentage terms. The higher it is, the
higher the number of all additicnal deaths above the expect-
ad ones, a negative value means moriality lower than average.
Rates of excess mortality caused by COVIDRA9, in addition 1o
the infection itself, are related to overall mortality rates in a
country and to the age structure of the population - especially
the number of =65 year olds, the group most at risk of death
[14], [15]. For this reason, the COVID-19 pandemic is referred to
as a syndemic, or synergistic epidemic, during which the virus
causas deaths primarily in key populations (the elderly and
peaple with concomitant diseases) [16). 1L is emphasized that
the impact of COVID-19 on the number of excess deaths relat-
ad to the mechanizsms of health systems under the impact of
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the pandemic may be spread overtime and also occurin sub-
sequent years, not only during the period of death registration
[17].

In order to comprehensively assess deaths during the pan-
demic, a WHO Technical Advisory Group on COVID-19 Mortality
Assessment was established in February 2021. Basad on its
analysis, WHG states the number of victims of the 2020 pan-
demic 1o be at lsast 3 million, about 1.2 million more than the
reparted number of COVID-15-related deaths in that pericd.
However, the data came from only two areas - European and
American, while the others lacked sufficient data for calcula-
tlens [7]. In contrast, the latest available report covering the
peried from 1January 2020 to 31 December 2027 found that the
number of excess deaths was 149 million (13.3-16.6), 84% of
which occurred in middle-Tncome countries [18]. A higher fig-
ure for this time frame was reported by the authers of an anal-
ysis published in The Lancet, according to which the number
of excess deaths by 31 December 2021 reached 18.2 million
globally [85% uncertainty interval (U1) 171-19.6], and the excess
mortality rate reached 120.30 [95% Ul 1131-125.2] per 100,000,
with the highest rates per 100,000 population In Andean Latin
America {5119), Central {(315.7) and Eastern {(345.2) Furope,
Southern Sub-Saharan Africa (308.6) and Central America
(274.4)17]. The country that accounted for 22.3% of the globally
analyzed excess deaths is India with 4.07 million {85% Ul 3.1~
4£36) [17]. In contrast, a meta-analysis by Shang et al. covering
data available from 1 January 2020 to 21 May 2022 indicates
104.84 [95% confidence interval (CI) §9.56-12413] excess deaths
per 100,000 globally. The highest rates were achieved in South
America {13402) and North America {124.63), and in Europe
(12216}, as well as among people over 60 (781.74) and among
men (13010} [8). More recent data is available for the European
area. According to the information provided by Eurostat, Feb-
ruary 2023 was the first month since the start of the pandemic
inwhich there were no excess deaths for the entire European
Union (EU}area - the excass mortality rate dropped 1o -23%. In
contrast, analysis of the entire EU pandemic period to date
Indicates that there have been 4 peaks of excess mortality -
the highest one in Novembear 2020 (4D.0%, in Eastern European
countries reaching over 90.0%), in Novembar 2021 {26.5%), in
April 2020 (25.2%) and in April 2021 {20.9%) [19].

Causes

The gap between the recorded number of COVIE-15 deaths
andthe actual number of pandemic victims is filled by excess
deaths, the number of which reflacts the artual impact of the
pandemicon public health. When discussing the causes of the
occurrence of these deaths, it is important io note the strong-
lyvarying backeround of this issue.

Diagnosis and Registration of Deaths

Since their inception, COVID-18 death registration systems
have been based on a positive test result for SARS-Cov-2. Later
on, with the possibility of diagnosis based on symptoms and
results of additienal laberatory and imaging tests, but labora-
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tory confirmation was usually required amyway [10]. It should
also be noted that testing policies varied from country to
country and from pandemic stage to pandemic stage [10]. This
has cbvious implications, Where access to diagnostics is [imit-
ed and the number of symptomatic patients is high, there is a
slgnificant overload on the system and an underestimation of
the numbear of COVID-19 rases identified, which translates into
underestimating ceaths from this cause and showing more
oxcess deaths [20]. Such a relationship was described espe-
cially at the beginning of the pandemic in China. Based on a
mathematical model, the authors of one publication showed
that up to 8§6% of COVID-19 rases were unrecognized prior to
the implementation of travel restrictions within Wuhan on 23
January 2020, translating into a rapid global spread of the in-
fection [21]. Similar observations have been found in other
countries around the world, while emphasizing the mpor-
tance of early isolation In the absence of access 1o widespread
and efficient diagnostics [22]-[25].

An additional diagnostic concern is the sensitivity and speci-
ficity of PCR tests, which depends, among others, on the type
of test, the timing of the test, and where and how the binlogi-
ral material is collected for testing [26] False-negative PCR
test results were obtained at the beginning of the pandemicin
up to 29% of cases [27]. Itis emphasized that a single negative
result of such a testin a situation of high probability of dis-
ease {(sg, based on the clinical picture) is not sufficient to
exclude the disease, especially when the test was developed
ina population with a large number of cases, and is used in
conditions where there are fewer cases, which translates into
a higher number of false-negative results [10], [14], [28] Incor-
recttest results affect death registries based on the need for a
positive result, especially if a negative test result was abtained
hefore the patient died [29].

Overburdening the health system may have led to COVID-15
deaths being attributed to latrogenic causas - such as the use
of harmful pharmacotherapy, as in the case of hydroxychlorm-
quine, or inappropriate oxygen therapy [301-(33]. The issue of
jatrogenic harm associated with the use of therapies with no
proven efficacy in the treatment of COVIE-19 was addressed in
the course of establishing the respective WHO recommenda-
tions. The current guidelines, dated 13 January 2023, include
summaries of studies arguing against the use of hydroxychlo-
roguine (30 randomized clinical trials), lopinavir-ritonavir
{7 randomized clinical trials) and ivermectin (16 randomized
clinical trials), detailing the adverse effects caused by these
tharapies [34]. However, there was no clear effect on increased
mortality in the groups taking the drugs analyzed.

[t should be emphasized that the difference between the ac-
tual and laboratory-confirmed number of COVID-19 deaths s
only a fraction of the total number of excess deaths, although
the difference indicates the guality of national health systems’
preparation for the pandemic [35]. Post-mortem diagnosis of
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COVID-19-related deaths has not been routinely conducted on
a large scale. The time of the COVID-19 pandemic, especially its
beginning, was a period when the number of autopsies per-
formed dropped dramatically. In April 2020, when socme
150,000 deaths from SARS-CoV-2 were reported, only 16 autop-
sy descriptions were published n the literature, with mare
than half of the autopsies incomplete [36]. This is a disadvan-
tageous situation due, among others, 1o Uncertainty about the
proper classification of the cause of death, as well as the lack
of key information about the pathological changes raused by
thevirus [37]. As a rule, a full post-mortem diagnosis includas
not only an autopsy with histopathological, toxicological or
microbiological examinations, but also a detailed analysis of
the patient's medical history, medical data or history from wit-
nesses to the last days of the patient’s life - which often allows
verification of the causes of death assumed by clinicians. In
the case of COVID19, patient autopsies were limited to single
or serial case studies to clarify the etiopathogenesis and na-
ture of the pathologies caused by the disease, with occasional
indications for forensic medical autopsies [38]-[40]. For this
reasan, the most thorough investigations into the causes and
circumstances of death by pathologists and forensic patholn-
gists have little impact on epidemiolegical determinations of
the causes of excess mortality.

Looking at the issue from the other side - during successive
pericds of pandemics, further effective methods of fighting
the infection, such as targeted therapies and vaccines, were
acquired, which are particularly important in protecting key
populations [14]. Access to reliable, rapid diagnostic tests has
improved, with most patients having tests performed in pri-
mary care, which has significantly improved the detection of
infections, including those asymptomatic or with few symp-
toms. Deaths of people with a history of positive results, often
dueto lack of proper case analysis, were routinely classified as
caused by infection, which translated Into overestimation of
the total number of COVID-19 deaths [14], [47].

The term “death with SARS-Cov-2 infection” has appeared in
the literature [10], [42]. This described, inter alia, situations in
wihlch the death was a result of a crime, suicide or road traffic
accicent, and a post-mortem test positive for SARS-CoV-2 was
abtained [43]. In 2020, WHO issued a document with instruc-
tions for recognizing COVID-1% as a direct cause of death. Ac-
cording to the proposed definition, itis "a death resulting from
a clinically compatible illness, in a probable or confirmed
COVID-18 case, unless there is a clear alternative cause of
death that cannot be related to COVID disease” [44]. Currently,
in the dominant phase of the Omicron variant, this issue is
particularly relevant, due to the decidedly milder nature of the
infaction [45), [46). This requires a meticulous analysis of the
case before classifying it as a COVID-19 death [10], [47).

An additional motive for impreper reporting of the cause of
death may have been the funding of benefits depending on
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Table 1. Summary of factors affecting the reliability of COVID-12 death rate data
Tabela 1. Podsumowanie czynnifkéw wplywajacych na wiarygodnos¢ danych dotyczgeych wspolczynnika zgondw z powodu Covid-19

Underestimation of the number of deaths

Overestimation of the number of deaths

Lack of testing at the start of the pandemic.

Attribution of death due to COVID-15 in those with a positive test result and
no signs of infection or respiratory failure.

The use of low-sensitivity tests.

latrogenic deaths (use of incorract therapy) attributed to COVID-19.

Lack aof adequate technical facilities and infrastructure
for diagnostics.

Lack of post-martem diagnasis and verification of causes of death.

Lack of reliable death registers.

Better funding of COVI01% diagnosis by healthcare funding authorities.

the diagnosis cede. In some health systems, temporarily in-
cluding Poland, making a COVID-19 diagnosis according 1o the
ICD-10 {International Classification of Diseases, Tenth Revi-
sion) classification has been associated with better valuation
of services, in others - even with compensation payments io
families, including India [48].

Reliability and consistent maintenance of meadical records s a
very important factor in determining the reliability of statisti-
cal data. The shortcamings of electronic medical records were
highlighted - an analysis of electronic data, and data in paper
form, of 516 patients of a London hospital, showed differences
of 40% of cases. This also translates into the veracity of the
conclusions drawn from the interpretation of these docu-
mants [48]. WHO notes that the reliability of the data is Influ-
enced by a well-functioning statistical system that allows for
efficient recording and evaluation of population demograph-
ics. Far the African region, the lowest death registration rates
in the world are found {about 10%), resulting in underestima-
tion of deaths and lack of reliable epidemiological data from
the area [7], [50]. In contrast, an analysis of death certificates
from the US shows a high correspondence between the actual
number of deaths and the reports according to the |CD-10
classification [51].

In sum, with successive periods of the pandemic, diagnostic
advances and changes in the dominant variants, there was a
downward trend in the number of underestimated deaths and
an increase in the overdiagnosis of COVID-19 as the cause of
death, which cbviously translated into a global assessment of
excess mortality — these factors are summarized in Table 1.

Political Considerations Affecting Reporting

Pandemic in some countries has alse proven to be a tonl of
political gamesmanship to keep voters with a particular party.
The applied narrative of the authorities, in which there was no
clear message about the positive effects of vaccination or the
actual number of deaths, and the failure to admit their own
mistakes in preparing and organizing the health system 1o
deal with the pandemic, caused a false sense of security
amang the public, which resulted, ameng others, in challeng-
ing vaccinations and translated into a large number of excess

deaths in the subseguent waves of the pandemic in Poland
[52]. Inthe US and South Korea, political views were related to
perceptions of the risk of viral infection being significantly
higher, which the US researchers found to be reflected in the
use of masks, frequency of vaccinations, number of COVID-19
cases and SARS-CoV-2 deaths [53]-[56]. The use of political
disinfermation, the undermining of the authority of the health
ministry, and the promotion of pseudoscience by the Brazilian
president at the beginning of the COVID-19 pandemic, were
important underpinnings of the country's subseguent health
crisis, as highlighted in various studies [57]-[59]. A study from
[taly revealed a significant influence of politics and the media
on the perception of sclentific messages and scientific author-
ities during the pandemic [80]. This shows the importance of
properly conducted political leadership based on clear pringi-
ples and in cooperation with authorities, in order to make
sound derisions that will translate into later success in the
fight against the pandemic. The effectiveness of such mea-
sures has been confirmed In Aslan countries [67].

Impact of Lockdown and Other Restrictions on the
Occurrence of Certain Medical Events

From the very beginning of the pandemic, non-pharmaceuti-
cal interventions (NPIs), such as social distance, lockdown and
maovement restrictions, were undertaken to reduce the num-
ber of COVID-19 cases and deaths [62], [63]. However, it trans-
pired that these restrictions alse had a direct impact on the
number of excess deaths, as a result of the occurrence of
(mostly incorrect) non-COVIR-18 avents related to the provi-
zion of medical services. The impact on the number of excess
deaths was greater the longer and more intensive the restric-
tions applied, as found in an analysis of countermeasures tak-
en in 22 Furopean countries [64]. As a conseguence of lock-
down, the number of hospital emergency department admis-
sions and patient hospitalizations for general causes and
cardiovascular events decreased, as studies from Germany,
England and Greece have shown [85]-[68]. In the US, it has
been estimated that the pandemic affected a 12% decrease in
emergency care reporting for adult patients and more than
30% for elective reasons [70]. There has alsc been a cata-
strophic decline in the number of detected and treated rases
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of tuberculosis, which had been previously the most commaon
infectious cause of death worldwide [71]. According to WHO
reports, this has translated into an increase in tuberculosis-re-
lated deaths and an increase in cases of drug-resistant tubar-
culosis [72]. A significant decling in cancer diagnoses has been
found in numerous countries as a result of a decrease in the
number of screening tests performed and restrictions on can-
rer treatment, such as the choice of systemic treatment regi-
mens that are less effective but carry a lower risk of patient
hospitalization [73]-[76]. In particular, there was a significant
decrease in the number of surgical procedures performed
romparad 1o other therapies (339% vs. -126%) [/7] A reduc-
tion in vaccination rates has alse been shown globally for the
number of vaccinations with the third dose of DTP (diphthe-
ria-tetanus-pertussis) and the first MOV (measles-containing
vaccing) [78]. In India and Namibia, a decline in hospital births
of about 0% has been reported [78], [80]. The use of existing
resoureces (personnel and medical infrastructure) to combat
COVID-19 has resulted in restrictions on access to medical as-
sistance for patients with other disorders. This has been
shown to have been responsible for about 20% of excess
deaths in ltaly and England and up to 62% in Greece during the
early stages of the pandemic [9], [69], [81], [82]. The main rea-
son was lack of access to outpatient care and surgical proce-
dures [63] Similar reasons for the high number of deaths
during the pandemic were found in Poland [82].

Isolation and restrictions on movement have also translated
into mental health problems - an increase in depressive disor-
ders, suicide and drug overdose deaths [S4], [85]. According to
the data published by the Centers for Disease Control and Pre-
vention (COC), by the end of May 2020 alone, there were mara
than 80,000 drug overdose deaths In the US, the highest re-
cerded so far in analyzed 12-month periods [86). In addition to
social distancing requirements, the facters underlying suicides
were financial stressors related to reduced or no income, more
frequent alecohol abuse and lack of access to existing psychiat-
riccare [87]. This iz a phenomenan also observed during other
pandemics, including the Spanish flu in 1918 in the US and
SARS in Hong Kong in 2002 [8&8]-[90].

One of the positive effects of the reduction In population
movement, the global use of personal protective eguipment
and hand hygiene, has proven to be a decrease in the number
of deaths causad by exposurs to certain risk factors, such as a
redurtion in traffic accidents [91]-[93] Another effect of the
pandemic was a significant reduction of up to 80% in cases of
influenza or RSY infection, including deaths caused by these
viruses [94]-[100]

Other Natural Disasters During the Period of the COVID-19
Pandemic

The vast majority of excess deaths during the pandemic ware
related to COVID-18. The co-occurrence of other natural disas-
ter events affecting higher death rates added to the cata-

strophic nature of the pandemic [17]. Of particular importance
were events that occurred before the peaks of COVIR-1S incl-
dence, which translated into an accumulation of negative fac-
tors, such as the need to evacuate the population, the inabili-
ty to maintain a safe distance and isolate sick people, limited
access to medical infrastructure and pharmaceuticals [107],
[1D2]. Such events have occurred in many areas of the world,
including tropical cyclone Yasa in Fijl, Vanuatu, Tonga and the
Solomon Islands; Hurricane Laura in the southarn US; floods
in South Africa; Cyclone Amphan in Bangladesh and West Ben-
gal; heat waves and droughts in Zimbabwe, the US and Europe
[101], [103]. According to the data reporied by Eurostat, axcess
mortality in August 2022 reached 13.9%, almost double that of
the same period In 2020 {7.5%). A heat wave that covered Eu-
rope at the time is believed 1o be the cause of that condition
[19]. The authors of a theoretical mathematical model showed
that the eruption of Vesuvius in Campania, ltaly, during the
COVID-19 outbreak, would cause up to 8-fold higher mortality
in the area compared to the situation without such an event
[1D1]. These results show that there are also numersus inde-
pendent factors occurring during a pandemic that can dynam-
ically affect the overall number of deaths.

Systems with Poor Health Care Quality

Even hefore the pandemic, low- and middle-Income countrias
(LIICS) showed some 156 million excess deaths, 5 million of
which were related to access to a low-guality health system
[104]. The COVIR-19 pandemic highlighted gaps in access io
Intensive Care Units (ICUs), shortages of trained medical per
sonnel, insufficient diagnostic facilities, and limited access to
pharmaceuticals, personal protective eguipment and vaccines
in developing countries [105], [106]. The authors of an analysia
of the impact of the pandemic on excess mortality published
in The Lancet emphasize that the high death rates for such
countries can probably be attributed at least in part to diag-
nostic deficiencies, limited access to certain medical practices,
and ambiguous guidelines for recording COVID-19 deaths [17].
Analyses from the respective countries confirm these reports.
In Peru, the total number of deaths during the pandemic peri-
od consisted, among others, of those related to the limited
availability of ICU beds and gqualified personnel to work in
such units, oxygen shartages, lack of testing, and lack of clear
guidelines and support from medical authorities [93]. The data
from Mexico indicates an increased exposure to COVID-15-re-
latad adverse evants, but also an underestimation of the num-
ber of deaths due to 1t and a higher rate of excess deaths in
socially marginalized populations, which additionally have
poorer access to medical care as a result of transport restric
tions [107], [108]. In comparison, the number of excess deaths
duetathe COVID-19 pandemic in some high-income countries
(Belgium, Sweden), which conduct maticulous death reporting,
was little related 1o the impact of COVID-18 on deaths from
other causes, such as chronic diseases [17]. Oceania was the
least affacted area in Shang et al’s meta-analysis in terms of
the magnitude of excess deaths, as 1t had a lower-than-ex-
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pected number of deaths from any cause {a rate of 3215 par
100,000) [9]. Among the reasons cited for this in Australia and
Mew Zealand are a well-functioning medical surveillance sys-
tem and strict rules for detecting and monitoring COVID-19
cases, as well as the substantial support provided to at-risk
groups [108], [110]

Analysis of the [ncation of deaths (home, hospital, long-term
care center} also provides important data. [t has been noted
that more deaths attributed to COVID-19were found in high-in-
come countries, where hospital and elderly care is provided at
a higher level, mainly among patients in terminal conditions
residing in long-term care facilities [14). This has been Influ-
enced by a number of factors, primarily better diagnostics, but
also a higher number of infections in clusters of susceptible
people [111]-{113]. Itis alse known that the elderly population
(aged =60} is particularly susceptible 1o the occurrence of ex-
cess deaths, as shown in the meta-analysis by Shang etal. and
reports from various countries [8], [10], [114], [115]. In contrast,
an analysis of causes of death in one hospital in Spain at the
start of the pandemic found that 15% of 128 patients with a
positive test for SARS-CoV-2 died from causes other than Acute
Respiratory Distress Syndrome {ARDS) or complications of in-
fection ("death with SARS-Cov-2 infection”). Among the rea-
sons for this are the susceptibility of an older group of pa-
tients 1o decompensation of their chronic conditions and the
inability to use supportive therapies {such as systemic reha-
bilitation) during hospitalization In isclation [176]. In this
group, more deaths are attributed to COVIDA9, although the
recognition of SARS-CoV-2 infection as a cause of death among
the elderly, and especially those in the terminal condition,
without a thorough analysis of each rase, is a matter of de-
bate, as partially discussed above. Hence, the high number of
excess deaths in this group, especially in low-income coun-
tries. Inferior diagnostic capabilities, marginalization of their
health problems and reduced access to existing madical ser-
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vices duringa pandemic particularly hit populations burdenad
by other health problems that come with age [9].

Summary

The full impact of the COVIR-19 pandemic an the world popu-
lation cannot be measured by the incidence and deaths from
the infection alone. One additional parameter, which depends
on many different factors, is excess mortality. Proactively
searching for the causes of axcess mortality is extremealy im-
portant for any country to detect weaknesses in the ordaniza-
tion of the health care system and, at the same time, imple-
ment adeguate safety mechanisms. Without knowing, analyz-
ing and significantly eliminating risk factors for excess
martality during the current pandemic, we will not avold in-
creased morality during other emergencies. Currently, after
three years of COVID-19, despite a decrease in the severity of
the infection and countries adapting to the new situation,
some of them are still recording excess mortality. This may
indicate a delayed effect of the pandemic in these countries.

Analysis of excess mortality carries certain limitations, includ-
ing those related 1o the guality of the data used 1o assess
them. Death registration systems that function in a limited way
do not allow to obtain certain data. [n addition to epidemio-
logical data derived from collections of death certificates or
statistical codes of disease entities, post-mortem investiga-
tions based on analysis of baseline medical data, circum-
stances of death and post-mortem diagnostic results should
be considerad on a larger scale. The assessmeant of axcess
meartality in the context of the global impact of the COVID-19
pandemic is anly an estimate, but nonetheless, the lack of a
coherant and consistent epidemiological and clinical strategy;
limitations in access 1o health care and organizational errors;
as well as lack of intensive support for groups at high risk of
death, can be considered as the main reasons for its ocour-
rence.
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Prof. dr hab. n. med. Krzysztof Simon Wroclaw, 29.08.2023 r.
Klinika Chorob Zakaznych i Hepatologii
Uniwersytet Medyczny im. Piastow Slaskich we Wroclawiu

OSWIADCZENIE

Oswiadczam, ze w pracy:

Zificzuk A., Rorat M., Simon K., Jurek T. (2022). EASIX, modified EASIX and Simplified EASIX as an early
predictor for intensive care unit admission and mortality in severe COVID-19 patients. Journal of
Personalized Medicine, 2022, 12 (7), 1022.

mdj udzial polegat na uczestnictwie w stworzeniu ostatecznej wersji manuskryptu, jego recenzji

i edycji.
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Prof. dr hab. n. med. Krzysztof Simon Wroctaw, 29.08.2023 r.
Klinika Chordb ZakaZnych i Hepatologii
Uniwersytet Medyczny im. Piastéw Slaskich we Wroclawiu

OSWIADCZENIE
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Zinczuk A., Rorat M., Simon K., Jurek T. (2023). Unpacking the complexity of COVID-19 fatalities:
adverse events as contributing factors — a single-center, retrospective analysis of the first two years
of the pandemic. Viruses, 2023, 15 (7), 1430.
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Lek. Aleksander Ziriczuk Wroctaw, 28.08.2023 r.
Katedra Medycyny Sadowej
Uniwersytet Medyczny im. Piastow Slaskich we Wroctawiu
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predictor for intensive care unit admission and mortality in severe COVID-19 patients. Journal of
Personalized Medicine, 2022, 12 (7), 1022.
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evidence. Archiwum Medycyny Sadowej i Kryminologii, 2023, 73 (1), 33-44.
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b. Nota biograficzna autora

Autor rozprawy doktorskiej — Aleksander Zinczuk, urodzit sie 24 stycznia 1991 r. we
Wroctawiu. W 2016 r. ukoniczyt studia na Wydziale Lekarskim Uniwersytetu Medycznego im.
Piastéw Slaskich we Wroctawiu i uzyskat tytut lekarza. W 2017 r. rozpoczat specjalizacje w
trybie rezydenckim w dziedzinie choréb zakaznych, realizowang w | Oddziale Chordb
Zakaznych Wojewddzkiego Szpitala Specjalistycznego im. J. Gromkowskiego we Wroctawiu.
W kwietniu 2022 r. zdat Panstwowy Egzamin Specjalizacyjny z najlepszym wynikiem
z przedmiotu w sesji. W grudniu 2022 r. uzyskat tytut specjalisty choréb zakaznych. Od
pazdziernika 2019 r. jest doktorantem Katedry Medycyny Sgdowej - uczestnikiem Szkoty
Doktorskiej Uniwersytetu Medycznego we Wroctawiu. Doswiadczenie zawodowe zdobywat
w ramach licznych konferencji i warsztatow o zasiegu krajowym i miedzynarodowym, w tym
takze jako uczestnik Projektu ,Dolnoslgscy Liderzy Medycyny” w edycji 2020/2021. Jest
cztonkiem Polskiego Towarzystwa Epidemiologéw i Lekarzy Choréb Zakaznych, Polskiego
Towarzystwa Naukowego AIDS, Polskiego Towarzystwa Hepatologicznego, Polskiego
Towarzystwa Wakcynologii oraz Polskiego Towarzystwa Medycyny Morskiej, Tropikalnej

i Podroézy.
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c. Wykaz publikacji autora

Aleksander Zinczuk

1. Publikacje w czasopismach naukowych

1.1 Publikacje w czasopi$mic z IF

Lp.

Opis bibliograficzny

IF

Punkty

Biernat Monika M., Zifczuk Aleksander, Bicrnat Pawel, Bogucka-Fedorczuk
Aleksandra, Kwiatkowski Jacek, Kaliciniska Elzbicta, Marciniak Dominik, Simon
Krzysztof, Wrobel Tomasz: Nosocomial outbreak of SARS-CoV-2 infection in a
haematological unit - High mortality rate in infected patients with haematologic
malignancies, Journal of Clinical Virology, 2020, vol. 130, art.104574 [10 s.],
DOI:10.1016/j.jcv.2020.104574

3,168

100

Pazgan-Simon Monika, Rorat Marta, Buczyiiska Iwona, Zinczuk

Aleksander, Simon Krzysztof: Gastrointestinal symptoms as the first, atypical
indication of severe acute respiratory syndrome coronavirus 2 infection, Polskie
Archiwum Medycyny Wewnetrznej, 2020, vol. 130, nr 4, s. 338-339,
DOI:10.20452/pamw.15278

3,277

140

Rorat Marta, Zinczuk Aleksander, Szymanski Wojciech, Simon

Krzysztof, Guzinski Maciej: Usefulness of a portable chest radiograph in the initial
diagnosis of coronavirus disease 2019, Polskie Archiwum Medycyny Wewnetrznej,
2020, vol. 130, nr 10, s. 906-909, DOI:10.20452/pamw.15512

3,277

140

Kaliciriska Elzbieta, Szymczak Donata, Ziniczuk Aleksander, Adamik

Barbara, Smiechowicz J akub, Skalec Tomasz, Nowicka-Suszko Danuta, Biernat
Monika, Bogucka-Fedorczuk Aleksandra, Rybka Justyna, Martuszewski

Adrian, Gozdzik Waldemar, Simon Krzysztof, Wrébel Tomasz: Immunosuppression
as a hallmark of critical COVID-19: prospective study, Cells, 2021, vol. 10, nr 6,
art.1293 [13 s.], DOI:10.3390/cells 10061293

7,666

140

Kaliciriska Elzbieta, Biernat Monika, Rybka Justyna, Zinczuk

Aleksander, Janocha-Litwin Justyna, Rosiek-Biegus Marta, Morawska

Marta, Waszczuk-Gajda Anna, Drozd-Sokotowska Joanna, Szukalski

Lukasz, Rymko Marcin, Jablonowska Paula, Simon Krzysztof, Wrébel

Tomasz: Endothelial activation and stress index (EASIX) as an early predictor for
mortality and overall survival in hematological and non-hematological patients with
COVID-19: multicenter cohort study, Journal of Clinical Medicine, 2021, vol. 10, nr
19, art,4373 [16 s.], DOI:10.3390/jcm10194373

4,964

140

Kalicinska Elzbieta, Szymczak Donata, Andrasiak Iga, Bogucka-Fedorczuk
Aleksandra, Zinczuk Aleksander, Szymanski Wojciech, Biernat Monika, Rymko
Marcin, Semenczuk Grazyna, Jablonowska Paula, Rybka Justyna, Simon

Krzysztof, Wrébel Tomasz: Lymphocyte subsets in haematological patients with
COVID-19: multicentre prospective study, Translational Oncology, 2021, vol. 14, nr
1, art.100943 [10 s.], DOI; 10.1016/j.tranon.2020.100943

100

Zinczuk Aleksander, Rorat Marta, Simon Krzysztof, Jurek Tomasz: EASIX,
modified EASIX and Simplified EASIX as an early predictor for intensive care unit
admission and mortality in severe COVID-19 patients, Journal of Personalized
Medicine, 2022, vol. 12, nr 7, art.1022 [14 s.], DOI:10.3390/jpm 12071022

34

70

Janocha-Litwin Justyna, Zificzuk Aleksander, Serafiiiska Sylwia, Szymanek-
Pasternak Anna, Simon Krzysztof: Analysis of deaths among HIV-infected patients
hospitalized in 2009-2018 in Main Centre of Infectious Disease in Region of Lower
Silesia in Poland, detailing lesions in the central nervous system, Medicina, 2022,
vol. 58, nr 2, art.270 [10 s.], DOI:10.3390/medicina58020270

40




Zinczuk Aleksander, Rorat Marta, Simon Krzysztof, Jurek Tomasz: Unpacking the
complexity of COVID-19 fatalities: adverse events as contri buting factors - a single-
center, retrospective analysis of the first two years of the pandemic, Viruses-Basel,
2023, vol, 15, nr 7, art.1430 [17 5], DOI:10.3390/v15071430

4,7

100

Podsumowanie | 37,855
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1.2 Publikacje w czasopis$mic bez IF

Lp.

Opis bibliograficzny

Punkty

Zinczuk Aleksander, Janocha-Litwin Justyna, Rostkowska Karolina, Simon

Krzysztof: Pozawatrobowe manifestacje zakazenia wirusem zapalenia watroby typu C -
epidemiologia, patofizjologia i leczenie, Medical Science Review -Hepatologia, 2018, vol.
18, 5. 28-36, [Publikacja w czasopismie spoza listy MNiSW],
DOI:10.5114/hepatologia.2018.75977

Janocha-Litwin Justyna, Zinczuk Aleksander, Czarnecki Marcin, Simon
Krzysztof: Manifestacje pozawgtrobowe zakazenia HBV - patogeneza, epidemiologia i
leczenie, Medical Science Review -Hepatologia, 2018, vol. 18, s. 37-46, [Publikacja w
czasopismie spoza listy MNiSW], DOI:10.5114/hepatologia.2018.75978

Zinczuk Aleksander, Janocha-Litwin Justyna, Simon Krzysztof: Nieinwazyjne metody
oceny nadcisnienia wrotnego, Medical Science Review -Hepatologia, 2019, vol. 19, 5. 128-
132, [Publikacja w czasopismie spoza listy MNiSW]

L

Podsumowanie

1.3 Publikacje w czasopi$mie - prace kontrybutorskie -

2. Monografie naukowe

2.1 Ksigzka autorska
2.2 Ksigzka redagowana

2.3 Rozdzialy

Lp.

Opis bibliograficzny

Punkty

Zinczuk Aleksander, Janocha-Litwin Justyna: Tularemia - epidemiologia, obraz kliniczny,
diagnostyka, leczenie : opis przypadku, W: Choroby odkleszczowe, (red.) Krzysztof Simon,
Sylwia Serafinska, Wroctaw 2018, Wroclawskie Wydawnictwo Naukowe Atla 2, s. 79-92,
ISBN 978-83-65071-34-7, [Publikacja w wydawnictwie spoza listy MNiSW]

Janocha-Litwin Justyna, Ziiiczuk Aleksander: Zélta gorgczka, W: Medycyna podrozy w
teorii i praktyce, (red.) Krzysztof Simon, Justyna Janocha-Litwin, Wroclaw 2018,
Wroclawskie Wydawnictwo Naukowe Atla 2, s, 279-295, ISBN 978-83-65071-37-8,
[Publikacja w wydawnictwie spoza listy MNiSW]

L

Zificzuk Aleksander, Janocha-Litwin Justyna, Simon Krzysztof: Wirus Ebola, W: Medycyna
podrézy w teorii i praktyce, (red.) Krzysztof Simon, Justyna Janocha-Litwin, Wroctaw 2018,
Wroclawskie Wydawnictwo Naukowe Atla 2, s, 63-87, ISBN 978-83-65071-37-8,
[Publikacja w wydawnictwie spoza listy MNiSW]

wn

Janocha-Litwin Justyna, Serafifiska Sylwia, Zinczuk Aleksander, Simon

Krzysztof: Nowoczesne terapie przewleklego wirusowego zapalenia wtroby typu C, W:
Postepy i kontrowersje w farmakoterapii, (red.) Dorota Ksigdzyna, Wroclaw 2018,
Wroclawskie Wydawnictwo Naukowe Atla 2, s. 143-169, ISBN 978-83-65071-36-1,
[Publikacja w wydawnictwie spoza listy MNiSW]
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Ja;:locha-Litwin Justyna, Ziiczuk Aleksander, Simon Krzysztof: Kleszczowe zapalenie
mozgu - wstepne dane epidemiologiczne pacjentow hospitalizowanych w latach 1998-2018 w
oddziatach zakaznych we Wroclawiu : opis przypadkéw, W: Choroby odkleszczowe, (red.)
Krzysztof Simon, Sylwia Serafitiska, Wyd.2 zaktual., popr. i uzup., Wroclaw 2019,
Wroclawskie Wydawnictwo Naukowe Alla 2,5.173-179, ISBN 978-83-65071-40-8

Zificzuk Aleksander, Janocha-Litwin Justyna: Tularemia - epidemiologia, obraz kliniczny,
diagnostyka, leczenie : opis przypadku, W: Choroby odkleszczowe, (red.) Krzysztof Simon,
Sylwia Serafifiska, Wyd.2 zaktual., popr. i uzup., Wroctaw 2019, Wroclawskie Wydawnictwo
Naukowe Atla 2, s. 79-93, ISBN 978-83-65071-40-8

Janocha-Litwin Justyna, Zinezuk Aleksander: Zolta goraezka, W: Medycyna podrézy w
teorii i praktyce, (red.) Krzysztof Simon, Justyna Janocha-Litwin, Wyd.2 uzup., popr. i
poszerz., Wroclaw 2019, Wroclawskie Wydawnictwo Naukowe Atla 2, s. 247-263, ISBN
978-83-65071-44-6

Zinczuk Aleksander, Janocha-Litwin Justyna: Holiday PrEP, W: Medycyna podrézy w
teorii i praktyce, (red.) Krzysztof Simon, Justyna Janocha-Litwin, Wyd.2 uzup., popr. i
poszerz., Wroctaw 2019, Wroclawskie Wydawnictwo Naukowe Atla 2, s, 299-308, ISBN
978-83-65071-44-6

Zinczuk Aleksander, Janocha-Litwin Justyna, Simon Krzysztof: Wirus Ebola, W: Medycyna
podrézy w teorii i praktyce, (red.) Krzysztof Simon, Justyna Janocha-Litwin, Wyd.2 uzup.,
popr. i poszerz., Wroclaw 2019, Wroclawskie Wydawnictwo Naukowe Atla 2, s. 63-81,
ISBN 978-83-65071-44-6

10

Zinczuk Aleksander, Janocha-Litwin Justyna: Hiponatremia w marskosci watroby, W:
Zaawansowane choroby watroby : patofizjologia, obraz kliniczny i leczenie, (red.) Monika
Pazgan-Simon, Krzysztof Simon, Wroctaw 2019, Wroclawskie Wydawnictwo Naukowe Atla
2, s. 143-154, ISBN 978-83-65071-41-5, [Publikacja w wydawnictwie spoza listy MNiSW]

11

Janocha-Litwin Justyna, Szymanek-Pasternak Anna, Zinczuk Aleksander, Simon

Krzysztof: Zespot watrobowo-nerkowy, W: Zaawansowane choroby w%nl‘o.by ; patofizjologia,
obraz kliniczny i leczenie, (red.) Monika Pazgan-Simon, Krzysztof Sitmon, Wroctaw 2019,
Wroclawskie Wydawnictwo Naukowe Atla 2, s. 227-240, ISBN 978-83:65071-41-5,
[Publikacja w wydawnictwie spoza listy MNiSW] sl

L

12

Janocha-Litwin Justyna, Zinczuk Aleksander: Zélta goraczka, W: Choroby zakazne i
pasozytnicze. T. 3, (red.) Robert Flisiak, Lublin 2020, Wydawnictwo Czelej, s. 846-853,
ISBN 978-83-7563-290-3, [Publikacja w wydawnictwie spoza listy MNiSW]

13

Zinczuk Aleksander: Zakazenia bakteryjne - bakterie Gram-dodatnie, W: Choroby zakazne
u pacjentéw leczonych onkologicznie, (red.) Krzysziof Simon, Marta Kucharska, Poznan
2020, Termedia sp. z 0.0., 5. 29-45, ISBN 978-83-7988-351-6

14

Zinczuk Aleksander: Gruzlica i mykobakteriozy, W: Choroby zakazne u pacjentow
leczonych onkologicznie, (red.) Krzysztof Simon, Marta Kucharska, Poznan 2020, Termedia
sp. 2 0.0., 5. 72-91, ISBN 978-83-7988-351-6

15

Zinczuk Aleksander: Szczepienie przeciwko kleszczowemu zapaleniu mézgu (KZM), W:
Szczepienia dorostych w praktyce, (red.) Anna Szymanek-Pasternak, Krzysztof Simon,
Wroclaw 2020, Wroclawskie Wydawnictwo Naukowe Atla 2, s. 215-221, ISBN 978-83-
65071-47-7, [Publikacja w wydawnictwie spoza listy MNiSW]
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Opis bibliograficzny

chorobach zakaznych, W: Konferencja "Interdyscyplinarnosé przyszloscig nauki". Zieleniec, 15-
17.11.2019. Ksigga abstraktow, Wroctaw 2019, 5. 13

Zinczuk Aleksander: Co gryzie Polakdw - czyli kiedy mysle¢ o profilaktyce wécieklizny, folklor w

Janocha-Litwin Justyna, Szymanek-Pasternak Anna, Zifczuk Aleksander, Simon Krzysztof: Liver
complication as a cause of death in HIV-infected patients hospitalized in 2009-2018 in main centre of
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infectious disease in region of Lower Silesia in Poland, Reviews in Antiviral Therapy & Infectious
Diseases, 2019, nr 9, 32 poz.30, [Sth Central and Eastern European Meeting on Viral Hepatitis and
HIV. Vilnius, Lithuania, 9-20 September 2019, Abstract book]

Zinczuk Aleksander, Rorat Marta, Jurek Tomasz: Sepsa w podstawowej opiece ZQrow.otnej = ZBoLY
3 | mozliwe do uniknigcia, W: VIII Kongres Polskiego Towarzystwa Medycyny Rodzinnej. Wroctaw, 11-
13 pazdziernika 2019 r. Streszczenia prac plakatowych [online] 2019, s. 8

Impact factor: 37,855
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